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"FoodSecurity" may be defined as the condition in which an assured, sustainable supply of 

enough nutritionally proper food is available for people to lead healthy, productive lives. The 

condition in which any of these elements is missing is known as "Foot/ Insecurity. " In this 

paradigm, absolute food security as enjoyed by most people in the United States is at one end 

of the food security continuum and Famine is at the other; different levels of food insecurity 

make up the rest. The above definitions mandate that any analysis of why regions or 

populations are vulnerable to different levels of food insecurity must consider more than just 

the availability of food. The "Indicator Approach" to these analyses is based on the 

collection and analysis of diverse types of data, fi-om multiple sources, which address 

socioeconomic, agroecological, demographic, environmental, agricultural and political factors 

in order to come to a more comprehensive understanding of food security conditions and their 

underlying causes in the areas studied. The hypotheses of this research are 1); That some of 

these "indicators" are correlated to measures or proxies for vulnerability and food insecurity 

at statistically meaningfiil levels, and 2); That the indicators so related will, in general, vary 

at the subnational level. The data set for this research consists of about 70 indicator and 

outcome parameters fi-om different aspects of life in the Republic of Malawi, in Southern 

Afiica. The analysis was performed through the following sequence of steps: 1); Definition 

of four national level proxies for Vulnerability and Food Insecurity, 2); Decomposition of 

Malawi's 154 EPAs into sbc non-overlapping EPA clusters, and 3); Independent analysis of 

each EPA cluster and the nation for each proxy variable with three analytic approaches 

I 
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(Bivariate Correlation, Regression Trees, and Multiple Linear Regression). The results of 

these 84 separate "mini-analyses" confirmed the research hypotheses and led to other 

conclusions about vulnerability assessments in general, and conditions in Malawi in particular. 

These results independently confirm that very small landholdings, female heads of household, 

and the lack of adequate employment opportunities are among the primary correlates of 

vulnerability and food insecurity in Malawi. 
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Intranational Variations in the Key Determinants 
of Food Security 

1.0 Introduction and Background 

Famine is a recurring phenomena  ̂ with different, multiple, 

underlying causes and trigger events. 

In their introduction to Seeds of Famine, Franke and Chasin state that "except for nuclear 

war, nothing in our time threatens a majority of the world's population as does the specter 

of hunger and starvation" (Franke and Chasin, 1980) (emphasis added). This sentiment is 

echoed by Lai Jayawardena, quoted in Glantz (1997), who states that "no social or economic 

problem facing the world today is more urgent than that of hunger" and in Winnail (1996) 

who quotes Jaques Diouf, Director General of the FAO as saying that "The very survival of 

humanity depends on world food security." Winnail goes on to say that about 800 million 

people in poorer countries are currently chronically undernourished. In this modem age, 

famine is often recognized as a scourge which should no longer occur. For example. Field 

(1993) notes that "..famine is an unnecessary tragedy that simply should not be permitted to 

occur in this interconnected world of plenty." And, it should not be forgotten that 

historically, famine has not been limited to the Third World, and certainly not to Africa. One 

has only to recall that about one hundred and fifty years ago, roughly 12% of the then current 

population of Ireland (about one million people) starved because of a blight on the potato 
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crop, and an equal number migrated in response to this disaster (Mellor and Gavian, 1989). 

However, the crises and importance of &mine and lesser food shortages resulting in hunger 

and malnutrition involve more than the immediate need to alleviate hunger. Food shortages 

are inextricably interrelated, in a complex web of causality, with environmental change and 

degradation and population growth. This interdependency has been recognized by several 

authors. For example, Cummings (1989) mentions soil erosion, deforestation, desertification, 

and overgrazing in his list of human activities whose purpose is to obtain food, but which also 

have negative environmental consequences. Additionally, part of the lasting legacy of famine 

is that people who have been exposed to it have often turned to unusual activities and 

practices in their quest for food. In fact, the abnonnality of people's behavior during a famine 

has been formally recognized in D'Souza's (1988) definition of famine; "..a reduction in 

normally available food supply such that individuals, families, and eventually whole 

communities are forced to take up abnormal social and economic activities in order to ensure 

food." 

The causal relationship between famine and environmental degradation goes both ways. 

People in need of food will do what they can to get it, often at the expense of environmentally 

sound or sustainable practices. For example, not allowing adequately long fallow periods on 

marginal land, converting rangeland into agricultural fields, overfishing lacustrine or marine 

fisheries, cutting trees for fuelwood or to make charcoal for sale all have obvious short and 

long-term impacts on the environment. Similarly, engendering environmental degradation 
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through soil erosion (often due to excessive tree cutting), cultivating marginal lands, and 

overgrazing may all have future impacts on the ability of the affected populations to feed 

themselves. Further, while food aid can redress short term problems of acute hunger, the 

degradation imposed on the environment may take much longer to deal with, or may in fact 

be virtually irreversible. These interdependencies show that there is good reason for concern 

about various food emergencies for more reasons than just the immediate need to feed the 

hungry (Glantz, 1997). 

These statements at once address both the scale and the scope of food security issues. The 

criticality of food to human survival, and the stated magnitudes of the problems which ensue 

from its lack, make this issue one which demands the world's attention. These issues are 

often particularly pressing in the Third World, where poverty and difficult agricultural 

conditions are often coupled with increasing levels of environmental degradation. This can 

exacerbate the problem by making hunger more extreme and its mitigation more urgent, 

complex, and diflScult to achieve. According to Field (1991), quoted in Glantz (1997), "The 

practical challenge is not merely to anticipate a famine before it occurs, a daunting task in its 

own right, but to locate it spatially and socially so as to intervene on behalf of people who 

most need protection." 

The objective of this research is to advance the scope and capabilities of the analytic methods 

used to assess and, ultimately, to predict instances of food insecurity. I hypothesize that 

vulnerab^ty to food insecurity can be objectively correlated with various precursor and 
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indicator data. Furthermore, I believe that this assertion of the different possible correlates 

of famine can be extended to show that these indicators may vary according to time, 

geographical region or area, and population group. 
% 

Validation of these hypotheses leads to the conclusion that analyses of who is vulnerable to 

food shortages and why th^ are vulnerable must be done with these subnational and temporal 

variations in mind. In particular, I propose here that analyses of food security and food 

emergencies, their parametric indicators, and the actions which can be taken to prevent or at 

least reduce the severity of their efifects should be performed at subnational levels, rather than 

at the national level as is often done today. This would increase the analytical resolution of 

the results, thereby enhancing both the understanding of the specific food emergency, and the 

ability to deal with it in an eflFective and expeditious manner. 

A related problem is that of determining how to most accurately assess conditions at the 

household level fi^om the aggregate data collected at the subnational or national level. This 

is in contrast to the inverse problem of using household level survey data to infer aggregate 

conditions. I offer the conjecture that if the aggregate data is collected at a sufiBciently 

localized level, the subset of the collected parameters which prove to be the best indicators 

of food insecurity may often provide guidelines for the household level assessment. However, 

a complete analysis of this issue is outside the scope of the present work. 
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1.1 The Concept of Food Security 

Food security encompasses more than just the issue of food supply; it must 

also address access to food as well as the sustainability of both of these 

considerations. 

In the recent parlance of the community of organizations which address hunger and its 

mitigation, the various levels and scales of hunger related problems are all encompassed by 

the term 'Tood security." This term has been defined as "the situation in which the people of 

a household, a community, or a country have access to enough nutritionally balanced food 

at all times of the year to ensure healthy, active lives" (WFP and US AID, 1995). At the 

national level food security refers to a nation's ability to maintain a level of food supply that 

is adequate to avoid severe food shortages that could emerge (Glantz, 1997). Maxwell and 

Frankenburger (1992) present the more succinct definition; "secure access at all times to 

sufficient food for a healthy life." Additionally, Maxwell and Frankenburger (1992) provide 

a list of. about thirty definitions of food security taken fi-om different sources. These 

definitions typically use words or phrases such as "availability (of food)", "secure access (to 

food)", "enough food at all times", etc. 

Maxwell (1996) presents a somewhat longer definition, which he then summarizes by noting 

that "a fiill definition of food security ...includes the related concepts of access, sufiBciency, 

security (or vulnerability) and sustainability." The opposite situation, "food insecurity" is the 

"situation in which malnutrition, decreased ability to produce food or earn income, and 
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increased susceptibility to disease result from inadequate supplies of food" (WFP and US AID, 

1995). In this paradigm, "famine" is the extreme case of food insecurity. It is important to 

note that in this formulation as well those presented above, food security is not simply about 

there being an adequate supply of food. Access to food is an equally critical aspect of this 

issue. That is not to say that food supply is ignored. Through various means, including the 

extensive use of fertilizer, Africa's farmers are exhorted to grow more food. A billboard in 

Nigeria with this message is shown in Figure 1-1. 

Figure 1-1: Encouraging Nigeria's farmers to grow more food (Gellen, 1994) 
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Ensuring tliat the world's populations enjoy food security requires that we first be able to 

understand how famines and lesser hunger related emergencies arise, and what makes the 

afifected regions and populations vulnerable to food insecurity in the first place. While such 

knowledge is necessary, it is not sufficient. For example, Glantz (1997) questions whether 

the real problem is a lack of detailed information, or the need to use existing information more 

eflfectively. He goes on to say, rather cynically, that the "usual call for more research on why 

famines occur or how to set up the best famine early warning system should be seen for what 

it often is— a reluctance to deal with and resolve the true underlying causes of famine -

human actions and inactions." 
, * 

While such a statement might seem to run counter to the popular belief that most famines are 

the result of drought, and are often limited to parts of Afiica, a look back to conditions in 

1992 would quickly dispel that notion. In that year Bosnia, Somalia and the Kurdish areas 

of Iraq and Iran represented examples of large numbers of people starving in different parts 

of the world in situations in which weather played little or no part. In all of these situations, 

however, war played a key role. The recent Afiican experience and the above examples 

illustrate that there are a number of different causes of famine, and what may cause or trigger 

famine in one region may have little or no effect on the same region at another time or in 

another region at any time. 

« 

I propose here that the causes and correlates of food insecurity can be objectively determined, 

and that these data can then be used to inform both policy makers and relief organizations 
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about which groups and areas are at risk, and, to some extent, why they are at risk. 

Furthermore, because of the different agro-ecological and socio-economic conditions which 

may exist within a country, these correlations may vary, and should therefore be determined 

at the subnational rather than the national level of analysis if sufScient insight and more 

focused, useful results are to be obtained. 

Appreciation of this argument requires an understanding of regional and cultural patterns of 

acquiring food and of the methods, or "coping strategies," for dealing with intermittent, 

periodic, or perennial food shortages. Corbett (1988) used this term to refer to the strategic 

plans of people living in areas with recurring food shortages to minimize the risks to their 

food entitlements. These indigenous coping responses may vary over regions, cultures, and 

time, making their detailed appreciation feasible only on a case by case basis. 

In general, however, the diversity of the set of methods for acquiring food in "normal" non-

crisis times as well as during periods of food insecurity implies that to define, recognize, and 

properly evaluate periods of food insecurity, we must be cognizant of the different data which 

are its indicators and precursors. These include the agricultural, environmental, socio

economic and cultural parameters which can be used to inform analysts of the existence, 

geographical extent, and severity of food emergencies. These facets of the problem are 

discussed-in the following chapters. 
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1.2 This Research 

This research ̂ vill advance the state-of-the-art of analytic methodologies 

for vulnerability assessments and the utility of the results to serve multiple 

purposes. 

The works of Sen (1981) and Blaikie (1994), among others, have established that famines 

cannot simply be explained as lack of food availability. Sen showed that access to food is an 

equally critical component of vulnerability, while Blaikie et al. introduced the idea of the 

socioeconomic and political matrix in which food insecurity is embedded. It is now generally 

recognized and accepted that there are different environmental, climatic, and manmade 

conditions predisposing areas or populations to food emergencies, and different "trigger 

events" precipitating them. Because of these verities, it follows that there are different 

precursors of famine which may vary from place to place, from time to time, and from group 

to group. 

The most'commonly used of the current methods of vulnerability assessment and famine early 

warning, the indicator approach is predicated on the concept that different data, associated 

with these precursors and the responses of affected populations to them, can be used to 

determine the level of vulnerability to, and the status of, food insecurity conditions (US AID 

FEWS Project, 1994a; US AID FEWS Project, 1994b; US AID FEWS Project, 1994c; 

Seyoum et al., 1995; WFP et al., 1996). Despite the popularity of this assumption, as 
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reflected in the many studies which explicitly or implicitly make it, virtually no work has been 

done to quantify or to establish the validity of this relationship or the correlation between 

some quantitative expression of vulnerability and these data. The primary exceptions to this 

generalization are Seyoum (1995) and WFP etal. (1996). 

I propose here that location and population specific indicator data can be objectively 

correlated to quantitative parameters measuring vulnerability and food insecurity. Moreover, 

I propose that these data may then be used to assess and compare the relative vulnerability 

of one area or group to another, even though the indicators used for the different 

areas/groups may be different. In view of these assertions, I also propose that indicator based 

vulnerability assessments should be performed at both the national and the subnational level 

rather th'M at just the national level, as has commonly been done. The only concession to 

subnational level analysis which has typically been made is that vuhierability indices have been 

evaluated for different subnational areas, but since they have used the same indicators and 

weights for all such areas, much of the potential benefit is lost (USAID FEWS Project, 1994a; 

US AID FEWS Project, 1994b; USAID FEWS Project, 1994c). 

I believe that performing these analyses at the subnational level will improve analytic 

resolution and Avill provide increased insight into the localized and population/cultural 

differences in the severity of food insecurity emergencies and the appropriate responses. 

Specifically, because of the heterogeneity of agroclimatic and ecological zones within a 

country, as well as the diverse livelihood and food acquisition systems in dififerent subnational 

i 
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areas, vulnerability assessment results generated for speciJQc subareas can give more precise 

insights than results which are, in eflFect, averaged over all of these different zones. Also 

performirjg these analyses at the national level will provide a basis of comparison for the 

regional results. 

Consequentially, when this approach is used in an operational setting, it can yield an 

enhanced understanding of the differential status, effects, and correlated factors of 

vTilnerability to food security and to the diversity of conditions extant throughout the nation 

as a whole. 

Moreover, because the indicators and precursors will be objectively correlated to some 

aspect(s) of vulnerability, these results may be usable to support relief aid targeting and long 

term development planning by identifying the weak links in the agro-ecological, economic, 

and social matrix in which the vulnerable groups live. 



27 

1.3 Dissertation Organization 

The chapters and contents of the remainder of this dissertation are organized as follows: 

Chapter 2 presents an overview of some of the main themes in recent literature on subjects 

germane to this research. Topics addressed here include famine and food security, their 

causes and impacts, concepts relating to famine early warning systems and vulnerability 

assessments, coping strategies and indicators, and operational vulnerability assessments and 

case studies. 

Chapter 3 presents an overview of relevant facts and conditions for Malawi, the country from 

which the data analyzed in this research were collected. Sections of this chapter present basic 

facts about the country, an overview of the agro-ecoIogical conditions, the agricultural sector, 

and the primary food economies. The intent of this chapter is to provide a context in which 

the subsequent analyses, discussions, and conclusions can be placed and understood. 

Chapter 4 describes and discusses the analysis plan executed in this research. The concept 

for the analysis, the mathematical and statistical tools which were used, and the expected 

results are all presented here. 

Chapter 5 contains the main body of the analyses. A description of the data base used for the 

cross-sectional analysis of vulnerability in Malawi in 1996 and for this work is provided first. 
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Comments and descriptions of the data processing and prepziration performed on these data 

before their use here are also presented. The specific analysis steps taken in that earlier 

analysis are also presented. This includes the conceptualization and development of three 

separate functional components of vulnerability and their determination by principal 

components analysis. A discussion of how these were used to construct an abstract proxy for 

Overall Vulnerability follows. Also, the initial and enhanced decomposition of Malawi into 

five subnational clusters for subsequent independent vulnerability assessments through the use 

of expert opinion, statistical clustering, and classification trees are discussed. Finally, the 

methods used to determine the data base indicators that are significantly related to each proxy 

variable in each cluster and the nation are discussed. These methods were bivariate 

correlation, regression trees and multiple linear regression. 

Chapter 6 contains a discussion of the analyses presented in chapter 5. The primary content 

of this chapter relates to how this sequence of analyses addresses and confirms the research 

hypotheses 

Chapter 7 summarizes the conclusions reached and established by this research, and discusses 

possible future directions for this work. These comprehensively address some of the issues 

touched on in this analysis, but which either required unavailable data or were too tangential 

to the main thrust of these activities to be fully addressed here. 
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2.0 Review of Pertinent Literature 

TVStere is a large body of literature in which a variety of views on virtually 

all aspects of famine, vulnerability, and food security are presented. 

This chapter reviews some of the recent literature dealing with famine, food security, and 

some of the different methods for performing vulnerability assessments and early warnings 

of impending famine. Because of the criticaiity of these issues to human survival and 

development, there is, not surprisingly, a rich and robust body of this material to be found in 

books, in both professional and "popular" journals and magazines, and on the Internet. And, 

when famine does occur, television brings the reality of it into millions of homes. An example 

illustrating the diversity and magnitude of this material is the recent bibliography of Famine 

Mitigation literature (Hutchinson et ai, 1992), which contains an astonishing 1755 references. 

In order to apply some structure to this wealth of material, this chapter is organized according 

to the aspect of food security issues addressed. Section 2.1 deals with literature pertaining 

to general concepts or theories of &mine and food security. Material addressing concepts or 

methods related to famine early warning systems or vulnerability assessments is discussed in 

section 2.2. The primaiy subject of the literature addressed in this section is how these 

components have been combined in various methods for performing vulnerability assessments 

and early warning. This includes material related to concepts, choices and the utility of 
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specific indicators. Noteworthy literature dealing with coping strategies is addressed in 

section 2.3. Finally, a large portion of the famine related literature presents various case 

studies of vulnerability assessments and early warning systems; these are reviewed in section 

2.4. 

It should be noted that typically most, if not all, of the material cited here cannot be cleanly 

and unambiguously assigned to one of the above topics; there is usually some contextual 

discussion provided which crosses over into some of the other subject areas. In the interests 

of the organization of this material and brevity of exposition, each work has been put into the 

categoiy which I felt best reflects its primary thrust and objectives . 
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Hunger can run the gamut from the low level problem of households missing occasional meals 

during the so-called "hungry season" on up to mass starvation or famine in which tens or 

hundreds of thousands can die over a period of several years. Recorded human history is 

replete with accounts of famines which laid waste to regions and their populations, and from 

which recovery was at best a di£5cult, protracted process. Such occurrences are, 

unfortunately, not a thing of the past. In every year since World War n, there has been at 

least one famine somewhere in the world (Field, 1993). 

According to statistics cited by Walker (1989), between 1976 and 1985 famine killed over 

400,000 people and adversely afifected over 345 million. In contrast to this, during the same 

period, storms and floods killed over 75,000 people and aflfected more than 300 million. 

Rounding out this list of natural disasters, seismic events such as earthquakes and tsunami 

killed almost 750,000 people (650,000 in the 1976 earthquake in China) and affected over 11 

million people during this same period. If the single earthquake event in China is ignored, 

then the above statistics show that famine kills and adversely afreets more people than all of 

the other types of natural disasters combined. According to other, grimmer data, in Ethiopia 

alone, exclusive of the civil war then taking place, between October 1983 and October 1985 

as a result of the famine, over one million people died, over 100,000 were left permanently 

disabled, 2.5 million people were displaced, and over 450,000 fled as refugees to Sudan 

(Gabre-Sellassie, 1990) . 
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Famine is not a just recent phenomenon. Historical records exist of famines in India in the 

year 1054 A.D., while in Africa famines are known to have occurred since the fourteenth 

century in Ethiopia (Goyder and Goyder, 1988), and since the middle of the eighteenth 

century in Sudan (Walker, 1989). Despite this lengthy, sad experience with famine, and in 

spite of extensive aid and development programs aimed at its eradication, famine continues 

to be a persistent scourge throughout much of Africa. The attributed causes and blame have 

included natural environmental events such as droughts and floods, various economic and 

political constraints and policies, and international ind^tedness and the structural adjustments 

which are its consequence (Mortimore, 1989). 

Some authors state that the underlying cause of famine is non-sustainable development, 

although the actual "trigger" for famine may be either a natural event such as drought or 

floods or locusts, or a manmade one such as war or the institutional failure of economic or 

political processes (Walker, 1989). For example, Malaska and Psychas (1989) cite "Africa's 

general pattern of unhealthy urban-rural relations as a primary, underlying source of its 

chronic vulnerability to drought and famine." Gabre-Sellassie (1990) ofiFers a whole pantheon 

of interrelated causes: "Africa's low economic growth rate, declining food production, 

overhanging debt burden, mounting population, increasing ecological degradation, and 

shortfall in external development finance together constitute the basic problem...The chronic 

poverty of most African nations and people lies at the heart of the problem of famine." There 

is general agreement that famine does not result from a single factor, with the notable 

exception of war. One implication of this last statement is that the diversity of causes means 

i 
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that no single type of data is likely to be universally sufficient for famine early warning or 

vulnerability assessments. Multiple aspects of people's lives, livelihood systems and 

environments must be monitored for telltale warnings and indicators. 

Adding to the complexity of looking for "&mine triggers" or assigning causes to famine is the 

fact that the same causal mechanisms may have very different results in different countries. 

For example, in 1988 the United States experienced significant drought without famine or 

food shortages, while in that same year, Sudan had no drought, but experienced famine as the 

result of a civil war in which both sides kept farmers from the fields and otherwise disrupted 

access to food (Hutchinson, 1991). 

Despite the failure to agree on its causes, which in any case may vary from one situation to 

another, certain consistent consensual conclusions about the nature and various aspects of 

famine itself seem to emerge from the literature. These are: 

1. Contrary to the popular perception of famine as an event, it is more properlv 

considered to be a process which unfialds over time periods of up to several years. As 

a corollary to this, Afiican case studies confirm that risks to food security are often 

anticipated and planned for at the household level as a routine aspect of risk aversion 

well in advance of the onset of the crisis itself (Corbett, 1988; Webb, 1993; 

Hutchinson, 1992). 

2. The impacts of famine are experienced differentially among the groups and 

i 
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subgroups of an aflfected region. While the claim has been made that "famine is 

inseparable from poverty" (Webb, 1993), its effects are not. For example, Hariss et 

al. (1990) found that in Sudan, children from all economic strata were as likely to be 

malnourished in the onset of a famine. Also, while all households may be affected by 

famine, the "degree of food insecurity varied considerably according to income level, 

the degree of income diversification and the value and disposability of the asset base" 

(Webb, 1993). Famines are often characterized not only by a complete unavailability 

of food in the affected regions, but by degrees of lack of access to food on the part 

of the affected groups. Gabre-Sellassie (1990) concurs, stating that: "Famine is not 

so much a lack of food as of lack of power to buy food." Or, "There are virtually no 

cases of the rich or powerfiil starving in a famine area" (Walker, 1989). 

3. Famines are preventable. The building blocks of the solution include rural growth, 

the availability of data and logistics to provide early warning of an impending famine, 

and the basic requirements for famine relief are all becoming better understood and 

closer to reality (Webb, 1993). Walker (1989) claims that there are few recent famines 

which could not have been prevented by the timely redistribution of resources. King 

(1990) states categorically that "..although droughts are unavoidable and recurrent 

climatic features, famines are to a large extent man-made and therefore also to a large 

extent can be avoided." 

The above assertions cumulatively point to the ability to prevent, or at least mitigate, the 
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impacts and tragedy of famine provided recognition of impending famine, or of the risk of 

famine, is provided early enough to permit timely and effective action to be taken. The 

requirement that warning be given with substantial lead time is critical, because as Walsh 

(1986) notes, implementing a large scale relief operation normally entails lengthy 

preliminaries, such as rounding up donors and supplies, and shipping this materiel to crowded 

and inefficient ports. Then such food must make its way to the areas in need, often over 

inadequate or non-existent roads, carried by too few vehicles which, in some cases, must 

traverse a war zone. Or, in other cases, food may already be available in various areas of the 

country, and needs to be found, purchased and shipped (under the conditions noted above) 

to the affected areas. Added to these delays are those often imposed by the need to work out 

details with the host government. This is more often true when there is a civil war going on 

in-country, and the government wants to deny the opposition access to the aid supplies. The 

recent (1997) experiences of famine in Somalia induced by wide scale flooding are a good 

illustration of such problems. 

A basic starting point for noting some of the literature which presents broad overviews of 

food security is Maxwell and Frankenburger's technical review of household level food 

security (1992) which begins with a discussion of some of the basic concepts related to food 

security. In particular, starting from a definition of Food Security" as a state that requires 

secure access la sufficient food at all times, they address what is meant by the terms 

"sufficiency," "access," "security," and "time." Their review contains some 30 different 

definitions of food security which have occurred in the literature. The above ; components 

il 
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are explicit or implied in all of them. "Food Imecurit̂  ̂ may then be considered to be the 

situation in which one or more of the above components of Food Security are lacking. 

Recognition of the importance that "access to food" plays in food security was first 

articulated by Sen in his seminal work Poverty and Famines (1981). In this work Sen 

examined a number of historical cases of famine in India and elsewhere, and showed that 

famines had occurred in places where food was available in the geographical area of the 

famine, but not to those who experienced food shortages. He concluded that availability of 

food was often not as important to the food security of people as their access to food 

Other authors besides Sen have recognized that there are multiple causes of food insecurity. 

Mortimore (1991) identifies five "faces" of famine, as follows: 

1. The breakdown of primary production systems 

2. The breakdown of food procurement systems 

3. Pauperization, or regressive redistribution of wealth 

4. Environmental degradation 

5. Malthusian demography 

Note that (2), "the breakdown of food procurement systems," is another expression for Sen's 

(1981) concept of the loss of access to food as a causal mechanism of famine and lesser food 

security emergencies. 
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Other authors have focused on general theories of famine and food security. For example, 

Webb and Habtu (1994) discuss the general topic of famine in Africa, with emphasis on 

Ethiopia, in more general terms. From the simple observation that currently famine is almost 

entirely restricted to Africa they conclude that famine can be eradicated, and they ask how 

might this be done. This leads to a generalized discussion of the causes of famine and its 

disaggregated impacts. Finally, they conclude that famine is '^a manifestation of human 

failure," which will be solved over the long term by successfril development activities. 

While I am willing to accept their assertion that famine is ultimately a human failure, I do not 

agree with their idea that because it has been eliminated everywhere but Africa, it can be 

eliminated there as well. First, famine has not been eliminated elsewhere as Bosnia in 1992 

and North Korea in 1996-1997 demonstrated. Second, while famine's eradication elsewhere 

may represent a success on the part of mankind, it does not follow logically or rationally that 

if it has not been eliminated in Africa, then it is man's failure. I do, however, believe that man 

can at least reduce its occurrence and severity in Africa by addressing the chronic poverty, 

the lack of infrastructure, and the political, social, and economic inequities that are endemic 

to much of the continent. 

Another example of a broader focus in looking at these issues is given in D'Souza (1988) who 

describes and then analyzes factors which, in the Third World, may interfere with or otherwise 

"disrupt flindamental social and economic activities which in themselves reduce vulnerability 

to famine." He explains these in the context of the two dichotomous world views of famine. 
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The first view point is that in this day and age it need never happen, and the second viewpoint 

is the Maithusian view that it is inevitable due to population growth and the consequentially 

increased demand on dwindling resources. The first of these viewpoints is espoused by de 

Waal and DufiBeld (1992), who attribute Afiican famines in the period prior to 1992 either 

to (primarily) drought, or to government actions taken to suppress rebel insurgencies. . 

D'Souza then illustrates these concepts through reference to recent cases in various Afiican 

countries. Personally, I find the second, Maithusian, vieAvpoint far more compelling than I 

do the first 

Part of the basis for my more sanguine view and acceptance of the Maithusian paradigm 

comes fi"om Gellen (1994), who presents two figures that, together, capture the essence of 

the Maithusian argument. The first figure shows that in absolute terms, Africa's total food 

production has been steadily increasing for over 25 years, and in 1990 was about 150% of 

what it was in 1970. The second figure shows that these gains are more than offset by 

population growth, sincecapita food production has been steadily declining for the same 

25 years, and in 1990 was only about 80% of what it was in 1970. 

Some authors take an even broader view of famine and food security and embed these 

concepts into the matrix of social, political, cultural and economic life in which they occur. 

That is, rather than address the issues at the household level, the entire larger "web of 

causality," the set of economic, social, and political interrelationships in which the household 

exists, is addressed. For example. Watts and Bohle (1993) in their paper on the "space of 

6  
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vulnerability" state that if Sen's concept of access ("entitlements") (1981) is to be applied as 

more than a "conjectural analysis," then it must also account for: 1); "the distribution of 

entitlements," 2); "empowerment and enfranchisement," and 3); "the structural properties of 

the political economy." 

This broader contextual view is of relatively more recent vintage. According to Wisner and 

Luce (1993), it is only since the 1980s that the terms 'Vulnerable" and "vulnerability" are 

commonly used in conjunction with disasters such as famine. They recognize that the 

challenge, however, is to "create ways of analyzing vulnerability implicit in daily life." They 

do this through the use of the social theory of "marginalization," which they then present as 

making various groups or societies vulnerable according to discrimination by gender, age, 

ethnicity, and disability. 

Other conceptualizations of famine and food security embrace one paradigm or another which 

then serves as the focus of the conceptualizatiorL Webb et cd. (1993) use "household income" 

as the core concept around which their ideas are presented regarding the reasons people are 

vulnerable to famines. Even with the conversion of all inputs and crops to a monetary 

standard, I do not believe that even this very broad concept of household income is adequate 

to explain vulnerability. Although it is true, in Malawi at least, that even the rural poor cannot 

exist outside of the market and in fact require cash for "a wide range of goods and services" 

(Peters, 1996), not all of the parameters which afifect vulnerability to food security can be 

converted to income, as some of Webb's own later work illustrates. Webb is one of the 
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authors of Seyoum et a/. (1995) in which the most important variables related to "people in 

need" in Ethiopia were determined from a data set of some 92 indicators. Several of the most 

important indicators, as determined by their analysis, were derived from Normalized 

Difference Vegetation Index (NDVI) parameters, which are not readily converted to units of 

income. 

Blaikie et al. (1994) expand on this broader concept of vulnerability by showing that the 

"social, political, and economic environment" is as much to blame for disasters as the physical 

environment. This echoes the earlier observation that famine is often present without the 

precipitating influence of drought or other natural phenomena. As Blaikie et al. go on to say, 

"an explanation of famine requires that both root causes/underlying pressures and the 

processes that generate unsafe conditions...are linked together in a satisfactory causal 

chain...we need to understand the complex linkages that lead from root causes to the unsafe 

conditions that make people vulnerable to famine." They also cite Hewitt's (1983) claim that 

the "explanation of disasters should rest more fiilly on a social analysis of the processes which 

create the conditions under which 'exceptional' natural events triggered disasters." 

Other researchers have tended, not unnaturally, to rely on their more narrowly focused 

personal predilections and professional disciplines to provide explanations of famine. One 

such discipline is that of classical economics. Attempts have been made to explain famine and 

food insecurity in terms of economic principles and models, (e.g., Alamgir, 1980; Desai, 1988; 

Kochar, 1995). Ulrich (1993) uses market prices as the basis for predicting, preventing, and 
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mitigating famine, based on his case study from Sudan during the period 1989-1990. In an 

eadier work. Seaman and Holt (1980) attempt to explain famine and food shortages primarily 

in terms of market forces. Their assertion is that vulnerability is increased when a transition 

from a "communal" to a "market" economy occurs, as well as through political factors and 

decisions. Much of the present day concern with famine is focused on Africa, where markets 

play an important role, even for the rural poor as Peters (1996) pointed out for Malawi. 

However, I believe that attempting to explain vulnerability solely in terms of market behavior 

as Ulrich (1993) does, gives this aspect of the problem too much emphasis and universality. 

Finally, a large proportion of the literature on general theories of famine and food insecurity 

stress the linkages of these food emergencies to other social phenomena. The approach 

usually taken is not as broad as that of Blaikie et al. (1994), who look at the whole fabric of 

different linkages. The focus in these more restrictive views is on just one or a very few 

elements of the social, political, economic, and environmental matrix in which food 

emergencies occur and to which such situations may be linked. 

One such linkage is to war. In Chapter 11 noted that in 1992, Bosnians, Kurds, and Somalis 

all experienced food insecurity as a result of war, without the complications of any significant 

natural or environmental factors. These examples illustrate Hutchmson's (1992) statement 

that war is the only single factor that can cause famine. Macrae and Zwi (1992) look at 

war/civil unrest in Angola, Uganda, Mozambique, and Sudan, and note that in all of these 

cases, attacks on food supplies were a routine part of the hostilities, often by both sides. Of 

if 
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course, in these cases, it is often the non-combatants who suffer the consequences in terms 

of food shortages and food insecurity. And, de Waal and DufSeid, writing in 1992, state that, 

in the case of Africa, "war has been the most important cause of famine in the last ten years." 

More recently, Ernest Harsch, the Editor-in-Chief of African Farmer wrote an editorial 

entitled For food security, Africa needs peace in which he pointed out the toll which some 

of the (then) 16 ongoing civil conflicts took on food security (Harsch, 1994). 

Perhaps the most intuitively obvious interrelationships with famine are those between hunger 

and poverty. These linkages have been explored by a number of authors. Watts and Bohle 

(1993) present a Izirgely theoretical treatment of these linkages through their 

conceptualization of a "space of vulnerability." ThQr define the "coordinates of vulnerability" 

as: 

1. The risk of exposure to crises, stress, and shocks 

2. The risk of inadequate capacities to cope with stress, crises and shocks 

3. The risk of severe consequences of^ and the attendant risks of slow or limited 

poverty (resilience) from crises, risk, and shocks 

This formulation is drawn from Chamber's (1989) definition of vulnerability as requiring 

exposure to shocks and difficulty coping with these shocks or stresses. Watts and Bohle go 

on to address the causal structure of vulnerability in terms similar to those later used by 

Blaikie et al. (1994), £Uid in so doing, th^ establish the linkages to issues such as social class, 

poverty, and empowerment. 
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A number of authors have identified the linkages and interdependencies between food security 

and the environment. Frankenburger and Goldstein (1991) have explicitly linked household 

level food security with the sustainability of environmental practices, noting that the various 

strategies that smallholder farmers use to cope with food insecurity and shortages are often 

destructive to the environment, but that the farmers, faced with hunger for them and their 

families, may have little choice. They fiirther suggest that the extent to which farmers 

employ such practices may itself be usable as an indicator of how severe the food emergency 

is. They assert that the degree of environmental destruction inherent in the practices being 

employed is directly correlated with the severity of the crisis. The idea of farmers having to 

make choices between immediate food needs and longer term environmental protection is also 

brought out in Davies et al. (1991), who provide a history of these interactions, and analyze 

some of the conflicts and complementarities between these two concerns. Their perspective 

is that "access to food" and "resource conservation" can be viewed as a series of policy trade

offs. 

Cummings (1987) has focused on the factors that are internal to Afiican countries that can 

generate famine. He feels that these factors must be explicitly identified in order to guard 

against the tendency to impose only external solutions. Specifically, he calls on Afiican 

leaders to "finally develop the political will and leadership necessary to arrest the continent-

wide ecological deterioration before it leads to fiirther declines in income and a far greater 

loss of life fi-om starvation." This sentiment is also found in Ayittey (1992), who more 

recently remarked that "Afiica needs an unwavering scrutiny of its elites and leaders." 

I 
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Cummings also recognizes the link between environmental degradation and famine. This 

linkage is explicitly made again in his list of internal factors that can generate famine: 

1. The insuflScient development of human resources 

2. The continued maintenance of colonial institutions and structures 

3. The existence of too many small economies 

4. The negative trends in food production 

5. Poverty 

6. High population growth rates 

7. Increased dependence on food imports 

8. The violation of the delicate balance between Africa's environmental realities and 

the dire necessity of agricultural development. 

With respect to the "delicate balance" referred to in the last item above. Chambers (1989) 

states that some of the ways in which this balance has been ignored, to the detriment of 

Africa's "environmental realities," include the usual litany of environmental negatives; soil 

erosion, deforestation, desertification, overpopulation, overgrazing, and poor planning and 

management. Cummings puts the present situation into its historical context, and then 

discusses the significance, in the present, of the above mentioned internal factors. This gives 

a sense of what has led to the present situation, and suggested directions for the future. 

I find these arguments about the effects of Africa's internal problems compelling, and believe 

that it represents one view which must be accounted for in planning famine mitigation and 
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relief operations. For example, Gellen (1994) has pointed out the effects on food security of 

just population growth, which ultimately must be addressed by African leaders rather than aid 

organizations and NGOs if any real change is to be made. 

Other linkages to famine are addressed by other authors. Field (1993), provides a general 

background into "the nature of the beast," and its history, and also discusses the links of 

famine to malnutrition, and to development. In Field's view, development is the long term 

answer to famine, but famine events elicit relief actions which take the place of development 

activities for the duration of the crisis. According to Field, in an ironic twist, famine relief 

activities necessarily supplant the very activities which offer the only long term solution to 

famine itself. 

Because a large proportion of food security emergencies occur in rural Africa, in areas where 

the food supply is based largely on agriculture, it is reasonable to recognize the dependency 

of food security on the normal cycle of agricultural production. This recognition is explicit 

in Sahn's (1989) examination of the effects of seasonality on household level food security, 

on the availability and price structure of food, and its access at the household level. 

From the above discussion it is clear that famines and lesser food crises vary widely with 

respect to their deeper, underlying causes and their immediate precipitating events in terms 

of time, place, and circumstances. From this, one can conclude that any methodological 

approach that makes any serious attempts to understand, evaluate and/or predict food 

I  
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insecurity at any level must be cognizant of these possible variations and must somehow 

consider them. 



2.2 Famine Eariy Warning and Vulnerability Concepts 
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Analytic tools are bang developed to give warning of impending food 

insecurity occurrences. This is an evolving process that is leading to an 

understanding ofsome of the specific causes and correlates of these crises. 

The mechanisms being considered today to provide eariy warning of impending food 

emergencies are genericaily referred to as "famine eariy warning systems," and have several 

broad purposes. According to Glantz (1997), such a system is intended to "identify when a 

large number of chronically hungry people become stressed to the point that they become at 

higher risk to death by starvation and related illnesses." The primary specific functions of such 

systems are the detection, warning or forecast of a hazard and the evaluation of its projected 

severity in the different affected areas. The basic process through which these activities are 

typically accomplished is based on the collection and integration of different kinds of data 

from a variety of sources. These data are then merged and correlated to present a coherent 

and consistent picture of the current status in the areas of interest, and the directions which 

current trends are likely to take. This information can then be disseminated to decision 

makers who can bring to bear various relief and mitigation strategies. The primary form 

which famine early warning systems currently take is that of Vulnerability Assessments, which 

are discussed below 
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2.2.1 Vulnerability Assessments 

Vulnerability assessment can be considered to be a process that "seeks to identify areas and 

populations that might be threatened by food insecurity....the VA provides the social, 

historical and geographic context within which monitoring of the current (agricultural) season 

can be performed as well as identifying areas that sufier from chronic vulnerability to famine" 

(FAO, 1996). A Vulnerability Assessment (VA) may be considered to be the analysis of food 

security conditions, and the determination of the relative vulnerability to food insecurity of 

the different populations and subareas, in a region, a country, or in a subnational area. 

These analyses are sometimes referred to as Vulnerability Assessment and Mapping (VAM) 

because the relative levels of vulnerability can be geographically analyzed and portrayed via 

maps in a Geographical Information Systems (GIS). For example, the final report describing 

the 1996 vulnerability analysis of Malawi, performed in part by this author, is titled "A Quest 

for Causality: Vulnerability Assessment & Mapping (VAM) Malawi Baseline 1996" and 

portrays some of the results in map form. 

Vulnerability assessments are important in their own right as "snapshots" of the food security 

conditions of a geographical region at some point in time. However, they are also a critical 

element of many famine early warning systems, in that as part of a prediction of future food 

security conditions and/or emergencies, one must be able to assess current conditions. This 

is a prerequisite to being able to provide eui early warning of future problems. 
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The following subsections will briefly discuss different aspects and facets of VAs in order to 

provide the historical, organizational and analytical context in which they, and this research 

should be understood. In particular, the evolution of VAs (section 2.2.1.1), and the primary 

method of performing VAs currently in use (sections 2.2.1.2), are addressed here. 

2.2.1.1 Evolution of Vulnerability Assessments 

Vulnerability assessments have evolvedfrom considering only food supply 

tlirough considering access to food and the socioeconomic matrix in which 

the causes of vulnerability are embedded 

Vulnerability zissessments have historically recognized that vulnerability to famine begins 

before a food security emergency. This is illustrated by the experiences of a Famine 

Commission, appointed in British India in 1878 to look into both famine relief and measures 

of a preventative nature. In the latter category, the commission stressed the need for 

enhancement of agricultural productivity, protection against "unforeseen natural calamity," 

and some forms of protection of poor peasants. Their reconmiendations included collection 

of vital and agricultural statistics, expansion of irrigation and railways, and protection of 

peasants from unfair landlord and moneylender practices. Unfortunately, the political 

favoritism of the commission and of the Indian government towards free trade precluded 

consideration of emergency food stocks or measures to reduce the chronic unemployment of 



50 

landless agricultural laborers (Alamgir, 1980). These measures, and the limits imposed on 

what was precluded, as much reflect the prevailing British attitudes towards the poor as they 

do the British desire to alleviate food emergencies. 

For at least one hundred years, assessments of vulnerability to disaster (famine, in this case) 

have recognized the need to look beyond the immediate emergency to the milieu in which the 

conditions for the disaster gestated. Also, this example illustrates how the conclusions reached 

and the actions taken will often be strongly influenced by the prevailing political forces. The 

above example from British India shows the influence of political forces in limiting 

consideration of two of the most obvious means of reducing vulnerability. This example also 

illustrates that vulnerability assessments have often been focused on vulnerability to famine. 

Historically, the basic statistic used to determine whether an area was vulnerable was per 

capita food production/availability. The underlying assumption was that if enough food was 

available, famine could be averted. Famine prevention activities often were based on 

providing increases in food availability. Yet, as I have mentioned earlier, access to food Is 

often more the problem than supply, although this was not always recognized. 

The first analyst who widened the scope of causes of vulnerability to more than just 

agricultural and food issues appears to have been Corrado Gini, who in 1926 described famine 

as an economic problem whose solution required more industrialization, enhancements to 

agriculture, and social redistribution plans (Garcia and Spitz, 1982). 
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As noted in Chapter 1, the person usually credited with widening this focus was Sen (1981), 

who questioned the underlying assumption that famine was caused only by a "food availability 

decline" (FAD). Sen analyzed specific famines such as the 1974 famine in Bangladesh, the 

Sahel famines of the early 1970s and the Ethiopian femine of 1973 and 1974. He realized that 

oflen enough food was avaUable, but demand had pushed its price beyond the reach of poorer 

segments of the population (Sen, 1981, 1985). This led to his theory of "entitlements," 

which provided a structural framework within which famines in general could be analyzed. 

In Sen's approach, famine was primarily a function of "food entitlement decline" (FED). This 

approach stressed the idea that vulnerability to famine was based on the factors which 

determined people's access to food, instead of simple food production or availability (Sen, 

1981). One set of supporting data cited by Sen (1981) includes statistics from the previous 

Ethiopian famine which showed "very little evidence of a dramatic decline in food availability 

in Ethiopia coinciding with the famine." 

Sen's further analysis showed that some small amount of food was even exported from the 

worst hit regions of Ethiopia (Sen, 1981, cited in D'Souza, 1988). Other earlier, well known 

examples of food being exported during famines include the Irish famine in 1846, during 

which grain was exported to England, and Indian cereal exports to England during 1876-7 

and 1878-9 (3.75 million tons of cereal, while according to official statistics, 6.75 million 

people died of famine), and the 1943 Bengal famine, during which 3 million people starved, 

while Calcutta was exporting rice (Garcia and Spitz, 1982). Despite this widespread 

knowledge that at least in these cases, food availability was not the primary problem, there 
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does not seem to have been a synthesis of these experiences into a more comprehensive, 

explanatory, framework until Sen's concept of entitlements. In Sen's concept, people obtain 

entitlements to food primarily by: 

1) Producing food 

2) Obtaining food via trade (commodity exchange) 

3) Buying food with the earnings of labor 

4) Obtaining food through gifts or pensions 

This set of entitlement mechanisms identifies the dependency of access to food on a larger set 

of characteristics or features of a society. A broader interpretation of Sen's ideas is that none 

of the previous single cause explanations of famine are valid (except for war), since none of 

them alone can completely define people's entitlements (Desai, 1988). Simplistic 

examinations of vulnerability based on exposure to drought or some other single cause (other 

than war) are invalidated by Sen's work. 

This view recognizes that peoples' entitlements could be based not only on farming or other 

means of food production, but could also depend on non-agricultural income sources, the 

ability to trade one's labor for goods for food, etc.. These entitlements could also depend on 

cultural/political practices which might provide for some sort of relief or sharing of food in 

emergencies. In other words, vulnerability can only be properly assessed within its complete 

cultural matrix 
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Some of the work related to vulnerability assessment which followed Sen's seminal work 

(1981) includes Cuder (1984), who used peasant behavior in Northern Ethiopia to assess 

vulnerability to famine, Eldridge et al. (1986), who used socioeconomic variables as part of 

the theoretical basis for an early warning system, and Kelly (1992) who specifically looked 

at entitlements to food and coping mechanisms in her study of Ethiopian famine. Other more 

or less contemporaneous work considered the results of variable levels of food consumption 

rather than production, thereby recognizing that the best indicators of adequate food intake 

may be nutritional statistics rather than potential food availability (Shoham, 1987). This type 

of study evaluates current vulnerability rather than future risk, but is important because it 

implicitly recognizes the distinction between food availability and food access. Measuring 

nutrition is a tacit recognition that even with enough food, dififerential entitlements to it might 

produce different levels of health in the same population. 

The authors following Sen have recognized the differential levels of entitlements within 

conmiunities and within households, and have looked at indicators which are not directly 

related to food itself Some of these are culturally specific indicators. Conceptually, this has 

led to analysis of household level coping strategies and indicators. 

The concept that household level behavior patterns in response to food insecurity or famine 

stresses could represent a structural basis for the analysis of vulnerability is best typified by 

Corbett (1988), whose work showed household level coping strategies having culturally 

unique features as well as broad underlying commonalities. Corbett drew upon previous 
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studies describing analyses and coping sequences of single cultures and synthesized from these 

the idea of using coping sequences as a general mechanism for performing vulnerability 

assessments This v^ork is a seminal paper, it has led to the general concept of using the coping 

sequence itself as an indicator well as specific parts of it. 

Such approaches relate socioeconomic, agrocUmatic, and nutritional data as some of the 

indicators of peoples' entitlements, and, consequently, their vulnerability. These various food 

and non-food related indicators have become a basis for vulnerability assessments discussed 

and/or performed by a number of authors, e.g., Webb (1993), Marsh et al., (1994), Khan et 

al. (1992), Hutchinson (1992), Kelly (1993), and Riely (1995). 

While these indicator approaches to vulnerability assessment look beyond food related data, 

they seem to be largely restricted to the manifestations of what Blaikie et al. (1994) have 

called the root causes of vulnerability. They do not address the root causes themselves. This 

may be appropriate, since their aim is to inform the immediate assessment process and the 

identification of the likely victims in advance of the famine process, rather than long term 

socioeconomic restructuring. Also, most of the cited references are concerned with the 

operational use of VAs as the basis for aid and relief decisions, while works such as Blaikie 

et al. are more concerned with developing a structural framework for the analysis of 

vulnerability factors and issues. 
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The latest step in the evolution of VAs seems to be the Watts and Bohle (1993) and the 

Blaikie ef a/.(1994) approach of looking at the hierarchical sets of interconnected economic, 

social, political and religious forces which create the initial vulnerability of populations and 

lock them into this condition permanently. Neither Watts and Bohle nor Blaikie et al. were 

the first analysts to recognize the much wider forces inherent in people's vulnerability. For 

example, Garcia (1982) refers to the need to look at "human structures (societal, political, 

economical)" in looking for the root causes of susceptibility to famine. However, unlike both 

Watts and Bohle and Blaikie et al., Garcia did not go beyond this statement to the next level 

of determining the details of these structures, and how th^ are all inter-related. For example, 

Blaikie etal. identifies larger issues than localized or temporary causes of vulnerability; these 

larger issues are much less readily addressed or solved. Consequently, for those analysts 

looking for a better decision support system, there may not be inmiediate utility in this 

approach. 

The principal benefit of both Watts and Bohle and Blaikie et al. may be to take the theoretical 

dialog to the next plateau of understanding, much as Sen did in 1981. Whether or not these 

works represent the next evolutionary step in VA, or simply unique contributions to the 

literature remains to be seen. With the possible exception of Sen (1981), few works represent 

such a radical departure fi'om its predecessors, and no other work of which I am aware 

addresses the macro level issues which are the primary concern of Watts and Bohle (1993) 

and Blaikie et al. (1994). 

i 
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While the above sequence reasonably describes the broad trend in the evolution of 

vulnerability assessments, Riely (1995) indicates a shorter evolutionary process which 

somewhat parallels this, but is limited to the USAID Famine Early Warning (FEWS) Project 

experience. Riely lists the three stages which vulnerability assessments have gone through 

within FEWS as narrative/tabular analysis, the regional income accounting approach, and 

the most recent method, the indicator/index approach. Current FEWS approaches are 

described by Riely as based on the use of composite indicators with some mathematical 

methods used to select, group and weight indicators. Riely indicates that some of the results 

of these mathematical methods for analysis of indicators have not been satisfactory, and need 

refinement or substitution by more effective techniques. 

There has been a dearth of FEWS funded pure research on such improvements because, in 

part, FEWS work on vulnerability assessments is driven by the need to provide operationally 

useful products to USAID missions, USAID Headquarters, and host governments rather than 

to fiuther the state-of-the-art in vulnerability assessment concepts. Pure research is not a high 

priority for FEWS, even though this research would have clear pragmatic benefits as well. 

However, this dissertation is a step in the directions suggested by Riely. 
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A number of different approaches and tools are being brought to bear on 

the problem of vulnerability assessments. 

One of the works which presents a more comprehensive look at approaches to vulnerability 

assessments is Walker (1989), who presents a generalized study of famine early warning 

systems. Walker looks first at the victims of famine, and their (coping) strategies for dealing 

with the crisis. From this, he defines what the overall objectives of a famine early warning 

system should be, and the available methodological tools for building such a system. Among 

these tools he lists remote sensing systems and data, food balance models, nutritional 

surveillance, market behavior models, and social behavior models. 

Walker then goes on to provide case histories, fi^om Afiica and Asia, showing how dififerent 

countries predict food emergencies, and how they respond to them. He describes the then 

extant early warning systems developed by different donor/aid organizations such as 

FAG/WFP, UNICEF, those developed under the auspices of US AID, and those developed 

by non-governmental organizations (NGO), and other systems. He then draws conclusions 

and makes recommendations for desirable characteristics and features of generalized famine 

early warning systems. While I found this work to be of general interest, I felt that it was 

lacking the details of specific methodological approaches. 
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Another facet of vulnerability assessments is addressed by Frankenburger (1992), whose topic 

is Rapid Food Security Assessment (RFSA). This is the term used to describe the process of 

determining, in a timely manner, the food security situation in a given area or for a specific 

population. As such, it is a specialized type of rapid rural appraisal intended to "bridge the 

gap between formal surveys and non-structured interviewing." The major objective of these 

assessments is to gain as much knowledge of the situation as possible using the shortest time 

period and least resources. Frankenburger describes the general characteristics of these 

assessments, the methodology used to conduct them, the information needs, i.e., the data 

types to be collected by interviews, and the development of contingency plans to deal with 

the food shortage. He concludes that RFSAs can be used to identify: 

1. Vulnerable groups 

2. The causes and magnitude of the food security situation 

3. Location specific coping ability indicators for food security monitoring, and also 

4. To determine appropriate mitigation interventions for alleviating the food . 

(shortage) 

Riely (1995), in writing his "handover notes" at the conclusion of the USAID Famine Early 

Warning System (FEWS) Phase II Project, provides a general discussion of the goals of the 

FEWS project, its terminology, the conceptual firework which had guided the methodology 

up to that time, and the evolution of that methodology. He also provides a usefiil discussion 

of open methodological issues, and the anticipated fiiture of vulnerability assessments. These 

open issues include the unresolved question of the proper place and extent of quantitative 
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qualitative methods in vulnerability assessments. Part of the basis for Riely's scepticism 

regarding quantitative methods is the limited success enjoyed up to the time of his writing by 

the use of such methods as principal components and multiple linear regression. 

I believe that Riely's misgivings reflect the difSculties encountered in the earlier attempts to 

use these tools and not the limitations of the tools themselves for these purposes. I used both 

of these and other equally sophisticated methods in this work and, as Chapters 5 and 6 will 

show, was able to get what I feel are satisfactory results from them. I believe that two of the 

problems with the earlier attempts were (1), the lack of an adequate proxy for vulnerability 

to serve as the dependent variable, and (2), early attempts to use each method to solve the 

whole analysis problem rather than to use a sequence of methods to address different parts 

of the overall problem as I did here. Another of Riely's prescriptions for the evolution of 

vulnerability assessments is to improve the development and use of indicators. 

The United Nations World Food Program (WFP) is one of the primary organizations working 

on food security issues. Borton and Shoham (1991) provide guidelines to be used by WFP 

in mapping food insecurity. The objective of these guidelines is to suggest how WFP Country 

Offices could use the concepts of food insecurity into their routine monitoring and relief 

targeting activities. These ideas are illustrated with case studies from WFP experience and 

from the USAID FEWS Project. 
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It is axiomatic that indigenous people, particuiariy those whose livelihood is based on 

agriculture, place great importance on being able to predict future conditions. Accordingly, 

they have often developed their own weather forecasting systems to better plan their farming. 

The Overseas Development Administration (1989) studied indigenous weather forecasting 

systems in the Sahel. This knowledge system is based on social structures, unlike the Western 

World, where it is based on science. In the Sahelian construct, weather is often viewed from 

a moral perspective, and is considered a reflection of community well-being. Indicators used 

for these purposes include the behavior of birds and the growth of plants. Note that this is 

somewhat reminiscent of the Chinese methods for earthquake warning which are partially 

based on the behavior of domestic animals. The report notes that the introduction of new 

cultivation methods has undermined the use of these traditional weather forecasting methods. 

The report also notes that there is a dearth of information on the use modem conmiunications 

systems for the dissemination of more modem meteorological information to these fanners 

and pastoralists. 

A broad class of literature dealing with concepts and methods for early warning systems and 

vulnerability assessments focuses on some of the methods and tools which can be used for 

these purposes. Many of these deal with the use of emerging and maturing technologies for 

famine related information systems. Not surprisingly, many of these technologies are "higli 

tech" and/or computer based. One of the more promising technologies, which has been 

identified by a number of authors as applicable to food security information systems, is remote 

sensing. Some of these articles, because of the seemingly irresistible combination of large 



61 

scale disasters and the hope of modem technology to alleviate or eliminate them, find their 

way into the "popular" literature. 

One example of this is Walsh (1986), writing in Science, who discusses the use of satellite 

based remote sensing for monitoring crop development and yields, thereby providing early 

warning of crop ^ures or severely reduced yields. He examines the USAID FEWS project, 

its objectives, its political environment, and its reliance on satellite data, crop assessments and 

social data. A sidebar in this article discusses the "satellite of choice," the NOAA satellites 

with their Advanced Very High Resolution Radiometer (AVHRR) sensor, based on the 

frequency of collection (twice daily) and low cost (compared to Landsat). The sidebar points 

out that the choice of satellites to use for famine early warning is based more on costs and 

capacities of the available technology. The author notes, in what has become an accurate 

prediction (since 1986), that advances in computer hardware and software should lead to 

improvements in famine early warning systems. 

More rigorous and formal reviews of the use of remote sensing for famine early warning 

systems are provided by Hutchinson (1991) and Ottichilo (1993). Hutchinson lauds the 

timeliness and consistency of remotely sensed data, and notes that at synoptic scales these 

data oflfer significant advantages over ground based data. He goes on to note additional ways 

in which NOAA AVHRR Global Area Coverage (GAC) data might be used for these 

purposes. 

S 
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Ottichilo discusses the operational use of remote sensing in East African early warning 

systems in a joint Inter-Governmental Authority on Drought and Development 

(IGADD)/FAO project. This article addresses the use of satellite based remote sensing for 

rainfall estimation, vegetation monitoring, and crop growth status by national early warning 

systems. The satellites used for these purposes are the Meteosat and NOAA satellites with 

the AVHRR sensor. 

The operational use of these data requires the development of monitoring techniques, 

ensuring that the information and its distribution are timely, and training of national-level 

users. The technological methods used to extract the needed information from the data 

include image classification, change detection, and time series analysis. The early warning 

system provides color graphics depicting parameters such as cold cloud duration, number of 

rain days, growing season status, and NDVI values and deviations from the expected values. 

The use of NDVI as a valid estimator of rainfall has been confirmed in at least one case by 

Grist et al. (1997), who developed linear regression models relating NDVI to rainfall for four 

soil types in Botswana. 

The major disadvantages which limit the utility of remote sensing data for vulnerability 

assessments are primarily related to the relatively low spatial resolution of these data. For 

example, the best (highest) resolution of the current commercially available systems is the 10 

meter resolution provided by the French SPOT satellite. One of the other primary systems 

used for various crop evaluation studies is the LANDSAT Thematic Mapper (TM) which has 
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a resolution of 30 meters. Lower levels of spatial resolution result in the inability to detect 

and evaluate small family gardens as distinct entities from the surrounding vegetation or to 

accurately evaluate biomass when the area is sparsely vegetated. While such resolutions are 

adequate for synoptic vegetation/land cover mapping, they are often too coarse for localized, 

small scale euialyses 

Another limitation of most remote sensing systems is that they are unable to collect data 

through clouds. Persistently cloudy areas are often not well suited to analysis via remote 

sensing methods, even with multi-image compositing. This is because an area obscured by 

clouds in all of the images to be composited will remain obscured in the resultant image. 

However, this limitation does not apply to microwave [i.e.. Synthetic Aperture Radar (SAR)] 

systems, which are used by the U.S. military precisely because they can "see" through clouds. 

The utility of these systems for assessing vegetation conditions and changes is not yet proven, 

making their use here somewhat problematical. It is true however, that many of the areas of 

greatest interest for famine early warning systems are arid or semiarid, with minimal cloud 

obscuration problems. 

In addition, the relatively low spectral resolution of some of these systems (e.g., SPOT and 

TM) means that the more subtle effects on pixel gray level (in any band) which might result 

from, say, low vegetation density or a small percentage of a pbcel being vegetated might not 

be detectable. This follows from the observation that the pixel gray level must change by at 

least one gray level for any difference in that pixel to be detected. This in turn requires that 
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the materials which comprise the pixel be present in sufficient amounts and/or change 

sufficiently to cause at least a change of one gray level. The higher the spectral resolution, 

the smaller the spectral change which will represent one gray level difference. However, the 

higher spectral resolution caimot be coupled with a very low spatial resolution if change or 

difference detection is to be enhanced. For example, AVHRR has a spectral resolution (1024 

gray levels), but the low spatial resolution still precludes detecting small objects which are 

spectrally different from the background. A small object is too small a fraction of an 1100 

meter pixel for the differences between object and background to cause at least a one gray 

level change. 

Some authors believe that the fundamental nature of satellite systems themselves, rather than 

the low spatial and/or spectral resolution provides the limit to the use of these systems in 

famine early warning systems. For example. Walker (1989) claims "Satellite systems ...can 

tell nothing about economic or social changes. From the point of view of famine forecasting, 

their primary use may be ..(in)., detecting... environmental degradation, and the changes over 

time in weather and vegetative growth conditions." 

As mentioned earlier, one example of modem technology which is being applied to famine 

related analyses is Geographic Information Systems (GIS). In one specific case, 

Ramachandran and Eastman (1996) show how a GIS, Idrisi, developed by Clark University 

for whom they work can be used for mapping food security in the face of drought. The 

indicator variables were scaled, and Principal Components Analysis was used on the seven 
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indicators. In their analysis the first two principal components explained 72% of the total 

variance of the original data set. These two principal components were interpreted as the two 

primary contributions to vulnerability. Although the authors do not qualify their statement 

to this efifect, it is more accurate to say that the two principal components are the primary 

contributors to variance in the original set of indicators. The images of the first two 

components were then used to define four different vulnerability levels by basic level slicing 

techniques. 

These authors have written as though the set of seven indicators cumulatively defines 

vulnerability, when, in fact, it is just a subset of the total set of variables which might be 

needed. And, in any case, vulnerability must be a priori defined, rather than simply set, by 

fiat, to be the cumulative set of indicators with no structure imposed, i.e., no weights or linear 

combination, etc.. It is somewhat disingenuous and facile to say that an unstructured set of 

data defines vulnerability, and the structure (linear combinations of original variables) 

imposed by using the first two principal components then elucidates the first and second 

contributions to vulnerability. However, despite these shortcomings, this paper illustrates the 

current work being done to bring more advanced mathematical methods to bear on these 

problems 

In another example of high technology being brought to bear on problems related to food 

security analyses. Marsh et al. (1994) describe a then-ongoing project to develop a computer 

workstation and the associated software tools that would enable food security analysts to 

i 
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manage a large and diverse set of data related to food security. The goal of this system was 

to allow these analysts to ultimately predict the onset of food insecurity "for every country 

on earth." Initially, as is common and appropriate to all large integrated hardware and 

software development projects, emphasis was placed on system design and architecture. The 

intent was to provide a user friendly system, operating within a Windows (3.X) environment 

that links image processing, GIS, spreadsheet, and word processing functions. 

Another, more specific, application of GIS technology to vulnerability assessments is provided 

by Flamm (1994), who used a GIS to quantify the conceptual construct of "access to 

infrastructure," in this case to measure the relative "cost" of getting to district markets and 

large urban centers in Zambia. The basis for this is the assumption, common to a number of 

discussions of vulnerability assessments, that the less accessible different parts of the 

infrastructure are from given locales and to particular populations, the more vulnerable these 

areas and populations are. Flamm's work was done as part of the development of new and 

innovative methods for performing vulnerability assessments done by FEWS field 

representatives, who are in-country food security analysts working on the FEWS Project for 

USAID. 

Flamm used the Idrisi GIS to assign costs to movement along the roads and railways of 

Zambia according to the ease of movement along them. The longer the distance by road or 

rail and the poorer the type and condition of these "lines of communication" (to use a military 

term) from the source of travel to the destination (in this case district markets or large urban 
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centers), the higher the calculated "cost." A "cost surface" can be thought of as a map of the 

road/rail network in which distance is measured not in miles or kilometers, but in the relative 

cost of moving along the roads/rails. This cost sur&ce for the Zambian road/rail network was 

used to assess the relative costs of getting to markets and urban centers from different 

locations throughout Zambia. The conclusions present these findings as a case study of 

Zambia's infiastmcture needs and also contains suggestions for follow-on analyses to expand 

on the sophistication and comprehensiveness of the approach used here. I found this work 

to be particularly innovative and representative of some of the real benefits that high 

technology tools can offer to this field. 

Other new tools being brought to bear on food security analyses and mapping are algorithmic 

rather than technology based. These tools represent new applications of proven, mature 

methods of mathematical analysis and optimization. In most cases, these methods are 

computationally intensive, and their operational use to support real world problems would be 

impractical without the present day ready availability of powerful personal computers. 

For example, Gould and Rogier (1984) use classical Linear Programming to solve the 

problem of the most efiScient way to transport emergency food supplies throughout the Sahel 

under different assumptions about the level of need, the worldwide supply of food, and the 

environment. The objectives of the study were to: 

1. Set up an optimization model that would indicate the best distribution of food 

throughout the Sahel, assuming that the world has sufficient food supplies to 



68 

fulfill the Sahelian demand. 

2. To investigate the effects of changing environmental constraints. 

3. To examine what would happen if the food surplus and the world transportation 

budget were insufficient to transport sufficient food to all the Sahelian 

villages. 

4. To illustrate the need for long term monitoring of large spatial systems. 

The methods used to reach these different objectives was to set up different linear 

programming problems, in which the objective function (the linear expression being 

maximized or minimized) and/or the linear constraint equations were changed to reflect the 

alternative conditions, constraints, or assumptions. Note that these models were solved for 

the whole Sahelian region rather than for individual countries, and therefore represent a 

different, larger scale of relief activities. The solutions to these models are presented through 

the use of (somewhat obsolete) linear programming "tableaus", which today would be 

replaced by the output of commercial software packages that have linear programming 

modules. However, as teaching devices, which is the primary purpose of Gould and Rogier's 

exposition, the tableaus work well. 

Another example of the use of more advanced mathematical or statistical methods for food 

security problems is given by Elhance (1991), who discusses the use of different statistical 

approaches which treat spatial data. This is not to be confused with generating basic, classical 

statistical measures for spatial data. The techniques, discussed here use the spatial nature and 
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inherent spatial correlations among the data to determine more information than would be 

available through the use of classical statistical methods. This paper is mostly an abstract 

presentation of these ideas made with little reference to vulnerability analyses. While Elhance 

does occasionally indicate where in the arena of food security concerns some of these 

methods might be used, it presents them in rather theoretical terminology. This makes me 

wonder about the reception this particular paper got from FEWS, for whom it was written. 

