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ABSTRACT 

Over the past 25 years, long-term trends in population and employment change for 

the US have been dramatically altered. At the regional level, areas like the Rocky 

Mountain West (AZ, CO, ED, MT, NV, NM, UT, and WY) have seen the century-long 

decline in nonmetropolitan population reversed to some degree. Scholars from across the 

US have proposed several broad theories to explain these shifts; however, researchers 

based in the RMW have argued that any general theory of growth and development must 

be adapted to take into account the region's unique geography and history. For example, 

population and employment change in RMW has been more volatile and extreme due to 

the region's reliance on extractive industries. 

The purpose of this dissertation is to present preliminary findings of an 

investigation of population and employment change in the RMW in general, and to test the 

claims of regional researchers on the processes behind these changes. The ideas of these 

researchers are embodied in the quality-of-life model, which claims that changing 

residential preferences, demographic changes, and economic restructuring will benefit 

areas like the nonmetropolitan RMW, an area rich in amenities. Using a wide variety of 

tools ranging from descriptive statistics, to classification techniques, to multivariate 

regression models, this research measures how factors theorized to be associated with 

growth have increased (decreased) in importance over the 25 year span of this study. The 

results show that regionally-based ideas on growth have a place in helping scholars 

understand regional growth processes in a more reliable marmer. More importantly, there 
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is significant support for the quality-of-life model, especially the role of service industries 

and environmental amenities in driving regional grov^^ 

Answers to these questions will help scholars understand the extent to which 

national events are being restructured in regional contexts. Additionally, until these ideas 

are fiilly tested and shown to explain some of the events and underlying processes driving 

population and employment growth in the RMW, long-term policies designed to help plan 

for the continued growth of the region may be misguided and wasteful. 
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CHAPTER 1 

REGIONAL GROWTH AND CHANGE IN THE 

NONMETROPOLITAN ROCKY MOUNTAIN WEST 

1. Introduction 

Over the last five to ten years, a increasing number of news stories have appeared 

in the popular media on events and changes taking place in the rural areas of the western 

United States (see Bonfante, 1993; Sedgewick, 1995). In one respect, the articles have 

focused on the recent surge in population seen throughout the region, especially areas 

away fi-om the west coast, a region often referred to as the Rocky Mountain West 

(RMW). I use this term "Rocky Mountain West" (RMW) to refer to the Mountain Census 

Division: Arizona, Colorado, Idaho, Montana, New Mexico, Nevada, Utah and Wyoming. 

The region has been flooded by migrants coming not only firom the traditional sources of 

the eastern US, but also from California and other states in the US that formerly served as 

sunbelt destinations. This population surge has been accon^anied by economic growth as 

well, with large increases in jobs accompanied by growth in the newly emerging service 

and technology industries (Wurmstadt, 1996). 

While the region has prospered as a result of these changes, there has been an 

increasingly large backlash as well from residents of the region (Adler, 1995; Larson, 

1995; McBride, 1997). Not only has this discontent been voiced in heavily publicized 
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battles known as the "sagebrush rebellion," but also in local townhall and county board 

meetings where the everyday business of government is conducted. Every month, these 

places become hotbeds of political strife as pro- and anti-growth advocates debate new 

development plans for their local piece of paradise. The polarization in this debate has 

often led to a stalemate that precludes any type of substantive planning. 

Scholars from all the social sciences have tried to learn more about the 

socioeconomic changes taking place using theories that have been established over the last 

few decades, theories derived from events associated with economic restructuring. 

However, scholars based in the RMW, and who have focused much of their research on 

the region (hereafter referred to as regionally-based or RMW-based researchers), have 

tried to argue that a new local theory of growth and development is needed, one that 

places the geography and history of the region at the forefront of any explanation of the 

events taking place. Researchers like Thomas Power and Ray Rasker from Montana have 

started to move in this direction in their work which molds and adapts the ideas of Innis, 

North, Frey and many others to create a theory of local economic growth that is particular 

to the RMW. Most of these ideas are embodied in the quality-of-life model, an attempt to 

explain recent trends in economic and population growth. However, while these ideas 

have been outlined in some detail, little empirical work has been done to test these ideas, 

especially in the context of the RMW. 

The purpose of this dissertation is to begin a comprehensive study of population 

and employment change in the RMW in general, and to test the quality-of-life model in 

particular. Answers to these questions will be important m two respects. First, a deeper 
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understanding of regional growth and change in the RMW and other regions of the US 

will help scholars understand the extent to which national events are being restructured in 

regional contexts. Second, until these ideas are fiilly tested and shown to explain some of 

the events and underlying processes driving population and employment growth, long-

term policies designed to help plan for the continued growth of the region may be 

misguided and wastefiiL Similarly, for small number of counties in the region that have not 

seen sustained growth in recent years, a better understanding of fectors associated with 

long-term consistent growth in nearby counties may be of use in developing county-level 

policies aimed at promoting local economic growth and development. 

The next section of this introductory chapter explores in a little more detail some 

of the major reasons why growth in the RMW differs from that in other regions of the US. 

Once this background has been presented, a specific outline of the theoretical and 

empirical research that is the core of this dissertation is described. Finally, the last section 

siunmarizes the chapter, and leads into the detailed literature review presented in 

Chapter 2. 

2. Background on Change in the Rocky Mountain West 

Significant changes over the last 25 years have radically altered the pattern of 

population and employment growth in the nonmetropolitan areas of the US. The 

urbanization process which dominated population change throughout the 20"* century was 

reversed in the 1970s as the nonmetropolitan areas suddenly began to grow faster than 
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metropolitan areas (Beale, 1977). The 1980s saw another reversal as metropolitan areas 

once again began to grow fester position. Finally, the early part of the 1990s shows signs 

of yet another reversal in many regions of the US (Johnson and Beale, 1994). At the same 

time, restructiiring has changed the economic landscape as firms scramble to meet 

increasing world con^tition (Bluestone and Harrison, 1982). 

In many respects, the nonmetropolitan Rocky Mountain West has been a part of 

these changes. However, in many ways the region's fluctuations over the past 25 years 

have been more extreme, a trend that represents a continuation of boom-and-bust patterns 

that have prevailed since the region was settled in the early 19'*' century (Lorah, 1996; 

Shumway and Davis, 1996). The boom-and-bust cycles characteristic of the region have 

long been associated with extractive industries (e.g., agriculture, mining, forestry, etc.) 

that have dominated economic activity (Freudenberg, 1992; Rasker, 1994; Shumway and 

Davis, 1996). Besides the volatile nature of these industries over time, this type of 

economy has tended to produce very uneven growth and development as well. For 

example, while one county grows at an extraordinary rate due to a new mining claim, only 

30 miles away may be a once prosperous county mired in depression because the mines 

have been played out, leaving nothing but a series of ghost towns (Power, 1996). 

Needless to say, the changes in the social, economic, and demographic structure of 

the US in general, and the RMW in particular, have altered the forces driving population 

and employment change in the region today. For exan^le, many economic activities once 

dependent on urban economies and resources can now locate in more remote areas. 

Additionally, newly emerging residential preferences which favor areas with environmental 
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amenities and rural lifestyles have influenced the migration decisionmaking process. 

Finally, demographic changes and the increasing importance of nonemployment income 

have created a large body of potential migrants that is not motivated to move for 

economic reasons. All these changes, when combined with unique natural and scenic 

resources, now make many RMW-based researchers believe that the region is capable of 

developing a much more stable and environmentally sound mechanism for long-term 

economic and population growth. 

Research on structural change in the US economy, and on the role of amenities in 

migration processes, has been prevalent in the literature of several disciplines for a number 

of years. A large number of studies have focused on national trends (e.g., Snowbelt to 

Sunbelt shift in population and manufacturing) (Weinstein and Firestine, 1978; CasettL 

1984; Clark et al., 1986), or examined a limited time-frame (e.g., a single decade based on 

census data) (Carlino and Mills, 1987; Clark and Murphy, 1996). However, few 

researchers have tried to understand how these processes have affected a single region 

over a long time span. Furthermore, the various theories presented by regional scholars on 

growth and change in the RMW have not been fiiUy evaluated. This dissertation represents 

an attempt to deal with some of these questions and issues. 

3. Outline of the Dissertation 

The dissertation is structured in the following manner. After this introduction, the 

literature review is presented in two parts. In Chapter 2, the principal mechanisms of 
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regional population and employment change are explored in depth. The primary impetus 

of change, economic cestructurmg, is introduced first, along with the theoretical link to the 

actual process of regional change, human ecology theory. From this background, the 

primary mechanisms and explanations for regional change emerge. Although a number of 

ideas and theories on regional change have been presented over the last twenty years, 

many researchers have combined these ideas into two general notions: regional 

restructuring and population deconcentration. 

After an introduction to the general theories of regional change, the focus narrows 

to examine theory in the context of the Rocky Mountain West. It will be argued that much 

of the theory and research developed over the years needs to be adapted and placed in the 

context of the spatial and historical realities of the region. Thus, some emphasis is placed 

on the research of several social scientists like Innis, Tiebout, and North, whose 

adaptations and insights on resources and export trade are especially appropriate for 

regions that have relied on these types of economies. With the geographical and historical 

situation of the region outlined, newer theories developed by Power and Rasker are 

discussed. Based on the analysis of the literature, the primary research questions of this 

dissertation are presented. In general, what fectors have influenced regional population 

and employment growth in the RMW over the last 25 years and have these fectors 

changed over time? More specifically, how well does the quality-of-Iife model describe 

events that have taken place in the region? 

The empirical portions of the dissertation follow in the next four chapters. Chapter 

4 begins this part of the investigation by using simple statistical measures of population. 
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employment, and income change in the region. For all parts of the analysis, the research is 

designed to explore differences in growth and change for three time periods (1970-1980, 

1980-1990, 1990-1995), and different geographic areas (adjacent and nonadjacent 

counties). Additionally, the population analysis is broken down to explore components of 

population change. Finally, the en^jloyment and income analysis focuses on the changing 

sectoral structure of these economic measures over time. 

Chapter 5 begins a more sophisticated type of analysis that focuses on 

classification techniques and ANOVA procedures. While the descriptive measures used in 

Chapter 4 offer some useful insights on trends in population, employment, and income in 

the region, the analysis is at the regional aggregate level and oflfers few insights on 

changes occurring at the county level. Thus, to understand the extent of geographic 

change taking place in the region, the counties are placed into distinct types based on 

economic structure. This enables us to examine the extent of county-level structural 

change and to look simultaneously at the effects of economic structure on a number of 

growth variables. 

The next chapter (Chapter 6) begins a more comprehensive treatment of growth 

that focuses on the central questions of the dissertation. Using an adjustment model that 

has become very popular in the econometric analysis, a simultaneous equations fi-amework 

is set up to examine population and employment growth, thus focusing on one of the 

central issues of growth—do people follow jobs or do jobs follow people? This con^ilex 

question remains unanswered despite 30 years of research, and the adjustment models 

used in this dissertation offer an opportimity to look at this contentious issue in general. 
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and in the context of the RMW specifically. For the region, the clear expectation of the 

quality-of-life model is that growth over the last 25 years has become increasingly driven 

by population change as residential preferences assume greater importance. 

Besides the ability to address the central questions mentioned above, the 

simultaneous equation adjustment model also permits an analysis of growth while 

controlling for a number of other factors hypothesized by Power (1996) to influence 

population and employment growth as outlined in the quality-of-life model. Among those 

factors considered in the effect of economic structure (using the classification from the 

previous chapter), the role of amenities (directly though federal lands variables, and 

indirectly through proxy variables), the importance of nonemployment income, and the 

influence of geographic location. Unlike some of the simpler techniques used in earlier 

chapters, this type of model can control for all these effects at the same time and measure 

how these effects change over time. 

The last major part of this dissertation. Chapter 7, focuses on the potential role of 

spatial autocorrelation in the empirical analysis of the previous chapters. Here the goals 

are several. New measures are used to test for the presence of spatial autocorrelation in 

the data and to determine the extent of spatial clustering in the growth of population and 

employment. Thus, these measures provide insights on the role of spread effects in driving 

growth in counties located close to metropolitan counties in the region. Next, and perhaps 

more importantly for this dissertation, autocorrelation analysis is used to determine how 

spatial effects may be leading to biased or inefiScient coefficient estimates, thus 

jeopardizing the inferences and conclusion drawn in the previous chapter. This type of 
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analysis was not possible only ten years ago, and new spatial econometric tools now 

permit researchers to explore spatial processes in a more indirect &shion, an approach that 

is less data-intensive than methods that directly examine this issue by analyzing flows 

between component counties of a region. 

The goal of each step of the analysis is to provide a comprehensive examination of 

growth and change in the region's nonmetropolitan counties. Starting with very 

rudimentary but informative measures of population and employment growth, the analysis 

proceeds to increasingly more sophisticated types of statistical analysis, with each step 

offering more information on the events changing the regions, and on the factors 

associated with these changes. 

As the research in the next seven chapters will show, many of the expectations of 

Power and Rasker with respect to the quality-of-life model have been confirmed. For 

example, there is strong evidence that structural change to more service-oriented 

economies has taken place—and it is geographically widespread. Besides an increase in 

the number of service-based economies at the county level the evidence will show that 

these economies have seen greater population and en^loyment growth as well. Another 

very significant finding of the research is that the presence of amenities is directly linked to 

population growth, and their importance appears to be increasing. Fioally, there is strong 

econometric evidence to support the proposition that population growth induces 

employment growth. Despite these promising results, there is also evidence that suggests 

the quality-of-life model does not fiilly explain the changes taking place in the region. 

These results will also be explored in some detail in the chapters to come. 
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4. Conclusion 

Remarkable change is taking place in the Rocky Mountain West. In areas that 

range from desert lowlands, to plains, to the high mountain areas, the region as a whole 

has been in the grip of population and employment change that &r exceeds that seen in 

other regions of the US. A great deal of research has appeared in the literature on the 

factors driving changes similar to those seen in the RMW, but these analyses are usually 

focused at the national scale. Of the various ideas put forward by researchers, the broad 

perspectives of regional change, called regional restructuring and population 

deconcentration in this dissertation, appear to have received the most attention. Behind 

these perspectives is the notion that economic restructuring is the primary cause of 

change. What remains contentious is the nature of the mechanisms that are causing the 

socioeconomic changes that we have seen within the US. 

While regional researchers such as Thomas Power and Raymond Rasker believe 

that recent research on the general characteristics of regional change (e.g., Frey, 1987) has 

merit, they argue that these ideas must be adapted to more precisely explain the particular 

nature of change in a specific regioiL The RMW, they insist, is a region that has taken a 

very different development path than the rest of the US. As a result, these general 

approaches must be made geographically and historically contingent, and take into 

account the realities of the region itself which may later the process of regional change. 

These authors and others have refined their ideas into what may be called the quality-of-

life model, a theory that suggest growth in the region is fer different than the export model 
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previously used to describe the economies of the region in the past. Today, economic 

restructuring offers new economic opportunities in remote areas of the region, producing 

new jobs based on the service and high technology sectors. Additionally, major 

demographic and income-source changes offer additional hope for growth in once remote 

regions. Finally, and perhaps more importantly, peoples' changing preferences for where 

they want to live have increased the demand for noneconomic commodities that are 

abundantly available in the region. The commodities are amenities, especially 

environmental amenities and a modem version of the rural lifestyle that once dominated 

America. 

While a large amount of evidence exists that shows aspects of this model have 

merit, little direct testing of the model has been done. The goal of this dissertation is to use 

a number of advanced analytical techniques that have only recently become available to 

test the model in a novel and more rigorous feshion. Furthermore, the research attempted 

here will measure the extent of these changes geographically and determine how the 

factors have changed over time. Besides adding to the theoretical debate on the merits of a 

number of theories on regional growth, the research may aid in setting regional and state-

level policy. Despite some very clear changes in small, county-level economies, many 

policy analysts still cling to old tried-and-true methods of economic development that rely 

on luring or retaining extractive industries, an approach that appears to be outdated. 

Additionally, researchers may obtain a better understanding of what is driving some of the 

most dismptive growth seen in the region. It may then become possible to anticipate and 

plan for this growth in a more methodical (rather than ad hoc) feshion. 
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CHAPTER! 

PERSPECTIVES ON REGIONAL GROWTH AND CHANGE 

1. Introduction 

The goal of this chapter is to outline a few of the more significant theories and 

ideas that have been proposed over the last 30 years on regional population and 

employment change in the United States. In approaching this literature, it is important to 

note that the magnitude of the economic and population changes that started in the late 

1960s and continued into the 1970s has elicited a very large body of research firom 

virtually all of the social sciences. Thus, it is often difficult to make sense of the different 

theories that have been put forward, and to distinguish between substantial and superficial 

differences in the various ideas. 

One of the most concise statements on the processes driving population and 

employment change has been put forward by Frey (1987, 1993) in a series of papers that 

grouped these changes into several broad categories. Two of these perspectives—regional 

restructuring and population deconcentration—are clearly useful in understanding the 

events taking place in the Rocky Mountain West (RMW); they provide a foundation for 

ideas by regionally-based researchers that are discussed in detail in the next chapter. While 

these two perspectives interpret the changes seen in the US over the last 30 years in 
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different ways, both see the restructuring of the US economy as the primary mechanism 

driving that change. 

Figure 2.1 diagrams the relationship between the ideas presented in this and the 

next chapter. The next section in this chapter introduces the many facets of economic 

restructtiring—the primary stimulus for change over this time period. It will become clear 

that economic restructuring involves not one but a series of changes and events that have 

radically altered the economic landscapes of the industrialized nations. Linking economic 

restructuring to the two perspectives mentioned above is human ecology theory, which 

relates population change to sixstenance organization, that is. the way people are 

organized in order to provide for the basic necessities of life. Human ecology theory 

argues that major changes in how we obtain the commodities that we need to survive has 

a significant impact on the distribution of people over the landscape. The final two 

sections in this chapter explore each of the perspectives on the regional change outlined by 

Frey (1987). As mentioned above, the fi-amework developed by Frey is used because it 

pulls a number of ideas fi-om different disciplines and organizes them in a coherent manner 

(e.g., Hawley, 1968; Long 1980). As noted above, the regional restructuring and 

population deconcentration perspectives both recognize the importance of economic 

restructuring, but each argues that very different processes are driving population and 

employment change. Since a primary goal of this dissertation is to explore the mechanisms 

and processes driving change in the RMW, these two perspectives are examined in depth. 

As noted above, the final components of the diagram in Figure 2.1 are discussed in 

Chapter 3. 
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2. The Underlying Cause of Regional Change: Economic Restructuring 

Economic restructuring—the process of change brought about because of 

problems with the Fordist system of mass production—has been one of the most heavily 

investigated subjects in regional science and economic geography over the last 20 to 30 

years (Bluestone and Harrison, 1982; Clark et aL, 1984; Massey, 1984; Scott, 1986; 

Schoenberger, 1988; Storper and Walker, 1989). One of the primary reasons cited by 

researchers for the adaptation of the former mode of production is the highly competitive 

environment that has developed since the start of the 1970s (or even earlier). 

A number of events explain this increased competition. First, markets in the US 

once dominated by American firms now face stiff competition from Europe, Asia, and 

Latin America as countries modernize and reduce the large technological gap that gave 

American firms such a significant advantage after World War Two. Second, many trade 

barriers are continuing to drop, especially in recent years. In place of barriers are a number 

of new free trade agreements that have made trade easier (e.g. GATT, NAFTA, European 

Union, etc.). Today, consumers have infinitely more variety to choose from in virtually 

every commodity category. With such a saturated market divided among so many firms, 

profit margins have been reduced drastically. With smaller markets come smaller 

production requirements, thus reducing some of the internal economies of scale that many 

firins used to enjoy. 