2.2.1.3 The Indicator Approach to Vulnerability Assessments 

The indicator approach is based on the concept that aggregate 

agroeconomic, socioeconomic, and demographic data can be used to 

quantify vulnerability and food security status. Indicators are the variables 

related to vulnerability and food security which I hypothesize can be 

quantitatively correlated with these issues to statistically meaningful 

degrees. As such, indicators are the building blocks of any data base used 

for these analyses. 

There are two primary methods of performing vulnerability assessments (VAs) currently in 

use on an operational basis. These are the "food balance sheet" approach, first developed by 

the Global Information and Early Warning System (GIEWS) of the United Nation Food and 
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Agriculture Organization (FAO) in 1975, and the "indicator" method used by the USAID 

Famine Early Warning System (FEWS) Project. Because of the complexity introduced by 

considering access to food and the imperfect nature of markets in many countries prone to 

famine or to lesser food insecurity emergencies, a national level food balance sheet or a 

demand-supply accounting typically does not inform about what is happening at the 

subnational level or to particular localized populations, and will not be fiirther discussed here. 

While some other methods may be in use on a limited basis, such as the expert system 

approach used by the Agence Europeene pour le Developpement et la Sante (AEDES) in 

Chad and Mali, and the "food economy" or "process" approach developed by the Save the 

Children Fund (SCF) of the United Kingdom, the field of vulnerability assessments is 

currently dominated by the FEWS approach, or variants of it (FAO, 1990). Because the 

concept behind my research here is based on extending the indicator approach in quantitative 

directions, the following discussion will be limited to a discussion of just this approach. 

The need for the indicator approach is grounded in the recognition that the issues and root 

causes of famine and food insecurity are much more complex than simply a lack of food. 

While the concept that food security relies on both the availability of food and access to it was 

first formally articulated in 1981, the implications for vulnerability assessments were first 

recognized somewhat years later by the FEWS project, which is lju-gely responsible for 

developing the still-evolving indicator method for VAs ( FAO, 1996). 

i 
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The indicator approach is based on the use of multiple data sources and types, and relies on 

a "convergence of evidence" to draw conclusions from the merged, correlated data. In this 

context, "convergence of evidence" means simply that all of the data are independently 

pointing to the same broad conclusions about an area or population. The following 

subsections will discuss some of the ways in which these data have been used to actually 

perform vulnerability assessments, and the perceived advantages to this approach vis-a-vis 

other, fundamentally different methods. 

Corbett (1988) showed that responses to famine are characterized by actions which may be 

used by an outside observer to infer the conditions which prompted them. Cutler, who 

performed the study of the Red Sea Province of Sudan quoted by Corbett in her study, noted 

that "studies of the sequence of household responses to drought can be used for the 

identification of famine indicators which are likely to give more time specific and location 

specific early warning" (Cutler, 1986). Recall that according to Field (quoted in Glantz, 

1997), this is precisely the goal of famine early warning systems and vulnerability assessments. 

If the primary purpose of a femine early warning system is to provide warnings early enough 

in the famine cycle to be able to take efifective action and to minimize the need for future or 

continued intervention and aid, then it is clear that indicators must be chosen which can detect 

and identify conditions prior to mass starvation. They should provide a crisis warning early 

enough to prevent erosion or complete destruction of the resource base of the affected 

people. From Corbett (1988), it is clear that as the sequence of coping actions proceeds. 
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assets are lost which will make even partial recovery to pre-crisis conditions difQcult. As 

Hutchinson (1992) points out, once productive assets have been sold, "it is diflBcult—if not 

impossible—for poor households to reestablish their previous levels of productivity." 

Consequently, mitigation relief and food aid should be provided earlier in the cycle. This 

requires that indicators which reflect behavior of some of the earlier stages of coping 

strategies should be chosen where possible. 

Secondly, indicators which are highly specific to different cultures, times and places will be 

the norm rather than the exception. Again, fi-om the case studies cited by Corbett, it is clear 

that despite the common underlying themes, different groups and/or sub-groups can be 

expected to exhibit different specific coping behavior patterns. Hutchinson (1992) notes, that 

a "host of different indicators has been considered in famine early warning," and, given the 

cultural, temporal, and socioeconomic variability in vulnerability assessments, "there is no 

single standard set of indicators, or a uniform set of methods for analyzing them." As Walsh 

notes, "Anticipating famine...requires a knowledge of economic, political, and social factors 

in a mix that varies fi^om country to country" (Walsh, 1986). 

I argue fiarther that as a direct extension of this principle, vulnerability and food insecurity 

may also vary tremendously in highly significant ways within a country, and should therefore 

be analyzed at the subnational scale. This position is supported by several authors. In his 

discussion about indicators. Downing (1990) notes that "...different vulnerable groups and 

types of famine may require different means of compiling and interpreting indicators and 
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indices." Also, in this context Kelly (1993) remarks that "..owing to local differences, 

indicators often behave inconsistently..." And Haddad et al. (1994) state "..we emphasize 

that the most appropriate set of indicators ...can only be determined in a location specific 

setting." Since this concept is, in essence, a central point of this dissertation, it is worth 

noting that these other authors concur. 

How can these indicators be classified? Some authors (e.g., Hutchinson, 1992) group the 

different types of indicators into four broad classes; these classes and the specific indicators 

are as follows: 

1. Physical data 

i) Meteorological observations (rainfall) 

ii) Estimates of vegetation condition (vegetation indices) 

2. Model derived data 

i) Soil moisture models used to predict crop yields 

ii) Cloud cover models used to predict rainfall 

3. Food balance sheets 

i) Agricultural projections and production estimates 

ii) Available food stocks 

4. Socioeconomic data 

i) Market prices for basic foods, labor 

ii) Numbers of livestock offered for sale, and terms of trade 

iii) Income fi"om various sources 
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To the above list I would add demographic data. WFP et a/. (1996) found, for example, that 

indicators relating to household size and gender issues were closely related to dLSerent 

aspects of vulnerability in Malawi. My findings, presented in Chapters 5 and 6, reach the 

same conclusions about these and other demographic parameters. Also, Haddad et al. (1994) 

found some demographic indicators to be useful in their comparison of data from African, 

Asian, and Latin American countries. 

There are a number of significant advantages which accrue from the use of the indicator 

method. From my point of view, the greatest of these is that, because they place vulnerability 

and food security analyses on a more quantitative basis, the use of indicators allows the use 

of mathematical and statistical methods. Use of these methods can provide greater benefits 

and a wider range of applications of the results than less formal means of analysis. Another 

important advantage of the indicator method is that because a diverse set of parameters is 

used, the analyst can rely on "convergence of evidence." That is, if all of the evaluations and 

consideration of several independent variables lead to the same general conclusions, then the 

chance of a significant error is reduced and the confidence in the conclusions is increased. 

Also, the list of indicators which are included in the analysis may change; parameters may be 

added or deleted according to the availability or utility of data. 

Because this method deals directly with data in a quantitative fashion, it may be formalized 

and replicated independently of the specific analysts involved, which significantly enhances 

its credibility. Finally, because a variety of data are considered, the results of the vulnerability 
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assessment may be applied to a number of different applications, e.g., development planning 

and relief targeting ( FAO, 1996). 

There are also some disadvantages to the indicator method for vulnerability assessments. 

Precisely because this approach so heavily depends on data, its quality depends almost entirely 

on the quality of the data used. Specifically, the comprehensiveness, accuracy, availability and 

completeness of the desired data can strongly affect the results, and may vary from place to 

place, making replication of results across areas, even within the same country, difScuit. 

Also, because of the dependence on potentially large, complex data bases, data collection and 

data base maintenance can be expensive and time consuming. (FAO, 1996). This last problem 

may be exacerbated by uncertainties about which of the myriad of potentially available 

variables are worth the effort to collect them, and which might not be needed. 

2.2.2 Literature Pertaining to Indicators 

There are many possible choices intUcators for any particular. Indicators 

for use in vulnerability assessments must be chosen specifically for each 

time, place, and group of interest These data can be objectively correlated 

with different aspects or manifestations of food insecurity. 
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The literature discussed here clearly shows the diversity of possible indicators which may be 

considered for any vulnerability assessment or early warning system. As the authors of the 

cited studies have point out, some of these are more suitable than others in any specific case. 

The "best" choice of indicators will, in general, depend on the time, place, and population 

group of interest. 

Note that place and population may show significant variation within a single country, as well 

as across countries. This leads to the inescapable conclusion that indicators should ideally be 

selected according to commonality of time/place/population rather than with the "one size fits 

all" approach currently used in many analyses to select one set of indicators for an entire 

country. 

The authors cited here have provided the rationale for their selection of parameters to serve 

as indicators. Such rationale is usually based on the strong relationships that exist, at both 

the conceptual level and in observations, between the indicators and some facet of 

vulnerability and/or food insecurity. These arguments strongly suggest that these indicators 

can be objectively correlated to the different aspects or consequences of food shortages to 

which they are related. 

Because indicators are the basic data building blocks for the most commonly used method of 

implementing early warning systems and vulnerability assessments, it is not surprising that 

there is a significant body of work dealing with them in the famine-related literature. The 



77 

work on indicators typically falls into one of two classes. There is some work on the general 

concepts of indicators and/or an enumeration and discussion of desirable properties these 

parameters should have, (e.g.. Maxwell and Frankenburger, (1992); Staatz et al. (1990); 

D'Souza, (1989)), and there are other works which propose certain types of data as being 

particularly useful as indicators, (e.g.. Downing, (1990); Hutchinson, (1991); Shoham, 

(1987); KeUy, (1993)). 

Because of the different, multiple types of data required to capture the different aspects of 

vulnerability which may be in effect in any one time and place, and the very different sources 

from which these data will come, it is generally recognized that no one source or type of 

reporting mechanism will be enough to provide the needed range of indicators. For example, 

although Hutchinson (1991) points out the benefits of consistency provided by remote sensing 

data, and Walsh (1986) notes that use of remote sensing data is a way to get the needed data 

faster and to cut reaction time, the diversity of data types needed for vulnerability analyses 

means that remote sensing data by itself is not, and will not be, suflBciently robust so as to 

obviate the need for all other types of data. It cannot be viewed as a "technological deus ex 

machitia,^^ but will instead complement the mix of other data types which will also be needed 

as indicators in any particular vulnerability assessment. The same conclusion can be made for 

all of the other data types used for these purposes. 

Maxwell and Frankenburger provide, in their extensive review of issues and concepts relating 

to household level food security (1992), a brief discussion of some of the historic evolution 
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of indicators from the time of the Indian Famine Codes in the 1880s up to the late 1989s. 

This includes mention of the early focus on food supply parameters, and nutritional 

surveillance, with a subsequent shift to food access measurements in response to Sen's (1981) 

work. The authors claim this shift as the basis for focusing on vulnerability and not just 

hunger. They then conclude that this evolution has reflected a deepening understanding of 

the primary processes that lead to food insecurity and the underlying conceptual issues. This 

is followed by a discussion of different types of indicators, e.g., "process indicators" (food 

supply measures, meteorological data, agricultural production, food balance sheets, etc), and 

"food access" indicators (primarily different aspects of coping strategies), and "outcome 

indicators" (household budget data, food consumption data, food storage estimates, etc.). 

The basis for indicator selection should include consideration of the resources available for 

data collection, the relevance and accuracy of the parameters, the timeliness with the different 

data can be provided, and how current it is. In Annex 1 of their paper. Maxwell and 

Frankenburger provide a discussion about a number of potential indicators. This discussion 

includes the rationale for their consideration, and therefore provides the reader with a better 

understanding of their import. 

D'Souza (1989) comments that the early hopes for the effectiveness of famine early warning 

systems has not been realized, and suggests that better indicator selection might help to 

improve the situation. He looks at the evolution of systems set up after the famines in the 

1970s, and uses case studies from three different regions of Africa (Mali, Ethiopia, and 

I 
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Mozambique) to show how indicators must be sensitive to local conditions and cannot be 

universal. He suggests that indicators which reflect economic and social behavior may be 

effective in detecting the earliest stages of an impending food shortage. He concludes that 

famines occur because of the collapse of indigenous food systems. My research hypothesis 

regarding the intranational variation in the selection of key indicators and the advantages of 

subnational level analyses can be seen as a direct extension of D'Souza's point about the need 

for indicators to be sensitive to "local" conditions. 

Staatz et al. (1990) examine the question of the extent to which food security indicators 

measured at one scale of analysis (individual, household, subnational area, or country) 

correlate well ( statistically) with indicators of food insecurity at other levels. This work is 

based on data from Southern Mali, and involves determining the degree of correlation 

between parameters measured at the different scales. The authors found that in general 

indicators were not useful at scales other than the ones at which they were measured. For 

example, the Malian government considers northern Mali to be more food insecure than the 

south because of the greater variability in rainfall. However, differences in agricultural 

production potential were not well correlated with differences in consumption. This is 

because households in the more arid north, with lower agricultural potential, routinely have 

more diverse income sources and place greater emphasis on the markets for purchasing food 

than do households in the south of Mali. Thus, in the different areas of Mali there are 

different strategies for ensuring food security that preclude routine inter-regional transfer of 

data. 
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The authors compare the validity of applying data from one scale to another, and conclude 

that, in general, data from the regional and national levels are poor predictors of food security 

at the individual or household level. They state that their findings pose three main challenges. 

The first of these is for researchers to develop "more accurate, area-specific indicators" 

(emphasis added). The second challenge they pose is the need to make individual and 

household food security more independent of local agricultural production by improving the 

infrastructure necessary to allow markets to fiinction more eflBciently and to facilitate the low 

cost transfer of food between areas. The third challenge is to develop a better understanding 

of how disease, intrahousehold food distribution and nutrition education can afifect the 

relationship between household food availability and individual food security. This paper has 

immediate implications for attempts to relate household survey data to aggregate data, as for 

example, is currently (October, 1997) being jointly considered by the Office of Arid Lands 

Studies and the Bureau of Applied Research in Anthropology at the University of Arizona 

(Hutchinson, personal communication to author, 1997) 

Another more comprehensive overview of the subject is provided by Eele (1994), who 

classifies indicators through his analysis of the food system. He recognizes five categories 

of indicators; "levels of flows either of income or commodities; the incidence of exogenous 

events or shocks to the ̂ stem; prices which link income and commodity flows; the levels of 

resources and assets; and outcomes." Note that these categories could be considered 

"dimensions of vulnerability" to use Downing's (1990) term. Eele notes that the choice of 

I 
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indicators is often strongly influenced by the cost or ease of collection. This is a salient point 

that is often overlooked by authors, but is becoming increasingly relevant. In particular, 

because of the dependence of the indicator approach on the inclusion in the data base of all 

applicable data, decisions to not collect certain data based on cost could adversely affect the 

analysis results. 

Other factors or aspects of indicators which Eele states should be considered as part of the 

indicator selection process include reliability (the extent to which changes in the indicator 

values are correlated with changes in the outcomes of interest), and timeliness (ensuring 

minimal delay in collection and processing the data),, the level of disaggregation of the data, 

and its credibility. Eele does not mention dissemination of the data here, but this can often 

be a source of delay. 

This last point is critical. Eele notes that although crop monitoring systems are criticized 

because of their overwhelming emphasis on food supply and dearth of data on food access, 

in Southern Africa these systems have been integrated into the decision making process for 

interventions, whereas the various food security information systems operating in this region 

have much less credibility. And, to sound an increasingly common note, Eele notes that the 

1992 drought in much of Southern Africa highlighted the need for disaggregated data on the 

effects of the drought on different population groups to support the planning of interventions 

to help the affected people, to ensure that relief was properly targeted, and to better enable 

monitoring outcomes (emphasis added). Eele buttresses his arguments with case histories and 
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indicators from several countries in Southern Africa, including Namibia and Zambia. Note 

that the need for localized or population-specific indicators or data has been recognized. 

Although Downing's work (1990) is not specifically or exclusively about indicators, sections 

of his report which deal with indicators are worth mentioning here. His Table 8, Dimensions 

cmd Indicators for Monitoring Famine Risk, presents an excellent list of "dimensions", or 

broad aspects, of vulnerability, and some of the specific indicators within each identified 

dimension. In this same section of his report. Downing provides a list of criteria for the 

choice of indicators. According to this list, indicators must be: 

1. Comprehensive: must address all vulnerable groups and famine processes 

2. Measurable-, known data quality, error scales; thresholds for actions 

3. Timely, must be available early enough to allow for action 

4. Reliable: should accurately reflect diverse famine processes and should all 

converge 

5. Redundant', should support confirmation and interpretation of one another 

6. Cost effective-, allow the use of simple monitoring systems which will be continued 

7. Consistent, indicator measurements may need to show seasonal effects, departures 

from normal 

8. Easy to interpret, speed of analysis is important, and should not be hindered by 

data formats, etc. 

9. Trigger specific interventions-, assist in targeting vulnerable population, and, 

10. Replicable in diverse situations: some universality of application is desirable. 
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Several specific types of data are suggested for use as indicators by different authors. These 

include vegetation indices calculated from satellite remote sensing data (e.g., Hutchinson, 

1991; Walker, 1989; Townshend and Justice, 1986), nutritional surveillance data (e.g., 

Shoham, 1987; Kelly, 1992), economic data of various types (e.g., Ibrahim, 1991; Cutler, 

1985; Hesse, 1987), anthropometric data (e.g., Nieburg et al., 1988; Kelly, 1993), food 

balance sheet type data (e.g., Kelly, 1994), and a plethora of other, less commonly suggested 

variables or concepts. Many of these authors justify their proposals with case studies from 

different (usually) African countries. 

Satellite remote sensing data is typically used, in famine early warning systems and 

vulnerability assessment, to provide the Normalized Difference Vegetation Index (NDVl), 

calculated from the red and near infrared bands or channels of the satellite data. Because 

NDVI data have been positively correlated with vegetation density and vigor (Tucker, 1979; 

Holben, 1986; Campbell, 1987), and with rainfall (Grist et al., 1997), and have been used to 

monitor vegetation patterns over broad geographic areas (Tucker, 1986), NDVI data are used 

in remote sensing and food security studies as a means of monitoring cropping patterns and 

yields (Hutchinson, 1991; Diallo e/a/., 1991; Wyliee/a/., 1991; Prince, 1991). This provides 

a method of getting consistent, synoptic assessments of cropping, and can be used with 

change detection methods to determine relative changes in cropped areas or vegetation vigor. 

A number of authors have suggested using some form of economic or price data as indicators. 

The basic underlying theory is that prices will rise as supply becomes scarce and those who 
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depend on the market must meet the prices. As harvest yields decline fiirther, formerly self-

sufQcient farmers must buy from the market, and prices rise even more (Walker, 1989). 

Abnormal price increases may therefore be an early warning of increasing food shortages. 

Ulrich (1993) notes that "prices give the most objective, reliable, and readily available 

information on famines..their collection and interpretation should become the central 

component of any system to detect, .famine..Other indicators, like crop and rainfall figures...do 

not require the prime emphasis in famine early warning..." His work, based on experience in 

Sudan (especially in North Kordofan), also emphasized the predictive/assessment value of 

terms of trade, the exchange rate of livestock relative to grains (usually millet in Sudan), 

which precipitously declines as food shortages become imminent or occur. 

Terms of trade is also proposed as an indicator by Ibrahim (1991), again based on work in 

Sudan. Ibrahim showed that a correlation existed between the terms of trade and the severity 

of the crisis, worsening in response to the depth of the crisis. His explanation for the 

changing terms of trade under drought conditions is that with reductions in yield and failures 

of the millet crop, millet becomes more scarce and, as the crisis deepens, ever greater numbers 

of animals must be sold to get the same quantity of millet. Also, as pastures dry up, animal 

health deteriorates, and mortality rates increases, leading to increased eagerness to sell the 

remaining animals at yet lower prices. These factors all contribute to the declining exchange 

rate for the animals. In areas in which livestock are not routinely kept, terms of trade might 

not be as meaningful an indicator, again pointing out the value of localized indicator selection. 
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Cutler (1984), drawing on his work in Ethiopia, concludes that prices, in conjunction with 

other aspects of peasant behavior, can be used to forecast the onset of food shortages. He 

finds that famine zones are characterized by higher food prices, and that the zones may 

expand outward as migration from the center of the &mine region occurs. And, in a 

statement similar to Ibrahim's findings several years (1991) later, notes that because the 

volume of livestock sales increases (if not the price) during extended food emergencies, that 

this sales volume might also be a good indicator. However, unlike Ibrahim (1991), Cutler 

found that the terms of trade do not necessarily deteriorate during a famine. 

The usefulness of livestock prices and sales volumes as indicators of famine was also 

investigated by Hesse (1987), based on work in Mali. However, Hesse found that the use of 

this data, in Mali at least, was problematic, and could not identify clear, seasonal trends, or 

thresholds indicating real deviations from "normal" patterns of activity. He offers some 

explanations for these findings, but also calls for more work on the issue of how to ensure the 

validity of indicators. 

In spite of the fact that some of the above studies were based on work in Sudan, de Waal 

(1988), also working in Sudan, found that socio-economic indicators have several problems 

associated with them, which make them less useful than Ulrich, for example, believes they are. 

First, de Waal believes that they cannot distinguish between famines in which starvation 

occurs and much less severe food shortages, and second, that their predictive ability is a 

matter of too little too late. Finally, he finds that they do not predict "excess mortality." He 
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concludes that because of these limitations, such data are less useful in predicting real crises 

because, in part, there is not an adequate understanding of the responses of rural populations 

which drive such socio-economic indicators as market prices, sale prices and volumes for 

livestock, migration and the labor market. 

Another type of data occasionally proposed as indicators is anthropometric data. Because 

these data are often collected by host governments in areas with chronic or recurrent episodes 

of food insecurity, th^^ are commonly available on a continuing basis. However, apart from 

their availability, they have a theoretical attractiveness for many authors. 

The biggest advantage to using nutritional surveillance data in preference to other types of 

data for famine early warning is that the infrastructure for their collection is usually in place 

in many countries through the various community level health clinics for mothers and children. 

Note however, that these clinics may not exist in more remote areas, creating potentially 

serious gaps in the nutrition monitoring of remote groups. Also, nutritional status is a 

recognized indicator of wellbeing. Several studies support this use of nutritional survey data. 

One study of the use of this data in the WoIIo region of Ethiopia found that weight-for-Iength 

in children was a valid indicator of access to food, which responded to changing levels of 

access earlier than either livestock market trends or migration (Kelly, 1993). 

Despite these advantages, nutritional parameters are considered relatively late indicators of 

famine conditions because the rapid decline in nutritional status is a result of the inability to 
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get food, which only occurs in the later stages of famine. Additionally, the stages of famine 

at which nutritional decline sets in, and the segments of the population which most reflect 

these conditions are often culturally determined. For example. Walker (1989) cites the case 

of the Mundari catde herders of Sudan, who give preferential access to milk to the children. 

By the time the children would show a decline, the other age groups would be in much more 

serious condition. Note that the use of this indicator, as with others, would have to take these 

kinds of cultural and population-specific dififerences into account, again underscoring the need 

for localized analyses. 

As a consequence of the relative lateness when famine conditions may be manifested as a 

lowering of nutritional status, it follows that in relatively short lived food emergencies, 

changes in nutritional status may not even occur. Therefore these types of data may not be 

applicable to many food security cases, but may uistead reflect longer-term deficiencies in 

nutrition, food access, or consumption. 

This view is contradicted by Kelly (1992, 1993), who looked at the WoUo region of Ethiopia. 

She used weight for length (WFL) of children under five years of age as the anthropometric 

proxy for food consumption along with crop yield estimates and the change in grain prices. 

She also considered livestock prices and sales volumes, migration rates and mortality rates, 

but found that this latter grouping of indicators did not respond as early in a food shortage 

as did the first set (WFL, grain price change and crop yields). She found that this set of 

indicators was a valid set of indicators because during the WoUo famine of 1984-1985 these 
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indicators did change. She concluded that children's WFL is not a late indicator of food 

insecurity, and, in fact, can confirm or modify some of the predictions of other indicators. 

She notes that seeming aberrations in the mean WFL can be readily accounted for by normal 

seasonal influences. Further, by comparing the costs of collecting different indicators and 

their effectiveness in providing the needed amounts of relief to the tnily needy areas, she 

determijned that WFL is relatively cost-effective compared to other indicators. 

Shoham (1987) discusses conceptual problems associated with the use of nutritional 

surveillance data. His view is that nutritional status is a late indicator (in contrast to Kelly's 

(1992) assertion), and that nutritional deterioration of individuals and groups may be due to 

causes other than food shortages. Other difficulties that he noted with this type of indicator 

are that, 1); it is sometimes the case that the most malnourished households may have 

migrated to other areas in hope of food or relief aid, 2); when children in the most vulnerable 

households begin to die from starvation, the malnutrition rate might decrease, thereby 

providing ambiguous data which could lead to misinterpretation of the situation. 

In such cases monitoring of mortality data as an interpretation aid to nutrition data would be 

needed. Shoham argues that using other indicators may be even more problematic, and notes 

that, in any case, nutritional status is an outcome indicator rather than an indicator used to 

predict outcomes such as vulnerability. He also cites several cases in which nutritional status 

data was used effectively in providing early warning and in supporting relief targeting 

decisions. Note that WFP et al. (1996) and my work here agree with the assertion that 



89 

nutritional status data are outcomes rather than indicators, and used them as such. See 

Chapters 5 and 6 for the use of these data here. 

It is clear, then, that if nutritional surveillance data are to be used as famine early warning 

system indicators, they must be used in a way which is consistent with the behavior of 

populations in the affected area, and the population sampling methodology must account for 

these problems. 

Haddad et al. (1994) define "alternative" indicators to measure food security and nutrition 

levels. They consider the costs of both collection and non-collection of a particular indicator 

as factors in assessing their value. In this parlance, the costs of non-collection of an indicator 

are the loss of the benefits derived fi^om its use. For example, if considering a certain 

indicator leads to a calculation of fewer calories to achieve a desired nutritional level, the 

extra calories needed in the absence of the indicator would be part of the costs of non-

collection. The costs of collection of an indicator are the usual costs associated with its 

definition, data collection, and maintenance of the data as well as the costs of acting on it. 

Using these concepts and seven data sets fi'om Asia, Afiica and Latin America, they found 

that the variables most correlated with food insecure households include household size, 

household dependency ratio, per capita land used and land owned, and the number of unique 

foods consumed. They found that number of income sources was not a good indicator of 

nutritional risk, and food expenditure per capita was a better indicator than total expetuiiture 

per capita, which was better than household income. 
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The authors also considered indicators of nutrition security, and found z-scores of the usual 

parameters Qieight-for-age, weight-for height) to be useful, as was recalled morbidity. They 

also considered composite indicators made up of combinations of the primary indicators. 

Their conclusion was that some of the alternative indicators listed above, limited to just two 

or three values, either singly or in combination with others, were able to identify households 

and pre-school age children at risk. 

Nieburg et al. (1988) provide a cautionary note about the use of anthropometric data, noting 

that mortality data must also be used with standard anthropometric data to ensure its proper 

interpretation during food shortages. More specifically, they note that, based on their work 

in a refugee camp in Sudan during 1985, the nutritional status of children may appear to be 

stable in periods of high mortality, but the true explanation is that the high mortality masks 

the fact that the nutritional status of the surviving children is deteriorating. This point was 

also made by Shoham (1987) as noted earlier. 

Other authors have proposed the use of other variables fi-om a diverse group of parameters 

as indicators. For example, Kelly (1994) has proposed the use of the familiar food balance 

sheet, but with the proviso that population dynamics be considered by using more realistic 

demographic profiles to develop food consumption requirements. Kelly recognizes the 

limitations imposed on the use of food balance sheets by their national level scale, but argues 

that they are still "a prime tool for early warning." However, he notes that they do not take 

intra-annual changes in the population or in the food supply into account. These may be 

i 
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significant in cases where intra-annual migration is the norm or is a standard coping strategy 

in times of food insecurity. In particular, Kelly cites the case of food needs being 

overestimated because part of the population for whom they were estimated has migrated out 

of the country. He notes, but does not address, the limit to the use of food balance sheets 

imposed by their being generated at the national rather than subnational level. These are some 

further arguments in favor of more localized analyses. 

However, there are some methodological as well as political limitations to the accuracy of 

food balance sheet models, which limit their utility in famine prediction. In some countries, 

the authorities concentrate on reporting manpower and effort on the large commercial, 

mechanized farms, since these farms tend to contribute more to the economy, and their 

owners are often better connected politically. In these cases, rural subsistence farms, which 

more typically are the ones requiring assistance, may be left to fend largely for themselves 

(Walker, 1989). 

Also, most of these estimates only consider cereal production. This can create a starker 

picture of a food emergency than is actually the case, since there are a number of important 

non cereal crops which people will eat when they are faced with a shortage of the preferred 

cereal. For example, although cassava is considered a "fall-back" crop in Zambia, and has 

been routinely used when cereal harvests are inadequate (up to at least 1989) cassava was not 

considered in the food balance sheets for Zambia in that period (Walker, 1989). 
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Other problems stem from inaccuracies in measurements and invalid assumptions used to 

make estimates. For example, estimating food consumption is usually done on the basis of 

the consumption from the last year preceding any food shortages, and is then adjusted for 

population growth. In some cases, both population and food consumption must be estimated; 

the population from one set of sources and assumptions, and food consumption from either 

food intake surveys or from basic nutritional models. These two data sets are then fused to 

make one set of estimates. 

A major problem with the use of these indicators for use in famine prediction and estimation 

is that, because the numbers are calculated at the national level, the underlying model treats 

the country as a single integrated area and mailcet, with all areas more or less equally well ofif 

or suffering equally. Recall the admonition from Chapter 1 that the effects of famine are 

experienced differentially, even at localized levels, according to resources and assets. In fact, 

it is often, if not usually, the case, that different areas of the country are differently endowed, 

in agricultural, economic, and political senses, and may suffer the effects of famine at different 

levels. In these cases, there are not necessarily national level market forces that guarantee that 

adequate or equitable relief will be fUnneled to these areas. 

The opposite is often true. Some areas may remain unscathed by famine, while others suffer 

it in varying degrees. Consequently, national level statistics, which homogenize all of the 

regional data into national level data may grossly understate the severity of the emergency in 

some regions. These are the very areas which would be the primary targets of famine relief 

J 
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efforts. A recognized, much needed, improvement would be to routinely estimate these 

statistics at more localized levels, where such data are available. 

The conclusion is that, while food balance indicators and models can provide order-of-

magnitude estimates of likely food needs at the national level, the subnational level data which 

are necessary may not be provided. Additionally, there are enough sources of potentially 

large magnitude error in the basic calculations to occasionally produce very large errors. 

Also, these calculations may be used fraudulently. Walker (1989) warns of cases in which 

hopeful food aid recipients calculated how much food aid they wanted, and then worked 

backwards through the food balance equations to calculate the harvest that they would report! 

McCorkle (1987) draws on anthropological work in Burkina Faso to examine methods of 

foodgrains disposal to provide pre-famine "distress signals." Five general categories were 

considered: changes in marketing patterns, exchanges outside the markets, dietary practices, 

the use of agricultural and pastoral labor, and behavior motivated bv "ideological and 

sociopolitical" considerations. Both quantitative and qualitative comparisons of foodgrain 

disposals in these categories were made. 

Benini (1992) looks at the value of indicators during periods of armed conflict. He argues, 

on the basis of data from his work in Mali, that during such periods both socio-economic and 

crop yield indicators may be hard to obtain and misleading. Benini notes that armed conflict 

in the north of Mali in 1991 caused serious damage to the economy of a large area 

i 
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surrounding the center of the fighting. He concludes that because of the importance of public 

markets to the food security of the region, anything, included armed conflict, which forces 

the closure or lack of access to these markets will increase the vulnerability of the affected 

population. Secondly, Benini found that "access to a market" data may be hard to obtain, 

particularly in areas which caimot be visited, but "market-open-or-closed" data are more 

readily available, fi'om travelers if not fi'om the researchers, and may provide the best, or only, 

summary data possible in that situation. He cites the effects of armed conflict in the 1984-

1985 famine in Tigray, Ethiopia on forcing markets to close as similar to the Malian 

experience as being cases in which market failure was not the cause of famine, but, rather, 

was an effect of the violence. He ends his article with the paraphrase; "What does it profit 

a man if he moves grain to the market and yet loses his own life?" 

An emerging trend in defining indicators is to create what are called "composite indicators." 

These are variables which are defined either as single indicators which capture the key 

variability of several other significant indicators, or as mathematical combinations of more 

basic indicators. The purpose in creating such indicators is to reflect more complex behavior 

or conditions than can otherwise be expressed in a single, primary indicator. Khan et al. 

(1992) characterize them by saying that "composite indicators summarize various specific 

manifestations of food stress." 

Some authors have defined specific composite indicators, which they then propose for use in 

famine early warning systems and vulnerability assessments. An example of one kind of 

% 
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composite indicator is provided by Khan et al, (1992), who defined one composite indicator 

for each stage of the food production and consumption chain. The stages and the indicators 

defined fiar each are: food production, fijr which the Normalized Difference Vegetation Index 

(NDVI) was the indicator; food entitlement, for which the price of millet was used, and 

nutrient consumption, for which measures of malnutrition for children under five years of age 

were used. 

Note that in this formulation the term "composite indicator" does not refer to some 

mathematical expression for combining other, more basic or elementary variables, but rather 

to an indicator which inherently measures, or is correlated with, multiple factors of interest. 

Much of Khan etaL is devoted to the explanation of the multiple factors captured by each of 

their proposed composite indicators. In their paper, the authors show how these particular 

composite indicators are correlated to a number of more basic indicators of food security for 

which data may be less easily collected quantified on a regular basis. 

Maxwell (1996) defines a different type of composite indicator based on a compound measure 

of the coping strategies in use and the fi-equency of their use. These data are used to arrive 

at an indicator which attempts to captures the severity of the current food emergency and the 

extent to which the populations and areas are affected. Each coping strategy is given a value 

which reflects the severity of the situation implied by the use of that strategy, and another 

reflecting the fi-equency with which it is used. These two numbers are multiplied for each 

strategy and summed over all strategies to give a composite indicator of the food security 
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"rating" of conditions at that time. Note that, in a sense, this indicator is a proxy for food 

security, and can be used as an outcome measure rather than as an indicator used to determine 

outcomes. Maxwell's evaluation of this indicator suggested that (his) indicator is relatively 

accurate and "is a potentially important tool for ...food security monitoring or famine 

prediction." 

Another similar composite indicator was proposed by Riely (Personal Communication, 1996), 

and modified by me. This particular parameter is defined as the sum, over all known coping 

strategies in use, of the product of the level of vulnerability imputed to households using each 

strategy and the percentage of the population or area using each strategy as their most 

extreme coping option. One first assigns values to different defined levels of vulnerability, 

(e.g., "not vulnerable" = 0, "mildly vulnerable" = 1, "moderately vulnerable = 2, "highly 

vulnerable" = 3, "extremely vulnerable" = 4). These same values are used as the quantitative 

measure of vulnerability implied by the use of a particular strategy. This defines the severity 

of the situation for households using this strategy as their most extreme measure. Multiplying 

these values by the percentage of households employing the strategy as their most extreme 

measure, repeating this calculation for all strategies, and summing the results yields a single 

parameter which represents the average level of vulnerability experienced by the 

population/area. 
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In equation form: 

V = ( Si * Pi) for i = 1 to n (2-1) 

where: 

Sj = the severity rating of the i"* coping strategy 

Pi = the percentage of the population employing the i"" strategy 

V = the average level of vulnerability of the population 

Comparing this parameter calculated for different areas of a country, even when the coping 

strategies vary from area to area, allows the use of this measure as either a composite 

indicator or as a direct proxy for vulnerability. 

As the preceding discussion shows, there is tremendous diversity in the range of parameters 

which have been proposed and can be used as indicators. Many of the differences in proposed 

indicators among authors are due to the differences in their professional backgrounds, 

experiences, and personal predilections. However, many of the experiences on which these 

authors have based their recommendations were in different countries, among different 

population groups and cultures, and at different times. 
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This underscores the need to select indicators which reflect the time, the place, and the people 

for any specific vulnerability assessment. And, recalling Hutchinson's observation (1992) that 

different people in an area may be contemporaneously employing different strategies (for 

which there are different indicators), this further iterates the need to localize the selection of 

indicators well below the national level commonly used for VAs today. 
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2.3 Coping Strategies 

Coping strategies are the means by which populations try to mitigate risk 

to their livelihoods and survival In spite of ̂ jferences in these strategies 

across time and space, there are common underlying patterns and 

sequences used by most populations. 

It is a sad truth that most areas that suffer famine have done so a number of times. This 

comes from their living in what might be called "famine prone areas", areas where the 

precipitating natural stresses such as drought, floods or pests (locusts, etc.) can be expected 

to periodically recur. Precisely because of this experience, the affected communities do not 

view an emerging famine from the point of view of either ignorance or helplessness. Their 

historic experiences have enabled them to develop rational plans and sequences of responses 

to a deepening crisis; these decisions and actions are collectively referred to as "coping 

strategies." 

These coping strategies have several features which are relevant to understanding them and 

the part which knowledge of them can play in famine early warning systems and vulnerability 

assessments. First, studies of traditional societies' coping strategies have shown that these 

societies respond to famine primarily as a threat to the sustainability of their livelihoods 

rather than as a threat to the food supplies (Walker, 1989) (emphasis added). 
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The immediate implication of this is that the sequence of their responses will be primarily 

oriented towards sustaining their lifestyle, and secondarily towards ensuring food supplies. 

While the two are clearly intertwined, note that in the earlier stages of the famine, food may 

often be available in an area, and the diflBcuIty for the poorer people is primarily in making 

adjustments in their lifestyle to get the money to buy it. This reflects Sen's (1981) concept 

that food access is more often the problem than food availability. 

An observation of primary importance is that coping strategies are often specific to 

populations or areas and/or ethnic groups. That is, these strategies may exhibit the same 

general, broad, patterns among a number of ethnic populations, but each population may have 

a unique sequence or set of specific coping mechanisms. In particular, dififerent ethnic 

populations may take certain culturally defined actions at different stages in the crisis. Further, 

within a culture, the household level responses will vary according to the causes of the 

famine, local market conditions and the presence or absence of any relief programs (Corbett, 

1988). These observations all have profound implications for the use of these strategies as 

famine early warning indicators. 

Another generalization about coping strategies is that since the effects of famine are 

experienced differentially by different socioeconomic groups in the affected areas, the poorer 

groups will exhibit specific types of coping behavior indicative of a deeper crisis earlier than 

will better off groups (Hutchinson 1992). In a given area at any one time there may be 

households exhibiting behavior associated with different stages of the crisis, since, for them. 
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they are at different stages. Their coping behavior will be correlated with their degree of 

vulnerability at the stage which they are experiencing. 

These concepts are illustrated graphically in Figure 2-1, below, which relates different levels 

of vulnerability to specific coping strategies and to the "reversibility" of these strategies. This 

refers to the ease or difficulty in returning to their previous lifestyle after the specific coping 

strategies are employed and the crisis has passed. The level of commitment of domestic 

resources embodied in the use of these strategies is also shown in this figure. In the case 

where the food shortages are prompted by a single bad harvest, these strategies may be also 

related to the point in the harvest cycle when they might be expected to be used. 

Studies have found that coping strategies were often initiated in the pre-crisis period, and 

were characterized by broad changes in normal patterns and types of actions. One study 

found changes in normal behavior and practices in five areas: marketing patterns, non-market 

exchanges, dietary practices, utilization of agricultural and pastoral labor, and ideological and 

sociopolitical behavior (McCorkle, 1987). 

I 
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One of the seminal papers on the general topic of coping strategies which has already been 

mentioned is Corbett (1988). Her paper reviews a number of earlier articles on country-

specific strategies, and from these synthesizes some general patterns of household level 

coping strategies which clearly show that the particuleu- strategies employed are an indication 

of the level, or severity, of the food shortage. Corbett shows that the use of these strategies 

has multiple goals. These are: first, to protect the future income generating ability of the 

household by preserving the current lifestyle, and then to enjoy adequate food consumption. 

She shows how these strategies are used to determine and execute the optimal (for the 

people) tradeoffs between household objectives and the management of resources. 

Corbett identifies three stages in coping strategies whose sequence represents deepening 

levels of crisis. These stages are: 1); use of "insurance mechanisms" such as reducing 

consumption, use of "wild" or "famine" foods, changes in cropping, etc., 2); disposal of 

productive assets such as beasts of burden and cattle, sale of agricultural tools or other 

necessities for farming, sale of land, and, 3); destitution and distress migration. 

She found that coping strategies in some traditional African societies have certain broad 

common elements and patterns which underlie superficially different strategies. These include 

such actions and decisions as: 

1. Dispersed grazing 

2. Change in cropping and planting practices 

3 Migration to towns for urban employment 
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4. Collection of wild foods 

5. Use of interhousehold transfers and loans 

6. Use of credit from moneylenders and merchants 

7. Migration to other rural areas for work 

8. Rationing of current food consumption 

9. Sale of productive household assets such as livestock or land 

10. Consumption of food distributed by relief programs 

11. Sale of possessions such as jewelry or weapons 

12. Breakup of the household 

13. Increased petty commodity production and trading 

14. Distress migration 

Further, Corbett asserts that, in general, the elements of coping strategies can be grouped into 

three basic stages, which correspond to deepening stages of the famine. She characterized 

these stages as 1); The initial use of established insurance mechanisms, 2); The gradual 

disposal of key assets, and 3); A terminal stage of destitution and distress migration. 

She concludes that these strategies show that, initially, preserving future income generation 

capability has precedence over maintaining pre-crisis food consumption levels, and that these 

emergencies should be viewed as economic crises and not just in terms of medical or 

nutritional outcomes. Of course, if the crisis continues, then at some point maintaining an 

acceptable level of food consumption necessarily becomes the priority objective. 
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Walker (1989) analyzed these same cases, and derived a similar grouping of coping actions 

into stages representing increasing desperation. His grouping is as follows: 

A). Strategies to overcome normal seasonal stresses 

i) Altering cropping and pasturing practices 

ii) Rationing food 

iii) Increased use of kinship transfers and loans 

iv) Diversification of income sources 

v) Temporary migration in search of work during slack periods 

in the farming cycle 

B). Strategies to trade short-term gain for long-term problems 

i) Sale of essential livestock 

ii) Sale of agricultural tools 

iii) Money is borrowed fi^om outside kinship relations 

iv) Land is mortgaged 

v) Land is sold 

C). Resorting to outside charity 

i) Distress migration 

ii) Reliance on food aid 

D). Final stage (representing a complete failure to cope) 

i) Starvation 

ii) Death 

I 
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It is clear from the foregoing copuig actions and their groupings into stages of increasing 

diflSculty that certain common elements run through these which make their use in famine 

early warning and vulnerability assessments feasible. 

Hutchinson (1992) has elaborated on Corbett (1988), and has shown the relationship between 

specific coping strategies, the current level of household vulnerability, the commitment of 

household resources, and the reversibility (the difSculty in the household recovering its former 

lifestyle and livelihood) of these actions. These relationships were shown here in a graphic 

form, presented as Figure 2-1. Hutchinson has also commented further on these ideas, and 

provides a table showing the different levels of vulnerability, the overall conditions of 

vulnerability, the specific coping strategies corresponding to these levels and conditions, and 

the interventions which might be appropriate to help the affected groups. 

In his paper on the importance of coping strategies, Frankenburger (1991) identifies three 

components of effective famine mitigation activities. These are: l);detection (of impending 

famine), 2); preparedness (of timely responses), and 3); interventions (to promote sustainable 

resource management and reduce a household's vulnerability). He states that a thorough 

understanding of household level coping strategies is essential to the successfiil execution of 

all three of these components. His examples of such strategies include dispersed grazing, 

changes in cropping patterns, use of wild foods, use of credit, migration for work, sale of 

possessions, sale of charcoal and firewood, sale of productive assets, accepting relief aid, 

breakup of the household, and distress migration. These strategies are listed without 
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imposing a sense of order or tiie severity of the crisis which prompts them. However, he later 

distinguishes among, for example, the types of assets sold, and whether or not they are critical 

to the household maintaining its livelihood patterns. There is, therefore, an implied order in 

terms of the depth of the crisis. 

Frankenburger goes on to characterize some of these responses by noting that traditional risk 

management for many areas encompasses extensions of practices routinely used to 

compensate for rainfall variability. Such variability is a common feature of arid and semiarid 

lands, which are often those affected by food insecurity. He distinguishes risk management 

strategies as being either risk minimizing practices (e.g., diversification of resources and 

changes in cropping patterns) or loss mattagement techniques (e.g.,developing sources of oflf-

farm income or seasonal migration). He notes, as Hutchinson (1992) has observed, that in 

a given area households with different resource bases will contemporaneously employ 

different strategies, reflecting the different assets and resources they have to draw on. 

A number of authors discuss coping strategies in the context of their use as indicators of food 

security emergencies. For example, Campbell (1990a), argues that the responses of people 

vulnerable to food shortages provide "accurate and timely information at the spatial scale of 

the village level." Campbell notes, as does Hutchinson (1991), that the strategies drflfer fi-om 

one society or group to another, and within these groups by age, gender, and economic 

status. One can therefore expect to find households living in close proximity responding 

differently to the same level of emergency. 
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The article also notes that the sequence of strategies employed has intrinsic meaning, and 

represents a progression from minor changes in lifestyle to increasingly less palatable actions 

as the crisis deepens. Campbell concludes that some means of incorporating these data into 

early warning systems should be found and implemented, as these data are not only good 

indicators of food security, but they allow relief tcirgeting to be more spatially focused, 

accurate, and timely. Given the variability of coping responses according to population, time, 

and location and their use as indicators, it follows that analyses employing these indicators 

must be performed at the same scales, again supporting one of the major viewpoints of this 

work. 

Campbell has also performed a review of the literature on coping strategies, and synthesized 

his findings into a synoptic view of the subject (1990b). In this paper Campbell notes that 

coping strategies have long been a part of the village culture in Afiica, and have included 

various support structures which have allowed them to be eflFective in all but the most severe 

food crises. However, as these African societies have become integrated with larger 

economies and markets, decisions which can affect indigenous people are often made without 

their participation and outside of their purview. In such situations, the effectiveness of 

traditional coping mechanisms has decreased. Campbell finds that despite differences in 

societies certain common elements in their coping mechanisms exist. Primary among these 

is the observation that these strategies are integral parts of the people's lifestyles rather than 

behavior exhibited only in times of stress, when they might become more crucial. Also, 

Campbell notes that these strategies change as the societies do. Finally, he sounds the 

i 
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common themes about there being a sequence of these strategies, whose order is important, 

and the reality that coping strategies will vary from household to household, or even from 

individual to individual. 

As noted earlier in this chapter, indigenous people have had to change their coping 

mechanisms as modernization, in different forms, has been thrust upon them. Moris (1989) 

uses data from East and Southern Africa and the Sahel to examine the differences between 

the original indigenous coping methods and the effectiveness of introduced means of coping 

in response to seasonal variations in the food supply. He considers such indigenous coping 

methods as crop diversification, growing root crops, livestock, and obtaining off-farm income. 

The introduced solutions considered in this article include specialized conmiercial production, 

mechanization, and irrigation. He concluded that the indigenous solutions are better in terms 

of the return to labor (at planting time) and cash outlays required at critical times. These 

advantages are cited as the reason that technical packages in African development programs 

are often rejected by the would-be recipients. He concludes that natural risks may make 

smallholder entry into "modem agriculture" a good strategy only for those with off-farm 

income, i.e., those with diversified income sources. 

A number of articles about the coping strategies in use in a particular country or by a 

particular society have been written. Typically, these describe the "normal" lifestyle and food 

economy of the people in the absence of food insecurity, the causes of the food crises studied, 

the coping mechanisms used by the society or country being described, and their effectiveness. 

\ 
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The impacts wliich modernization or integration into larger economies have had on these 

formerly more isolated and independent groups are often brought out in these works. There 

are numerous examples of such studies dealing with the Sahel, which has experienced severe 

food shortages in recent decades, and in which indigenous coping strategies have been put 

to difl5cult tests. These include Krings (1991), who analyzes the Senoufo in southern Mali, 

Toulmin (1986), who studied the Bambara of central Mali, and Lambert (1994) and Cekan 

(1993), both in Mali, Reardon, et al. (1988), whose work was in Burkina Faso, and Taal's 

work (1989) pertaining to coping in rural Gambia. 

Ethiopia and Sudan have also had their share of severe food shortages, with consequent 

research on the methods by which the affected people tried to cope. Examples include Webb 

(1993), Rahmato and Patel et al. (1993) in Ethiopia, Pyle (1992), and Pyle and Gabbar (1989) 

in Sudan. Other authors have studied other African countries, e.g., Longhurst (1986), whose 

work on strategies which respond to seasonality and famine was based mainly in Northern 

Nigeria, Campbell and Trechter (1982) and deGarine (1993), who look at North Cameroon, 

and Fleuret (1986), who considers strategies for coping with drought in sub-Saharan Africa. 

In general, the articles relate the specific coping strategies to the to specific groups and/or 

areas studied. The consensual conclusions cumulatively reached Grom these studies is that in 

general certain broad, common, patterns emerge. However the conceptualization and 

definition of specific indicators fi-om these coping strategies for use in specific vulnerability 

analyses would have to be performed on a case-by-case basis. 
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2.4 Case Studies 

Different food emergencies have different roots and Afferent trajectories 

which are generally specific to each such occurrence. Consequently, the 

indicators which might be used to predict or analyze them may also vary 

by time, affected group(s), and location. 

The literature which provides case studies of famine or vulnerability is divided into two main 

groups. The first of these are the "operational" reports, generated by USAID Famine Early 

Warning System (FEWS) Project, the UN World Food Program (WFP), and the Save the 

Children Fund UK (SCF). This material has typically been written to summarize the food 

economies, or the food security situation in a specific country at a particular time, as a 

precursor to identifying and quantifying relief needs. As such, these reports tend to provide 

some form of quantitative results which compare different areas of the target country with 

respect to their food economies, food security, and vulnerability. They typically follow the 

main methodologies currently used for these purposes Examples of these reports include 

WFP et al. (1996) (Malawi); WFP/USAID (1995a, 1995b) (Zambia); USAID (1994a) 

(Kenya); USAID (1994b) (Zimbabwe); Holt and Lawrence (1993) (Ethiopia); and AUen/SCF 

(1993) (Malawi). These reports will not be individually reviewed or commented on here. 

The other class of literature consists of the more academic studies of particular countries or 

regions. These studies are intended to gain an in-depth understanding of the roots and causes 
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of a particular food emergency. In some cases this is intended to show the links and 

interdependencies between environmental degradation and vulnerability to food security (e.g., 

Franke and Chasin, 1992; Khogali, 1991). In other cases the goal is to gain a better 

appreciation of the successes and failures experienced in dealing with particular famines (e.g., 

Webb and von Braun, 1994; Rahmato, 1991; Patel, 1994), or the implications for policy 

decisions and changes in mitigation/relief methods (e.g., Webb etaL, 1992; Teklu, 1994). 

Still other reports describe the early warning systems in use in some countries, or a particular 

method of analysis being experimentally tested through its use to support an operational 

vulnerability assessment (e.g., Webb et ai, 1994; Seyoum etaL, 1995; WFP et ai, 1996) 

Not surprisingly, considering the horrific famines which have occurred in Ethiopia in recent 

decades, a number of authors have based their work on that country's experiences. As Webb 

and von Braun (1994) note; "Although Ethiopia is clearly not unique in its experience of 

famine, its continued status as one of the most famine-prone countries in the Horn of Afiica, 

coupled with its recent history of drought, war, and political turmoil, make it a good case for 

detailed consideration." Although their study is a detailed examination of the famine of the 

1980s in Ethiopia, they are concerned with more general questions pertaining to the 

experiences of famine. Specifically, Webb and von Braun address four broad questions: 

1) What types of households are most severely impacted by famine? 

2) What do the afifected groups do (coping strategies) to minimize the effects of 

famine? 

3) How important are causal mechanisms such as drought, war, and market failures 
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in explaining famines? 

4) How effective are the various relief efforts in reaching the most vulnerable 

households? 

They examine these questions through an analysis of famine in Africa generally, and Ethiopia 

specifically, and by considering the various forces which can impel a famine and their 

interactions. This is followed by a discussion of the coping methods used in Ethiopia and an 

examination of the different relief efforts which were mounted to mitigate the effects of the 

famine. 

This work by Webb and von Braun is a later "take" on the same events which were the focus 

of their earlier study, coauthored by Yohannes. In the previous work, Webb et al. (1992), 

the primary objective was to develop a better understanding of the root causes of famine with 

the larger objective of defining and identifying better policies and projects for famine relief 

and mitigation. Their research validated the importance of drought and war as significant 

contributors to famine, but they concluded that the underlying factor that makes famine 

possible is poverty. They therefore conclude that policies to eliminate poverty must be a key 

element in any long term famine prevention regime. 

Rahmato (1991) approaches the same famine in Ethiopia from a different perspective. His 

interest is in providing a more comprehensive picture of the famine experience in Wollo 

Province, where the worst effects of the 1984-1985 famine were felt. His objective is to 
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provide a detailed analysis of the cxjping strategies used in the face of that famine. However, 

this leads him to also address the related questions like: How much in advance of the event 

did peasants forsee the coming disaster? What are the traditional indigenous "early warning" 

techniques, and how effective were they? At what point did the coping strategies fail? To 

address these issues, Rahmato presents a more detailed picture of the "normal" life in Wollo 

Province, the famine's eflfects there, and how the peasant community responded, particularly 

in view of the absence of relief until well into the crisis. 

A briefer look at the Ethiopian famine is provided in Goyder and Goyder (1988), whose more 

modest objectives were to explain how the famine came to pass, and how the Ethiopian 

government and various outside agencies responded to it. The authors provide a succinct 

overview of the country and its long history of Amines, going back to the fourteenth century. 

They attribute a good deal of the causes to the famine to natural events such as the drought, 

and tend to downplay the role of such govenmient policies as resettlement and villagization. 

These policies were identified by other authors (e.g., Kaplan, 1988) as key contributors to 

food insecurity. These authors roundly castigated these policies both for their causal effects 

with respect to the famine and the direct suffering they brought about. Goyder and Goyder 

appear to be almost apologists for the Mengistu regime, in power when this (book) chapter 

was published; they refer to villigization as 'coercive,' implying by their use of quotation 

remarks that it may not really be that at all, and criticize resettlement as being too brutally 

implemented and too enviroimientally destructive, but otherwise a feasible option. 
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Note the contrast of this work to Webb and von Braun (1994), in which socio-political issues 

such as poverty and the ongoing war were stated to be at the root of the disaster. This 

example shows clearly how different researchers can look at the same set of events and find 

very different explanations and causes for them. This suggests that analyses which address 

these kinds of issues should use data reflecting as many different aspects of the underlying 

government policies, infrastructure , and the affected populations as possible along with the 

agricultural and other physical data. Further, some method of analysis must be employed 

which minimizes the effects on the analysis of the researcher(s) preconceived notions and 

predilections in selecting, ranking, or otherwise passing judgement on the value of the 

different data. 

A different type of case study of Ethiopia was performed by Seyoun et al. (1995). This study 

employed the Classification and Regression Tree (CART) methodology and had the dual 

objectives of determining the parameters most closely associated with food insecurity in 

Ethiopia at themtrq/a (3"* level administrative units) level, and also testing the suitability of 

the CART methodology to support vulnerability assessments. 

CART is a non-parametric technique which is based on developing binary decision trees to 

determine which subset of a set of independent variables, best provides for a decomposition 

of the original group of cases into "nodes" which, heuristically speaking, are more or less 

homogeneous with respect to a specified dependent variable (Breiman et al., 1984; Steinberg 

and Colla, 1995). 
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CART was used extensively for my analyses here. See Chapters 5 and 6 for a detailed 

discussion of how I used these methods and the results I obtained with them. 

S^oun et al. started with 92 separate indicators, collected for 77 awrajas over a seven year 

period, thereby providing 539 "cases." Their dependent variable was '^'^people in need'' at the 

awraja level. They found, in one of the two analyses performed, that of the 92 initial 

independent variables, a subset of just eight of these was able to explain about 61% of the 

variance of people in need at the awraja level. Interestingly, of these eight, five variables 

were NDVI parameters, showing the importance of rain (NDVI is a measure of crop density 

and vigor, and is a proxy for rainfall here) to vulnerability and food security. In other words, 

CART determined the most useful subset fi-om the original set 92 potential indicators for the 

given proxy for vulnerability, people in need. 

Another country which has been "favored" by having a rich literature of case studies focused 

on its famine and vulnerability history is Sudan. Eldridge et al. (1986), writing during the 

drought and famine of the 1980s, discusses the then-emerging Sudanese National Early 

Warning System. The focus of this article is on the indicator types and specific variables 

which were to be considered and evaluated to determine which of them might provide any 

warning of food emergencies, and of these which might provide earlier warning than others. 

They considered rainfall, agricultural production data, prices of grains and livestock, 

demographics, and health and nutrition data. Writing before Ibrahim (1991), Eldridge et al.. 

note that the terms of trade (the price of one head of cattle relative to sorghum) changed 
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significantly from about 1980 to 1984, but they do not explicitly discuss the implications of 

this for the use of terms of trade as a possible indicator. They conclude, from some of the 

preliminary analyses presented in their article, that the indicators listed above can be used to 

provide early warning. 

Patel (1994) looks at the Sudan famine of 1990-1991, and explores the similarities to the 

famine in Sudan after the very poor harvest of 1984. Because the 1991 harvest was 

comparable to that of 1984, predictions had been made that the number of famine deaths 

would also be comparable. However, the actual number of deaths attributable to the latter 

famine was lower by about two orders of magnitude. Patel suggests several possible reasons 

for the initial overestimates, including prediction errors, more timely donor responses with 

relatively small lag times, and the effectiveness of individual and community coping strategies. 

Patel concludes that the food aid distributed in response to the 1990-1991 drought was not 

sufBcient, by itself, to avert famine. Consumption of wild foods coupled with reduced 

consumption, and resource transfers from the better oflF to the poor as a community level 

strategy are offered as part of the explanation. However, this work must stand as a 

cautionary note against the blind use of mathematical and/or statistical methods to predict 

levels of foo insecurity and to perform these analyses without careful review and 

interpretation of the results. 
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Khogali (1991), writes about the drought and associated desertification in Kordofan, Sudan 

in 1984. He blames the ensuing famine on the goverrunent policies in effect at the time which 

induced the indigenous people to give up their traditional land use practices in favor of 

commercial agriculture. Another effect of the drought was the lack of pasture for livestock, 

with resultant high livestock mortality rates and greatly reduced sale prices. Although he does 

not explicitly discuss terms of trade, fi-om the events he describes, this would likely have been 

a good indicator for this disaster, as Ibrahim (1991) has claimed. 

He attributes much of the desertification in the district to fallow periods being too short, and 

explains that this reduced duration was an attempt to compensate for declining unit crop 

jrields. He also notes that the protective tree cover was overexploited, primarily to support 

charcoal making. In response to these experiences, Khogali recommends that if the 

Government wants to encourage traditional agriculture, that it provide a national level grain 

storage program, encourage crop yield improvements through the use of manure as fertilizer, 

and that it encourage conservation of Acacia Senegal trees to provide the protective cover 

for the soil. 

Teklu (1994) considers the 1984-1985 droughts in Sudan and Botswana in order to compare 

the e£^s of the drought on both countries and to contrast the relative success of Botswana 

in largely ameliorating its effects while Sudan experienced famine. Teklu compares the 

physical, economic and policy contexts of the two countries, including the recurrence of 

drought in both. He comments on the strong public response in Botswana and the lack of 
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such response in Sudan, and notes that the government of Botswana funded a substantial 

drought relief program, in direct contrast to the financial austerity program imposed by 

Sudan. And, in related expenditures, Botswana financed a market-based rural development 

strategy, of which the relief effort was an integral part. Teklu considers this to be "by far the 

most important factor underlying the success of Botswana." 

He also mentions the various poverty alleviation programs in Botswana in contrast to Sudan's 

failure to promote economic growth through policies designed to reduce poverty. Sudan's 

focus on food self-sufBciency is termed a "necessary but not suflBcient" condition to ensure 

access to food without an increase in employment and income for the rural populations. 

Finally, Khogali states that the Government of Botswana is "preventive", has developed a 

functioning civil service, and has demonstrated its willingness to get expert advice and act on 

it. These political features, absent in Sudan, contributed significantly to the relatively minor 

effects of the drought in Botswana compared to Sudan. 

This study shows clearly that the same events, occurring at the same time, can have very 

different impacts in different places. While in a number of respects the physical environments 

of the two countries are different, Teklu makes clear that the real difference in outcomes 

between the two is due to political differences in the countries' responses to the perceived 

threat. This example unambiguously points out the need to select indicators which are 

specific to the time and place and population group. 
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Another important case study of Sudan addressed the relationship between poverty and 

malnutrition in the early stages of famine. Jaspars and Young (1995) point out that while 

"poverty is generally accepted to be the root cause of malnutrition," and that previous studies 

have shown have shown a correlation between anthropometric indices and select indicators 

of poverty (Martorell et aL, 1984; Becker et al, 1986), it has also been found true that "poor 

children are not necessarily malnourished, and malnourished children are not necessarily poor'' 

(Harriss et al., 1990). Their investigation of this relationship finds that children fi^om all 

economic strata were equally likely to be malnourished in the early stages of famine. This is 

consistent with the finding of de Waal (1989), who also studied conditions in Darfiir during 

1984-1985. 

The explanation for this finding offered by Jaspars and Young is that some, but not all, 

indicators of poverty will show a relationship to antliropometric data. They note that income 

is hard to measure in rural areas, and that the indirect indicators often used as proxies may 

or may not show the relationship to nutritional status. Another primary reason offered for the 

same nutritional status of both rich and poor children is that as the onset of famine becomes 

more imminent, all families reduce their food consumption. These results may have been 

obtained, in part, because the study area is one in which famines recur often enough that 

coping strategies have evolved to deal with these processes. As Corbett (1988) and 

Hutchinson (1991) have noted, the strategies used in earlier stages of food shortages are 

those which do not threaten the long term viability of the people's livelihood; reduced 

consumption falls into this category. Of course, for the rich, reduced consumption may be 
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one of several options, while for the poor it may have been the least unpalatable action 

selected from a set of much fewer choices. 

Note that this study shows that although the use of anthropometric data as an early warning 

of famine may be valid and appropriate, these data will not necessarily agree with economic 

data for different strata in the populations. In this case, the usual desire for "convergence of 

evidence" will have to be tempered by this rezdization. 

Famines in other countries and areas of Africa have also been studied. For example, 

Horowitz (1993) does a study of Senegal, in which he finds that food insecurity in the Middle 

Senegal valley was induced by the Manantali Dam, after it was closed in 1987. The dam was 

built to increase hydroelectric power generation, to facilitate expansion of irrigated areas in 

Senegal and Mauritania, and, if fimding can be found, to provide for year-round barge traffic 

from the Atlantic Ocean to Kayes in Mali. Prior to the closure of the dam, the annual 

flooding of the river supported recession agriculture, fishing, forestry, and herding (the 

animals grazed on the floodplain). However, the dam effectively stopped the annual flood on 

which much of the downstream ecosystems and food economies depended. While studies 

have shown that large artificial floods would resolve this incompatibility, such large, 

deliberate floods have not been allowed to occur. 

Horowitz lists the consequences of the dam's closure as "increased outmigration from the 

valley, deteriorating terms of trade,., and increased food shortages among those farmers - the 
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majority- who do not have access to irrigation." The food security situation of these groups 

is expected to worsen unless a change ui dam management policies leads to the level and 

frequency of artificial floods needed to adequately inundate the floodplain. 

Horowitz illustrates the need to look at changes in infrastructure or the basic physical 

environment in which a food security emergency occurs if the underlying causes and suitable 

indicators are to be found. This further points out, once again, the diverse set of conditions, 

which may be largely divorced from environmental or climatic "trigger events", which can 

induce food insecurity in different environments and political settings. In this case, the fragile 

stability of food economies and livelihood systems in a difficult environment was undermined 

by larger political and economic decisions. 

An excellent account of the famines in the Sahel and their links to environmental degradation, 

colonialism, and development is provided in Franke and Chasin (1992). Their study shows 

how the colonial policies of the French, coupled with the pre-famine international economic 

and political stmctures, were the main causes of the increased vulnerability to drought which 

led to the famine of 1968-1974. Franke and Chasin point out the ecological and cultural 

destruction which were the legacy of that period. The authors describe the French insistence 

on conversion of the agriculture to cash cropping (groundnuts), which led to reduced 

production of food. The grain which was formerly grown for food was sold to pay taxes, 

leading to food shortages among the smallholders of that time. 
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In particular, in the period just before the drought, when the Sahelian countries had just 

gained their independence, the Sahel had an overwhelming dependence on a limited number 

of crops, and a limited number of markets for them. The importance of this study to my 

research is to illustrate that man-made causes can often predispose a country or area to 

heightened vulnerability to naturally recurring environmental processes such as drought. It 

follows, then, that attempts to assess vulnerability or to predict food emergencies must 

consider the political a demographic, and economic aspects of the food production and 

livelihood systems as well as the "natural" factors like climate, agroecological zone, and crop 

production data. 

Longhurst (1992) reviewed the experiences in eight counties (India, Bangladesh, Botswana, 

Kenya, Cape Verde, Zimbabwe, Ethiopia, and Sudan) in mitigating famine. He first lists the 

causes of different famines in these countries. This list is instructive, as it clearly illustrates, 

once again, the range of the different potential proximate causes of famine in different 

environments at different times. These include such physical phenomena as drought 

(Ethiopia, 1972; Bangladesh, 1979; Sahel, 1969-1973; and Sudan, 1985, 1990) aadfJoods 

(India, Laos, China, and Bangladesh, 1984. Two more recent instances of flood induced food 

shortages is North Korea, 1996, and 1997) (Associated Press, 1997) and Somalia, 1997. 

Another "natural" cause of &mine cited by Longhurst is disease (Irish potato famine of 1845-

46; East Afiica Rinderpest outbreaks of the 1890s; and the Mealybug infestation in Malawi 

in 1986). 

S 
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The primaiy man-made cause of famine cited is, of course, war, which can exacerbate climatic 

conditions and weak infrastructures to bring about famine (Bengal, 1943; Ethiopia, 1984-85; 

Sudan, 1990-91; Somalia, 1990s). Longhurst discusses the various methods employed in the 

eight countries to mitigate famine. He contrasts the political enviroimient and the responses 

of the host governments and the donor/relief communities. He also notes those cases in 

which the famines were not disclosed to the outside world for political reasons (e.g., Sudan). 

He concludes that the more developed a country's infrastructure, logistical capacity, 

community organizations, foreign exchange holdings, food reserves and freedom of 

information (emphasis added) are, the more likely that country is to withstand the "shocks" 

and stresses which might otherwise precipitate famine. He finds that "public works" have 

great importance as a means to protect the entitlement base of the poorest rural people. He 

particularly lauds food aid-funded public works . 

Listing "freedom of information" as a significant mainstay against vulnerability may seem 

surprising at first, but the validity of this point is reflected in famines in which government 

desire to keep from being internationally embarrassed (Ethiopia, China) or to keep any aid 

from rebel held areas (Sudan) led to increased sufifering of the affected populations. In China 

in the 1960s, a desire to keep the failures of Mao Tse Tung's economic policies hidden led 

to a blackout of news about the famine, a denial of its existence, and a refusal to ask for 

international aid. These policies all worked to the substantial detriment and suffering of the 

Chinese peasantry (de Waal, 1990). 
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In 1995 Longliurst reviewed vulnerability assessments that had been performed in six difiFerent 

countries and areas (Ethiopia, Haiti, Zambia, Sudan, Bangladesh and the Sahel) with the 

objective of improving the methods used for these analyses. He begins with a discussion of 

vulnerability and the interaction of its components with assessments and responses. He then 

presents an overview of the vulnerability assessments in the different countries, organized by 

analysis of the data, selection and weighting of indicators, the use of expert opinion, 

vulnerability mapping, construction of vulnerability indices, and rapid field assessments and 

surveys. 

Longhurst then synthesizes all of this into a "Field Operations Guide" for conducting 

vulnerability assessments. He presents lists of the indicators which were considered and the 

subset of these that were retained and used in the different countries. These indicator sets 

include, for different countries, combinations of variables which reflect access to 

infrastructure, agro-ecological conditions, health, nutrition and sanitation, demographics, 

agricultural production statistics, price data, presence of civil unrest, measures of wealth 

and gender measures. 

These data show the diversity of indicators which can be considered in different places, and 

times and for different ethnic groups. This again makes the point that the specific agro-

ecological and socio-economic conditions, coupled with the food economy systems in place 

and the availability/accuracy of data cumulatively make the selection of indicators for any 

particular vulnerability assessment a somewhat unique endeavor. Note in particular that the 
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specific indicators which fall into any of the above categories may very fi-om country to 

country, or even more to the point, &om subnational area to subnational area. For example, 

the parameters which describe critical agro-ecoIogical factors will typically vary significantly 

within a given country. For example, precise precipitation levels may be less critical in areas 

that receive regular adequate rain than in areas which do not. 

This underscores both major hypotheses of this research. First, that some indicators will be 

statistically correlated with vulnerability and food insecurity. Because of the large set of 

potential choices for indicators, a method is needed which can in some sense "optimally," or 

at least objectively and justifiably, choose a subset of such correlated indicators for further 

consideration and analysis. Second, that the choices of which are the best subsets of such 

indicators will necessarily vary over space, time, and the afifected populations. 
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3.0 Malawi Overview 

Malawi is a landlocked country in southern Africa mth limited arable land 

and a burgeoning population; these problems give rise to a number of 

social and environmental problems, including food insecurity. Because of 

the great diversity of agro-climatic and environmental zones, a number of 

different food economies exist in Afferent parts of the country. 

This research is based on data collected in, and pertaining to, the Republic of Malawi, in 

southern Africa. To properly understand and interpret this work, some familiarity with 

Malawi is necessary. This chapter provides an overview of pertinent facts about the country 

and aspects of it which are relevant to this research. Topics addressed here include basic facts 

and figures including demographics (Section 3.1), physical characteristics (Section 3.2), 

agriculture and basic food economies (Section 3.3), and vulnerability and food security 

(Section 3.4). 
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3.1 Basic Facts and Figures 

Malawi is located in southern Africa, roughly between Mozambique and Zambia, although 

there is also a common border with Tanzania. Malawi's location on the African continent is 

shown in Figure 3-1, which also shows Malawi's three regions: the Northern Region, the 

Central R^on, and the Southern Region. Malawi's capitol is Lilongwe in the Central region, 

but the commercial center is Blantyre, in the Southern Region. Malawi's greatest physical 

dimension is in the North-South direction, with a total length of approximately 900 km., and 

a width which varies from about 50-160 km. (Baker, 1993). Malawi's location, between 9.5°-

17.5° south latitude, places it within the southern tropics. Figure 3-2 shows the locations and 

borders of Malawi's 24 districts, into which the regions shown in Figure 3-1 are divided. 

Table 3-1 presents basic statistics about some of Malawi's characteristics and land use, while 

Table 3-2 contains demographic statistics. 

I 
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MalavM 

Northern 

Central 

Figure 3-1: Malawi's location in Africa and 3 regions (Malawi 1992 Nutrition Chartbook) 



Malawi 
ADMINISTRATIVE REGIONS AND DISTRICTS 

IMlltw—I 

Figure 3-2: Malawi's 3 administrative regions and 24 districts (Government of 
Malawi and United Nations in Malawi, 1993) 
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Table 3-1: MalawPs physical characterfstica 

1 Parameter Value 1 

Area 
Total Area 
Land Area 

118,480 sq km 
94,080 sq km 

Land Boundaries 
Total 
Mozambique 
Tanzania 
Zambia 

2,881 km 
1,569 km 

475 km 
837 km 

Elevation 
Highest Point 
Lowest Point 

3,002 m 
37 m 

Climate 
Rainy Season 
Dry Season 

Tropical 
November - May 
May - November 

Natural Resources Limestone 
Uranium (unexploited) 
Coal (unexploited) 
Bauxite (unexploited) 

Land Use 
Arable Land 
Permanent Crops 
Meadows and Pastures 
Forest and Woodland 
Other 

25®/o/37%V52%^ 
0®/o 

20®/o 
50®/o 
5®/o 

IrrieatedXand 200 sa km fl989 e.stimate) 
Sources: CIA World Factbook: Malawi (1994); I); Lele, 1990; 2);Govt. of Malawi, cited in Lele, 1990 

Table 3-1 illustrates some of Malawi's problems. Just less than 80% of the total area of the 

country is land, leaving over 20% in lakes and rivers, of which the largest by far is Lake 

Malawi. In spite of so much of the national territory being water, Malawi is landlocked, 

having no sea port of its own. This complicates and raises the costs of items which must 

come to Africa by ship, because they must then be transhipped to Malawi by truck or rail. 
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Despite having a few known economically valuable natural resources, these are as yet largely 

unexploited, denying Malawi both income and employment. And, although the country is 

heavily dependent on smallholder and large estate agriculture, only 25%-52% of the total area 

is considered arable. Given that approximately 20% of the land area is protected as either 

forest reserves. National Parks, or game reserves (Soulsby, 1996), room for agricultural 

expansion is limited. As early as 1982, population growth was recognized as being 

responsible for the environmentally destructive practices noted at that time (Varady, 1982). 

These practices impinge on food security as discussed in Chapter 2. These problems 

exacerbate Malawi's inability to achieve individual food self suflBciency, as discussed in 

Section 3.4. 

Table 3-2 provides additional insight into the situation in Malawi, but it is only in comparison 

to neighboring countries that these data for Malawi can be put into a perspective. For 

example, while the infant and child mortality rates may seem high in absolute numbers, it is 

also true that they are between 20%-700% higher than comparable rates in Zambia, 

Zimbabwe, Tanzania, Kenya, Botswana, and Namibia. In fact, Malawi's mortality rates are 

among the world's highest. Similarly, malnutrition indicators are higher in Malawi than in 

these same countries (World Bank, 1995 ). 



Table^^£_Deinogra£bicstati9ticsJbr_^^ 

Parameter Value 

Population' 9,452^ 

Age Structure' 
0-14 Years Old 
15-64 Years Old 
65+ Years Old 

46% (M: 2,189^223, F: 2468;317) 
51% (M: 2^71^18, F: 2,472^5) 

3% (M: 107,701, F: 143,840) 

Population Growth Rate' 1-71% 

Birth Rate' 41.56 Births/1000 Population 

Death Rate' 24.48 Deaths/1000 Population 

Net Migration Rate * 0 Migrants/1000 Population 

Sex Ratio' 
At Birth 
Under 15 Years 
15-64 Years 
65 + Years 
All Ages 

1.03 Males/Female 
1.01 Males/Female 
0.96/Males/Female 
0.75 Males/Female 
0.98 Males/Female 

Mortality' (1992 estimate) 
Infants 
Children 

134.4/1000 Die Before 1 Year 
136.4/1000 Die Between 12-59 mos 

Life Expectancy at Birth ' 
Total Population 
Male 
Female 

36.16 Years 
35.87 Years 
36.46 Years 

Nutritional Status of 
Children Under 5 Years Old' 

Stunted Growth 
Underweight 

49% 
27% 

Total Fertility Rate' 5.91 Children Bom / Woman 

Primary Ethnic Divisions' 
Chewa, Nyanja, Tumbuko, Yao, 
Lomwe, Sena, Tonga, Ngoni, Ngonde, 
Asian, European 

Literacy of Population Over 
15 Years' 

Total Population 
Male 

56.4% 
71.9% 
41.8% 

1 -• Source: Tlie World Factbook page on Malawi (all data based on 1996 estimates) 
2: Source: The World Bank, 1995 



The various ethnic groups listed in Table 3-1 are distributed throughout the country as 

in Figure 3-3. 

ETHNIC GROUPS IN MALAWI 
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Figure 3-3: Distribution of Malawi's ethnic groups (adapted 
from Crosby, 1993) 
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Figure 3-4 provides a breakout of Malawi's population by age and sex. This population 

pyramid illustrates the low life expectancy noted in Table 3-2 in the relatively low percentages 

of people, of either sex, over 55 years of age. 

Ag* 

75-79 
70-74 
65-69 
60-64 
55-59 
50-54 
45̂  
40-44 
35-39 
30-34 
25-29 
20-24 
15-19 
10-14 

5-9 
0-4 

10 

•i 
(J 

Fefnates 

804-
75-79 
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6^64 
55-59 
50-54 
45-49 
40-44 
35-39 
30̂  
25-29 
20^4 
15-19 
10-14 
5-9 
0-4 

10 

Percentage of population in each age oohoit 

Figure 3-4: Malawi*s population composition by age and sex (World Bank, 1995) 

In spite of the ethnic diversity shown in Figure 3-3, ethnic and regional differences have not 

been a disruptive factor in Malawian society. As Figure 3-3 shows, the Chewa are the 

primary tribe in the Central Region (the late former Life President Banda is a Chewa), the 

Nyanja are the major group in the Southern Region, and the Tumbuku are the predominant 

group in the Northern Region. There is also greater indigenous linguistic harmony than might 

be expected. About 75% of the total population speaks Chichewa, which is the native 

language of the Chewa and Nyanja, and which was declared one of the ofiQcial languages of 

Malawi in 1968 (Nelson etai, 1975). 
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Malawi was a British protectorate (Nyasaland) from 1891-1964, when it became a sovereign 

state. As a result of this earlier history, the English language remains as a legacy, and is the 

official language of government and business. Along with Chichewa, English is used for 

instruction in school, and by the media (Nelson et ai, 1975). 

The population densities throughout the country are shown in Figure 3-5. This figure also 

shows the movement of the population "center of gravity" towards the North between 1966-

1986 in response to population growth and the unavailability of land in the Southern Region 

vis-a-vis the Northern Region (Kalipeni, 1992). 
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Figure 3-5: Malawi population densities, 1987 (adapted from Kalipeni, 1992) 

h 
f 



138 

3.2 Physical Characteristics 

Maimvi is characterized by significant topographical̂  climatic, and 

vegetative diversity, giving rise to great variability in localized 

environmental factors and conditions. 

Despite Malawi's relatively small size, there is great diversity in the land forms, which include 

lakes, low lying floodplains, marshes, plateaus, and highlands (Varady, 1982; Nelson et aL, 

1975). From the perspective of human habitation the most important features are the plateaus 

which comprise some 75% of the land area. Erosion has formed most of these into low, 

rolling hills with open, shallow valleys, occasionally punctuated by isolated rock peaks or 

steeper hills (Nelson et aL, 1975). 

3.2.1 Primary Geographical Zones 

The main geographical/topographical features of Malawi can be characterized by descriptions 

oflfour main zones; 1); the Shire VaUey, 2); the Lake Malawi littoral, 3); the plateaus, and 4); 

the highlands (Varady, 1982). The key characteristics of these four zones are briefly 

summarized below. Note the implications of the topographical differences for agriculture. 

The different elevations, water availability, and soils cumulatively result in different agro-

ecological zones in which different crops may be more successfiil. 
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3.2.1.1 The Shire Valley 

The valley of the Shire River extends approximately 400 km south from the southern 

extremity of Lake Malawi. The Upper Shire Valley is a continuation of the lake basin, which 

is bounded by the Chiripa Plateau Scarp on the west, and by the Mangochi Highlands Scarp 

on the east. This part of the valley, closest to the lake, is composed of fertile alluvial soils 

which give way to stony terrain farther south. 

The Middle Shire Valley is an approximately 80 km stretch in which the Shire River drops 

about 380 meters in a series of cataracts. The valley is hilly, rocky, and largely infertile. 

Continuing south, the Lower Shire Valley follows the river until it leaves Malawi on its way 

to its confluence with the Zambezi River. At the southern border of Malawi in the valley, the 

elevation is just 37 meters above sea level, and the land consists of rolling hills with marshy 

areas to the east of the river (Varady, 1982). 

3.2.1.2 The Lake Littoral 

The littoral strip around Lake Malawi is typically 8-24 km. wide, although in some places it 

disappears where steep fault scarps drop directly into the lake. However, most of this zone 

is a continuation of the lake bottom and provides a transition between the lake bottom and 

the Rifl Valley scarp to the west. This zone covers about 7,700 sq. km., or roughly 8% of 

Malawi's land area. The soil in this zone is primarily alluvial and colluvial deposits, with 

occasional swamps (Varady, 1982). 
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3.2.1.3 The Plateaus 

This zone comprises about 75% of Malawi's land area, and lies between 750-1,350 meters 

above sea level. Nine separate plateaus have been identified; these are scattered throughout 

the country, and hold Malawi's greatest population concentrations. The largest of these is 

the Central Province Plateau, of some 23,300 sq. km.. This plateau is mainly gently sloping 

woodland drained by rivers flowing into Lake Malawi (Varady, 1982). 

3.2.1.4 The Highlands 

The highlemds are remnants of late Jurassic and late Cretaceous erosion surfaces which rise 

above the various plateaus. They consist of mountainous forests and grasslands scattered 

throughout all ofMalawi's regions. They typically vary fi-om 1,350-2,500 meters above sea 

level. While some of these are primarily the immediate vicinity of single mountains (e.g., 

Mulanje Mountains, Zomba Mountain), other highlands are more extensive (e.g., the Dedza-

Kirk Range Highlands). Malawi's highest elevation is reached here, at 3000 meters in the 

Mulanje Massif (Varady, 1982). 

3.2.2 Climate 

Malawi's climate is strongly influenced by the Intertropical Convergence Zone (ITCZ), which 

is an air pressure system created by the interactions of continental tradewinds. The movement 

of the ITCZ determines Malawi's seasons. When the ITCZ arrives, usually in November, 
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humid air from the Mozambique Chaimel blankets the country and the rainy season begins. 

As the zone moves south, rains become heavier over most of the country. As the ITCZ 

retreats northward in late February or early March, the rains lessen, although in some parts 

of the country they persist until April. The diy season is typically from May through October 

(Varady, 1982). 

According to Varady, (1982) Malawi's climate is also influenced by topography, proximity 

to Lake Malawi, and (^clones and monsoons in the Indian Ocean. The country's weather has 

been divided into four zones as follows: 

1. Hot and dry (the Shire Valley and coastal areas around Salima and Karonga) 

2. Hot and wet (most of the remaining lakeshore) 

3. Warm with moderate rainfall (plateaus and other areas of medium elevation) 

4. Warm and wet (the highlands) 

A map of Malawi showing the typical number of dry months per year is presented in Figure 

3-6. In this context, a "dry month" is a month with less than 50 mm of rainfall. This figure 

shows that although Malawi has a 5-6 month rainy season, the rainfall in some of these 

months is not heavy in many parts of the country. 



Figure 3-6: Malawi's number of dry months (FEWS, 1996) 
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3.2.3 RainfaU 

As might be expected from the complex topography of Malawi and its diverse weather 

influences and patterns, the rainfall patterns are heterogeneous throughout the country. 

Rainfall is highest along the northern shore of Lake Malawi and in some of the highlands near 

Lake Chilwa. The driest regions are in the Shire valley and in parts of the Central Plateau, 

and across the Mzimba Plains. Rainfall may also vary considerably over time. The annual 

rainfall coefScient of variation over most of the country is between 0.2-0.25 (Varady, 1982). 

Typical annual precipitation levels are shown in Figure 3-7. 



Precipiuaioa (MM») 

Figure 3-7: Maiawi^s anaual precipitation levels (FEWS, 1996) 
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3.2.4 Soils and Land Cover 

There is great diversity in the soils and subsurface layers throughout Malawi which, coupled 

with differences in the localized microclimates, give rise to different vegetation land covers. 

Most of Malawi's soils were derived from granites, limestones, and other rocks into their 

present forms. There are several different soil types in almost all of Malawi's districts, 

although the dominant type depends largely on topography. Many areas, including the 

plateaus and uplands have ironbearing gritty clay type soils which have leached on steep 

slopes and other areas of high rain&U. Soils that have not leached are often under cultivation, 

as th^ are "moderately fertile." In particular, the soils near Lilongwe have a higher mineral 

content, and thus form the biisis for agricultural development in that area (Nelson et ai, 

1975). 

Lakeshore areas and riverine plains typically have a deep cover of alluvial soils, carried down 

from the plateaus. These are highly fertile soils, and have led to high population densities in 

their vicinity because of their ability to produce good crops repeatedly. Some of the plains 

near Lake Chilwa and parts of Chilwaka district have a black alkaline soil that is well suited 

to cotton production (Nelson et al., 1975). 

Above the floodplains of the lower Shire River there are large areas with sandy loam soil over 

impermeable subsoil layers. Some of these soils can grow grass or acacia trees, or can be 

fertile farmland when the excess water can be somehow drained off (Nelson et al., 1975). 

I 
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The most widespread natural vegetation cover in Malawi is savanna, with its characteristic 

mix of scattered low trees, grasses, and scrub. Savanna vegetation responds to the 

differences in soils, subsurface layers, rainfall, and terrain slope and elevation, all of which 

vary widely throughout Malawi. 

Because of the relatively large number of dry months throughout Malawi, most of Malawi's 

vegetation at all altitudes consists of species which can tolerate long dry periods. Vegetation 

requiring moisture throughout the year also occurs t all altitudes, but these plants tend to be 

restricted to permanently wet subsoils near Lake Malawi or other lakes, or in swamps and 

floodplains and lowlying dambos (areas which flood and remain pooled after rains). Typical 

plant communities in these wetter areas consist of marsh grasses, sedges, and reeds. These 

plants often provide forage for grazing animals during the dry season when forage plants on 

the savannas are dormant (Nelson et al., 1975). 

At the lower elevations common trees include baobabs, acacia (several species), mahogany, 

mopani, and palms. At the medium altitudes, savzmna forms the dominant vegetation cover. 

Plateaus and mountains over about 1600 meters have cedar or other evergreen forests, mixed 

with large areas of mopani grasslands. More recently, some of these higher elevation areas 

(e.g., the central plateau south of Mzuzu) have been heavily planted with pine trees, grown 

for commercial purposes. Other plants introduced for commercial or subsistence purposes 

in the mid-level plateau areas include tea, tobacco, groundnuts, sugarcane, maize, and cotton 

(Nelson et aL, 1975). 



3.3 Agriculture and Food Economies in Malawi 

147 

Although Malmvi's subsistence agriculture is focused primarily on nutize, 

and the cash crop sector on tobacco, there are a number of distinct food 

economies mth Afferent agricultural bases throughout the country. This 

makes for great diversity in the dynamics offood security in different parts 

of the country. 

The geography of Malawi is dominated by the Rift Valley and Lake Malawi. Because of the 

hilly nature of much of Malawi's land areas, there is significant variation in agricultural 

potential and production (Earl and Moseley, 1996). Approximately 90% of the population 

of Malawi lives in rural areas (World Bank, 1995), of which about 80% derive their livelihood 

directly or indirectly fi-om agriculture (Government of Malavsd and United Nations in Malawi, 

1993). Additionally, agriculture is "the backbone of the Malav^an economy," accounting for 

about 37% of the GDP in 1991, about 87% of the export earnings, and over 80% of the total 

employment (Government of Malawi and United Nations in Malavsa, 1993). 

The typical Malawian diet is composed largely of subsistence crops from indigenous 

agriculture. Rural diets often consist of a warm maize porridge (nsima) which is usually 

served with a spicy relish. I found this relish to be similar to some Mexican salsas in both 

taste and appearance. Meals in the rural villages rarely include meat. In urban areas, this 

traditional usima diet may be supplemented with eggs, milk, bread, and meat (beef^ goat, and 
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chicken). Beer, made from finger millet, is popular in both rural and urban areas. Its brewing 

is a form of income generating activity for a number of Malawians (Crosby, 1993). 

Malawi agriculture is composed of two main segments, the smallholder and estate subsectors, 

which are organized in a dual structure. These subsectors are defined in legal and institutional 

terms which regulate such aspects as crop production, land tenure, and pricing and marketing 

(Government of Malawi and United Nations in Malawi, 1993). 

The first of these subsectors is composed of smallholder farms, of which approximately 72% 

are less than 1.0 hectare in size (World Bank, 1995). These farms produce about 80% of 

Malawi's food, and involve 1.6 million families (Government of Malawi and United Nations 

in Malawi, 1993). The cropped area consists mostly (about 75%) of low yielding indigenous 

varieties of maize, with other crops which include cassava, groundnuts, tobacco, cotton, rice, 

potatoes, and bananas. 

Maize constitutes a higher percentage of calories in the Malawian diet than in any other 

country in the world. However, in spite of the criticality of maize to the Malawian diet, per 

capita maize production in Malawi has declined since 1968. It is now recognized that with 

a grovang population and a shrinking base of available arable land the increased maize 

production needed to feed the Malawian people will have to be achieved through yield 

increases (CIMMYT, 1997). This dependence and focus on maize, often at the Government's 

behest, has several other implications which will be explored in Section 3.4 
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A significant factor is that maize is not drought resistant. In a country whose agriculture is 

largely rainfed and which is as subject to wide variations in aimual rainfall as Malawi, there 

is a significant element of risk at both the household and the national levels in dependence on 

maize. In particular, inadequate rains can have serious negative consequences, as they did 

after the droughts of 1992 and 1994 (L. Moriniere, personal communication, 1996). It has 

been suggested (Earl and Moseley, 1996) that it would be more practical to cultivate millet 

and sorghum, as these crops are more drought resistant than maize, but there is a distinct 

preference for maize, perhaps as a result of the emphasis on maize during the Banda regime. 

In fact (the late former president) Banda owned much of Press Holdings, Ltd., which 

controlled the commercial sector and which also emphasized maize production. However, 

the droughts of 1992 and 1994 in which maize yields were dramatically lower gave impetus 

to the cultivation of these other crops (Earl and Moseley, 1996). 

The second subsector, estate farms, produces primarily burley tobacco, tea, and sugarcane 

on farms which range in size fi'om less than 30 hectares (ha.) up to those of more than 100 

ha. (about 60% of estate land). These estates depend on tenant fi-amers and seasonal 

workers, the latter being drawn fi'om the smallholder subsector. During the 1980s, the 

number of estates grew fi'om about 8,400 to about 14, 500. This growth was largely due to 

the conversion of customary land to estates and the development of new estates by farm 

managers, employees of large companies, and investors (World Bank, 1995). 
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Much of this estate growth may also have been due to smallholders wishing to benefit fi'om 

the preferential treatment accorded estates, particularly those involved in growing tobacco. 

This growth has, however, hurt the smallholder subsector by the conversion of land fi'om 

smallholder to estate use. This trend, coupled with the steady population growth noted above 

is expected to lead to a reduction in the average size of smallholdings, leading to "land 

fi-agmentation, serious environmental degradation, and rising numbers of near-landless and 

landless" (Government of Malawi and United Nations in Malawi, 1993). Clearly, all of these 

developments will have severe impacts on vulnerability and food security. 

The main sources of food supply or income for food in Malawi are given by Allen (1993) as: 

1. Production of food crops 

2. Employment on estates (tea and sugar) 

3. Employment on other people's farms 

4. Production of cash crops, which are: coffee, cotton, tobacco, maize, and 

groundnuts 

5. Sale of livestock, and 

6. Gifts, remittances, and relief 

This list, in which five out of the six items mentioned are based on agriculture, shows the 

strong dependency of Malawi on various forms of agriculture for its food. Malawi has, as 

noted above, different levels of agricultural potential in different parts of the countiy. These 

variations have been codified by FEWS (1996) into 149 different "agroclimatic zones," based 
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on combinations of seven climatic parameters. These parameters are: 

1. The length of the growing period 

2. The ratio of precipitation to evapotranspiration 

3. The mean temperature during the growing period 

4. The mean annual precipitation 

5. The mean number of dry months per year 

6. The mean annual temperature, and 

7. The mean minimum temperature of the coolest month 

These agroclimatic zones are summarized graphically in Figure 3-8. Figure 3-9 shows the 

mean temperatures during the growing period. Note in Figure 3-9 that, in general, the 

Northern Region has moister, cooler, and longer growing periods than does the Southern 

Region, which tends to have dryer, shorter, and hotter growing periods. This situation has 

resulted in different crops being somewhat optimal for or, conversely, limited in different 

areas, thus forming the basis for the different "food economy zones " These are defined as 

geographic areas in each of which the overwhelming majority of households can be said to 

achieve theu* food and cash income through the same methods (Earl and Moseley, 1996). 



Figure 3-8: Malawi's agroclimatic zones (FEWS, 1996) 
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Figure 3-9: Growing period mean temperatures in Malawi 
(FEWS, 1996) 
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The concept of a food economy zone is philosophically at the heart of this research. One of 

the primary hypotheses of this work is that the correlates of vuhierability and food security 

will vary at the subnational level. The concept of multiple food economy zones within one 

country asserts that the foods themselves and the bases for acquiring them vary at the 

subnational level. Since the potential disruptions to that food supply will in general also be 

specific to the foods and the methods for acquiring them, it follows that they will also vary 

at the subnational level. 

Save the Children Fund (UK) did an analysis of the food economies of Malawi based on a 

literature review and interviews with over 50 key informants. These were sources, often at 

the local government level, who were considered to be knowledgeable about food sources 

and livelihoods in their areas. This work resulted in the definition of 18 "food economy 

zones." an increase fi-om the 9 such zones identified in an earlier (1993) study by Save the 

Children Fund (SCF) (UK). These new results result fi-om a refinement of the earlier work. 

The boundaries of the 18 food economy zones defined by SCF did not cross Extension 

Planning Area (EPA) (fourth level administrative areas) boundaries wherever possible. The 

reason for this is that much of Malawi's agricultural production data is collected and 

maintained at the EPA level, so having EPAs entirely in one food economy zone simplifies 

quantitative evaluation of them (Earl and Moseley, 1996). This was not always possible to 

achieve. For example, most of the EPAs which include some of the shore of Lake Malawi 

also include inland communities. This means that the EPA encompasses both lakeside 
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communities which engage in fishing and inland communities which might have very 

difTerent food economies. Similarly, significant geographical features such as the Lake 

Chilwa Basin or the Middle Shire Valley cut across EPA boundaries, thereby creating 

fundamentally different food economy zones within the same EPA. 

The names and salient characteristics of these food economy zones are presented in Table 

3-3, below. A map of Malawi showing the general location of these 18 food economy zones 

is shown in Figure 3-10. The zone numbers shown in Figure 3-10 are keyed to the zone 

numbers given in Table 3-3, which also shows the primary food and/or cash crops in addition 

to the range of average precipitation levels in each of these zones. 

From this table, the dependence of the populations on different crops and, therefore, on 

different agroclimatic conditions can be seen. For example, maize growing areas will be 

more dependent on either rain or irrigation. From this general observation, one can infer that 

the indicators which would reflect or be correlated with different aspects of vulnerability and 

food insecurity would, in general, be different fi"om one food economy zone to another. This 

is consistent with much of the literature cited in Chapter 2, which showed that these 

indicators need to be chosen with the specific location, population, and extant conditions in 

mind. This idea, which is at the heart of my research, will be more fiiliy explored in Chapters 

5, 6 and 7. 



Zone 
Number Zone Name Approximate 

Population 
Mean Annual 

Precipitation (mm) 
Food Economy Crops 

(in ranked order) 

1 Northern Lakeshore 28^00 1000-1400 Rice, Cassava, Fishing 

2 Northern Karonga 56,700 1400-1800 Rice, Bananas 

3 Central Karonga 22,600 1000 Maize, Rice, Cassava 

4 Southern Karonga 37,400 1200 Cassava, Rice, Maize 

5 Chitipa Millet and Maize 
Zone 72,900 1000-1200 Millet, Maize 

6 Mountainous Smallholder 
Coffee Area 

55,500 1400-1800 
Coffee, Cassava (cash crops) 

Sweet Potatoes, Bananas, 
Beans, Maize 

7 Mzimba Self-Sufficient 
Maize Zone 472,400 900-1000 Maize 

Tobacco (cash crop) 

8 Marginal Nkhata Bay 
Cassava Zone 194,200 1200-1400 Cassava, Maize, Groundnuts, 

Peas 

9 Southern Lakeshore 384,300 900-1200 Fishing, Rice 

10 Surplus Producing 
Kasungu-Lilongwe Plain 2,784,900 900-1000 Maize 

Tobacco (cash crop) 

11 Rift Valley Escarpment 981,700 900-1000 Maize, Irish Potatoes, Cassava 

12 Productive Mozambique 
Border Crescent 286,000 1000 Maize, Irish Potatoes, Beans, 

Sweet Potatoes, Groundnuts 
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13 Middle Shire Valley 328,700 700-1000 Maize, Cassava, Rice 

14 Lake Chilwa Basin 279,800 900-1200 Maize, Rice, Cassava 

15 Densely Populated Shire 
Highlands 

1,733,100 1000-1400 Maize, Cassava, Beans, Sweet 
Potatoes, Groundnuts 

16 Thyolo/Mulanje Tea 
Estates 777,400 2000 Maize, Cassava, Bananas 

Tea Estates (income for labor) 

17 Northern Lower Shire 
Valley 486,000 900-1000 

Maize, Millet Sorghum 
Cotton, Rice, Sugar (cash crop) 

Sugar (income for labor) 

18 Southern Lower Shire 
Valley 

169,400 1000-1200 

Millet, Sorghum, Maize, 
Cowpeas, Groundnuts 

Guar Beans, Rice (cash crops) 
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Figure 3-10: Malawi's Food Economy Zones (Earl and Moseley, 1996) 
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3.4 Vulnerability and Food Security 

3.4.1 Introduction 

Vulnerability to food insecurity is currently a significant problem for 

MalatvL This problem has complex, interrelated roots and causes, leading 

to a situation which tvill most likely continue for the foreseeable future. 

Vulnerability to food insecurity at the household level is recognized as a serious problem in 

Malawi, where the widespread eflfects of these problems are reflected in one of the highest 

rates of child malnutrition and mortality in Africa (257 afifected children per 1000 children 

under 5 years of age) (Government of Malawi and United Nations in Malawi, 1993). This 

section identifies and discusses some of the underlying causes and issues associated with 

household level food security in Malawi. 

Although Malawi has enjoyed some success in agricultural production at the national level, 

the household level situation is different for many Malawians. For example, although the 

parastatal marketing corporation, the Agricultural Development and Marketing Corporation 

(ADMARC), accumulated a crop surplus, a large step towards national self sufficiency, 

approximately 55% of Malawi's smallholder households are considered food insecure even 

in the best of times (Government of Malawi and United Nations in Malawi, 1993). 
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At the nationaJ level, the Government has set the goal of achieving national food security, 

which has been defined as the country having the ability "to produce, secure, and maintain 

adequate levels of fiaod to meet commercial demand throughout the year." This includes food 

obtained through both domestic production and food imports. The intent has been to achieve 

self-sufiBciency primarily through a strategy of increased maize production. Between 1980/81 

and 1990/91, smallholder land allocated to maize has increased from 58% to 70%. 

Additionally, a Strategic Grain Reserve (SGR) to keep buffer stocks for times of shortages 

or other difficulties has been a part of this strategy. This Reserve is located near Lilongwe 

and is shown in Figure 3-11. 

Figure 3-11: Malawi^s Strategic Grain Reserve (SGR) near Lilongwe 
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3.4.2 Household Level Food Security 

However, as noted above, household food security has not enjoyed the same successes as 

national level food security. The maize which is marketed only meets the effective demand 

for this product; i.e., this maize satisfies the needs of those with the money to buy it. 

However, considered only from the point of view of Malawi's total needs, it has not been 

enough to meet the nutritional requirements of the population (Government of Malawi and 

United Nations, 1993). Part of the reason for this is the relatively greater increase in 

population than in maize or total food crop production. This trend may be seen in Table 3-4 

which shows the decline in per capita maize, total food (crops), and daily per capita 

(consumed) kilocalories from 1970 to 1990. In this context, the term "food crops" refers to 

maize, millet, sorghum, rice, wheat, pulses, cassava and groundnuts. 

Table 3-4: Per capita food availability in Malawi, 1970-1990 (Government of Malawi and United 
Nations in Malawi, 1993) 

Time 
Period 

Maize Prod, 
MT 

Per Capita 
Maize Prod, 

Kr 

Food Crops 
Prod, MT 

Per Capita 
Food, Kg 

Per Capita 
Kilocalories 

1970-1974 956,698 204 1,269,611 270 2,653 

1975-1979 1,007,088 183 1,406,072 253 2,482 

1980-1984 1,003,170 157 1,429,844 220 2,184 

198S-1990 1.232.980 161 1.630.376 211 2.040 

Note in the above table that although maize production and total food crop production went 

up in every period from the earlier levels, per capita maize, per capita total food and 
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kilocalones declined in successive periods with the exception of per capita maize production 

between 1980-1984 and 1985-1990 when it increased by 2.5%. This trend is cause for great 

concern in view of the anticipated population increases and the conversion of smallholder 

crop areas to the estate sector. One measure of this is that the average smallholding size fell 

from about 1.6 hectares (ha.) in 1968-69 to about 1.2 ha. in 1980-81. Further, by the year 

2000, per capita land availability is expected to fall to about 0.26 ha. nationwide, and to an 

even lower 0.18 ha. in the Southern Region, where 50% of Malawi's people live (Lele, 

1990). 

The Government of MalaAvi has estimated that an average intake of 2,200 kilocalories per 

capita is the minimum needed for Malawians. If one explicitly takes into account the hard 

physical labor performed by many Malawians, this figure should possibly be as high as 3,000 

kilocalories according to the same Government study. To provide 80% of these 

requirements, about 190 kg of milled grain {mgaiwa) flour needs to be consumed, which leads 

to a requirement for an annual per capita production of 232 kg of maize, based on the 

expected 18% loss from seed, waste, and processing. If the maize is processed up to the 

preferred pounded grain (itfa), annual per capita maize production would need to be as high 

as 270-310 kg, due to the processing loss for ufa of 30-40% (Government of Malawi and 

United Nations, 1993). 

The Government has also estimated that to meet just 80% of the calorie requirements of the 

population in the year 2000, allowing for a population growth rate of 3.3% per year, the total 
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maize requirement for this level of self-suflSciency would require 2.268 million metric tons of 

maize. To put this in perspective, maize production in the 1990/91 season, which was 

considered a good season, was estimated at only 1.589 metric tons, or approximately 700,000 

tons short of the goal for the year 2000 (Government of Malawi and United Nations, 1993). 

The clear and obvious conclusion is that some means or set of policies and actions for 

augmenting the per capita availability of maize is required on an increasingly urgent basis. 

Who are the vulnerable and food insecure in Malawi? At the household level, the 

Government of Malawi considers the groups most at risk to consist of poorer households with 

fewer options for improving their position. These include smallholders (those with less than 

1 hectare of land), estate workers, poor urban dwellers, and female headed households 

(Government of Malawi and United Nations in Malawi, 1993). Surveys have determined that 

approximately 75% of smallholder households with less than 1 ha. of land depend on either 

casual labor (ganyu) or ADMARC as supplemental food sources. Further, in Malawian 

smallholder households with less than 0.5 ha. of land, at least 50% of their food must be 

obtained from sources other than their own production. 

This reality, coupled with the 3.3% average population growth rate and the decline in 

available land cited earlier bodes ill for the future. In 1987, the national population density 

for Malawi was 85 persons per km^ This was the fourth highest population density in Africa. 

However, this country-wide statistic conceals the much higher densities in parts of the 

country. For example, in the more lightly populated Northern Region, the density is 34 

I 
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persons per km^ in the Central Region it is 88 persons per km and in the more densely 

populated Southern Region, it is 125 persons per km^ These dififerent densities were fiirther 

broken out in Figure 3-5, in Section 3.1. The stated population growth rate will, if 

unchanged, lead to a doubling of population every 21-22 years. Given the availability of 

arable land, it has been estimated that by the year 2015 there will be no vacant land that can 

be cultivated by any current agricultural practice (Malawi National Statistical Office, 1987, 

cited in Kalipeni, 1992). 

One of the indicators of vulnerability and food insecurity used by the Government is the 

number of meals eaten per day. In Malawi, significant numbers of households eat less than 

3 meals per day; the percentages of the households in each Rural Development Project (RDP) 

who are fortunate enough to eat 3 meals per day are shown in Figure 3-12, 

Estate workers are also vulnerable to food insecurity, in part because they are entirely 

dependent on food supplied by the estate owoiers, which may not be adequate for larger 

One of the indicators of vulnerability and food insecurity used by the Government is the 

number of meals eaten per day. In Malawi, significant numbers of households eat less than 

households. In addition, these households have, in general, very limited access to land on 

wluch th^ can grow their own food. In fact, surv^s have shown that the average household 

receives only 384 kg. of maize per year, which is far less than the 945 kg. 



Figure 3-12: Percentages of houseiioids in each RDP eating 3 meals per day 
(Government of Malawi and United Nations, 1993) 
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recommended for an average Malawian household (Government of Malawi and United 

Nations in Malawi, 1993). The figure of945 kg. of maize per year per household is derived 

from the calculation that each typical Malawian household has two adults and three children; 

each adult is assumed to require about 270 kg. of maize per year and each child about 135 

kg. of maize per year (House and Zimalirana, 1992). 

The urban poor represent another identified group of vulnerable households. Their 

vulnerability is largely caused by their minimum wages and earnings from the informal sector, 

and their being subject to market fluctuations, which can seriously erode their purchasing 

power. With increasing urbanization, this group is growing and thus represents an increasing 

food security problem (Government of Malawi and United Nations in Malawi, 1993). 

Female headed households are also classed as highly vulnerable by the Government of 

Malawi. This follows from their having the smallest average landholding coupled with 

shortages of cash, credit, food and labor. The resource base on which they can draw is thus 

relatively low, putting them in a highly vulnerable position. While these findings are 

confirmed by Kennedy and Peters (1992), they note that not all female headed households are 

among the poorest in Malawi due, largely, to remittances from males in the household 

working elsewhere. 

They also found that, in Malawi at least, household food security and the nutritional status 

of individual household members are often better in female headed households, depending on 
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income as well as gender. This is likely due to the fact that women tend to spend a greater 

proportion of their incomes on food, than do men; in contrast to this, women spend 25-50% 

less on alcoholic beverages than do men (Kennedy and Peters, 1992). 

These findings are largely reinforced by an independent World Bank study (Vella, 1995), 

which performed a statistical analysis to characterize the best-oflf and worst-oflF rural 

Malawian households in terms of their socioeconomic position, which is correlated with 

vulnerability. The comparison between the two extreme socioeconomic groups is presented 

in Table 3-5. 

The Malawi Government has determined the two primary underlying causes of household 

food insecurity. The first of these is low agricultural productivity combined with a shortage 

of arable land and small landholding. There are several interrelated factors which combine 

with the agricultural constraints to impact food security. These include the low use of hybrid 

seeds and fertilizer (due to high costs), inadequate access to credit which would enable some 

farmers to overcome some cost issues, the low fertility of much of the soil, low levels of 

available technology, and the lack of crop diversification. This last is due in no small part to 

Government emphasis on maize as the key to food self-sufl5ciency (Government of Malawi 

and United Nations in Malawi, 1993). 
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Table 3-5: Comparison of extreme socioeconomic groups in rural Malawi (Vella  ̂1995) 

Characteristic Best-ofT Group Worst-ofT Group 

Head of Household 
Attended school 73®/o 24% 
Marital status Married (92%) Divorced (37%) 
Gender Male (84%) Female (95%) 
Received farm training 40% 8% 
Holds traditional or 61% 17% 

nontraditional position 

Material Possessions 
Radio 76% 5% 
Bicycle 70% 1% 

Agricultural Possessions 
At least 1 hectare of land 63% 0% 
Cattle 53% 0% 
Goats or sheep 82% 1% 
Oxcart 20% 0% 
Plough 10% 0% 

Cultivation of cash crops 20% 3% 

Use of fertilizer 89% 16% 

Home facilities 
Floor Concrete (97%) Mud 
Roof Better than grass (99%) Grass 
Electricity 20% 0% 
Within 5 km of health unit 71% 42% 
Access to latrine 95% 24% 
Access to tap water 65% 16% 

Poverty (Income) 
40*  ̂Percentile 19% 56% 
20*  ̂Percentile 8% 31% 

Malnutrition (Under 5 years old) 
Underweight 14% 35% 
Stunting 33% 54% 
WnctiniF 3% 13% 

Interestingly, there has been some uncertainty about whether the poorer farmers' lack of 

access to credit is due to their inherent risk aversion predilections and an unwillingness to 

form voluntary credit associations or to "rigidity of credit administration" (Lele, 1990). 
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Another factor related to agriculture which may impinge on food security is latid tetture. 

Varady (1982) notes that criticism of customary land tenure focuses on its discouraging of 

agricultural innovation. Land tenure was identified as a relevant issue by the British 

Information Service (1964), which noted that no cultivator could be expected to develop his 

land to the fullest potential if he could not be assured of permanent tenure, if the land 

possessed no clear market value, and if he could not pass the land on to his children. Some 

critics dismiss land tenure as a primary cause of inadequate agricultural production, and lay 

the blame for this condition on lack of capital and inadequate training (Varady, 1982). 

Other aspects of current land tenure practices also impact on food security. For example, 

although the estate sector has gained much of its land at the expense of the smallholder sector 

used to produce maize for national subsistence, the land claimed by the estates is 

underutilized. Cropping intensities in a sample of estates of more than 100 hectares averaged 

about 23%; about one third of these having 1S% land use rates. Tobacco estates had the 

lowest cropping intensities (Government of Malawi and United Nations in Malawi, 1993). 

The second primary underlying cause of household food insecurity identified by the Malawi 

Government is limited off-farm employment opportunities coupled with low wages. The 

limited number of employment opportunities for those seeking work, and the very low 

minimum wages, which are in any case often unenforced for those who do find work, leaves 

this group highly vulnerable (Government of Malawi and United Nations, 1993). 
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A secondary factor underlying food insecurity is low access to nutrition and health 

information, which may influence how households use their income for food. Low education 

levels are also a factor, since educated women have a positive effect on the nutritional status 

of household members, especially childrea Similarly, educated farmers are better able to take 

advantage of training and extension services (Government of Malawi and United Nations in 

Malawi, 1993). 

3.4.3 Stresses and Shocks Impacting Food Security 

Other long term conditions and realities of Malawian life have also furthered food insecurity, 

although usually inadvertently. For example, not only has the smallholder sector of Malawian 

agriculture been limited as to the crops they may grow, but in addition their export crops are 

taxed, in contrast to tobacco, which they cannot grow, and for which higher, untaxed prices 

are paid (Sahn e( ai, 1994). This policy has been found to adversely affect household 

incomes and the nutrition of preschool age children in poor smallholder 

households. One rationale for the Government policies is the perceived need to avoid having 

the smallholders shift their production from maize for subsistence to tobacco as a cash crop. 

While this would increase smallholder incomes, it also would increase the risk of food 

insecurity in a country with as little available arable land as Malawi. However, Sahn et al. 

(1994) found through economic modeling that the expected decrease in maize production 

would be relatively small, especially in contrast to the benefits that would accrue to the 
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economy in terms of increased GDP and the proportionately greater benefits to the 

smallholders who most need assistance. In this connection, the authors demonstrate that 

concern over decrements in the nutrition levels in smallholder households because of growing 

export crops in place of maize for subsistence is unwarranted 

A second rationale which has been offered for taxing the export crops of smallholders is that 

since Malawi is a major exporter of (buriey) tobacco, a large increase in the amount produced 

(and thus exported) could have a negative impact on the world price. Sahn et a/. (1994) point 

out that this last objection could be addressed by simply shifting some of the licenses to grow 

tobacco away from the leasehold estate sector whose operators are usually well off to the 

smallholders who are not. 

A Government sponsored analysis of poverty in Malawi (Government of Malawi and United 

Nations in Malawi, 1993), argued that it made economic sense even for those with 0.5 ha. of 

land to use 0.1 ha. for growing buriey tobacco. They estimated, based on 1991 prices, that 

growing buriey tobacco on customary land would yield gross revenues of 1,386 Malawi 

kwacha per hectare, compared to 300 kwacha per hectare for traditional varieties of maize 

and 540 kwacha per hectare for composites of traditional and hybrid varieties of maize. They 

note that only since 1990, under pressure from international donors, have any of Malawi's 

smallholders been allowed to grow buriey tobacco on their own land. This study concluded 

that "one obvious and promising means of ....enabling (smallholders) to improve their incomes 

would be to extend tobacco quotas widely" (Sahn et aL, 1994). 
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Apart from these chronic long-term or semi-permanent conditions which define and shape the 

poverty and malnutrition often associated with vulnerability and food insecurity, Malawi has 

suffered other, transient short-term or "one-time" "shocks" which have stressed the resources 

and coping strategies of people who in many cases were already marginalized and at their 

limits. These shocks have all had impacts on food security and on economic and social 

conditions in Malawi. 

For example, in 1991-1992 a major drought hit Malawi (and other countries in Southern 

Afnca). This particular drought was considered the worst seen in that region for 40 years 

(USAID, cited in Babu, 1995). Malawi was the most seriously affected country, with an 

estimated affected population of 5.7 million people, compared to 100,000 people estimated 

to have been affected in Botswana. This drought resulted in national maize production 

dropping by 60%, from 1,638,000 metric tons (MT) down to 662,000 MT. Consequently, 

about 582,000 MT were pledged by donors, of which 356,000 MT were delivered. By 

importing 150,000 MT of maize, the government was able to avoid mass starvation and mass 

migration to relief camps, as well as catastrophic outbreaks of disease. Additional credit for 

averting a major disaster goes to the availability of government maize stocks from earlier 

years (the SGR), and to household coping strategies. However, given the variability of 

rainfall in many parts of Africa, including Malawi, the potential for periodic droughts to cause 

large scale disruptions to the tenuous food security of many Malawians is a continuing fact 

of life. 

I 
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Another source of shocks and stresses was the influx of Mozambican refugees fleeing a rebel 

insurrection in that country. This refugee population grew at a rapid rate. In November 1986 

there were an estimated 70,000 refugees in Malawi. In July 1987 the estimate was 200,000, 

by April 1988 450,000-500,000, and in 1992, the number of refugees was estimated to be 

900,000-1,000,000 (HufiOnan, 1992). Since in 1992 Malawi's population was less than 8 

million, this means that more than one out of every ten people in Malawi at that time was a 

refugee. Given the inability of Malawi to adequately care for many of its own people, the 

refugees put significant stresses on the economy and on the environment in the areas along 

the border with Mozambique. The refiigee population also exacerbated the problems of 

insufficient arable land and the local shortage of water, both problems which had already 

existed for local Malawians. Additionally, deforestation, which had been a problem for 

Malawi prior to the arrival of the refugees, accelerated (Huffman, 1992). 

The refugees were primarily subsistence farmers and rural plantation workers, some of whom 

brought cattle and small harvests to Malawi, while others tended to farm plots in Mozambique 

by day. However, the 1991-1992 drought made even these accommodations largely 

impossible. Although some relief fimding was provided by the donor community, Malawi also 

had to rely on goodwill from neighboring countries to allow emergency drought relief aid to 

be transhipped to reach the refugees (Steams, 1993). Ironically, it was precisely the conflict 

in Mozambique which kept goods from going from Mozambican ports to the areas in 

southern Malawi where most of the refugees were (HuflBnan, 1992). By one estimate, the 

war in Mozambique raised Malawi's transportation costs by $50 million (Lele, 1990). Among 

» 
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other things, the refugee problem is considered one of the main reasons (along with the 1991-

1992 drought) that Malawi needed to import food during this period. 

Malawi has also suffered food insecurity problems as a consequence of three structural 

adjustment loans (SAL) made by the World Bank and other donors between 1981-90. The 

conditions attached to these loans included raising producer prices for smallholders, 

eliminating both consumer price and fertilizer subsidies, adjustments to exchange and interest 

rates, higher fees for utilities and services, cuts in Government expenditures, and shifts in 

intersectoral investment to agriculture, health, education and housing. Further, within the 

agriculture sector, the grain market was liberalized and there was forced divesture of public 

holding companies owned and operated by Malawi's elites (Lele, 1990). Unfortunately, these 

conditions, imposed for short-term macro-economic reasons, impacted negatively on the food 

security of many Malawians in several different ways. 

One of the ways the conditions of these SALs affected food security resulted from the closing 

of about 120 out of the 1,400 ADMARC markets, as part of the liberalization of the grain 

market (Lele, 1990). Dislcmce to markets has been used as an indicator of poverty in a 

Government of Malawi study (Government of Malawi and United Nations in Malawi, 1993), 

with greater distances being correlated with higher poverty levels. Clearly, the closing of over 

8% of the existing ADMARC markets affected this. Worse yet, 109 of these markets were 

in the more heavily populated Southern Region which depended more on ADMARC grain 

sales (Lele, 1990). 
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The timing of the liberalization was also unfortunate, as it occurred at the same time that the 

number of refugees from Mozambique was becoming quite large. Consequently, ADMARC 

ran out of maize, and as the market price of maize rose in response, ADMARC was able to 

buy less grain for subsequent resale which affected the food security of a large number of 

people. Field surveys showed that about 90% of households in the Southern Region ran out 

of maize and had little cash for buying food. This lefl, as the only option for smallholders, the 

need to accept work on more prosperous farms in order to get money to buy food. However, 

taking work on others' farms came at the expense of preparing their own farm plots, thereby 

putting their next year's food security at risk as well (Lele, 1990). 

Removal of the fertilizer subsidy also had unintentional, negative, impacts on food security. 

Because of Malawi's limited amount of available, arable land and burgeoning population, 

increased crop production must come about largely through yield increases, in which fertilizer 

plays a key part. The fertilizer subsidy for smallholders was intended to mitigate high 

transportation costs and price fluctuations which jointly made Malawi's fertilizer-price-to-

maize-price ratio excessively high (except during 1981-82, when the Government raised the 

price of maize, thereby reducing this ratio). 

Donors' reasons for insisting that the subsidy be removed were based on concerns that the 

beneficiaries of the subsidy were not the poorer smallholders as intended. It was, however, 

this poorer group that was impacted by its removal. Because, by 1987, the Mozambican 

refugee population was growing, and government food stocks were low, the Government, 

I 
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along with other actions, raised the price it paid for maize in lieu of a large fertilizer subsidies 

as a means to spur production. This hurt the many of food deficit households who were 

forced to buy maize in the market. 

Another one-time shock which impacted Malawi's food security in recent years was the 

Mealybug disaster which occurred in the Nkhata Bay District of Malawi in 1986. During a 

six month period begiiming in July of that year, this insect pest destroyed virtually the entire 

cassava crop along the shore of Lake Malawi. This affected some 80,000 people, for whom, 

in that part of Malawi, cassava is the primary staple food. Given the few alternative sources 

of income in this district, this disaster created an acute food shortage and the recognition of 

the need to develop long term crop diversification strategies and plans (Pelleteir, 1990). This 

situation caused the Government to distribute limited amounts of food aid and to initiate 

programs urging the population to grow alternative crops, of which the primary one 

suggested was maize (Pelleteir, 1990). 

Finally, another, more recent shock, but with more widespread efifects, was the 1992 cutoff 

of aid fi'om the World Bank and Western donor nations including the United States, Britain, 

France, Germany, Japan, Portugal, and Denmark over what was perceived to be Malawi's 

dismal performance regarding human rights. Specifically, the proximate cause of the aid 

cutoff was the number of protestors killed during riots staged over the arrest of an opposition 

leader and the generally repressive treatment of members of the political coalition opposed 

to (the late former president Hasting Kamuzu) Banda's rule. 
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Because at this time much of this aid was intended to support the Mozambican refugees 

population in Malawi and to provide relief from the effects of the serious 1991-1992 drought, 

the donors pointed out that drought relief programs and those providing humanitarian 

assistance to the refugees would not be afifected. However, this left about $100 million in 

humanitarian aid which was withheld (Riding, 1992). In fact, Malawi tried to link the aid 

cutoff to reduced care for these refiigees. After former U.S. Vice President Quayle's told 

then-President Banda on a 1992 visit to Malawi that failure by Malawi to improve its human 

rights record would impact "bilateral relations," the Malawi Government responded by noting 

that any cuts in development assistance would immediately affect feeding programs for the 

refugees (Steams, 1993). 

Malawi has significant food insecurity problems. Because these problems are inter-reiated 

with deep seated, extreme poverty and malnutrition arising from multiple complex causes, 

their eradication or mitigation will take extended periods of time, during which these 

problems will continue to exist. It is therefore imperative that extensive, comprehensive 

analyses of vulnerability and food security in Malawi be conducted at the earliest possible time 

in order to contribute to the deeper understanding and solution of these problems. 
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4.0 Analysis Design and Overview 

Select mathematical and statistical methods were used in sequence to 

investigate the validity of the research hypotheses: that vulnerability to 

food insecurity is correlated to measurable indicator parameters which may 

vary over geographical areas. 

This chapter presents an overview and discussion of the design of the analyses used to 

investigate the research hypotheses. These hypotheses are: Vulnerability to food insecurity 

can be statistically correlated with indicators of food security. Moreover, the indicators to 

which it is correlated may vary from region to region within a single country. Although it 

is flirther contended that the indicators correlated to food insecurity also vary over time for 

the same intra-national geographical area, the data that were available for Malawi were 

essentially representative of a single point in time. These data would not support an analysis 

of the temporal variation in key indicators of vulnerability and food insecurity, and so this 

issue is not addressed in this work. 

In order to test the research hypotheses, several analytic steps were carried out in sequence. 

This sequence is shown in Figure 4-1. Since the hypotheses are statements of statistical 

relationships, these steps necessarily used different mathematical or statistical algorithms to 

generate needed variables and/or to prepare the data for the next step in the processing 

sequence. 



Key Correlates of 
Vulnerability and Food 

Security in Malawi 

Regional (Intranational) 
Variations in Correlates 

Group Malawi's 154 
EPAs into Non-

overlapping Ousters 

Analyze each Cluster to 
Determine Which 

Indicators Are 
Statistically Related to 
Each Proxy Variable 

Define National Level 
Proxy Variable(s) for 
Vulnerability to Food 
Insecurity in Malawi 

Compare Results Across 
Clusters 

Figure 4-1: Sequence of Analysis Steps 



180 

The steps in this processing sequence were: 

1. Defining a national level proxy (or proxies) for vulnerability and food insecurity, 

2. Decomposing Malawi into the dififerent regions to be independently analyzed, 

3. Determining the indicators to which the proxy variable(s) for vulnerability and 

food insecurity are correlated at statistically meaningful levels in the diSerent 

clusters, 

4. Comparing the results across the difif^ent regions determined in Step 2 to evaluate 

the differences in results, and, 

5. Establishing that the results are significantly different fi'om region to region. 

These steps are addressed in the following subsections. The conceptual rationale for each 

step is presented along with an overview and brief discussion of the methods which were used 

to accomplish it. However, before discussing the analytic methods which were used, it is 

appropriate to discuss the scale of the data base. This is the level of the 

geographical/administrative units for which the data were defined and processed. These 

"analysis units" were subsequently combined into regions, or "clusters" of the original units 

for analysis. This clustering process is discussed in Section 4.2.2 and again, more 

comprehensively, in Chapters 5 and 6. 
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4.1 Data Base and Analysis Scale 

A decision which impacts all aspects of the analyses is the "scale" of the data base. This term 

refers to the to the size and hierarchical level of the units for which the various data were 

collected, or to which they were processed in the data base. These units represent the data 

"cases" which were then grouped into clusters for the independent analyses. 

The scale of the data base for this work was selected to be the Extension Planning Area 

(EPA), a fourth level Agricultural unit. The country of Malawi, Agricultural Development 

Districts (ADD), and Rural Development Projects (RDP) are the first, second, and third level 

agricultural units, respectively (WFP et al., 1996). Note, that the EPA is not defined by 

administrative boundaries as are regions or districts. The EPA was selected as the scale for 

this data base for the following reasons: 

1. There are a manageable number of these units (154), yet the number is large 

enough to permit their use as data "cases" for mathematical and statistical 

processing, 

2. Their size (about 600 km^) (WFP et al, 1996) ensures greater internal 

homogeneity than would be likely with larger size units, 

3. Some of the data (primarily agricultural statistics) are routinely collected at the 

EPA level, 

4. The use of the EPA level for analyses of vulnerability and food insecurity in 

Malawi was accepted by several ministries and donor/NGOs (WFP et al.. 
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1996). Therefore, data defined at this level have an intrinsic acceptance that 

the use of other data scales might not enjoy, and 

5. These were the units used in the previous analysis of Malawi that I supported 

(WFP, etal,\996). 

Table 4-1 lists all of the EPAs, and the district. Rural Development Project (RDP), and 

Agricultural Development District (ADD) in which they occur. This table also contains an 

"EPA number" for each EPA which is keyed to the map in Figure 4-2 showing the location 

of each EPA. 

Many of the data used in this research were not originally collected at the EPA level. 

Consequendy, various problems in the data base and in the scale at which some variables were 

collected had to be corrected or resolved before the subsequent processing and analyses could 

be performed. All of these problems and their resolutions are described in Chapter 5, Section 

5.1. 

Table 4-1; Malawi's EPAs (FEWS, 1996) 

EPA 
Number 

EPA Name District RDP ADD 

1 Bazale Machinga Balaka Machinga 

2 Bembeke Dedza Dedza HUls Lilongwe 

3 BiUni Ntcheu Bwanje Valley Saiima 

4 Bolero Rumphi Rumphi Mzuzu 

5 Bocwe Dowa Dowa West Kasungu 

6 Bulala Mzlmba Mzimba Central Mzuzu 



7 Bwengu Mzimba Rumphi Mzuzu 

8 Chafumba Declza Thiwi Ufidzi Lilongwe 

9 Chamama Kasungu Kasungu Kasungu 

10 Champhira Mzimba Mzimba South Mzuzu 

11 Chigonthi Lilongwe Lilongwe East Lilongwe 

12 Chikweo Machinga Kawinga Machinga 

13 Chikwina (SCA) Nkhata Bay Nkhata Bay Mzuzu 

14 Chilaza Lilongwe Lilongwe West LUongwe 

15 Chilipa Mangochi Bwanje Valley Salima 

16 Chingale Zomba Zomba Machinga 

17 Chinguluwe Salima Salima Salima 

18 Chintheche Nldiata Bay Nkhata Bay Mzuzu 

19 Chioshya Mcfainji Mchinje Kasungu 

20 Chipoka Salima Salima Salima 

21 Chipulca Ntchisi Ntchisi Kasungu 

22 Chisenga Chitipa Chitipa Karonga 

23 Chisepa Dowa Dowa West Kasungu 

24 Chitckwele Lilongwe Lilongwe East Lilongwe 

25 Chithelui NIdiata Bay Nkhata Bay Mzuzu 

26 Chitscme Lilongwe Lilongwe East Lilongwe 

27 Chivala Dowa Dowa East Kasungu 

28 Chiwamba Lilongwe Lilongwe East Lilongwe 

29 Chulu Kasungu Kasungu Kasungu 

30 Dimela Lilongwe Lilongwe West Lilongwe 

31 Dolo Chikwawa Chikwawa Ngabu 

32 Dzaone Zomba Zomba Machinga 

33 Emfeni Mzimba Mzimba South Mzuzu 

34 Eswazini Mzimba Mzimba Central Mzuzu 

35 Euthini Mzimba Mzimba Central Mzuzu 

36 Golomoti Dedza Bwanje valley Salima 

37 Kabwazi Dedza Thiwi Lificizi Lilongwe 



38 Kalambo Chilmawa Chikwawa Ngabu 

39 fCalira Ntchisi Ntchisi Kasungu 

40 Kalulu Mchinji Mchinji Kasungu 

41 KaluJuma Kasungu Kasungu Kasungu 

42 Kambanizithe Lilongwe Lilongwe West Lilongwe 

43 Kandeu Ntcheu Ntcheu Lilongwe 

44 Kanyama Dedza Deiiza Hills Lilongwe 

45 Kaphulca Dedza Dedza Hills Lilongwe 

46 Kaporo North Karonga Karonga Karonga 

47 Kaporo South Karonga Karonga Karonga 

48 Karongo Central Karonga Karonga Karonga 

49 Karonga South Karonga Karonga Karonga 

50 Kasongo Mulanje Phaiombe Blantyre 

51 Kasungu Chipal Kasungu Kasungu Kasungu 

52 Katuli Mangochi Namwera Machinga 

53 Kavukuku Chitipa Chitipa Karonga 

54 Khombedza Salima Salima Salima 

55 Khosolo (SCA) Mzimba Mzimba Central Mzuzu 

56 Linga Nkhotakota Nkhotakota Salima 

57 Linthipe Dedza Thiwi lifldzi Lilongwe 

58 Lirangwe Blantyre Shire Highlands Blantyre 

59 Lisasadzi Kasungu Kasungu Kasungu 

60 Lisungwi Mwanza Mwanza Blantyre 

61 Livunzu Chikwawa Chikwawa Ngabu 

62 Lobi Dedza Thiwi Lifidzi Lilongwe 

63 Lufita Chitipa Chitipa Karonga 

64 Lungwena Mangochi Mangochi Machinga 

65 M'ngwangwa Lilongwe Lilongwe West Lilongwe 

66 Madisi Dowa Dowa West Kasungu 

67 Magoti Nsanje Nsanje Ngabu 

68 Maiwa Mangochi Mangochi machinga 



69 Makhanga Nsanje Nsanje Ngabu 

70 Malomo Ntchisi Ntchisi Kasungu 

71 Malosa Zomba Zomba Machinga 

72 Manjawira Ntcheu Ntcheu Lilongwe 

73 Manyamula Mzimba Mzimba Central Mzuzu 

74 Masambanjati Thyoio Shire Highlands Blantyre 

75 Masuku Mangochl Namwera Machinga 

76 Matapvrata Thyoio Shire EUghlands Blantyre 

77 Mayani Dedza Dedza HiUs Lilongwe 

78 Mbawa Mzimba Mzimba South Mzuzu 

79 Mbewe Chikwawa Chilcwawa Ngabu 

80 Mbonechera Machinga Kawinga Machinga 

81 Mbwadzulu Mangochl Mangochi Machinga 

82 Mikalango Chikwawa Chikwawa Ngabu 

83 Mikundi Mchinji Mchinji Kasungu 

84 Ming'ongo Lilongwe lilongwe West Lilongwe 

85 Misuku (SCA) Chitipa Chitipa Karonga 

86 Mitole Chikwawa Chilcwawa Ngabu 

87 Mjioge Mzimba Mzimba Central Mzuzu 

88 Mkanda Mchinji Mchinji Kasungu 

89 Milomba Lilongwe Lilongwe West Lilongwe 

90 tVOonyeni Mchinji Mchinji Kasungu 

91 Mndolera Dowa Dowa West Kasungu 

92 Mombezi Chiradzulu Shire Highlands Blantyre 

93 Mpamba Nkhata Bay Nkhata Bay Mzuzu 

94 Mpatsa Nsanje Nsanje Ngabu 

95 Mpeou Lilongwe Lilongwe East Lilongwe 

96 Mpherembe Mzira Rumphi Mzuzu 

97 Mphompha (SCA) Rumphi Rumphi Mzuzu 

98 Mpilipili mangochl Mangochi Machinga 

99 Mpilisi Machinga Balaka Machinga 



100 Mpinda Mulanje Phalombe Blantyre 

101 Mpingu Lilongwe Lilongwe West Lilongwe 

102 Mpokwe Zomba Zomba Machinga 

103 Mponela Dowa Dowa West Kasungu 

104 Msitu Mchlnji Mchinji Kasungu 

105 Msondole Zomba Zomba Machinga 

106 Mtakataka Dedza Bwanje Valley Salima 

107 Mtiramanja Mangochi Mangochi Machinga 

108 Muhuju Rumphi Rumphi Mzuzu 

109 Mulanje South Mulanje Mulanje Blantyre 

110 Mulanje West Mulanje Mulanje Blantyre 

111 Mvera Dowa Dowa East Kasungu 

112 Mwamkumbwa Chitipa Chitipa Karonga 

113 Mwansambo Nkbotakota Nkhotakota Salima 

114 Mvranza Mwanza Mwanza Blantyre 

lis Nachisaka Dowa Dowa East Kasungu 

116 Nakachoka Lilongwe Lilongwe East Lilongwe 

117 Namlnjiwa Mulanje Phalombe Blantyre 

118 Namkumba Mangochi Bwanje valley Salima 

119 Nampeya Machinga Kawinga Machinga 

120 Namyumbu Machinga Kawinga Machinga 

121 Nasenga Mangochi Mangochi Machinga 

122 Neno Mwanza Mwanza Blantyre 

123 Mayaka Ngwewero Zomba Zomba Machinga 

124 Njolomole Ntcheu Ntcheu Lilongwe 

125 Nkhata Bay Boma Nkhata Bay Nkhata Bay Mzuzu 

126 Nkhulambe Mulanje Piialombe Blantyre 

127 Nkhunga Nkhotakota Nkhotakota Salima 

128 Nsanama Machinga Kawinga Machinga 

129 Nsanje Nsanje Nsanje Ngabu 

130 Nsipe Ntcheu Ntcheu Lilongwe 



131 Ntchenachena (SCA) Rumphi Rumphi Mzuzu 

132 Ntchisi Boma Ntchtei Ntchisi Kasungu 

133 Nthondo Lilongwe Lilongwe West Lilongwe 

134 Ntiya Mangochi Namwera Machinga 

135 Ntonda Blantyre Shire Highlands Blantyre 

136 Ntubwi Machinga Zomba Machinga 

137 Nyachilenda Nsanje Nsanje Ngabu 

138 Nyambi Macfainga Kawinga Machinga 

139 Nyanja Lilongwe Lilongwe East LUongwe 

140 Phalula Machinga Balaka Machinga 

141 Santhe Kasungu Kasungu Kasungu 

142 Sharpevale Ntcheu Bwanje valley Salima 

143 Sinyala Lilongwe Lilongwe West Lilongwe 

144 Tamanl Mulanje Phalombe Blantyre 

145 Tembwe Salima Salima Salima 

146 Thondwe Zomba Zomba Machinga 

147 Thumbwe Chiradzulu Shire Highlands Blantyre 

148 Thyolo Boma Thyolo Shire EQghlands Blantyre 

149 Tsangano Ntcheu Ntcheu LUongwe 

150 Ukwe Lilongwe Lilongwe West Lilongwe 

151 Ulongwe Macfainga Balaka Machinga 

152 Wanuna Mulanje Phalombe Blantyre 

153 Zidyana Nkhotakota Nkhotakota Salima 

. ISi Tjimhwe 



Figure 4-2: Malawi's EPAs (FEWS, 1996) 
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This section presents brief overview discussions of the analysis design and methodologies and 

the sequence in which they were used here. Figure 4-2 presents a flowchart of the sequence 

of steps in the overall analysis. These steps are discussed in the following subsections. 