An additional impetus for change in the economy has been the volatile nature of 

consumer tastes. In a world increasingly influenced by the changing whims of pop culture 
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and the highly professional marketing practices of Madison Avenue, consumer products 

that are large sellers one year may have no market the following year (Barkley, 1988). 

Typical examples over the last three decades could include pet rocks, eight-track tape 

player, and any number of clothing feshions. Such trends are not restricted to cheap 

consumer goods and can be found in durable high-end manufacturing. A good example 

that caught many manufactures by surprise is the recent trend towards large, gas-guzzling, 

four-wheel drive vehicles, a remarkable change in light of the energy crisis that dominated 

auto purchases just 15 years ago. 

The result of this volatility and competition in the marketplace has been a 

downsizing of production complexes, and the adoption of more flexible techniques within 

plants that make them much more adaptable to easy conversion in the event of changing 

demand. In some cases the transition means the adoption of new robotics that are easily 

converted to other processes through computer-programming changes. These types of 

production lines make specialized goods in smalL customized batches. On the other hand, 

in less complex types of production, capital investment in this type of equipment may not 

be needed, and labor itself becomes the tool with which adaptations are made. In this 

scenario, labor is easily hired and fired, and the size of the work force acts as the buffer to 

maintain the bottom line in times of market-place flucttiations (Clark et al, 1986). 

Another implication of economic restructuring centers on the structure of firms 

themselves. Vertical disintegration has become much more widespread as firms seek other 

ways to fece an increasingly competitive environment, creating a greater spatial division of 

labor (Massey, 1984; Scott, 1986). One aspect of this change is the divestiture of 
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subsidiaries that are not specifically needed in the manufacture of core products. In one 

respect, firms have to focus on making products they understand best, ridding themselves 

of superfluous production lines. Additionally, other highly specialized portions of the 

production process may be formed off to subcontractors. This reduces risk for firms 

because these links can be easily broken ofif in the event of a downturn in demand (Scott, 

1983). In terms of spatial structure, vertically-integrated firms may separate various 

production processes, especially if the needs of certain production functions can be met 

more cheaply at another location. Thus, corporate headquarters and research-and-

development complexes requiring specialized producer services along with highly-trained 

personnel often remain in and around urban centers, while nonspecialized production of a 

more routine nature is often located out of high-cost urban areas in the periphery where 

labor and land costs are lower. 

Additionally, economic restructuring has involved a strong shift in the sectoral 

distribution of employment, with large increases in the service and trade (tertiary), and 

information (quaternary) industries accompanied by a relative decline in the manufecturing 

and extractive industries (Smith, 1993; Glasmeier and Rowland, 1995; Garcia-Mila and 

McGuire, 1997). Today, more dollars in the production process are used to purchase 

specialized services, including high-tech computer consultants, data-processing specialists, 

plus a host of other professional services. As these inputs have become a major part of the 

costs of doing business within virtually all sectors of the economy, the overall size of this 

portion of the economy has become significantly larger (Power, 1996). Additionally, more 
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and more consumer dollars are spent to purchase services that are of use to a society 

fixated on leisure-time activities. 

An important component in virtually every aspect of economic restructuring has 

been improvements in communications and transportation technologies (Kasarda, 1980, 

1995). In many respects, transportation improvements have simply involved the continued 

development of US infrastructure—bigger and better highways, larger airports handling 

more freight, more efficient and containerized port facilities, etc. These changes have 

permitted cheaper and quicker ways to move inputs to production facilities, and outputs to 

consumers. 

More revolutionary, though, have been changes in communications that now 

permit instant access to people virtually anywhere in the world. When accompanied with 

the shift to a more service-oriented economy—where the final product may be computer 

programs or consulting reports—the effect of distance between production facilities and 

the consumer has diminished considerably. In many respects, the same situation is true in 

relation to various stages of the production process. However, this is not always the 

case— a point discussed later in this chapter 

Interestingly, much of this work by geographers on regional economic change has 

recently attracted a great deal of attention from prominent economists such as Romer, 

Porter, BCrugman, and Glaeser. Their work, termed the "new regional economics," stresses 

many of the same mechanisms of change so often cited by geographers (agglomeration 

economies, cumulative causation, the historical context of economic change, etc.), while 

also emphasizing the growth process (Romer, 1986; Porter, 1990; Glaeser et al., 1992; 
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Glaeser et al., 1995; Krugman, 1991, 1996). Especially important with respect to the ideas 

investigated by these economists are the important benefits associated with locating in 

cities, and the need for industries and firms to interact and share knowledge in the growth 

process. Additionally, this research has reiterated the importance of basic scientific 

research and the generation of knowledge. While many of these ideas are hardly new to 

geographers, who have been investigating these topics for over twenty years, economists 

have given some of these ideas a mathematical rigor that was often lacking in previous 

research and have situated much of this research within the context of more traditional 

economic thinking (Martin and Sunley, 1996). 

3. The Link Between Economic Restructuring and Regional Change: Human 

Ecology Theory and Sustenance Organization 

While it is argued that economic restructuring is the primary force driving change 

in the US since the 1970s, the relationship between economic and population change has 

long been studied as part of the human ecology tradition (Frey, 1987, 1993; Shumway and 

Davis, 1996). Sociologists, geographers, and other social scientists have developed the 

human ecology thesis over the past 75 years (Hawley, 1968). Over that time, several 

variations and themes have been developed and adapted by each discipline within the 

social sciences; however, the same underlying ideas remain. 

The central focus of the human ecology thesis is the relationship between the 

structtire of sustenance organization and population change in communities (Frisbie and 
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Poston, 1975, 1978). Frisbie and Poston provide a more formal definition of the human 

ecology approach: 

Human ecology is concerned with the organizational aspects of human population 
arising from their sustenance-producing activities. These activities are necessary 
for the collective existence of the populations and must be adapted to the 
changing conditions which confront them. Included here are an ever-changing and 
mediating environment, the technological repertoire at their disposal, and the size, 
composition, and distribution of the population themselves (p. 14, 1978). 

In other words, sustenance organization basically refers to the way people make a living, 

with the goal of at least providing the necessities of life. Today, sustenance organization is 

comparable to the sectoral structure of employment, and the community has been 

expanded to include multiple scales of human settlement (Frisbie and Poston, 1978). Thus, 

studies utilizing a human ecology framework may look at the changing percentage of 

people employed in the fanning, mining, manufacturing, services, and government sectors, 

and the analysis may focus on small villages, large cities, counties, or states. 

In the hunaan ecology approach, there is a direct relationship between the standard 

of living and the structure of sustenance activities. Furthermore, the structure of our 

sustenance activities is constantly changing and is affected by our relationship wnith the 

environment and how we adapt to changing technology. The implications for population 

and population change are that different standards of living will lead to the movement of 

people from one place to another with the goal of obtaining a better standard of living. 

Consequently, the human ecology approach establishes a clear link between economic 

structure and population change. 
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A simple example amply demonstrates the basic ideas of human ecology (Hawley, 

1968). For centuries, people were tied to rural areas in an attempt to grow enough food to 

survive. However, as new technology enabled fewer people to farm the same amount of 

land, large numbers of people in the rural countryside were no longer needed, leading to 

unemployment and a lower standard of living in these rural areas. At the same time, the 

industrial revolution changed the way of life in cities and created huge opportunities for 

the labor surplus that existed in the rural areas. The result was a massive migration to 

cities which hastened the urbanization process. This process continues today as 

mechanization and biotechnology permit even more bountifiil harvests reaped by fewer 

and fewer formers. 

Another important example comes from our changing relationship with the 

environment. For centuries, the environment has been viewed as a source of the raw 

materials needed for survival. A burgeoning environmental movement, however, has 

caused many to reevaluate this perspective. Today, there is an increased demand for 

environmental amenities, and the economic relationship between people and the 

environment has fundamentally changed, with important consequences for many local 

economies and associated population changes. This is an issue discussed in more detail 

later in this chapter. 

The literature on human ecology focuses on two distinct aspects of the 

organization of sustenance activities (Hawley, 1968; Frisbee and Poston, 1975, 1978). 

First, the components (or distribution) of sustenance organization will have an impact on 

population change. This means that economies dominated by sectors that can efiBciently 
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utilize technological changes to increase productivity are favored. Additionally, not only 

must these sectors be able to utilize new technology, they must produce commodities that 

are increasingly in demand. This means that these sectors will continue to require large 

amounts of labor, more than enough to compensate for efficiencies obtained fi-om new 

technologies. For example, economies based on agriculture will see stagnant or declining 

populations because, while agriculture has seen fentastic increases in efiSciency, the 

demand for agricultural products has not increased at nearly the same rate. On the other 

hand, economies reliant on services will see increasing populations because new 

technologies have created extraordinary new demand for the products from this segment 

of the economy. 

The second aspect of sustenance activities important to human ecologists is related 

to sustenance differentiation. This notion has evolved from Durkheim's ideas on the 

division of labor (Hawley, 1968; Frisbie and Poston, 1978). It is hypothesized that a 

community whose sustenance organization is differentiated or diversified will be favored 

and see increases in population. The reasoning behind this prediction is that communities 

with diversified economies will be able to develop and utilize new technologies in a more 

efficient manner. Additionally, it could be argued that people will be attracted to a 

community offering a wide range of goods and services. These ideas have been found in 

economics and geography with the notion of a diversified economic base (Blumenfeld, 

1955; Thompson, 1965). Large cities with a more diversified economy tend to grow fester 

and have larger economic base multipliers as well. 
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The overall implication of human ecology theory is that changes in the way we 

organize our sustenance activities, or the way we make a living, will have a large in^jact 

on the distribution of population, with the major changes being brought about through 

migration (Poston, 1980). Such important events as the Mustrial revolution, and 

important technological breakthroughs like the automobile, have had dramatic effects on 

the distribution of population. With regards to the changes seen in the US over the last 25 

years, the major changes we have seen (as discussed in the last section) have been grouped 

into what is called economic restructuring, and there is little doubt of its impact on 

population change. However, there is another way of using aspects of human ecology 

theory to explain the regional changes taking place, an approach that changes an important 

assumption of the theory. This topic is explored in the next few sections. 

4. Regional Restructuring Perspective 

Keeping in mind the above discussion on economic restructuring and human 

ecology theory, it is easier to understand how the two perspectives put forward by Frey 

differ in explaining current trends in population and employment change. The first 

perspective, called regional restructuring in this dissertation, argues that the changing 

location of economic activity in the US has resulted in a large number of other 

socioeconomic changes, including a subsequent redistribution of population through 

migration processes. At the national scale, these changes have precipitated (or hastened) 

the movement of existing industry out of the Northeast core of the US into the West and 
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South (Angel, 1980; Casetti, 1984; Clark et al., 1986). This is the femous Snowbelt 

(Rustbelt)—Sunbelt shift that has been so heavily documented in the literature of virtually 

all the social sciences (Kasarda, 1995). 

As discussed above, the effects of economic restructuring have permitted many 

firms and industries to move from metropolitan cities into nonmetropolitan areas. For 

firms that have moved to nonmetropolitan areas, lower input costs are of special interest 

and significance. These cost reductions may come from cheaper land and/or taxes, or from 

a nonunionized labor force that is paid less and that is more amenable to management 

needs (Clark et al., 1986; Barkley and Keith, 1991; Glasmeier and Howland, 1995). 

Additionally, the improvements in transportation and communication technologies 

mentioned above play an important role. However, in other cases, economic restructuring 

has reinforced urbanization and the expansion of large cities because newer, smaller plants 

have become more reliant on the traditional forms of agglomeration economies (Piore and 

SabeL 1984). 

Focusing more closely on the ramifications of economic restructuring for 

nonmetropolitan areas, it is clear that the changes have been of two types (Beyers and 

Alvine, 1985; Barkley and Hinschberger, 1992; Glasmeier and Howland, 1995). First, 

low-skill nondurable manufiicturing jobs (in branch-plants) have relocated to economically 

depressed areas with cheap labor costs (Barkley, 1993; QuintanUla and Rose, 1996). This 

process in many respects has been underway for quite some time, especially for many 

labor-intensive industries. The massive shift from New England to the South of the textile 

industry in the latter part of the nineteenth century is a typical example of this 
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phenomenon (Noyelle and Stanbeck, 1984). Today, some more advanced types of 

assembly in electronics have moved to rural areas as well. While these new plants may 

reduce unemployment in the short-run, many of these firms eventually move to oflfehore 

areas in the never-ending struggle to lower costs (Barkley, 1993). 

Second, and of a more promising nature, are certain service industry jobs that are 

not as tied to urban centers, industries which can fiilly utilize irmovations in 

communications and transportation (Barkley, 1988; Glasmeier and Rowland, 1995). These 

types of jobs have been among the fastest growing in the US, in both metropolitan and 

nonmetropolitan areas (Barkley, 1993). Typical of this phenomenon are jobs and firms 

associated with telecommunications service centers, such as the Citibank facility in rural 

North Dakota. Another example comes firom the computer software industry and/or firms 

doing business related to the World Wide Web. Empirical research has shown that service 

industries can be a promising source of export growth for rural areas (Porterfield and 

Pulver, 1991; Beyers, 1996; Garcia-Mila and McGuire, 1997). However, other service 

jobs, especially those related to the support of leisure-time activities and recreation, are 

not as highly sought after, and some critics have little respect for these type of jobs and 

their ability to significantly improve the overall economic health of rural communities 

(Power, 1996). Overall, while it is apparent that economic restructuring brings about 

change, it is also clear that the spatial effects of that change (e.g., which nonmetropolitan 

areas will grow?) are not entirely clear. 

In the regional restructuring perspective, the emphasis and mechanism of 

socioeconomic change is through the movement of jobs. Thus, local employment 
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opportunities in a region change as new firms enter and exit the market creating regional 

differentials in wage levels and unemployment- For a growing region, the implication of 

this is a shortage of labor and high wages, which induces in-migration until conditions 

start to balance and equilibrium is restored. In modeling this type of change, the clear 

expectation is that people follow jobs. Thus, while there have been major changes in the 

economy as a whole, in terms of the relationship between economic and population 

change, the relationship remains essentially the same. In the end, why firms choose to 

locate in one area versus another is dependent on the production requirements of a 

particular industry, and on the ability of a particular place to supply those requirements at 

a reasonable cost. 

5. Deconcentration Perspective 

The other explanation for regional change put forward by researchers, called the 

deconcentration perspective in this dissertation (Wardwell, 1977; Long, 1981; Frey 1987, 

1993), also emphasizes the structural changes taking place in the US economy, especially 

the shift out of primary and secondary activities. However, in this perspective it is argued 

that the effects of economic restructuring have been more &r-reaching than assimied by 

advocates of the regional restructuring perspective. Today, the migration process has 

become much more important in guiding regional change, and the interaction between 

employment and population change has been altered radically. 
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In regards to the direct effects of economic restructuring, because firms may no 

longer be tied to older urban areas, and in &ct may find it cheaper to move to 

nonmetropolitan areas, other production requirements may now become more important, 

especially the need for highly trained and specialized workers who find amenity-rich rural 

areas a more desirable place to live. Besides the ability of many firms to leave metropolitan 

areas in search of labor, many new types of workers and small-time entrepreneurs are no 

longer tied to specific locations (e.g., software designers and other jobs able to take 

advantage of communications advances); they can now move to more scenic and desirable 

locations. Recent research has shown that growth in many high amenity areas can be 

linked with these new types of workers, often called "lone eagles" (Rasker, 1995). 

Research on amenities has in fact shown that location-specific attributes have 

become much more important in understanding why people move to particular places 

(Ullman, 1954; Porell, 1982; Clark and Hunter, 1992). For the US as a whole, many 

researchers emphasize this change in residential preferences as the primary reason for the 

massive Snowbelt-to-Sunbelt shift seen since World War II (Ullman, 1954; Long, 1988; 

Gober, 1993). However, as noted above, the 1970s saw a dramatic change in the nature of 

US migration as normietropolitan areas suddenly started to grow faster than metropolitan 

areas. Even though amenities such as nice climates have been known to influence 

migration since the end of World War n, these preferences were most often realized with 

moves from one metropolitan area to another, or from nonmetropolitan to metropolitan 

areas (Beale, 1977). 



42 

It is apparent that the population changes seen in the 1970s are indicative of 

fiirther changes in the locational preferences of migrants. As a whole, the tj^pes of 

amenities preferred by migrants have diversified and now include not only warmer 

climates, but rural lifestyles as well. (Johnson and Beale, 1994; Rasker, 1995; Power, 

1996). Other amenities that have become increasingly important are scenic and pristine 

natural landscapes, an outgrowth of the environmental movement that began in the 1960s 

(Rudzitis and Streatfeild, 1994; Rasker, 1995; Power, 1996). The value of these natural 

settings is so strong that researchers have found that workers are willing to forgo real 

income in lieu of the intangible benefits gained from living near these scenic locales (von 

Reichert and Rudzitis, 1994). 

In addition to the increased attraction of environmental amenities among migrants, 

an important aspect of the deconcentration perspective is the changing demographic 

structure of the US, especially the role of retirees (Hoppe, 1991). Over the past 50 years, 

the relative size of the retiree population has grown in size as Americans live longer. 

Additionally, people are retiring earlier, and generally have more money when they do 

retire (Reeder et al., 1993). The vision of retirees as an old and infirm group which does 

nothing but soak up resources is clearly outdated in many parts of the US today. This 

group is even more significant because their income (e.g., savings, pensions, dividends, 

etc.) is not tied to a job or a particular place, and can be paid out anywhere in the US. As 

a result, many nonmetropolitan counties across the country have become retirement 

centers with local economies dominated and growing because of this cohort (Beale and 

Fuguitt, 1990; Hoppe, 1991; Gober, 1993; Longino, 1994). 
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Retirees are not the only people in the US who have come to rely on 

nonemployment income. The overall size of nonemployment income in the US for the rest 

of the population has grown tremendously, and in rural areas now often accounts for up to 

half of total personal income (Ross and Green, 1985; Manson and Groop, 1990). As noted 

above, the link between jobs and income is severed for those who receive a large 

percentage of their income from sources other than jobs, and this income can move very 

easily from one location to another. Ultimately, the value of this income comes down to its 

ability to generate local economic growth. Although some nonemployment income 

consists of payments for lower income groups in declining areas, much of it is not (Smith 

and Harris, 1993). In fact, research has shown that nonemployment income can be a 

significant fector in driving rural economic growth, and it is not necessarily tied to low 

income areas (Ross and Green, 1985; Cox, 1989; Manson and Groop, 1990; Vias and 

Mulligan, 1997). 

Overall in the population deconcentration perspective, the emphasis is on the 

changing residential preferences of people, and their ability to finally take advantage of 

those preferences because of changes in the economic structure of the US. Thus, 

migration into new regions creates local employment opportunities in the service and trade 

sectors and growth is generated through multiplier effects. In modeling this type of 

change, the clear expectation is that jobs foUow people. Thus, the argument in this 

perspective differs significantly from the ideas of regional restructuring, especially in terms 

of the effects of economic restructuring and the interactions that take place between 

economy and population change. 
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Returning to the human ecology framework discussed earlier, it is apparent that 

there have been some fundamental changes in the organization of sustenance activities in 

the US. The overall importance of the resource-extraction and manu&cturing industries 

has diminished. Much of our economy today is oriented to providing services, which are 

not reliant on inputs that are extracted from the earth. Additionally, new technologies 

have—to a large extent—altered the locational constraints of production, be it goods or 

services. In the term used by a number of theorists on regional change, many industries 

are more "footloose." As hypothesized by human ecology theory, this fundamental change 

in the organization of sustenance activities has had a significant efifect on the population 

distribution of the US. Although not explicitly stated, the human ecology approach sees 

employment change preceding population change, and the regional restructuring 

perspective flows natiu-ally from the theory already explored. However, it may also be 

possible that by looking at human ecology theory in a slightly different way, the same 

changes caused by economic restructuring can explain the deconcentration perspective as 

well, especially when accompanied by changing residential preferences. 