4.2.1 Definition of Proxies for Vulnerability and Food Insecurity 

A Principal Components Analysis (PCA) of the set of "outcome" variables 

provided suitable proxy variables for vulnerability and food security. These 

projq; variables represent different aspects of vulnerability and food 

insecurity in MalmvL 

Vulnerability is more easily recognized than quantitatively defined or quantified This point 

was made in Chapter 1 with the presentation of some of the diverse definitions, concepts, and 

factors which have all been considered at one time or another. In spite of this difiBculty in 

reaching some universally accepted definition, my analysis required that some quantifiable 

measure or expression of vulnerability be defined. The reason for this requirement is that if 

some of the indicators of vulnerability and food insecurity are to be statistically correlated to 

"vulnerability," then this term must itself be expressed in quantifiable terms. Another property 

which a suitable proxy must have is that it must represent outcomes. That is, it must be some 
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parameter which measures the results of vulnerability or food insecurity rather than the 

underlying causes or triggers. 

The choice for measures or proxy variable(s) for vulnerability is driven by both conceptual 

arguments and the availability of suitable data. While conceptual arguments may favor some 

particular parameter, the limited availability of many of the desired data may have more 

influence on what is ultimately used. Parameters that have been suggested or used as proxies 

for vulnerability food aid distributed (WFP et al., 1996), total income (where all non

monetary income is converted according to its market value i.e., crops grown are converted 

to monetary units according to their average market value) (FEWS 1994 vulnerability 

assessment in Niger), average per capita kilocalories consumed daily, and percentage of 

people in an area eligible for relief (Seyoum et al., 1995). 

Typically, the major objection raised to all of the above variables is that while they capture 

one or more aspects of vulnerability, they do not capture or consider all of them. A second 

objection often raised for those variables like "total income" or "average kilocalories 

consumed daily is that not all indicators of potential interest can be converted into these 

terms. While the relative utility and advantages/shortcomings of any of these parameters can 

be debated at length, their ultimate selection is often based on what data are available. For 

example, in WFP et al. (1996) and the present work, ̂ oc/ aid distributed per EPA was 

considered for use as a proxy. However, the available data represented too few EPAs to be 

useable for these analyses. 
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The subset of data base variables which measure outcomes was examined. This subset, which 

consisted of 10 variables measuring different outcomes associated with vulnerability and food 

insecurity, will be defined and discussed in detail in Chapter 5. Instead of choosing one of 

these variables to act as a single proxy for vulnerability, the structure of the subset of outcome 

variables was analyzed to find a way to capture the dilSerent aspects of vulnerability 

represented by the entire set of these variables, and to select some combinations of these 

outcome variables which reflect that structure. 

The mathematical method chosen to accomplish this is Principal Components Analysis 

(PCA). In mathematical terms, a PCA of a set of variables is a coordinate transformation 

in A'^ dimensional space in which the original set of variables is transformed into a new set of 

variables (the N principal components). These new variables have the useful property that 

they are all mutually orthogonal and, also, the axes of these new variables lie in the (mutually 

orthogonal) ranked directions of the maximum variance of the original data cloud. This 

implies that each principal component can be quantitatively expressed as a linear combination 

of the original variables. This allows any principal component's value to be calculated fi-om 

the known values of the original variables (Norusis, 1994). 

The principal components are defined by these linear combinations of the original variables. 

The most heavily weighted variables in each principal component tend to be those which vary 

similarly, or are correlated. Each principal component may therefore exhibit a major feature 

or aspect of the data set, and thus illuminate its internal, intrinsic structure. 
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When PC A was used to analyze the set of 10 outcome variables in the Malawi data base, 

three significant principal components resulted. A "significant" principal component is one 

for which the eigenvalue > 1.0. Since any of the original variables have an eigenvalue = 1.0, 

any principal component with an eigenvalue < I.O "explains" at best the same amount of 

variance of the original data set as one of the original variables and, therefore, is not 

considered to be significant (Norusis, 1994). 

Each of the three significant principal components of the Malawi outcome data set represent 

a different aspect of vulnerability and food insecurity in Malawi, and are all used as proxies 

for vulnerability and food insecurity. Further, the set of these three principal components was 

used to define a new, abstract, variable which captures some of all three of the individual 

proxies, and serves as an additional proxy variable. This concept will be fiiUy discussed and 

illustrated in Chapter 5. 

PCA also reduces the number of variables which must be considered in subsequent processes 

and algorithms because replacing the original set variables with the significant principal 

componerits results in fewer variables to consider, since some of the N principal components 

will not be significant. This advantage comes at the cost of not "explaining" all of the 

variance in the original data set. The "information" in a set of A-dimensional data points is 

considered to be embodied in the variance of that data set. If data "cases" are defined by N 

indicators or other variables, the set of these data points forms an ̂ -dimensional "data cloud." 

The information in this data cloud is its variance in the dimensions (i.e., the variance in all 
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of the directions along the axes defined by the variables). The principal components wiiich 

result are variables defined along the (new) axes of maxinuun variance of the data cloud. The 

axis of the first principal component lies in the direction of maximum variance in N 

dimensional space, and therefore captures more of the total variance of the data cloud than 

any other possible variable. The second principal component has its axis in the direction 

which captures the next greatest amount of the total variance of this data cloud and is 

orthogonal to the axis of the first principal component, etc. 

Part of the value of this property lies in the fact that if the preponderance of the total variance 

of the data cloud lies in fewer than N dimensions, then this preponderance of the total 

variance can be captured or expressed with fewer than N variables. In other words, by 

expressing the data cloud in terms of the significant principal components rather than the 

original variables, it is possible to capture "most" of the total variance with fewer variables. 

This is valuable because when a set of such variables are to be used as the independent 

variables with methods such as multiple linear regression, having fewer independent variables 

increases a desirable property of the regression model known as the degrees of fi'eedom and 

results in better overall results. Thus, if a high enough proportion of the total variance of the 

^dimensional data cloud can be captured with fewer than variables, better results may be 

obtained by subsequent processing. 
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4.2.2 Defining Clusters of Malawi's EPAs 

Expert opinion and consensus was used to partition Malmvi into distinct, 

non-overlapping, clusters of EPAs, each of which was then independently 

analyzed with respect to vulnerability and food insecurity. Another 

approach using K-means clustering was tested as a method for re/ining the 

initial analyses. This approach was not successful in providing improved 

results. Classification trees were then used to improve the original results. 

The unit of both the analysis and the data base is the EPA. In order to perform the various 

analyses which comprise the heart of this research, it was necessary to first "cluster" the 

individual EPAs into groups prior to analyzing each "grouping" or "cluster" independently. 

Therefore, some means of performing this clustering process was needed in order to arrive 

at the final clustering of EPAs into analysis clusters. 

Generating the original clusters required two separate processes, performed sequentially. The 

first of these was to arrive at the conceptual basis for grouping EPAs into the same clusters. 

The second process involved developing decision rules which determined which cluster each 

EPA was assigned to in accordance with the conceptual groupings defined in step 1. 

For the predecessor study to this research, consensus of a group of country "experts" was 

used to first define the conceptual basis for the definitions of the clusters and to then create 
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the decision rules which eneibled each EPA to be assigned to the most appropriate cluster. 

The underl)^g concept for defining the analysis clusters and for assigning EPAs to the 

different clusters was to define the dominant influences on lifestyles and food economies in 

the EPAs. The decision tree for assigning EPAs to clusters was based on deciding which 

cluster definition most accurately describes the dominant influence on the lifestyles and food 

economy of each EPA. 

As will be clear fi-om the discussions below and in Chapters S and 6, both the conceptual basis 

for clustering and the decision tree rules are unambiguous. But, because of data uncertainties 

and the diverse nature of Malawi's EPAs, some EPAs might have been assigned to several 

different clusters. Such ambiguities could have had significant effects on the subsequent 

analyses and the results derived therefi'om. 

To reduce this possibility here two additional methods for defining the analysis clusters were 

tested. The first of these, K-mecms clustering, is one of a number of clustering algorithms 

referred to as "agglomerative statistical clustering" because they build clusters fi'om individual 

cases (EPAs). This method grouped individual EPAs into the user-specified number of 

clusters {K), according to similarities in the EPAs' values of parameters selected by a 

Vulnerability Analysis Technical Working Conmiittee of the Malawi Government. 

The use of this method also entailed the use of the Analytic Hierarchy Process (Saaty, 1980), 

as described by Hutchinson and Hall (1992) and modified by me (see Chapter 5), as a 
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procedure for determining the weights of these parameters prior to the actual K-means 

clustering. While the results of these processes were statistically coherent, they resulted in 

clusters with so little geographical contiguity that the clusters of EPAs obtained with this 

approach were deemed to be unacceptable to me, to a FEWS analyst in Malawi (L. 

Moriniere), and to the USAID Agriculture Officer in Malawi (K. Rockemann) and were not 

subsequently used The preparation of the data for this clustering, the objective of the 

clustering algorithm, and the results of these methods are detailed in Chapters 5 and 6. 

The second method, recession trees, partitioned the set of Malawi's 154 EPAs into clusters 

which satisfied criteria involving both the original cluster definitions and the Government 

specified parameters of interest. These results suggested that classification trees can be used 

to produce more useful and statistical coherent clusters than the expert consensus approach 

or K-means clustering. Consequently this method was used to produce the final clusters of 

EPAs which were then independently analyzed with respect to vulnerability and food security 

in Malawi, as required for this research. These methods and the results obtained through their 

use are detailed in Chapters 5 and 6. 

I 
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4.2.3 Determination of the Correlates of Vulnerability and Food Insecurity 

Bivariate correlation, classification and regression trees (CART), and 

multiple linear regression %vere all used to determine which indicators were 

meaningfully related to each projq  ̂ for vulnerability. This was done 

independently for each EPA cluster. 

Once the proxies for vuhierability and food insecurity were defined and the clusters of EPAs 

generated, the next step of the analysis was to determine the factors and indicators which 

were correlated with vulnerability and food insecurity in each of the EPA clusters. In order 

to make the results comparable across clusters, the same proxies for vulnerability were used 

for all clusters. These proxies were the significant principal components of the set of outcome 

variables for the country-wide data base, and were thus defined at the national level. 

Three algorithms were used sequentially to determine the correlates of vulnerability and food 

insecurity. The first of these entailed the generation of bivariate correlation coefficients. 

These measure the strength and statistical significance of the linear relationship between two 

variables. If the variables are related in a nonlinear manner, the correlation coefficients may 

be quite low. One way to see if this is the explanation for low coefficients for pairs of 

variables thought to be closely related is to generate the scatterplots of the two variables 

plotted against each other and look for clear, nonlinear patterns in the data. 
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For this analysis the bivariate correlation coefficients were generated for every combination 

of one indicator variable and one proxy variable. This was done independently for each EPA 

cluster. Scatterplots were generated for select indicator-proxy pairs to look for suspected 

strong nonlinear relationships. 

The method of classification trees was mentioned above regarding its use in generating the 

final set of clusters. In the context of determining correlates of the defined proxies, the 

method of regression trees was used, independently for each cluster, to determine the subset 

of data base indicator variables which can be used to divide up the EP As in each cluster into 

subgroups which are more homogeneous with respect to each of the proxies than was the set 

of all EPAs in the cluster taken together. (The difference between the methods of 

classification trees and regression trees is that the former uses a categorical dependent 

variable and the latter a continuous one.) The software package Classification and 

Regression Trees (CART) (2) was used for calculations with both methods. 

A principal reason for using CART is that the output is in the form of a decision tree which 

shows each step in the decomposition of the totality of EPAs (in this case the entire cluster) 

into homogeneous subgroups. Each step is defined by the selection of one of the subgroups 

defined at that point (which is fiuther split at this stage), one of the independent variables (in 

this case an indicator) and a value for that variable. The variable is called, in CART 

terminology, the splitting variable," and the value the "splitting value." Each step is thus 

defined as the selection of one of the subgroups and the variable and value which will be used 

i 
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to further subdivide it (Steinberg and Colla, 1995; Brieman et cd., 1984; Seyoum et al., 1995). 

A particularly useful feature of the CART approach is that, unlike linear regression or some 

other mathematical methods, CART does not require that the relationship between 

independent and dependent variables be in any particular functional form. This allows CART 

to be used without regard to the functional relationship (if any) between the independent and 

dependent variables. Additionally, CART allows the use of categorical independent variables 

with either classification or regression trees, which greatly broadens the range of data sets and 

problems that can be addressed (Steinberg and Colla, 1995; Brieman et al., 1984). 

The variables selected by CART in its decision tree are those which increase homogeneity of 

the resulting subclusters with respect to the dependent variable, which in this case is one of 

the proxies. Variables sequentially selected by the CART algorithm are those which are 

significantly correlated with the dependent variable. The sequence of steps in the CART 

process determines that subset of independent variables (the indicators) that are most useful 

in segregating data cases (EPAs) into subclusters which are more homogeneous with respect 

to the dependent variable. Cast into the language of food security, CART identifies the 

indicators (and their values) which best group the EPAs in a cluster into subclusters vsdth 

similar levels of (the proxy for) vulnerability and food insecurity. 

This process can be used as a precursor to multiple linear regression, which imposes more 

stringent statistical and distributional criteria on both the independent and the dependent 

variables. Following the CART process, the proxies are used, one at a time for each cluster. 
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as dependent variables, and the indicators selected by CART as the independent variables in 

classical multiple linear regression models. The advantage of first using CART as a precursor 

process is that CART selects the best subset of indicators to use as the independent variables 

for each of the multiple linear regression models. This use of CART is suggested in the 

documentation which accompanies the CART software (Steinberg and Colla, 1995). 

Another strength and property of CART is that the selection of splitting variables and values 

gives insight into the internal structure of the data and, therefore, into the processes which 

they reflect. Specifically, from the splits which CART chooses, some of the data interactions 

can be ascertained. This point will be explained by discussion of examples in Chapters 5 and 

6. Note that with a method like multiple linear regression the significant independent 

variables must be known in advance, consistent with some a priori conceptual model. In 

contrast to this, the CART subgroups defined by the sequence of splits may in some cases 

have an intuitively clear interpretation. This can provide significant help in understanding the 

inherent nature and structural dynamics of the problem being analyzed. 

I also used CART as a "front end" to suggest suitable subsets of indicators for use as the 

independent variables in multiple linear regression modeling. Additional indicators were also 

used, based on my understanding of conditions in Malawi. The specific way in which the 

resultant multiple linear regression models were generated was to enter all of the desired 

indicators as independent variables v^th each proxy used as the dependent variable. 

Indicators whose significance level as coefiBcients in the resultant models was > 0.3 were 
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eliminated from consideration, one at a time, with the worst indicator (highest significance 

level) eliminated first. 

This process was repeated until the remaining set of independent variables (indicators) were 

all at the desired threshold significance level or better (lower). This particular threshold 

significance level can be loosely interpreted as requiring that the probability that there is a 

statistically meaningful relationship between the indicator and the proxy variable used as the 

dependent variable >0.7. This threshold was used to allow initial consideration of as wide 

a range of meaningful indicators as possible. My approach and the particulars of it were 

deemed acceptable by a professional statistician with over 20 years of career experience, 

including a stint as an Associate Professor of Statistics at the University of Arizona (J. G. 

Caldwell, personal communication, 1997). 

4.2.4 Comparison of Cluster Level Results 

Results from the analyses of the Afferent EPA clusters were compared to 

shmv that different indicators are significantly correlated to Afferent 

proxies for vulnerability in the different clusters. 

The bivariate correlation, regression trees, and multiple linear regression analyses were done 

for each EPA cluster independently. Only the proxy variables for vulnerability and food 
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insecurity were common to all of the analyses in order to make the results comparable across 

clusters. Largely because of some of the known weaknesses in the data base (see Chapter 5) 

the statistical parameters which are part of the output of multiple linear regression models 

were not used for forecasting parameters. They were only used to confirm that various 

indicators can be correlated with (these proxies for) vulnerability and food insecurity. It only 

remains to show that the correlates of these proxies may vary from cluster to cluster. Since 

the clusters are largely made up of contiguous EPAs, showing that the correlates may differ 

from cluster to cluster establishes that they may vary over subnational geographical areas, 

which is the other hypothesis of this research. 

The correlates of the proxies were compared across all of the EPA clusters. Some of the 

correlates were only significant in one or two of the clusters, so it is clear that the different 

regions or clusters have different significant indicators. See Chapter 6 for a more complete 

discussion of this issue. 
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5.0 Analysis 

The original vulnerability and food security data base for Malawi was 

modified to prepare it for subsequent analyses. The overall analysis was 

partitioned into a sequence of problems, each part of which was addressed 

by separate mathematical and/or statistical methods. 

This chapter contains the description and discussion of the analyses of vulnerability and food 

insecurity in Malawi. As such, this chapter is central to understanding this work. Separate 

sections address the major components of these analyses. These include: 

1. The data base and its preparation for use here (Section 5.1), 

2. The definition and creation of proxies for vulnerability and food insecurity in 

Malawi (Section 5.2), 

3. The grouping of Malawi's 154 separate EPAs into "clusters" which share common 

properties related to food security (Section 5.3), 

4. Determination of the major factors and correlates of vulnerability and food 

insecurity in each cluster (Section 5.4), and, 

5. A brief summary of the results achieved through these processes, and the 

conclusions which may be drawn from them (Section 5.5). 

Some of the material in these sections was extracted from the 1996 Malawi Vulnerability 

Analysis and Mapping (VAM) (WFP et aL, 1996). 
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S.l Data Base Contents and Preparation 

This section contains a description of the data base that was used for the mathematical and 

statistical processing performed for this research. The original data base was assembled by 

the FEWS field representative in Malawi, Ms. Lezlie Moriniere, and represents one of the 

more comprehensive data sets that I have seen in the various FEWS works that I have 

reviewed). This data set is described in Section 5.1.1. 

In addition to the original set of parameters, other variables were added or modified fi-om 

their original form or scope to make the overall data base more relevant and useful for this 

research. These processes are all detailed in Section 5.1.2. 

5.1.1 Data Base Contents 

The variables which were available for this research, the units in which they are expressed, 

their sources, and the dates when they were collected or which they represent, and the 

hierarchical level of their validity are presented in Table 5.1. This table also indicates which 

dimension(s) of vulnerability each variable was assigned to as part of the conceptual model 

for the analysis. These dimensions are conceptual groupings of variables into broad areas of 

life related to vulnerability and food security. The specific use of these dimensions is 

discussed in Section 5.4. 
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One of the dimensions, "Outcome" represents parameters that are outcomes of vulnerability 

and food insecurity rather than input indicators as are all of the rest of the variables and 

dimensions. These outcome variables were used in very different ways from the rest of the 

parameters, as will be explained in Section 5.2. 

Note in Table 5-1 that the data were extracted from a number of diJSerent sources, at different 

dates, have different scales of magnitudes for the units used, and were collected for different 

levels of administrative units. The implications of these differences and the data processing 

that was necessary before these data could be used in these analyses are discussed in Section 

5.1.2. 



Table S-1; Malawi vulnerability and food security data base (WFP et aL, 1996) 

1 Variable 
H Name 

Variable Description Units of 
Measure 

Data Source Data Collection 
Units and 
Validity 

Date 
Represented 

Diniension(s) 
of 

Vulnerabilit 
y 

ADESANIT Perccntafc of an EPA with Adequate Sanitation Percentage MIS: UNICEF Disstrict 1995 Heatth 

AHANEW Avcrase Per Capita Dally KOocalories Produced KOocalories MOALD EPA/RDP 1982-1995 Agriculture 

AIDS9S Nomber of AIDS Casta per 10,000 Population Cases MOH District 1995 HeaHh 

AVENOSTR Avcraf c Number of Income Strategics Employed by 
Each Houdiold 

Strategies NSSA:FSONSO RDP 1992/1993 Agriculture 
Risk 

AVGCUM Average Cumulative NDVl Value Over Growing Season, 
Calculated Over LOR 

Sum of NDVI 
Values 

FEWS, 
NOAA/AVHRR 

EPA 1982 1995 AgricuUnre 

AVGLOS Average Length of Growing Season (Based on NDVI 
Vahies) Over LOR 

Dekads FEWS, 
NOAA/AVHRR 

EPA 1982-1995 Agriculture 

AVGMAX Average Maiimnm NDVI Level Over Growing Season, 
Average Taken Over LOR 

DN Derived 
fhmiNDVI 

FEWS, 
NOAA/AVHRR 

EPA 1982-1995 AgricuttuK 

BEERM4E Percentage of Average Household Livelihood Derived 
from Beer Brewing 

Percentage RAFSA:M4E EPA 1995/1996 Income 

CASHCROP Percentage of Cropped Area Planted with Cash Crops Percentage MOALD EPA7RDP 1993/1994 Agriculture, 
Income 

CORNCAKE Percentage of Avenge Honsehold Livelihood Derived 
(kvm Sale of Corocalies 

Percentage RAFSA:M-IE EPA 1995/1996 Income 

•CVANNCUM Interannual Coefficient of Variation of CumulatKe 
NDVI, Caknlated Over LOR 

Unitless FEWS EPA 1982-1995 Agriculture, 
Agric. Risk 

IcVLOS Interannual Coefficient of Variation of Length of 
Season, Calculated Over LOR 

Unitiess FEWS EPA 1982-1995 Agricuhure, 
Agric. Risk 

IcVMAX Interannual Cocffident of Variation of Maiimum NDVI 
Calculated Over LOR 

Unitless FEWS EPA 1982-1995 Agriculture, 
Agric, Risk 



MCVMZPROD CocfBdent of Variation of Maize Production over last IS 
Yeara 

Unitless FEWS,MOALD EPA/RDP 1982-1994 Agriculture 
Risk 

HDAYSEARN Average Numlicr of Days' Livelihood Earned by a 
Household per Month 

Days RAFSA:M4E EPA 1995/1996 Income 

IDAYSLEFT Average Nnmlicr of Days* Food L.cft (When 
Inierviened) 

Days RAFSA:M-4E EPA 1995/1996 Outcome 

|DENSITY87 Population Density Persons/Ion' 1987 Census HousehoM 1987 Social 

|DIMBA Percentage of Households in the EPA Cultivating Dtmba Percentage RAFSA:M4E EPA 1995/1996 Agriculture 

IDIST_AD Average Distance fh>m Households to Nearest 
ADMARCMariiet 

km NSSA:FSC/NSO RDP 1992/1993 Market 

|DIST_HC Average Distance lh>ni Households to Nearest Health 
Center 

km NSSAiFSC/NSO RDP 1992/1993 Health 

IDIST_LPM Avenge Distance from Households to Nearest Local 
Produce Market 

km NSSA:FSC/NSO RDP 1992/1993 Market 

|DIST_PTR Average Distance from Households to Nearest Private 
Trader 

km NSSA:FSC/NSO RDP 1992/1993 Market 

|DIST_PW Average Distance lh>m Housdioids to Source of 
Protected Water 

km NSSA:FSC/NSO RDP 1992/1993 Health 

IDIYERSIT Measure of Cropping DIvctsity (vice Monoculture) Unitless MOALD EPA/ RDP 1993/1994 Agriculture, 
Agtk.Risk 

DM Number of D17 Months (<50 mm of rain) Number of 
Montiis 

LREP Agro-Climatic 
Zone 

1955-1985 Agriculture 

DRESIST Percentage of Planted Crops that Are Drought Resistant 
(Area) 

Percentage MOALD EPA/RDP 1993/1994 Agriculture, 
Agric.Risk 

ENROLLAG Percentage of Students Enrolled hi School at Proper Age Percentage MIS: UNICEF District 1995 Health 

EXP_FOOD Dally Expenditure on Food per Household Malawi 
Kwacha 

NSSA:FSC/NSO RDP 1992/1993 Social, Health 

EXP_NONF Daily Eipenditure on Non-Food Items per Household Malawi 
Kwacha 

NSSA:FSC/NSO RDP 1992/1993 Social 

FAM_SIZE Average Number of People per Household Persons NSSA:FSC/NSO RDP 1992/1993 Social 



FEMTPOP Ratio of Fcnulea to Total Popiilatlon Percentage 1987 Census Household 1987 Social 

FFWLIVE Percentage of Average Household Livelihood Derived 
from "Food for Work" 

Percentage RAFSA;M4E EPA 1995/1996 Income 

FHHPER Percentage of Households Headed by Females Percentage NSSA;FSC/NSO RDP 1992/1993 Social 

NSHLIVE Pcrccntagc of Average HouKhold LivcUhood Derived 
Ihmi Fishing or a Related Industiy 

Percentage RAFSA:M4E EPA 199S/1996 Income 

FLITPER Percentage of Females who are LUerate Pereentage 1987 Census Household 1987 Social 

FOODAIDP Per Capita Food Aid Distributed in the EPA Metric Tons WFP Data Base EPA 1995 Outcome 

FULLIMM Percentage of EPA Population Fully Inunnnized Percentage MIS: UNICEF Dbtrict 1995 Health 

GANYUM4E Proportion of Average Household Livelihood Derived 
from Ganyu (Casual Labor) 

Percentage RAFSA:M4E EPA 1995/1996 Income 

HANDOUT Percentage of Average Household Livelihood Derived 
from Sale of HandicraHs 

Percentage RAFSA;M4E EPA 1995/1996 Income 

HECTARAGE Mean Land Holdings per Household Hectares NSSA;FSC/NSO/ 
WB 

RDP 1992/1993 Social, 
Agriculture 

HYBYIELD Yield of Hybrid Maize Planted Metric Tons MOALD EPA/RDP 1982-1994 Agriculture 

INC_ALL Mean Annual Household Income Mabmi 
Kwacha 

NSSAJFSCTNSO RDP 1992/1993 Outcome 

LOP Length of Gnming Period 
(molstnre and temperature permit crop gronth) 

Days LREP Agro-Climatic 
Zone 

1955-1985 Agriculture 

LIVECOPE Percentage of Average Household LivcUhood Derived 
ftvm "Coping Mechanisms" (Monetary/Food) 

Percentage RAFSA:M4E EPA 1995/1996 Income 

LIVEIGA Proportioa of Average Household Livelihood Derived 
from Income Generating Activities 

Percentage RAFSA:M4E EPA 1995/1996 Income 

LIVEPROD Percentage of Average Household Livelihood Derived 
from Own Production 

Percentage RAFSA:M4E EPA 1995/1996 Income 

LSTKHH Percentage of Households hi the EPA with Livestock Percentage RAFSA:M4E EPA 1995/1996 Social 

LVSKLIVE Percentage of Average Household Livelihood Derived 
from Livestock 

Percentage RAFSA:M4E EPA 1995/1996 Income 



MODSTUNT Percentacc of EPA Population Moderately Stunted Percentage MIS: UNICEF District 1995 Outcome 

MODinV 
Percentage of EPA Population Moderately Underweisht Percentage MIS: UNICEF District 1995 Outcome 

MODWAST Percentatc of EPA Population Moderately Wasted Percentage MIS: UNICEF District 1995 Outcome 

NETENROLL Percentage of CMldren EnroDed in School Percentage MIS: UNICEF District 1995 Social 

NEW_AHA Ratio of 1995 energy grown to average historical energy 
grown (Idiocalorie values of crops) 

Ratio MOALD/FEWS EPA/RDP 1982-1995 Agriculture 

OSALEPROD Pcrccntagc of Average Household Uvelihood Derived 
fttHU Sale of Produce (Eichiding Vegetables) 

Percentage RAFSA:M4E EPA 1995/1996 Incomc 

PAN Mean Annual Precipitation nun LREP Agro-Clinutic 
Zone 

1955-1985 Agriculture 

PBEANS Average Unit Price of Beans Malawi 
Kwacha 

NSSA:FSC/NSO RDP 1992/1993 Market 

PCASSAVA Average Unit Price of Cassava Malawi 
Kwacha 

NSSA:FSC/NSO RDP 1992/1993 Marliet 

PGNUTS Average Unit Price of Groundnuts Malawi 
Kwacha 

NSSA:FSC/NSO RDP 1992/1993 Market 

PMAIZE Average Unit Price of Mafate Malawi 
Kwacha 

NSSA:FSC/NSO RDP 1992/1993 Market 

POOEST20 Percentage of Households In World Bank's Poorest 20* 
PercentUe 

Percentage NSSA:FSC/NSO/ 
WB 

RDP 1992/1993 Outcome 

POOR40 Percentage of Households In WorU Bank's Poorest 40* 
Percentile 

Percentage NSSA:FSC/NSW 
WB 

RDP 1992/1993 Outcome 

PPB94 Penons per Health Unit Bed Rado HIS Health Unit 1994 Health 

PPC94 Persons per Health Unit Ratio HIS Health Unit 1994 Health 

PPET Ratio of Precipitation to Potential Evapotransplration Ratio LREP Agro-Climatic 
Zone 

1955-1985 Agriculture 

PSORGHUM Average Unit Price of Sorghum Malawi 
Kwacha 

NSSA:FSC/NSO RDP 1992/1993 Market 



|SAFEWAT 
Pcrccntage of EPA with Access to Safe Water Percentage MIS: UNICEF Dbtrict 1995 Health 

HSELLVEG Percentage of Average HonschoM Uvelihood Derived 
(hMn Sale of Vegetables 

Percentage RAFSA;M4E EPA 199S/1996 Income 

ISOMESAN Percentage of EPA wltli Access to Some Type of 
Sanitation 

Percentage MIS; UNICEF District 1995 Health 

|TLITPER Percentage of EPA iriiich is literate Percentage 1987 Census Household 1987 Social 

|TNOEDPER Percentage of Population with No Education Percentage 1987 Census Household 1987 Social 

ITRANSFER Percentage of Average Household Livelihood Derived 
from Informal Transfers 

Percentage RAFSA:M-IE EPA 1995/1996 Income 

TSECPER Percentage of Population that Attended Secondary 
School 

Percentage 1987 Census Household 1987 Social 

UNEARNED Average Number of Days Livelihood NOT Earned in a 
Month 

Days RAFSA: M4E EPA 1995/1996 Income 

|wiTHFOOD Percentage of Honseholds wHh Foodstodo Late In the 
Jfeat 

Percentage RAFSA; M4E EPA 1995/1996 Outcome 

Explanation of the abbreviations used in Table 5-1 
FEWS : (USAED) Famine Early Warning System Project 
HIS : Health Information System 
LREP ; ; Land Resources Evaluation Plan 
MOALD ; Ministry of Agriculture and Land Development 
MOH : Ministry of Health 
NSSA:FSC/NSO :National Sample Surveys of Agriculture: Food Security Council/ National Statistics Office 
WB .World Bank 
RAFSA: M4E : Rapid Food Security Assessment: Monitoring for Empowerment 
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5.1.2 Data Processing and Preparation 

This section deals with the preparation of the final variables used in the analyses fi-om the 

initial data indicated in table 5-1, above. The primary processes which were used include data 

"patching" (estimation of missing values), deletion of variables which were defined or 

collected for too few EPAs, creation of new variables (by requests for support fi-om 

FEWS/Washington and by the use of algebraic expressions of some original variables), the 

linear inversion of variables, and the scaling of all independent variables. Each of these 

processes is briefly discussed in the following subsections. 

5.1.2.1 Estimation of Data Values 

As noted in Section 5.1.1, the various data came fi-om several different sources. Most of 

these data were collected for purposes other than the Malawi VAM, and at a different level 

of aggregation fi-om the EPA level desired for this research (household, health unit, RDP or 

district). Other data collected at the EPA level did not have 100% coverage. The "missing" 

values had to be estimated in some fashion, or the variables had to be deleted. I made the 

decision that any variables not defined for at least 75% of the EPAs (116 of the 154 total 

EPAs) would be deleted. This decision was based on my judgement of what a reasonable 

value for this threshold would be. 
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In those cases in which data were collected at a higher (more aggregated) level than EPA (the 

higher level being District or RDP), these higher level data values were ascribed to all 

constituent EPAs. Given the geographic contiguity of the higher level units, the FEWS 

representative in Malawi, Ms. L. Moriniere, and I felt that, while not an ideal solution, the 

assumption that these variables remained constant throughout all of the EPAs in the higher 

level unit was not too unreasonable, and was definitely preferable to deleting the variables for 

lack of high enough data resolution. However, this "smearing" of one data value across the 

set of constituent EPAs necessarily reduced the ability of the subsequent analyses to identify 

some of the significance of these variables at the EPA level. This can be viewed as a loss of 

"analytic resolution." 

A number of variables came fi^om a series of surveys in which only 128 EPAs were included. 

The estimate of the value of the collected variables for the other 26 EPAs was the average 

value of that variable for the cluster to which the EPA was assigned. If a variable was not 

collected for an EPA in Cluster 1, the average value of that variable for all EPAs in Cluster 

1 was used as the estimate for the missing value for that EPA. (Clusters and clustering are 

discussed in Section 5.3, below.) I felt that this procedure would provide a better estimate 

than simply using the average value of the variable over all 154 EPAs in Malawi. This was so 

because, by intent, the cluster represents a more internally homogeneous set of EPAs with 

respect to the rural livelihoods, and to individual variables, than does the nation as a whole. 

I 
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5.1.2.2 Variable Deletion 

Variables were "patched" or missing values estimated only if they were defined for at least 

75% of all EPAs (116 of 154). Some of the original variables were defined for fewer EPAs, 

and were consequently deleted fi-om the analyses. For example, portions of the Rapid Food 

Security Assessment (RaFSA) collected data from only 78 EPAs. While all of the 24 districts 

in Malawi were represented in these 78 EPAs, I felt that the estimation errors incurred in 

trying to estimate or generate values for the remaining 76 EPAs would be unacceptably large. 

While these variables were highly desirable from an analysis point of view, they were 

regretfiilly deleted from the data base. The one exception to this was the outcome variable 

per capita food aid distributed (WFP et ai, 1996) which was retained, because it is an 

"outcome" variable, and was used differently from indicator variables. 

5.1.2.3 Creation of New Variables 

The original data base represented those variables collected from various sources for use in 

the VAM That data base can therefore be described as opportunistic, in the sense that any 

available data which appeared to have some relationship to vulnerability or food security was 

included. Where analytically desirable and technically and logistically feasible, additional 

variables were generated either from other data sources or as algebraic expressions of existing 

variables. These two approaches are discussed in the following paragraphs. 

At the beginning of this analysis, a review of the data revealed that assessments of the quality 

of the agricultural potential and risk in the different EPAs might be stronger if supported by 
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additional variables. Some of these agroecological concepts can be captured by different 

variables derived from the classical Normalized Difference Vegetation Index (NDVI). These 

NDVI data are calculated from remote sensing data collected by the Advanced Very High 

Resolution Radiometer (AVHRR) sensor onboard the US NOAA satellites. A complete 

discussion of this index is beyond the scope of this research, but articles and papers on the 

theory and applications of NDVT can be found in many different issues of virtually any 

scientific journal on remote sensing (e.g.. International Journal of Remote Sensing, Remote 

Sensing of Environment, Photogrammetric Engineering & Remote Sensing). For the present 

purposes, it suffices to say that NDVI has been used as a measure of vegetation growth and 

vigor. Higher NDVI values correspond to more prevalent, dense and robust vegetation on 

the ground area imaged (Hutchinson, 1991; Holben, 1986; Tucker, 1986). 

I felt that the time history of three NDVI parameters defined for each EPA would capture 

some usefiil aspects of the agricultural potential of the EPAs. These parameters were; 

average maximum NDVI, overage length of growing season (period for which the NDVI is 

above some minimum value) and average cumulative NDVI (the sum of the individual NDVI 

values over the entire growing period). 

Additionally, I felt that the CoefBcient of Variation (CV) of these three variables would be 

measures of "agricultural risk." The higher the CV, the more variability there is in the set of 

values from which the CV was derived. This in turn means more variability in the agricultural 

season parameters, and, therefore, more risk. Note that I considered"risk" to be a measure 
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of the variability in agricultural production rather than the level. In this paradigm, low 

rainfall/production every year does not reflect risk; it reflects lower agricultural potential 

Support was requested from FEWS/Washington, which provided data values for the 6 

variables (three "basic" variables and the CV of each of them) for each EPA based on 13 

years of NDVT data. These six new variables were incorporated into the analysis. 

In other cases, I used some of the original variables to define and generate new variables. 

One example of this process was to take some variables, such as the indicator; food aid 

distributed in each EPA, and divide this variable by the EPA population, to derive the per 

capita food aid distributed. In another case, an existing variable, defined over a 12 year 

period, gave the average total agricultural production (converted to kilocalories) for each 

EPA. To determine how the last data year (1995) compared to the historical 12 year average, 

I created a new variable by dividing the 1995 value by this 12 year average. Values of this 

new variable greater than 1.0 represented EPAs for which 1995 was a better-than-average 

year. EPAs with values less than 1.0 had a worse-than-average year in 1995. 

I found the "risk" and other variables comparing conditions over different periods to be not 

useful in the cross-sectional analysis. This is because, for a given year in the past, there is no 

"risk." There are just the known results, which are not explained by risk, any more than the 

results of a past flip of a coin are explained by the odds of "heads or tails." Measures of risk 

only become useful in analyzing time series data, which were not available for this work. 

I 
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5.1.2.4 Data Scaling 

The units of measurement in which the variables were originally collected varied by several 

orders of magnitude. For example, the magnitude of an EPA population was typically in tens 

of thousands, while mean land holdings might range from a fraction of a hectare to a few 

hectares, mean price of maize ranged from MK0.5 to MK2.77 per kilogram, and the various 

percentage of people in the EPA who... variables would range from 0.0 to 1.0. I believed that 

data processing and interpretation of the results would be simplified if these data were linearly 

scaled. That is, if their magnitudes were all converted to a conmion scale without changing 

their inherent variability. 

One way to achieve this is, for each variable, to divide all values of that variable by the 

maximum value of the variable in the entire data set. This is equivalent to simply collecting 

the original data at a different scale. For example, if mean land holdings in the EPA is 

originally collected in units of hectares, and the maximum value encountered over all of the 

EPAs is 10 hectares, then dividing all of the original values by the value "10" is equivalent to 

collecting the original data in units of "10 hectares" instead of just "hectares." This scaling 

was done for all variables used in the analysis. This process changed the scale of values for 

each variable from its original range to the new range; 0.0 - 1.0. 

Note that this division by a constant (i.e., the maximum value of the variable) is a linear 

scaling, and thus does not change the relative variability. If one EPA has a value of a 

i 
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particular parameter that is twice that of another EPA, this relationship will be preserved by 

the scaling. Only the magnitudes of the values will have changed. 

5.1.2.5 Variable Inversion 

The total data set of over 70 variables contained parameters which fall naturally into two 

classes: "indicators" and "outcomes". The former class contains all of those variables which 

can be thought of as "input" measures or "indicators." That is, they reflect the 

agroecological, social, and economic structure of Malawi's EPAs and are potential indicators 

of vulnerability. Examples of these variables include size of landholdings, measures of crop 

production, EPA population, education, health care, access to infrastructure, etc. The latter 

class of variables contains those parameters which measure or reflect the outcomes or results 

of that structure. Examples of these variables include poverty statistics and measures of 

malnutrition. 

Most of the 10 outcome variables were defined such that larger values represented increased 

vulnerability. Percentage of people in the EPA below the World Bank's definition of the 

poorest 40^ percentile is one such variable. However, one or two of these variables were 

defined such that larger values represented less vulnerability, e.g., average (over the EPA) 

number of days-of-food earned per month. 

In order to allow common interpretation of all outcome variables, I decided that all outcome 

variables should have increasing values represent increased vulnerability. To achieve this. 
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those variables which originally had increasing values represent less vulnerability were linearly 

inverted. This was achieved by subtracting all values of the variable from the maximum value. 

This was equivalent to defining a new variable which was the "negative" of the original. An 

EPA with the maximum value of the original variable would now have the minimum value (in 

fact, a value of 0.0) of the new variable, and vice versa. Again, such manipulation does not 

change the inherent variability in a parameter; it simply inverts the values. Variables which 

were inverted were completely replaced in the analysis by the new, inverted variable. 

Inversion was deemed irrelevant among the independent variables, because the statistical 

procedures used, e.g., bivariate correlation, regression trees, and multiple linear regression, 

inherently takes the "direction" of the variable into consideration. 
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In the absence of any existing proxy variable representing vulnerability or 

food insecurity, three proxy variables were created by a Principal 

Components Analysis of the set of 10 outcome variables in the Malawi data 

base. Each proxy represents a different aspect of vulnerability and food 

insecurity in Malawi A fourth proxy was synthesizedfrom the first three, 

and represents composite vulnerability. 

This section addresses the issue of defining and determining one or more quantitative national 

level proxies for vulnerability and food insecurity. The reason that these proxies must be 

defined at this level and not at the level of EPAs clusters (which will be discussed in Section 

5.3) is that the hypothesis of this research requires that the independent analysis results fi-om 

each cluster be compared to one another. To do this these results must all be developed 

against some common standard. 

That standard is achieved by determining the important factors or indicators of vulnerability 

and food insecurity using the same proxies for these concepts as the dependent variables in 

various modeling methods. The proxies are defined at the national level, although in the 

analysis for each cluster, the values of the proxies are those determined by cluster level data 

and variables. 
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Recall from Table 5-1 that of the 70 or so variables available for this analysis, 10 were 

considered to be "outcome" variables, which each capture some aspect of vulnerability and 

food insecurity in Malawi. No single one of these variables by itself reflects these conditions, 

so some method of quantitatively considering all of them must be used. The method selected 

for this analysis is Principal Components Analysis (PCA). 

PCA is an N-dimensional coordinate transformation process which replaces one set of 

variables with another, statistically independent, set of variables defined along the axes of 

maximum variance of the original set. For example, if a set of variables is suspected of having 

some of the variables linearly correlated to one another, and it is desired to replace these with 

a new set of statistically uncorrelated variables containing the same "information" or multi

dimensional variance, PCA is used to transform the original set of variables into these new 

variables, the principal components (Norusis, 1994). 

An important feature of the set of principal components (PCs) is that the first component is 

necessarily, by its construction, the single variable which captures more of the variance of the 

original data set than any other possible variable, including the original ones. The second PC 

captures the next greatest possible amount of variance of the original data set which lies in 

a direction perpendicular to the first PC. The next PC captures the greatest possible amount 

of remaining variance in a direction perpendicular to the first two PCs, and so on. In other 

words, principal components are a way to capture more "information" in a multi-dimensional 

data set (data "cloud") with fewer variables than were used originally. That the PCs capture 

I 
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the variance in directions which are perpendicular to the earlier components is a consequence 

of their all being totally statistically independent and, therefore, necessarily lying in directions 

perpendicular to one another (Norusis, 1994). 

A principal components analysis variable transformation is often desirable in applications 

involving multiple linear regression, where the independent variables must be free of 

correlation with each other. Another reason for its use in multiple linear regression modeling 

analyses is that it is sometimes possible to replace a larger set of original variables with a 

smaller set of (principal component) variables which capture most of the variance (and, hence, 

the "information") of the original set. 

5.2.1 Dimensions and Indices of Vulnerability and Food Insecurity 

The idea behind the definition and use of data dunensions is to group the data into sets of 

variables which fall into broad, related, conceptual components of vulnerability. This is done 

as an aid to organizing or conceptualizing the data, to more fully appreciate the data base, as 

a precursor to attempts to understand any structural inter-relationships which may exist 

among the data, and to reduce the number of variables which must be considered in 

subsequent processing. 
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In general, the indicator approach to vulnerability assessment uses a significant number of 

diverse parameters which represent different aspects of the population/area being analyzed. 

For example, the 1996 Malawi Vulnerability Assessment and Mapping (VAM) cross-sectional 

analysis started with almost one hundred separate variables, which were later wirmowed down 

to 78 useable parameters (WFP et al., 1996). These variables were drawn fi^om 

demographics, income data, livelihoods, health statistics, agriculture, socio-economic 

considerations, or environmental data. 

In order to better organize and manipulate these data, they were grouped into "dimensions," 

which are subsets of variables from the same broad areas of life. For exemiple, variables 

measuring the availability of clean water might be grouped with malnutrition rates or AIDS 

rates in a "health dimension." Similarly, cropping diversity rates might be grouped Avith 

agricultural production statistics in an "agriculture dimension." 

These dimensions represent a convenient way in which the data were organized, and that is 

one objective of their definition and creation. In the 1996 Malawi VAM, the 78 variables 

used in the cross sectional analysis were grouped into 6 "Input" dimensions (Social 

Resources, Agriculture, Agriculture Risk, Income, Markets, and Health) and one "Outcome" 

dimension. This grouping allowed the analysts and subsequent readers to better appreciate 

the macro level contents and stmcture of the data base. 
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Use of "dimensions" is also a way to derive classes of measures which can, theoretically, be 

compared across countries or within them, even if the same indicators which comprise the 

dimensions are not available or are not identical for all of the areas (FAO, 1996). 

Another reason for the creation of indicator dimensions is to facilitate the calculation of an 

overall "score" or "index of vulnerability" for each area/population being assessed. By 

grouping all of the indicator variables into dimensions, the relative importance of each 

individual indicator within its dimension can be assessed and quantified by assigning weights 

to each indicator. Once the relative importance of all of the variables within each dimension 

have been quantified, the dimensions themselves can be scored, or weighted, against each 

other, to produce a final "score" or overall index of vulnerability for each area/population. 

For example, if an agriculture dimension has production statistics for just maize and cassava, 

and maize is considered to be twice as important to the food security of an area as cassava, 

then the intra-dimension weight of maize might be set equal to 2 and that of cassava set equal 

to 1. Or, if the analyst prefers, these weights can be normalized (converted into positive 

numbers which sum to 1.0). In this case maize would have a weight of 0.67, and cassava 

0.33. 

If this process is also carried out for all of the other dimensions in a similar fashion, then 

weights can be assigned to each dimension. If the agriculture dimension were given a weight 

of, say, 0.45, then in this example the calculation of the contribution of the agriculture 

dimension to the overall index of vulnerability would be done as follows: 

i 



224 

Agriculture Total Score=0.45 x [0.67 x (maize prod.)+0.33 x (cassava prod) ] 

and the overall Vulnerability Index would be calculated as the sum of the analogous 

calculations for all of the defined dimensions. In general, this construct may be represented 

by the following equations; 

V =  X iO ^i *^^1)5 i fi-om 1 to n (5-1) 

where: 

W; = the weight of the i*** dimension 

Dj = the "score" for the i"* dimension 

V = the overall vulnerability index 

and: Dj = (Iji * Vj,), j fi-om 1 to m (5-2) 

where: 

Iji = the weight of the j*'' indicator in the i"" dimension 

Vji = the value of the j*"* indicator in the i"* dimension 

Dj = the score for the i*** dimension, as in equation (5-1) 

When this calculation is independently made for all of the subareas and/or populations of 
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interest, it is then possible to compare the relative vulnerability of each area/population vis-a-

vis the others. 

It should be noted that the various indicators which make up a dimension are usually defined 

in terms of different units, and are often at different scales or magnitudes. In such cases it is 

necessary to compensate for these disparities by either standardizing the indicators so that 

th^ are of comparable magnitudes, or else by compensating for these differences by having 

the weights be of different orders of magnitude. If this is not done, weighted sums such as 

those shown in the simple example and equations (5-1) and (5-2) will have their final values 

dominated by the indicators with the largest scale of magnitudes, irrespective of their stated 

relative importance as reflected in their assigned weights. 

The above discussion illustrates the potential problem. The number of variables which might 

have to be analyzed can be quite large, and anything that eliminates unnecessary variables is 

beneficial. Since some of the variables originally considered for inclusion in any particular 

dimension may be (statistically) insignificant, their inclusion may also distort the internal 

structure of the dimension that includes them. This is important because in some multiple 

linear regression models it is desirable to replace the original variables in any set (in this case 

the set of variables in a dimension) by the first few principal components of that variable set. 

The above discussion made much of the need to assign weights to individual indicators and/or 

1 
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"dimensions," but provided little insight into how this might be done. This is precisely the 

task of multiple linear regression which provides a "solution" represented by equation (5-3) 

P  =  Si (Wi*I i )  i from I to n (5-3) 

where: 

P = the proxy for vulnerability/food insecurity 

W, = the weight of the i"* indicator 

I, = the i"* indicator 

The weights, Wj are generated by the multiple linear regression process as the coefficients 

of the independent variables, in this case the indicators. In addition, the multiple linear 

regression process generates measures of the (statistical) significance of each of these 

coefficients as well as an overall "goodness of fit" parameter which assesses how well the 

model "explains" the variance in the dependent variable. For detailed discussion of the 

theoretical underpiimings and restrictions associated with multiple linear regression, see 

Kennedy (1996) or Ramanathan (1992). 

The dimensions may be defined in advance. Variables and data can then be collected which 

illuminate these conceptual areas of vulnerability. This method, if adopted by organizations 

working in multiple countries (e.g., US AID's FEWS Project or the United Nations' WFP), 
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might assist in assuring the cross-country comparison. Otherwise, the analyst can review the 

existing data base and then try to determine how the variables might be grouped into suitably 

defined dimensions. This was the approach taken for the 1996 Malawi VAM. 

It is possible that one variable might belong to more than one dimension. For example, a 

variable indicating mean land holdings could be considered both part of an "agriculture" 

dimension and part of a "social resource" dimensioa However, one exception to this general 

rule must be noted: if an "outcome" dimension is defined, no variable can simultaneously be 

considered to be part of the "outcome" dimension and any other dimension. The reason for 

this is that the variables in the other dimensions will be used to "explain" or "predict" the 

variables in the outcome dimension. Consequently the same variable cannot be on used on 

both sides of the same equation. 

This may require a choice to be made. For example, in the 1996 Malawi VAM, variables 

giving rates of wasting, stunting and low weight-for-age children were available. These could 

properly be considered as health indicators, or as outcome variables, quantifying some of the 

effects of vulnerability. For this analysis I decided to treat them as outcome variables since 

they are the results of vulnerability and food insecurity rather than their precursors. 

The dimensions originally defined fi-om the data base variables presented in Table 5-1 and the 

number of indicators which were assigned to each of these is as follows: 

i 
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Dimension Number of Indicators 

Social Resources 12 

Agriculture 17 

Agricultural Risk 7 

Income Related 14 

Market Related 8 

Health Related 10 

OUTCOME 10 

S.2.2 Principal Components Analysis of the Indicator Variables 

The intent in applying PCA to each of the input dimensions (all of the above dimensions 

except "outcome") was to derive principal components from them which would be intuitively 

recognizable. For example, I hoped that the "agriculture"dimension would be decomposed 

into principal components with the variable subsets in each PC representing recognizable 

aspects of agriculture such as "crops," "land area," "rainfall related," etc. This would have 

allowed a determination of which factors or aspects of each dimension were of greater 

importance. This in turn would have allowed a replacement of the sets of variables in each 

dimension by the first few PCs of that dimension, thus reducing the total number of 

independent variables to be considered. 



229 

This was not successful here for two separate reasons. First, the PCs which resulted for each 

of the "input" dimensions did not have a recognizable structure. The groupings, or 

"loadings" of the primary variables in each PC did not lend themselves to any intuitive 

interpretation. Second, the PCs which resulted were not analytically useflil, because they did 

not "capture" enough of the variance of the original set of variables to be suitable 

replacements for them. This second conclusion is based on the idea that each PC used in the 

analysis should explain more of the variance of the entire data set than just a single variable 

(i.e., it should be "significant" - that is, its eigenvalue should be > 1.0). This idea is discussed 

in more detail in Section 5.2.2, below (Norusis, 1994). For both of these reasons, the use of 

PCA on the "input" dimensions and indicators was dropped. 

5.2.3 Use of Principal Components Analysis on the Outcome Variables 

Principal components analysis was also applied to the "outcome" dimension, which had 10 

original variables related to poverty, access to food, malnutrition and coping strategies. 

These variables are described in Table 5-1. In this case, PCA was applied to the entire 

national level data set rather than the cluster level data. The intention was to consider using 

the principal components of the "outcome" dimension as the dependent variables in the 

subsequent multiple linear regression and regression trees analyses. If results from the cluster 

level analyses were to be comparable, they all had to use the same dependent variable(s). 

Failure to do this would have made cross-cluster comparisons difiBcult, if not impossible. 

I 
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The use of PC A in this case gave satisfactory results. A significant PC "" contains more of 

the variance than a single, original, variable (Norusis, 1994). This condition is recognized in 

the PCA output by the eigenvalue of the principal component having a value greater than 1.0. 

In the PCA of the variables in the "outcome" dimension, there were three significant principal 

components, which cumulatively explain approximately 60% of the total variance of the 

original data set. This is, in part, due to the more highly correlated set of variables which 

comprise this dimension. These principal components fell out in clearly recognizable 

conceptual forms. Table 5-2 below portrays the statistical details of these PCA results. 

Table 5-2: Results of Using Principal Components Analysis on the outcome variables 

Parameter PCI PC2 PC3 

"Name" "Poverty" "Access to Food" "Malnutrition" 

Eigenvalue 2.752 1.715 1.500 

Percentage of Variance 28 17 15 

Cumulative Percentage 
of Variance 

28 45 60 

Weights of Original Outcome Variables in the PCS 

POOR40 .34T .041 .042 

POOEST20 ,343 .028 .009 

MAX_INC .259 .117 .045 

MODSTUNT .173 .001 J69 

MODUW .027 .057 

MODWAST .110 .147 

W_OFOOD .082 •493 .096 

NOTLEFT .078 .491 .054 

LIVECOPE .037 Jill .204 

FOODAIDP .014 .104 .299 
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The original variables which contributed most heavily to the principal components are those 

with the largest coefficients. These are identified in Table 5-2 by having the cells shaded. 

Note that the shaded cells have values which are significantly larger than the unshaded cells 

in the same columns. The interpretation of this is that the PCs are dominated by these 

variables, and therefore most fiiUy reflect the aspect of vulnerability or food insecurity 

measured by them. All dominant variables in each PC relate to a common, underlying aspect 

of vulnerability or food insecurity, giving the PCs very useflil interpretations. 

The first PC had much larger coefficients for four of the original variables than for the other 

six. Because the variables were all scaled to the same range of magnitudes (0.0 - 1.0), these 

coefficients can be interpreted as indicating the relative importance of the original scaled 

variables in the PCs. Of these four important variables, the three most important were 

measures of poverty. 

This result can be interpreted by saying that since the set of outcome variables cumulatively 

represents the various outcomes of conditions related to vulnerability or food insecurity, then 

the most important component, or aspect, of vulnerability and food insecurity is "poverty." 

This PC is considered to be the "most important" because it captures more of the total 

variance than any other PC (it has the largest eigenvalue), "poverty" because 3 out of 4 of the 

dominant variables relate to poverty. 
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This result can be illustrated graphically. If the EPA level values for the first PC of the 

"outcome" dimension are ranked and color coded by quintile (20 percentile bracket), the 

results are as shown in Figure 5-la If the single most important of the original outcome 

variables in PCI, i.e., POOR40, the percent ofpeople in the EPA who fall within the World 

Bank definition of lowest 40^^ percentile in income, is similarly mapped and (color) coded 

to show which EPA falls into which quintile, the results are as shown in Figure 5-lb. 

Note the strong similarity between the maps in these two figures. While it can be expected 

that a PC will be well correlated with its most important constituent variable, the very high 

agreement between these two maps also reflects the fact the other two most important of the 

original variables in this PC are also poverty related, and that these three variables are highly 

correlated with each other. Although the other seven of the original variables contribute to 

the composition of the first PC, their eflfect is much less significant, as can also be seen in the 

much smaller weights (coefficients ) of these variables in Table 5-2, 

\ 
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POOR40 
Lowest 

Hi^est 

Figure 5-la: EPA quintiles of PCI 
("Poverty") (WFP et at, 1996) 

Figure 5-1 b: EPA quintUes oi''POOR40' 
(WFP er a/L, 1996) 
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The same sort of result applies to the other two significant PCs. The second PC has three of 

the original ten variables being far more important than the other seven. All of the important 

variables relate to access to food. The analogous quintile maps to those just presented are 

shown in Figure 5-2a and 5-2b, respectively. The former shows the EPAs in each quintile for 

the second PC of the "outcome" dimension, while the latter shows the EPAs in each quintile 

for an original variable relating to access to food, W_OFOOD, the percentage of people in 

the ElPA without food during the hungry season, November to February, 1996. Again, 

notice the very strong similarity between these two maps. This can be interpreted by saying 

that, again based on the current outcome variable data set, the second most important 

component of vulnerability in Malawi is "access to food 

I 
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PC2 
Lowest 

W_OFOOD 
M Lowest 

Highest 

Figure 5-2a: EPA quintiles of PC2 Figure 5-2b: EPA quintUes of 
("Access to Food") (WFP et aL, 1996) "^lV_OFOOD'' (WFP et aL, 1996) 
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The third PC has a similar interpretation. Of the ten original variables, the three most critical 

all relate to measures of malnutrition. Two other variables also appear relatively important. 

Th^ relate to the extent coping strategies, including free food distributions, were employed. 

The quintile map of the third PC is shown in Figure 5-4a. If a malnutrition variable, ^"^Weight-

for-Age" is evaluated and ranked for each EPA, the quintile display is as shown in Figure 5-

4b. Again, the similarity is greater than might be expected just on the basis of the correlation 

of a principal component with its most significant variable. Thus, the third, and last, 

significant principal component of the outcome variables can be characterized as 

"malnutrition." 
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l'C3 
9 Lowest 
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Wei^t for Age 
B Hiehest 

Lowest 

Figure 5-3a: EPA quintiles for PC3 
("Malnutrition") (WFP ei aL, 1996) 

Figure 5-3b: EPA quintiles of "Weight for 
Age" (WFP ei aL, 1996) 
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The three principal components defined and discussed above meet the stated criteria for the 

desired proxies; they ail reflect different aspects of vulnerability and food insecurity, and they 

are defined at the national level. Therefore, these PCs will be used here as three independent 

proxies of vulnerability and food insecurity in Malawi. Although these proxies cumulatively 

capture the sense of the outcome variables, each of them individually only captures part of 

this data set. It was therefore useful to use these proxies to define one new proxy variable 

which somehow integrates all three thus far defined. 

5.2.4 Synthesis of a Composite Measure of Vulnerability 

So far, all of the analytic methods have been addressing the significant principal components 

(PCs) of the "outcome" dimension as the most suitable variables related to vulnerability and 

food security. To provide a proxy for vulnerability and food insecurity which captures some 

sense of all three of the proxies defined by the principal components, an abstract variable 

representing one possible expression of Composite Vulnerability in Malawi was created fi-om 

the three PCs discussed above. 

Although there can be theoretical and practical difficulties inherent in using PCs as dependent 

variables in the regression analyses, this "Composite Vulnerability" variable was also used as 

a dependent variable in this analysis, even though its derivation as a variable computed fi'om 

the PCs, makes these same difficulties harder to overcome. However, I felt that exploratory 
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the PCs, makes these same difficulties harder to overcome. However, I felt that exploratory 

analyses of this new variable could illuminate some of the underlying characteristics and 

relationships of vulnerability in Malawi —especially the spatial ones. Moreover, extra care 

was exercised to disallow any indicator that might be correlated with this new variable from 

being used as an independent variable when this new variable was being used as the dependent 

variable. The derivation of this variable is discussed below. 

This new variable is given in relative rather than absolute terms. That is, it expresses the 

concept of composite vulnerability of one EPA in terms relative to other EPAs. The best 

value (least vulnerable) obtained by any EPA for each PC was taken as the one-dimensional 

coordinate of a "best" three dimensional point defined in the three dimensional "PC space." 

The value of this variable, COMPOSITE VULNERABILITY, was computed for any EPA as 

the weighted Euclidean distance from the three dimensional point (defined by its data scores 

for the three PCs) to this theoretical "best" point. It should be noted that no EPA had the 

best value for all three of the PCs. In fact, no single EPA had the best value for more than 

one PC. Thus, this concept of a "best EPA" is an abstract construct used solely in the 

definition and calculation of this new variable, and does not represent any actual EPA in the 

data set. 

Only three significant PCs were obtained by the Principal Components Analysis (PC A) of the 

variables in the "outcome" dimension. The relative measure of their significance is expressed 

by their eigenvalues, which are available as part of the standard output of a PC A done with 

I 
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SPSS for Windows, Version 7.0, (which was used for this work). The eigenvalues can be 

converted into percentages of variance explained, or they can be used directly or in 

normalized form as weights, reflecting the relative importance of the different PCs. The three 

significant PCs, their original eigenvalues and standardized weights, and their "best" values 

are shown in Table 5-3 The conversion fi-om eigenvalues to normalized weights is given by 

Equation 5-4, below; 

Wi = E|/X,E| i= 1,2,3 (5-4) 

Where Wj is the normalized weight of PCi, i = 1, 2, 3 

and E, is the eigenvalue of PCi, i = 1, 2, 3 

Table S-3; Eigenvalues, normalized weighta and "best values** for the three significant PCs 

Principal Component Eigenvalue Normalized Weight "Best Value** 

1 2.75 .46 -2.675 

2 1.72 .29 -2.674 

3 1.50 .25 -2.300 

These normalized weights were used as the weights for the different components in the 

computation of the weighted Euclidean distance of an EPA fi-om this theoretical "best" point, 

whose coordinates in three dimensional PC space are: (- 2.675, - 2.674, -2.300). 
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The equation used to calculate the value for each EPA of COMPOSITE VULNERABILITY, 

V, from all of the above is given by Equation 5-5: 

V, = [ .46(PC1, + 2.675)^ + .29(PC2, + 2.674)^ + .25(PC3, + 2.300)^1^ (5-5) 

where PClj, PC2i, and PCSj are the EPAj values of the first, second, and third PC, 

respectively. This expression weights the distance along each "PC axis" by the weight, or 

relative importance, of that PC. In terms of this equation, the theoretical "best EPA" would 

have PC values of PCI = -2.675, PC2 = -2.674, and PC3 = -2.300, and, therefore, a weighted 

distance from the "best point" of 0.0. Note that using weights for the different coordinates 

(PCs) has the effect of making the difference from the "best point" PC 1 coordinate to the PC 1 

coordinate for an EPA more important than an equal difference between the PC2 or PC3 

coordinates of the "best point" and of an EPA. 

The variable V, defined by the above equation also meets the criteria for a proxy for 

vulnerability and food insecurity: it represents some aspect of vulnerability and food 

insecurity, and it is defined at the national level. An EPA quintile map of this variable is 

shown in Figure 5-4. Note the general similarity of this map to the quintile map of PCI, 

"Poverty", presented in Figure 5-la. This reflects the strong influence that PCI has on 

COMPOSITE VULNERABILITY. The basis for this influence can be seen in Equation 5-5 

in which the component of the distance along the PCI axis is weighted much more heavily 

them the distances along either of the other two PC axes (.46 vice .29 or .25). 
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Figure 5-4: EPA quintiles for COMPOSITE VULNERABILITY 
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In fact, the national level coeflScient of correlation between PCI and COMPOSITE 

VULNERABILITY was calculated to be .873, with a significance level of 0.01. In other 

words, there is a probability of 0.99 that there is a highly meaningful (linear) relationship 

between the two variables. In contrast to this, the correlation coefiQcients between 

COMPOSITE VULNERABILITY and PC2 and PC3 were calculated to be 0.372 and 0.253 

at the same significance level, representing much weaker (linear) relationships. 

i 
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5.3 Clustering of EPAs 

Expert opinion and statisticai methods were used to arrive at the final 

clustering of Malawi's 154 EPAs into 6 clusters which were to be 

independently analyzed. 

5.3.1 Introduction 

This section addresses the issue of "clustering" for vxilnerability analyses and mapping 

(VAM). What it is, why doing it should provide improved analysis results, the broad choices 

of approaches and methods for clustering, how clustering was implemented in the 1996 

Malawi VAM, and, finally, how it was done for this analysis are all discussed. 

In the VAM context, the idea is to find a suitable scale for the vulnerability analysis. This 

scale should be somewhere between treating the entire country as a whole or analyzing each 

Admin.-3 or Agriculture-4 level unit separately. As was noted earlier, the recent trend in 

vulnerability analyses (by the USAID FEWS Project, at least) has been to develop 

quantitative measures of sub-national vuhierability, but to do so with the implicit assumption 

that the set of indicators and the relative importance of these indicators in determining or 

reflecting vulnerability are relatively constant throughout the country. 
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This is clearly not a valid assumption, even for the more environmentally homogeneous 

regions such as some countries in the Sahel, and less so for a country with the agroecological, 

economical, and social diversity of Malawi. In Malawi, then, it is even more inappropriate 

to use one set of indicators and weights for all parts of the country. 

At the other extreme, one could try to analyze each lower Administrative or Agriculture unit 

(for which data were collected) as a separate entity. While this might ultimately be more 

accurate in its use of precise indicators and weights, it would impose an inordinate burden on 

the analyst. For example, in the case of Malawi, this approach would require either 24 

separate VAMs at the Admin.-3 (District) level, or 154 separate VAMs at the Agriculture-4 

(EPA) level. 

Not only would this require a tremendous increase in the amount of work, it would not take 

advantage of similarities which might exist between some of the separate Districts and EPAs. 

And, having fewer data points per separate analysis impedes the use of some of the analytical 

methodologies used here, e.g., classification and regression trees or multiple linear regression. 

Clustering is an attempt to find a middle ground between the two extreme positions of 

treating the country as a whole or treating it as a large number of small, separate pieces for 

emalysis. The objective is to group the lower level units for which the data was collected 

together with other units (at the same level) which are similar in their primary methods of 

acquiring food and responses to various impacts or stresses. Lower level units clustered, or 
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grouped, together are therefore expected to be more or less comparable to each other with 

respect to vulnerability and food security, and more or less dissimilar to the units in the other 

clusters. Note that this does not mean that they will have like values for all variables. There 

will be those EPAs that are more vulnerable and others that are less so, all within the same 

cluster. In a sense, the clustering concept parallels, along political boundaries, the underlying 

concept of the Save the Children Foundation (SCF) Food Economy Regions as exemplified 

in Malawi by Earl and Moseley (1996) and presented in Section 3.3. 

The theoretical number of possible groupings of EPAs into clusters is so large as to preclude 

exhaustive enumeration and evaluation of all of the various possible clustering choices. To 

appreciate the magnitude of the number of possible groupings, consider the case in which "n " 

units are to be clustered into "k" clusters and the number and selection of units in each cluster 

are not known in advance. In such a situation, the quantity that expresses the number of 

possible ways to accomplish this is known as a Stirling Number of the Second Kind, and is 

denoted by The actual number represented by is given by: 

S„« = l/k! (i:j(-l''-')(k!/0![k-j]!)j°l j = fromiton 

(5-6) 

where k! = "k factorial" = k x (k-1) x (k-2) x (k-3)...x...x...2 x 1 

and j! and [k-j]! are defined analogously 
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To put the magnitude possible for these numbers in more concrete terms, note that S25' = 

2,436,684,974,110,751 (Kandel, 1982). If the desired number of final clusters, "A", is not 

known, the possible number of clustering choices increases astronomically. Now the total 

number of possibilities, T, is given by; 

T == 5^1 S„' i fi-om 1 to n (5-7) 

where is as defined in Equation 5-6. 

Clearly, fi-om a practical point of view it is impossible to enumerate these possibilities. Some 

systematic way of stating the criteria to be used for the clustering and some highly efiBcient 

way to implement it are needed. Two possible ways to achieve this objective are presented 

in the following subsections. 

5.3.2 Approaches to Clustering 

Two fundamentally different ways to approach the clustering problem for vulnerability 

analyses are "conceptual clustering" and "statistical clustering." The first of these is more 

intuitive, and is done subjectively using a panel of country experts, while the second method 

sets up statistical criteria for the grouping of two units into the same or different clusters, and 
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then proceeds with the objective implementation, via statistical methods, of the clustering 

according to these predefined criteria and algorithms. 

5.3.2.1. Conceptual Clustering 

Conceptual clustering was applied to the grouping of Malawi's EPAs in WFP et al. (1996) 

and in this work. In these contexts, conceptual clustering is used to refer to the following 

two processes. First, a pzmel of country experts must decide how to define the concept for 

the different clusters. In Malawi, the group determined the primary dominant factors that 

afiect food security, and defined one cluster in which each factor was dominant. Alternately, 

the clustering could have been done on some other basis, such as agroecological zonal 

difierences, or according to (predetermined) similar levels of vulnerability outcomes or some 

other "outcome" variable. 

Second, after clusters have been defined the next, and usually more difficult, step is to decide 

which EPAs belong in which clusters. The reason that this is generally the more difficult step 

is that EPAS cannot be readily, unambiguously, placed in just one cluster. For example, if 

clusters are defined according to which factor dominates the area's food security, it might not 

be clear which of several possible factors was dominant in a given area. 

Alternatively, if clusters were defined according to different agroecological zones or other 

environmental criteria, some EPAsEPAs might have subregions in more than one of these 

zones. Consequently, the approach used to resolve this problem was to have each of the 
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country experts independently assign units to the clusters and then in one group meeting reach 

consensus among the different assignments. 

An advantage to conceptual clustering by expert opinion is that it is easily understood and fits 

the differences perceived by the panel to exist among the various EPAs. Further, the end 

result is a clustering which is agreed to by the panel of recognized country experts and should 

therefore have a high degree of credibility. Another advantage to this approach is that it can 

be manually implemented without recourse to sophisticated algorithms or software. 

A disadvantage to clustering by experts is that it is subjective: a different panel of experts 

might well come up with different clusters and/or different assigimients of EPAs to clusters. 

Thus, repeatability and independence of the results from individual experts' opinions are not 

likely. Further, as will be discussed below, the indicator and outcome data values of EPAS 

clustered together are not likely to be as similar as they would be with statistical clustering, 

which maximizes intra-cluster similarity of key indicator/outcome variable values. The 

increase in data heterogeneity of conceptual vice statistical clustering can have negative 

impacts on subsequent statistical processing. 

5.3.2.2 Statistical Clustering 

Statistical clustering groups "cases" or, in the 1996 Malawi VAM context, the EPAs for 

which the data were coUected (or processed) together on the basis of similarity of the values 

of key variables. The choice of which of the indicators are "key" is left to the analysts. 



250 

Two fiindamentally difierent statistical approaches are "hierarchical agglomerative clustering" 

and "hierarchical divisive clustering." If the sequence of clusters produced at each stage of 

the processing has the property that two cases which are joined in a common cluster at one 

stage remain in the same cluster as the clustering proceeds, then the clustering is said to be 

"hierarchical" (Kandel, 1982). 

In hierarchical agglomerative clustering (clumping) clusters are formed by starting with single-

EPA clusters and then merging the clusters into bigger and bigger clusters until either all cases 

are members of a single large, cluster, or by reaching a set of clusters at which point a 

predefined stopping rule is invoked. In this approach there are numerous choices of criteria 

for grouping EPAs together. Also, the analysts can typically decide fi-om among several 

statistically defined "distance" functions to decide how to quantitatively decide if two units 

are similar enough ( close enough in parameter space) to be put in the same cluster. The 

different key variables can be given weights (by analysts) which determine which variables' 

similarity (in values) is more important than other variables'. Additionally, rules are needed 

to determine when a new cluster should be formed (i.e., when a EPA is not close enough to 

any of the existing clusters to be assigned to one of them). Depending on the algorithm, other 

rules may also be needed to guide the process. However, once the rules have been defined, 

the clustering process can be objectively executed in accordance with them (Norusis, 1994). 

Hierarchical divisive clustering reverses this process in that the EPAs are initially all grouped 

into one large cluster and the process iteratively decomposes the cluster(s) into more, smaller 
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clusters according to whatever splitting rule is being used. Classification and regression trees 

are examples of this type of process in which the clusters are generated so as to maximize the 

terminal node homogeneity of a dependent variable selected by the analyst (Steinberg and 

Colla, 1995). CART will be discussed in more detail below. 

The primary advantage of the statistical approach is that it is replicable and, other than the 

selection of which variables are key and their weights (if any), the process is independent of 

individuals' judgments. In fact, with CART the variables which are key to the splitting 

process need not be specified in advance. They are determined by the process itself, which 

is a tremendous advantage in that the variables which are important to the clustering need not 

be known in advance by the analyst. 

A fiirther benefit is that the resultant processing 5delds clusters of units which are assured to 

be relatively homogeneous in terms of the most significant variables. In general, the more 

important a variable is assumed to be, the more similar the units in any cluster will be with 

respect to the values of that variable. This offers significant benefits to the subsequent (VAM) 

statistical analyses and data processing steps, as will be discussed later in this report. 

Against these advantages are disadvantages of the need for generally sophisticated algorithms, 

which are computationally intensive, and are feasible only through the use of statistical 

software packages. Also, although the resultant clusters may be quantitatively homogeneous, 

when a panel of country experts looks at which units were placed in the same clusters by the 
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algorithm, the results may not be intuitively dear. That is, while the results may share certain 

quantitative coherence, at the more readily understood conceptual level, it may not be clear 

what underlying concept ties the intra-cluster units together. In particular, the clusters 

produced by this approach may not exhibit acceptable levels of geographic contiguity. 

5.3.3 Clustering in the 1996 Malawi VAM 

For the 1996 Malawi VAM, the clustering was done conceptually. A panel of "country 

experts" was convened to discuss the primary factors in different regions or EPAs of the 

country which might strongly influence, or define, food security. This panel was made up of 

two international aid organization workers, one of whom has over 30 years experience in 

Malawi, and three Malawian government employees (fi-om the Ministry of Agriculture and 

Land Development [MOALD]) who work with, and/or are familiar with, vulnerability issues. 

The panel defined criteria which they felt best comprise the five dominant influences or 

attributes which affect food security at the EPA level. These attributes are: 

1. Predominantly Maize Agriculture, 

2. Mixed Agriculture, 

3. Heavily Influenced by (large) Estates, 

4. Dominant Livelihood fi"om "Income Generating Activities" (IGA) and, 

5. Heavily Influenced by Proximity to (large) Urban Areas. 
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Other attributes were considered, e.g., "ve/^/ strong livelihood component from fishing and 

related activities, " but ail of these other suggested attributes were rejected by the panel of 

experts as being either too limited in terms of the numbers of affected EPAs, or not having 

a strong enough influence in the affected EPAs. Consequently, the panel consensus was that 

the five clusters listed above were an appropriate set. 

The next step was to manually assign each of the 154 EPAs in Malawi to one of these 

clusters. This was fairly difficult because most EPAs are influenced by at least two of the 

defining attributes. For example, many EPAs have large amounts of maize production and 

also significant amounts of mixed crop agriculture. And, to further confuse things, many of 

these same EPAs have people employing IGAs as their primary livelihood. The issue became 

one of deciding, as a group, for each EPA, which of the several factors was dominant The 

sequence of logical "tests" that were used to determine which cluster a given EPA would be 

assigned to is shown in Figure 5-5. 

A sub-group of the panel, following hours of discussion and debate, came up with an initial 

manual assignment of EPAs to the five different clusters and mapped the result, color coded 

for the different clusters. Despite the execution of the logical test sequence shown in Figure 

5-5, it was sometimes difiBcuIt to assign a particular EPA to a cluster. This occurred both for 

the reasons cited above, and because it was sometimes not known with certainty whether, for 

example, " more than 50% of the land is used for maize." 

§ 
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The resulting map was presented to the panel of experts. Their concurrence or objections to 

the EPA assignments was solicited. Discussions were held to reconcile the few EPAs which 

anyone on the panel wanted to move to another cluster. These quickly converged to a final 

consensual solution, presented in Figure 5-7. 

-Yes. 

No 

Is the EPA Close to a 
Large Urban Area? Yes-

No 

Is the Land the Major 
Source of Llveliho<^7 No-

Yes 

Is More than 60% of the 
Land Used for Maize? 

-Y«*-

Mo 

Is the EPA Dominated by 
Large Estates? 

EPA Assigned to 
Estate Cluster 

EPA Assigned to 
UrlMn Influenced 

Cluster 

EPA Assigned to 
Mixed Agriculture 

Cluster 

EPA Assigned to 
Income 

Generating 
Activity Cluster 

EPA Assigned to 
Maize Dominated 

Cluster 

Figure 5-5: Cluster assignment logic (WFP et aL, 
1996) 
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Figure 5-6: Conceptually defined EPA clusters (WFP et al., 1996) 
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Note that the final clusters are partially contiguous, but not completely so. In particular, 

notice the two bands of Estate Influenced EPAs in the central and southern part of the 

country. Additionally, the Urban Influenced cluster is likewise comprised of two EPA 

groups. The northern group surrounds Lilongwe, and the southern group surrounds Blantyre 

and Zomba. Note also that the clusters do not contain equal numbers of EPAs. The numbers 

of EPAs in each cluster are presented in Table 5-4 

Cluster Number 
of EPAs 

Percentage 
of all EPAs 

Population 
Mid-1996 

Percent of 
Population 

Number of 
Households (est.) 

Maize Dominated 34 22 1,759,691 15 335,179 

Mixed Agriculture 41 27 1,758,284 15 330,505 

Estate Influenced 13 8 1,398,638 12 276,958 

IGA Influenced 54 35 3,785,444 33 766,284 

Urban Influenced— 12 8 2.697.943 24- . SS8iSW -

While it might have been preferable for the subsequent analysis if the clusters had each 

contained about 31 EPAs, (i.e., they had been more equal in the numbers of EPAs), the actual 

populations within them provide for a somewhat more even distribution of people among the 

five clusters. 
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5.3.4 Clustering for this Analysis 

K-means clustering was considered for improving the previous clustering, 

but produced unacceptable results. The method of classification trees was 

successfully applied to this problem. 

5.3.4.1 iT-Means Clustering 

During a meeting held in Lilongwe, Malawi, in September, 1996, which I attended, and at 

which the 1996 Malawi VAM was presented to the Government of Malawi's VAM 

Committee, some of the discussion concerned the clustering process described above. 

Concern was expressed that the expert panel which had defined the clustering concepts and 

assigned EPAs to the clusters was too narrowly drawn, and was not representative of the 

diversity of opinions which might have been garnered from the larger group of Government 

of Malawi ministries and other organizations represented at that meeting. Accordingly, it was 

agreed that a Malawi Government Technical Working Committee (TWC) would be assembled 

to address this Issue as part of the next iteration of VAM analysis. 

The TWC which was created represents seven national level ministries of the Malawi 

Government: Agriculture and Land Development, Health, Economic Planning and 

Development, Education, Natural Resources, Water, Women and Children's A£fairs, and 

Community Service. The first meeting of this TWC was held on 6 February, 1997, and a list 

of 10 factors felt to be important to any revised clustering was generated by the group. These 
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factors were expressed conceptually, rather than in terms of existing VAM data base 

variables. It was left to the local FEWS and WFP representatives and myself to express these 

conceptual factors in the quantitative terms needed to use them analytically. 

The factors, in their ranked order of the importance imputed to them by the TWC are: 

1. Source of income 

2. Size of landholding 

3. Assets and livestock 

4. Household size 

5. Household head gender 

6. Literacy level 

7. Health status 

8. Cropping pattems/agroclimatic zone 

9. Access to food markets 

10. Ethnicity 

At the second meeting of the TWC, FEWS/Malawi, and WPP/Malawi, these factors were 

revisited. Two of the original factors were broken into two separate component factors to 

better capture more aspects of the underlying issue; Factor 1, "source specific income", was 

broken into two factors, "size of income," and "source of income," and Factor 8, "cropping 

pattems/agroclimatic zones" was broken into "cropping patterns" and "agroclimatic zone." 
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To get a better representation of the true weights which the TWC believed should be assigned 

to the fectors, it was first necessary to obtain the levels of relative importance which the TWC 

believed should be assigned to the (now twelve) factors. The Analytic Hierarchical Process 

(AH?) defined by Saaty (1980), contained as a module in the Idrisi for Windows 1.0 GIS 

software system (Eastman, 1992a; Eastman, 1992b), was used for this purpose. This method 

requires a complete set of pairwise relative rankings, in which the relative importance of each 

pair of fectors is evaluated. Each respondent rates the relative importance of factor "i" vice 

factor "j" as follows: 

Table 5-S; AHP pairwise factor rating scale (Eastman 1992b) 

Factor "i" is.....tban Factor "j" Rating 

Extremely More Important 9 

Very Much More Important 7 

Strongly More Important 5 

Moderately More Important 3 

Equally Important 1 

Moderately Less Important 1/3 

Strongly Less Important 1/5 

Very Much Less Important 1/7 

Extremely Less Important 1/9 

In the originally defined AHP formulation, the individual pairwise rankings are then used to 

arrive at a single set of rankings for the group, reached by consensus. Once a single set of 

pairwise rankings has been established for all possible pairs of factors, the AHP algorithm 

uses these to generate a set of normalized weights ("normalized" means that they are all non
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zero and sum to 1.0) which are consistent with all of the pairwise rankings (or, if this is 

mathematically impossible, the weights are as close as possible to fully consistent, and a 

warning is provided to the user). 

In Malawi, our next step was at variance with the original AHP methodology as articulated 

by Saaty (1980), in which all of the individual pairwise rankings were merged to reach a 

consensus set of these numbers. I felt that the process of consensus, at least in Malawi, might 

result in people "giving in" but not really believing the consensus position. Ultimately, I felt 

that for reasons of avoiding arguments, or simply wanting to be done with it, there was a 

strong possibility that any consensus reached in the nominal AHP way might not be a candid 

and true one here. Therefore, I deliberately used independent sets of pairwise rankings and 

derived equations for reaching a mathematical "average" of them. I use the word "average" 

loosely, because the scale used for the rating did not permit use of a simple arithmetic 

average. However, I believe that the single set of pairwise rankings reached through use of 

Equation 5-8 below is the mathematical analog of a "consensus" position. 

=" [ IL (""ijs ) I s from 1 to n, (5-8) 

where is the composite, or consensus, rating 

Tg, is the s"* individual ranking of the relative importance of factor "i" 

vice factor "j" 
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and 

n is the number of individual ratings being combined 

n, denotes the product of quantities indexed by "s" 

At this second TWC/FEWSAVFP meeting each attendee individually and independently 

ranked all 66 possible pairs of two of the twelve factors against each other using the above 

rating system. That there are exactly 66 such pairs of variables follows either from their 

exhaustive enumeration, or more generally from the observation that the number of ways to 

selectthings'T' at a time is denoted as Q" and is given by: 

In the case cited above, (12!) / (2!)(10!)=(12 x 11 x 10!)/(2!)(10!) = (12 x 11) / 2 = 66. 

Therefore, the next step was to take a number of independent sets of these relative ratings and 

combine them into a single set of ratings which reasonably represents the consensus of all of 

the individual ratings. Looking at the rating scale in Table 5-5, it is clear that simply taking 

the arithmetic mean (average) of all individual ratings for each pair of factors would not work. 

For example, if one person rated factor "i" "extremely more important than factor "j," and a 

second person rated factor "i" extremely less important than factor "j," the arithmetic mean 

Ck"=n!/(k! [n-k]!) (5-9) 

where n! = "n factorial" = n x (n-1) x (n-2) x x 2 x 1 
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of these two ratings would be (9 + l/9)/2 = 4.55 which represents a consensus rating that 

factor "i" is between "moderately" and "strongly" more important than factor "j." This is 

clearly wrong since the "consensus" or composite of these two ratings is that the two factors 

are "equally important," which has a rating of 1.0. Similarly, simply multiplying the two 

ratings and dividing by 2.0 is also wrong. Now the compromise rating is (9 X l/9)/2 = 0.5, 

which is still not right. 

The reason for these discrepancies is that the rating scale is exponential, and the process of 

"averaging" in this instance is implemented by multiplying all of the individual ratings together 

and then taking «'* roots of the product of the individual ratings, where n is the number of 

individual ratings being combined as presented in Equation 5-8. In the simple two ratings 

example described above, this process would lead to the calculation [ 9 x 1/9]'' = 1, which is 

correct. More generally, the individual ratings can be combined according to Equation 5-6. 

When Equation 5-8 was used to derive composite relative rankings which were fed into the 

AHP algorithm, the normalized weights were obtained for the factors; which are given with 

their rank and their weights in Table 5-6. 

i 
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Table 5-6; Clustering factors and weights (FEWS/Malawi, 1997) 

Factor Rank Weight 

Source of Income 1 .1775 

Assets and Livestock 2 .1714 

Household Income 3 .1475 

Cropping Patterns 4 .0851 

Agroclimatic Zone 5 .0750 

Household Health Status 6 .0662 

Household Size 7 .0606 

Literacy Level 8 .0585 

Size of Landhoidlngs 9 .0584 

Gender of Household Head 10 .0522 

Access to Food Markets 11 .0292 

Ethnic Affiliation 12 .0183 

The weights in Table 5-6 reflect the computed weights which were consistent with the sets 

of pairwise rankings fed into the AHP algorithm. Interestingly, if the ranks in Table 5-6 are 

compared to the ranks of the selected factors given earlier, for the most part the lists agree. 

Although some differences are noted, this comparison reflects fairly good consistency between 

tlie factor rankings reached by the two independent methods used here. 

Most of the fectors in Table 5-6 were directly equivalent to data base variables, which were the 

used to represent these factors. In a few cases, a proxy variable for the factor had to be 

constructed from existing data base variables. For example, "access to food markets" was 

created as a weighted sum of the average distances to the nearest markets of different types. 

These included. The wei^ts were assigned to reflect the (estimated) relative importance of the 
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different market types. The specific weights used were: ADMARC outlets; 0.6, local produce 

markets: 0.3, and private traders: 0.1. 

Two factors could not be assigned adequate values, "assets and livestock" presented 

problems because no good national data set at the EPA level exists for the assets which are 

measures of wealth in Malawi: metal roofs, radios, and bicycles (personal communication at 

the TWC Meeting, Sept., 1996). Therefore, a weighted sum of livestock ownership rates and 

average numbers of rooms per dwelling per EPA was used as the best proxy available at that 

time. 

In the case of "ethnic aflBliation," no current data set exists for tribal populations or 

proportions in the EPA; the only available maps of ethnic distributions were either too old or 

at too gross a level to be useful. In spite of written requests made to all RDPs to provide just 

a listing of primary tribal groups in each EPA, only about half of the RDPs responded in time 

for this analysis. However, since this was the lowest weighted factor (per Table 5-6), it was 

decided to delete it fi-om this round of the analysis. Therefore, the analysis proceeded with 

just the eleven highest ranked factors. 

In order to use these factors in a statistical clustering algorithm, their values had to be 

standardized. The reason for this is that the clustering routines group cases (EPAs) according 

to their distance from one another in iV-dimensional parameter space. In this case, the factors 

wou ld  be  g rouped  acco rd ing  t o  t he  Euc l idean  d i s t ance  o f  one  EPA f rom ano the r  i n  I I -

\ 
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dimensional space, where each dimension is defined by a single factor. To illustrate the 

problem, consider a simple two dimensional case in which one factor is measured in units 

which range from 0.0-1.0 and the other in units which range fi-om 1.0 - 100.0. The simple 

Euclidean distance between two points is given by Equation 5-10 as : 

D,j = [ (X„ - X,i)^ + (Xa - Xj,)' I-' (5-10) 

where Dy = the distance between EPAj and EPAj,. 

X„ = the value of factor 1 for EPAj, 

X,j = the value of factor 1 for EPA, 

Xi, = the value of factor 2 for EPAj, 

and X2j = the value of factor 2 for EPAj 

From this equation it is clear that if the EPAs have values for factor "i" which are an order 

of magnitude or so less than the values for factor "j," then only the term involving factor "j" 

will be significant. More generally, the iV-dimensional analog of equation 5-7 is given by 

Equation 5-11: 

I>« = [ Zk (Xki - ' k from 1 to N (5-11) 

where Dy = the distance between EPAj and EPA,-
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Xu = the value of factor "k" for EPAj, 

and Xy = the value of factor "k" for EPAj 

The only way to make all of the factors equally significant (before weights are applied^ is to 

standardize all of the factor values. This was done by dividing the set of values for each 

factor by the maximum value for that factor. This had the effect of scaling all factors to have 

values in the range 0.0 - 1.0. 

Equation 5-11 was modified to include the factor weights. The revised equation, which was 

used to generate the weighted &ctor values for all of the HP As used as input to the clustering 

algorithm is given in Equation 5-12. 

^ [ Zk - Xkj)^]'^ k from 1 to N (5-12) 

where Dy = the distance between EPAj and EPA,. 

Xfc, = the value of factor "k" for EPAj, 

Xy = the value of factor "k" for EPA^, 

and = the "squared" weight for factor "k" 

In Equation 5-9 the weight appears "squared", that is, multiplied by itself The reason for this 

is that this equation is algebraically equivalent to multiplying each factor value by its 
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appropriate weight and then using Equation 5-11. This follows from the observation that: 

=(WkX„ - (5-13) 

These weighting processes were all applied to the factor variables for each EPA. The 

resultant data was entered into SPSS for Windows 7.0 K-means clustering algorithm, which 

is an hierarchical agglomerative process which produces the analyst-specified number of 

clusters, "K." This algorithm was run with K = 4, 5, 6, 7, and 8, as these numbers were felt 

to span the range of acceptable numbers of final clusters. The results of this approach are 

shown in Figures 5-7a through 5-7e. While these results are statistically coherent, the 

resulting clusters are made up of many discrete pieces. This very low level of geographical 

contiguity for all selected values of "K" led to these results being discarded and a new 

approach being sought. 

The basis for this decision is that I felt that, in general, in the absence of some 

dramatic agroecological or topographic change from one area to another adjacent one, the 

similarities between adjacent areas are probably greater and more important than the purely 

statistical differences highlighted in the clustering results. Therefore, 1 felt that geographical 

contiguity has not only an intuitive and a heuristic benefit over non-contiguity, but it probably 

implies important similarities which should not be discarded in favor of purely statistical 

"proximity" in II dimensional space. 
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Figure 5-7a: K-means 
clustering results, K=4 
(WFP et oL, 1996) 

Figure 5-7b: K-means 
clustering results, K=5 
(WFP et oL, 1996) 

Figure 5-7c: K-means 
clustering results, K=6 
(WFP et a!., 1996) 

Figure 5-7d: K-means 
clustering results, K=7 
(WFP et aL, 1996) 

Figure 5-7c: K-means 
clustering results, K=8 
(WFP e/ai, 1996) 
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5.3.4.2 Classification Trees 

The method of classification trees is a "hierarchical divisive clustering" algorithm; that is, the 

algorithm starts with one "cluster" made up of all the cases (all 154 EPAs) and iteratively 

breaks this one cluster into smaller ones. Therefore, its approach is diametrically opposite 

that of the /T-Means Clustering discussed above. Another significant diflference between the 

two approaches is that while the latter performs its agglomerative clustering based on the 

variables given it by the user, in the case of classification trees the user provides one 

dependent variable and a set of potential independent variables, and the algorithm decides 

which subset of the candidate independent variables will be used to define and dififerentiate 

the clusters. I used the software: Classification and Regression Trees (CART) 2.0 for as my 

implementation of this algorithm in this analysis. 

CART performs its clustering by choosing (1); an existing cluster to split into two new 

clusters, (2); an independent variable which will be the basis for the "split", and (3); the value 

of that variable on which the cluster will be split. All cases with values of that variable less 

than or equal to tlie splitting value go to one new cluster, all other cases, for which the value 

of the splitting variable is necessarily greater than the splitting value, go to the other. 

The basis for selecting the splitting cluster, variable, and value at each step is minimization 

of the heterogeneity of the dependent variable in all of the clusters, where the weights reflect 

the proportion of cases in each cluster (Steinberg and Colla, 1995). In other words, at each 

step the algorithm works to create clusters which are cumulatively more homogeneous with 

I 
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For this research I decided to use as the dependent variable a categorical variable associated 

with the original conceptually defined clusters. The reason for this is that it provides 

continuity with the 1996 Malawi VAM (WFP et al., 1996) in which these were the actual 

clusters used for the subsequent analyses. The FEWS/Malawi oflScer, (Ms. Lezlie Moriniere), 

the USAID Agricultural OflScer (Kurt Rockemann), and I all believed that this would provide 

a useful bridge between that effort and any further analyses done with the new clusters. 

Therefore, CART was given a dependent variable with categorical values (i.e., the category 

number was just a label, and had no intrinsic value). The old clusters were assigned 

categorical values as follows: 

Cluster Category 

Maize 1 
Mixed Agriculture 2 
Estate Influenced 3 
Income Generating Activity 4 
Urban Influenced 5 

The potential independent variables used here were the unsealed, unweighted factors because 

the scaling and weighting were not needed by the CART algorithm. Those processes were 

performed on the factor values to guide the distance function in the AT-Means Clustering; the 

CART algorithm uses entirely different methods. 
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The sequence of splits determined by CART is shown in Fig^^e 5-8. Because for some 

factors single data base variables did not exist, abstract proxies had to be constructed for 

thenL These proxies were computed as weighted linear sums of existing, relevant, data base 

variables. The weights were selected to reflect the estimated relative importance of the 

different parameters to the factor as a whole. The factors for which this was done which were 

CART used as splitting variables are "assets and livestock" and ''"'householdhealth status." 

Consequently, the values of these factors shown in Figure 5-8 as splitting values are abstract 

measures and cannot be easily explained in intuitive terms. The values shown in Figure 5-8 

for the other EPA-level factors are easily interpreted. "Landholding size" is measured as 

average landholding size in the EPA, in hectares, and "family size" is measured as average 

number of people per household in the EPA. 

Note that only four of the eleven factors were used here. This is not necessarily a reflection 

of the insignificance of those factors not used, but rather, a reflection of those factors' 

importance given the choice of dependent variable.. Since the dependent variable was 

conceptually defined (i.e., the clusters themselves), there was less statistical coherence and 

homogeneity in the clusters than might have been true if some calculated metric for the EP As 

had been used instead as the dependent variable. 
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CART Glister 
Developinent 

Ya No Aaicto 
<•035 7 

No Ya Yes 

No No Y« Laadboldingt 
<.705li«7 / 

Va No Faallf Siw 
<SJ4 Ouster 5 

(UEPAs) 
Cluster 6 
(24EPAS) 

Ouster 1 
(48EPAS) 

Figure 5-8: Sequence of CART **splitting decisions" for cluster generation (FEWS/Malawi, 1996) 

Note in Fig^^e 5-8 that the same factors are sometimes used more than once as splitting 

variables. This is a normal CART results in some cases, and simply shows that after some of 

the interim clusters have already been fbraied, the same splitting variable can still be the most 

significant in terms of maximizing the homogeneity of the next iteration of clusters with 

respect to the dependent variable. 

The effect of using classification tree clustering with these dependent and independent 

variables was to modify the original conceptually defined clusters to make them more 

statistically coherent. That is, the new clusters are highly correlated with the old ones. This 
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can be seen in Table 5-7 which shows the correspondence of the original and the new clusters. 

The overall coefficient of correlation between the original clusters and the new ones is 0.73, 

which indicates a highly significant relationship between the two. This is not surprising, given 

the derivation of the new clusters from the original set. 

Table 5-7; Correspondence of conceptual and CART generated clusters (FEWS/Malawi, 1996) 

Maize Estate 
Influence 

IGA Mixed 
Agricultu 

Urban 
Influence 

•nceptual 
CART 

Cluster 1 30 48 

Cluster 2 

Cluster 3 25 

Cluster 4 

Cluster S 23 

Cluster 6 24 

Cluster 7 

Column Count 54 34 41 154 

This table shows that while some of the new clusters are comprised of EPAs from only two 

or three of the original clusters (e.g.. Clusters 2, 3, 4, and 7), others are comprised of EPAs 

from all, or almost all, of the original clusters (e.g.. Clusters 1, 5, and 6). This permits some 

intuitive interpretation of what these clusters represent. For example. Cluster 2 is almost 

entirely made up of EPAs which had been originally assigned to the "Mixed Agriculture" 

cluster. Following the logic sequence in Figure 5-9 which leads to Cluster 2, one sees that 

this cluster can be characterized by EPAs whose inhabitants have fewer assets than several 

of the other EPA clusters. Their smallholders have landholding of less than 0.985 ha., and 
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the average family size across the EPAs in the cluster is over 5.34. If these statistics are 

compared to the average values of the same variables over all of Malawi's 154 EPAs, these 

clusters can be more finely characterized. These topics are discussed after the more 

significant cluster-specific indicators and determinants of vulnerability and food insecurity 

have been determined in Section 5.4, and also in Chapter 6, below. 

A map showing the geographical distribution of the EPAs in the new clusters is presented in 

Figure 5-9. Note in this figure that while the geographical contiguity of the clusters is not 

perfect, it is much improved over that achieved with the ^T-Means Clustering approach. In 

general, each cluster is comprised of fewer discrete, unconnected regions. 

A review of the map in Figure 5-9 and the data in Table 5-7 shows that Cluster 4 has only six 

EPAs. This is not adequate for the mathematical methods which were used to analyze each 

cluster independently. Looking again at Figure 5-9, the only difference between the EPAs 

in Cluster 4 and those in Cluster 3 is that the average size of smallholder landholding in 

Cluster 3 is greater than 1.515 ha., while those in Cluster 3 are between 0.985-1.515 ha. 

Therefore, I decided to merge Cluster 4 into Cluster 3, leading to a "new" Cluster 3 

consisting of 31 EPAs whose average smallholder landholdings are greater than 0.985 ha. 

i 



Figure 5-10: CART generated EPA clusters (FEWS/Malawi, 1997) 
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Additionally, two other EPAs were individually reassigned. Note in Figure 5-9 that two 

EPAs in Cluster 2 (yellow) are completely surrounded by EPAs in Cluster I (green). These 

are the only completely isolated single EPAs in this figure. From Figure 5-8, the distinction 

between EPAs in these two clusters is based entirely on average family size in the EPA. In 

Cluster 1 average family size is less than or equal to 5.34, while in Cluster 2 average family 

size is greater than 5.34. The northernmost of the two EPAs being reassigned (Zidyana EPA 

in Nkhotakota District) has an average family size of 5.37, while the southernmost of the the 

two EPAs (Masuku EPA in Mangochi District) has an average family size of 5.36. I 

considered these values to be close enough to the splitting value (5.34) to reassign them in 

the interests of improved geographic contiguity, in spite of slightly reducing the optimality of 

the CART solution. The EPAs were accordingly reassigned. Changing the effective splitting 

value to 5.37 did not affect any other EPAs. 

When these clusters have been merged the new decision tree which determines which cluster 

an EPA is assigned to is as shown in Figure 5-10. This figure is the analog of Figure 5-8. 

The results of modifying Table 5-7 to show the results of this cluster merging are shown in 

Table 5-8. The new map is shown in Figure 5-11. In all of these figures and tables the 

clusters have been renumbered fi-om 1-6; "new" Clusters 1-2 are the same as the "old" 

clusters with these numbers, "new" Cluster 3 is the union of "old" Clusters 3 and 4, and 

"new" Clusters 4-6 are the "old" Clusters 5-7, respectively. 

I 
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CART/lVIanual 
Cluster 

Development 

[ouschold AssctsS«,^[" 
<•035 7 

No Yes Yes HH Health 
Status < 1.125 

No Ouster 6 
(15 EPAs) 

Cluster 3 
(31 EPAs) 

Sta Land holdings 
< .70S ha? 

Family Size 
<5J7 

No 

Cluster 4 
(23 EPAs) 

Cluster 2 
(UEPAs) 

Cluster 1 
(50 EPAS) 

Figure 5-10: CART decision tree for final clusters 

Table 5-8: Correspondence of conceptual and final CART/manually generated clusters 

Estate 
Influenced 

Mixed 
Agric. 

IGA Urban 
Influenced 

Maize Row 
Count 

inceptual 
Final 

Cluster I 30 SO 

Cluster 2 

Cluster 3 

Cluster 4 23 

Cluster 5 24 

Cluster 6 

Column Count 41 34 ISl 



Final Clusters 

Figure 5-12: CART/manualiy generated final EPA clusters 
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Note in Figure 5-11 that merging Clusters 3 and 4 has resulted in the new, merged, cluster 

being almost completely contiguous. While "old" Cluster 4 was also composed of contiguous 

EPAs, "old" Cluster 3 consisted of three discrete regions separated by "old" Cluster 4, which 

problem is now almost fully resolved. This is another benefit of this merge. Note also the 

improved contiguity of the revised Cluster 2, which no longer has two isolated EPAs 

surrounded by Cluster 1 EPAs. 
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5.4 Significant Indicators 

Tftree different analytic methods were used to identify indicators that are 

significantly related to each of the proxies for vulnerability in each of the 

six EPA clusters and in the nation as a whole. 

This section presents the methods used to identify those indicator variables which are 

significantly correlated to vulnerability to food insecurity. In this context the term 

"significantly correlated" means more than just a suitably high value for appropriate bivariate 

correlation coefiBcients. While that is one measure of significant correlation, in this section 

the term is used in its broader sense to mean statistically significant relationships between 

measures of vulnerability and indicator variables in any of several model paradigms. In this 

particular case, coefficients of correlation, regression trees, and multiple linear regression 

were all used to identify significant relationships. Each of these methods has its own 

fundamental model with that model's explicit and implicit assumptions about the underlying 

nature of the relationships being explored. These, and the results achieved with each of these 

models will be discussed in its own subsection; Bivariate Correlations (Section 5.4.1), 

Regression Trees (Section 5.4.2), and Multiple Linear Regression (Section 5.4.3). A brief 

discussion of these results, their interpretation, and the conclusions which can be drawn from 

them will all be presented in Section 5-5. A more comprehensive treatment of these issues 

is given in Chapter 6. 
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5.4.1 Bivariate Correlation 

One method of determining whether or not a statistically significant relationship exists 

between two variables is to calculate the correlation between them, expressed as the 

coefficient of correlatioa The coefficient of correlation is the simplest measure of association 

between two variables because it considers only those two variables, unlike the other methods 

used for this research (Billingsley, 1986). 

This parameter measures the strength of the linear relationship between two variables, and has 

values between -1.0 and +1.0. The closer the absolute value of the calculated value is to 1.0, 

the stronger the relationship is. If the coefficient is positive (> 0.0), then as one variable 

increases, so does the other. If the coefficient is negative (< 0.0), then the relationship is 

inverse. That is, as one variable increases, the other decreases. This case may also be 

expressed by saying that the best straight line fit to the set of data points has a negative slope. 

Note that if two variables are perfectly related through, say, a quadratic or a cubic 

relationship, their coefficient of correlation might be low (since the true relationship is 

nonlinear and the linear relationship is weak), thereby misleading the analyst into thinking that 

there is no strong relationship between the two. These other forms of mathematical 

association are explored, at least implicitly, through the use of regression trees, as discussed 

in Section 5.4.2, below. However, one way to investigate suspiciously low correlation 

coefficients is to look at the scatterplot of the two variables plotted against each other. Such 

a graph will show any relationship between the two variables. 
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Several forms of a coefficient of correlation have been defined and used. For this research, 

the Pearson correlation coefficient was used. This parameter is the default form of correlation 

coefficient used by SPSS for Windows 7.0, which was used for much of the statistical analyses 

in this work (Norusis, 1993). This parameter is defined as: 

r = { Xi (^i - - /^Y ) / (N -1) SxSy} i fi-om 1 to N (5-13) 

where r = Pearson coefficient of correlation, 

X, = the i"* value of one variable pC) 

Y,= the i**" value of the other variable (Y) 

/z, = the mean of the X values 

IXy = the mean of the Y values 

S, = the standard deviation of the set of X values 

Sy = the standard deviation of the Y values 

and N = the number of (X, Y) pairs 

Note that this parameter is dependent on the number of (X,Y) pairs used to calculate it. In 

general, for small data sets, N will be small, while the correlation coefficient may be 

(relatively) large, and may therefore seem more indicative of a strong association between the 

variables. To guard against being misled simply by the magnitude of the coefficient, the 

statistical significance of the coefficient must also be taken into account. 
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This is a measure of the probability that there is a true relationship between the variables. For 

a more formal, rigorously stated definition of statistical significance, see any text on classical 

statistics, e.g., Billingsley et al.^ (1986). The lower the significance of a given correlation 

coeflBcient, the more likely it is that there is a true relationship between the two variables (the 

probability of a true relationship is given by 1.0 minus the significance level). 

I calculated correlation coeflBcients for all of the four dependent variables, (the three principal 

components of the outcome variables data set (PCI, PC2, and PCS) and the variable 

COMPOSITE VULNEIRABILITY calculated fi-om them) and all of the indicator variables. 

These coeflScients were calculated separately for each of the six clusters of EPAs derived in 

Section 5.3, and also for the set of all 154 EPAs (the nation) to provide a basis for 

comparison. For a more complete presentation of the variables themselves, including their 

units, scales of collection, etc., see Table 5-1. 

Also, the only coeflBcients considered meaningfiil for this research were those with a 

magnitude greater than or equal to 0.35 (i.e., < -0.35 or > +0.35) at a 0.05 level of 

significance or better (i.e., a probability of at least 0.95 that the relationship quantified by the 

coeflBcient is real, and not an artifact of too few samples or of the sample set used). These 

data are presented in Tables 5-9 through 5-12 for PCI ("Poverty"), PC2 ("Access to Food"), 

PC3 ("Mahiutrition"), and COMPOSITE VULNERABILITY, respectively. Only those 

indicator variables which meet these criteria for at least one PC or COMPOSITE 

VULNERABILITY are presented in these tables. 
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Note that many of the variables which are significantly correlated with several of the EPA 

clusters are not correlated with the set of ail EPAs (i.e., the nation). This is because in many 

of these cases the correlation is positive for some clusters and negative for others, in eflfect 

"canceling each other out" when all EPAs are considered together. These results will be 

discussed more fully in Chapter 6, but for now it is worth noting that by combining all of the 

EPAs into one data set for analysis, "analytic resolution" may be lost by conflicting trends in 

the different EPA clusters. This shows that when the scale of analysis is the entire country 

rather than some logically defined subnational area, real regional differences may be obscured 

or "blurred" in the national level averaging of indicators across different areas with different 

agroecological features and different food economies. 

i 



Table 5-9; Significant indicator correlations with PCI (Poverty) 

Variable 
Name 

Variable Description The 
Nation 

Guster 
1 

Guster 
2 

Guster 
3 

Guster 
4 

Cluster 
5 

Guster 
6 

ADESANIT Percentage of an EPA with Adequate 
Sanitation -.903 

AHANEW Average Per Capita Daily Kiiocalories 
Produced .579 -.380 

A1DS9S Number of AIDS Cases per 10,000 
Population -.470 .902 -.538 .713 .977 

AVENOSTR Avenge Numiwr of Income Strategies 
Employed by Eacli Household -.635 .507 -.440 .813 -.663 

AVGLOS Average Lengtli of Growing Season (Based 
on NDVI Values) Over LOR -.699 -.533 .551 

AVGMAX Ave. Maximum NDVI Level Over Growing 
Season, Ave. Talien Over LOR .535 

CORNCAKE Percentage of Average Household 
Livelihood Derived from Sale ofComcalus .422 

CVANNCUM Interannual Coefflcient of Variation of 
AVGCUM, Over LOR 

.438 

CVLOS Interannual Coelflcient of Variation of 
AVGLOS, Over LOR 

.405 .593 

CVMZPROD CoefBcient of Variation of Maize 
Production 

-.436 .520 -.608 

DIST_AD Average Distance from Households to 
Nearest ADMARC Mailiet 

-.406 

DIST_HC Average Distance from Households to 
Nearest Health Center 

-.406 -.497 -.788 -.595 -.741 

DIST LPM Average Distance from Households to 
Nearest Local Produce Maritet 

-.482 -.793 -.913 -.921 

to 
00 Ul 



BDIST_PTR Average Dbtancc from Houscholda to 
Nearest Private Trader 

-.572 -.491 -.701 -.533 -.768 -.887 

DIST_PW Average Distance from Households to 
Source of Protected Water 

.837 -.666 -.669 

DM Number of D17 Months (<S0 nun of rain) -.608 

DRESIST Percentage of Planted Crops that Are 
Drought Resistant 

.800 .490 

ENROLLAG Percentage of Students Enrolled In School 
at Proper Age 

.413 .866 .713 

EXP_FOOD Daily Eipeudlture on Food per Household -.382 .777 -.902 

EXP_NONF Daily Expenditure on Non-Food Items per 
Household 

-.346 .453 

FAM_SIZE Average Number of People per Household -.511 -.629 .695 .730 

FEMTPOP Ratio of Females to Total Population .585 

FHHPER Percentage of Households Headed by 
Females 

.614 .525 .750 .872 

nSHLIVE Percentage of Ave. Household Livelihood 
Derived from Fishing or a Related Industry 

.668 

FULLIMM Percentage of EPA Population Fully 
Immunized 

.473 .579 .910 .449 .897 -.872 

GANYIIM4E Pereentage of Av. Household Livelihood 
Derived from Ganyu (Casual Labor) 

.363 -.405 

HECTARAGE Mean Land Holdings per Household -.724 -.626 -.867 -.620 -.988 

IHYBYIELD Yield of Hybrid Mahe Phnted -.510 

ILGP Length of Growing Period (moisture and 
temperature permit crop growth) 

.636 .531 

HLIVEIGA Percentage of Av. Household Livelihood 
Derived from Income Generating Activities 

.357 



ILVSKLIVE Percentage of Average HouMhold 
livelihood Derived from Liveslocli 

-.462 

INETENROLL Perccntate of Oiildrai Enrolled in School .909 .625 .924 

INEW.AHA Ratio of 1995 Per Capita Kilocaloriea 
Produced to Historical (1982-1995) 
Average KUocaloriea Pi^uced 

.583 

PAN Mean Aiuinal Precipitation .600 .517 

PBEANS Average Unit Price of Beans -.770 

PGNUTS Average Unit Price of Groundnuts -.462 -.942 .630 .676 

PMAIZE Average Unit Price of Maize -.549 

PPC94 Persons per Health Unit .440 .607 

PPET Ratio of Precipitation to Potential 
Evapotranspiration 

.691 -.673 -.520 

PSORGHUM Average Unit Price of Sorghum .580 -.716 

jsAFEWAT Percentage of EPA with Acccss to Safe 
Water 

.443 -.782 .723 .417 .896 .900 

SOMESAN Percentage of EPA with Access to Some 
Type of Sanitation 

.618 -.647 -.454 .854 .889 

TLITPER Total Literacy Rate in EPA -.475 .489 

WITHFOOD Percentage of Households with Foodatocbs 
1 In III# VMr .373 .479 



Table 5-10; Significant indicator correlations with PC2 (Access to Food) 

Variable 
Name 

Variable Description The 
Nation 

Cluster 
I 

Cluster 
2 

Cluster 
3 

Cluster 
4 

Cluster 
5 

Cluster 
6 

ADESANIT Percenlace of an EPA with Adequate 
Sanitatloii -.596 

AVENOSTR Average Number of Income Strategies 
Employed by Each Household .355 -.665 

AVGCUM Average Cnmulative NDVI Value Over 
Growing Season, Calculated Over LOR -.508 

AVGMAX Ave. Maximum NDVI Level Over Growing 
Season, Average Taken Over LOR .476 -.512 

CASHCROP Percentage of Cropped Area Planted with 
Cash Crops -.598 

CORNCAKE Percentage of Average Household 
Livelihood Derived fh»m Sale of Comcaltes -.420 

CVMAX Interanniial Coefflcient of Variation of 
AVGMAX, Over LOR .549 

DAYSEARN Average Number of Days' Livelihood 
Earned by a Household per Month .591 

DIST_LPM Average Distance from Households to 
Nearest Local Produce Marfaet -.617 

DIST_PTR Average Dbtance fh>m Households to 
Nearest Private Trader -.707 

DIST_PW Average Distance ftvm Households to 
Source of Protected Water .462 

DIVERSIT Measure of Cropping Divenlty {vice 
Monoculture) .517 

DM Number of Dry Months (<50 mm of rain) .644 

DRESIST Percentage of Planted Crops that Are 
Drought Resistant -.538 



ENROLLAG Percentage of Students EnroDed in School 
at Proper Age -.508 

EXP_FOOD Daily Expenditure on Food per Household -.605 -.533 

EXP_NONF Daily ExpcRditure on Non-Food Items per 
Household -.437 

FAM_SIZE Average Number of People per Houxhold -.516 .658 

FEMTPOP Ratio of Fenules to Total Population .60S 

FHHPER Percentage of Households Headed by 
Females .644 

FLITPER Percentage of Females who are Literate -.553 

FULLIMM Percentage of EPA Population Fully 
Immunized -.571 

CANYUM4E Percentage of Av. Household Livelihood 
Derived from Ganyu (Casual Labor) .409 .540 

HANDCRFT Percentage of Ave. Household Livelihood 
Derived from Sale of Handicrafts .607 

HYBYIELD Yield of Hybrid Maize Planted -.673 

LIVEIGA Percentage of Av. Household Livelihood 
Derived (kt>m Income Generating Activities -.374 .461 

LSTiOIH Percentage of Households in the EPA with 
LKestock -.622 -.761 

NETENROLL Percentage of Children Enrolled in School -.537 .625 

NEW_AHA Ratio of 1995 Per Capita Kilocalories 
Produced to Historical (1982-199^ 
Average Kilocalories Produced 

-.613 

PBEANS Average Unh Price of Beans -.612 .468 

PCASSAVA Average Unit Price of Cassava .490 



PGNUTS Avenite Unit Price of Groundnuts .552 

PMAIZE Average Unit Price of Maize -.486 

PPC94 Persons per Health Unit -.392 

PSORGHUM Average Unit Price of Sorghum .566 .483 

SAFEWAT Percentage of EPA with Access to Safe 
Water .594 

SOMESAN Percentage of EPA with Access to Some 
Type of Sanitation -.553 .608 

TLITPER Total Literacy Rate In EPA -.456 -.450 

UNEARNED Average Number of Days Livelihood NOT 
Earned Per Month -.591 

VVITHFOOD Percentage of Households with Foodstocks 
t a#* In tli#» VMr -.847 -.899 -.881 -.885 -.915 -.861 -.888 



TabIe^n^^ificMtbdic^0^0mI^i0nswjthPC3_^C0ni£0slte^^ 
IVariable 
iName 

Variable Description The 
Nation 

Guster 
1 

Ouster 
2 

Cluster 
3 

Ouster 
4 

Ouster 
5 

Ouster 
6 

BADESANIT Pcrccntagc of an EPA with Adequate 
Sanitation -.782 -.545 

A1DS95 Number of AIDS Cases per 10,000 
Population .437 -.429 -.637 

AVENOSTR Average Number of Income Strategies 
Employed by Each Household -.646 

AVGCUM Average Cumulative NDVI Value Over 
Growing Season, Calculated Over LOR -.567 

AVGMAX Average Maximum NDVI Level Over 
Growing Season, Average Talien Over 
LOR 

-.519 -.617 

CASHCROP Percentage of Cropped Area Planted with 
Cash Crops .513 

CORNCAKE Percentage of Average Household 
Livelihood Derived fh>m Sale of Corncakes -.482 

CVMAX Intenumual Coemdent of Variation of 
AVGMAX, Over LOR .359 .548 .456 

CVMZPROD Coefflcient of Variation of Maize 
Production -.459 .535 

DAYSEARN Average Number of Days' Livelihood 
Earned by a Household per Month -.666 

DENSITY87 Population Density .359 .448 

DIMBA Percentage of Households in the EPA 
Cultivating Dimba -.415 -.433 -.537 

DIST_HC Average Dbtance ftt>m Households to 
Nearest Health Center -.504 

N> 
VO 



|DIST_LPM Avcrasc Distance from Houseliolds to 
Nearest Local Produce Market -.726 .491 

DIST_PTR Average Distance fh>m Houseliolds to 
Nearest Private Trader -.592 .693 

DIST_P\V Average Distance from Households to 
Source of Protected Water .731 -.634 

DIVERSrr Measure of Cropping DIvenity (vice 
Monoculture) -.587 

•RESIST Percentage of Planted Crops that Are 
Drought Resistant -.498 

ENROLLAG Percentage of Students EmvDed in School 
at Proper Age -.381 .614 

EXP_FOOD Daily Eipenditure on Food per Household -.650 

EXP_NONF Daily Expenditure on Non-Food Items per 
Household -.544 

FAM_SIZE Average Number of People per Household -.487 -.653 

FHHPER Percentage of Households Headed by 
Females -.441 

FULLIMM Percentage of EPA Population Fully 
Immunized .573 .609 .372 -.758 -.568 

GANYUM4E Percentage of Av. Household Livelihood 
Derived ftvm Ganyu (Casual Labor) .465 .748 

HECTARAGE Mean Land Holdings per Household -.356 .561 .705 

HYBYIELD Yield of Hybrid Maize Planted -.438 

LGP Length of Growing Period 
(moisture and temperature permit crop 
growth 

-.478 -.602 

LIVEIGA Percentage of Av. Household Livelihood 
Derived fh)m Income Generating Activities .575 .610 .463 



NETENROLL Percentage of OiUdren Enrolled in School -.364 -.494 -.834 -.417 

NEW_AHA Ratio of 1995 Per Capita Kilocalories 
Produced (o Historic^ (1982-1995) 
Average Kilocalories Produced 

-.479 

PBEANS Average Unit Price of Beans -.385 -.668 .456 .629 

PCASSAVA Average Unit Price of Cassava -.581 

PGNUTS Average Unit Price of Groundnuts -.512 

PMAIZE Average Unit Price of Maize -.557 .459 

PPC94 Persons per Health Unit .413 

PPET Ratio of Precipitation to Potential 
Evapotranspiration .629 

SAFEWAT Percentage of EPA with Access to Safe 
Water -.534 .533 

SOMESAN Percentage of EPA nith Access to Some 
Type of Sanitation .750 -.852 

TLITPER Total Literacy Rate in EPA -.700 -.698 

UNEARNED Average Number of Days Livelihood NOT 
Earned Per Month .666 

WTTHFOOD Percentage of Households with Foodstocks .464 



TabI 15-12: Sienificant indicator correlati( msmthCOMPOSIi rE VULNE 'RABILin r 

IVariable 
iName 

Variable Description The 
Nation 

Quster 
I 

Cluster 
2 

Gustcr 
3 

Ouster 
4 

Ouster 
S 

Quster 
6 

IADESANIT Percentage of an EPA with Adequate 
Sanitation -.848 

AHANEW Aveni|c Per Capita Daily KUocalotlea 
Produced -.460 

AIDS95 Number of AIDS Cases per 10,000 
Population .814 -.636 .565 .946 

AVENOSTR Average Number of Income Strategies 
Employed by Each Household .592 .810 -.689 

AVGLOS Average Length of Growing Season (Based 
on NDVI Values) Over LOR -.652 -.638 .572 

AVGMAX Average Maximum NDVI Level Over 
Growing Season, Average Talien Over 
LOR 

.653 

CASHCROP Percentage of Cropped Area Planted with 
Cash Crops .373 

CVANNCUM Interannual Coefficient of Variation of 
AVGCUM, Over LOR .507 

CVLOS Interannual Coefficient of Variation of 
AVGLOS. Over LOR .629 

CVMZPROD Coefficient of Variation of Maize 
Production .615 

D1ST_HC Average Distance fh>m Households to 
Nearest Health Center -.432 -.350 -.652 -.800 -.726 

DIST_LPM Average Distance fh>m Households to 
Nearest Local Produce Market -.487 -.536 -.821 -.939 -.854 

D1ST_PTR Average Dbtance from Households to 
Nearest Private Trader -.599 -.735 -.651 -.887 



D1ST_PW Average Dbtance Ihrni Households to 
Source of Protected Water .776 -.550 -.637 

DM Number of D17 Months (<50 nun of rain) -.626 .586 

DRESIST Percentage of Planted Crops that Are 
Drought Resistant .730 .434 

ENROLLAG Percentage of Students Enrolled in School 
at Proper Age .385 .937 .839 

EXP_FOOD Daily Expenditure on Food per Household .784 -.755 

EXP_NONF Daily Eipenditurc on Non-Food Items per 
Household .639 

FAM_SIZE Average Number of People per Household -.404 .671 .845 

FEMTPOP Ratio of Females to Total Population .590 

FHHPER Percentage of Households Headed by 
Females .547 .745 .807 

FISHLIVE Percentage of Ave. Household Livelihood 
Derived fhim Fishing or a Related Indnstiy .729 

FULLIMM Percentage of EPA Population Fully 
Immunized .461 .520 .802 .876 .861 -.836 

GANYUM4E Percentage of Av. Household Livelihood 
Derived ih>m Ganyu (Casual Labor) .400 .436 

HECTARAGE Mean Land Holdings per Household -.649 -.729 -.597 -.934 

HANDCRFT Percentage of Ave. Household Livelihood 
Derived (Irom Sale of Handicrafts -.553 

HYBYIELD Ykld of Hybrid Maize Planted -.471 -.595 

LGP Length of Growing Period 
(moisture and temperature permit crop 
growth 

.627 

LIVEIGA Percentage of Av. Household Livelihood 
Derived (h>m Income Generating Activities .397 



HLSTKHH Percentage of HoiuehoUs in the EPA with 
Livestock -.788 

ILVSKLIVE Percentage of Average Honsehold 
LtveUhood Derived from livestock -.548 

INETENROLL Percentage of Children Enrolled In School .851 .694 .812 

NEW_AHA Ratio of 1995 Per Capita KUocaiories 
Produced to Hbtorical (1982-1995) 
Average KUocaiories Produced 

.691 

PAN Mean Annual PredpttaUon .378 

PBEANS Average Unit Pricc of Beans -.407 .626 -.745 

PCASSAVA Average Unit Price of Cassava -.853 .472 

PGNUTS Average Unit Pricc of Groundnuts -.436 -.421 .667 .564 

PMAIZE Average Unit Price of Maize -.386 -.599 

PPET Ratio of Precipitation to Potential 
Evapotnuispiration .578 -.652 -.507 

PSORGHUM Average Unit Price of Sorghum .60S -.585 .587 .480 

SAFEWAT Percentage of EPA with Access to Safe 
Water .443 -.780 .510 .441 .940 .847 

SOMESAN Percentage of EPA with Access to Some 
Type of Sanitation .570 -.632 .693 .755 

TLITPER Total Literacy Rate in EPA -.520 -.433 

WITHFOOD Percentage of HonsehoMs with Foodstoclo -.863 
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S.4.2 Regression Trees 

In Section 5.3, above, classification trees were used to help decompose the set of Malawi's 

154 EPAs into six clusters. In that case, the variables used to split the EPAs were determined 

earlier by the Government of Malawi Technical Working Committee (TWC), and were not 

of later interest. There, the interest was the composition of the resultant clusters in terms of 

their constituent EPAs. To derive the results presented in this section, the same basic 

methodology was used (in fact, the same software - CARTfor Windows 2.0- was used to 

generate them). The differences between the two sections are, 1); that in this case regression 

trees will be used, and, 2; here the interest lies in the variables used to generate the various 

branches of the regression trees, and not in the resultant nodes. Therefore, some fiirther, brief 

discussion of this methodology is warranted here. 

Regression trees are a form of decision tree for which the cluster generation process used a 

coniiimous dependent variable. The purpose behind using regression trees is to partition the 

cases (the EPAs in a cluster) into discrete subsets so as to optimize the "homogeneity" of the 

dependent variable in the resultant subnodes. More rigorously stated, the terminal nodes 

which result fi^om the tree will be such that the weighted sum of the variances of the 

dependent variable in the terminal nodes will be minimal, where the weights reflect the 

proportion of data cases in each terminal node (Steinberg and Colla, 1995). 
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Here, the terminal nodes will have more or less similar values of the dependent vjiriables, 

which will be those used throughout this work. These are the first three principal components 

of the set of outcome veuiables, and the variable COMPOSITE VULNERABILITY derived 

fi"om them. The branches of the decision tree will be defined by "yes-no" responses to the 

question of the values of some of the indicators. Cases (EP As) will be "dropped through the 

tree" into terminal nodes according to their values of the "splitting" indicator variables. 

These "splitting variables" therefore serve to partition the EPAs fi"om a single cluster into 

subsets whose values of the dependent variable are generally similar. In other words, these 

splitting variables are significant in terms of determining the value of the dependent variable. 

These dependent variables represent the different aspects of vulnerability addressed in this 

research. The purpose of using regression trees in this analysis is, therefore, to identify those 

indicators which are selected as splitting variables. Such variables are statistically important 

in determining the values of the dependent variable, and are therefore of interest here. 

The method of determining these variables for this work was the use of the Classification and 

Regression Trees (CART) software, version 2.0. The algorithms embodied in this software 

have several valuable features relevant to this work. They are given in the CART 

documentation (Steinberg and Colla, 1995) as; 

1. CART is nonparametric and does not require the specification of a functional 

form. Eliminating the requirement to specify a functional form is a significant 

advantage if the functional relationsliips among the variables are not known. 
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2. CART does not require independent variables to be specified in advance. This 

allows the use of CART as a tool for data exploration. In particular, CART 

can be used to determine the set of significant or important independent 

variables from a much larger set of possible choices. These CART-selected 

variables can then be used as the input to multiple linear regression models, 

as was done in part of this work This use of CART is recommended in the 

software manual accompanying this software (Steinberg and Colla, 1995). 

3. CART can handle data sets with complex internal structures. Again, this is an 

advantage compared to other analytic methods. 

4. CART can use anv combination of categorical and continuous variables. As was 

seen in Section 5.3, CART allows the use of categorical dependent variables. 

Categorical independent variables (independent variables are called predictors 

in CART) would be extremely useftil if variables such as "ethnic aflBliation" 

were available. In this case, a numerical label could be assigned for each 

different ethnic background. In such cases, the importance and relevance of 

such variables to such issues as vulnerability and food security could be 

assessed. 

5. CART can process cases with missing values for predictors. Although the data 

were treated and "patched" to deal with missing values (as needed for some 
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of the other methods used), if CART had been the sole analysis method used, 

the data "holes" could have been left unfilled. 

CART was employed here for two of the uses suggested for CART by its creators: data 

exploration, and variable selection in traditional modeling. 