To illustrate this idea, suppose that the shift in our sustenance activities (the shift 

to services) has changed patterns of population growth, the most common expectation of 

human ecology theory. However, let us argue that in this case there has been a more 

fundamental change than a simple shift in sectoral structure—^that the nature of the 

structural change has been so extraordinary that the entire sequence of employment and 

population change has been altered as well. Instead of the need for jobs to shift and move 

in order to drive population change, economic restructuring (vertical disintegration, new 
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transportation and communications technologies, new iocationai flexibility, 

nonemployment increases, etc.) now permits many people to decide where they want to 

move first, and then move to that location with their jobs and income following them. 

The end result is that economic restructuring may manifest itself in two possible 

directions. One possible outcome follows standard human ecology theory—sectoral 

change leads to population change. The other possible outcome is that economic 

restructuring has altered an implicit assumption of human ecology theory, and that the 

changes associated with economic restructuring now permit population change to occur 

first, with jobs moving at a later time. Because of these fimdamental changes, it now 

appears that while human ecology theory still offers valuable insights on the link between 

economic structure and regional change, it is of little help in understanding the mechanism 

and sequence of population and employment change. Consequently, for the time being 

questions on which process is more important must be resolved empirically. 

Before ending this discussion on general theory, it is important to emphasize a key 

point about these mechanisms of change. When describing and first introducing the jobs-

leading-people or people-leading-jobs mechanisms, it is possible to infer that reality is as 

simple, and that one mechanism is present to the exclusion of the other. In fact, these 

mechanisms are both present to some degree. In fact, it will be shown in a later chapter 

that both mechanisms are linked, and feed back on each other. What is being hypothesized 

by researchers and this author is that economic restructuring has led to a situation where 

the jobs-follow-people mechanism is of greater importance today that it once was. This 

entire issue is much more complex than outlined in this chapter, and a great amoimt of 
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research has appeared in the social science literature. However, the main body of literature 

on this topic will be explored in Chapter 6 when an empirical analysis of the sequence of 

population and employment change is presented. 

6. Conclusion 

In this chapter, a number of aspects of regional change in the US have been 

explored. More importantly, a link (human ecology theory) has been proposed between 

the changes that are part of economic restructuring, and the resulting socioeconomic 

changes that have redistributed population and employment around the US. While human 

ecology theory does help explain how sustenance reorganization may alter the 

socioeconomic landscape, it was also argued that the effects of economic restructuring 

may have been so profound that the implicit mechanism of change, the movement of jobs 

followed by people, may have actually changed as weU, to one where jobs follow people. 

The two different mechanisms are part of two perspectives put forward by researchers that 

explain the regional growth and change seen in the US since the 1970s. While theory does 

provide some fnsights on the nature of regional change, it offers little guidance on which 

perspective has dominated in recent years. 

Perhaps more importantly, there is little reason to think that these processes are the 

same for every region in the US. Clearly, the perspectives outlined by Frey and others may 

play out much differently in each part of the US depending on the geography and history 

of the region. Thus, any answers to questions on the nature of socioeconomic change in 
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any particular region of the US, including the RMW, must be answered empirically while 

taking into account the geographical and historical attributes of each region that may alter 

generalized ideas and theories on regional change. As it turns out, the characteristics of 

the RMW have played a crucial role in determining the efifects of economic restructuring 

on the region, a situation that has not gone unnoticed by regionally-based researchers. 

This is a subject taken up in some detail in the next chapter. 
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CHAPTERS 

REGIONAL GROWTH THEORY IN THE CONTEXT OF THE 

ROCKY MOUNTAIN WEST 

1. Introduction 

The discussion in Chapter 2 focused on a few of the leading ideas regarding the 

mechanisms for population and employment change taking place in the US, with some 

focus on the nonmetropolitan areas of the country. However, every region in the US has 

gone through specific historical events that have altered how these socioeconomic 

processes play out over time, and in that respect the Rocky Mountain West (RMW) 

region is very distinct. New research by geographers, economists, and other social 

scientists has expanded our knowledge of the factors driving change in the 

nonmetropolitan areas of the region. Nevertheless, much needs to be learned about exactly 

how change is being brought about in the RMW, and what attributes of the history and 

geography of the region have led to past and current patterns of growth and development. 

Once again. Figure 2.1, first introduced in Chapter 2, helps sittiate the topics 

discussed in this chapter in relation to theories already outlined. The first section 

introduces some important historical background on the region, especially as it relates to 

regional growth over the past 100 years. This discussion is followed by a detailed review 

of previous research published over the last 50 years on regional growth in economies 
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based on resources, especially the work of Innis and North. Although some of these ideas 

are dated, they still form the basis for economic development in many areas of the western 

US and Canada. The final section of the chapter focuses on new thinking about growth 

and development in the specific context of the RMW. As noted earlier, leading scholars in 

the region such as Thomas Power and Ray Rasker contend that sweeping theories on 

regional change are not adequate for explaining changes peculiar to the RMW. They argue 

that scholars must take into account the unique development trajectory of the region—a 

trajectory that is a result of the region's heavy reliance on the extractive industries as a 

source of economic growth. 

2. Socioeconomic Change in the RMW: Past and Present 

The Rocky Mountain West is not the area originally settled by pioneers moving 

away from the east coast in the mid 19'*' century. In fact, most of these areas were 

considered too wild and untamed for settlement, and of relatively little value, as many 

people simpty^ passed through on their way to California, where the first gold rush was 

centered (Reisner, 1993) Later in the century, valuable minerals were found in the Rocky 

Mountains, particularly in Colorado, where significant deposits of gold and silver were 

discovered (Abbott et al., 1994). Over time, other minerals were found in all the states of 

the region in a variety of topographic settings. 

Moreover, today, as in those earlier times, most of the valuable minerals have been 

extracted in relatively remote areas away from the cities (Lorah, 1996). Thus, tiny 
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communities in rural backwaters often situated at very high altitudes, sometimes grew at 

unbelievable rates. Relatively large cities of 5,000-10,000 flourished in locations that most 

people even today would consider inhospitable, all because the draw of quick money was 

too irresistible. Despite the fortunes made by many, in most cases these ores were quickly 

played out. Because the mines were virtually the only source of wealth in these remote 

locations, with the closing of the mines, in a matter of weeks and months many of these 

communities were reduced to ghost towns. Particularly interesting is that maybe only 10 

miles away, another boom might be taking place (Lorah, 1996). 

To some extent, this high volatility in the mining industries has diminished with the 

rise of other extractive industries (Limerick, 1987). Timber, particularly in the northern 

states of the region, has come to play a major role in economic development. Additionally, 

agriculture has assumed a much larger role. Crop harvesting, particularly in the plains 

areas of the eastern portion of the region is still very important. Also, some areas have 

developed unique agricultural industries of their own. For example, Idaho is world-

renowned for its potato production, while Arizona has a very large and profitable winter 

produce industry. Perhaps more significant than any of these activities is ranching, found 

in every comer of the region. Once a significant conqjonent of the entire regional 

economy, in many areas the economic impact of ranching has become very small 

compared to other activities. However, the industry still plays a major role on policy in the 

region because its huge land requirements make it very visible, and because of the region's 

romantic attachment to the historical cowboy legacy (Lorah, 1996). 
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Reflecting back on the history of the region, it is clear that two economic 

processes have dominated the turn of events in the region, especially over the last centiiry 

and a half (Guillford, 1989; Rasker, 1994; Lorah, 1996). First, it has been noted that the 

region has relied on its abundant natural resources in mining, forestry, and agriculture to 

act as the engine of growth. From the copper mining and winter produce production in 

Arizona, to silver mining and grains in Colorado, to the timber of Idaho, extractive 

industries have dominated and been the primary mechanism of economic growth (Power, 

1996). The giant manufacturing complexes that dominate the Snowbelt. as well as many 

parts of the Sunbelt, simply have not played a major part in the region's economic history. 

Second, because of this reliance on extractive industries, the region has been 

particularly vulnerable to the whims of the natural resource markets both in the US and 

around the world (Flora, 1990; Freudenberg, 1992). When these markets are doing weU, 

the money and wealth generated is extraordinary for all involved, from owners to workers. 

However, these markets are notorious for their vast fluctuations over time because they 

serve as inputs for many industries that are intimately linked to the ups and downs of the 

business cycle (mining for durable manufecturing, lumber for construction, etc.). Other 

reasons for the instability include the unsustainable nature of many of the resources, 

increasing world competition, and an increasing environmental awareness that is often in 

conflict with the development of the extractive industries. Despite this problem, the 

extractive industries of the region are not as vulnerable to economic recession as they 

could be since they generally do not produce commodities with high income elasticities, 

products such as fiirs and some precious metals (North, 1955). However, it is clear that 
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the extractive industries have and remain even today an important component of the 

region's economy and will continue to play a role in future growth and development. 

3. Regional Growth Theories: Traditional Theories for Resource-Based Ecooomies 

The process of regional growth and development in the RMW, like that seen in 

other regions of the US and Canada that relied on natixrai resources, has been analyzed 

and described by several researchers. Of particular interest in this respect is the seminal 

work on staples theory developed by Harold Innis, the Canadian economist. Staples theory 

argues that isolated economies reliant on staples (usually natural resource exports used by 

developed economies) have taken a unique economic development path, especially in 

contrast to the developed and industrialized regional economies on the eastern seaboard 

on North America. What differentiates these staple-producing economies, according to 

Innis, are three important elements that have been routinely ignored in neoclassical growth 

theory: the role of geography and natural resources, the importance of institutions, and the 

dramatic impacts of technological change (Watkins, 1963; Hayter and Barnes, 1987). 

Each of these elements, some more than others, have helped define growth processes seen 

in particular areas of western North America. The same three ideas underlie the later work 

of North, and the more contemporary ideas of Power and Rasker. 

In terms of geography, Innis saw the important role of natural resources in the 

development of a region. However, the resources are only important as long as demand 

exists outside of the regioiL Thias, the geographic aspects of staples theory not only 
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require important resources, but the establishment and need for relations and markets in 

distant regions. Looking at this notion from the perspective of the Rocky Mountain West, 

the need for raw materials in the industrialized areas of the east coast provided the export 

demand needed for the RMW to grow economically (Limerick, 1987; Abbott et al., 1994). 

Also apparent is the unequal and self-perpetuating nature of the relationship between the 

resource-based economies of the west and the industrial economies of the east, whereby 

each region was locked into its economic status over the long-run, with little hope of the 

RMW ever emerging from its subordinate status. Geography also figures prominently in 

explaining the pattern of growth and development in the RMW. As Innis notes (1946, p. 

87), "Geography provides the grooves which determine the course and to a large extent 

the character of economic life." In this case, the statement of Innis can be taken quite 

literally to explain the isolated and fragmented growth of the region due to extreme 

topography—high mountain ranges with large open deserts. 

In terms of institutions, a major factor in the growth of the RMW has been the role 

of the federal government, which owns a majority of the land in the region (Lorah, 1996). 

More so than other regions in the US, basic land management decisions made by officials 

in distant seats of power have played an important role in guiding the growth and 

development of the natural resource base, and the economy as a whole. As viewed by 

Innis, these power centers have been controlled by industrialized interests in the east, 

which established policies that favored exploitation of the resource base at a reasonable 

cost. This aspect of Innis' ideas have materialized in the RMW via massive government 

expenditures on the infrastructure needed to exploit natural resources. An additional 
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outgrowth of a destiny controlled by interests in another part of the country has been the 

development of a distinct culture that resents outside interference, the basis for the 

"sagebrush rebellion," and also a source of recent conflicts related to growth and new 

migrants (Larsen, 1995). 

For the RMW, there is one other important implication of an economy based on 

extraction, especially when these minerals and other commodities are obtained mostly 

from federal lands. As noted earlier, a major problem associated with an economy reliant 

on extraction is the cyclical nature of the industry. One of the primary means by which 

these industries manage to stay operational and competitive is because of the low cost of 

doing business in the region (cheap mining patents and ranch land leases along with the 

free construction of roads in national forests for lumber production), and where 

environmental regulation, until the 1970s, was also negligible (Power, 1996). However, 

this type of economy is prone to changing federal policies that can change dramatically 

from administration to administration, and which is also prone to change from the overall 

trend in environmental preservation (Lorah, 1996). 

Finally, the third component of Innis' ideas center on the impacts of technology. 

Advances in Arming, mining, and forestry technologies have permitted the continued 

exploitation of these resources just when it appeared the extraction process was becoming 

too costly. Examples include the use of irrigation and hybrids to allow more produce 

production in AZ, and more advanced mining techniques to work over old tailing*; or to 

mine less rich veins of ore. While the technology has insured the continued presence of 

these natural resource industries in the region, they are also the source of problems 
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because modernization has created the need for fewer workers, creating some areas with 

high unemployment. 

Based on a detailed historical analysis of Canada's Pacific coast, staple-based 

economies undertaken over several decades, Tnnis was able to show that economic growth 

and development in the region could become more diversified over time through linkages 

between the primary sectors and related manufacturing industries. However, his work is 

even more well-known today because of his description of the "staples trap." This 

situation describes an economy that is fixed in its exporter status and fails to establish the 

linkages needed to diversify the economy over the long-run. Since Innis' exposition of the 

staples trap, these ideas have taken on new significance in the context of the developing 

nations, and their statuses vis-a-vis the industrialized nations of the world. 

Clearly Innis' ideas have a place in explaining events that have taken place in the 

RMW over the last 100 years. However, it is the work of North (1955) on the growth 

process of a region trying to emerge fi-om this staples-based production which is especially 

useful with respect to the current patterns of growth and development in the RMW region. 

It is apparent that North's thinking picks up where Innis' work left ofif. As North explains, 

the classical theories of regional growth, besides failing to explain the persistence of 

resource-based economies over time, have done little to elucidate the process of growth 

from a resource-based economy to one with a more diversified sectoral and export 

structure as weU. Traditionally, economists viewed the growth process as a five stage 

process: 
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1. self-su£5cient subsistence economy 
2. development of interregional trade and support industry for resource industry 

and workers 
3. increased interregional trade and more advanced agricultiiral crops 
4. increased population pressiires force a region to industrialize, products based on 

use output of local extractive industries 
5. regional specialization in tertiary industries (North, 1955). 

As North so aptly points out, this bears little resemblance to extractive-based economies 

like those found in western Canada, the northwest US, and the RMW. As history has 

shown, the standard route to industrialization has not occurred, and there appears to be 

little likelihood that the mass-production-based heavy industry that spurred 

industrialization in the east is going to occur in the RMW because of much smaller 

markets and high transportation costs. However, other types of manufacturing processes 

can develop, including manufacturing related to initial processing of raw materials in 

mining, lumber, and agriculture, as well as the service industries that support these types 

of production. Also important are service industries that support residentiary activities 

(local consumption) and the development of footloose industries. 

In the RMW, the first and second types of emerging growth industries (raw 

material processing and services to these industries) have existed in several areas for years, 

and remain an important part of the economy. However, it is the third and fourth areas 

(residentiary activities and footloose industries) that offer real opportimities for growth in 

the RMW. As will be explained in more detail in the next section, increases in local 

consumption brought about through in-migration to areas with environmental amenities is 



57 

clearly a part of the deconcentratioa perspective. Additionally, footloose firms in the 

service and information industries can and will play a crucial role in the growth of some of 

the more remote regions as well. It is important to note that while the transformation of 

the economy towards manufacturing is taking place in this growth process, the reliance on 

the resource base is still significant, especially the natural environment that may attract 

migrants and service industries to nice locales. Thus, while the relations with the resource 

have changed, the resources themselves are still important. 

Over time, these extractive or staple industries which spin off to some degree fi*om 

the primary export or staple industries, will continue to grow and result in more and more 

import substitution in the region, with greater multiplier efifects as well. While North 

viewed the possibility of significant growth occurring over time with an economy still 

linked to staples, Tiebout (1956, 1962) saw this scenario and argued that the eventual 

shift towards producing more commodities locally to serve residents as the key to 

sustained long-term growth. 

Overall, what these theorists accomplished in the 1940s and 1950s was to establish 

the basis for a growth process that is much more geographically and historically 

contingent. Clearly, researchers should keep in mind that each region takes a slightly 

different path in the growth process. In some cases, these paths are so different that the 

fundamental basis of the original neoclassical growth theories needs to be readjusted to 

take into account the unique characteristic of the region and to develop new ideas on the 

processes that underlies that growth. While researchers like North, Tiebout, and Innis 

provided to initial impetus for this type of regionally-based theory, recent events such as 
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economic restructuring, demographic and income-source changes, and new residential 

preferences for high-amenity areas still demonstrate the continued need to ground general 

theories on growth and development against what is taking place in the region. 

4. New Regional Growth Theories: The Rocl^ Mountaia West 

Researchers in the RMW have long been aware of the issues discussed in the last 

few sections (and in Chapter 2) and have written extensively on the problems associated 

with economies reliant on their natural resource base (Rasker, 1995; Power, 1996. These 

researchers have outlined the structure of such economies, and what the long-term impact 

of this type of economy means, in what some have called "resource extraction theory" 

(Rasker, 1995). Resource extraction theory is closely linked with long established ideas 

on economic base analysis, but with primary or extractive industries serving as the basis 

for growth, rather than secondary or manufacturing industries (see Figure 3.1). Power 

(1996) refers to the whole economic base approach, especially when the economy is 

dominated by the extractive industries, as "folk economics," basicalfy^ a euphemism for a 

simplistic and outdated idea for how the economy works. Clearly, after the discussion of 

the last section, this model of economic growth draws heavily from the ideas of Innis and 

North on staple-based economies. 

This view of the RMW today is somewhat limited in a number of ways. For 

example, as noted above, the notion that extractive industries are the sole source of 

growth in the rural economies is becoming outdated. Other researchers have noted this 
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Figure 3.1 Resource Extraction Theory 
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important omission from regional growth theories (Perloff et al., 1960; Tiebout, 1956, 

1962). However, this approach to economic growth and development has remained firmly 

embedded in the minds of local ofiBcials for over 100 years, and as a restilt, local 

development policies still emphasize programs that will help local extractive industries, no 

matter how shortsighted these policies may seem (Rasker, 1994). Part of this stems from 

history, and a fear in local ofiBcials afiraid to take on long-entrenched interests. Perhaps 

more importantly, many economic development ofiBcials do not see any alternatives 

(Power, 1996). The popularity of economic development programs focused on promoting 

services has not taken hold in many cases. The primary reason for this reluctance is that 

many contend these jobs are low-paying, short-term jobs. The prevalence of these ideas is 

astounding because they stand in stark contrast to the events that have been taking place 

in the RMW in recent years (the growth of services, discussed in more detail in Chapter 

4), events that researchers have spent considerable time trying to understand. 

As a result of work by regionally-based researchers, another approach to looking 

at change in the region has been developed and is called the "quality-of-Ufe model," an 

explanation for what is actually happening today in the amenity-rich RMW (Rasker, 

1995). Figure 3.2 diagrams "bootstrap economic development," Power's (1996) very 

similar version of the quality-of-life model Lorah (1996) has simimarized the ideas of 

these researchers, and states that there are several key features in the quality-of-life model. 

Importantly, many of these ideas are related to both of the perspectives outlined in 

Chapter 2 on regional growth and change. Additionally they reflect the historical ideas of 
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Figure 3.2 Bootstrap Economic Development (Quality of Life Model) 

Feedback 
and 

Multiplier 
Effects 

Sectoral shift and 
expansion of the 
local economy 

Environmental and Social 
Amenities 

Employment 
Opportunities 

New nonemployment income 
New markets for nonbasic 

activities (services) 
Increased labor supply 

New investment 
Housing construction 

New service and trade firms 
Development of new 

infrastructure and eovt. services 

Population stays in 
attractive environment 

New migrants attracted to 
same environment 

Based on Figure 2.6 in Powers, 1996 



62 

Innis and North on resource-based growth, and paths of development that can pull a 

region away from that type of economy. 