The variables of primary interest here are the predictors, i.e., those variables which define the 

branches of the regression tree. However, variables which were not used in creating the 

optimal tree selected by CART may also have relevance. For example, CART keeps track 

of "surrogate" splits, (which are) potential tree branches which use variables other than the 

predictors. The point of this is to allow alternate variables to be used if the desired variable 

has missing values. A complete discussion of surrogate variables is presented in Steinberg 

and Colla (1995). Suffice it to say here that variables other than those used to define the tree 

branches might have been used if the preferred variables had not been available. This 

phenomenon is referred to as "variable masking," and is addressed in CART in its calculation 

of variable importance. 

"Variable importance" is the CART analog of statistical significance used in the discussion 

of bivariate correlations in Section 5.4.1, and in Section 5.4.3 concerning Multiple Linear 

Regression. However, unlike "statistical significance," which is an absolute measure, CART 

"importance" is a relative one. Improvement in the homogeneity of the terminal (final) nodes 

with respect to the dependent variable is calculated for each of the input independent variables 
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(including those not used in defining branches) and scaled relative to the variable which 

created the primary split in the tree. (That variable is given an importance value of 100, and 

all other variables are then scaled accordingly.) Note that these importance values are only 

pertinent to the decision tree which they were generated (Steinberg and Colla, 1995). 

The optimal tree of several typically generated by CART was used to determine variable 

importance. Only those variables which were given an importance score of 10 or better are 

presented in the data that follow (unless that variable was used as a predictor.) Tables 5-13 

to 5-16 present the CART results for PCI, PC2, PC3, and COMPOSITE VULNERABIUTY 

as the dependent variables, respectively. Again, Table 5-1 should be consulted for additional 

details about the indicators that appear in the following tables. Variables which were actually 

used as predictors (i.e., used to define splits) in the primary tree are in shaded cells. Those 

cases (dependent variable/cluster combinations) for which CART could not generate a tree 

which met the minimum criteria for predictive accuracy are noted in the tables. 

Only the results themselves are presented here. Their interpretation and their analysis and the 

conclusions which can be drawn are all presented in Chapter 6. However, in Tables 5-13 

through 5-16 the variables which were actually used as predictors do not necessarily have the 

highest importance scores, and variables with the higher importance scores were often not 

used as predictors This reflects the interaction among variables and their internal structure. 



Table 5-13: CART variable importance, PCI as the dependent variable 

Variable 
Name 

Variable Description The 
Nation 

Cluster 
1 

Cluster 
2 

Cluster 
3 

Cluster 
4 

Cluster 
5 

Cluster 
6 

ADESANIT Percentage of an EPA with Adequate 
Sanitation 91 11 

N 
0 

T 
R 
E 
£ 

P 
R 
0 

D 
U 

C 

E 
D 

AHANEW Average Per Capita Daily KUocalories 
Produced 21 1 

N 
0 

T 
R 
E 
£ 

P 
R 
0 

D 
U 

C 

E 
D 

AIDS9S Numlicr of AIDS Cases per 10,000 
Population too 91 87 100 N 

0 

T 
R 
E 
£ 

P 
R 
0 

D 
U 

C 

E 
D 

AVENOSTR Average Numiier of Income Strategies 
Employed by Each Household 28 24 IB 89 

N 
0 

T 
R 
E 
£ 

P 
R 
0 

D 
U 

C 

E 
D 

AVGCUM Average Cumulative NDVI Value Over 
Growing Season, Calculated Over LOR 11 

N 
0 

T 
R 
E 
£ 

P 
R 
0 

D 
U 

C 

E 
D 

AVCLOS Average Length of Growing Season (Based 
on NDVI Vahies) Over LOR 21 

N 
0 

T 
R 
E 
£ 

P 
R 
0 

D 
U 

C 

E 
D 

AVGMAX Ave. Maximum NDVI Level Over Growing 
Season, Average Taken Over LOR i 21 11 

N 
0 

T 
R 
E 
£ 

P 
R 
0 

D 
U 

C 

E 
D 

DAYSEARN Average Number of Days* Livelihood 
Earned by a Household per Month 18 

N 
0 

T 
R 
E 
£ 

P 
R 
0 

D 
U 

C 

E 
D 

DIMBA Percentage of Households in the EPA 
Cultivating Dimba 13 11 

N 
0 

T 
R 
E 
£ 

P 
R 
0 

D 
U 

C 

E 
D 

DIST_AD Average Distance fh)m Households to 
Nearest ADMARC Market 30 21 

N 
0 

T 
R 
E 
£ 

P 
R 
0 

D 
U 

C 

E 
D DIST^HC Average Distance from Households to 

Nearest Health Center 23 n 21 

N 
0 

T 
R 
E 
£ 

P 
R 
0 

D 
U 

C 

E 
D 

DIST_LPM Average Distance from Households to 
Nearest Local Produce Market 77 89 

N 
0 

T 
R 
E 
£ 

P 
R 
0 

D 
U 

C 

E 
D 

DIST_PTR Average Distance from Households to 
Nearest Private Trader 13 

N 
0 

T 
R 
E 
£ 

P 
R 
0 

D 
U 

C 

E 
D 



ENROLLAG Pcrccntaee of Students Enrolled In School 
at Proper Age 59 89 

EXP_FOOD Dally Espcndltiirc on Food per Household 13 

EXP_NONF DaUy Eipenditnre on Non-Food Items per 
Household 13 

N 
0 FAM.SIZE Average Number of People per Household 64 
N 
0 

FHHPER Percentage of Households Headed by 
Females 61 98 81 87 T 

FULLIMM Percentage of EPA Population Fully 
Immunized 34 100 87 89 

R 
£ 

HECTARAGE Mean Land Holdings per Household too W 100 E 
NETENROLL Percentage of Children EnroDed in School 25 26 91 P 
PBEANS Average Unit Price of Beans 14 3$ R 

0 
D PCASSAVA Average Unit Price of Cassava 87 

R 
0 
D 

PFET Ratio of Precipitation to Potential 
Evapotranspiration 39 U 

c 
PSORGHUM Average Unit Price of Sorghum 82 E 
SELLVEG Percentage of Average Household 

Livelihood Derived lh>m Sale of Vegetables 100 
D 

SOMESAN Percentage of EPA with Access to Some 
Type of Sanitation 34 41 

UNEARNED Average Number of Days Livelihood NOT 18 



Table 5-14; CART variable importance; PC2 as the dependent variable 

Variable 
Name 

Variable Description The 
Nation 

Cluster 
1 

auster 
2 

Cluster 
3 

Cluster 
4 

Cluster 
5 

Cluster 
6 

AHANEW Average Per Capita Daily Kilocalorics 
Produced 20 

AVENOSTR Average Number of Income Strategies 
Employed by Each Household 42 

AVGLOS Average Length of Growing Season (Based 
on NDVl Values) Over LOR N 62 

BEERM4E Percentage of Average Household 
Livelihood Derived from Beer Brewing 14 

0 
13 

CASHCROP Pcrcentagc of Cropped Area Planted with 
Cash Crops 

T 
R 1€0 

CVANNCUM Interannuai CoelBcient of Variation of 
AVGCUM, Over LOR 

£ 
E 25 

CVLOS Interannuai Coefllcient of Variation of 
AVGLOS, Over LOR P 28 

CVMAX Interannuai Coefllcient of Variation of 
AVGMAX, Over LOR 

R 
0 

73 20 

CVMZPROD Coefllcient of Variation of Maize 
Production 20 D 

U 
C 
E 
D 

20 

DAYSEARN Average Number of Days* Livelihood 
Earned by a Household per Month 32 

D 
U 
C 
E 
D DIST_AD Average Distance from Households to 

Nearest ADMARC Market 

D 
U 
C 
E 
D 43 

DIST_LPM Average Distance from Households to 
Nearest Local Produce Market 18 73 

DIST_PTR Average Distance from Households to 
Nearest Private Trader IS 43 



DivERsrr Measure of Cropping Diversity (vice 
Monooilturc) 13 87 

DM Number of Dry Months (<50 mm of rain) 27 

DRESIST Percentage of Planted Crops tiiat Are 
Drouglit Resistant N 16 

FEMTPOP Ratio of Females to Total Population 0 
69 

FHHPER Percentage of Households Headed by 
Females T 

R 
E 
E 

FLITPER Percentage of Females who are Utcmte 

T 
R 
E 
E 

73 

HANDCRFT Percentage of Ave. Household Livelihood 
Derived from Sale of HandicraHs 

T 
R 
E 
E 24 22 

HYBYIELD Yield of Hybrid Maize Planted J3 P m 
LIVEIGA Percentage of Av. Household Livelihood 

Derived from Income Generating Activities 12 R 
0 

30 

LIVEPROD Percentage of Average Household 
Livelihood Derived frvm Oim Production 

D 
U 
C 
F 

22 

LSTKHH Percentage of Households hi the EPA with 
Livestock 

D 
U 
C 
F 

77 

PBEANS Average Unit Price of Beans D 63 

PPC94 Persons per Health Unit 38 73 

TLITPER Total Literacy Rate in EPA 22 

WITHFOOD Percentage of Households with Foodstocia IW loe IW lee 41 

u> 
o 



Table 5-15; CART variable importance; PC3 as the dependent variable 

Variable 
Name 

Variable Description The 
Nation 

Cluster 
1 

Cluster 
2 

Cluster 
3 

Ouster 
4 

Cluster 
5 

Guster 
6 

ADESANIT Percentage of an EPA iriUi Adequate 
Sanitation 100 11 100 

AHANEW Average Per Capita Daily Kilocalories 
Produced 12 

AIDS95 Numlicr of AIDS Cases per 10,000 
Population 64 17 N 

0 

T 
R 
E 
£ 

N 
0 

T 
R 

100 N 
0 

AVGLOS Average Length of Growing Season (Based 
on NDVI Values) Over LOR 11 

N 
0 

T 
R 
E 
£ 

N 
0 

T 
R 

N 
0 

CASHCROP Percentage of Cropped Area Planted with 
Cash Crops 26 2 

N 
0 

T 
R 
E 
£ 

N 
0 

T 
R 

T 
R 

DAVSEARN Average Number of Days' Livelihood 
Earned by a Household per Month 

N 
0 

T 
R 
E 
£ 92 

E 
£ 

E 
E 

DIST_LPM Average Distance from Households to 
Nearest Local Produce Maiiet 28 P P P 

DIST_PTR Average Distance (hnn Households to 
Nearest Private Trader 23 

R 
0 21 

R 
0 

R 
0 

DIST_PW Average Distance from Households to 
Source of Protected Water 

D 
U 29 D 

U 100 D 
U 

DM Number of D17 Months (<50 mm of rain) fl C 
E 
D 

14 C 
E 
D 

C 
E 
D EXP_FCX)D Dally Expenditure on Food per Household 20 

C 
E 
D 

C 
E 
D 

C 
E 
D 

FAM.SIZE Average Number of People per Household 25 100 
FULLIMM Percentage of EPA Population Fully 

Immunized IQQ 100 
HECTARAGE Mean Land Holdings per Household IS llili 



HYBYIELD Yield of Hybrid Maize Planted 

N 

0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 
£ 
D 

25 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 

E 

D 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
V 

C 

E 

D 

INC_ALL Mean Annual Household Income 27 N 

0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 
£ 
D 

22 
N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 

E 

D 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
V 

C 

E 

D 

LGP Length of Growing Period 
(moisture and temperature permit crop 
Snmth 

N 

0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 
£ 
D 

84 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 

E 

D 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
V 

C 

E 

D 

LIVEICA Percentage of Av. Household Livelihood 
Derived from Income Generating Activities 45 

N 

0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 
£ 
D 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 

E 

D 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
V 

C 

E 

D 

NETENROLL Percentage of Children EnroUed in School 90 

N 

0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 
£ 
D 

100 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 

E 

D 

100 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
V 

C 

E 

D 

NEW_AHA Ratio of 1995 Per Capita Kilocalories 
Produced to Historical (1982-1995) 
Average Kilocaloriea Produced 

ililll 

N 

0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 
£ 
D 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 

E 

D 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
V 

C 

E 

D 

PBEANS Average Unit Price of Beans 12 35 

N 

0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 
£ 
D 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 

E 

D 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
V 

C 

E 

D 

PGNUTS Average Unit Price of Groundnuts 12 

N 

0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 
£ 
D 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 

E 

D 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
V 

C 

E 

D 

SAFEWAT Percentage of EPA with Access to Safe 
Water 

N 

0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 
£ 
D 

100 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 

E 

D 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
V 

C 

E 

D 
SOMESAN Percentage of EPA with Access to Some 

Type of Sanitation 23 

N 

0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 
£ 
D 100 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 

E 

D 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
V 

C 

E 

D 
TLITPER Total Literacy Rate in EPA 20 

N 

0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 
£ 
D 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 

E 

D 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
V 

C 

E 

D 

WTTHFOOD Percentage of Households with Foodstocks 
WuJ-S 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
U 

C 

E 

D 

N 
0 

T 

R 
E 

E 

P 
R 
0 

D 
V 

C 

E 

D 



Table S-16: CART variable importance; COMPOSITE VULNERABILITY as the dependent variable 

Variable 
Name 

Variable Description The 
Nation 

Guster 
1 

Guster 
2 

Guster 
3 

Cluster 
4 

Guster 
5 

Guster 
6 

AHANEW Average Per Capita Daily KUocalories 
Produced 100 

N 
O 

T 
R 
E 
E 

P 
R 
0 
D 
U 
c 
E 
D 

A1DS9S Number of AIDS Cases per 10,000 
Population 29 100 77 36 100 

N 
O 

T 
R 
E 
E 

P 
R 
0 
D 
U 
c 
E 
D 

AVENOSTR Average Number of Income Strategies 
Employed by Each Household 44 64 36 100 N 

O 

T 
R 
E 
E 

P 
R 
0 
D 
U 
c 
E 
D 

AVGMAX Average Maximum NDVI Level Over 
Growing Season, Average Taken Over 
LOR 

100 

N 
O 

T 
R 
E 
E 

P 
R 
0 
D 
U 
c 
E 
D 

DAYSEARN Average Number of Days* Livelihood 
Eanied by a Household per Month 30 

N 
O 

T 
R 
E 
E 

P 
R 
0 
D 
U 
c 
E 
D 

DIST_HC Average Distance lh>m Households to 
Nearest Health Center 25 21 100 

N 
O 

T 
R 
E 
E 

P 
R 
0 
D 
U 
c 
E 
D 

DIST_LPM Average Distance lh>m Households to 
Nearest Local Produce Market 66 100 100 

N 
O 

T 
R 
E 
E 

P 
R 
0 
D 
U 
c 
E 
D 

DIST_PTR Average Distance from Households to 
Nearest Private Trader 77 

N 
O 

T 
R 
E 
E 

P 
R 
0 
D 
U 
c 
E 
D 

DIST_PW Average Distance Ihim Households to 
Source of Protected Water 100 

N 
O 

T 
R 
E 
E 

P 
R 
0 
D 
U 
c 
E 
D 

ENROLLAG Percentage of Students Enrolled In School 
at Proper Age 100 100 

N 
O 

T 
R 
E 
E 

P 
R 
0 
D 
U 
c 
E 
D 

EXP_FOOD Daily Eipenditure on Food per Household too 

N 
O 

T 
R 
E 
E 

P 
R 
0 
D 
U 
c 
E 
D 

EXP_NONF Dally Eipenditure on Non-Food Items per 
Househoid 

N 
O 

T 
R 
E 
E 

P 
R 
0 
D 
U 
c 
E 
D 

FAM_SIZE Average Number of People per Household 35 

N 
O 

T 
R 
E 
E 

P 
R 
0 
D 
U 
c 
E 
D 



FHHPER Percentage of Households Headed by 
Females 37 69 36 

N 

0 

T 

R 
E 
E 

P 
R 
0 
D 
U 

C 

E 
D 

FULLIMM Percentage of EPA Population Fully 
Immunized SiMPS® 

74 100 36 100 
N 

0 

T 

R 
E 
E 

P 
R 
0 
D 
U 

C 

E 
D 

CANYUM4E Percentage of Av. Household Livelihood 
Derived lh>m Ganyu (Casual Labor) 

N 

0 

T 

R 
E 
E 

P 
R 
0 
D 
U 

C 

E 
D 

HECTARAGE Mean Land Holdings per Household 100 36 H
I 

N 

0 

T 

R 
E 
E 

P 
R 
0 
D 
U 

C 

E 
D 

HYBYIELD Yield of Hybrid Maize Planted 10 

N 

0 

T 

R 
E 
E 

P 
R 
0 
D 
U 

C 

E 
D 

INC_ALL Mean Annual Household Income 

N 

0 

T 

R 
E 
E 

P 
R 
0 
D 
U 

C 

E 
D 

LIVEPROD Percentage of Average Household 
Livelihood Derived from Own Production 13 

N 

0 

T 

R 
E 
E 

P 
R 
0 
D 
U 

C 

E 
D 

NETENROLL Percentage of ChUdren EnroDed fai School 36 

N 

0 

T 

R 
E 
E 

P 
R 
0 
D 
U 

C 

E 
D 

PBEANS Average Unit Price of Beans 14 92 

N 

0 

T 

R 
E 
E 

P 
R 
0 
D 
U 

C 

E 
D 

PMAIZE Average Unit Price of Maize 100 

N 

0 

T 

R 
E 
E 

P 
R 
0 
D 
U 

C 

E 
D SOMESA.N Percentage of EPA with Access to Some 

Type of Sanitation 12 16 

N 

0 

T 

R 
E 
E 

P 
R 
0 
D 
U 

C 

E 
D 

UNEARNED Average Number of Days Livelihood NOT 30 

N 

0 

T 

R 
E 
E 

P 
R 
0 
D 
U 

C 

E 
D 
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5.4.3 Multiple Linear Regression 

This section describes the use of Multiple Linear Regression (MLR) in determining the 

statistically significant indicators related to food insecurity. Unlike CART, MLR assumes that 

there is a specific fimctional form of the underlying relationship between the dependent and 

independent variables. This functional form is: 

V = (Wj Xj ) + C i fi-om 1 to N (5-14) 

where Y is the dependent variable 

X, is the i*"* independent variable (of N such variables) 

W, is the coeflBcient, or "weight" of determined by the MLR 

algorithm 

C is a constant, also determined by the MLR algorithm 

Here, "Y" is one of the proxies for vulnerability. Either it is one of the principal components 

of the set of outcome indicators, or it is the variable COMPOSITE VULNERABILITY derived 

from them. The set of "Xj" are the independent variables which are, in this context, the "N" 

indicators; the "W" are the coefiQcients determined by the MLR process. These coeflBcients 

are actually the "weights" which, for standardized variables, give a measure of the respective 

indicators' relative importance or criticality in determining the value of the dependent 

variable. Finally, "C" is a constant, also determined by the MLR processing. 



311  

This functional form is linear; hence it models a linear relationship between the dependent 

variable and the set of the independent variables. In this sense, it is more restrictive than 

CART, which imposed no such conditions. On the other hand, the MLR coefficients can be 

used to calculate the marginal change in the dependent variable for a unit change in any of the 

independent variables, and therefore can be used for cost-eflfectiveness and sensitivity studies. 

Also, given a suitable data series representing conditions over some time period (i.e., a time 

series^, MLR can be used to forecast future values of the dependent variables from the 

equation 5-14, with the actual values of the coefficients determined by the MLR process. The 

details, rigorous treatment, and applications of multiple linear regression may be found in any 

comprehensive text on statistical methods (e.g., Billingsley et al., 1986) or on econometrics 

(e.g., Ramanathan, 1992) 

Here, MLR was used to achieve more modest goals, namely to show that some indicator 

variables are significantly related to vulnerability and food insecurity, and that they typically 

vary by geographical area. Therefore, the MLR models were generated for each of the 28 

dependent variable/EPA cluster combinations, including the set of all 154 EPAs (the nation), 

used as an analysis unit to provide a basis for comparison. The dependent variables are the 

four aspects of vulnerability and food insecurity noted above. The independent variables are 

those which bivariate correlation or CART showed were significant to the dependent variable 

for the respective EPA cluster, or which (my judgement indicated) were likely to be 

significantly related to the dependent variable. 
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The MLR models were generated using SPSS for Windows, 7.0. For each of the 28 models, 

all of the selected independent variables were entered against the appropriate dependent 

variable. Any of the independent (indicator) variables which were determined to be significant 

at worse than the 0.3 level (less than 0.7 probability that a true relationship exists between 

that indicator and the dependent variable), were deleted, one at a time After a variable was 

deleted from the set of independent variables, a new model was generated by SPSS, and the 

resulting significance levels were examined. If all variables were entered into the model at .30 

significance or better (most were far better), the model was accepted as final. If any 

indicators in the model were still unacceptable, then the worst of these was eliminated and the 

process repeated until only variables at a suitable significance level or better were accepted. 

While in general, it would have been desirable to use a more restrictive threshold for 

accepting indicator variables into the models, I felt that the data "repairs" which were done 

to some indicators to enable their use mandated that, for these purposes, a less stringent 

criteria be used. Again, these models are not being used for forecasting or for more 

demanding purposes where a higher threshold would be required. 

In some of the models for EPA cluster 1(12 EPAs) and EPA cluster 6 (14 EPAs), the initial 

number of indicators selected was greater than the number of EPAs in the clusters. Such a 

situation cannot be allowed, as this is precisely equivalent to trying to solve a system of 

equations with more unknowns than equations. In these situations, I selected what I believed 

to be the best suitably sized subset fi'om the larger set of preferred indicators to begin the 



313 

model generation process. This consisted of those indicator variables which my research led 

me to believe were more important for that cluster. 

The results from the 28 models are presented for the dependent variables used before: the 

three principal components PCI, PC2, PC3, and COMPOSITE VULNERABILITY. These 

results are presented in Tables 5-17 through 5-20, respectively. Each table entry for a 

significant variable in any of the models shows the significance level of the variable and 

whether the coeflBcient of that variable was positive (+) or negative (-). The lower the 

reported significance, the higher the probability that a true relationship exists between that 

variable and the dependent variable. 

The sign (+/-) of the variable indicates whether as the indicator increases the dependent 

variable increases (+), or decreases (-). This sign is critical in interpreting the results. This 

will be shown in Chapter 6, where the pertinent discussions are presented. The actual values 

of the coefficients are not presented, because of the data base problems cited above and, in 

light of them, a desire to not make or infer excessive claims for what the models show about 

these indicators in determining different levels of vulnerability. 

For each model a parameter called "Adjusted " is presented. This parameter measures the 

"goodness of fit" of the model, i.e., how much of the variation of the dependent variable is 

"explained" by the model. The higher this number (which ranges from 0.0 -1.0), the better 

the model may be considered to be (Ramanathan, 1992). Low values suggest that key 
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independent variables which explain the dependent variable are missing, superfluous 

independent variables have been included, and/or the relationships between the indicators and 

the dependent variable is non-linear. These results are also discussed in Chapter 6. 



Table S-17; Significant variables for multiple linear regression; PCI aa the dependent variable 

^Variable Name Variable Description The Nation Guster 1 Cluster 2 Ouster 3 Ouster 4 Ouster S Ouster 6 

IA1DS9S Number of AIDS Cases per 10,000 
Populatkm .011 (+) .065 (-) .000 (+) .000 (-) 

AVENOSTR Average Nrnnber of Income Strategia 
Employed by Each Hoiuehold .043 (+) .077 (+) .014 (+) .057 (+) 

AVGLOS Average Length of Growing Season (Based 
on NDVI Values) Over LOR .139 (.) .116 (+) .063 (+) .228 (.) .009 (+) 

CVMZPROD Coefndent of Variation of Mahe 
Production .015 (-) .030 (-) .018 (+) .119 (.) .130 (+) 

DIST_LPM Average Distance fh>m Households to 
Nearest Local Produce Maiiet .109 (+) .184 (+) .000 (-) 

DIST_PTR Average Distance from Households to 
Nearest Private Trader .000 (-) .041 (-) .001 (-) 

DRESIST Percentage of Planted Crops that Are 
Drought Resistant .025 (+) .002 (+) 

FAM SIZE 
-

Average Number of People per Household .001 (+) .099 (-) .012 (+) 

FHHPER Percentage of Households Headed by 
Females .000 (+) .023 (+) .001 (+) 

GANYUM4E Percentage of Av. Household Livelihood 
Derived fktmt Ganyu (Casual Labor) .180 (+) .011 (-) 

HANDCRFT Percentage of Ave. Household Livelihood 
Derived from Sale of Handicrafts .047 (+) 

HECTARAGE Mean Land Holdings per Household .000 (-) .019 (+) .143 (+) .000 (-) .000 (-) .012 (-) 

NETENROLL Percentage of Children EnroDed in School .230 (+) .000 (+) .000 (-) .000 (+) 

PGNUTS Average Unit Price of Groundnuts .161 (-) .020 (+) .002 (-) 

PPET Ratio of Precipitation to Potential 
Evapotransplration .020 (+) .005 (+) 

AdiR^ Goodness of Fit .683 1 .500 .973 .936 .972 .957 



Table^;18^_Significan£variab|es2brMi|Jti£le^inea^ 

H Variable 
|Name 

Variable Description The 
Nation Ouster 1 Cluster 2 Cluster 3 Gustcr4 Cluster 5 Cluster 6 

BAVENOSTR Average Number of Income Strategies 
Employed by Each Household .009 (+) .091 (-) .178 (+) .133 (-) .039 (-) 

AVGMAX Ave. Mailmum NDVl Level Over Growins 
Season, Average TaVen Over LOR .012 (+) .006 (-) .049 (-) 

CVMAX Interannual Coefficient of Variation of 
AVGMAX, Over LOR .111 (+) .143 (+) .190 0 

CVMZPROD Coefficient of Variation of Maize 
Production .046 (+) .002 (-) 

DIVERSrr Measure of Croppbig Diversity (vice 
Monocuhnre) .259 (-) .079 (-) .038 (+) .095 (+) 

FAM_SIZE Average Number of People per Household .017 (+) .201 (+) 

GANYUM4E Percentage of Av. Household Livelihood 
Derived fkx>m Ganyu (Casual Labor) .300 (-) .001 (-) .017 (-) .036 (+) 

HANDCRFT Percentage of Ave. Household Livelihood 
Derived fh>m Sale of Handlcraib .080 (+) 

HYBYIELD Yldd of Hybrid Maize Planted .001 (-) .065 (-) .040 (.) .065 (-) 

LIVEIGA Percentage of Av. Household Livelihood 
Derived flrom Income Generating Activities .001 (+) .046 (-) 

LSTiCHH Percentage of Households bi the EPA with 
Livestock .010 (-) .001 (-) .007 (-) .104 (+) 

PBEANS Average Unit Price of Beans .035 (-) .002 (-) .009 (-) .039 (+) 
PCASSAVA Average Unit Price of Cassava .039 (+) .099 (+) .100 (+) .132 (+) 

llAdi fO Goodness of Fit M6 .985n .197 .355 ,74? .994 



TabIe5^19j_Signlfkantjvariab|esJbr^lii|ti£leJj^^ 

Variable 
Name 

Variable Description The 
Nation 

Ouster 1 Cluster 2 Cluster 3 Cluster 4 Clusters austcr6 

ADESANIT Pcrccntagc of an EPA with Adequate 
Sanitation .084 (+) .000 (-) 

A1DS9S Number of AIDS Cases per 10,000 
Population .018 (-) .000 (+) .002 (-) .000 (-) 

AVGMAX Ave. Maximum NDVI Level Over Growing 
Season, Average Taken Over LOR .011 (-) .189 (+) .274 (+) .001 (-) 

CVMAX Intenumual Coefficient of Variation of 
AVGMAX, Over LOR .282 (+) .066 (+) .204 (+) 

CVMZPROD Coefficient of Variation of Maize 
Production .002 (-) .277 (-) .004 (+) .205 (+) .Ol io  

DAYSEARN Average Number of Days' Livelihood 
Earned by a Household per Month .OIK-) .112 (+) .024 (+) .278 (+) .008 (+) 

DIST_HC Average Distance Ihim Households to 
Nearest Health Center .170 (+) 

DIST_PTR Average Distance from Households to 
Nearest Private Trader .000 (-) .089 (-) .032 (+) .002 (-) .193 (-) 

DIST_PW Average Distance from Households to 
Source of Protected Water .000 (+) .159 (-) .026 (+) .035 (+) 

DIVERSIT Measure of Cropping Diversity (vice 
Monoculture) .067 (-) .296 (.) .001 (-) 

FAM_SIZE Average Number of People per Household .140 (+) .010 (+) 

FHHPER Percentage of Honseholds Headed by 
Females .001 (-) .001 (-) .074 (+) 

FULLIMM Percentage of EPA Population Fully 
Immunized .196 (+) .029 (+) .085 (+) 

HECTARAGE Mean Land Holdings per Household .050 (+) .027 (+) .008 (+) 



HYBYIELD Yield ofHybrid Maize Planted .020 (-) .003 (-) 

LGP Length of Gitming Period (moisture and 
temperature peimit crop growth) .226 (+) .221 (+) .136 (+) .010 (-) .002 (+) 

LIVEIGA Percentage of Av. Household Livelihood 
Derived (h>m Income Generating Activitiea .006 (+) .021 (+) .014 (+) .001 (+) .002 (+) 

NETENROLL Percentage of Children Enrolled In School .000 (-) .038 (-) .092 (+) 

PBEANS Average Unit Price of Beans .122 (+) .004 (+) .023 (-) .009 (+) .265 (+) .068 (-) 

PMAIZE Average Unit Price of Mahc .212 (+) .184 (+) 

SAFEWAT Percentage of EPA with Access to Safe 
Water .005 (+) .083 (-) .014 (+) .014 (-) 

SOMESAN Percentage of EPA with Access to Some 
Type of Sanitation .000 (+) .000 (+) .007 (+) .008 (-) 

AdiR^ gyytfnyw yffH .462 .894 .814 .847 .723 .791 .902 



Table 5-2 9: Significant variables for Multiple Linear Regression; COM rpOSITE VULNERABILITY the iependent v ariable 

1 Variable 
Name 

Variable Description The 
Nation Chuter 1 Guster 2 Guster 3 Guster 4 Guster S Guster 6 

AOESANIT Percentage of an EPA with Adequate 
Sanitation .000 (-) 

AIDS9S Number of AIDS Cases per 10,000 
Population .211 (-) .000 (+) 

AVENOSTR Average Number of Income Strategies 
Employed by Each Household .188 (+) 

DIST_HC Average Distance from Households to 
Nearest Health Center .003 (-) .155 (+) 

DIST LPM Average Distance from Households to 
Nearest Local Produce Market .001 (-) 

IDIST_PTR Average Distance from Households to 
Nearest Private Trader .000 (-) .000 (-) .002 (+) .157 (-) 

DRESIST Percentage of Planted Crops that Are 
Drought Reabtant .001 (-) .019 (-) .271 (-) 

FAM_SIZE Average Number of People per Household .136 (+) .005 (+) .041 (+) .000 (+) 

FHHPER Percentage of Households Headed by 
Females .007 (+) .000 (+) 

FULLIMM Percentage of EPA Population FuOy 
Immunized .000 (+) .000 (+) .001 (+) .000 (+) 

GANYUM4E Percentage of Av. Household Livelihood 
Derived ftvm Ganyu (Casual Labor) .002 (-) .011 (+) 

HECTARAGE Mean Land Holdings per Household .000 (-) .072 (-) .000 (-) 

IHYBYIELD Yield of Hybrid Maize Planted .230 (+) .028 (+) .074 (-) .140 (-) 

BNETENROLL Percentage of Children Enrolled in School .036 (-) .163 (+) 



PBEANS Average Unit Price of Beans .087 (+) .003 (+) 

PCASSAVA Average Unit Price of Cassava .033 (-) .091 (-) .000 (+) 

PGNUTS Average Unit Price of Groundnuts .000 (+) .006 (+) .002 (-) .040 (+) 

PMAIZE Average Unit Price of Maize .224 (.) .000 (+) .014 (-) .002 (-) .064 (-) .149 (+) .061 (-) 

PPET Ratio of Precipitation to Potential 
Evapotranspiration .033 (+) 

PSORGHUM Average Unit Price of Sorghum .000 (+) .000 (+) .018 (+) 

SAFEWAT Percentage of EPA with Access to Safe 
Water .117 (+) .006 (-) .013 (+) 

SOMESAN Percentage of EPA with Access to Some 
Type of Sanitation .001 (-) .000 (+) .000 (+) 

TLITPER Total Literacy Rate in EPA .019 (+) .109 (-) .064 (+) 

AdiR^ Goodness of Fit .71S .928 .954 .888 .942 .946 .895 
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5.5 Principal Results and Conclusions 

Several results and conclusions can be extracted from the preceding 

analyses. Two of these conclusions validate the research hypotheses. 

This section presents a summary of the principal results and conclusions that can be drawn 

from the preceding analyses. The purpose of this section is not to present a comprehensive 

discussion of these findings. That is given in Chapter 6. The conclusions are presented in 

Chapter 7, along with their interpretation and suggestions for how this research might be 

continued and further enhanced. It is the intent of this section to only highlight some of the 

more immediate observations which can be made fi^om the data presented in Section 5.4. 

5.5.1 Principal Results 

1. There are variables that are si|gnificantly correlated with each of the aspects of vulnerability 

to food insecurity in each of the subregions of Malawi. 

In each analysis, some variables were found to be highly significantly related to each of the 

proxies for vulnerability. For example, in Table 5-9, the correlation coefficient between 

HECTARAGE (average size of smallholder landholding) and PCI was found to be above 0.62 

with a significance level of at least 0.05 for four EPA clusters and the nation as a whole. 
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Similarly, in Table 5-14, the variable WITHFOOD (the percentage of households in an EPA 

with foodstocks at the end of the year), was the most important variable in the regression tree 

analysis in four EPA clusters (1, 3, 4, and 5) and in the nation as a whole for PC2 (access to 

food) as the dependent variable. From this table and Tables 5-13, 5-15, and 5-16 it can be 

seen that other variables were also used as "splitting variables" in the hierarchical 

decomposition generated by the regression trees, although none were common or as 

important to as many EPA clusters as WITHFOOD for PC2 

Table 5-19 presents examples of indicators which the multiple linear regression analysis found 

were significantly related to PC3 (malnutrition). This table shows that CVMAX (the 

interannual coefficient of variation (CV) of the maximum ND VI over the growing season, 

with the CV calculated over the LOR is statistically significant for PC3 in two clusters (1 and 

4) and for the nation as a whole. 

Finally, in Table 5-20 FAM SIZE (the average number of people per household EPA) was 

found to be highly significant and positively related (correlated) to COMPOSITE 

VULNERABILITY m the multiple linear regression models for three EPA clusters (1,2, and 

4) and for the nation as a whole. 

These examples illustrate that the three analytic methods produced indicators that were 

significant for all of the different proxy variables in multiple clusters and/or the nation. 

t 
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Different indicator variables were found to be significant for each of the EPA clusters for 

every dependent variable and analytic method applied. For example, using bivariate 

correlations, CVMZPROD (the coefficient of variation of maize production over the LOR) 

was found to significantly correlated to PCI in Clusters 3, 4, and 6. This same variable was 

not significantly correlated to PC2 in any cluster, but was correlated to PC3 in Clusters 1 and 

5. Also, CVMZPROD was significantly correlated to COMPOSITE VULNEIRABIUTY only 

in Cluster 4. 

Similarly, regression tree analysis found that AVENOSTR (the average number of income 

strategies employed per household) to be important for PCI as the dependent variable in 

Clusters 1,4, 5, and the nation as a whole. For PC2, this variable was only important in 

Cluster 4, and was not important for any cluster with PC3 as the dependent variable. This 

same indicator was important in Clusters 3, 4, 5, and for the nation as a whole with 

COMPOSITE VULNERABIUTY as the dependent variable. 

Using multiple linear r^ession, FAMSIZE (the average number of household members) was 

highly significant in models with PCI as the dependent variable in Clusters 1, 4, and the 

nation. \^th PC2 as the dependent variable, FAMSIZE was highly significant for Clusters 2 

and 4. For PC3, it was highly significant for Cluster 2 and the nation, while for COMPOSITE 

VULNERABILITY, FAMSIZE was significant for Clusters 1,2, 4, and for the nation. 
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These examples show that there are differences among the clusters with respect to the 

importance or significance of the indicators. Further, within each cluster, any given indicator 

is only significant for some of the vulnerability proxies, and not, in general, for all of them. 

Finally, these results also vary according to the functional structure implicitly assumed to exist 

among the indicators and proxies by the different analytic models used. 

3. In some cases the same variable is positivelv correlated with one of the dependent 

variables in some EPA clusters, and negatively correlated with the same dependent variable 

in other EPA clusters. 

Note in Table 5-9 that coefiBcient of correlation between FAM SIZE (average number of 

people per household- EPA average) and PCI (poverty aspect of vulnerability) is positive (> 

0.0) in EPA clusters 4 and six, but is negative (< 0.0) in EPA clusters 1 and 2. In all cases, 

the magnitude of this parameter is greater than 0.5, at a significance level of at least (better 

than or equal to) 0.05. This is not an artifact of the data or of the samples, but reflects the 

diflferent value (towards reducing or increasing poverty) of extra household members in the 

different regions of Malawi. 

Since CART's hierarchical divisive clustering method does not yield the equivalent of the 

"sign" of the "importance" metric, this type of observation is not applicable to Tables 5-13 

through 5-16. 
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This same behavior is exhibited using multiple linear regression as shown in Table 5-18. 

Here, AVENOSTR (EPA average of number of income strategies employed per household) 

is positively associated with PC2 (the access to food aspect of vulnerability) in EPA cluster 

3 and the nation as a whole, but negatively correlated with PC2 in EPA clusters 1, 4, and 6. 

These examples can be attributed to inherent differences among the clusters themselves. This 

topic is fully addressed in Chapter 6. Note that these results point to the need to consider 

subnational differences when planning vulnerability analyses. 

4. Where an indicator is positively correlated with a dependent variable in some clusters and 

negativelv correlated in others, these subnation^ results mav cancel each other at the national 

level. 

Consider the case of the indicator FULUMM (the percentage of people in the EPA who are 

fully immunized). The bivariate correlations of this indicator with PCS and the significance 

levels are; 
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Table 5-21: Bivariate correlations for FULLIMM and PC3 

Cluster CoefT of Corr Signif. Level 

1 +.573 .01 

2 +.609 .05 

3 +.372 .05 

4 +.106 .63 

5 -.758 .01 

6 -.568 .00 

Nfltinn .69 

The data in table 5-21 show that in three of the clusters (1, 2, and 3) PC3 and FULLIMM are 

significantly positively correlated, in two of the clusters (5 and 6) they are significantly 

negatively correlated, and in one cluster (4) they are positively correlated but insignificantly 

so. Because of the conflicting trends in these data, when they are all pooled at the national 

level, the correlation is both so low (+.033) as to be meaningless in its own right, and also is 

completely insignificant (significance level = 0.69). 

In other words, there is essentially no correlation between the two variables at the national 

level. This is attributable to the various highly correlated EPA data canceling each other out 

to produce a composite effect of virtually no correlation. This example illustrates the analytic 

resolution that may be lost if all analyses are performed at the national level. 

This generalization holds true for the bivariate correlations between AIDS95 (the number of 

AIDS cases per 10,000 population in the EPA) and PCI (Table 5-9), FAM SIZE (EPA 
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average number of members per household) and PCI (Table 5-9), and between PBEANS 

(price of beans) and PC3 (malnutrition aspect of vulnerability) (Table 5-11). 

This generalization also holds true for the relationship between PBEANS (EPA average price 

of beans), LIVEJGA (EPA-wide average of the percentage of (average) household livelihood 

derived from "income generating activities"), and CVMAX (EPA level coefiQcient of variation 

of the maximum NDVI in the growing season), with PC2 (access to food aspect of 

vulnerability) as the dependent variable in Table 5-18. 

5. For the smaller EPA clusters the small numbers of data cases precluded the use of some 

analvtic methods for some of the vulnerabilitv proxies. 

Regression tree analysis and multiple linear regression are both sensitive to the number of 

cases, or data points, submitted to the models. For both methods, too few cases can result 

in an inability to produce the desired results. 

From Tables 5-13 to 5-16, using CART (as the software implementation of regression tree 

analysis) with either PCI or PC3 as the dependent variable, no tree was produced for Cluster 

6. For PC2 as the dependent variable, no tree was produced for Cluster 2. Finally, for 

COMPOSITE VULNERABILITY as the dependent variable no tree was produced for Clusters 

2, 4, or 6. These examples show that small numbers of cases can affect the viability of some 
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methods. Because only one year's data were used here, the number of cases correspond 

directly to the numbers of EPAs in each cluster. 

In the case of multiple linear regression, the small numbers of EPAs in Clusters 2 and 6 meant 

that fewer independent variables (indicators) could be used in each model. This precluded 

a more complete exploration of some relationships among the indicators and dependent 

(proxy) variables. If several years of data had been available, then for each EPA there would 

have been multiple cases, so the number of EPAs would not have been so critical. 

5.5.2 Principal Conclusions 

The conclusions which can be drawn from these results are presented in the following 

sections. Note that conclusions I. and 2. confirm the hypotheses of this research. 

1. There are indicator variables which are siEoiificantlv related to the different aspects of 

vulnerabilitv and food insecurity in all three of the analytic paradigms. 

Tables 5-9 through 5-12 show that for every cluster and every proxy variable, there are 

indicators whose coefficients of correlation with the dependent variables are statistically 

significant. The numbers of significant indicators vary by cluster and by dependent variable. 

I 
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Similarly, Tables 5-13 through 5-16 show that in all cases for which CART produced a 

regression tree, some indicator variables were selected as "important" for all clusters and 

proxies. Those cases in which CART failed to produce a tree are (with one exception) 

attributed to the sparseness of the data set (see Section 5.5.1, item 5, above). The one 

exception (PC3 as the proxy for Cluster 4) is unexplained, but may reflect the lack of the 

some key indicator parameters related to malnutrition (PCS) in that cluster. 

Tables 5-17 through 5-20 present the results for multiple linear regression, which show that 

some indicators are highly significant for each of the proxy variables in every cluster. 

The fact that all three different methods, with their different assumed underlying data 

structures all show that in every cluster some indicators are related to every proxy variable 

presents powerful evidence of significant relationships between the indicator data set and the 

proxies for vulnerability which transcend the fiinctional forms imposed by the models. The 

conclusion is that indicator variables can be related to (proxies for ) vulnerability and food 

insecurity at statistically significant levels. 

2. The indicator variables which are significantlv related to each aspect of vulnerability to 

food insecuritv vary fi-om subnational region to subnational region. Consequently, 

vulnerability analvses should be performed at the subnational level. 

8 
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In every cluster, the set of significant variables was different for every proxy variable and 

every analytic method. This shows that there are differences among the clusters which result 

in different statistical relationships with the proxy variables under different analytic 

assumptions. Consequently, I conclude that there are true, underlying differences among the 

clusters. Further, I conclude that these differences are manifested by the different subsets of 

indicators which are significantly related to each proxy for vulnerability and food insecurity 

in each of the EPA clusters. 

Because of these differences, vulnerability analyses should be performed at the subnational 

level so as not to obscure these regional differences. As the discussion in Section 5.S.1.4 

showed, consideration of some data at the national level only can result in loss of analytic 

resolution and erroneous conclusions about the meaning and interpretation of some results. 
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Taken collectively, the different analytic steps performed here succeeded 

The sequence of processes applied here was able to identify and create 

suitable proxy variables for vulnerability andfood insecurity, decompose 

Malawi into six reasonable non-overlapping regions for independent 

analysis, and find indicator variables in each of these regions and in the 

nation as a whole which were related to all of the proxy variables at 

statistically meaningful levels. 

This chapter presents detailed discussions of the results obtained from the analyses in Chapter 

5. The chapter sections discuss the results obteiined from the development of proxies for 

vulnerability to food insecurity (Section 6.1), the grouping of EPAs into clusters for 

independent analysis (Section 6.2), the determination of significant indicators (Section 6.3), 

and an overview of key indicators of vulnerability in Malawi (Section 6.4). 
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6.1 Development of Proxy Variables 

The use of Principal Components Analysis to generate proxy variables as 

stand-ins for vulnerability and food insecurity was successful The 

significant principal components were found to represent key aspects of 

vulnerability. These aspects are "poverty," "lack of access to food," and 

"malnutrition." Further, the use of the significant principal components 

to define and generate a fourth proxy representing composite vulnerability 

was also successful. 

The set of "outcome" variables consisted of ten parameters which each measure a diflFerent 

facet of vulnerability and food insecurity. No single one of these variables captured all of the 

aspects of food insecurity, and was therefore inadequate by itself to represent these concepts. 

The most promising of these variables, reflecting per capita food aid distributed in each EPA, 

was unsatisfactory because the EPAs in which this distribution took place were limited to 

certain districts. This meant that an EPA receiving no food aid could not be automatically 

considered more food secure than an EPA which did receive it. 

This eliminated the eflfective use of this variable, FOOD AIDP, as a single proxy for 

vulnerability and/or food insecurity. Comparable variables have been used successfidly as 

proxies when the data set was more complete (e.g., Yohannes et al., 1995). Given the 

realities of the Government's data collection efforts within Malawi, it was unrealistic to hope 
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or wait for additional, new variables to be available within the time frame of this analysis 

which could redress this situation. 

This situation necessitated the use of some method of combining the available variables to 

form composite variabie(s) which more comprehensively reflected the issues underlying 

vulnerability and food insecurity. Two immediate choices for creating such composite 

variable(s) were available. These included subjectively creating a weighted linear sum of the 

variables and using Principal Components Analysis (PCA). The first choice has the advantage 

of simplicity, and the use of informed judgement in choosing the weights for all of the 

variables. Note that choosing 0.0 as a weight for any variable effectively eliminates that 

variable, so it is appropriate to talk about choosing weights for all variables. The 

disadvantage of this method is that often the analyst cannot readily justify one set of values 

for the weights in preference to another set. 

In contrast, PCA uses a statistical algorithm to generate the principal components, which are 

specially selected weighted linear combinations of original variables. The weights of the 

individual variables are, from a mathematical point of view, the elements of the matrix which 

transforms points in N-dimensional "outcome indicator space" into their coordinates in N-

dimensional "principal component space." In mathematical notation; 
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Pj = JTj (CO|j) Ij j from 1 to N (6-1) 

where P, is the i"* coordinate of an EPA's indicator vector in principal component 

space 

cojj is the set of weights which calculates an EPA's value in terms of principal 

component "i" 

and Ij is the value of the j"* indicator of the EPA 

More generally; 

P = (COy) I i; j from 1 to N (6-2) 

where F is the vector of an EPA's coordinates in Principal Component space 

is the coordinate transformation matrix 

and I is the vector of an EPA's outcome indicator values 

Thus, in PCA the weights are well defined according to precise mathematical criteria and are 

fully justifiable. Moreover, th^r are optimal if an uncorrected set of replacement coordinates 

(the principal components) is desired. 

In Chapter S I established the primary benefits of using principal components in place of the 

original variables; these were; 1); the ability to capture the "flavor" of several variables in one 

new variable, 2); the ability to reduce the number of variables in the analysis, and 3); the 
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advantages of using uncorrelated variables (which principal components are) in various 

mathematical algorithms in place of variables which may be correlated among them. 

Typically, principal components have been used to create new independent variables for use 

in multiple linear regression, where lack of significant correlation among the independent 

variables and especially between the dependent variables and the independent variables in 

linear regression models is required. Attempts to do this here were not successful. The 

principal components generated for each of the groups (dimensions) of the independent 

(indicator) variables were neither intuitively meaningful nor statistically significant. 

In generating meaningful principal components fi'om original dependent variables, the process 

was very successful. This can be attributed to the fact that the ten variables which comprised 

the output dimension were inherently broken into the three primary groups which were 

produced by the PC A. These groups were poverty (related), access to food (related) and 

malnutrition (related). 

The three significant principal components were closely associated with these aspects of 

vulnerability and food insecurity, as was pointed out in Chapter 5. Had the variables in this 

data set been different, the significant principal components would also have been different. 

Thus, the three principal components can legitimately be said to represent the different aspects 

of vulnerability and food insecurity reflected in the current data base. 



336 

The proxies defined by these three principal components worked well. While they imposed 

a need to exercise more caution in selecting independent variables to be regressed against 

them in the multiple linear regression modeling, their use led to models with highly significant 

variables in the bivariate correlation analysis, in the regression tree analysis, and in the 

multiple lineeir regression analysis. 

The fourth proxy variable, COMPOSITE VULNERABILITY, captured more abstract 

collective aspects of the three principal components fi-om which it was created. While use of 

this variable in linear regression exercises required that yet more care be taken in selecting the 

regressors, the models yielded variables which may be called significant to an overall concept 

of vulnerability and food insecurity. 

While other forms of abstract constructions of a new variable fi-om the three principal 

components might also have been defined and might also have yielded satisfactory results, the 

construction used here reflected the relative importance of the variables fi-om which it was 

created, and provided a usefiil relative measure of the vulnerability of the different EPAs. 

Furthermore, as will be shown graphically in Section 6.3.1.4, the statistical distribution of this 

variable over all EPAs is roughly normal, which suggests a "reasonableness" to this variable, 

since it is often expected that "social" variables may be normally distributed over the 

(applicable) population. 
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6.2 EPA Clustering 

The use of dusters to create subnational regions for independent analysis 

is central to this work. The development of "clusters" of EPAs with similar 

characteristics and behavior relative to vulnerability and food insecurity is 

a valid method to arrive at these regions. 

The purpose behind the clustering was to partition the set of Malawi's 154 EPAs into groups 

which would each be at an appropriate scale to be analyzed independently. This requirement 

stems from the argument that analyzing all of Malawi's EPAs together obscures real 

dififerences that may exist at the subnational level. This has been stated in this work as "a loss 

of analytic resolution." 

This problem can be demonstrated by considering the bivariate correlation coeflBcients 

between AVENOSTR, (the average number of income strategies employed by each household 

in the EPA), and the vulnerability proxy representing poverty (PCI) in the nation and in each 

cluster. These coefficients and their significance levels are given in Table 6-1: 

Table 6-1; Correlation coefficients between AVENOSTR and PCI 

^^^ .̂Quster 
Parameter"^"^ .̂̂  

Cluster 
1 

Cluster 
2 

Cluster 
3 

Cluster 
4 

Cluster 
5 

Cluster 
6 

Nation 

Corr. Coefficient -.038 -.635 +.507 -.440 +.813 -.663 .260 

Significance .793 .027 .004 .036 .000 .010 .001 

j 
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One might expect that the values of these coefiicients would all be more or less equal and 

their signs either all positive or ail negative, in agreement with the sign of the national level 

coefficient. Table 6-1 presents a very different picture. The coeflScients are high for the 

clusters with high significance levels, but some are positive while others are negative. The 

coefficient for the nation (all 154 EPAs) is very low, but at a high significance level. Thus, 

various positive and negative correlations have canceled out to produce a low overall value. 

Note that the national coefiBcient is lower than every cluster coefficient except for Cluster 1, 

in which the data are essentially uncorrelated. 

This may be illustrated graphically by considering just data at the national level and for two 

subnational regions. Figure 6-la presents the scatterplot ofAVENOSTR PCI vdues for 

all 154 EPAs. The low correlation between these variables can be seen in the rather 

amorphous, undefined shape of the data cloud. Figure 6-lb presents the same scatterplot, 

but only for the EPAs in Clusters 1, 3 and 5, the clusters which Table 6-2 shows have 

negative correlation coefficients. 
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Fig^re 6-lc presents the same scatterplot, but for Clusters 2, 4, and 6, all of the clusters with 

negative correlation coeflBcients (except for Cluster 1 in which the coeflBcient is too low for 

the EPAs to be included). In the last two figures, well defined data clouds with distinctly 

correlated patterns can be seen. The correlation coefficients of the three data clouds are given 

in Table 6-2. 
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Figure 6-lc: Scatterplot of A VENOSTR vs PCI for Clusters 2,4, and 6 

Table 6-2: Comparison of correlation coefficients 

^^^^^...Qluster 
Parameter""""—^ 

Nation Clusters 
3,5 

Clusters 
2,4,6 

Corr. Coefficient +.260 +.657 -.606 

Significance .001 .000 .000 

This last table quantitatively shows the efifect of merging all of these clusters into one group 

(the nation) for analysis us considering just the groups of clusters with all positive coefficients 
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and the group with all negative coefficients. The national correlation coefficient appears to 

be relatively insignificant, so it would be reasonable to dismiss the idea of there being any 

correlation between the two variables. But in fact this would obscure real regional 

diflferences. Just considering the two subnational groups of clusters in Table 6-2 results in 

regions vdth reasonably high, highly significant correlation coefficients. 

Perhaps more importantly, lumping all of the regions together completely obscures the fact 

that in clusters witli only marginal employment opportunities it is better to use more income 

strategies, while in other clusters, where more opportunities may exist, fewer such strategies 

may be needed. Analysis of why such an indicator variable exhibits such behavior can be 

particularly illuminating in understanding both regional and national vulnerability . 

The requirement for this analysis was to find a conceptual basis for the clustering. This 

method had to result in clusters which: 1); can be expected to behave similarly with respect 

to their food economies and the various "shocks" to which they may be exposed, 2); have 

mostly contiguous EPAs, and 3); have roughly equal numbers of EPAs in them. The 

importance of the third criterion is that with only one year's worth of data, it is desirable for 

statistical purposes to have as many data cases (EPAs) as possible in each cluster. The overall 

best answer, then, is to have roughly equal numbers of EPAs in all clusters. 

The original concept for forming clusters was detailed in Section S-3. The conceptual basis 

for defining clusters was to determine a set of "dominant influences" affecting food security 
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and food economies and to assign each EPA to the cluster whose defining influence best 

applied to that EPA. This approach was chosen because I believed that it would result in 

clusters which would be more similar with respect to their food economies. 

The sequence of "tests" used to determine the appropriate cluster to which every EPA was 

assigned was shown in Figure 5-6. This process resulted in the following numbers of EPAs 

assigned to each cluster: Maize Dominated Cluster (34), Mixed Agriculture Cluster (41), 

Estate Influenced Cluster (13), Income Generating Activity Cluster (54), and Urban 

Influenced Cluster (12). 

These clusters were modified to account for the factors selected by the Malawi VAM 

Technical Working Committee, as discussed in Section 5.3. The attempt to incorporate these 

factors required that the conceptual factors be converted to the VAM data base variables 

which best represented them. These variables were then weighted, and then used in their 

weighted form as input to a K-means clustering algorithm with K = 4, 5, 6, 7, and 8. The 

resulting clusters had so little geographic contiguity that they were discarded (see Figures 5-

8a through 5-8e). The very nature of K-means clustering is such that clusters generated with 

this approach may always suffer fi'om this failing. Whatever the statistical coherence of the 

resultant clusters, if geographical contiguity is considered to be important, as it was to me, 

then K-means clustering is not recommended. 

The approach I adopted here was to start with the old clusters (WFP et al., 1996) and 

\ 
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"influence" them by somehow incorporating the Malawi Government Technical Working 

Committee's preferred &ctors. I did this by using classification trees, as discussed in Section 

5.3. I then manually modified the resulting clusters to delete one cluster which had only 6 

EPAs, and to increase the geographical contiguity of another. The resulting clusters and the 

numbers of EPAs in them are as follows: Cluster 1 (50), Cluster 2 (12), Cluster 3 (31), 

Cluster 4 (23), Cluster 5 (24), and Cluster 6 (14). The geographical contiguity of these 

clusters is generally good, although it could still be improved (see Figure 5-12). 

However, Clusters 2 and 6 have significantly fewer EPAs than the other clusters. While the 

imbalance in the numbers of EPAs is not a problem per se, these smaller numbers of EPAs 

made it more difficult to generate good regression trees and multiple linear regression models 

for these clusters. These topics are addressed in Section 6.3.2. For now it suffices to note 

that it would have been preferable to have had more EPAs in these clusters, even at the 

expense of having fewer EPAs in the others. 

It appears that an improved approach to clustering might be to divide the country into mostly 

contiguous groups of EPAs based on some criterion such as "dominant influence on the food 

economy" or "agroecological zone," and to then use additional factors as the (potential) 

independent variables in a classification tree clustering, with the earlier assigned cluster 

number as the dependent variable. The additional factors to influence the original clustering, 

while adjusting some of the splitting values of the splitting variables (in CART terminology), 

contiguity and more even distribution of the numbers of EPAs can be maintained. 
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Significant relationships exist bettveen indicator variables and all proxies 

for vulnerability to food insecurity and all EPA clusters. In general the 

specific related indicators vary by projq  ̂and by EPA cluster. 

This section presents the discussion concerning wtiich indicators are were found to be 

statistically significantly related to which of the proxies for vulnerability (the first three PCs 

of the "outcome" data set and the constructed variable representing "composite 

vulnerability") in each of the six EPA clusters and to the nation as a whole. 

It is not intended to produce a comprehensive Vulnerability Analysis of Malawi here, but 

rather to show that the methods employed here lead to credible, statistically significant data 

which can be used for these purposes. Accordingly, discussions in the following sections will 

not discuss all of the variables identified in the analyses, but only those representative of 

certain findings or which lead to key insights. However, the data presented in Chapter 5 can 

be used as the basis for a complete vulnerability assessment. 

6.3.1 Proxies for Vulnerability and Food Insecurity 

In this section the only select significantly correlated variables will be discussed. Obviously, 
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the selection of variables for this discussion is somewhat subjective. Since no single indicator 

was found to be related to all of the proxies or all of the EPA clusters, my judgement was the 

basis for the selection of those veiriabies which seemed most prominent for each of the 

proxies. 

6.3.1.1 Principal Component 1 (PCI) 

Recall that PCI was derived as the first principal component of the set of outcome variables 

in the 1996 Malawi VAM data base. As such, it can be expressed in terms of the original 

variables on which the Principal Components Analysis was performed. The equation for PC 1 

in terms of these variables is: 

PCI = .347{POOR40) + .343{POOR20) + .2S9{MAX_INC) 
+. 173rMODSTUNT) + mi{MODUW) 
+ AK^iMODlVAST) + m2{W_OFOOD) 
+ .{^ISiNOTLEFT) + SSyi{LIVECOPE) 
+ SS\A{FOODAIDP) (6-3) 

where the original variables are defined in Table 5-1. Note that the first three variables have 

the highest coefficients and are all poverty related. Also, note that the coefficients of the 

other variables are much smaller. This is the basis for interpreting PCI to be a representation 

of poverty. Note, however, that other variables are included at non-insignificant levels. For 

example, MODSTUNT and MODWAST, (rates of children's stunting and wasting, 

respectively) also contribute to the composition of this PC. None of the other variables are 

nearly as important to PCI as these two malnutrition related indicators. This shows that 
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Figure 6-2: Histogram of PCI over all 154 EPAs 

malnutrition contributes to the single most significant aspect of vulnerability in Malawi, but 

is not the dominant influence. 

This proxy variable is roughly bimodally distributed, as can be seen fi-om Figure 6-2, which 

presents a histogram of this variable for the set of all 154 EPAs. This figure indicates that a 

few EPAs have significantly smaller values of PCI (indicating less poverty) than the 

remainder of the EPAs. This will be further explored in Section 6.3.2. 

Even though malnutrition related variables are part of PCI, this does not necessarily imply 

that malnutrition (as represented by PC3) is highly correlated with poverty (as represented 
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by PCI), or with either of the other proxy variables (PC2 and COMPOSITE 

VULNERABILITY). This is shown in Table 6-3 which gives the correlation between PC 1 and 

each of the other proTQr variables for each of the EPA clusters and for the nation as a whole. 

Table 6-3: PCI correlations with other proxy variables for all EPA clusters and for the nation 

^<^ster 
Pn«y\^^ 

Cluster 
1 

Cluster 
2 

Cluster 
3 

Cluster 
4 

Cluster 
5 

Cluster 
6 

Nation 
(154 

PC2 -.270 -.318 -.253 .028 -.013 .418 .372" 

PC3 .241 .224 .132 -.355 -.704" .377 .253" 

Cnmni Yuln -.722"., .884".,. -840" .918" .944" .730" .873" 
**: Corrcbtlon is significant at tlie .01 level 

Table 6-3 shows that while the significance level of the correlation is highly meaningful in 

many cases, the magnitude of these coeflBcients is often not particularly high. An exception 

to this is the relationship, in all clusters and the nation as a whole between PCI and 

COMPOSITE VULNERABILITY. The strength of this relationship rests, in large part, on the 

importance of PCI in the defining equation for COMPOSITE VULNERABILITY. 

Note that except for Cluster 5 where the correlation coefficient is negative, the relationship 

between PCI (poverty) and PCS (malnutrition) is not very strong (low magnitudes). In 

Cluster 5, the inverse relationship suggests that poorer EPAs have lower rates of malnutrition. 

This will be addressed in Section 6.3.2.5, which discusses EPA Cluster 5. 
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The variables which have the most important relationships with PCI over most EPA clusters 

are shown in Table 6-4, which is broken out by the analytic method used to generate these 

data. 

Variable 
Name 

Bivariate 
Correlation 

Regression 
Trees 

Multiple Lin. 
Regression. 

AIDS95 X X 

AVENOSTR X X X 

AVGLOS X 

CVMZPROD X 

DIST_HC X 

DIST_PTR X 

FHHPER X X X 

FULLIMM X X 

HECTARAGE X X X 

SAFEWAT X 

Not surprisingly, the largest number of important variables occurred for bivariate correlation. 

This is the simplest model that looks only at a linear relationship between the two variables 

being examined. Interactions involving other variables are not considered. It is also no 

surprise that HECTARAGE is important to aU three analytic paradigms. "Size of smallholder 

landholding" has been recognized for some time as being closely related to vulnerability in 

Malawi (e.g.. Government of Malawi and United Nations in Malawi, 1993; Kalipeni, 1992). 

This is one example of this analysis independently confirming results achieved elsewhere. 
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Although for most of the variables listed in Table 6-4, the sign of the bivariate correlation 

coeflScient is positive for some clusters and negative for others, in the case of HECTARAGE 

the sign is always negative. This says unambiguously that larger average landholding size in 

an EPA is correlated with the EPA being less poor. This finding suggests a number of 

strategies for the Government to pursue in its attempts to reduce the widespread poverty in 

Malawi. One such strategy which is currently being studied (by the Office of Arid Lands 

Studies at the University of Arizona) involves the conversion of public lands to smallholder 

agriculture. Another strategy, moving to less crowded areas, has been taking place in Malawi 

for some time (Kalipeni, 1992). 

Another variable which emerged as important in all of the analj^ic paradigms is A VENOSTR 

(the average number of income strategies employed by each household in an EPA). In the 

bivariate correlations, the sign of the coefficient is sometimes positive and sometimes 

negative. This implies that in some areas increasing the number of strategies is an act of 

desperation, with marginal, largely ineffective strategies which do not lead to lower poverty 

rates (positive coefficient), while in other cases the strategies are more eflFective. In these 

cases increased numbers of strategies yield real benefits (negative coefficient). In the multiple 

regression models, where variable interactions are implicitly considered, the sign is always 

positive for the clusters in which this indicator is significant, suggesting that the effectiveness 

of the increase in strategies is related to other factors. 
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A final important indicator noted Iiere is FHHPER (the percentage of households in the EPA 

headed by females). It has been recognized that female headed households are typically 

among the poorest in Malawi (Kalipeni, 1992; Kennedy and Peters, 1992), and that 

conclusion is borne out by these data. In all cases, the sign of the (bivariate correlation or 

multiple linear regression) coefficient is positive, indicating that EP As with higher percentages 

of female headed households are among the poorest across the country. 

In some cases, variables which appear to be important in one or more of the model 

formulations are not explanatory in the sense that they provide an understanding of the 

underlying causes of poverty in Malawi, but instead reflect actions taken by the Government 

in poorer areas. For example. Table 6-4 shows that FULUMM (the percentage of an EPA's 

population that is fiilly immunized) and SAFEWAT (the percentage of an EPA with access to 

safe water) are important variables. However, in almost all cases the bivariate correlation 

coefficients are positive, which means that as these rates increase across EPAs, so does the 

poverty level. This is counterintuitive, since one might reasonably expect the opposite. 

However, what these data really show are the results of Government of Malawi campaigns 

to improve health measures in some of the poorer parts of Malawi (pers. conmiunication, L. 

Moriniere, 1996). The point here is that the data may simply reflect correlated factors or 

conditions without any implication of causality. 

The above examples illustrate that key variables can be identified in different EPA clusters 

which are significant indicators of a generalized sense of poverty in Malawi. Additionally, 

e 
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other indicators can be identified which reflect Government actions and responses to poverty 

rather than its underlying causes. Note that different models will highlight different specific 

indicators as will analysis of different EPA clusters. 

6.3.1.2 Principal Component 2 (PC2) 

Principal Component 2 (PC2) has been interpreted as representing "restricted access to food," 

where high values of PC2 correspond to less access to food. The basis for this can be seen 

in the equation defining PC2 in terms of the set of original equations in the "outcome" data 

set; 

PC2 = A9Z{lV_OFOOD) + A9\{NOTLEFT) + .2\\{LIVECOPE) 

+ .041{POOR40) + mS{POOEST20) + .iniMAX_INC) 

+ m\{MODSTUNT) + SSSl{MODUW) + ,\An{MODWAST) 

+. lQ4{FOODAIDP) (6-4) 

PC2 is normally distributed, as can be seen in Figure 6-3. There are a few EPAs with much 

smaller values of PC2 indicating that this small group has better (more) access to food. 



352 

30 I 

PC2 

Figure 6-3: Distribution of PC2 over all 154 EPAs 

Note in the above equation that the dominant variables deal with access to food Additionally, 

one variable representing income (MAX INC) and one variable representing malnutrition 

{MODWAST) have significant coefficients. This shows that these factors are related or 

correlated in some way to the dominant "access to food" variables. Again, it does not mean 

that the proxy variables representing "access to food" and "poverty" or "malnutrition" are 

necessarily highly correlated. The coefficients of correlation between PC2 and the other 

proxy variables are shown in Table 6-5: 
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Table 6-5: PC2 correlations with other proxy variab 

Clustw^-v. 
Cluster 

1 
Cluster 

2 
Cluster 

3 
Cluster 

4 
Cluster 

5 
Cluster 

6 
Nation 
(154 

PCI -.270 -.318 -.253 .028 -.013 .418 .000 

PC3 .082 .042 -.338 -.472* .120 .185 .000 

Comp. 
Vuln_ 

.348* .105 .203 .380 .233 .871" .372" 

es for all EPA clusters and for the nation 

* : Correbdon fa signiflcant at 0.05 level 
**: Correlation b significant at 0.01 level 

This table shows that, in general, the correlation between PC2 and any of the other proxy 

variables is poor. Either the magnitude of the correlation coefficient or the significance level 

or both are not indicative of an important relationship. 

Table 6-6, constructed fi-om data extracted fi-om Tables 5-10, 5-14, and 5-18, presents the 

indicator variables that are strongly related, in at least one analytic model, to PC2. This PC 

is somewhat elusive in terms of the available indicator variables. There were few variables 

that were significantly correlated (bivariate correlation) with this PC for more than one EPA 

cluster and, with the exception of WITHFOOD (the percentage of households with food in 

the hungry season) no variable was significantly correlated with PC2 in more than two 

clusters. Almost as weak a finding also applies to the use of regression trees. 

Multiple linear regression ofifers slightly better results which give better insight into the 

internal dynamics of access to food in Malawi. However, the "goodness of fit" of the multiple 

linear regression models, measured by the "Adjusted R^", is low for all of these models except 

for EPA Clusters 2 and 6 (See Table 5-18.). The larger values of this parameter in this cluster 
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have more to do with the small numbers of EPAs in those clusters than it does with the 

correctness of the models. Generally, values of Adjusted as low as those here indicate that 

the independent variables considered do not adequately explain the dependent variable (i.e., 

key variables are missing from the model). This would suggest that the Malawi VAM Data 

Base be augmented to include more variables which reflect "access to food" and closely 

related issues. 

Table6;^^Jndicator^ariablesjtrong[2j«latedJo_^ 
Variable 

Name 
Bivariate 

Correlation 
Regression 

Trees 
Multiple Lin. 
Regression. 

AVENOSTR X 

CVMAX X 

DIVERSIT 

GANYU1VI4E X 

HYBYIELD X X 

PBEANS X 

PCASSAVA X 

WITMQOD .. X X N/A 

The variable WITHFOOD (the percentage of households with food in the hungry season) was 

included in the bivariate correlations and regression trees for comparison purposes only. 

Because it is the inverse of the outcome variable WJDFOOD, which is most heavily weighted 

variable in Equation 6-4, it is to be expected that a variable that is perfectly correlated with 

W OFOOD would appear to be very significantly related to this PC. Because of its 
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relationship with W OFOOD. the variable WITHFOOD was excluded from use as an 

independent variable in the multiple linear regression models. 

HYBYIELD (the percentage of the area cropped with maize that is cropped with hybrid 

varieties) appears to be important in two of the analytic methods. It was a splitting variable 

in two of the regression trees, and has statistically significant negative coefficients in the 

multiple linear regression models for the nation and for three of the EPA clusters. This shows 

that as hybrid varieties of maize are planted instead of the indigenous varieties, access to food 

to food improves in the nation as a whole, and (at least) for the three EPA clusters. 

This reflects the higher yields of the hybrid maize varietals and the prominence of maize in the 

Malawian diet. Additionally, on a more subtle level, this finding may also reflect the fact that 

hybrid varietals impose costs for seed and fertilizer (Smale et al., 1995), and may therefore 

be more prevalent in EPAs which can better afford these costs. In other words, part of the 

significance may be due to correlation and not causality. 

These conclusions are reinforced by noting that DIVERSIT (a measure of cropping diversity), 

is also important in the linear regression models. For the nation as a whole, and for the 

largest EPA cluster (Cluster I), as the average EPA level of cropping diversity increases, 

access to food increases. This reflects risk-averse multi-cropping, in which failure of any one 

or two crops is hedged against by planting a number of different crops which are not all 

subject to the same causes for failure. For example, some crops like cassava are more 
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drought resistant than maize, and other crops cannot be devastated by a mealybug invasion 

as was cassava in July 1986 in the Nkhata Bay District in Northern Malawi (Pelletier, 1990). 

This finding may also reflect some portion of cash cropping being done as part of the crop 

diversity. These cash crops could provide income used to purchase food, thus improving 

access to food. 

Finally, AVENOSTR (the average (over the EPA) number of income strategies employed in 

a household), was found to be important in the multiple linear regression models for the 

nation and for four of the EPA clusters. For the nation and for one of the clusters, increased 

numbers of strategies were related to lower levels of access to food, while in the other tiiree 

EPA clusters, increased numbers of income strategies were related to higher levels of access 

to food. This suggests that for Malawi as a whole, the available income strategies are 

generally marginal and are usually attempted by households in dire economic straits. 

However, in some regions such methods of coping with lack of access to food may be more 

successful. 

6.3.1.3 Principal Component 3 (PC3) 

Principal Component 3 (PC3) has been interpreted as representing a composite form of 

"malnutrition." The basis for this can be seen in Equation 6-5 which expresses PC3 in terms 

of the original "outcome" variables. In this equation the most heavily weighted variables deal 

with rates of underweight children {MODUW), of stunting in children (MODSTUNT) and 

wasting in children (MODWAST). Additionally, per capita amounts of food aid distributed 
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in the EPA (FOODAIDP) and the percentage of livelihood derived from coping strategies 

(JJVECOPE) are also significant. This leads to the conclusion that this PC reflects different 

aspects of malnutrition as well as the extent of more desperate measures ( the coping 

strategies) which may be employed to obtain food. 

PC3 = 369iMODSTUNT) + .S07iMODUW) + 3S2{MODWAST) 
+ .199{FOODAIDP) + + m9{POOEST20) 
+ .{^4S{MAX_INC) + .{S96{W_OFOOD) + M4{NOTLEFT) 
+ .204{LIVECOPE) (6-5) 

A histogram of PC3 is presented in Figure 6-4, showing the bimodal distribution of this 

variable. This distribution implies that there is a substantial group of EPAs with much lower 

levels of composite malnutrition (low values of PCS) than the rest of the country. This will 

be more fully addressed in Section 6.3.2. 

Figure 6-4: Distribution of PC3 over all 154 EPAs 
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Table 6-7 shows the coefiBcients of correlation between PC3 and the other proxy variables 

for ail of the EPA clusters and for the nation. The different magnitudes and levels of 

significance imply that malnutrition is related to different additional aspects of vulnerability, 

to different degrees, in the different EPA clusters. This again highlights the need to analyze 

countries in terms of regions rather than as homogeneous wholes if more insight is desired. 

Table 6-7; PC3 correlafioos with other proxy variables for all EPA clusters and for the nation 

^«^roxy 
ClusteK. 

Cluster 
1 

Cluster 
2 

Cluster 
3 

Cluster 
4 

Cluster 
5 

Cluster 
6 

Nation 

PCI .241 .224 .132 -.355 -.704" .377 .000* 

PC2 .082 .042 -.338 -.472' .120 .185 .000 

Comp. 
Viiln 

.480" .407 .241 -.367 -.554" .522 .253" 

* : Correiatloii b sicniflcant at 0.05 level 
CombiUon Is significant at 0.01 level 

It is also useful to include the nation as a whole for comparison purposes and to detect 

national trends that may sometimes be lost in the regional data. For example, for the nation 

as a whole there is no significant correlation between PCS and PCI, suggesting that for 

Malawi as a whole, poverty and malnutrition, as represented by these PCs, are not correlated. 

If EPAs have high levels of one it says nothing about whether or not they have high levels of 

the other. In this case, the correlations between these two PCs are more revealing in the EPA 

clusters themselves. For example, the two are strongly, significantly negatively correlated in 

EPA Cluster 5, and not significantly correlated at all in the other EPA clusters. This is shown 

for the nation in Figures 6-5 and for Cluster 5 in Figure 6-6. 



PCI 

Figure 6-5: PC3 vs PCI for the nation 

Figure 6-6: PC3 vs PCI for EPA Cluster 5 
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Compare the shapes of the data "clouds" in these figures. In Figure 6-5 the cloud generally 

is oval shaped, implying no strong linear relationship at all. In contrast to this, in Figure 6-6 

there is a trend in the data to move "down and to the right," implying a negative correlation. 

However, while the significance level is highly meaningfiil (.001), the magnitude (-.554) is less 

so, in keeping with the somewhat difilise shape of this data cloud. 

Table 6-8, constructed fi-om data extracted fi-om Tables 5-11, 5-15, and 5-19 lists the 

variables with important relationships to PCS for each of the analytic paradigms. Note that 

there are relatively few variables which are important for several clusters for either the 

bivariate correlation or the regression trees, but that there are a number of such variables for 

the multiple linear regression. 

This suggests that the importance of some of these indicators can be seen only in the linear 

interrelationships of the set of variables which comprise the independent variables. 

Incidentally, this points out the usefulness of considering several different analytic paradigms 

in a single analysis, as each of them may illuminate different aspects of the internal 

relationships and structure of the data base. 
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Table 6-8; Indicator variables strongly related to PC3 

Variable 
Name 

Bivariate 
Correlation 

Regression 
Trees 

Multiple Lin. 
Regression. 

AIDS9S X 

ARESANIT X 

CVMZPROD X 

DIST_PTR X 

DIST_PW X 

FULLIMM X X 

LGP X 

LIVEIGA X 

HECTARAGE X X 

NETENROLL X X 

PBEANS X X 

SOMFSAN X 

The variables FULLIMM and NETENROLL do not relate to underlying causes of lack of 

access to food. FULLIMM reflects Government campaigns to provide immunization in some 

of the poorer areas. NETENROL (the percentage of children enrolled in school) is negatively 

correlated with PC3 for the nation and for all three EPA clusters for which it was significant. 

This is a consequence of Government feeding programs and food distributions at schools 

(pers. communication, L. Moriniere, 1996). These examples show once again that 

correlation does not necessarily imply causality. 

In the case of regression trees, PCS was something of an enigma, in that trees were not 

produced for three EPA clusters. This indicates that the available data set was inadequate for 
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this methodology. Because two of the affected clusters were very small (Clusters 2 and 6), 

that there were not enough data cases to produce a tree is not surprising. Cluster 5 should 

not have presented these problems. In two of the remaining clusters ADESANIT (the 

percentage of an EPA with adequate sanitation) was the primary splitting variable. This may 

be a consequence of the importance of sanitation to avoiding malnutrition, or it may be a 

consequence of Government policies to provide sanitation in some areas. The available data 

do not support a definitive conclusion. 

Another health related variable of somewhat ambiguous importance is DISTPW (the distance 

to a protected water source). In the multiple linear regression (MLR) models with PC3 as 

the dependent variable, this variable has a highly significant, positive coefficient for the nation 

and for two EPA clusters. This says that the higher the EPA-wide average value of the 

distance to a protected source is, the higher the level of malnutrition (PC3) in the EPA will 

be. There is one EPA cluster for which the MLR model had a significant negative coefficient, 

which would be counter-intuitive. More information on the particulars of that cluster are 

needed in order to understand this and reach a valid conclusion. 

One possible explanation for some of this apparent ambiguity regarding PC3 in general relates 

to malaria. This disease, which is endemic to Malawi, has been suspected of "greatly 

increasing susceptibility to...malnutrition....(and being) a contributor to half of all childhood 

deaths in Afiica" (Shell, 1997). Malaria is not considered in the 1996 Malawi VAM data base 

used for this research, except perhaps indirectly in terms of sanitation, safe water, etc.. This 
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might explain the inability of CART to form regression trees for some clusters, since the 

needed variable is not available. 

DIST PTR, (the average distance to a private trader) presents a somewhat clearer picture in 

the MLR models. For the nation and for three EPA clusters, this variable had a highly 

significant negative coefl5cient. Since in recent years a number of the large parastatal markets 

run by the Agriculture Development and Marketing Corporation (ADMARC) have closed as 

part of the structural adjustments, private traders have assumed greater importance in rural 

areas (Christiansen and Stackhouse, 1989). These data would seem to suggest the benefits 

of gaining easier access to these traders. 

LIVEJGA (the percentage of the average household income derived fi^om Income Generating 

Activities [IGA]) is very significant in the multiple linear regression models for the nation and 

for four of the EPA clusters. In all cases the coefficients are positive, which indicates that 

IGAs represent somewhat desperate measures; the more of them employed, the higher the 

malnutntion levels (as represented by high values of PC3) will be. Again, this does not 

necessarily imply causality. However, the fact that this variable appears in so many of the 

MLR models may suggest the failure of the IGAs to provide the basis for a healthier life. As 

such, it may be another indication of the general lack of suitable employment opportunities 

in Malawi. 
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6.3.1.4 COMPOSITE VULNERABILITY 

The constructed variable COMPOSITE VULNEIRABILITY was derived from the three 

principal components discussed in the preceding sections through the use of Equation 6-6. 

While this equation can be expressed, through algebraic substitution, in terms of the original 

variables in the outcome data set, it is more instructive to see it in terms of the PCs. From 

Equation 6-6 it can be seen that the PCs are weighted according to their relative significance 

as determined in Section 5.2.2. 

COMP. VULN, = [.46(PC1 + 2.675)^ + .29(PC2 + 2.674)^ 
+ .25(PC3 + 2.300)21 ^ (6-6) 

COMPOSITE VULNERABILITY\s roughly normally distributed over the nation's 154 EPAs 

(Figure 6-7). This figure shows that there are relatively more EPAs at the extreme low end 

(lower vulnerability) than at the extreme high end. 

Table 6-9 presents the correlation of this variable with the other proxies. These data show 

that COMPOSITE VULNERABILITY is highly correlated with PCI in all clusters and in the 

nation. Except for Cluster 5, this variable is more highly correlated with PCI than with any 

of the other proxies. In view of the heavier weight given to PCI in Equation 6-6 for 

COMPOSITE VULNERABILITY this is to be expected. A graphic depiction of this strong 

relationship is shown in Figure 6-8. correlation coefficients are even higher. Scatterplots of 

these data sets would show an even more tightly grouped linearly related data clouds. 
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Figure 6-7: Distribution o( COMPOSITE VULNERABILITY owr ail 154 EPAs 

Note from Table 6-9 that for some EPA clusters, that for some of the EPA clusters, the 

correlation coefficients are even higher. Scatterplots of these data sets would show even 

more tightly grouped, linearly related data clouds. 

Some of the correlations between this variable and the other proxies in Table 6-7 are neither 

highly significant nor of large magnitude. This suggests that in some EPA clusters the 

correlations between some of the most heavily weighted outcome variables which define these 

other proxies and COMPOSITE VULNERABILITY are not high. 
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Figure 6-8: Scatterplot of COMPOSITE VULNERABIUTY vs PCI for all 154 EPAs 

Table 6-9: COMPOSITE FZZL/V£K4fiiZ,/7Tcorrelations with other proxy variables for all EPA 
clusters and for the nation 

^^^Qluster 
Proxy^^^ 

Cluster 
1 

Cluster 
2 

Cluster 
3 

Cluster 
4 

Cluster 
5 

Cluster 
6 

Nation 
(154 

PCI .772" .884" .840" .918" .944" .730" .873" 

PC2 .348* .105 .203 .380 .233 .871" .372" 

PCS -480" .407 . -.367 -.554 .522 .253" 

* : Correlation is significant at 0.05 level 
*•: Correlation is significant at O.OI level 

Table 6-10 contains the list of indicator variables that are strongly related to COMPOSITE 

VULNERABILITY in multiple clusters (including the nation) in one or more of the analytic 

methods. 
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Table^lO^JndicatorvariaWM^trongj^relatedJo^COyW^Wrcj^^^JEffclB/L/TT 

Variable 
Name 

Bivariate 
Correlation 

Regression 
Trees 

Multiple Lin. 
Regression. 

AIDS95 X 

AVENOSTR X 

DIST_HC X 

D1ST_LPM X 

DIST_PTR X X 

FAMSIZE X 

FULLIMM X X X 

HECTARAGE X X X 

HYB YIELD X 

PMAIZE X 

SAFEWAT X 

HECTARAGE was found to be important to the nation and to several EPA clusters in all of 

the models. This is not surprising in view of the recognized importance of smallholder land 

size to poverty in Malawi. Given the very high correlation between poverty, as measured by 

PCI, and COMPOSITE VULNERABILITY, it is reasonable to expect that this indicator would 

be very important to this measure of vulnerability. 

One other most important variable would appear to be FULLIMM (the percentage of people 

in the EPA who are fully immunized), in that it is important in all three models for multiple 

EPA clusters. Again, this shows that the Government programs to immunize the most 

vulnerable groups and areas seem to be well targeted in that the highest immunization rates 

occur in areas which this analysis has labeled the most vulnerable. This does not imply 



368 

causality, but rather is a reflection of the correlation between the conditions defined by (the 

outcome variables which are components of) COMPOSITE VULNERABILITYzaA the groups 

that the Government programs target as most needy. 

In Table 6-10 three "distances" are strongly related to COMPOSITE VULNERABILITY. 

These aieDIST HC (the EPA-wide average distance fi"om the household to the nearest health 

clinic), DIST LPM (the average distance to the nearest local produce market) , and 

DIST PTR (the average distance to the nearest private trader). All of these were important 

in the bivariate correlations, where for every highly significant coefficient (the nation and 

either three or four EPA clusters in each case), the magnitudes are substantial and the 

coefficients are negative. This means that as these distances increase, COMPOSITE 

VULNERABIUTY decreases. 

The first of these strongly suggests that the health clinics have been properly located in that 

they are closest to the most vulnerable populations (as represented by high values of 

COMPOSITE VULNERABILITY). The other two distances relate to buyers for produce and, 

in one case, a source fi'om which other local produce can be obtained. The first of these 

indicators, DISTLPM, suggests that local produce markets tend to appear in those BP As 

where the most vulnerable populations are. 

This may be a case of the general need for markets resulting in small local markets appearing 

where no better market exists. Larger markets such as the ADMARC facilities were cut back 
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recently as part of the privatization eflfort insisted on by the terms of loans provided to Malawi 

(Lele, 1990). Many of the local produce markets may simply be filling the gap left by the 

closed ADMARC markets. The second indicator, DIST PTR, shows that to some extent the 

privatization of agricultural marketing is working. Private traders have apparently arisen or 

relocated to areas where, aside fi'om local produce markets (which may be a limited outlet for 

smallholders' produce), no other alternatives for sale of produce exist. 

Finally, PMAIZE (the average price of maize), was significant in the MLR models for every 

EPA cluster and for the nation. However, in some clusters (and the nation) the coeflBcient 

was positive, while in other clusters it was negative. This may be related to whether EPAs 

are net seUers or net buyers of maize. Note in Table 5-20 that for the nation the coeflBcient 

of PMAIZE was much less significant (.224) than for any of the individual EPA clusters (.000-

.149). The reason for this is that the very significant positive coeflBcients in some clusters 

coupled with the very significant negative coefficients in others blurred the cumulative picture, 

leading to the lower national significance level (recall that a higher number corresponds to a 

lower significance, e.g., a significance level of .05 is less meaningfiil than a level of .001). 
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6.3.2 EPA Clusters. 

Statistically significant indicator variables exist fitr almost all EPA 

clusters(including the nation)/projcy variables/model combinations. The 

primary exceptions are that in some cases regression trees were not 

produced Also, when considering the nation the Afferent relationships in 

the EPA clusters sometimes cancel out. These data can be used to 

understand the nature of vulnerability in the clusters and the nation and 

to characterize them. 

This section is the heart of this research, for it is here that the various procedures and analyses 

are brought together to validate the hypotheses of this work, and to show that these methods 

can be used to establish statistically meaningful relationships between indicator variables and 

measures of vulnerability and food insecurity. 

This section presents the findings relative to the EPA clusters and to the nation as a whole. 

The objective is to show that for all clusters, there are indicator variables which are 

significantly related to each proxy variable in one or more of the analysis methodologies. It 

is not the intention of this section to present a comprehensive vulnerability analysis of these 

EPA clusters or of Malawi as a whole. Consequently, this section does not present a 

discussion or interpretation of ail of the indicator variables found to be important to any EPA 

cluster or for any proxy variable. Instead, select significant variables which illustrate certain 
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issues will be briefly discussed and/or interpreted in terms of conditions of vulnerability in the 

cluster or in Malawi. In most cases, these interpretations suggest the need for additional 

research or data that would be necessary to fully confirm them. 

The same sets of tables from Section 5.4 that were used to extract data for each proxy 

variable over the EPA clusters were also used to determine the more significant or important 

variables for each proxy variable for each EPA cluster. In a sense, the tables in Section 6.3.1 

have been "inverted." In that section, the focus was on the proxy variables, and the indicators 

which were important to them over all EPA clusters. Here, the focus is on the EPA clusters, 

and the indicators which are important to one or more of the proxy variables for that cluster. 

The method used to select the variables for presentation in these tables was subjective. I 

selected indicators which appeared to be highly significant in one or more models and/or 

which appeared to be important to more than one of the models for listing in the cluster-

specific tables. Therefore, the entire set of tables from Section 5.4 were used to compile each 

of the following tables 

6.3.2.1 EPA Cluster 1 

EPA Cluster 1 consists of three groups of EPAs. One group of 5 EPAs is in the far north, 

another group of 5 EPAs is in the south, but the preponderance of this cluster's EPAs are in 

the Central Region (40 EPAs), many of them abutting Lake Malawi. Before looking at the 

indicator variables found to be important to EPA Cluster I, it is useful to characterize Cluster 

I 
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1 in terms of the proxy variables themselves. Table 6-11 compares the Cluster I and national 

level values of the proxy variables' distributions. This table shows that the ranges of values 

of the proxies in Cluster 1 are somewhat in the middle of the ranges of their corresponding 

values for the nation. That is, the Cluster 1 values are not the best (lowest), but neither are 

they the worst (highest). An exception to this is PC3, which is has a lower average value for 

Cluster 1 than for the nation as a whole. Therefore, except for PCS (malnutrition), EPA 

Cluster I is a largely representative of the nation as a whole. 

Recall that the clusters were defined based on similarities in the EPAs' food economies and 

in the values of some indicators. The clusters were not defined on the basis of similar 

outcomes which would have resulted in smaller ranges and standard deviations for the proxy 

variables in the cluster. Also, since Cluster 1 comprises 50/154, or roughly one-third of 

Malawi's EPAs, it is not too surprising that it is a somewhat representative sample insofar as 

outcomes are concerned. Except for PCS the mean values of the proxies are all the same. 

Given the reduced ranges of the proxy variables in the cluster, smaller standard deviations are 

to be expected. 

Because the proxy variables were generated as standardized principal components at the 

national level, the national level means are all approximately equal to 0.0 and their standard 

deviations to 1.0. 

t 
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Table 6-11; Comparison of projty variable distributions for Cluster 1 and the nation 

Proxy 
Variable 

EPA Cluster 1 The Nation (154 EPAs) 
Proxy 

Variable Min. Max. Mean 
Std. 
Dev. Min. Max. Mean Std. 

Dev 

PCI -1.47 1.14 •
 e
 

oe
 

.62 -2.65 1.79 0.00 1.00 

PC2 -1.99 1.87 .07 .89 -2.67 2.66 0.00 1.00 

PC3 -2.30 1.19 -.61 .82 -2.30 2.40 0.00 1.00 

COMPOSITE 
I'VLNERABIUTY 0.95 1.99 1.59 .25 0.81 2.50 1.64 0.36 

What about the values of the significant indicators Cluster 1? Reviewing the tables from 

Section S.4 and selecting those indicator variables that seemed most significant for each proxy 

variable for EPA Cluster 1 yields the results presented in Table 6-12. Note that most of these 

indicators are significant for only one pro;^ variable, suggesting that the dynamics underlying 

each of the proxy variables are more or less distinct from one another. 

Table 6-12; Important variables for all proxy variables for EPA Cluster 1 

Varlable^-~^^ PCI PC2 PC3 Comp. Vuln. 

AVENOSTR X X 

CVMZPROD X 

DIST_PTR X 

DIVERSIT X 

FAMSIZE X X 

FHHPER X 

FULLIMM X X 

HYB YIELD X 

LIVEIGA X 

NETENROL X 
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For example, FAMSIZE (the average number of household members), affects poverty but not 

malnutrition. Going back to the source tables for these data (Tables 5-9, 5-13, and 5-17) 

shows that as FAMSIZE increases, poverty (PCI) decreases in this cluster. Given the high 

correlation of this cluster with the old "Maize Dominated Cluster" in which maize was the 

basis for much of the food economy, one can conclude that in this cluster larger families 

primarily means more labor in the field (a positive factor, reducing poverty) rather than more 

mouths to feed (which could have led to FAMSIZE being positively correlated with PC3 for 

this cluster) (see Table 5-19). 

Similarly, DIVERSIT (a measure of cropping diversity - high values mean more diversity) is 

significant to PC2 (Tables 5-10, 5-14, and 5-18). Higher values of DIVERSIT mean lower 

values of PC2, i.e., better access to food. This may be explained by noting that with the 

dominant position of maize in the food economy of much of this cluster, and the lack of 

drought resistance of maize, more cropping diversity hedges against the variability of both 

rainfall and the length of growing season. 

In part, the significance of cropping diversity may be due to the fact the length of the growing 

period (measured by the variable LGP) ranges fi'om 112-217 days with a mean value of 152 

days for Cluster 1 vice 112-285 days with a mean of 162 days for the nation as a whole. 

However, the variability in the length of the growing season, measured by the variable 

CVLOS, ranges from 0.10-0.18 with a mean value of 0.15 for Cluster 1 vice 0.08-0.26 with 

a mean value of 0.15 for the nation (WFP et ai, 1996). In other words, although the length 

I 
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of season in Cluster 1 is variable it is less variable than for the nation as a whole. Therefore, 

the shorter growing season is more predictable, putting a higher premium on cropping 

diversity. 

HYBYIELD (the percentage of the area planted in maize planted in hybrid varieties) was found 

in both the regression tree and multiple linear regression analyses to be important to access 

to food (PC2). The higher the EPA's value of this indicator, the better the EPA's access to 

food. Again, given the relatively predictable, shorter growing season, measures which 

capitalize on planting crops with lower water requirements £u-e appropriate in this cluster. 

These findings suggests that (Government) efforts to encourage cropping diversity and the 

use of hybrid varietals of maize should be pursued. 

FHHPER (The percentage of female headed households) was found to be significantly related 

to poverty (PC I) in this cluster. This is consistent with the well known finding that female 

headed households are generally among the poorest in Malawi (Government of Malawi and 

United Nations in Malawi, 1993). 

The indicators variables FC/Z,ZiMV/(percentage of EPA population fially immunized) was 

found to be related to both malnutrition (PC3) and composite vulnerability (COMPOSITE 

VULNERABILITY). This may represent the beneficial effects of immunization on reducing 

malnutrition rates and/or government immunization campaigns in the EPA. 
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The importance of NETENROL (the percentage of children enrolled in school), to 

malnutrition (PC3) is less difficult to explain. This relationship is most likely due to 

government supplemental feeding programs at schools, and does not represent a causal 

relationship. 

A comparison of the distributions of the indicators listed in Table 6-12 in both Cluster I emd 

the nation is presented in Table 6-13. A review of this table shows that for most of these 

indicators. Cluster 1 is representative of the nation. A primary exception to this is FAMSIZE 

(the average number of household members). Average family sizes in Cluster 1 EPAs are not 

as big as they are in the nation. 

This might be related to the fact that, on average, the percentage of female headed households 

{FHHPER) is higher in Cluster 1. In Cluster 1 the bivariate correlation coefficient between 

FAMSIZE and FHHPER is -0.445 at the .01 significance level vice -0.330 for the nation. In 

other words, female headed households are somewhat negatively correlated with family size. 

Therefore, the higher levels of the former variable would suggest lower values for the latter 

in this cluster. 



Table 6-13; Comparison of significant indicator variable distributions for Cluster 1 and the nation 

Variable Variable Description 

EPA Cluster The Nation [154 EPAs) 

Variable Variable Description 
Min. Max. Mean 

Std. 
Dev. 

Min. Max. Mean 
Std. 
Dev 

AVENOSTR Average Number of Income Sinitegies 
Employed by Each HouMhold 2.29 6.25 3.45 0.62 1.55 6.25 3.24 0.77 

DIST.PTR Average Distance from Households to 
Nearest Private Trader 2.24 4.00 3,37 0.39 1.82 4.00 3.32 0.57 

DIVERSIT Measure of Cropping Diversity (vice 
Monoculture) 0.12 0.82 0.62 0.12 0.12 0.84 0.62 0.13 

FAM_SIZE Average Number of People per Household 4.19 5.37 4.90 0.30 4.19 7.82 5.11 0.45 

FHHPER Percentage of Households Headed by 
Females 12.82 45.32 33.28 6.81 12.82 46.25 29.7 7.60 

FULLIMM Percentage of EPA Population FuDy 
Immunized 35.00 81.00 59.46 15.55 30.00 81.00 59,80 12.96 

HYBYIELD Yield of Hybrid Maize Planted 0.99 4.02 2.24 0.74 .93 4.02 2.23 0.61 

LIVEIGA Proportion of Av. Household Livelihood 
Derived from Income Generating Activities 0.09 0.95 0.63 0.19 0.06 0.98 0.56 0.19 

NETENROLL Percentace of Children Enrolled In School (t6.nn 89.9n 81.89 5.30 <;4.50 94.40 82.10 8.21 
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In other words, EPA family size is inversely related to the percentage of female headed 

households, and more so for Cluster 1 than for the nation. Note that the percentage range 

of female headed households is very similar in both the cluster and the nation, although the 

average percentage over the cluster is somewhat higher, which may help explain the lower 

average family size in this cluster. 

It is reasonable to wonder why, if Cluster 1 and the nation agree so closely in the variables 

found to be important to Cluster I, the Cluster is in the middle of the ranges of the proxy 

variables for the nation, and not in closer agreement with the national ranges for these 

variables. The answer is that the indicator variables in Table 6-13 are those that were found 

to be important to Cluster 1, and are not necessarily of equal importance to the nation, so the 

same relationships may not hold. The variables important to the nation are presented in 

Section 6.3.2.7. 

6.3.2.2 EPA Cluster 2 

EPA Cluster 2 consists of twelve (12) EPAs in the Northern Region of Malawi, long 

considered the poorest area of Malawi, and the target of various poverty eradication 

programs (pers. communication, L. Moriniere, 1996). This is borne out in the data. Table 

6-14 which compares the projqr variable distributions in the cluster and the nation, shows that 

the average level of poverty in these EPAs (as measured by PCI) is much higher than in the 

nation as a whole (0.69 vice 0.00). The distribution of Cluster 2 values relative to the nation 

i 
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is shown graphically in Figure 6-9. This figure shows that the range of values for PC 1 is 

clearly on the high side of the national range. 

Table 6-14; Comparison of proxy variable distributions for Cluster 2 and the nation 

Proxy 
Variable 

EPA Cluster 2 The Nation (154 EPAs) 
Proxy 

Variable Min. Max. Mean 
Std. 
Dev. Min. Max. Mean Std. 

Dev 

PCI -0.60 1.79 0.69 0.67 -2.65 1.79 0.00 1.00 

PC2 -2.61 1.74 0.00 1.13 -2.67 2.66 0.00 1.00 

PC3 -1.88 0.45 -0.88 0.76 -2.30 2.40 0.00 1.00 

COMPOSITE 
VVLNERABIUTY 1.17 2.14 1.80 0.29 0.81 2.50 1.64 0.36 

Figure 6-9: Comparison of Cluster 2 and the national ranges for PCI 
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Perhaps because of the longer growing periods for this cluster than the national norm 

(average length of growing period in Cluster 1 is 191 days vice 162 days for the nation), 

access to food (PC2) and malnutrition (PC3) are generally better in this cluster than in the 

nation at large. Note in particular in Table 6-14 that the average value for PC3 is much lower 

(better) in this cluster than in the nation. This is shown graphically in Figure 6-10. 

CkMlor 2 fl«iia 

^ o ^ o ^ ^ ^ o o ^ ^ ^ o ^ o 

PC3 

Figure 6-10: Comparison of Cluster 2 and the national ranges for PC3 

In spite of the better (reduced) levels of malnutrition in this cluster, the average levels of 

vulner^ility, as measured by COMPOSITE VULNERABIUTY, are somewhat higher in this 

cluster than in the nation (1.80 vice 1.64). This is due to the relatively worse position vis-a
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vis poverty (PCI) and the greater importance of PCI than of PC3 in the definition of 

COMPOSITE VULNERABIUTY. 

Table 6-IS presents a listing of the indicator variables found important in this cluster for the 

different proxy variables. However, in two cases regression trees were not produced. For 

both PC2 and PCS, there were too few EPAs (12) to allow adequate trees to be produced. 

This suggests that where the proxy variables may not have as many significant related 

indicator variables in the data base, or where key variables may be missing from the data base 

(e.g., malaria rates), more cases (EPAs or years of data) may be needed if regression trees are 

to be produced. The impact of this is that variables in Table 6-15, for both PC2 and PC3, 

were selected on the basis of bivariate correlation and multiple linear regression results only. 

Table 6-15; Important variables for all proxy variables for EPA Cluster 2 

Variabie^"^-^ 
PCI PC2* PC3* Comp. Vuln. 

AIDS95 X X 

AVGLOS X X 

AVENOSTR X 

DIST_PW X 

FHUPER X 

FULLIMM X X 

GANYM4E X 

LSTKHH X 

LIVEIGA X 

NETENROL X 

PBEAN§ X 
* No regression trees were generated Tor this proxy variable 
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Further, because there were so few EPAs, the number of potential indicators had to be 

reduced so  they would not  exceed the  number  of  EPAs minus  I  (e .g . ,  12  -  1  =  II ) .  

Exceeding this limit would not permit a multiple linear regression model to be generated (this 

would be equivalent to solving too few equations in too many unknowns). Therefore, some 

of the potentially useful indicators were eliminated from consideration for this reason. The 

selection of indicators to so eliminate was done subjectively, based on my judgement of which 

ones would be less useful. 

To understand why the indicator variables in Table 6-15 might be important to the different 

proxies, it is useful to look at the distributions of values of these variables in the cluster 

relative to the nation. This comparison is presented in Table 6-16. 

This table oflfers another partial explanation for the relatively low malnutrition rates (low 

values of PC3); Government feeding programs are often administered through the schools 

(personal communication, L. Moriniere, 1996), and, as Table 6-15 shows, the percentage of 

children enrolled in school (NETENROL) is much higher for this cluster than for the nation. 

Coupled with the fact that government programs have often targeted the Northern Region, 

which also enjoys a longer growing period, children in these EPAs might reasonably be 

expected to show lower rates of malnutrition. 

This cluster has a longer growing period, as measured by the variable LGP (length of growing 

period, in days). This finding is confirmed by the completely independent variable, A VGLOS, 
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which represents the average length of the growing season (as measured by NDVI-based 

parameters). This indicator is based on the number of ten day periods (dekads) when the 

NDVI values are above a predetermined level. From Table 6-15, this indicator is significant 

for both poverty (PCI) and access to food (PC2). From Table 6-16, this cluster has longer 

minimum length growing seasons than does the nation, and a slightly higher average length 

growing season in the cluster than does the nation. 

This suggests a more stable length of growing season, which is borne out by noting that the 

range of the coeflBcient of variation of the length of season over the fifteen year period fi-om 

1980-1995 is lower for the cluster (i.e., less variability) than for the nation (0.09-0.21 vice 

0.08-0.26). It is the fact that the growing season is predictably good that leads to it being 

significant, since the variability of its length as much its length itself will lead to different 

agricultural potentials and expectations in the different EPAs. 

A further problem with this cluster is that with the maximum number of indicators 

(independent variables) for the number of cases, the multiple linear regression model is 

essentially a "perfect fit." This can be understood by considering the problem of fitting the 

best straight line through a set of points in two dimensions. If any two points whatsoever are 

selected, a straight line can always be passed through them. But, as the number of points to 

be fitted (i.e., the sample size) is increased, the line typically goes through fewer of the points, 

but represents a better overall fit. And, typically, the equation of the line (the slope and the 

intercept) changes. 



Table 6-16; Comparison of significant indicator variable distributions for Cluster 2 and the nation: 

Variable Variable Description 

EPA Cluster 2 The Nation (154 EPAs) 

Variable Variable Description 
Min. Max. Mean 

Std. 
Dev. 

Min. Max. Mean 
Std. 
Dev 

IAIDS9S Number of AIDS Cases per 10,000 
Population 2.20 8.10 6.15 2.41 1.80 9.60 4.81 2.13 

HAVENOSTR Average Number of Income Strategies 
Employed by Each Household 1.55 5.27 3.32 1.19 1.55 6.25 3.24 0.77 

AVCLOS Avcra(e Length of Growing Season (Based 
on NDVI Values) Over LOR 9.57 12.29 11.20 0.93 8.71 12.71 11.01 0.65 

DIST_PW Average Distance from Households to 
Source of Protected Water 1.18 4.78 2.60 0.98 1.18 4.78 2.66 0.64 

FHHPER Percentage of Households Headed by 
Females 18.18 30.00 26.24 3.69 12.82 46.25 29.70 7.60 

IFULLIMM Percentage of EPA Population Fully 
Immunized 52.00 81.00 68.75 9.99 30.00 81.00 59.80 12.96 

|GANYUM4E Proportion of Av. Household Livelihood 
Derived from Ganyu (Casual Labor) 0.09 0.43 0.25 0.11 0.01 0.96 0.34 0.19 

ILIVEIGA Proportion of Av. Housdiold Livelihood 
Derived from Income Generating Activities 0.19 0.64 0.50 0.13 0.06 0.98 0.56 0.19 

iLSTiCHU Percentage of Households in the EPA with 
Livestock 0,17 0.82 0.55 0.16 0.00 0.82 0.42 0.15 

HNETENROLL Percentage of Children EnroOed in School 88.70 94.40 91.78 2.41 64.50 94.40 82.10 8.21 

IPBEANS Average Unit Price of Beans 1.12 m 2.09 0.46 0.97 .iJ2- 2.S7 0.74 

CO 
A 
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In Cluster 2, because of the relatively small number of EPAs, the multiple linear regression 

(MLR) models (a higher dimension analog of the two dimensional line) fit these points almost 

exactly. Hence the very high Adjusted (the "goodness of fit" measure). If either the 

number of potential indicators were reduced, or the number of cases (EPAs) increased, the 

resultant model coeflBcients would all (probably) change, and the Adjusted R^ would drop. 

This is one of the primary reasons that the coefficients of the MLR models are not used here, 

but just the significance of the coefficients (which could also change for a different number 

of EPAs or variables). 

In retrospect, it would have been preferable to adjust the EPA clusters so that no cluster had 

so few EPAs. For example, in this situation, I should have been assigned the EPAs m the 

very far north which are now in Cluster 1 to Cluster 2. This would have improved the overall 

geographical contiguity, and would also have increased the number of EPAs in Cluster 2 fi-om 

12 to 17. There might have been some minimal loss of statistical coherence in Clusters I and 

2, but this would most probably have been acceptable. 

Of course, another solution to this problem is to repeat this sort of analysis with multiple 

years of data. With the presently defined clusters, there would have been 12 cases per year 

in Cluster 2, so if several years worth of data were available, this problem would have been 

eliminated. 

i 
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6.3.2.3 EPA Cluster 3 

EPA Cluster 3 is made up of three discrete groups of EPAs, totaling 31 in all. Table 6-17 

compares the distribution of the values of the proxy variables in this cluster and the nation. 

These data show that Cluster 3 is better off than average in terms of all of the proxies, but 

especially in terms of poverty (PCI). Note that average value of PCI in this cluster is 

substantially less than the national average. A graphical comparison of the range of PCI in 

this cluster and in the nation is presented in Figure 6-11. 

Table 6-17; Comparison of proiy variable digtributions for Cluster 3 and the nation 

Proxy 
Variable 

EPA Cluster 3 The Nation (154 EPAs) 
Proxy 

Variable Min. Max. Mean Std. 
Dev. Min. Max. Mean Std. 

Dev 

PCI -2.65 1.03 -0.69 1.17 -2.65 1.79 0.00 1.00 

PC2 -2.67 2.00 -0.22 1.11 -2.67 2.66 0.00 1.00 

PC3 -2.05 1.59 -0.10 0.91 -2.30 2.40 0.00 1.00 

COMPOSITE 
VULNERABILITY 0.81 2.02 1.39 0.37 0.81 2.50 1.64 0.36 

While Figure 6-11 shows that the range of PCI values for the cluster is skewed relative to the 

nation, a better comparison of poverty levels in the cluster and the nation may be obtained by 

comparing this figure to Figure 6-12, which displays the histogram of values for just Cluster 

3. Such a comparison immediately reveals the much greater skew towards the lower values 

of PCI (less poverty) in the cluster. Because Cluster 3 is better than the nation as a whole 

for all three of the principal component proxies, it is also (necessarily) better for 

COMPOSITE VULNERABIUTY, as Table 6-17 shows. 
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Figure 6-11: Comparison of Cluster 3 and the national ranges of PCI 

Figure 6-12: Histogram of Cluster 3 values of PCI 
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Table 6-18 presents the indicators which were found to be important for the proxy variables. 

The comparison of the distributions of these indicators between the cluster and the nation is 

given in Table 6-19. Note that no regression tree was produced for PC2. In this case, the 

fault is due to the inability of the regression tree algorithm (CART) to produce any tree that 

it found to be acceptably accurate. Even though a multiple linear regression model was 

produced, the Adjusted at 0.197, is so low as to strongly suggest that key variables are 

missing from the model. It is the lack of these (unknown) indicators that caused CART to 

fail to generate a tree with suitable predictive accuracy Steinberg and CoUa, 1995). 

Ta|We^^l8^Jnij»ortant_variablesJ[br_allj»rox^variablesj(2r^ 

Variable^^\_ PCI PC2* PC3 Comp. Vuln. 

ADESANIT X 

AIDS9S X X 

AVENOSTR X 

DAYSEARN X X 

DIST_HC X 

DIST_PTR X X 

FULLEVIM X X 

GANYUM4E X X 

HECTARAGE X X 

LIVEIGA X 

PBEANS X 

PIVKAIZE X 

PSORGHUM X 

SAFEWAT X 

SOMESAN X 
* Based on finding very Tew sienillcant variables Tor tliis proxy in any model; MLR Adj. R* very low (.197) 
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This particular case points out that while the set of available indicators may be quite adequate 

for a particular proxy variable in one cluster does not necessarily imply that the adequacy of 

this data base for the same proxy in another cluster is assured. The reason for this is that the 

fundamental diflerences among the clusters mean that the dynamics underlying any aspect of 

vulnerability and the variables which represent them may vary from cluster to cluster. In this 

case, some of the significant indicators for PC2 were missing from the data base. 

HECTARAGE (the size of smallholder landholding), was found to be significant for both 

poverty (PCI) and COMPOSITE VULNERABILITY. Looking at Table 6-19, Cluster 3 is far 

better off with respect to this indicator than is the nation, with an average EPA-wide 

(average) landholding of 1.30 ha vice 0.85 ha. The importance of this may be appreciated by 

noting that a Government of Malawi study found that 75% of households with less than 1.0 

ha of land relied on either casueil labor {gatryu) or ADMARC as supplemental food sources 

(Government of Malawi and United Nations in Malawi, 1993). 

In view of this relationship of HECTARAGE to poverty and the relatively high values of this 

indicator in the cluster, it is not surprising that it was found highly significant to PCI by all 

three paradigms (bivariate correlation; -0.867 with significance level 0.01; CART importance: 

88; and, MLR coefiBcient: negative, with significance level 0.000). Because of this very high 

significance level in all models, and because PCI is so important to the equation for 

COMPOSITE VULNERABILITY, HECTARAGE is also significant to that proxy as well. 

S 
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Moreover, this also helps to explain the importance of GANYUM4E (the average percentage 

of household livelihood derived from casual labor [ganyit]) to both access to food and to 

COMPOSITE VULNERABILITY. The bivariate correlation coefiBcient between 

HECTARAGE and GANYLM4E is -0.548 at the .01 significance level. In other words, in 

EPAs with lower average smallholder landholdings (HECTARAGE), there are statistically 

significantly higher levels of casual labor (GANYLJM4E^, needed to supplement food grown 

at home. Therefore, GANYUM4E is significant to access to food (PC2). 

Now, given the importance of GANYUM4E to the second most important proxy in defining 

COMPOSITE VULNERABILITY (PC2), and the strong relationship between GANYUM4E 

and HECTARAGE (the most significant variable for PCI, which is the most important 

component of COMPOSITE VULNERABILITY) the basis for the importance of GANYUM4E 

to COMPOSITE VULNERABIUTY becom&s clear. 

The average over the EPAs of AVENOSTR (the average number of income strategies 

employed by each household), varies in Cluster 3 fi-om 1.56-4.55 with an average over the 

cluster of 2.86. This is slightly lower than the values for the nation, which may be due to the 

relatively larger smallholder landholding with consequentially less need for a variety of other 

income strategies. In those cases where some strategies are needed to supplement 

smallholders' own production, gatiyii (casual labor) may often be sufiScient, without the need 

for other approaches. Where additional activities are needed, a variety of income generating 

activities, are used to gain access to food. This is indicated by the significance of LIVEIGA 
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(the percentage of average household livelihood gained from income generating activities), 

to access to food (PC2). Also, the correlation between this variable and COMPOSITE 

VULNERABILITY is positive. This means that EPAs in this cluster with higher average 

numbers of strategies are more vulnerable on average than those employing fewer strategies. 



Table 6-19: Comparison of significant indicator variable distributions for Cluster 3 and the nation 

Variable Variable Description 

EPA Cluster 3 The Nation (154 EPAs) 

Variable Variable Description 
Min. Max. Mean 

Std. 
Dev. 

Min. Max. Mean 
Std. 
Dev 

ADESANIT Perccnta|c of an EPA wlUi Adequate 
Sanitation 1.00 5.60 3.06 2.02 0.70 17.60 4.47 3.20 

AIDS9S Number of AIDS Cases per 10,000 
Population 2.00 9.60 5.79 3.00 1.80 9.60 4.80 2.13 

AVENOSTR Average Number of Income Strategies 
Employed by Each Household 1.56 4.55 2.86 0.64 1.55 6.25 3.24 0.77 

DAYSEARN Average Number of Days' LIvcliliood 
Earned by a Household per Month 4.95 93.19 34.92 16.00 4.95 132.71 38.08 18.32 

DIST_HC Average Distance from Households to 
Nearest Health Center 2.56 3.58 3.35 0.32 2.28 4.00 3.15 0.33 

DIST_PTR Average Distance from Households to 
Nearest Private Trader 2.03 4.00 3.52 0.54 1.82 4.00 3.32 0.57 

FULLIMM Percentage of EPA Population Fully 
Immunized 57.00 72.00 63.00 5.87 30.00 81.00 59.80 12.96 

GANYUM4E Proportion of Av. Household livelihood 
Derived from Ganyu (Casual Labor) 0.02 0.96 0.36 0.26 0.01 0.96 0.34 0.19 

IIECTARAGE Mean Land Holdings per Household (ha.) 1.03 1.57 1.30 09.20 0.36 1.57 0.85 0.31 

LIVEIGA Propoitioa of Av. Houxhold Livelihood 
Derived from Income Generating Activities 0.06 0.98 0.52 0.25 0.06 0.98 0.56 0.19 

PBEANS Average Unit Price of Beans 0.97 3.66 2.23 0.74 0.97 4.72 2.57 0.74 

PMAIZE Average Unit Price of Maize 0.23 2.67 0.85 0.47 0.23 2.77 0.87 0.57 
VO 



DPSORGHUM Average Unit Price of Sorghum 0.20 4.50 1.68 0.86 0.20 10.00 2.37 2.50 

IsAFEWAT Percentage of EPA with Access to Safe 
Water 9.90 25.00 20.19 5.52 4.20 67.00 33.95 16.83 

|S0MESAN Percentage of EPA with Access to Some 55.50 86.00 71.48 13.15 35.90 88.40 69.54 12.99 



394 

This suggests that the strategies available to the population of Cluster 3 are marginal. When 

more of them are needed, it is because the first few are not sufiScient to reduce people's 

vulnerability. This finding independently confirms the recognized need for more, better 

employment opportunities (Government aof Malawi and United Nations in Malawi, 1993) 

Note in Table 6-18 that SOMESAN (the average percentage of the EPA with access to some 

type of sanitation), was found to be significant to malnutrition (PC3). This might be expected 

fi-om an epidemiological point of view, in which one would expect that higher values of 

SOMESAN-woxAd. correspond to lower values of PC3. However, this is not the case in this 

cluster. Instead, higher levels of SOMESAN are significantly correlated with higher values 

of PC3. Further, SOMESAN was found to be significant in all three paradigms. 

This relationship seems to be more true for this cluster, in which the correlation coeflBcient 

is 0.750 at .01 significance level, than for the nation for which the coeflBcient is 0.235 at the 

same significance level. This high level of correlation between the two variables in the cluster 

is shown graphically in Figure 6-13. 

I 
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Figure 6-13: SOMESAN vs PC3 for EPAs io Cluster 3 

This figure allows for a partial explanation of this strange finding. For each single value of 

SOMESAN there are multiple values of PC3. The reason for this is that, fi-om Table 5-1, 

SOMESAN vids defined at the district level, and then "spread" to the EPA level by assigning 

the district value for this indicator to all EPAs in that district. From Figure 6-13, it is clear 

that there are four (4) districts represented in Cluster 3. Each of these has a constant value 

for SOMESAN the values of PC3 vary with each EPA in the district. This means that 

regression tree clustering can use SOMESAN as a very effective splitting variable for PC3 in 

the generation of a r^ession tree. For example, fi'om Figure 6-13, "iSOA^ES^iV greater than 

or equal to 60" splits all EPAs into two classes: those with values of PC3 less than -0.7 

{SOMESAN < 60), and those with PC3 greater than 0.-07 {SOMESAN> 60). 
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While it is true that there is a definite relationship between the two variables, if for each EPA 

there had been an individually determined value of SOMESAN, the greater variability might 

have lessened the statistical significance of this indicator. This particular case does not 

invalidate the methods used here. It just provides a cautionary note about the use of data 

which have been estimated or otherwise doctored to arrive at data at the appropriate scale. 

6.3.2.4 EPA Cluster 4 

Table 6-20 compares the distributions of the proxy variables in Cluster 4 and in the nation. 

This table shows that Cluster 4 is somewhat worse off than average in that the average levels 

of poverty (PCI) and malnutrition (PCS) are higher than the national averages by significant 

amounts; the average level of access to food (PC2) in this cluster equals the national average, 

while COMPOSITE VULNEIRABILITY is slightly higher in the cluster. The slightly higher 

level of COMPOSITE VULNERABILITY is likely due to the effect of PCI which, in this 

cluster, has a correlation coefficient with COMPOSITE VULNERABILITY of 0.840 at a 

significance level of .000. 

Table6^0^_Coin£arison_ofj2ro^variabiejlistribiitioa9JbrCIiister4^n^ 

Proxy 
Variable 

EPA Cluster 4 The Nation (154 EPAs) 
Proxy 

Variable 
Min. Max. Mean 

Std. 
Dev. Min. Max. Mean 

Std. 
Dev 

PCI -0.64 1.38 0.37 0.66 -2.65 1.79 0.00 1.00 

PC2 -2.00 1.55 0.00 0.85 -2.67 2.66 0.00 1.00 

PC3 -0.77 1.75 0.52 0.53 -2.30 2.40 0.00 1.00 

COMPOSITE 
WLNERABtUTY 1.46 2.21 1.78 0.24 0.81 2.50 1.64 0.36 
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Table 6-21 presents the indicator variables that are significant for the different proxy variables 

in this cluster. 

Table 6-21; Important indicators for all proxy variables for EPA Cluster 4 

Variable^^^^ 
PCI PC2 PC3* Comp. Vuln. 

AIDS95 X X X 

AVENOSTR X X 

CVMZPROD X 

DIST_LPM X 

DIST_PTR X X 

FAMSIZE X X 

FHHPER X X 

FULLIMM X 

HECTARAGE X X 

HYBYIELD X 

LGP X 

LIVEIGA X 

PBEANS X 

SniVIRSAN 1 V 
*: No regression tree was generated Tor PC3 

HECTARAGE (the average size of smallholder landholding), is significant for both poverty 

(PCI) and COMPOSITE VULNERABILITY. This indicator has a high negative correlation 

with PCI and was important as a regression tree splitting variable. Table 6-20 shows that this 

indicator takes on much smaller values in this cluster than in the nation as a whole. In fact, 

the average value for HECTARAGE in the cluster is less than 75% of the national average. 
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Recalling the earlier statistic that 75% of the households with less than 1.0 ha of land need 

supplemental food beyond their own production, the importance ofHECTARAGE is clear. 

From the map in Figure 5-11, note that Cluster 4 is comprised of three discrete pieces, two 

of which surround Malawi's biggest cities, Lilongwe and Blantyre. In fact, from Table 5-7, 

Cluster 4 is mostly made up ofEPAs from the old "Urban Influenced" cluster (10 out of 23 

EPAs) and the old "Income Generating Activity" cluster (8 out of 23 EPAs). These were the 

(old) clusters in which agriculture was less successfril overall. The reasons for this have now 

become somewhat clearer. According to the 1987 census, the average population density of 

the cluster ranged from 26-255 people per km^ with an average of 121, vice the nation, 

ranging from 10-290 people per km^ with an average of 96.32. The relatively high 

population density is in large part due to proximity to Lilongwe and Blantyre, which 

proximity also encourages the employment of non-agricultural strategies. Hence the 

importance oiAVENOSTR to both poverty (PCI) and access to food (PC2) in this cluster. 

Table 6-22 presents a comparison of the cluster and national ranges of the variables found 

to be important to this cluster. 

i 



Table 6-22; Comparison of significant indicator variable distributions for Cluster 4 and the nation 

Variable Variable Description 

EPA Cluster 4 The Nation (154 EPAs) 

Variable Variable Description 
Min. Max. Mean 

Std. 
Dev. 

Min. Max. Mean 
Std. 
Dev 

A1DS95 Number of AIDS Cases per 10,000 
Population 4.40 8.00 5.90 1.16 1.80 9.60 4.81 2.13 

AVENOSTR Average Number of Income Strategies 
Employed by Each HousehoM 2.58 4.19 3.60 0.52 1.55 6.25 3.24 0.77 

CVMZPROD Cocflldent of Variation of Maize 
Production 0.06 1.41 0.60 0.29 0.00 1.58 0.52 0.25 

DIST.LPM Average Distance from Households to 
Nearest Local Produce Maiiet 2.15 3.51 2.55 0.33 2.06 4.00 2.84 0.45 

DIST_PTR Average Distance fh>m Households to 
Nearest Private Trader 2.32 3.17 2.79 0.19 1.82 4.00 3.32 0.57 

FAM_SIZE Average Number of People per Household 4.67 5.16 4.95 0.21 4.19 7.82 5.11 0.45 

FHHPER Percentage of Households Headed by 
Females 21.43 46.25 33.15 6.94 12.82 46.25 29.70 7.60 

FULLIMM Percentage of EPA Population FuUy 
Immunized 50.00 79.00 63.09 10.97 30.00 81.00 59.80 12.96 

HECTARAGE Mean L4uid Holdings per Household (ha.) 0.45 0.70 0.62 0.10 .36 1.57 0.85 0.31 

HYBYIELD Yield of Hybrid Maize Planted 0.93 3.48 2.04 0.60 0.93 4.02 2.23 0.61 

LGF Length of Growing Period 
(moisture and temperative permit crop 
graifth 

127.50 217.50 158.15 21.91 112.50 285.00 161.59 25.75 

LIVEIGA Proportion of Av. Household Livelihood 
Derived from Income Generating Activities 0.31 0.82 0.55 0.15 0.0.6 0.98 0.56 0.19 

PBEANS Average Unit Price of Beans 2.24 3.26 2.79 0.42 0.97 4.72 2.57 0.74 

SOMESAN Percentage of EPA with Access to Some 
Tvn# nf SnnitaHnn 48.00 88.40 74.30 15.26 35.90 88.40 69.54 12.99 
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This also explains the importance o^LTVEIGA (the percentage of household income derived 

from income generating activities). Note in Table 6-22 that while the minimum value for this 

variable in Cluster 4 is higher than the national minimum (0.31 vs 0.06), the maximum values 

and the means are comparable. This shows that in this case, the values of this indicator in the 

cluster are more or less in line with the national statistics. It is not the disparity in these 

variable values that induces the importance of the variable, but rather the conditions in the 

cluster. This is another example of the importance of performing vulnerability analyses at the 

subnational level. 

Another tie-in to the size of landholdings is CVMZPROD (the interaimual coefficient of 

variation in maize production). This indicator is significant for malnutrition (PC3) in this 

cluster. A partial explanation is that with such small farm sizes, areas with significant 

variability in production do not produce enough maize to buffer against bad years. Crop 

losses may sometimes make a marginal situation completely untenable. This is also reflected 

in the data which show that average number of people per household, FAMSIZE, is positively 

correlated with both poverty (PCI) and COMPOSITE VULNERABILITY. 

Unlike the situation in Clusters 1 and 2, where bigger families meant more available labor for 

agricultural production and so was negatively correlated with poverty (PCI), in this cluster, 

given the small landholdings and the need for various non-agricultural income strategies, large 

families mean more mouths to feed, and so are positively associated with poverty (PCI). 
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Note in Table 5-19 (significant variables in the multiple linear regression (MLR) model with 

PC3 as the dependent variable), both LGP (the average length of the growing period) and 

HYBYIELD (the percentage of the maize cropped area which is a hybrid varietal) were found 

to be significan malnutrition t. This model implicitly considers the interactions of the 

independent variables in determining their significance. As these two jointly afiect the maize 

yield per unit area, th^r were found to be important indicators (in the MLR model) for (PCS). 

This effect is exacerbated in this cluster as a result of the smaller average landholding size. 

6.3.2.5 EPA Cluster 5 

Cluster 5 consists of 24 EPAs in two discrete groups in the Central Region of Malawi. Table 

6-22 shows their relative standing with respect to the proxy variables. Cluster 5 exhibits a 

significantly lower level of poverty (PCI) and access to food (PC2) than the nation as a 

whole, is slightly worse off with respect to malnutrition (PCS) and slightly better oflf with 

respect to COMPOSITE VULNERABILITY. The most significant departure fi"om the 

national norm occurs for the average value of PCI. 

Proxy 
Variable 

EPA Cluster 5 The Nation (154 EPAs) 
Proxy 

Variable Min. Max. Mean 
Std. 
Dev. Min. Max. Mean 

Std. 
Dev 

PCI -2.03 1.38 -0.57 1.18 -2.65 1.79 0.00 1.00 

PC2 -2.48 1.68 -0.25 0.90 -2.67 2.66 0.00 1.00 

PC3 -1.05 1.96 0.61 0.81 -2.30 2.40 0.00 1.00 

COMPOSITE 
I'ULSERABIUTY 0.93 1.91 1.50 0.33 0.81 2.50 1.64 0.36 
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Table 6-24 presents the variables that are significant for each of the different proxy variables. 

Note that HECTARAGE (average smallholder landholding size), AIDS95 (the number of 

AIDS cases per 10,000 people), AVENOSTR (the average number of income strategies per 

household), FULLIMM (the percentage of the EPA population that is fiilly immunized), and 

SOMESAN (the percentage of the EPA with access to some kind of sanitation), are all 

significant to three of the proxy variables. 

Table 6-24: Im portant indicators for ail proxy variables for EPA Cluster 5 

Variablc^^^^ 
PCI PC2 PC3 Comp. Vuln. 

AIDS95 X X X 

AVENOSTR X X X 

AVGMAX X 

CVMAX X 

DIST_LPM X X 

DIST_PW X 

ENROLLAG X X 

FAMSIZE X 

FHHPER X 

^ITPER X 

FULLIMM X X X 

HECTARAGE X X X 

HYB YIELD X 

LSTKHH X 

NETENROL X X 

SOMRSAN S X X 
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Because, from Table 5-1, AJDS95, FULUMM, and SOMESAN are defined at the District 

level, the true importance of these at the EPA (and hence cluster) level is suspect, and will not 

be explored here. Similarly, is defined at the Rural Development Project (RDP) 

level and so is also suspect. Although these indicators may be as significant as Table S-23 

suggests. Figure 6-13 showed that such conclusions may be misleading, and require further 

investigation. For purposes of exposition here, several of the other variables will be 

discussed. Table 6-25 compares the distributions of values of these variables in the cluster 

to their analogous distributions and values in the nation. 

Table 6-24 shows that of the variables for which data was collected at the EPA level, 

HECTARAGE is important to three more proxy variables. Looking at Table 6-25, one notes 

that the average smallholder landholding in this cluster is over 50% larger than the national 

average. HECTARAGE was the most significant of all of the indicators in all of the analytic 

paradigms in this table for PCI . In Cluster 5 as elsewhere, PCI decreases as HECTARAGE 

increases. Again, this confirms the known importance of farm size as an indicator and key 

factor of poverty in Malawi. However, this variable was also found to be significant for 

COMPOSITE VULNERABILITY in both bivariate correlations and in regression trees. 



Table 6-25; Comparison of aignificant indicator variable distributions for Cluster 5 and the nation 

1 Variable Variable Description 

EPA Cluster S The Nation (154 EPAs) 

1 Variable Variable Description 
MIn. Mai. Mean 

Std. 
Dev. 

Min. Max. Mean 
Std. 
Dev 

IAIDS9S Number of AIDS Cases per 10,000 Pop. 1.80 5.00 3.47 1.36 1.80 9.60 4.81 2.13 

IAVENOSTR Avenge Number of Income Strategies 
Employed by Each Household 1.65 6.22 3.15 0.98 1.55 6.25 3.24 0.77 

AVGMAX Ave. Maiimum NDVl Level Over Growing 
Season, Average Taken Over LOR 0.49 0.60 0.53 0.00 0.46 0.61 0.55 0.00 

CVMAX Interannual Coefllcient of Variation of the 
Mazimum NDVI, Over LOR 0.03 0.06 0.04 0.00 0.2 0.08 0.04 0.00 

DIST_LPM Average Distance (h>m Households to 
Nearest Local Produce Maritet 2.31 3.54 2.93 0.36 2.06 4.00 2.84 0.45 

DIST_PW Average Distance from Households to 
Source of Protected Water 1.30 4.00 2.96 0.57 1.18 4.78 2.66 0.64 

ENROLLAG Percentage of Students Enrolled In School 
at Proper Age 31.00 58.40 51.89 10.09 31.00 78.20 51.29 11.27 

FAM_SIZE Average Number of People per Household 4.65 7.82 5.26 0.65 4.19 7.82 5.11 0.45 

FHHPER Percentage of Households Headed by 
Females 18.49 32.20 22.62 3.33 12.82 46.25 29.70 7.60 

FLITPER Proportion of Females who are Literate 0.00 0.87 0.27 0.23 0.00 1.00 0.25 0.21 

FULLIMM Percentage of EPA Population Fully 
Immunized 30.00 74.00 48.42 13.72 30.00 81.00 59.80 12.96 

HECTARAGE Mean Land Holdings per Household (ha.) 0.71 1.30 1.01 0.23 0.36 1.57 0.8S 0.31 

|HYBYI£LD Yield of Hybrid Maize Planted 1.55 3.27 2.33 0.51 0.93 4.02 2.23 0.61 
o 



LSTKHH Percentage of Households in the EPA with 
LKcstock 0.22 0.77 0.46 0.11 0.00 0.82 0.42 0.15 

NETENROLL Percentage of Children Enrolled In School 74.10 92.90 85.32 5.73 64.50 94.40 82.10 8.21 

SOMESAN Percentage of EPA nilh Access to Some 67.20 84.40 74.33 5.59 35.90 88.40 69.54 12.99 
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Part of the explanation for this is that with relatively larger plots of land, subsistence 

production offers a viable strategy to satisfy a family's food needs. For the smaller 

landholdings, other, additional strategies are needed. Hence the importance of A VENOSTR, 

although this indicator's true importance cannot be accurately assessed. For example, in EPA 

Cluster 1, landholding size varied from 0.58-0.94 ha., with an average of 0.75 ha.. In this 

cluster HECTAJMGE was not found to be significantly related to PCI because all of the EPA 

values were so low, it was a "lost cause." Recall that 75% of smallholders with 1 ha. or less 

land needed supplemental sources of food. In this cluster virtually all of the smallholders 

require this, diminishing the relative importance of this variable as an indicator. Thus small 

farm sizes underlie much of the poverty in Cluster 1, but because all of the EPA average 

landholdings are inadequate in Cluster 5, the importance of this variable as an indicator is 

reduced here. 