A significant aspect of this model is the changing nature of residential preferences. 

As outlined above, more leisure time and higher incomes have led to increased demand for 

residential areas close to scenic locales (Rudzitis and Johaoseo, 1989, 1991; Rudzitis and 

Streatfeild, 1994). Thus, there is now a very strong demand for these natural environments 

that is not related to extracting resources from the ground—a. demand that is able to take 

advantage of these resources without necessarily destroying them at the same time 

(Rasker, 1994; Power, 1996;). Additionally, the desire to live in a rural town with a strong 

sense of community plays a role, along with the appeal of a simpler life style with less 

crime and pollution (Rudzitis, 1989, 1991, 1993). 

Also notable in the model is the importance of nonemployment income and the rise 

of the service sectors (Rasker, 1994). Furthermore, remarkable improvements in 

communications have made it easier for single "lone eagle" entrepreneurs to succeed in 

remote locations (Rasker, 1995). All these changes in turn create new growth and 

increased government expenditures, such as new housing construction and local 

infrastructure development. In the end, one of the primary consequence of this model is 

that a healthier local economy not only attracts people, it keeps in place those who live 

there already. Keeping the local population base is one of the most important keys to the 

health of a rural county. Conversely, one of the surest signs of a bleak future are major 

population losses from out-migration of the young and the educated. Finally, another 

fundamental implication of the quality-of-Iife model is that the migration and population 
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growth take place before employment growth, this being the mechanism of change at the 

core of the deconcentration perspective. 

Reflecting back on this review of staple theory and resource-based economic 

growth and development, it is apparent how the most current ofifehoot of growth theory 

embodied in the quality-of-life model has evolved. Researchers like rnnis and North saw 

the clear gap between conventional theory and reality in the economic history of the rural 

economies of the west over the past two centuries. It is apparent that the work of Power 

and Rasker has relied on the research of Innis and North. From that large literature, they 

have taken into account new socioeconomic trends in the US and the RMW such as 

economic restructuring, demographic change, and changing residential attitudes, and 

recast the older ideas on staple theory to form the quality-of-life model. 

5. Conclusion 

In this chapter, the progression of ideas on regional growth and development for 

resource-based western economies has been outlined in some detail. Clearly, there is still a 

need to rework conventional theory so that it takes into account the geography and history 

of each region. The work of Rasker and Power represents a strong continuation of that 

line of thinking. However, while the ideas of these regionally-based researchers have 

gained some popularity among social scientists and government ofiBcials in the RMW, a 

number of the assumptions and claims of the quality-of-life model have not been fiilly 

evaluated in a comprehensive manner. 
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The number of questions related to the vziiidity and relevance of the model are 

numerous. For example, has the shift to service industries been as widespread in the region 

as it has been throughout the US? Additionally, are the service sectors and 

nonemployment income acting as the engines of growth in recent years, as suggested in 

the model, or do the extractive industries still play an important role. Perhaps more 

importantly, are people better off with service jobs as opposed to older extractive industry 

jobs, especially in terms of wages? Other questions relate to the importance of amenities. 

Although a significant amount of econometric research has been done on amenities such as 

climate, or quality-of-life variables like crime and the quality of education, not nearly as 

much analytical work has been done on the role of environmental quality and scenic 

landscapes. On a fundamental level, is the model's mechanism of change correct? Are 

people moving first to the region, or do jobs enter the region first? Finally, how have 

changes in local economies evolved over the last 25 years in the region, and how have the 

factors associated with growth in the quality-of-life model changed over that same time 

period? 

These are some of the questions still being asked today. Many studies of the region 

have focused on only a few aspects of regional change, and almost always over a single 

time span. For example, Lorah (1996) primarily focused on the effects of wilderness areas 

on economic and population growth using ANOVA techniques. Additionally, he examined 

change over a single 24-year time period, used only a subset of the RMW states (MT, ED, 

WY, UT, and CO), and did not evaluate the role of economic structure. Shumway and 

Davis (1996) did evaluate the effects of economic structure over the same time periods 



65 

used in this study. Despite that similarity, they did not take into account the effects of 

population and en:q)loyment on each other, or explore employment changes. Both studies 

also did not look at the role of nonen^loyment income on growth processes, an important 

component of the quality-of-life model. The few studies that have examined a 

comprehensive set of variables using adjustment models (combined population-

employment models) have focused on change over one time period (Duflfy-Deno, 1998), 

or have looked at national trends for all types of counties, metropolitan and 

nonmetropolitan (Carlino and Mills, 1987; Clark and Murphy, 1996). 

Little emphasis has been given to the fectors driving growth, and how these have 

changed over time and space. One of the few studies to use this approach (Heaton et al., 

1981) was focused on all the nonmetropolitan counties of the US, and only examined the 

changing determinants of migration without examining the possibility of simultaneity 

between employment and population growth. Perhaps more importantly, they were not 

trying to test specific hypotheses, particularly the quality-of-Iife model. The purpose of 

this dissertation is to begin a much more comprehensive study of change in the RMW in 

general, and to test the claims of the quality-of-life model specifically. 

Before continuing with the empirical aspects of this dissertation presented in the 

next four chapters, the reader may want to review a number of important features and 

assun^jtions of the empirical research in this dissertation. Among the issues discussed are 

the specific region used for this study, the scale of analysis, and the nature and quality of 

the data used in the empirical analysis. For the sake of continuity in the presentation, this 

discussion is included in the appendix. 
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CHAPTER 4 

PATTERNS OF CHANGE IN POPULATION, EMPLOYMENT, 

AND INCOME IN THE NONMETROPOLITAN 

ROCKY MOUNTAIN WEST 

1. Introduction 

While many parts of the nation have seen extraordinary growth over the last 25 

years, population and employment growth in the Rocky Mountain West (RMW) has far 

exceeded that of any other region in the US, especially over the last five to ten years 

(Shumway and Davis, 1996). For example, population growth over that time has averaged 

2.5% a year in the RMW, while the average growth rate has been around 1% for the US 

as a whole. Interestingly, while most people identify growth in this region with such cities 

as Denver and Phoenix, the nonmetropolitan areas of the RMW (as a whole) have shown 

extraordinary growth as well, growth that has consistently outpaced that of other 

nonmetropolitan areas of the country in recent years (1.8% for the RMW versus .8% for 

the US as a whole, average annual growth rate). Furthermore, continuous long-term 

growth in the nonmetropolitan areas of this region represents a break from the past, 

especially for areas long associated with the extractive industries (Lorah, 1996; Shumway 

and Davis, 1996). 



This chapter begins an examination of population, employment, and income trends 

in the RMW over the entire 25-year time period running from 1970-1995. The analysis 

looks at growth trends within the region, and at trends compared to the nonmetropolitan 

areas of the US as a whole. While the eventual goal of this dissertation is to gain an 

understanding of all the elements interacting in the growth process, it is useful to begin 

with an analysis of a few important population and economic measures by themselves, 

primarily with the use of simple descriptive statistics. This presentation will provide the 

basis for proceeding with a much more sophisticated analysis in the next three chapters. 

2. Demographic Changes in the Region 

Since the founding of the US, demographic change in the nonmetropolitan areas of 

the US has been dominated by two processes (Johnson and Purdie, 1980; Sharpless, 1980; 

Fuguitt, 1985). First, virtually all changes in population size have resulted from natural 

change, with births exceeding deaths by a comfortable margin in most areas. Of course, 

regional and national events (e.g., the depression), at times, reduced, the significance of 

this component of growth. Second, the urbanization process has led to consistent net out-

migration from nonmetropolitan areas. Migration flows for the US, as they have been for 

the developed nations of the world, show that people have been moving to the cities in a 

process that has run for nearly two hundred years. This has occurred as farming became 

more efiGcient, and as cities industrialized and became capable of absorbing large amounts 

of rural labor. 
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In the 1970s, a major break with the past took place as the nonmetropolitan areas 

started to experience positive net migration vis-a-vis metropolitan areas (Beale, 1975). As 

Beale noted in his femous paper on the turnaround: 

The vast rural-to-urban migration that was the common pattern of US population 
movement in the decades after World War Two has been halted, and on balance, 
reversed....The result is a new trend that is already having an impact, one that 
modifies much of what we have taken for granted about population distribution. 
(Beale, 1975, p. 1) 

This phenomenon came to be called by a number of terms, including the rural renaissance, 

the nonmetropolitan turnaround, or counterurbanization. With the advent of new 

migration into nonmetropolitan areas, and a continuing decline in fertility rates that has 

been seen in virtually all the developed nations, migration has become the major 

component of population change at the regional scale. As a result of the dramatic and 

imforeseen nature of the changes seen in the 1970s, a huge literature developed on the 

processes driving this change (see Fuguitt, 1985, for a small sample). Although a number 

of theories have been presented on the causes of the 1970s turnaround, little consensus 

has emerged (McCarthy and Morrison, 1977). 

Events since the turnaround have made the whole topic of nonmetropolitan 

population change even more difficult to understand. The 1980s saw a general reversal in 

the growth of nonmetropolitan areas, and a return to earlier urbanization trends. 

Additionally, distinct geographical patterns emerged with some regions faring far worse in 

terms of nonmetropolitan population losses. This led some researchers to state that the 

1970s were nothing but an anomaly and did not represent a clean break from the past 

(Vining and Strauss, 1977; Fuguitt, 1985). Patterns of population change since 1990 have 
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made the pictiire even more muddled because of a resurgence in population growth in 

most of the nonmetropolitan regions of the US. However, this pattern of growth is not as 

strong or as widespread as it was in the 1970s. Needless to say, this most recent reversal 

has only added to the contentious debate of what is driving nonmetropolitan population 

change in the US. 

Focusing more closely on the RMW. the region has followed these changes to a 

large extent, but with some notable differences. Figure 4.1 shows annual population 

growth rates for the US as a whole, and for the RMW specifically, and for the 

nonmetropolitan portions of these areas over the entire 25-year time span running from 

1970-1995. Note that because most of the population in the US lives in metropolitan 

areas, the total population trends mirror those of the metropolitan areas to a large extent. 

The graph highlights the reversal in population growth already mentioned, 

including the rural renaissance of the 1970s, the reversal and decline of the 1980s, and 

finally, the new turnaround of the 1990s. The nonmetropolitan RMW has differed from 

national trends in that these changes have been generally more extreme—growth was 

much greater in the 1970s, and more sustained. However, when the turnaround of the 

1980s did come, it was quicker and greater in magnitude than for the nonmetropolitan US 

as a whole. Finally, growth over the last 7 years has been considerably greater than that 

experienced by the rest of the nonmetropolitan counties in the US. It is also apparent that 

throughout the 1980s, the metropolitan areas of the RMW did not suffer losses of the 

same magnitude as those found in the nonmetropolitan areas. 



Figure 4.1 Annual Population Growth Rates in the Rocky Mountain West and the US, 1970-1995 
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An analysis of the demographic components of change provides fiirther insights. 

Specifically, to what degree has change been caused by migration versus natural increase? 

Table 4.1 shows change for the nonmetropolitan counties of the RMW during the three 

time periods. For the region's nonmetropolitan counties as an aggregate, migration has 

clearly been the most volatile component, going fi-om a half million positive net migration, 

to negative net migration in the 1980s, to a complete turnaround in the first five years of 

the 1990s. In feet, net migration for the last five years has nearly equaled net migration for 

the entire 1970s. It is very apparent that migration is ±e component of change that reacts 

to the large swings and changes taking place in the US, especially events such as economic 

restructuring and changing residential preferences. Additionally, the strength of the 

turnaround for the RMW is now nearly as strong as it was in the 1970s, a trend not found 

in the rest of the nonmetropolitan US. This new large spurt of growth may be linked to 

problems in California, although the entire US has generally seen an increase in population 

growth in the nonmetropolitan areas as well. Natural increase, on the other hand, has 

remained fairly constant throughout the 25 year time period. 

Disaggregating the population data reveals a few other interesting aspects of 

nonmetropolitan population change in both the RMW and the US. Although metropolitan 

counties throughout the country have outpaced nonmetropolitan counties in terms of 

population growth for decades (a trend broken in the 1970s), of the nonmetropolitan 

counties that did grow fest, almost ail were located adjacent to metropolitan counties 

(Beale, 1975; Johnson, 1989). However, what made the turnaround in the 1970s so 

interesting was the rapid increases seen in very rural counties, or those nonadjacent to 



Table 4.1 Components of Population Change in the Nonmetropolitan Rocky Mountain West, 1970 -1995. 

Population Net Migration Natural Increase 

Absolute % Annual % counties Absolute % Annual % counties Absolute % Annual % counties 
Tinw Period Countv Tvoes Change Change growing Change Change growing Change Change growing 

1970-1980 Adjacent 312,411 3.7 98.2 219,338 2.7 96.4 93,073 1.2 98.2 
Nonadjacent 700,946 2.4 78.0 353,273 1.3 58.4 347,673 1.3 97.5 
All 1,013,357 2.7 572,611 1.6 440,746 1.3 

1980-1990 Adjacent 265,856 2.3 77.1 150,208 1.4 52.9 115,648 1.1 98.2 
Nonac^acent 234,148 0.7 46.0 -174,392 -0.5 14.0 408,540 1,2 97.5 
All 500,004 1.1 -24,184 -0.1 524,188 1.2 

1990-1995 Adjacent 255,917 1.8 91.0 201,809 1.4 85.1 54,108 0,4 81,0 
Nonac^acent 371,808 1.0 83.7 233,061 0.6 71.8 138,747 0.4 83.7 
All 627,725 1.2 434,870 0.9 192,855 0.4 

(Based on 1980 metro/nonmetro classification, 254 nonmetro (47 adjacent and 207 nonadjacent) and 24 nietro counties) 
Source: US Census, 1970,1980,1990 and Current Population Survey 1996 and other special tabulations 
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cities, where the rates of increase were approximately the same (or greater) as adjacent 

nonmetropolitan counties for the US as a whole (Beale, 1975). (For a discussion on the 

definition of adjacent and nonadjacent counties, see Appendix A.) 

The data in Table 4.1 reveal this trend was not seen in the RMW, where adjacent 

counties grew consistently faster over all three time periods in terms of population and net 

migration. Another interesting feature of the table is the distribution of growth counties, hi 

the 1980s, a large majority of the nonadjacent counties were hurt by a downturn in the 

economy, with four out of five counties suffering net migration losses, and with over half 

losing population as a whole, a much higher percentage than in adjacent counties. 

However, in terms of migration, there are some subtle differences in the number of 

nonadjacent counties growing in the 1970s versus the 1990s. The most current phase of 

growth has been more widespread, with fewer adjacent counties growing during the same 

time period. This may be a population growth trend for the nonmetropolitan RMW that is 

not linked with metropolitan areas, that is, this growth may be based on a desire to move 

to specific, nonadjacent, rural, high-amenity counties. 

To obtain some understanding of the growth pattern geographically, a set of maps 

was generated based on population growth for each time period (see Figures 4.2,4.3, and 

4.4). Note that all metropolitan counties are shaded black (top part of the legend), while 

nonmetropolitan counties use different fill patterns based on the data being mapped. The 

bottom legends for the maps are based on the growth rates of each county with respect to 

the average growth rate for all nonmetropolitan counties in the US as a whole over that 

same time period. Hence, a level of greater than +10% indicates that all counties in that 
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Figure 4.2 Population Growth in the Nonmetropolitan 
Rocky Mountain West, 1970-1980 
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Figure 4.3 Population Growth in the Nonnnetropolitan 
Rocky Mountain West, 1980-1990 
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Figure 4.4 Population Growth in the Nonmetropolitan 
Rocky Mountain West, 1990-1995 
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category had growth at least 10% higher than the national average. The clearest pattern 

to emerge is the general depopulation trend in the counties of the Great Plains, a pattern 

that has prevailed through all time periods. Another pattern that is apparent in all time 

periods is the high growth rate of the southwestern portions of the region, especially 

Arizona. For all three time periods, virtually every county grew at a exceptional rate. 

Portions of Nevada have also seen high rates throughout the 25 years. 

A number of other interesting geographic patterns are discernible in the maps. The 

rural renaissance of the 1970s was very strong in the central Rockies, especially western 

Wyoming and Colorado, and eastern Utah. In the 1980s, most of these areas either 

dropped to the national average or well below it. Interestingly, the mountain areas of New 

Mexico fared well in the 1980s. Finally, the 1990s has seen a resurgence in mountain 

counties along the length of the Rocky Mountains, especially in Colorado, and the high 

mountain areas of Montana and Idaho. Clearly, some of these trends are linked to the 

energy boom-and-bust cycles mentioned in the last chapter (Plane and Rogerson, 1996) 

Leaving aside the constant phenomenon of growth in Arizona, the pattern of 

growth has become more differentiated in the 1990s, with a more widespread pattern as 

opposed to the concentrated pattern seen in the 1970s. Some of this may be attributed to 

greater economic growth and increased access to the fer northern areas. Clearly Cotorado 

has been at the forefront in developing private recreational centers around ski areas, 

centers that are easily accessible from Denver. Many of the most femous private 

recreational areas in the Idaho and Montana were opened early in the decade. A number of 

other economic factors may be associated with population trends, but these possibilities 
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will be explored when employment trends are examined. Overall, significant growth well 

over the national average was more widespread in ±e 1990s (104 counties out of254) 

than in the 1970s (81 counties out of254). In terms of counties incurring sizable losses, 

the 1980s do not appear to have been much worse than the 1970s, with only 71 counties 

showing losses well above the national average, as opposed to 61 counties in the 1970s 

and 40 counties in the 1990s. This indicates that although the decade of the 1970s was 

known as the rural renaissance in the nonmetropolitan areas of the US, the population 

growth seen in the RMW during that time does not match the geographic dimensions of 

the growth we are seeing in the 1990s. 

A similar set of maps was drawn up to examine migration patterns within the 

region. These are located in Appendix B. The maps highlight net migration rates (migrants 

per 1000 people). However, unlike the previous maps, these are not classified according 

to their relation to US rates. Since migration is the single largest determinant of population 

change, it would be expected that these maps would resemble the previous maps, and in 

fact they do. One of the few interesting anomalies is the high migration rates found in 

parts of the mountain areas in Montana and Idaho that have remained constant for all three 

time periods. 

Migration into the region can also be disaggregated by the origin of migrants. 

Table 4.2 shows several different breakdowns on the origins of migrants, including 

migration categorized by: moves within-state, moves fi'om out-of-state, and moves from 

specific census regions. Each number represents the average percentage of all migrants 

into a particular type of county. One problem with these data is that they do not directly 



Table 4.2 Geographic Origins of Migrants for Counties in the Nonmetropolitan Rocky Mountain West, 1970-1990 

Origin of Migrants 
As a Percentage of all Migrants 

Different North 
Time Period Countv Tvoes Same State State West Northeast Central South 

1965-1970 Adjacent 12,91 13,69 8.09 0.72 2.83 2,04 
Nonadjacent 10.99 11.43 6.99 0.42 2,35 1.67 
All 11.34 11,85 7.19 0.48 2,44 1,74 

1975 - 1980 Adjacent 16,31 19,06 10.45 1.59 4,10 2.92 
Nonadjacent 12,39 16.83 9.58 0.95 3.71 2.58 
All 13.11 17.24 9.74 1.07 3.78 2.65 

1985-1990" Adjacent 14,34 14.93 8.66 0.83 2.45 2.99 
Nonadjacent 10,39 12,69 7.59 0.51 2.24 2,35 
All 11.12 13.11 7.79 0,57 2.28 2.47 

(Based on 1980 metro/nonmetro classification, 254 nonmetro (47 adjacent and 207 nonadjacent) and 24 metro counties) 
Source; US Census. 1970,1980,1990 

vo 
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correspond with the time periods being studied- This is because the data are based on the 

census question on where a person lived five years before. 

Despite this problem, a few interesting trends emerge that generally agree with 

earlier findings for similar regions (Rudzitis and Johansen, 1989). First, some qiuck 

arithmetic shows that a pattern prevalent across the US, with most moves being intra-

county, prevails in the nonmetropolitan RMW. Second, as would be expected, states in the 

nearer regions supply more migrants into the RMW, that is. states in the West are the 

single largest source of migrants. (Ideally, a breakdown between the Pacific and Mountain 

Census Divisions would have been nice, but these data were not available). This finding 

has been confirmed in hundreds of studies of one sort or another in the migration literature 

and forms the foundation of numerous gravity-type models. It is possible that these results 

may represent a break from earlier decades when the West (especially, California) did not 

act as the redistributor it is today (Gober, 1993). Another notable trend is the increased 

activity seen across in all regions for the latter part of the 1970s, or the end of the rural 

renaissance. The socioeconomic changes that took place at that time affected migrants 

from within and outside of the regions almost uniformly. 

A pattern that is not discernible from the table, but which shows up by mapping 

the ratio of out-of-state migrants over in-state migrants is that counties with a high ratio 

tend to be in the more remote areas well away from metropolitan areas, while low values 

are closer to the cities (see Figure 4.5). What this would seem to suggest is that much of 

the growth in outlying areas is from migrants from outside of each state, while a large 

percentage of the growth around the metropolitan areas is driven by urbanization or 
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Figure 4.5 Counties with a High Percentage of Out-of-State 
Migrants versus In-State Migrants, 1985-1990 

MetroVNonmetro Counties-1980 
Nonmetropolitan County 

m Metropolitan County 
% out of state migrants / % in-state migrants 1985-1990 
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suburbanization tendencies within the state. Thus, while the importance of out-of-state 

migration to scenic rural areas seems to have risen over the time in question, well-known 

suburbanization processes are driving growth around the cities of the region. While the 

map displayed is only for the period 1985-1990, similar patterns emerge for the other time 

periods as well. 

Reviewing the results for the RMW, it is apparent that the 1990s have been just as 

significant in terms of population change as was the rural renaissance in the 1970s, a result 

that differs from US nonmetropolitan trends. Furthermore, adjacent counties have 

maintained a strong lead, indicating that spread effects from cities are still an important 

factor explaining population redistribution. Focusing more closely on migration, the most 

interesting phenomenon is that migration of out-of-state movers (as compared to within-

state movers) is focused on mountain areas. This would seem to indicate that high-amenity 

counties have the ability to attract migrants, and do not have to rely on nearby urban 

centers as a source of growth 

3. Employment Changes in the Region 

The large changes seen in the economic landscape in the US as a whole, changes 

driven by economic restructuring, have had large in^acts on nonmetropolitan areas of the 

US as well (Mills, 1995). An important aspect of these changes is the continued shift away 

from the primary extractive sectors of the economy into the secondary manufacturing and 

tertiary service and trade sectors. 
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This revolution in industrial structure implies that economic development 
prospects for most nonmetropolitan areas now depend on the nonmetropolitan's 
ability to attracts and nurture jobs in services and manufacturing. Even traditionally 
farm-dependent nonmetropolitan counties must place greater emphasis on the 
development of service and manufacturing and employment opportunities, since 
farms rely on off-&rm employment for a significant share of family income 
(Barkley, 1995, p. 1253). 

Although the above statement seems to portray a straightforward formula for economic 

success in rural areas, reality is quite different and problems have developed firom several 

directions. 

For example, as discussed in Chapter 2, these important sectors of the economy, 

especially the fast-growing service sectors, have difierent input requirements, along with 

different locationaJ constraints. Also noted was the fact that many rural areas have been 

unable to meet the new input requirements of these industries. The result has been 

differential patterns of nonmetropolitan economic growth. Additionally, although greater 

opportunities for growth may exist in the service sectors, this may not necessarily mean 

that these sectors have the ability to generate the same amount of income as the sectors 

associated with the extractive industries (Barkley, 1995; Galston and Baehler, 1995; MiUs, 

1995). The next two sections focus on the dimensions of employment and income change 

in the nonmetropolitan RMW as a whole, primarily in terms of geography and sectoral 

structure. A discussion on the county-level implications of economic restructuring is taken 

up in the next two chapters in more detail 

Focusing first on long-term employment growth over the fixll 25-year time span, it 

is apparent that population and employment have not shown identical trends. For example. 

Figure 4.6 shows that employment growth overall has been linked to national business 
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cycles, a pattern clearly not seen with population growth. In addition, the RMW as a 

whole has had growth far exceeding that of the US. With respect to the nonmetropolrtan 

areas, once again the RMW did better than nonmetropolitan areas in the US over the 

1970s, worse in the 1980s, and better in the 1990s, another example of the extreme 

swings associated with boom-and-bust economies. Another important feature of the graph 

is that there is less overall heterogeneity between the US and RMW employment growth 

rates, while population growth rates vary tremendously by region. Finally, an overall 

comparison of population and employment over the 25-year time span shows that the 

relationship between employment and population growth is far from perfect. Clearly, the 

mechanism of interaction between these two variables is not stable. Any estimates on the 

magnitude of the relationships obviously require a more sophisticated analysis. 

In terms of geography, nonmetropolitan employment growth in the region shows 

some similarities to the population trend, but some interesting differences as weU. Table 

4.3 shows that employment growth in the 1970s in the nonadjacent counties was of the 

same magnitude as that seen in adjacent counties. This indicates that there was sustained 

economic growth throughout the nonmetropolitan areas, a trend that corresponds with 

ideas on improved opportunities for industries in the rural hinterlands. The fact that 

population growth did not match en^loyment growth may be attributed to abundant and 

underutilized labor already in place in the region. Over all three time periods, a higher 

percentage of adjacent counties than nonadjacent counties grew, although differences 

between adjacent and nonadjacent coimties were smaller than seen with respect to 

population change. Another significant finding emerges in a comparison between Tables 
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Table 4.3 Employment Change in the Nonmetropolitan 
Rocky Mountain West, 1970 -1995. 

Initial 
County Employment Absolute % Annual % counties 

Time Period Types Level Change Change growing 

1970-1980 Adjacent 288,814 143,346 4.1 93.6 
Nonadjacent 1.074,377 508,582 3.9 87.0 
All 1,363.191 651,928 4.0 

1980-1990 Adjacent 432,160 155,782 3.1 87.2 
Nonadjacent 1,582.959 235,970 1.4 67.1 
All 2,015,119 391,752 1.8 

1990-1995 Adjacent 587,942 129,846 2.0 85.1 
Nonadjacent 1,818,929 258,435 1.3 77.7 
All 2,406,871 388,281 1.5 

(Based on 1980 metro/nonmetro classification, 254 nonmetro 
(47 adjacent and 207 nonadjacent) and 24 metro counties) 

Source: REIS, 1997 



Figure 4.6 Annual Employment Growth Rates in the Rocky Mountain West and the US, 1970-1995 
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4.3 and 4.1—counties that experienced employment growth in the 1980s (nonadjacent 

nonmetropolitan counties) still saw net migration losses. This is another indicator that 

population and employment changes are not always linked in a direct manner. Clearly, 

other processes are at work in these counties. 

Figures 4.7, 4.8, and 4.9 are similar to the population maps of RMW county 

employment growth in relation to the US average previously discussed. One pattern to 

emerge is employment decline in the Great Plains, similar to the trend that took place with 

respect to population change. Another trend that is apparent in all time periods is the high 

employment growth rate of the southwestern portions of the region, especially Arizona. 

However, this trend is most apparent in the 1980s when the counties reliant on extractive 

industries showed severe economic distress. Additionally, the strong employment growth 

trends were not nearly as strong in the southwestern counties as they were for population 

growth. 

Leaving aside the same constant phenomenon of growth in Arizona that was seen 

with population, employment growth has also become more differentiated in the 1990s, 

with a more widespread pattern as opposed to the concentrated pattern seen in the 1970s. 

It is also apparent that the economic growth that was only seen in the isolated mountain 

resort areas in the 1980s has spread to nearly counties as well in the 1990s, but the 

unusually large growth trend of the 1970s has not returned. 

Overall, significant growth well over the national average was more widespread in 

the 1970s (133 counties out of254) than in the 1990s (97 counties out of254). In terms 

of counties incurring sizable losses, the 1980s was the most significant time period, with 
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Figure 4.7 Employment Growth in the Nonmetropolitan 
Rocky Mountain West, 1970-1980 
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Figure 4.8 Employment Growth in the Nonmetropolitan 
Rocky Mountain West, 1980-1990 
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Figure 4.9 Employment Growth in the Nonmetropolitan 
Rocky Mountain West, 1990-1995 
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87 counties showing losses well above the national average, as opposed to 64 counties in 

the 1970s and 77 counties in the 1990s. This indicates that the 1970s rural renaissance was 

particularly associated with employment growth in the region, and that the geographic 

dimensions of employment growth seen in the 1970s has not been duplicated in recent 

years. 

These employment data provide more interesting insights when sectoral 

breakdowns for each time period are produced. Figure 4.10 shows the percentage of 

employment in six sectors and changes over time in that distribution. The percentage for 

each year is based on a three-year moving average around that year. The data indicate that 

the primary sectors of farming and mining have diminished over time, with a brief respite 

for mining in 1980. Perhaps more importantly, there has been a strong surge in services 

(services and FIRE-finance, insurance and real estate), especially since 1980, with 

additional but smaller increases in trade (retail and wholesale trade) as well. Finally, 

government employment has steadily decreased over time in the nonmetropolitan RMW, 

perhaps a remnant of government cuts seen during the Reagan years. 

This trend follows similar patterns seen throughout the US as seen in Table 4.4, 

with drops in agriculture and mining, and increases in services and trade. The location 

quotients (LQ = % RMW en^Ioyment in a sector / % US employment in a sector) in the 

same table show which sectors are overrepresented in the region's nonmetropolitan areas 

(LQ>1). As expected, the percentage of people in the mining sector in the 

nonmetropolitan RMW is twice that found in the nonmetropolitan areas of the US. Also 

shown in the growth statistics is the volatile nature of the mining sector, along with 
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Table 4.4 Sectoral Employment in the Nonmetropolitan 
Rocky Mountain West, 1970 -1995 

Percantw Employment Percentaae Growth 

RMW 

Sector 1970 1980 1990 1995 1970-1980 1980-1990 1990-1995 

Farm 14.6 10.0 8.6 7.5 0.6 0.5 0.9 
Mining 5.5 6.7 4.0 3.3 78.2 -28.9 -5.9 
Manu^cturing 7.9 7.3 7.3 6.7 35.6 17.9 6.3 
Trade 18.3 19.3 20.0 21.3 53.5 21.9 23.3 
Services 21.5 25.3 30.7 31.6 726 4Ze 18.8 
Government 22.4 19.6 19.5 18.4 28.1 16.9 8.9 

USA 

Sector 1970 1980 1990 1995 1970-1980 1980-1990 1990-1995 

Farm 15.3 12.1 9.5 8.7 -3.6 -11.3 -1.0 
Mining 2.1 2.7 1.8 1.4 61.6 -26.3 -14.1 
Manu^Kturing 19.8 18.6 17.2 16.8 14.8 4.4 5.4 
Trade 16.9 18.3 19.4 Z0.3 321 19.4 13.2 
Services 19.7 22.2 26.2 27.3 38.4 32.6 12.6 
Government 17.6 16.8 16.8 16.2 16.7 122 4.8 

LQ 

Sector 1970 1980 1990 1995 

Farm 1.0 0.8 0.9 0.9 
Mining 27 24 23 23 
Manufacturing 0.4 0.4 0.4 0.4 
Trade 1.1 1.1 1.0 1.1 
Services 1.1 1.1 1.2 1.2 
Government 1.3 1.2 1.2 1.1 

Source: REIS, 1997 
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stagnant growth in agriculture. Additionally, the shift in manufacturing that has driven 

economic growth in other portions of the US never really occurred in the RMW. The 

combination of an economy weighted towards a very cyclical industry, and the lack of a 

strong manufacturing sector to balance out the economic downturns, amply demonstrate 

why boom-and-bust so typically describe the region. Fortunately, the region has seen the 

shift to services and trade jobs. Perhaps, more importantly, growth in these sectors has 

even surpassed that of service and trade sectors in the US as a whole. However, this 

conclusion is based on employment numbers alone and not on the value of each job, a 

topic taken up later. 

Reviewing the employment data, it is clear that the economic growth trends were 

stronger in the 1970s than the 1990s, the opposite of what was found for population 

growth. Thus, for the nonmetropolitan RMW, the rural renaissance was more a product of 

economic change than population change. Once again, it is apparent that the interaction 

between population and employment is not as simple as was once thought and that, in fact, 

the mechanism (the chicken-and-egg issue) may be changing over time. In addition, these 

data provide strong evidence of a shift in the overall size of employment in the service and 

trade sectors (as compared to the percentage of people employed in other sectors). 

However, these data may be misleading because the data are an aggregate for all 

nonmetropolitan counties in the region. As a result, a few large adjacent counties may be 

dominating the statistics, producing an inaccurate idea about the geographical structure of 

sectoral change. To obtain an understanding on this aspect of change, a county-level 

analysis is really required, a topic that is taken up in the next chapter. 
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4. Income Changes in the Region 

The last set of data pertains to changes in income. Nationally, the same trend 

found with employment, a shift to a reliance on the service and trade sectors, has been 

apparent in the distribution of income sources as weU- However, an additional 

transformation in the sources of income has not received nearly as much attention. 

"Though less publicized and popularly understood, another change in the national 

economy is a shift in the total personal income from industry employment-related wage 

and salary earnings toward transfer payments and property income or nonlabor earnings" 

(Smith and Harris, 1993, p. 302). Besides the need to gauge the growth of this 

increasingly important source of income, the rationale for examining income trends is that 

the average wage for each industry varies significantly, meaning that the distribution of 

income often does not mirror employment trends. Many sectors of the economy have 

traditionally been noted for high (mining, manufacturing) or low (service and trade) 

average wages (Power, 1996). Thus, an analysis of income simply provides a more 

comprehensive picture of events taking place in the economies of the nonmetropolitan 

areas of the RMW. 

All data presented on income and wages in this section and throughout this 

dissertation have been adjusted for inflation using Bureau of Economic Analysis "National 

Implicit Price Deflators for Personal Consumption Expenditures" and are in constant 1992 

dollars. Although the use of deflators is an imperfect way to adjust for inflationary trends 

that may vary across the US, much of the data needed to adjust incomes by region are 
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simply not available for every year since 1970. Additionally, the deflators are the 

recommended tool for adjustment according to economists at the BE A itself especially 

when using REIS income and wage data. 

Focusing first on total personal income change in the RMW and the US, Figure 

4.11 shows annual growth rates for the years of this study. Once again, the strong effects 

of business cycles are visible in the data. Furthermore, the types of changes seen in 

population and employment growth, with the nonmetropolitan RMW experiencing 

changes in growth that are more extreme than nonmetropolitan areas a whole, are quite 

apparent. In the 1970s nonmetropolitan RMW income growth was above average, 

followed by a drastic drop in growth in the 1980s, and a return to above average growth 

in the 1990s. Additionally, income parallels employment in that the growth of the 1990s 

has not been as strong as those that took place in the 1970s. 

While the previous figure provides an aggregate picture of income trends, as noted 

above, there are two important components of total personal income—employment and 

nonemployment income. Figure 4.12 shows a more disaggregated view of these two 

components of income for the nonmetropolitan areas of the RMW. The most significant 

feature of the graph is the very strong trend in nonenyiloyment income sources, which 

have clearly surpassed employment income growth, especially in the early 1980s, a time of 

severe economic distress in the region firom the declining agriculture and mining sectors. 

In virtually all years, nonemployment income has acted as a buffer for declining 

employment income, thus usually keeping total personal income growth positive. Most 

recently, nonemployment income growth has converged with employment income growth 



Figure 4.11 Annual Personal Income Growth Rates in the Rocky Mountain West and the US, 
1970 -1995 
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trends, indicating a slightly decreasing importance in this source of income with regards to 

county income growth. 

However, to obtain a better understanding of the importance of nonemployment 

income, another perspective on the data is needed. Following a trend seen in much of the 

nation, nonen^loyment income has gone from comprising over 25% of the total personal 

income in 1970 for the nonmetropolitan RMW, to nearly 40% in 1995 (see Figure 4.13). 

As noted in the literature review, this change has had a large impact on how analysts view 

the economy. Besides the ability of nonemployment income to compensate for problems in 

the employment income, these changes should have caused many local oflBcials to 

reevaluate development programs solely focused on employment prospects, when it is 

apparent that they are omitting a large portion of the economy. Although the size of 

nonemployment income has stabilized in recent years, it is quite clear that any analysis of 

economic growth in general should include some investigation of this income source. A 

more geographical analysis of nonemployment income. Table 4.5 highlights once again the 

significant growth experienced by this income source, although that growth has declined 

over time. Additionally, nonemployment income growth for nonadjacent counties has 

diverged from the growth that took place in adjacent counties, with the nonadjacent 

counties fering worse. 

Focusing more closely on employment income. Table 4.6 shows how geographic 

proximity to urban areas affects growth trends for each of the time periods once again. 

These data generally indicate that adjacent counties had higher employment income 

growth over all three time periods. Especially dififerent were the 1980s which saw virtually 
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Table 4.5 Nonemployment Income Change in the Nonmetropoiitan 
Rocky Mountain West, 1970 -1995. 

Initial 
County Nonemployment Absolute % Annual % counties 

Time Period Types Income Level Change Change growing 

1970-1980 Adjacent 2,100,573 2,611,110 8.4 100.0 
Nonadjacent 7,085,713 7,181,087 7.2 100.0 
All 9,186,286 9,792,197 7.5 

1980-1990 Adjacent 4,711,683 2,769,086 4.7 97.8 
Nonadjacent 14,266,800 5,240,828 3.2 97.1 
All 18,978,483 8,009,914 3.6 

1990-1995 Adjacent 7,480,769 1,850,945 2.3 100.0 
Nonadjacent 19,507,628 3,764,333 1.8 94.7 
All 26,988,397 5,615,278 1.9 

(Based on 1980 metro/nonnnetro classification. 254 nonmetro 
(47 adjacent and 207 nonadjacent) and 24 metro counties) 

Source: REIS, 1997 
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Table 4.6 Employment and Wage Income Change in the Nonmetropolitan 
Rocky Mountain West, 1970 -1995. 

Initial 

Time County Employment Absolute % Annual % counties 
Period Types Income Level Change Change growing 

1970-1980 Adjacent 5,970.942 3,735,036 5.0 93.6 

Nonadjacent 21,378,013 11,836.959 4.5 81.1 
All 27,348,955 15,571,995 4.6 

1980-1990 Adjacent 9,705,978 2,870,534 2.6 76.6 
Nonadjacent 33,214,972 489,065 0.1 46.4 
All 42,920,950 3,359,599 0.7 

1990-1995 Adjacent 12,576,512 3,505,668 2.5 91.5 
Nonadjacent 33,704,037 4,993,558 1.4 72.9 
All 46,280,549 8,499,226 1.7 

(Based on 1980 metro/nonmetro classification, 254 nonmetro 
(47 adjacent and 207 nonadjacent) and 24 metro counties) 

Source; REIS, 1997 
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no growth in nonadjacent areas, while adjacent counties continued to undergo significant 

income growth. This trend is very much in contrast to employment trends, which 

experienced significant en^jloyment growth during the same time period. Additionally, 

with regard to income growth, the adjacent areas are once again diverging from growth 

rates seen in the nonadjacent areas, a pattern that also took place with respect to 

nonemployment income and employment. 