Because agriculture is potentially adequate in Cluster 5, rainfall patterns assume a larger 

importance than they otherwise might. For example, /I (the 15 year average of the 

maximum NDVI level during the growing season), was found to be significant to access to 

food, (PC2). As this average increases, PC2 decreases (i.e., in EPAs with more/better rains, 

there is better access to food). Similarly, CVMAX, the coefficient of variation of the 15 year 

time series of maximum values of NDVI used to calculate A VGMAX gives a measure of the 

variability in this maximum. Variability in rainfall is often an indicator of risk in areas with 

rainfed agriculture which is borne out in this cluster. Higher values of CVMAX correspond 

to higher risk, and are correlated with less access to food in Cluster 5. 

1 
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The interpretation and conclusion to be drawn from the preceding discussion is that because 

iandholding size permits subsistence production to be a viable strategy for meeting household 

food and economic needs in parts of this EPA cluster, other parameters associated with the 

quality and risks of agriculture in this cluster are also important to one or more components 

of vulnerability. 

DISTJLPM (the average distance to the local produce market), was found to be negatively 

associated with both poverty (PCI) and COMPOSITE VULNERABILITY. It is not clear why 

the greater the EPA-wide average distance to local produce markets is, the lower the poverty 

level is in that EPA. A possible explanation is that this is not a causal relationship, but rather 

reflects the fact that more local produce markets may be located in poorer areas. This may 

also reflect the fact that ADMARC markets were generally located in better off areas (pers. 

communication, K. Rockemann, 1996), leaving more of the agricultural market Sanctions in 

poorer areas to local produce markets and private traders. This finding needs additional 

research before a firm explanation or interpretation can be reached. 

Given that the bivariate correlation coefQcient between PCI and COMPOSITE 

VULNERABILITY m this cluster is 0.944, it is not surprising that any indicator which is found 

to be significant for one of these proxies will also be significant for the other as well. 

FAMSIZE (the average number of household members) was found to be negatively associated 

with malnutrition (PCS) in both the bivariate correlations and the regression trees. That is. 
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EPAs with on-average larger families experience lower levels of malnutrition. Although a 

plausible explanation for this is that in EPAs with larger average landholdings more labor is 

needed, so larger families are better ofi^ this does not appear to be the case here. The 

correlation between FAMSIZE and HECTARAGE is low in this cluster and not statistically 

meaningful. 

The correlation coefQcient between FAMSIZE and AVENOSTR is 0.627 at 0.01 level of 

significance, showing (despite the scale-of-data-coUection problem with this indicator) that 

larger families engage in more income strategies. This may possibly be due to different 

household members engaging in different strategies. Further, the correlation between 

AVENOSTR and malnutrition (PC3) in this cluster is -0.640 at 0.01 significance level. In 

other words, the higher the average number of strategies employed in the EPA, the lower the 

level of malnutrition. Cumulatively, this suggests that, in this cluster, EPAs with larger 

families are not those with larger average smallholder landholdings, so in keeping with their 

need to supplement their income/food supply, various income augmentation strategies are 

used. These strategies are successfiil in that the more of them that are used, the more the 

households are able to take actions that result in a lower malnutrition level in that EPA. 

Hybrid maize varieties have been introduced into Malawi in an effort to increase yields in the 

face of a burgeoning population, declining land availability, and diminishing fallow periods 

(Smale el ai, 1995). However, because of the costs of seed and fertilizer needed for these 

introduced varieties, and the preference of Malawians for the local varieties (referred to as 
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"the maize of the ancestors"), acceptance of the new varieties has not been universally 

enthusiastic (Smale et al., 1995). However, in this EPA cluster, all three analytic models 

show that HYBYIELD, a measure of the use of these new varieties, is strongly negatively 

associated with access to food (PC2). In other words, HP As which have larger allotments 

of their land planted in these new varietals have better access to food. This is not surprising, 

in view of the higher yields of these introduced maize varieties. 

Improved yields should result in better access to food, and in practice they may do so. 

However, other possible factors or explanations should also be considered. For example, 

given the cost of the seed and fertilizer needed for these crops, it may be the case that 

increased values of HYBYIELD are acting as a proxy for areas which have either the income 

or the credit to purchase these inputs. This conjecture seems not to be the case. The data 

show no correlation between T/KBJTELD and any of the income/poverty variables, or for that 

matter, any of the length-of-growing season measures. Therefore, these other possible 

explanatory mechanisms do not appear to be the case. 

In the case of the strong negative association of LSTKHH (the percentage of households in 

the EPA with livestock) with access to food (PC2). All three models found LSTKHH to be 

highly significant for PC2, but the reasons or plausible explanations are not clear. The only 

obvious explanation or proxy is the possibility that the better off areas which have livestock 

also have better access to food. This might, then, be another example of correlation without 

causality. This indicator is not meaningfully correlated with income variables or landholding 
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size. However, LSTKHH and FAMSIZE are meaningfiilly related (correlation coefiBcient 

0.624 at 0.01 significance level). It is not intuitively obvious why this variable is so important, 

nor do the data provide much of a clue. Additional investigation is needed for this issue. 

NETENROL (the percentage of children in the EPA enrolled in school) was found to be 

highly positively associated with poverty (PCI) in both the bivariate correlations and the 

multiple linear regression models and negatively associated with malnutrition (PCS) in all 

three of the model formulations in this cluster. While this seems to be a set of internally 

inconsistent findings, an explanation can be ofifered for this. 

First, note that NETENROL and HECTARAGE are significantly negatively correlated. This 

is due to the fact of Malawian life that larger crop plots require more labor. Therefore, 

families with larger landholdings have the children working in the fields rather than in school. 

Further, the EPAs with larger average landholdings are those which have lower levels of 

poverty (PCI). Now, because government supplementary feeding programs are often 

administered through the schools (pers. communication, L. Moriniere, 1996), it follows that 

higher school attendance might be (and is in this cluster) associated with lower levels of 

malnutrition. This cluster represents a counterintuitive case in which poverty (PCI) is 

significantly n^atively correlated with malnutrition (PCS) (-0.724 at 0.01 significance level). 

k 
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6.3.2.6 EPA Cluster 6 

EPA Cluster 6 consists of EPAs in two groups in the Southern Region. Many of these HP As 

are in the most densely populated parts of Malawi, with population densities of over 160 

people per km^ in 1987 (Kalipeni, 1992). Also, many of these and other EPAs in this cluster 

have a common border with Mozambique, which might be expected to have some effect on 

their Malawian neighbors through cross-border trade and/or smuggling. An even more 

substantial impact in the border area with Mozambique was induced by the huge numbers of 

refiigees fleeing that country's civil war. Many of these fled to Malawi, burdening and 

tremendously disrupting an already poor area of a poor country with the social, economic, 

and environmental consequences of their presence. HufiOnan, (1992) quotes a number of 

sources who provided estimates of the number of refugees as ranging from 900,000 -

1,000,000. 

Either the trade and/or refugee related consequences of proximity to the Mozambican border 

might be expected to have some measurable impact on the Amlnerability and food security of 

these border EPAs. Unfortunately, this hypothesis cannot be tested here, since none of the 

Malawi VAM data base variables relate to proximity to borders. However, some indication 

that key data elements such as those related to the efifects of proximity to the border may be 

missing may be seen in CART's inability to generate suitable regression trees for poverty 

(PCI), malnutrition (PC3), and COMPOSITE VULNERABILITY for this cluster. 
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Table 6-26 presents a comparison of the ranges and distributions of values of the proxy 

variables between EPA Cluster 6 and the nation. This table shows that this cluster has a 

significantly higher average levels of all of the proxy variables than does the nation. Viewing 

these results cumulatively, this cluster is clearly the worst ofiT, with cluster maximum values 

of three of the proxies (PC2, PC3, COMPOSITE VULNERABILITY) equal to the national 

maximum, and the mean value of the fourth proxy (PCI) in the cluster substantially higher 

than the national mean value. The abysmally levels of all aspects of vulnerability in this cluster 

are illustrated graphically in the comparisons of the cluster and the national distributions of 

PCI, PC2, PC3 and COMPOSITE VULNERABILITY are presented graphically in the 

histograms of Figures 6-14a to 6-14d. 

Table^^6^_Com£arisonor^roxjr_variable_distribiitionsJbr_Cliister^j^ 

Proxy 
Variable 

EPA Cluster 6 The Nation (154 EPAs) 
Proxy 

Variable Min. Max. Mean Std. 
Dev. Min. Max. Mean 

Std. 
Dev 

PCI 0.64 1.26 1.03 0.18 -2.65 1.79 0.00 1.00 

PC2 -1.93 2.66 0.76 1.13 -2.67 2.66 0.00 1.00 

PC3 0.58 2.40 1.24 0.48 -2.30 2.40 0.00 1.00 

COMPOSITE 
VULSERABIUTY 1.87 2.50 2.18 0.19 0.81 2.50 1.64 0.36 
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Figure 6-14a: Comparison of Cluster 6 and the national ranges for PCI 

Figure 6-14b: Comparison of Cluster 6 and the national range for PC2 
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Figure 6-14c: Comparison of Cluster 6 and the national ranges for PC3 

Figure 6-14d; Comparison of Cluster 6 and the national ranges for COMPOSITE 
VULNERABIUTY 
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This series of histograms show that Cluster 6 values of the proxy variable are usually in the 

worst (highest) part of the national histogram, except in the one case (PC2) where they span 

almost the whole national range of values. These data and figures present a picture of a 

group of EPAs in a highly vulnerable state, no matter which aspect of vulnerability is 

considered. The indicators which help explain, or at least understand, this situation are 

presented in Table 6-27. 

Table 6-27; Important variables for all proay variables for EPA Cluster 6 

Variable PCI* PC2 PC3* Comp. Vuln.* 

ADESANIT X 

AVGMAX X 

AVENOSTR X 

CASHCROP X 

DAYSEARN X 

DIST_LPIVI X X 

DIVERSIT X 

FULLIMM X 

NETENROL X 

SAFEWAT X 
•: No regression tree was generated for PCI, FC3 or COMPOSITE VULNERABUJTY 

Only one of the available indicators was considered important for PCI, and only two for PC2 

and three for PC3. Additionally, note that were relatively few indicators deemed important 

to any proxy in this cluster relative to the other clusters. While the process used to select 

indicators as important was subjective, as described earlier, the same process was used for all 

clusters. Coupled with the earlier observation that in this cluster CART failed to generate 
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regression trees for three of the four proxy variables, this indicates clearly that other data, 

missing from this analysis, are needed to help understand the underlying djmamics of all 

aspects of vulnerability in this cluster. The needed data may well relate to the two major 

impacts of proximity to the Mozambican border discussed above. 

This cluster is unusual in that the correlation coefiScients among the proxy variables show 

that, alone among all of the clusters in EPA Cluster 6, COMPOSITE VULNERABILITY is 

more closely correlated with access to food (PC2) than to poverty (PCI). Recall that in 

Equation 5-2 which defines COMPOSITE VULNERABILITY, PCI has a weight of 0.46 vice 

0.29 for PC2. In spite of this difference, the correlation coefiScients between COMPOSITE 

VULNERABILITY and PCI and PC2 in this cluster are 0.730 and 0.871, respectively, with 

both coeflBcients at .01 significance level. A probable explanation for this is that, from Table 

6-26, for both PC2 and COMPOSITE VULNEIRABILITY this cluster has EPAs which match 

the national maximum (worst) values. For PCI this cluster has a substantially higher (worse) 

average level than does the nation, but the maximum value of PCI in the cluster is less than 

the national maximum. In other words. Cluster 6 is not as relatively bad oflf with respect to 

poverty (PCI) as it is with respect to access to food (PC2) and malnutrition (PCS). 

Even though AVENOSTR (the average number of income strategies employed by the 

household) is defined at a higher level of aggregation than the EPA (the Rural Development 

Project [RDP]), the differences between the Cluster 6 and the national levels allow some 

inferences to be drawn. Note in Table 6-28 that here, in the worst-oflF of the six EPA clusters. 
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EPAs average between 2.51-3.58 income strategies per household, with a cluster average of 

2.78, while in the nation as a whole, the average number of strategies varies from 1.55-6.25, 

with a national average of 3.24. It would be expected that, given the vulnerability levels of 

Cluster 6, the desperation of people would drive them to more rather than fewer income 

strategies. This might be especially expected in view of the relatively small smallholder 

landholdings of 0.45-0.71 ha, vice the national range of0.36-1.57 ha.. 

The data for this cluster show that more income strategies are negatively correlated with 

access to food (PC2). In other words, the more strategies employed, the better the access to 

food. The explanation for the low average number of strategies may be that there are few 

opportunities in this area. This problem may be partly due to the high indigenous population 

density, significantly augmented by the Mozambican refugees at the time these data were 

collected. Many of the problems in this area have been exacerbated by the Mozambican 

refugees. One common income strategy in Malawi is casual labor (ganyn\ represented in the 

1996 Malawi VAM data base by the indicator GANYM4E, (defined as the average proportion 

of household income derived fi-om goaryii). In Cluster 6, this indicator ranges from 0.10-0.63, 

with an average of 0.31, while for the nation the range is 0.01-0.96 with a national average 

of 0.34. These data suggest xSasAgat^t is not as widely used a strategy as elsewhere, perhaps 

because the high population density in Cluster 6 precludes opportunities for many people, 

including the Mozeunbican refugees, who might otherwise seek casual labor employment. 



Table 6-28; Comparison of significant indicator variable distributions for Cluster 6 and the nation 

Variable Variable Description 

EPA Cluster 6 The Nation (154 EPAs) 

Variable Variable Description 
Min. Max. Mean 

Std. 
Dev. 

Min. Max. Mean 
Std. 
Dev 

ADESANIT Percentage of an EPA wiUi Adequate 
Sanitation 1.00 5.60 2.67 2.06 0.70 17.60 4.47 3.20 

AVENOSTR Average Number of Income Sirateglea 
Employed by Each Household 2.51 3.28 2.78 0.34 1.55 6.25 3.24 0.77 

AVGMAX Ave. Maximum NDVl Level Over Growing 
Season, Average Taken Over LOR 0.53 0.59 0.55 0.01 0.46 0.61 0.55 0.03 

CASHCROP Percentage of Cropped Area Planted with 
Cash Crops 0.08 0.50 0.29 0.12 0.00 0.66 0.22 0.13 

DAYSEARN Average NomberofDays* Livelihood 
Earned by a Household per Month 15.17 105.99 49.09 25.86 4.95 132.71 38.08 18.32 

DIST_LPM Average Distance lh>m Households to 
Nearest Local Produce Market (km) 2.27 3.10 2.56 0.35 2.06 4.00 2.84 0.45 

DIVERSIT Measure of Cropping Diversity (vice 
Monoculture) 0.41 0.78 0.67 0.09 0.12 0.84 0.62 0.13 

FULLIMM Percentage of EPA Population Fully 
Immunized 58.00 64.00 60.36 2.84 30.00 81.00 59.80 12.96 

NETENROL Percentage of Chfldren Enrolled bi School 64.50 80.00 75.63 6.36 64.50 94.40 82.10 8.21 

SAFEWAT Percentage of EPA with Access to Safe 
Wat.r 4.30 52.20 34.65 21.55 4.20 67.00 33.95 16.83 
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More generally, the average and the maximum value of UVEIGA (average proportion of 

household income derived from Income Generating Activities [IGA]) is also somewhat less 

in Cluster 6 than for the nation (0.49 and 0.87 vice 0.0.56 and 0.98), suggesting that the 

various IGAs may be oversubscribed relative to the population. While these data suggest an 

explanation for the low values of AVENOSTR in this cluster, and with it, an insight into 

economic and employment related conditions in this cluster, more data and investigation is 

needed before these results should be treated as more than a conjecture informed by partial 

data. 

The percentage of the cropped area planted with cash crops, represented in the Malawi VAM 

data base by the variable CASHCROP, was found to be significant for access to food (PC2) 

in both the bivariate correlations and in the regression tree analysis. As cashcropping 

increased, so did access to food (PC2 decreased). From Table 6-28, the average level of 

cashcropping in this cluster exceeds the national average by almost 33%. A possible 

explanation for these findings is that with the very small available landholdings (HECTARAGE 

between 0.45-0.71 ha.), households in this cluster can not feed themselves even if all of their 

land were devoted to food crops. Given the greater value of cashcrops, smallholders may be 

growing crops for sale, with the proceeds being used to buy food. This is almost certainly 

true for those smallholders allowed to grow burley tobacco. A Government of Malawi study 

found that if smallholders converted 0.1 ha. of land to burley tobacco firom traditional 

varieties of maize, the value of the crops grown on that 0.1 ha. would jump fi-om MK 300 to 

MK 1,386 (Government of Malawi and United Nations in Malawi, 1993). 
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One factor which may contribute to making cash cropping a viable strategy is that the length 

of the growing period, measured by ZGP, is on average longer in Cluster 6 than in the nation 

as a whole (176 vice 161 days). However, there is no statistically significant correlation in 

this cluster between CASHCROP and LGP or other data base variables relating to either the 

length of the season or the amount of precipitation. Access to markets does not appear to 

be a factor in this either, since there are no meaningful statistical correlations between 

CASHCROP and the variables which measure the average distance to local produce markets 

(piST LPAf), to private traders (DIST PTR), or to ADMARC markets (DIST AD). 

The extent of cropping diversity (DIVERSIT), was found to be significant for malnutrition, 

(PC3) in both the bivariate correlations and the multiple linear regression models. As 

DIVERSIT increased, malnutrition (PC3) decreased. This most likely reflects the fact the 

Maiavaan diet is very heavily dependent on maize, which is the crop which dominates 

monoculture food cropping in Malawi. Areas with less cropping diversity may have their 

diets more dependent on maize with a dearth of other foods, resulting in chronic dietary 

deficiencies. 

Finally, SAFEWAT (access to safe water) was found to be important for COMPOSITE 

VULNERABILITY in both the bivariate correlations and in the multiple linear regression 

models. In this case, the correlation is positive. The higher the percentage of people in an 

EPA with access to safe water, the higher the value of COMPOSITE VULNERABILITY is 

in this cluster. This result is counterintuitive, since one would expect that areas with safe 

I 
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water sources are better off and/or the safe water reduces the prevalence of disease and 

malnutrition. This unexpected finding may reflect the results of the Malawi Government 

efforts to provide basic types of help to the neediest areas, which includes the EPAs in Cluster 

6. Data concerning government programs to provide safe water sources would be needed to 

confirm this hypothesis. However, given the proximity of many of this cluster's EPAs to the 

Mozambican border and the large influx of refugees from Mozambique in these EPAs, it is 

likely that the Government has been required to provide some sources of safe water in these 

areas. 

6.3.2.7 The nation of Malawi 

This section identifies those indicators which were found to be significant for any of the 

proxies at the national level. Earlier, it was pointed out that by performing all of the analyses 

on the national level, analytic resolution is sometimes lost through the canceling out of real, 

pronounced, regional effects in the clusters or regions which at the national level appear too 

ill-defined or diffuse to constitute a statistically meaningful relationship. 

One consequence of this is that most of the national level bivariate correlation coefiBcients 

between the pro}Q^ variables and the indicators were either of low magnitude, r low statistical 

significance, or both. Another consequence of this is that for three out of the four proxy 

variables (all but PCI) the Adjusted the measure of the goodness of fit of a multiple linear 

regression (MLR) model, was lower for the nation than fiar any of the EPA Clusters. The one 

exception to this, the MLR model for PCI, had a lower Adjusted R^ for EPA Cluster 1 than 

i 
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for the nation (see Tables 5-17 through 5-20). This is evidence of the diflBculty of fitting as 

good a model at the national level as can be done at the cluster level. This is due to the 

canceling efiect and to different factors and variables that come in to play and are significant 

in the different regions. 

The reverse is also sometimes true. At the regional level some indicators may not appear to 

be strongly related to one of the proxies, but at the national level, the difiuse pieces may 

sometimes make a coherent, meaningful whole. Consequently, in addition to performing 

vulnerability analyses at the regional or cluster level, it is useful to also perform the same 

analysis for the nation £is a whole, both to identify those cases where the significance of an 

indicator is only at the national level, and also as a "reality check" on possible spurious results 

reached in the subnational analyses. 

To illustrate this last point, consider the relationship between FHHPER (the percentage of 

female headed households) and poverty (PCI). Table 6-29 gives the correlation coefficients 

between these two variables for each cluster and for the nation: 

Table 6-29; Correlation coefficients between FHHPER and PCI 

^^^^.Qluster 
Parameter""'"'^^^ 

Cluster 
1 

Cluster 
2 

Cluster 
3 

Cluster 
4 

Cluster 
5 

Cluster 
6 Nation 

Corr. Coefficient .525 -.208 .750 .872 .323 -.151 .614 

Significance .000 .518 .000 .000 .124 .607 .000 

i 
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This table shows that the relationship between these two variables is significant for Cluster 

1, 3, and 4, and for the nation. If the analysis is being done only at the cluster level. Clusters 

2, 5, and 6 would be ignored. However, when the nation as a whole is considered, there is 

a stronger statistically significant relationship between these two variables, although it is not 

as strong as it is in some of the clusters. The conclusion is that these vulnerability analyses 

should be conducted at both the national and the subnational levels to gain greater insight into 

the situation and the true importance of some indicators. 

In the case of indicators which in virtually ail of the clusters are found to be important and are 

either all positively or all negatively correlated with the same proxy variable, the indicator in 

question will be found to be significant for that proxy at the national level as well. 

The indicators which were judged significant at the national level for any of the proxies are 

presented in Table 6-30. 
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Table 6-30: fan gortant variables for all proxy variables for the nation of Malawi 

Variable PCI PC2* PC3 Comp. Vuln. 

ADESANIT X 

AVENOSTR X 

DIST_LPM X X 

DIST_PTR X X X 

FHHPER X X 

FULLIMM X 

HECTARAGE X X 

NETENROL X 

snivrR.SAN X 
* Based on finding vei7 Tor aicnillcant variables Tor this prosy in aqy model; MLR Adj. R'vetylaw(.116) 

Consistent with other findings (e.g.. Government of Malawi and United Nations in Malawi, 

1993), the average size of smallholder landholdings (HECTARAGE^, is highly significant for 

poverty (PCI). This indicator was significant for PCI in all of the clusters except Cluster I 

In all significant cases, the correlation is negative. Nationally, increased size of smallholdings 

corresponds to a decrease in poverty (PCI). These data are presented in Table 6-31. 

Table 6-31; Correlation coefficients between HECTARAGE and PCI 

—.Quster 
Parameter 

Cluster 
1 

Cluster 
2 

Cluster 
3 

Cluster 
4 

Cluster 
5 

Cluster 
6 Nation 

Corr. Coefficient .157 -.626 -.867 -.620 -.988 -.530 -.724 

Sisnificance .276 .029 .000 .002 .000 .051 .000 

This result is straightforward. Nationwide, about 26% of households cultivate less than 0.5 

ha., 29% of smallholders cultivate between 0.5-1.0 ha,, about 31% between 1.0-2.0 ha., and 
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the remainder (14%) above 2.0 ha.. About 75 % of the total cropped area is planted in low 

yield indigenous varieties of maize. Coupled with subsistence methods using hand tools with 

relatively little chemical/organic input and high losses in storage and processing, these 

methods cumulatively result in low productivity (Government of Malawi and United Nations 

in Malawi, 1993). In such a low net yield system, the size of the cultivated land becomes a 

critical factor, and regional income differences are "mainly explained by average holding size, 

cropping patterns, and yield levels." ( Government of Malawi and United Nations in Malawi, 

1993). 

Since the national level correlation between PCI and COMPOSITE VULNERABILITY '\s 

0.873 at .000 significance level, it is not surprising that HECTARAGE is important for 

COMPOSITE VULNERABIUTY as weU as for PC 1. 

The average percentage of female headed households {FHHPER) was found to be significant 

for malnutrition (PC3). Higher percentages of female headed households were found to 

contribute to lower levels of mahiutrition in the multiple linear regression model. This may 

seem somewhat counterintuitive, given that female headed households are usually among the 

poorest in Malawi (Government of Malawi and United Nations in Malawi, 1993). However, 

Kennedy and Peters (1992) found that "the proportion of income controlled by women has 

a positive and significant influence on household caloric intake." and "while many female 

headed households are poorer than their male-headed counterparts...there is often the 

impression that household food security and the nutritional status of household members is 
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significantly better in households headed by women." Kennedy and Peters partly explain this 

apparent anomaly is by noting that "while most female headed households allocated a larger 

share of their budgets to food, they spend 25-50% less on alcoholic beverages than do male 

headed households." 

Finally, the average percentage of children enrolled in school. (NETENROL) was found to be 

significantly associated with malnutrition (PC3) at the national level in all three analytic 

paradigms. As suggested earlier, this may reflect the eflFects of Government supplementary 

feeding programs administered through the schools. 
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6.4 Vulnerability and Food Inecurity in Malawi 

Several of the indicators considered in the detailed analyses of clusters and 

proxy variables can give insight into some of the overall factors of 

vulnerability and food insecurity in MalatvL 

This research is an examination of the statistical relationships which may exist between 

proxies for vulnerability and food insecurity. My objectives also include evaluating the 

feasibility and validity of the use of mathematical and statistical methods in operational 

assessments of vulnerability and food security. This work is not designed to be a vulnerability 

assessment per se. However, it is appropriate, after commenting on individual aspects and 

geographical variations of vulnerability and food insecurity in Malawi, to make some broad 

statements about the some of the underlying causes and attributes of these issues in Malawi. 

The individual proxy variables for vulnerability and food insecurity have already been analyzed 

(Chapter 5) to determine which indicator variables are statistically associated with one 

another and may provide identification of some of the correlated and causal factors. 

Similarly, the individual EPA clusters and the nation have also been assessed in terms of the 

indicator variables (Section 6.3.2). These brief summaries help to understand the different 

conditions in each cluster and the different factors underlying vulnerability and food insecurity 

in them. These results have been presented in terms of the proxies and clusters, without any 

philosophical aggregation to the nation as a whole. 
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How can all of this material be synthesized to give a broad overview of the milieu of 

vulnerability and food insecurity in Malawi? In order to determine the indicators which afifect 

or are correlated with conditions over broad regions of Malawi and to draw broad 

conclusions from these, it is useful to see which of the indicator variables were found to be 

significant to the different clusters. Table 6-32 presents a list of those variables which I 

labeled as important in any of the different individual clusters or the nation. This table was 

generated from data extracted from Tables 6-12, 6-15, 6-18, 6-22, 6-24, 6-27, and 6-30. 

Discussion of some of the indicators in Table 6-31 that are important to larger parts of 

Malawi can shed some light on more general conditions related to vulnerability and food 

insecurity. In this context, "larger parts of Malawi" is taken to mean several clusters which 

collectively encompass a large part of Malawi, e.g.. Cluster 1, which by itself contains almost 

one third of Malawi's EPAs (50 out of 154), or the set of Clusters 2,4, and 6 which 

cumulatively contain almost the same number (49 out of 154) of EPAs. 

Note that some of the indicators in this table have already been analyzed, and their importance 

explained as correlated consequences of government relief and health programs rather than 

as causal factors of vulnerability. Such indicators include AIDS95, FULLIMM, NETENROL, 

and SOMESAN. These indicators will not be discussed further except to note that given the 

significance and positive correlation of them to vulnerability proxies in some clusters, they 

indicate that some of the neediest areas in Malawi have been accurately targeted by these 

government programs. 

i 



Table 6-32; Indicator variables and clusters in which they are important 

Variable 
Name 

Variable Description Nation Cluster 
1 

Ouster 
2 

Cluster 
3 

Cluster 
4 

Ouster 
5 

Ouster 
6 

AOESANIT PercenUcc of an EPA with Adequate 
Sanitation X X X 

AHANEW Average Per Capita Daily Kllocalories 
Produced 

AIDS9S Number of AIDS Cases per 10,000 
Population X X X X 

AVENOSTR Average Number of Income Strategies 
Employed by Each Hoiuchold X X X X X X X 

AVGLOS Average Length of Growing Season (Baaed 
on NDVl Values) Over LOR X 

AVGMAX Average Max. NDVl Level Over Growing 
Season, Average Talien Over LOR X X 

CASHCROP Percentage of Cropped Area Planted with 
Cash Crops X 

CVMAX Interannual Coelllcient of Variation of 
AVGNL«, Over LOR X 

CVMZPROD Coefficient of Variation of Maiic 
Production over LOR X 

DIST_HC Average Distance ftvm Households to 
Nearest Health Center X 

DIST_LPM Average Distance from Households to 
Nearest Local Produce Market X X X X 

DIST_PTR Average Distance from Houxholds to 
Nearest Private Trader X X X X 

DIST_PW Average Distance fkvm Households to 
Source of Protected Water X X 

DIVERSrr A Measure of Cropping Dlvenity X 

FAM_SIZE Average Number of People per Household X X X 



FAM_S1ZE Average Number of People per Household X X X 

FHHPER Percentage of Households Headed by 
Females X X X X 

FULLIMM Percentage of EPA Population Fully 
Immunized X X X X X X X 

GANYUM4E Percentage of Av. Household Livelihood 
Derived from Ganyu (Casual Labor) X X 

HECTARAGE Mean Land Holdings per Household X X X X 

HYBYIELD Yield of Hybrid Maize Planted X X X 

LOP Length of Growing Period X 

NETENROLL Percentage of Children EnroUed in School X X X X X 

PBEANS Average Unit Price of Beans X X X 

PMAIZE Average Unit Prfce of Maize X 

PSORGHUM Average Unit Price of Sorghum X 

SAFEWAT Percentage of EPA with Access to Safe 
Water X X 

SOMESAN Fcrccntage of EPA with Access to Some 
X X X X 

U) 
O 
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6.4.1 AVENOSTR: The average number of income strategies per houseiiold 

This indicator is significantly related to aspects of vulnerability and food insecurity in every 

cluster and in the nation as a whole. What is interesting is that in Clusters 2, 4, and 6 it is 

negatively correlated with one or more aspects of vulnerability (proxies), while in the Clusters 

1, 3, 5, and the nation it is positively correlated with these same variables. This can be 

interpreted by saying that in some parts of the country a number of income strategies can be 

successfully employed to reduce vulnerability, while in other areas of the country income and 

employment opportunities are marginal at best, since higher numbers of them are correlated 

with worse conditions. When the nature of these clusters is examined, there are some 

surprising results. Also, some broad statements can be made about conditions in Malawi. 

From Table 5-8, Cluster 1 is comprised mostly of EPAs from the old "Income Generating 

Activity" cluster, defined as the set of those EPAs in which the food economy was based 

primarily on income generating activities (IGA). Even though Cluster 1 is focused on IGAs, 

they are often not effective, as evidenced by the higher levels of vulnerability being correlated 

with higher average numbers of IGAs per household. In contrast to this, despite the higher 

poverty and vulnerability in Cluster 6 (Section 6.3.2.6), which is also almost entirely 

comprised of old IGA Cluster EPAs, larger numbers of IGAs are more effective here. This 

suggests that dependence on IGAs as (one of) the principal bases of the food economy is 

effective in some areas but not in others. Therefore, some of these IGAs may be seen as 

reasonable income strategies in some areas, and as acts of desperation in others. 
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Cluster 4 is another cluster in which more strategies are better. From Table 5-8, Cluster 4 

is mainly composed of EPAs from the old IGA and "Urban Influenced" clusters. This latter 

cluster was comprised of those EPAs in close enough proximity to large urban areas 

(Lilongwe, Blantyre, Zomba) that this proximity was the defining influence on their food 

economy. In Cluster 4 A VENOSTR is negatively associated with vulnerability. This says that 

in and near the large urban areas there are generally enough employment opportunities so that 

fewer of them can be cobbled together to provide a more viable lifestyle. This may also 

reflect Government support programs available in the cities, and does not negate the reality 

of urban poverty in Malav^, identified in a Government study as a major category of the 

poorest households (Government of Malawi and United Nations in Malawi, 1993). 

These conclusions reflects the recent finding that one of the principed causes underlying 

household food insecurity is "limited oflF-farm emplo5mient opportunities coupled with low 

wages" (Government of Malawi and the United Nations in Malawi, 1993). Consequently, this 

suggests that actions taken by the Government to provide employment opportunities in some 

areas (at least the EPAs in Clusters 1, 3, and 5) would help reduce food insecurity and long 

term vulnerability. 

6.4.2 DIST_LPM: The average distance to a local produce market 

This variable was negatively correlated with different aspects of vulnerability and food 
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insecurity in Clusters 4, 5, and 6, and the nation. This unambiguous correlation may reflect 

the beneficial aspects of being in close proximity to these local markets, or this indicator may 

actually be a proxy for some other variable. 

For example, in my travels in Malawi virtually all local produce markets that I saw were along 

paved roads, and usually had used clothing and (at least) limited amounts of general supplies 

for sale as well. Therefore, DIST LPM may actually be a proxy for access to infrastructure 

in the form of paved roads and/or markets selling more than just food. (A generalized "access 

to infrastructure" variable was not available in the 1996 Malawi VAM data base.) In either 

case, this finding implies that part of the vulnerability in Malawi stems from the relative 

economic isolation of parts of the country. This problem was exacerbated by the forced 

closure of 120 of the then 1400 ADMARC markets as part of the structural adjustments made 

to comply with loan requirements in the late 1980s (Lele, 1990). Although the data showed 

that private traders stepped in to fill part of the gap left by these closures, either some parts 

of the country remain relatively economically isolated and/or dealing with the private traders 

is not as advantageous to the public as was dealing with ADMARC. 

To redress any of these situations, the Government can work to correct the national level 

market by providing infrastructure and encouraging more, and more comprehensive, local 

markets. Expanding the network of paved roads might help as well by providing better access 

to higher levels of infrastructure and encouraging the growth of more localized commerce. 
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6.4.3 FAMSIZE-. The average number of people per household 

FAMSIZE was found to be negatively associated with vuhierability in Clusters 1 and 5 Again 

from Table 5-8, Cluster 1 is composed of EPAs from the old "Mixed Agriculture" cluster 

(almost 30%) and the old "Income Generating Activity" Cluster (60%). Cluster 5 is made 

up primarily of EPAs from the old "Maize Dominated cluster (54%) and the old "Mixed 

Agriculture" cluster (29%). Therefore, about 83% of Cluster 5 is made up of EPAs whose 

food economies are largely dominated by agriculture. These categorizations imply that in 

areas whose food economies are labor intensive, large families are beneficial. Here, more 

people mean more sources of labor. 

Cluster 4, in which household size is positively associated with vulnerability, presents a 

different view. Cluster 4 is composed primarily of EPAs from the old "IGA" cluster (35%) 

and the "Urban Influenced" cluster (43%). Here, particularly in the EPAs near the large 

cities, large families mean more mouths to feed. Even though more IGAs are generally better 

in Cluster 4 (Section 6.4.1), the reality of urban poverty in Malawi seems to supercede the 

benefit of having more household members to engage in IGAs. 

These findings suggest that, overall, it is only the labor intense nature of agriculture in Malawi 

today that favors large families. In areas where, for whatever reason, agriculture does not 

dominate the food economy, large families exact a price of increased vulnerability and food 

insecurity. These results suggest that the Malawi Government's family planning programs 

I 
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may be falling on deaf ears in some areas. These programs are aimed at reducing Malawi's 

high birth rate of 3.3%, but until Malawian agriculture becomes less labor intensive, such 

efforts may prove counterproductive in the short run. This is an overarching dilemma which 

must be addressed by the Government of Malawi. 

6.4.4 FHHPER: The percentage of households headed by females. 

A recent Government of Malawi study found that female headed households were among the 

most vulnerable in Malawi (Government of Malawi and United Nations in Malawi, 1993). 

These conclusions are borne out by these analyses. In Clusters 1, 4, and 5 and the nation as 

a whole, higher percentages of female headed households in the clusters are significantly 

related to higher levels of vulnerability. 

There is one exception to this, and that is with respect to the dependent variable PC3, 

representing composite malnutrition. In virtually all cases in which FHHPER was found 

significant to PC3, the association was negative. This says that female headed households 

generally have better nutritional status. This is also consistent with earlier findings by 

Kennedy and Peters (1992), who noted that women spend a greater proportion of their 

incomes on food, and less of their incomes on alcoholic beverages than do men. Collectively, 

the findings in the analyses here confirm both of the earlier works with respect to female 

headed households, and reinforce the need to improve the lives and conditions of these 

s 
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households. To the extent that such households are the result of men migrating to find 

employment, this finding also reinforces the need for more, better employment opportunities 

throughout the country. 

6.4.5 HECTARAGE: Average size of smallholder landholdings 

The association of small landholdings with poverty and vulnerability is well known 

(Government of Malawi and United Nations in MalaAvi, 1993). Additionally, Chapter 3 

presented statistics which collectively show that most of Meilawi's subsistence farmers caimot 

grow enough food on their small farms to support their families without supplemental sources 

of food. 

These findings are partially confirmed here. HECTARAGE was found to be significantly 

negatively associated with PCI (poverty) and COMPOSITE VULNElRABILITY'm Clusters 

3, 4, and 5 and the nation as a whole. However, in all but one case, the significant 

associations with PC3 (composite malnutrition) were positive. This says that although larger 

size farms reduce poverty and overall vuhierability, they are correlated with higher levels of 

malnutrition. While a detailed analysis of this finding caimot be presented here, some 

conjectures can be made. 

I have no data to either confirm or refute that larger farm sizes are associated more with 
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monoculture and cash cropping than with mixed planting of food crops. However, if this is 

so, then the positive correlation between PCS and smallholder farm size may reflect the lack 

of multicropping on these farms with a consequentially less balanced diet. It may also mirror 

results found in other parts of the world wherein as people have become less poor and are 

able to buy their food, the purchased diets tend to have less nutritional balance than their prior 

diets. Finally, in Malawi, larger farm sizes are more commonly associated with male headed 

households. (This is confirmed in the national level bivariate coefficient of correlation 

between HECTARAGE and FHHPER, which is -0.545 at 0.01 level of significance. 

In other words, as average EPA farm size increases, the EPA percentage of female headed 

households decreases.) Given that household nutrition is usually better in female headed 

households, the positive correlation between PC3 and HECTARAGE may simply reflect that 

on large male headed smallholder farms, insufficient money or care is given to proper 

nutrition. 

This finding and the conjectures suggest that education on the benefits and ways to achieve 

good nutrition might improve this situation. Of course, there are other endemic causes of 

malnutrition such as malaria which will need to be dealt with by other means. (No data on 

malaria rates or areas in which it is endemic were available for this study.) Additionally 

Malawi has experienced a reduction in per capita kilocalories fi-om over 2,600 in 1970-1974 

to less than 2,100 in 1985-1990 (Government of Malawi and United Nations in Malawi, 

1993). This decrease has almost surely been experienced diflerentially across the country, and 

i 
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suggests that larger, more systemic causes are at work. Some of these may be the deleterious 

results on smallholders of compliance with the terms of the Structural Adjustment Loans 

discussed in Chapter 3. 

6.4.6 HYBYIELD: The percentage of maize planted in hybrid varieties 

Malawi's agriculture and diet are based largely on maize, which constitutes a larger 

percentage of the calories in the average diet than in any other country in the world 

(CIMMYT, 1997). Because of the identified shortfall in maize production relative to the 

projected population increase by the year 2000 (Government of Malawi and United Nations 

in Malawi, 1993), higher yielding maize varieties are being suggested as part of the solution. 

These hybrid varieties become even more attractive in view of their greater resistance to some 

plant diseases and their ability to produce higher yields than the traditional varieties even 

under low moisture conditions (CIMMYT, 1997). 

However, the hybrid varieties of maize require purchased seed and fertilizer. Even though 

an economic analysis of maize production options showed that it is economically 

advantageous to plant hybrid varieties even with their higher input costs (CIMMYT, 1997), 

in general Malawians prefer to consume the traditional varieties and sell the hybrid maize 

(Smale^/a/., 1995). 
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Because of all of these factors, the rates of adoption of these hybrid varieties is highly 

pertinent to vulnerability and food security in Malawi. Table 6-32 shows that the data base 

variable measuring this, HYBYIELD^ is statistically significant to vulnerability and food 

security in Clusters 1, 4, and 5. In virtually all cases of statistical significance for all proxy 

variables, increases in planting the hybrid varieties are associated with reduced poverty, 

improved access to food, lower levels of malnutrition, and lower levels of composite 

vulnerability. Also, a review of the data tables in Chapter 5 provides a number of method-

proxy-cluster combinations where HYBYIELD was found significant for all of the proxy 

variables even if HYBYIELD was not found to be important for that cluster. These findings 

unambiguously point out the reductions in all of the identified aspects of vulnerability and 

food insecurity which could be expected to accrue fi'om increasing the use of the hybrid 

varieties of maize. This may also point out the same correlation between the planting of 

hybrid maize varietals and the better off economic status needed to purchase the inputs (seed 

and fertilizer) for these varietals. 

6.4.7 LIVEIGA: The average percentage of household livelihood derived from IGAs. 

UVEJGA was found to be important in Clusters 1, 2, 3, and 4. In almost all method-cluster-

proxy combinations, the correlation is positive, implying that the various income generating 

activities are signs of desperation, and are not adequate to relieve vulnerability and food 

insecurity. Note that is not synonymous vAthAVENOSTR, the average number of 

8 
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income strategies employed per household. (In fact the correlation between these two 

variables at the national level is 0.024 at .769 significance level. These numbers say that there 

is essentially no meaningful relationship between the two indicators.) 

Consequently, the conclusion is that many, if not most of the various income generating 

activities are largely unsuccessful in most of Malawi. This again points to the shortage of 

employment opportunities and the low pages paid for those that do exist as an underlying 

cause of vulnerability and food insecurity in Malawi. 
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7.0 Conclusions and Future Directions 

A number of conclusions about the validity of the research hypotheses, the 

methods used to investigate them, and conditions in Malatvi can be drawn 

front the preceding analyses and iUscussions. Moreover, some of this work 

suggests fruitful areas for future, related research. 

This chapter presents the conclusions drawn from the preceding analyses (Section 7.1). 

These conclusions address the validity of both research hypotheses, as well as other 

methodological and Malawi-related issues. This chapter also provides suggestions for future 

extensions and enhancements to this work (Section 7.2). 
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7.1 Conclusions 

The hypotheses made at the start of this research are confirmed by the 

preceding analyses. Additionally, other conclusions mth important 

implications for vulnerability assessments in general, and vulnerability 

analyses of Malawi in particular can also be dratvn from these analyses. 

Chapters 5 and 6 presented the analyses, their results, and the interpretations of these in terms 

of the various mathematical and statistical methods used and also in terms of vulnerability and 

food insecurity in Malawi. All of this work has been focused on validating or disproving my 

two primary hypotheses. These were: 

1. Indicators reflecting socioeconomic, agroclimatic, or demographic conditions 

can be related to measures of vulnerability and food insecurity at statistically 

meaningfid levels. 

2. The indicators which can be so related will, in general, vary from one 

(subnational) region of the country to atiother. 

These hypotheses are validated by the conclusions presented in the first two of the following 

subsections. Additional conclusions drawn fi"om the preceding analyses are presented in the 

subsequent subsections. 
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7.1.1 Statistical Relationships Between Indicators and Proxies for Vulnerability and 

Food Insecurity 

I used three fundamentally different statistical methods to relate a diverse set of indicator 

variables to four different proxy variables representing different aspects of vulnerability and 

food insecurity. Three of these proxies were derived (by a Principal Components Analysis) 

from a set of 10 variables reflecting outcomes of conditions in Malawi. The fourth proxy was 

created as an abstract composite of the first three. 

The indicator variables reflect different measures of socioeconomic, agroclimatic, 

environmental, and demographic conditions of life in the different EPAs of Malawi. These 

indicators comprised the independent variables used here. 

The three statistical methods used all have different implicit underlying functional forms. This 

means that the significant indicators found reflect different mathematical relationships between 

and among the variables in any one model. Bivariate Correlation Coefficients measure the 

strength and statistical significance of the linear relationship between two variables. Multiple 

Linear Regression assumes a multidimensional linear relationship of a single dependent 

variable (proxy) to a set of independent variables (indicators). The cbefScients of this 

relationship, their statistical significance, and a measure of the "goodness of fit" of the overall 

model are determined by the computational processing. Regression Trees assumes no 
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underlying functional form between proxy and indicator variables. In a sense, it is the most 

general and flexible of the three methods, allowing categorical dependent and/or independent 

variables. It provides a decision tree as output which shows the subset of independent 

variables and specific values of them which can provide rough estimates of the dependent 

variable. 

Chapter 5 contained a number of tables (e.g.. Tables 5-9 through 5-20) which contain 

evidence of meaningful statistically significant relationships between dependent and 

independent variables for all three analytic models and for all six subregions of Malawi and 

for the nation as a whole. Because of the difference in the underlying analytic models, 

different statistically significant relationships were found. 

I anal)^ed every model-subregion-proxy variable combination. I found that, almost without 

exception, for every one of three models some indicators were found to be significantly 

related to every proxy variable in every one of the six subregions and in the nation as a whole. 

From this I conclude that: 

In general, various indicator variables can be related to proxies for 

vulnerability and food insecurity at statistically meaningful levels. 

A corollary of this conclusion is that: 
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Diverse mathematical and statistical methods can be used to determine the 

sitbset(s) of indicators related to each proxy at statistically significant levels 

in accordance with the assumptions of the method used. 

7.1.2 Subnational Variation of the Significant Indicator Variables. 

Chapter 6 contained a series of tables (e.g.. Tables 6-12, 6-15, 6-18, 6-22, 6-24, 6-27, and 

6-30) which contained lists of indicator variables which were found to be significant for at 

least one of the proxies for vulnerability and food insecurity in the subnational region of 

Malawi being addressed. These tables were summarized in Table 6-32, which contains a list 

of all of the indicators which were found to be significantly related to vulnerability and food 

insecurity in any one of the clusters or the nation. 

Review of Table 6-32 shows that there were 27 indicator variables found to be important for 

at least one of the six subnational regions of Malawi or the nation. In no case were the 

important indicators the same fiar any two of the seven regions. For every cluster and for the 

nation, the set of significant indicators were different. Therefore, I conclude; 

In general, the set of indicator variables which are significantly related to 

vttlnerability and food insecurity will vary from one subnational region to 

another. 
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As a corollary to the conclusions presented in Section 7.1.2, it follows that vulnerability 

assessments performed only at the national level with mathematical or statistical methods may 

not present a valid determination of which indicators are significant. In general, the set of 

important indicators at the national level will not agree with the set found for any conceptually 

coherent subregion. Further, as the example presented in Tables 6-1 and 6-2 and Figures 6-la 

through 6-lc showed, it is possible that indicators will be significant at the subnational level, 

but will appear to be insignificant at the national level. From this I conclude; 

Vulnerability assessments conducted with mathematical or statistical methods 

should be performed at a subnational scale of analysis, where the 

subnational regions have some common defining basis. 

The converse is also true. As Table 6-29 showed, it is possible to have some indicators that 

are not significant in any of the subnational regions, but which are significant at the national 

level. This can happen because the subnational regions defined to be consistent and coherent 

wdth respect to some indicators, but not all of them. Thus, at the subnational level the 

indicator may not be coherent with respect to one of the proxies, but in the nation, statistical 

coherence emerges. Therefore I conclude: 
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Vulnerability assessments performed with mathematical or statistical 

methods should also be performed at the national level. This serves to 

identify trends that may not be apparent at the subnational level and to 

provide a basis of comparison for the subnational results. 

7.1.4 Comparative Sizes of the Subnational Regions for Analysis 

Chapter 5 contained tables (e.g.. Tables 5-13 through 5-15, 5-19, and 5-20) in which 

Regression Tree analysis was unable to produce a decision tree for some EPA clusters and/or 

multiple linear regression models were forced to consider fewer independent variables. The 

reason for these problems was, at least in part, that there were too few cases for some models 

to be effective. 

Regression Tree analysis produces more meaningful results with more data cases (Steinberg 

and Colla, 1995), particularly if the relationship among the dependent and independent 

variables is less coherent. Multiple linear regression requires that there be fewer independent 

variables than cases, limiting the breadth of the models in exercises with fewer data points 

(EPAs). 

In both of these situations the relatively small number of EPAs in Clusters 2 and 6 limited the 

eflfective use of two of the analytic methods for some of the proxy variables. If multiple years 
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worth of data had been available, each EPA-year vector of proxy and indicator variable values 

would have constituted one data case. This would have made the number of data points 

(EPAs) per model per year less important. 

When only a limited number of data points are available, the only way to minimize the effects 

of the problem is to have roughly equal numbers of data points per model. In the context of 

my analyses here, this requires that the EPA clusters contain roughly equal numbers of EPAs 

or fewer clusters overall. Therefore, I conclude that: 

If vulnerability atialyses are to be conducted with mathematical or statistical 

models at the subnational level, then the siibnational regions for analysis 

should have roughly equal numbers of data points. If this is not possible, 

consideration should be given to merging some clusters, or to defining a 

smaller set of them. 

7.1.5 Geographic Contiguity of Subnational Regions for Analysis 

The conclusion in Section 7.1.4 may have significant implications for efforts to maintain 

reasonable levels of geographic contiguity. This is because if subnational regions are to be 

altered for the sake of numerical balance, efforts to simultaneously achieve geographic 

contiguity of the regions may be impacted. The solution may be to manually alter the region's 
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composition of data points to maintain what the analyst feels is a good balance between the 

two factors. 

I believe that geographic contiguity should be a goal of any clustering exercise. My primary 

reason for this is that in the absence of significant environmental or agroecological 

differences, isolated islands of units (EPAs) in one cluster are more likely to be similar in their 

food economies or other critical ways to their surrounding units (EPAs) than to more distant 

units (EPAs) in the cluster to which they were assigned. 

In other words, the clustering algorithm may assign EPAs that are only very slightly different 

from their surrounding EPAs to a cluster of more distant EPAs because of negligible 

statistical differences. This happened in my clustering at the intermediate step. Further, a set 

of clusters which are more contiguous will have a heuristic, more intuitive credibility than a 

set of less contiguous clusters. 

These considerations do not always lead to opposing choices. In this analysis, the analytic 

results would have been better if in one particular case I had optimized both factors . In 

reaching my final clusters, I should have reassigned the S EPAs in the far north which had 

been assigned to Cluster I, but were isolated and surrounded by Cluster 2 EPAs (See Figure 

5-12). These EPAs should have been manually reassigned to Cluster 2. This would have 

added badly needed data cases to the smallest cluster at the expense of the biggest cluster, 

while simultaneously improving the geographic contiguity of both. 

i 
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My reasons for not doing this were: 1); the EPAs in question were in a group, and not 

isolated singletons, and 2); I wanted to minimize the manual tinkering with the analytic 

clustering. In retrospect, this was a bad decision which, I believe, exacerbated the analysis 

problems vis a vis Cluster 2. In view of these considerations, I conclude that: 

In some instances it mc  ̂be better to override cm analytic clustering solution 

and manually reassign elements of the subnational analysis regions in order 

to achieve geographic contiguity or a better balance in the size of these 

regions. Maintaining a "purely " analytic clustering may be less important 

than these other considerations. 

7.1.6 Interpretation of Results 

These analyses have been based largely on the results of applying objective analytic methods 

to a large data base composed of indicators measuring diverse aspects of conditions in the 

EPA clusters. However, an absolutely essential part of properly understanding the meaning 

of these results has been to look at the numerical results in terms of the ground truth. 

For example, in Chapter 6 some instances were noted where measures taken to relieve 

problems were positively correlated with high levels of vulnerability (e.g., FULLIMM and 

PC3 [malnutrition]) or there was a high correlation between seemingly unrelated variables 
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(e.g., the negative correlation between NETENROL and PC3). Clearly, cases like this do not 

reflect causality or explanatory factors. In some cases one of the variables may be masking 

a real cause or it may be a proxy for some other, unavailable, indicator. 

In the first instance cited above, it is clear that higher levels of immunization rates do not 

cause malnutrition. The positive correlation reflects government immunization campaigns 

aimed at the neediest areas. In this case FULUMM might be viewed as a proxy for "level of 

government targeting of the region." Therefore, it is only through an understanding of the 

ground truth background that the data can be properly interpreted. 

Similarly, the relationship between school enrollment rates {NETENROL) and malnutrition 

(PC3) is not a causal one, but instead reflects Government supplemental feeding programs 

administered through the schools. In this particular case NETENROL might be considered 

to be a proxy for "amount of food administered through the schools." Extrapolating these 

two examples to the more general situation, I conclude that; 

A basic understanding of ground truth conditions is a necessary component 

of vulnerability analyses, and should guide the selection of indicator and 

outcome variables to be considered Interpretation of the results in the 

context of the ground realities is imperative to avoid error. In particular, 

care must be taken to distinguish between cases of causality and cases of 

correlation between variables. 
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7.1.7 Preferred Analytic Models 

All three of the analytic models used here have their advantages and disadvantages. Bivariate 

Correlation is the simplest of the models, and shows the extent to which a direct linear 

relationship exists between two variables. This method suggests simple bivariate relationships 

which should perhaps be further explored via scatterplots, or other, nonlinear models. 

However, this method does not give any real information about more complex interactions 

which involve more than two variables. It does not show or hint at the interactions which 

may exist among larger subsets of the indicators and any one proxy. Therefore, its use is 

somewhat limited in these analyses. 

Multiple Linear Regression (MLR) provides detailed models relating multiple indicators to 

any one outcome or proxy variable. When all of the conditions and constraints regarding the 

indicators are met, these models provide forecasting ability which may, under ideal 

circumstances, allow predictions of the next period's levels of vulnerability and food 

insecurity to be made from this period's indicator values. These models also provide, via the 

"Goodness of Fit" measures, some indication of how well they "explain" the dependent 

variable and suggest whether key variables may be missing from the set of independent 

variables in the model. Finally, the indicator coefiBcients output as part of the model can 

support trade-oflf and sensitivity analyses of different development and/or relief options. 
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The key limitation to the use of these models is that the constraints on the set of independent 

variables can be quite onerous, and difficult to satisfy with real world data sets. In such cases, 

blind use of the models may result in erroneous forecasts. This is one of the primary reasons 

that these coefficients were not used more extensively here. 

Classification and Regression Tree analysis makes no assumptions about the relationships 

among the independent variables or their distributions. In fact, this method makes no 

assumptions about any functional form which the dependent and independent variables are 

required to jointly satisfy. Additionally, the analyst can use these methods as exploratory 

tools to identify which of the independent variables are important in "predicting" the value 

of the dependent variable. Also, by reviewing the choice of splitting variables and the splitting 

values, insight may sometimes be gained into the structure of the data base and hence into the 

underlying conditions reflected therein. 

A major benefit to this method is it allows the use of categorical variables as both dependent 

and/or independent variables. In vulnerability analyses it is quite possible to have such 

variables. For example, if the different FEWS vulnerability levels were quantified as, say, 0-5, 

and assigned to each EPA by some independent means. Classification Trees could be used to 

determine which indicators were significant for predicting vulnerability levels. As another 

example, if Ethnic Affiliation data had been available for this analysis, a categorical variable 

in which each major ethnic group was assigned a category could have been used with either 

classification or regression trees. 
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A limitation to Classification and Regression Tree analysis is that its "predictions" are crude 

and blunt compared to MLR With classification trees, this is not so much an issue since the 

dependent variable is not continuous, and a class value (one value of the categorical 

dependent variable) is predicted. \^th regression trees the cases are lumped into nodes which 

are more or less homogeneous with respect to the dependent variable. In these cases, the best 

prediction of the value of the dependent variable for any case "dropped through the tree" is 

the mean value of the dependent variable in the node into which the case drops (Steinberg and 

Colla, 1995). This is certainly a cruder estimate than the precise value predicted by MLR 

However, I feel that the tremendously greater flexibility that Classification and Regression 

Trees provide far outweighs the limitations. Therefore I conclude; 

Classification and Regression Tree analysis offers the most flexible set of 

capabilities for the analysis of vulnerability and food insecurity of the three 

models used here. It provides more options for analysis and potentially 

offers substantial insights without the onerous requirements imposed by 

Midtiple Linear Programming. 

7.1.8 Ground Realities in Malawi 

Section 6.4 summarized some of the findings regarding variables found to significant in large 

areas of Malawi. These variables and the associated findings confirmed known identifications 
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of smallholders with very small farms and female headed households as among the most 

vulnerable and food insecure in Malawi. The sharply increasing population coupled with the 

shrinking available land base in much of the country was noted, as was the steadily decreasing 

level of per capita kilocalories consumed. The heavy national dependence on maize in a 

country with virtually no irrigation and high variability in rainfall raises the risks for some 

groups. In addition, the importance of infrastructure, particularly access to markets, in 

reducing vulnerability was confirmed, as was the serious lack of adequate employment 

opportunities in many parts of the country. This lack was found to force people into 

attempting, often unsuccessfully, to eke out a living through the use of often marginal Income 

Generating Activities. From all of these findings, I conclude; 

Malawi suffers from extreme poverty, lack of access to food and 

malnutrition, coupled with lack of the infrastructure or development 

necessary to provide either adequate employment or rural development, 

although aid programs and supplemental food programs administered 

through the schools seem to be helping. Population projections and 

estimates of the arable land to be available for agricidture in the near fiiture 

jointly bode ill for the future. Additionally, the low yield varieties of maize 

on which many Malawians are dependent and the labor intensive farming 

methods employed on the small farms do not represent an independently 

viable lifestyle. Malasvi appears to be gathering increasing momentum in its 

headlong rush towards increased vulnerability and food insecurity. 
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7.2 Future Directions 

The results obtained here suggest that improvements to the data base and 

investigation of other mathematical and statistical methods have potential 

value. Analogous improvements might be expected in other vulnerability 

assessments using a conceptual and methodological approach similar to 

that employed here. 

The following subsections discuss improvements which might be made to these analyses in 

the presence of an improved data base (Section 7.2.1) and consideration of other analytic 

methods (Section 7.2.2). The importance of these findings is not primarily for this analysis, 

but for other vulnerability assessments and analyses which are likely to benefit fi^om these 

suggestions. 

7.2.1 Data Base 

This section discusses improvements which should be made to the Malawi Vulnerability 

Assessment and Mapping (VAM) data base for future analyses. The analogous changes 

should be made to other data bases used for similar purposes. 
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7.2.1.1 Additional and/or DifTerent Variables 

In several cases the analytic models produced unsatisfactory results for some proxy-cluster 

combinations. These include the inability of CART to produce decision trees (e.g., for 

Clusters 2, 4, and 6 for PC3 as presented in Table 5-15) and the "goodness of fit" in some 

multiple linear regression models being unacceptably low (e.g., the nation and Cluster 1 for 

PC2 as presented in table 5-18). While some of the problems may be attributed to too few 

cases (EPAs) in these clusters to allow better fits, some of the problems may also be 

attributable to missing key indicators. 

For example, despite the known effects of malaria on children's malnutrition, no indicator 

measuring malaria rates was available. This means that with this data base any model with 

malnutrition as the dependent variable (e.g., all models with PC3 as the dependent variable) 

may be deficient and incapable of explaining malnutrition. This could lead to the model 

failures noted here. 

Similarly, despite the effects of the Mozambican refUgees in the Malawi border areas during 

the civil war in Mozambique (See Section 3.4.2), no variables relating to the refugees or, for 

that matter, to any impacts of proximity to international borders are currentiy available. Such 

potentially important indicator variables might include measures of cross-border trade, 

smuggling, or employment, as well as rates of seasonal and permanent emigration and 

immigration. 

I 
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Other examples of desirable (but currently unavailable) variables include measures of access 

to infrastructure, including such things as "distance from paved roads," "distance to cities," 

"access to credit," etc.. 

In other cases, some variables exist which might better be replaced with other, more 

meaningful ones. For example, the Malawi data base contains FAMSIZE (the average number 

of household members) as one indicator. An indicator measuring "average adult equivalent 

household members" has been suggested to me (personal communication, Mamadou Baro, 

1997) as likely to be more useful. However, this latter variable was not available for this 

work. 

7.2.1.2 Data Scale 

Table 5-1 presented information about all of the (independent and dependent) variables used 

in this analysis. In particular, note in this table that the hierarchical scales of the different 

parameters are different. Some variables were collected at the household level, others at the 

EPA level, and still others at the District or Rural Development Project (RDP) level. While 

it is straightforward to aggregate "up" from a lower to a higher level, disaggregating "down" 

is another matter. In the absence of stratification data which could provide insight into the 

composition of the higher unit in terms of the lower ones, the only recourse is often to assign 

the higher level value to all lower level constituent units. This was the process used here. 

In this analysis, this meant assigning values collected at the District or RDP level to all EPAs 
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in the higher unit. The consequences of this were that a true EP A-Ievel analysis could not be 

conducted for all variables. Because cluster boundaries sometimes cut across District and 

RDP boundaries, some clusters had several EPAs with commonly assigned values for some 

parameters. 

This caused a loss of analytic resolution, since differences between the EPAs and, sometimes, 

their respective clusters could not be ascertained. It is therefore suggested that prior to 

conducting an analysis of this kind, efforts be made to obtain valid values for all of the units 

at the scale of the analysis. 

7.2.1.3 Integration With Houseiiold Level Data 

One way in which the problem of data scale differences may be overcome is to merge the 

aggregate data with household level data. While this was done in the 1996 Malawi VAM data 

base by incorporating some of the data from the 1987 Census and other household surveys 

(See Table 5-1) into that data base, more can be done. 

In particular, additional variables which are available from these household level data bases 

but not yet used for vulnerability assessments should be incorporated. While some of the new 

variables might not have an obvious bearing on food security, others may act as proxies for 

still unavailable parameters and appear to be significant, suggesting the hidden parameters that 

are needed. This is especially important with analyses using objective statistical methods such 

as those used here, because of their dependence on the data base completeness . 
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This household level can then readily be aggregated up to whatever level is needed to match 

the analysis scale. Some of these data might also be local area-specific agricultural or 

environmental measurements. These might then be helpful in disaggregating other higher 

level parameters down to the desired level. 

7.2.2 Methodology 

Investigations into the validity and efficacy of other analytic methods for 

use in vulnerability assessments should be made. 

7.2.2.1 Other Clustering Concepts 

Chapter 5 presented a lengthy discussion of the conceptual, statistical, and hybrid methods 

used to arrive at severjd iterations of EPA clusters for the 1996 Malawi VAM (WFP et aL, 

1996) and for this work. The conceptual approach provided a heuristic result with the 

benefits of simplicity and ease of understanding. However, this came at the cost of credibility 

with the Malawian VAM Committee. The statistical approach accommodated the preferences 

of this committee, but at a cost of geographic contiguity and comprehensibility. The final 

approach merged the earlier conceptually defined clusters v^th the factors specified by the 

committee and with some manual "fine tuning." 
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It seems that other conceptual approaches might be more eflFective, and should be considered. 

For example, in countries where broad agroecological zones cover large areas and can be 

easily delineated, these might be the primary basis for clusters. In a country with the 

environmental diversity of Malawi, this might not be useful, but in environmentally simpler 

countries in the Sahel, it might suffice. Secondary clustering factors might include the 

primary form of livelihood, e.g., agricultural, pastoral, transhumance, or urban, ethnic 

affiliation, etc.. 

Other statistical methods might also be considered, although I do not at present see how they 

can retain an acceptable level of geographical contiguity, which I feel is important to these 

approaches. A possible enhancement of the method used here would be to start with 

contiguous clusters and use classification trees with better, more effective factors to modify 

these clusters into new clusters with more statistical coherence. 

7.2.2.2 Other Mathematical or Statistical Models 

I used three different statistical methods to perform much of the analysis. While these models 

all implicitly assumed different underlying functional forms (CART actually assumes no 

functional form), other methods or other uses of the current methods might prove more 

effective. 

For example, multiple linear regression (MLR) assumes, as the name implies, that the 

relationship between the dependent and the independent variables is linear. However, if the 



462 

relationship is assumed to take some other form, MLR may still be used. One way in which 

this can be done is to create new variables which have the functional form suspected. For 

example, if a dependent variable is thought to vary according to the square or log, or virtually 

any known function f(JO of the original independent variable, X, the analyst can create a new 

variable X' = f(JO and use as a new independent variable. The dependent variable will vary 

linearly with this new variable, and so these other functional forms can be investigated via 

MLR (Ramanathan, 1992) 

This was not done here for two reasons. First, the focus of this work was to show that 

analytic methods can be used for these purposes and not to necessarily find the best analytic 

model. Second, there was no apparent conceptual basis that occurred to me (then or now) 

for creating some new functional form fi-om the original indicators. However, this option 

should be considered when such a conceptual basis exists. 

Finally, the analytic methods used here were chosen because I was familiar with them, and 

thought that they could be applied to vulnerability assessments. There is nothing magic in my 

particular choices. Analysts with experience using other models or methods should 

experiment with them and see if their ideas work. I did what I thought best; the next person 

to try something like this may have better ideas or, at least, different ones. 

In this way the practice, the art, and the science of vulnerability assessments will advance in 

an evolutionary fashion. I hope that I have contributed to this process. 

i 
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