A sectoral breakdown of income sources and growth is represented in Table 4.7, 

along with a graphical representation of the same data in Figure 4.14. The table clearly 

indicates that this economic measure, as compared to employment, is much more volatile 

over time. A case in point is ferm income, which declined in the 1970s and actually 

increased in the 1980s, the opposite of what would be expected. However, an examination 

of annual rates shows extreme volatility from year to year. Despite this problem related to 

growth rates, the same general trends found in employment are still present with income 

(in terms of distribution). A comparison with national trends for nonmetropolitan areas 

using location quotients demonstrates the region's reliance on mining income, and the lack 

of a manufecturing base. Additionally, some quick arithmetic shows that the mining sector 

is generating more income than the employment present in the sector would suggest. 

Clearly, as economic development specialists and politicians have known for years, miners 

make higher wages, a point that is also examined in more detail in the next chapter. 
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Table 4.7 Sectoral Income in the Nonmetropolitan 
Rocky Mountain West, 1970 -1995 

Percentage Income Percentage Growth 

RMW 

Sector 1970 1980 1990 1995 1970-1980 1980-1990 1990-1995 

Farming 15.4 6.0 8.0 4.5 -39.8 39.6 -34.1 
Mining 8.2 14.1 8.0 6.9 167.6 -40.8 0.6 
Manufacturing 9.2 9.9 9.8 9.0 66.4 3.7 6.2 
Trade 15.1 14.6 14.2 15.1 49.8 1.8 23.6 
Services 15.9 18.7 23.5 27.1 81.7 31.9 34.0 
Government 21.7 19.1 22.5 21.9 36.3 23.7 12.9 

USA 

Sector 1970 1980 1990 1995 1970-1980 1980-1990 1990-1995 

Farming 13.0 5.2 7.2 4.5 -49.0 56.1 -32.3 
Mining 3.2 6.0 3.0 2.5 137.2 •43.1 -11.5 
Manufacturing 24.6 25.5 23.7 23.8 33.3 4.2 9.8 
Trade 15.4 15.5 14.3 14.7 29.9 3.4 12.1 
Services 15.0 17.0 20.4 23.0 44.9 35.3 23.0 
Government 17.5 170 19.0 18.9 24.6 25.9 8.4 

LQ 

Sector 1970 1980 1990 1995 

Farm 1.2 1.2 1.1 1.0 
Mining 2.5 2.4 2.6 2.8 
Manufacturing 0.4 0.4 0.4 0.4 
Trade 1.0 0.9 1.0 1.0 
Services 1.1 1.1 1.1 1.2 
Government 1.2 1.1 1.2 1.2 

Source: REIS. 1997 



Figure 4.14 Distribution of Sectoral Income in the Nonmetropolitan Rocky 
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5. Conclusion 

Overall, the data tables and figures provide a number of insights to the changes 

taking place in the nonmetropolitan areas of the RMW. It is apparent that population, 

employment and income growth in this region has been stronger around the largest cities 

in adjacent nonmetropolitan counties. This suggests that that spread effects remain strong, 

and that the strong growth predicted in remote rural areas by proponents of the quality-o5-

life model is not geographically widespread. However, growth has not always been the 

same for these three variables. For example, the large boon in nonadjacent rural 

population that was such an important characteristic of the rural renaissance in most areas 

of the US was not as pronounced in the RMW. In contrast, in the 1970s there were signs 

of increased economic growth (in terms of employment and income) in these same 

nonadjacent areas. The overall trend is that economic growth was the primary component 

of regional change in the 1970s, while population seems to have been a more significant 

factor in the 1990s. Regional change of all types saw a large downturn in the 1980s, but it 

is very apparent that the adjacent counties fered better. 

Despite weak evidence of growth in the nonadjacent counties of the RMW, there 

is some support for advocates of the quality-of-life model because the shift to service 

industry jobs is very strong. However, there is no reason to think that this shift is 

benefiting rural counties because there is tentative evidence that shows the growing 

service sector is garnering a smaller percentage of the wages, while mining remains a 

strong source of high incomes. While these data have shown some important aspects of 
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change in the region, a clearer picture is needed of what is taking place in each county, 

especially in terms of employment change, and how employment structure affects 

population, employment, and income growth. This is an issue taken up in the next chapter. 
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CHAPTERS 

STRUCTURAL CHANGE IN COUNTY-LEVEL ECONOMIES IN 

THE NONMETROPOLITAN ROCKY MOUNTAIN WEST 

1. Introduction 

The last chapter showed that some of the expectations of the quality-of-life model 

have been realized in the RMW. In other respects, a few changes hypothesized by the 

model have not materialized. An example of the former is the large shift in the structure of 

employment in the region with the service and trade sectors showing strong growth both 

in terms of magnitude and relative size, a trend that has been seen throughout the US. 

Additionally, the boom-and-bust nature that regional researchers argue is characteristic of 

the RMW was confirmed based on long-term trends in the data. With regards to the latter 

outcome, it is apparent that the nonadjacent counties are not experiencing growth at the 

levels seen in counties adjacent to metropolitan areas. 

While the results presented provide some useful preliminary information on the 

changes taking place in the region, an important problem associated with this type of 

analysis is its aggregate nature, with the numbers representing the sum of growth in all the 

counties over time. As noted earlier, it is possible that a few unusually large counties could 

dominate these aggregate numbers, obscuring trends taking place in the a large number of 
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smaller and more remote counties. What is needed is a more disaggregated analysis of 

county-level changes over time. 

Another important problem with the results presented in the last chapter is that no 

link was established between the structure of the economy and the growth rates actually 

seen. A inference easily drawn from this situation is that because more people are working 

in service and trade jobs, the overall growth seen is related to these jobs. A much more 

reliable way of measuring the link between structure and growth would be to examine how 

counties dominated by certain types of jobs differ in their growth rates from other types of 

counties. This kind of approach is more informative because not only does it examine the 

importance of the sector, it also shows how that sector interacts with the rest of the 

economy to produce a general result, that is, growth in population, employment, and 

income in the county. 

Thus, what is needed is a classification of counties based on economic structure 

that can be used to measure and differentiate growth rates in a number of important 

variables over the 25 years of this study. This type of work is closely linked with the 

expectations of human ecology theory. As mentioned in Chapter 2, an important 

component of human ecology theory is the organization of sustenance activities, that is, 

certain types of economies induce population change. In this section, the topic is 

broadened a bit to include other aspects of regional change; growth in employment and 

income, changes in migration rates, and average wage levels. Also explored is the stability 

of economic types over time, and the paths of change from one type of county to another. 

However, while it is assumed that structure is associated with change, in this chapter no 
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inferences are drawn on the exact mechanism of change. This is a topic explored in the 

next chapter. 

The chapter is structured as follows. The first section outlines the fiindamental 

concepts behind classification, and the advantages and. disadvantages of classification 

techniques. The next section outlines the methodology used to classify the data presented 

in the chapter. This is followed by a presentation of the classification results—a typology 

of counties based on economic structure, and the geography of these county types. The 

stability of county types and paths of change are discussed in the next section. Finally, the 

last section examines how county types differ in their growth rates over time, using 

analysis of variance (ANOVA) procedures. 

2. Classificatioa: Theory, Uses and Abuses 

Classification has been an extremely powerfiil analytical tool in both the social and 

physical sciences. Today, advanced computer programs have made these techniques even 

more accessible to researchers. With a plethora of articles being published using these 

techniques, many critics argue that researchers are sometimes losing touch with the 

rationale for their classification (Smith, 1965; Yeates and Gamer, 1976). It is apparent 

that for much of this research, the classification itself seems to be the primary product, 

rather than serving as a tool for fiirther analysis. 

So, while classification procedures can produce the simple groups that are the end 

product of some studies, a better use of typologies is to test hypotheses about the data and 
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infer information that is not readily discernible. Ideally, when classifying and forming 

groups based on a set of differentiating characteristics (e.g., socioeconomic variables), 

researchers should be able to explore questions about characteristics typical of that group. 

Perhaps more importantly, the classification should pemait the researcher to test 

hypotheses about accessory characteristics of the data as well, characteristics assumed to 

be related to the variables used to classify in the first place (Smith, 1965). 

These ideas have been noted by researchers in the US Department of Agriculture 

(USDA) over the last ten years. Rural economists and sociologists have been developing a 

classification of nonmetropoUtan counties based on a number of social, demographic, and 

economic characteristics (Ross and Green, 1985; Cook and Mizer, 1994). The rationale 

behind early efforts to produce a typology was to develop a relatively simple classification 

system that grouped counties along dimensions that capture much of the diversity that is 

found today in rural America, especially as areas move away firom their reliance on 

agriculture. This typology has proved usefiil because, over the years, studies have shown 

that economies dominated by certain sectors can have significantly different population 

growth and migration rates (Groth, 1977); also, they can have very different economic 

base multipliers, indicating that these economies can be expected to grow at different rates 

even if impacted in identical ways (Mulligan and Fik, 1994; Vias and Mulligan, 1997) 

Thus, while the USDA typology was developed using a limited set of variables 

(derived after exhaustive analysis), the ultimate goal was to find groups that had a number 

of other characteristics in common. Looking at the goals and purposes of the project, it is 

apparent that the USDA typology was developed to serve a broad range of users and 
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constituencies in a number of policy areas. In this respect, the typology developed has 

proved invaluable. However, if the goal is to test hypotheses about specific changes in the 

nonmetropolitan areas of the RMW, wouldn't a more regionally focused classification be 

more appropriate, one that is also suitable to testing the hypotheses of interest in this 

dissertation? For example, if the goal is to understand the mechanisms that drive (or 

influence) economic and population growth in nonmetropolitan areas, shouldn't the 

classification be developed using variables expected to influence this process as based on a 

theoretical framework (e.g., human ecology theory, or the quality-of-life model)? Another 

reason for using a more specific regionally-based classification is that a typology based on 

criteria used for a national classification may show little differentiation within a particular 

region. 

3. A Typology of Economic Structure: Methodology 

There are a number of ways to classify cases and place them into groups. The first 

possible way of classifying is by simply allocating cases to a group based on a cutoff point. 

For example, the cutoff or threshold point that places a county into a farming fimctional 

type can be based on an arbitrary percentage (e.g., >50%), or by using some type of 

statistical measure, such as a percentage greater than the mean, or greater than one 

standard deviation from the meanu When this approach is taken, the criterion for 

placement into one group over another is the presence of a single dominant sector. 

However, it is also possible to consider counties that have a combination of dominant 
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sectors as welL The advantage of this approach is obvious—^there are few calculations and 

the dimensions or attributes of the group are easy to identify. 

Another way to approach classification is by using multivariate statistical 

techniques (cluster analysis, &ctor analysis, etc.) that are readily available in personal 

computer software packages. The benefits of these techniques are considerable, especially 

if the data set is large, thereby lending itself to computer analysis. More importantly, 

multivariate techniques were developed to maximize the differences between groups, 

while minimizing the differences within the groups. Minimizing and maximizing differences 

can be based on a number of criteria (e.g., linkage methods or distance calculations in 

cluster analysis), depending on characteristics of the data and the goals of the researcher. 

Deciding which approach to use is often one of the most difficult questions a 

researcher must answer. Statistical techniques are more comprehensive in differentiating 

and producing more homogeneous groups, however, each classification varies, along with 

the characteristics of each group. If the analysis involves several classifications over a span 

of years (such as in this dissertation), comparisons become very diflBcult. Another problem 

is that the final results are often difficult to interpret, especially determining the reason 

why a county went into one group as opposed to another. Other studies have focused on 

the whole issue of changing typologies over time (Hale and Hufi^ 1992); however, to 

perform an analysis of change and transition such as the one described below, a consistent 

justification for placing counties in one group over another was required. 

Another problem that emerges is related to the variable(s) chosen to differentiate 

the cases. In this chapter, employment was chosen over income because it is more stable 
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over time. Using income in a classification may lead to a conclusion of structural change in 

an economy, when, in feet, income has simply increased (decreased) because of factors 

outside the influence of those working in a given sector (Vias and Mulligan, 1996). This 

problem has been especially acute in the extractive sectors, as noted in the last chapter. In 

ferming for example, even though employment has been declining steadily for a number of 

years, it has not varied nearly as much as income, which rises and declines based on 

worldwide production levels, and local weather conditions. These factors create unstable 

markets and incomes for the farmers. However, a bad year may not entail a shift to a new 

line of work, just a need to seek some off-farm employment to supplement income 

sources. The following year, conditions may improve and the farmer will work full-time in 

the fields once again. Clearly a typology based on income will show structural change 

when in fact there may be none. 

Finally, some care is needed in the interpretation of the changes taking place in 

sectoral structure. A shift from a mining county to a services county could result fi-om a 

decline in mining employment accompanied by increases in service jobs. However, the 

same result (a change in the distribution of jobs) can come about simply from a drop in 

mining employment. Thus, the switch to a services-based economy may not always be a 

result of increases in service employment, although in feet, this is what happens in a 

majority of the cases. 

A general advantage to using classification procedures was touched on in the 

methodology discussion, located in Appendix A. In that discussion, it was mentioned that 

certain data have been withheld from the REIS data set because of disclosure problems. 
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This is a problem in the smaller counties, and especially in the mining and manufecturing 

sectors. Thus, the use of en^Ioyment as a continuous variable at the county level in 

modeling is not possible (at least not for eill the years running from 1970-1995), and some 

other approach is needed. However, while it is impossible to fix a precise percentage on 

employment in a particiUar sector, it is still possible through the use of other secondary 

sources (personal knowledge, discussions with county and state ofiBcials, newspapers. 

County Business Patterns, census data, etc.) to determine with some degree of accuracy 

what sectors dominate the county. This approach makes it possible to classify the county. 

There is some room for error, but compared to omitting a large number of counties, it was 

decided that this approach would provide the best results. 

With all these concerns and limitations in mind, a typology of counties was 

developed based on employment structure in six sectors: farming, mining, manufacturing, 

service and trade, government, and other. This was done for sbc base years: 1970, 1975, 

1980, 1985, 1990, and 1995, with sectoral employment for each year based on a three-

year average around that year. Once employment had been calculated for each of the six 

sectors, a simple criterion was used to classify counties according to sectoral dominance. 

A cutoff or threshold point based around one standard deviation above the regional 

average for employment in a given sector was used to classify that county as dominated by 

that sector. As noted above, the ease of classification is a primary asset of this approach. 

Additionally, a stable criterion for classifying counties permits an analysis of changes in the 

membership of the groups over time. 
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Two different sets of statistics were generated to determine the cutoff points for 

the classification. In the first, a regional percentage for employment was generated for 

each sector (see descriptive statistics on sectoral employment in Chapter 4). Second, to 

better understand the magnitude of en:q)Ioyment variation in each sector at the county 

level, descriptive statistics were generated on employment percentages for the counties 

which had data available (see Table 5.1). In all cases, the data were available for a majority 

of the counties. Note that most of the percentages are close to those found at the 

aggregate level, with some important differences. As expected, when the large number of 

rural counties are given greater weight, the percentage of people employed in fanning 

rises, and in the service and trade sectors declines, because it is a statistic dominated by 

adjacent larger counties. Changes such as these occur in other sectors as well. 

Following the classification methodology described above using descriptive 

statistics of employment data, and taking into account changes over time, the general 

criterion of the mean plus one standard deviation produced these fixed cutoff points: 

farming 20%, mining 15%, manufacturing 15%, service and trade 45%, and government 

30%. In the event of two dominant sectors, the basic or export-oriented extractive sectors 

of farming and mining were given priority. Otherwise, the classification was made 

according to which dominant sector had the highest deviation from its cutoff point. Any 

county without a dominant sector was classified as diversified. However, it is important to 

note that at times, counties classified as diversified were dominated by sectors not used in 

this study, such as construction or transportation and utilities. 



Table 5.1 Sectoral Employment in the Nonmetropolitan 
Rocky Mountain West, 1970,1980 and 1990 

Percentage Employment based on regional aggregate 

Sector 1970 1980 1990 

Farm 14.6 10.0 8.6 
Mining 5.5 6.7 4.0 
Manufacturing 7.9 7.3 7.3 
Serice and Trade 39.8 44.6 50.7 

Government 22.4 19.6 19.5 

Statistics on the Percentage of employment at the county level 

Mean Standard Deviation Number of counties 
(out of 254) 

Sector 1970 1980 1990 1970 1980 1990 1970 1980 1990 

Farm 20.8 16.7 15.6 14,7 12.8 12.7 252 252 252 

Mining 5.5 6.7 4.8 9.2 10.3 8.7 219 219 210 
Manufacturing 6.9 6.8 6.6 7.2 6.9 6.3 233 233 224 
Serice and Trade 30.7 33.0 36.9 9.9 9.8 11.1 238 238 239 

Government 22.0 19.5 20.1 9.5 8.0 7.4 254 254 254 

Source: REIS, 1997 



118 

4. The Changing Economic Structure of the Rocky Mountain West 

Table 5.2 shows the result of this procedure. Changes in the number of counties 

for the groups in each of the base years are giveiL Before beginning a detailed discussion 

of these groups and their changing membership, it is useful to present some analysis on 

how well the classification worked in allocating counties to types based on a employment 

in a single sector. Therefore, a discriminant analysis was performed on the groups to test 

the quality of the simple classification procedure used. This type of analysis using 

multivariate statistical techniques can serve a useful role in testing the classification. 

Specifically, discriminant analysis examines a predefined typology (such as the one just 

developed) and tests whether other characteristics of the county, such as the distribution 

of employment in all sectors, pushes a county from one group into another (Hedderson 

and Fisher, 1993). The methodology outlined above relies on employment in one sector, 

not all sectors, thus the advantage of multivariate methods. However, it was decided that 

the simplicity of the approach taken here outweighed the advantages of other more 

complex techniques. With discriminant analysis, this assumption, that these other sectors 

are not crucial in di£ferentiating counties, can be directly tested. 

The data used were census data for the years 1970, 1980, and 1990. These data 

were not used for the classification itself because of the lack of a full time series for all the 

years of this study, and the lack of a consistent disaggregation between extractive sectors. 

Thus, for the sake of consistency in the data used throughout this dissertation it was 

decided to use these data sparingly. Because of different methodologies in collecting and 



Table 5.2. Typology of County-Level Economic Structure in the Nonmetropolitan Rocky Mountain West 
Using an Employment-Based Classification System, 1970 -1995 

1970-199S 

Type 1970 1975 1980 1985 1990 1995 Total Change % Change 

1 Farming 111 93 77 79 71 64 -47 -42.3 

2 Mining 31 29 37 22 16 13 -18 -58.1 

3 Manufacturing 23 25 23 18 23 19 -4 -17.4 

4 Service & Trade 13 18 24 49 60 72 59 453,8 

5 Government 26 23 20 17 17 17 -8 -32.0 

6 Other (Diversified) 51 66 73 69 67 69 18 35.3 

Source: REIS, 1997 
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defining sectors, and because of the different criteria used in discriminant analysis for 

classifying, there are bound to be some differences in the classification. However, these 

data do offer a partial test of the classification for a few of the years used in this chapter. 

In this analysis, the extractive sectors of forming and mining were grouped together, a 

decision necessitated by the census data. The other sectors used to differentiate groups 

were manufecturing, service and trade, and government. 

The results show that even with this simple classification scheme based on 

employment in one sector, the counties were consistently placed in the "correct" or 

expected groups (based on the use of a more sophisticated statistical procedure) over all 

three base years, using. Overall, using a computer algorithm that minimizes the variance 

within the groups while maximizing variance between groups, close to 70% of the 

counties were considered to be in the correct groups based on the statistical properties of 

each group. These results are within the range found in many other similar types of studies 

using this multivariate technique (Rudzitis and Johansen, 1989; Nelson, 1997). 

Interestingly, the high percentage of service and trade in each county makes it a poor 

sector to use for classifying, while the extractive and manufacturing sectors are good for 

differentiating counties. This causes the service and trade counties to have the largest 

number of misclassifications. Despite this problem, it is apparent that even a simple 

approach for grouping counties still offers reasonably reliable results, and offers the 

advantage of an easy to understand criterion that makes analysis of change much easier. 

Returning to the changing memberships of each county type, a number of 

interesting trends emerge (see Table 5.2). For example, the pattern of losses seen in the 
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extractive economies as counties shifted from forming and mining to service and trade, and 

diversified, is very evident. This pattern was especially strong for the mining counties 

which showed a large decline in the early 1980s after having grown in number in the late 

1970s, an event that fits with the energy crisis of 1979. Farming counties have also 

declined in number throughout the time period, with the largest losses seen in the late 

1970s. One other type of county that has declined in importance are those dominated by 

government employment. 

While the above trends are important in and of themselves, the most astonishing 

changes were seen in the number of service and trade counties. Since 1970, the number of 

counties that fit in this category has gone from 13 to 72, over a 400% increase. This is 

important because it shows that the shift to a service economy has been a geographically 

widespread phenomenon and has not been a change seen in only a few adjacent large 

counties. Additionally, there has been an increase in the number of diversified counties. 

Although services are not dominant in these counties, they at least show a shift out of the 

extractive industries, and towards a more balanced economy, a move that stabilizes 

economies once prone to boom-and-bust cycles (Smith and Gibson, 1988). It appears that 

the claims of the quality-of-life model are borne out in the nonmetropolitan RMW, with a 

strong shift out of the extractive industries, a particularly diflBcult accomplishment 

considering the region's long-term reliance on these sectors for growth- Given these 

results alone, it is quite apparent that the aggregate numbers presented in the last section 

hide a significant amount of the change that has been taking place in the region. 
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Geographically, the distribution of county types for two time periods (1970 and 

1995) are shown in Figures 5.1 and 5.2. To ease the interpretation and to focus on the 

matters of interest here, the extractive counties were aggregated into one category, as 

were the manufecturing, government, and diversified ones. The third category is the 

service and trade sector by itself The 1970 map shows the widespread firequency of 

extractive economies, especially forming in the plains, and mining in many mountain areas. 

However, the most striking feature is the scarcity of service and trade economies, along 

with their remote locations. Clearly, in 1970, the region was still heavily reliant on 

extractive economies in the more remote areas, with service and trade counties making 

only a few inroads in nonadjacent areas. 

This pattern is very different in 1995. By the end year of the analysis, the service 

and trade counties had come to be the dominant economic type. The most important 

feature of this map is the presence of the service and trade types in many of the more 

scenic mountain areas distant from metropolitan areas, especially in Idaho, Montana, and 

Colorado. This finding emphasizes that the more remote areas are capable of moving 

towards service economies and do not have to be located in areas close to the major urban 

areas. These maps combined with Table 5.2 are strong evidence in support of the quality-

of-life model and the ability of remote counties to take part in the national trend towards 

services. 
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Figure 5.1 County Economic Types in the 
Nonmetropolitan Rocky Mountain West, 1970 
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Figure 5.2 County Economic Types in the 
Nonmetropolitan Rocky Mountain West, 1995 
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5. Stability and Paths of Change in County Types 

Besides the ability to account for changes in economic structure at the county 

level, the classification developed has a number of other important and useful fimctions. 

For example, there is little in the literature on the stability of economic structures over 

time and on the effects of (in)stability on rural economic growth and development (Sears 

et al., 1993). Most studies on economic structure simply develop a typology for one or 

two points in time (see Berry, 1965, for a number of examples; Kuehn and Bender, 1985). 

If stability is the issue, the research is often geographically focused and may not have 

much meaning outside of that region (Hale and Huff, 1993). An issue worth examining is 

the extent to which rural economies are changing—is the change gradual or are rural areas 

rapidly moving fi-om one type of economy to another? Additionally, are rural economies 

changing in a regular and predictable way? For example, is the path of change and 

economic adjustment from agriculture to manufacturing to services in terms of functional 

specialization, or are rural areas moving from narrow agricultural-based economies into 

economies based on a diversity of fimctions (Pierce, 1994)? 

To obtain some understanding of this issue, the data can be presented in a more 

illuminating fashion by doing cross-tabulations on the changes from year to year, as seen 

in Table 5.3. This provides insights on the paths of change and more easily shows the time 

periods of dramatic change in the structure of these economies. In each cross-tabulation 

table, the diagonal row of the table (upper left comer to lower right comer) shows the 

number of counties that did not change from one base year to another. More interestingly. 



126 

Table 5.3 Crosstabulations of Changes in County-Level Economic Stmcture 
in the Nonmetropolitan Rocky Mountain West, 1970 -1995 

1975 

Farming Mining Manuf. Serv. & Tr. Govt Other 
Farming 93 2 4 1 11 
Mining 26 1 4 
Manuf. 20 3 
Serv. & Tr. 12 1 
Govt 1 1 22 1 
Other 1 3 47 

* Change Statistic = 24 

1980 

Farming Mining Manuf. Serv. & Tr. Govt. Other 
Farming 76 4 1 1 11 
Mining 25 2 2 
Manuf. 1 22 2 
Serv. & Tr. 1 15 2 
Govt. 1 1 19 2 
Other 6 1 5 54 

* Change Statistic = 43 

1985 

Farming Mining Manuf. Serv. & Tr. Govt Other 
Farming 72 1 1 3 
Mining 1 22 1 13 
Manuf. 2 16 1 4 
Serv. & Tr. 22 2 
Govt. 1 16 3 
Other 4 1 24 44 

* Change Statistic = 62 

* Change Statistic = # of Counties Off the Diagonal 
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Table 5.3 Crosstabulations of Changes in County-Level Economic Stmcture 
in the Nonmetropolitan Rocky Mountain West, 1970 -1995 (cont.) 

1990 

Farming Mining Manuf. Serv.&Tr. Govt Other 
Farming 71 3 5 
Mining 14 2 6 
Manuf. 16 2 
Serv. & Tr. 45 4 
Govt 16 1 
Other 2 4 13 1 49 

* Change Statistic = 43 

1995 

Farming Mining Manuf. Serv. & Tr. Govt Other 
Farming 62 1 8 
Mining 12 2 2 
Manuf. 18 1 4 
Serv. & Tr. 56 4 
Govt 1 16 
Other 2 1 1 12 51 

* Change Statistic = 39 

Total change for the 25 year period, 1970 -1995 

1995 

Fanning Mining Manuf. Serv. & Tr. Govt Other 
Farming 63 1 6 6 2 33 
Mining 10 1 10 10 
Manuf. 10 7 6 
Serv. & Tr. 12 1 
Govt 1 1 6 13 4 
Other 1 1 1 31 1 16 

* Change Statistic = 130 

Source: REIS, 1997 
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by moving along the horizontal axis, it is possible to see the direction of structural 

change. This type of information is lost in generalized tables like that shown in Table 5.2. 

Looking at these cross-tabulation tables, it is evident that the largest losses in 

farming were between 1970 and 1975, a little earlier than the noted farm crisis of the 

1980s, while mining lost the most between 1985 and 1990, a little lacer than the energy 

bust of the early 1980s. More important is the general direction of the shifts from 

extractive, to diversified, to service and trade economies. Because at times it is small 

changes that may drive changes in types from one year to another, perhaps it is best to 

examine the overall transformation from 1970 to 1995 seen in the last part of Table 5.3 (in 

the box). It is clear that service and trade counties evolved from all types of counties, not 

simply the extractive counties. Another interesting feature of the table is that some fanning 

communities changed into manufacturing counties, a trend not found in mining counties. 

Finally, note that while the extractive counties have evolved at times into diversified 

counties, or service and trade, there has not yet been a transition from service and trade to 

diversified. This would seem to indicate that service and trade counties are the terminal 

stage of development in the nonmetropolitan counties, at least within the context of 

today's economic realties. Again, all these tables show trends that are not readily 

identifiable from aggregate statistics. 

A cursory glance at the table also shows that stability in this system of economic 

types is not constant, that is, at certain times more counties are changing than at other 

times. A visual measure of this can be made by simply noting that a large number of cases 

are located off the diagonal. Another way to measure the instability apparent in the tables 
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is through the change statistic under each cross-tabulation table, calculated by simply 

adding up the number of counties that switched over a five-year time period. This number 

provides a crude measure of economic stability over time—and the higher the statistic, the 

higher the instability. Thus, it is apparent that the nonmetropolitan RMW has been fairly 

stable, with much less restructviring taking place in the early 1970s, and since 1985. The 

most interesting finding, however, is the 1980 to 1985 time period, which was very 

unstable in the region. This finding fits with national trends, and the intersection of the 

farm crisis and energy bust during roughly the same period firom the late 1970s until the 

mid 1980s. 

6. The Role of Economic Structure in Regional Growth and Change 

This final section puts the typology to use by examining how growth rates for a 

number of variables differ from one type of county to another. This has been the ultimate 

use of classification procedures in a number of studies. For example, Groth (1977) used a 

classification based on percentile employment in ten sectors, and used the typology to 

distinguish population growth and migration rates. Kuehn and Bender's (1985) study 

developed a typology based on income sources, with dominant and distinctive types based 

on arbitrary thresholds to distinguish population, employment, and income growth. Both 

of these studies focused on national trends using county-level data. Finally, Mulligan and 

Reeves (1986) developed a typology which differentiated small towns according to their 

economic base. This typology was subsequently put to use to differentiate the size of 
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multipliers for small towns in Arizona (Vias and Mulligan, 1997). In all these cases, the 

authors found the typology extremely useful in distinguishing a number of accessory 

characteristics of the areas under study. 

Following the general approach used by these authors, a number of variables were 

examined over the three time periods of this study (1970-1980, 1980-1990, 1990-1995), 

and then analyzed using ANOVA procedures to see if changes in these variables were 

significantly different for each type of county. However, before showing these results, the 

growth trends for each type of county were calculated and examined in a series of graphs 

(see Figures 5.3, 5.4 and 5.5). These graphs show only the counties that stayed in the 

same category for each of the years beginning one of the time periods used for this 

study—1970, 1980, 1990. As a result of this requirement, the number of cases in each 

group varied considerably, with some types having a small number of counties (farming, 

66; mining, 13; manufacturing, 14; service and trade, 13; government, 13; diversified, 18). 

Despite this limitation, the graphs of annual growth rates for population, 

employment and total personal income are quite informative. Population trends for each of 

the types show the effects of the rural renaissance, and that certain types of counties 

benefited to a much larger extent than others. For example, mining counties did very well 

in the 1970s, but showed larger declines than any other type in the 1980s, a decline they 

have not yet recuperated fi'om in the 1990s. On the other hand, forming counties have 

shown the worst trend throughout the time period. More interesting is the trend for 

service and trade counties, which are the only ones that have not shown negative growth 
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throughout the 25 year period; they remain the population growth leaders today. These 

different trends, however, do appear to be converging as time goes on. 

A less divergent pattern is found for en^)loyment and income, as was evidenced in 

the Chapter 4 graphs on the aggregate growth of these variables. Income does display a 

little more variability, as would be expected. Once again mining counties have the greatest 

fluctuations. However, forming counties have seen nearly as much volatility in income as 

well. Finally, service and trade counties do not display the same distinct positive trend 

found in population, but overall, they seem have fared better than most of the other types 

of counties, and shown less instability over the long-run. It is important to reiterate that 

these trends are based on a limited set of counties. Notwithstanding, to understand some 

general trends, they offer some interesting insights on differences between county types, 

an analysis that can be further extended using more sophisticated statistical techniques. 

Perfect for such an analysis of differences in growth rates are analysis of variance 

(ANOVA) procedures. Table 5.4 shows ±e results of running ANOVA tests to see if the 

growth rates for counties of each type significantly differ from each other. For example, 

for the time period 1970 -1980, the table shows the growth rates for population 

(POP7080), employment (EMP7080), net migration rate per 1000 population 

(RATE7080), income (INC7080), and the average county wage level (AVWG70). This 

analysis was performed for each of the time periods under consideration in this 

dissertation; 1970-1980, 1980-1990, 1990-1995. Under each table is the F-statistic, which 

indicates if the means for each type are significantly different from each other based on the 

separation of the means, and the standard deviations around those means. Based on these 
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Table 5.4 Analysis of Variance Tests on Growth Rates (%) for County Economic Types 
in ttM Nonmetropolitan Rocky Mountain West, 1970 -1995 

1970-1980 

POP70B0 EMP7080 RATETOaO INC7080 AVWG70 

Farming 16.8 25.1 5.3 44.3 15.875 

Mining 35.5 58.7 13.9 93.6 22.157 

Manutecturing 28.6 36.2 13.2 55.0 19.770 

Sarv. & Trada 65.5 83.0 36.6 109.6 21.188 

Govt 30.2 44.0 8.1 64.5 19.859 

Ottiar 41.8 75.0 21.5 96.4 18.058 

F-Teat 8.52* 7.43* 6.95* 8.65* 34.3* 

1980 •1990 

POP8090 EMP8090 RATE8090 INCa090 AVWG80 

Fanning -2.3 5.3 -10.0 11.0 16.638 

Mining 0.9 10.0 -14.8 -5.6 26.438 

Manutacturing 2.0 12.4 -8.4 9.3 20.908 

Sarv. & Trada 28.9 42.9 11.8 39.0 20.145 

Govt 7.3 18.2 -14.8 19.5 21.174 

Ottiar 10.3 22.2 -10 19.3 19.962 

F-Teat 11.37* 5.65* 7.79* 9.75* 50.02* 

1990 -1995 

POP9095 EMP9095 RATE9095 INC909S AVWG90 

Fanning 6.3 2.7 4.2 3.9 15.066 

Mining 3.8 5.0 -1.6 9.6 25.619 

Manutacturing 13.5 13.6 8.7 14.4 18,963 

Sarv. & Trada 16.1 31.5 11.0 24.3 18.735 

Govt 7.5 7.7 Z8 11.3 20.204 

Othar 9.6 12.0 6.2 13.8 18.449 

F-Taat 8.43* 2.94* 7.38* 15.r 29.32* 

* significant at .01 level (growth rates for county types are significantly different) 
Source; REIS. 1997 
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statistics, all the groups are significantly different at the .01 level. However, caution is 

needed because homogeneity of variance tests were rejected in about a quarter of the 

cases, indicating the results may not be robust in some circumstances. 

Remembering that these are county-level averages, some interesting trends are 

apparent. In terms of population and employment growth measures, the service and trade 

counties have done the best through all three time periods. While farming and mining 

counties have had diminished population and employment growth since the 1970s, 

manufacturing counties have rebounded to a degree. However, the more interesting 

findings are related to income and wages. These indicate that average wages for service 

and trade counties have gone down over time, while mining county wages remain very 

high, a point made in the last chapter. Overall, wage growth has been minimal almost 

across the board, with the drops seen in the 1980s still not recaptured in the 1990s. The 

fact that overall income levels continue to grow means that population growth and new 

employment alone are driving this statistic, not an actual increase in the standard of living 

as indicated by higher wages. This finding does little to support the notion that service and 

trade provide a better wage and standard of living than the extractive industries. 

There is one caveat to note in relating county employment structure to economic 

growth. Although a county may see a drop in agricultural jobs due to productivity 

increases, the impact of farming may still be large because linkages between the form and 

county suppliers may still exist (or even increase). Thus, even if farming employment may 

decline by 20%, it is possible agriculture is still the economic base of the county. As noted 

earlier, the conclusions drawn here are more reliable if drops in employment in one sector 
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are accompanied by increases in employment in other sectors, a trend that is apparent in 

most counties. 

7. Conclusion 

In this chapter, an attempt has been made to move away from the aggregate 

analysis completed in the last chapter. To do this, the analysis used classification 

procedures to develop a typology based on the dominant sectors of employment in four 

important sectors, farming, mining, manufacturing, and services and trade. This approach 

is more useful than looking at aggregate percentages of employment, population or 

income, which may be obscured by a few large counties, while providing information on 

what is happening in county-level economies dominated by certain sectors. 

The results show that the shift from extractive economies to service and trade 

economies has been a widespread phenomenon seen throughout the region, not just in 

areas adjacent to cities. Overall, the trend has been gradual, with a period of extreme 

change in the early 1980s as a recession forced a number of counties to restructure 

quicker than they probably would have in normal times. This change was especially 

precipitous for the extractive economies. 

In terms of differences in growth trends for each economic type, it is apparent that 

growth has been more stable, and on the average, higher for the service and trade 

economies, while the extractive economies have undergone their well-known instability 

over time, especially in terms of income. While growth trends fevor these service 
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economies, it is apparent that a shift to this type of economy should not been viewed as a 

panacea for all counties worried about their declining extractive-oriented economic bases. 

The final table demonstrated that wages throughout the region have been stagnant, a trend 

found to some degree throughout the US. Additionally, the sectoral breakdown on 

average wages shows the service counties are lagging fer behind mining counties, the past 

and current leader in terms of wages. Unfortunately, it cannot be claimed that it is miners 

alone who benefit fi-om these wages. In fact, these wages are high enough to drag the 

county-wide wage to a considerably higher level than found in all the other types of 

counties. Perhaps more distressing, these differences appear to be greater now than they 

were 20 years ago. For advocates of the quality-of-life model, this is very bad news, and 

confirms many fears voiced by critics on the utility of pushing a service- oriented economy 

(see Power, 1996). 
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CHAPTER 6 

A MODEL OF POPULATION AND EMPLOYMENT GROWTH 

1. Introduction 

In the research presented up to this point, interaction between the primary 

variables of interest (population and employment growth) has not been considered. 

However, important econometric evidence over the last 20-30 years has shown that 

growth in one variable often affects the other, and vice versa (Greenwood, 1975, 1985; 

Carlino and Mills, 1987). While researchers have come to accept this idea, what has not 

been satisfactorily settled is which mechanism is the stronger. This issue was raised in 

Chapter 2 in the discussion on theories of regional growth and change. 

For example, in the regional restructuring perspective, the emphasis is on industrial 

change and the movement of jobs (Frey, 1987). Thus, in both metropolitan and 

nonmetropolitan areas, local employment opportunities change as new firms enter and exit 

the market creating regional differentials in wage levels and employment. For a growing 

region, the implication of this is a shortage of labor and high wages, which induces in-

migration until conditions start to balance and equilibrium is restored. In modeling this 

type of change, the clear expectation is that people follow jobs. Why firms choose to 

locate in one area versus another is dependent on the production requirements of a 

particular industry, and on the ability of a particular place to supply those requirements at 

a reasonable cost (Knapp and Graves, 1989; Clark and Murphy, 1996). 
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For the deconcentration perspective that en^jhasizes changing residential 

preferences, the expectation is that people first choose where they want to live based on 

personal preferences (not based on employment prospects) and then move to the area 

bringing large amounts of nonen^jloyment income with them, or that they have jobs not 

dependent on where they live (Frey, 1987). In other words, employment follows people in 

this scenario, and local employment growth is endogenously determined through 

expenditures and multiplier effects from new residents (Blumenfeld, 1955; Tiebout, 1962; 

Power, 1996). 

In this chapter, the results of regression analysis using an adjustment model an 

approach originally developed twenty years ago by Stiennes and Fisher (1974) and 

recently refined by Carlino and Mills (1987) and Dufify-Deno (1998), are presented. By 

using this type of model, it is possible to examine population and employment growth 

while controlling for the effects of population/employment interactions, economic 

structure, geographic location, environmental amenities, and nonemployment income. 

Furthermore, because of the long time series of data available, it will be possible to see 

how the importance of these growth factors changes over time. The model and data offer 

a rare opportunity to examine spatial and temporal changes in employment and population 

growth, an approach that has been rarely used by researchers (Heaton et al., 1981). 

This chapter is structured in the foUowing way. The next two sections discuss 

much of the theory behind the most common approaches to analyzing regional change, 

with an emphasis on equilibrium and disequilibrium perspectives, and the newer 

adjustment models. The subsequent section presents the methodology used in this section. 
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including a discussion of the model specification and hypotheses. The next section 

presents the results of the regressions, along with an examination of potential statistical 

problems. The last section summarizes the findings and discusses other possible 

improvements of the models used. 

2. Equilibrium/Disequilibrium Models 

Over the past ten to fifteen years, a spirited debate has been taking place in the 

social science literature on the mechanisms that drive migration (Greenwood, 1975, 1985). 

On one side of the debate is the older and more traditional disequilibrium approach to 

migration that assumes people move because of spatial variations in economic 

opportunities. Alternatively, research published in recent years has advocated an 

equilibrium approach that suggests spatial differences in economic opportunities can 

persist because people also take into account the value of location-specific amenities to 

compensate for lower wages or a higher cost of living. This issue remains hotly debated 

today, and it is worth exploring in some detail because several aspects of the debate are 

important to understanding regional growth and change in the RMW. 

As briefly mentioned above, the disequilibrium approach empbasisses that the well-

known differences that exist in regional wages and employment opportunities induce 

people to move from one place to another (Greenwood, 1975, 1985; Evans, 1990; Hunt, 

1993). This occurs because people and/or households search out new locations to live 

compared to where they currently reside in an effort to maximize utility. Over time, these 
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differentials are eliminated to a degree as people move and push wages and employment 

tov/ard a state of equilibrium between regions. Another important characteristic of the 

disequilibrium approach is that the adjustment process is slow and is not actually achieved 

because new shocks to the system change ±e ideal equilibrium state. Finally, researchers 

realized that some location-specific amenities may cause the system to stabilize with 

differentials still existing because of the value of these amenities, which compensate for 

lower wages or lower employment possibilities. However, although this possibility was 

recognized, the emphasis was always on the primary importance of economic differentials 

as the driving force behind migration decisions. 

The ideas behind this approach can be traced back over 50 years to the work of 

Hicks (Hunt, 1993) who outlined the primary impact of economic disparities between 

regions, while also noting the possible influence of location-specific amenities. A number 

of studies have used this framework to examine the importance of origin and destination 

characteristics in the migration decision (Perloflf et al., I960; Miller, 1973). One of the 

most important studies of this sort was the adapted gravity model presented by Lowry 

(1966). Lowry's work indicated that destination rather than origin characteristics play the 

major role in migration decisions. However, in his findings, along with those of other 

researchers using this framework, the results have shown that the signs for coefiBcients 

were often counterintuitive, with people moving to lower wage areas, or areas with high 

unemployment (Greenwood, 1985). 

The solution to this problem was developed in the 1980s as several researchers 

introduced an equilibrium approach to modeling migration flows. In this framework it is 
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expected that regional economic differences will persist over time and are compensating 

for differences in non-tradable goods such as local amenities. Thus: 

...because equilibrium models assume that spatial differentials in economic 
opportunities are essentially compensating in nature and therefore do not represent 
utility differences, such models do not emphasize these differentials in their 
specifications. Instead, changes in the demand and supply of amenities, or in 
factors such as rising real incomes that underlie such changes, are emphasized in 
equilibrium models. The (momentary) household disequilibrium implied by these 
changes in amenity demand and supply is quickly eliminated by migration and a 
resulting restoration of spatial compensating differentials in land and labor markets. 
(Hunt, 1993, p. 343). 

Researchers have argued that omitting such important variables as amenities results in 

biased regression estimates. In fact, when amenities are included, some of the problems 

associated with counterintuitive coefBcient signs disappear (Greenwood. 1985). 

The primary stimuli for migration in this framework are the changing preferences 

of people who move, and a higher demand for locationally-specific amenities. This 

changing demand has been caused by many of the events associated with economic 

restructuring in the US, discussed in earlier chapters. Today, employment opportunities 

are more flexible in terms of location, and other preferences in the migration 

decisionmaking process have become important. Higher incomes and increasing amounts 

of nonemployment income also permit other priorities to come to the forefront when 

potential migrants are searching for a place to move. Importantly, these preferences are 

influenced as well by life-cycle events such as entry into the workforce, marriage and the 

birth of children, and retirement. 

Probably the most prolific researcher in this area has been Graves (1976, 1979, 

1983) who has published a number of papers on the topic, along with several other 
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economists, including Herzog and Scholttman (1986), Greenwood et al. (1991), Roback 

(1982), Gushing (1987), along with the seminal work of Porrell (1982). In most cases, the 

primary amenities of interest have been climate differences, the availability of cultural 

institutions, and other quality-of-Iife variables like crime, to name only a few (Graves, 

1979; Clark and Hunter, 1992; Duflfy-Deno, 1998). As noted above, in many cases the 

authors have found these amenity variables to be significant. Additionally, economic 

opportunity variables have often returned to the expected sign. 

One major problem with this approach involves specifying the correct amenity 

variables, which can be numerous for each location. If important variables are left out of 

the model, the resulting estimates are biased (Gujarati. 1995). Also, a large number of 

amenity variables can result in multicollinearity problems (Clark and Hunter, 1992). A 

remedy for these econometric problems was suggested by Graves and others by using 

proxy variables to measure the value of amenities in each location (Graves, 1983; BCnapp 

and Graves. 1989). In this approach, the value of local amenities are capitalized into such 

variables as local rents and average wage. Consequently, areas with high rents or low 

wages, traditionally thought to be areas people would move away from, may actxially be 

strong indicators of other fectors located in a particular area that people may find 

desirable. Thus, these variables can explain why people are willing to move to places 

where economic opportunities appear dismal. In addition, this approach permits the 

elimination of dozens of amenity variables in the model, reducing multicollinearity. Over 

the years, the use of composite amenity variables has produced reasonable results, but the 

use of this approach has not always worked (Rudzitis and Johansen, 1989). Although it is 
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assumed the attractive environment efifect is being captured by the composite amenity 

variables, it is recognized that other important attributes of the are may also be capitalized 

into these variables as welL 

Overall, both the equilibrium and disequilibrium models have provided valuable 

insights on the factors driving population and employment change. Of special significance 

for the RMW is the ability of newer models to incorporate amenity differences and 

emphasize the importance these factors can play in the migration decision. The use of 

composite amenity variables has also been usefiil for the analysis of areas that have a large 

number of locationally-specific attributes that people may find desirable. 

3. New Approaches: Adjustment Models 

While the newer equilibrium models have permitted a much more detailed analysis 

of the factors driving migration, they still do not address an important question raised in 

Chapter 2: what is the role of population growth on employment growth, and vice versa? 

The literature review showed that each of the primary perspectives described may stress 

the importance of one mechanism over another. The difference between these two 

proposed mechanisms, along with the implications for migration behavior, is often referred 

to as the "chicken and egg" debate, a debate that has been a part of the literature on 

migration for at least 30 years (Muth, 1971; Stiennes, 1977; Greenwood and Hunt, 1984). 

A review of the research on this topic actually shows support for both theories, that 
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people follow jobs (Czamanski, 1965; Lowry, 1966), and that jobs follow people (Borts 

and Stein, 1964, Muth, 1968). 

The two proposed mechanisms can be shown graphically (see Knapp and Graves, 

1989 for a fuller discussion). The demand-driven approach in Figure 6.1, or people 

follows jobs proposition, features a flat labor supply curve indicating supply is very elastic, 

and is easily changed by increases (or decreases) in labor demand (Lowry, 1966). Thus, 

increasing exports from a region will drive up the demand for labor, which drives in-

migration into the area. On the other hand. Figure 6.2 shows the supply driven-approach, 

or jobs follow people proposition, initially developed by Borts and Steiti (1964). In this 

mechanism labor demand is elastic. Thus, when labor supply increases in an area through 

in-migration, the new migrants create an excess supply of labor that reduces wage levels, 

making the region more attractive for firms that contemplate moving into the area. 

Another way of interpreting this mechanism is that when labor supply increases in an area 

through in-migration (perhaps due to the attraction of location-specific amenities), the 

new migrants create a demand for other goods needed by this population, thus increasing 

local production of goods and services and employment opportunities. The second 

interpretation is more in line with the thinking behind the quality-of-life model. 

Stiennes and Fisher (1974) were among the first to understand the simultaneous 

nature of these two variables and to utilize this idea in a model. Unfortunately, while the 

general methodology for exploring these processes of population and employment change 

has been understood to some degree for a number of years, recent studies still leave a lot 

of questions unanswered. One problem is the lack of a comprehensive treatment of 
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nonmetropolitan areas. Carlino and Mills (1987) did include nonmetropolitan counties, but 

only accounted for them with intercept dummy variables. Furthermore, most of these 

studies focused on national changes, when in fact the results indicate that individual 

regions may vary tremendously in how population and employment interact (Carlino and 

Mills, 1987; Clark and Murphy, 1996). 

Wages Wages 

So Si 

\ Labor Supply Labor Demand 

Do D] 

L ,0 Li Labor Lo Li Labor 

Figure 6.1 Demand-driven Approach: Figure 6.2 Supply-driven Approach: 
People Follow Jobs Jobs Follow People 

The approach taken by many researchers in recent years involves the use of 

adjustment models. The adjustment process actually represents a rationalization of the 

Koyck model which was developed algebraically as a means for circumventing problems 

associated with distributed lags of unknown duration is regression analysis (Gujarati, 

1996). The final adjustment (Koyck) model is derived as follows. In terms of population 

(employment), the adjustment model assumes that the actual (observed) change in 
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population (employment) for a given time period (t, t-1) actually represents a fraction ( X )  

of the long-run change in population (employment) between the desired (*), or equilibrium 

level of population (employment) at time t, and the beginning population (employment) 

level at time t-l. This relationship can be shown symbolically as: 

POP, - POPt.i = X (POP*t - POPt-i) (6.1) 

EMPt -  EMPm  =  X  (EMP*t - EMP,.,) (6.2) 

If we assume that the desired level of population (employment) is a function of 

employment (population), as shown by: 

POP*t = ao + a, (EMPO (6.3) 

EMP*t= bo + bi(POPJ (6.4) 

Substitution and rearranging produces the following form: 

POPj = A.p ao + (1 - A.p) POPt.i + A.p ai EMPt (6.5) 

EMP, = A.E bg + (1 - A-E) EMPt.i + A,E bj POPt (6.6) 

These two equations represent the theoretical relationship between population and 

employment using the adjustment approach. Additionally, equations 6.5 and 6.6 are 

examples of the Koyck model where the right-hand side of the equation contains the 

lagged dependent variable. For a more detailed discussion of the theoretical model see 

Mulligan et al. (1997) 

In general, the adjustment model used by researchers includes a number of other 

characteristics of each area (county, region, state, etc.) hypothesized to influence 

population and employment. A more descriptive explanation of the assumptions and 
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expectations of the fiill empirical model, based on the discussion in Clark and Murphy 

(1996), now follows. Firms and households are assumed to be geographically mobile. 

Firms make decisions on where to move based on a cost minimizing criterion, while 

households seek to maximize utility through migration. Gains in utility are obtained 

through higher wages and increased consumption, or through the availability of local 

amenities. Over time, regional differentials in the price and the availability of goods and 

services are eliminated as firms and households move firom one region to another, 

eventually producing an equilibrium. 

At equilibrium employment (EJ and population (PJ, are simultaneously determined 

by each other, and by a set of exogenous vectors (S and T) that contain factors important 

to firm and household decisionmakers. The vector S of independent variables may be 

comprised of specific amenities (climate variables, parks, wildemess areas, etc.). wage 

levels, tax rates, cost of living, etc., while for industry, the vector T independent variables 

may be input costs (wages), local employment supply, market size. etc. (see Wheat, 1986, 

Carlino and Mills, 1987, or Barkley et al., 1988 for other variables). Expressing the 

dependent variables as levels produces the following simple model (a system of 

equations): 

Pt = (->.p) Pt-i + Xp ai Et + >.p a2 S + Xp e (6.7) 

Et = (-A.e) Et-i + XE Pi Ft + XE PaT + XsS. (6.8) 

In this model, the rate of adjustment for population and employment between times t-1 

and t is shown as k (see Mulligan et al., 1997, for a fiill discussion of the issue of the 
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appropriate time lag). A comparison of the X. coefficients produces insights on which 

variable is leading the other, or more interestingly, on which growth processes are 

significant in a particular time and place. For example, in the study by Carlino and Mills 

(1987) for all counties in the US, they found that population was leading employment by a 

small margin (>.?>>.£), but that both were significantly influencing each other. 

Although levels were used as the dependent variable, it is possible through simple 

algebraic manipulation to create a growth model, which is the topic of general interest in 

this dissertation. In this change in the model specification, equations 6.7 and 6.8 can be 

rearranged by bringing over the lagged values of the dependent variable to the left hand 

side of the equation to produce the following new specification: 

The only difference between the level and change models in terms of the regression 

estimates is the coefiBcient for the lagged independent variable, where the estimate for the 

level coefficient is equal to the coefficient estimated for the change model plus one. All 

other coefficient estimates are the same. In the analysis presented in the next few sections, 

levels were used because the statistical tests presented are easier to nm using levels, as is 

the estimation of elasticities. The final empirical model estimated is as follows: 

Pt - Pt-i = (-A.p) Pt.i + Xp tti Et + A.p a2 S + A.p e (6.9) 

Et - Et-i = (-A-E) E,.i + X s  PI Pt + PZT + S. (6.10) 

Pt = Ao + Ai Pt.i + A2 Et + S + s (6.11) 

Et = Bo + Bi Et.i + 82 Pt + T + 8. (6.12) 
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where the coeflBcients Ao, Ai, A2, Bo, Bi, and Bz are estimated using the two-stage-least 

squares procedures outlined in more detail in the next section. 

4. Model Specification and Hypotheses 

In the analysis presented in the next section, the variables for the S and T vectors 

were chosen specifically to test the significance of factors researchers believe are 

associated with population and employment growth in the RMW (as based on the quality-

of-life model). Additionally, since the data were available for 25 years (armual data), it is 

possible to see how the influence of these factors has changed over time. The S vector 

contains the following amenity variables: federal land managed by the Forest Service, 

federal land managed by the Bureau of Land Management, and a topographic index which 

measures landscape desirability. Counties with high percentages of these federal lands 

(many of which contain wilderness areas) are thought to be highly desirable in the quality-

of-life model (Rasker, 1995; Power, 1996). 

These federal lands are fer from homogeneous—ranging from desert lowlands to 

mountain forests. For a number of years, many researchers only thought forest lands 

represented an attractive environment for migrants (Duflfy-Deno, 1998). However, newer 

studies have found that each type of land has value depending on individual preferences, 

so a high percentage of either type of federal land would be attractive to a variety of 

newcomers into a county (Riebsame, 1997). 
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The index of landscape desirability, or topographical index, was developed by the 

USDA and is defined by combining measures on how mountainous or rugged the terrain is 

in each county, along with the average elevation of land in the county: 

This index reflects presumed individual preferences for areas with rugged terrain 
and for low elevatioiL Rugged terrain is presumably desirable for its visual 
attractiveness and role in some recreational activities; while high elevation, by 
itself, is likely to be unattractive, because reduced oxygen levels will impede 
comfort and enjoyment of recreational activities for some people" (Kusmin, 
1994, p 14). 

Using such an mdex, such counties as Maricopa and Yuma in Arizona rate high. However, 

most of the index is dominated by counties from northern Idaho and northwest Montana, 

areas with low river valleys and high mountain ranges. Additionally, it is worth noting that 

some of the most beautiful and popular destination counties in Colorado, including 

Summit and Pitkin, rate poorly on this index because of consistently high altitudes. Thus, 

the index only considers two aspects of the physical landscape, when, in fact, several other 

characteristics may be important. Evidence from another study examining the effect of 

topographic relief on state-level migration has shown that this characteristic can play a 

significant role in understanding population changes in a region (Gushing, 1987). 

Two economic variables widely considered to influence migration decisions, 

average wage and gross rent, were also included in the models (Knapp and Graves, 1989). 

Average labor wage is a simple measure of what people in the county are making at their 

jobs, a measure that does not include nonemployment income sources. Gross rent is a 

rough measure of the cost of living in the area. Traditionally, it was thought that people 

seeking to maximize utility would move to high-wage and low-rent areas. However, it was 
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noted earlier that a large amount of research has been done over the last 15 years on 

migrants willing to forgo higher wages and lower rents when the area provides 

compensating benefits, such as local amenities (Graves, 1983; BCnapp and Graves, 1989; 

von Reichert and Rudzitis, 1994). Researchers have shown that these amenity values were 

being capitalized into wages and rents, thus explaining why people were moving to low 

paying, high rent areas. The ability of these variables to pick up unspecified amenities is 

especially useful when varying tastes may make two extreme but opposite values of the 

same variable both appear to be attractive. For example, a climate variable (e.g., average 

temperature) in the RMW may not be significantly related to population growth because 

while the warm climates of Arizona are attractive to some, for others the cold winter 

recreational opportxinities of mountain areas in Colorado may be just as attractive. 

However, for both, the desirability of the county may be reflected in the low wages and 

high rents. 

A composite (average wage divided rent) variable was computed to see if high 

rents and low wages are indicative of more desirable areas within the region. Assuming the 

individual variables work in this manner just described, as the value of the composite 

variable decreases for a county, the desirability or attractiveness increases. Using this 

criterion, very high on the list of attractive counties are the mountain areas of the region, 

including ski resort counties (Pitkin and Eagle in CO), along with other more isolated but 

attractive counties as well (Teton, BD, and Gunnison, CO). Also high are retirement areas 

in Arizona (Yuma and Mohave) with warmer climates. Although not perfect, the fact that 
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the variable is detecting two very different types of desirable areas offers some evidence 

on the value of the independent variables to be used in the model. 

The population growth model also contained two other types of variables. A 

geographic variable was included to distinguish between coimties adjacent and 

nonadjacent to metropolitan areas. The data presented in previous chapters noted that 

nonadjacent areas do not appear to have been growing as fest as adjacent areas. However, 

using this measure in a regression model can more finely differentiate growth in the two 

types of areas (while controlling for other factors), especially whether growth in one type 

of area is significantly higher or lower. Finally, the typology developed in the last section 

was included in the form of dummy variables for four types of counties: farming, mining, 

manufacturing, and service and trade. ANOVA tests showed that economic structure does 

seem to be able to differentiate growth for a number of variables but. once again, it would 

be useful to understand the role of structure in the context of a model that controls for a 

number of other factors. Especially interesting would be any insights provided on the 

strength of service-based economies. 

The T vector is different in a number of ways firom the fectors driving population 

changes. No amenity variables were specifically included, because it was assumed that 

individual migrants are the most likely to benefit firom these local assets. This was done 

although there is some evidence that firms also may value high-amenity areas (Clark and 

Murphy, 1996; Kohler, 1997). In terms of economic variables, only average wage was 

included, since firms may not be as concerned about the local cost of living as much as 

individual migrants are. However, considering wages are a major input cost for firms, it 
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was expected that these would influence the decision on where to move. Also added were 

two measures for nonemployment income: the percentage of income coming from transfer 

payments (mostly federal retirement and maintenance payments) and dividend and rent 

payments. A component of the quality-of-life model centers on the vital role of this income 

component on economic growth (Power, 1996). Finally, the same economic structure 

variables were included in this specification as well thereby controlling for the four types 

of economies already described above. 

One other variable considered for the models was a measure of retiree 

concentration. Researchers have noted that retirees are a major source of population and 

employment growth in the RMW, a source of growth that differs from working-age 

migrants who may have different motives for moving and different residential 

requirements. Thus, to better understand the growth process, these two different cohorts 

should be controlled for in the adjustment model. The best variable for measuring retiree 

concentration in a county would come from data on recent migration disaggregated by age 

cohorts. However, these data are not available for aU the time periods of this study. 

Another variable measuring the percentage of population in a county over 55 years of age 

was tested. This variable is problematic because many counties, especially in the eastern 

portions of the regions that are a part of the Great Plains, have high concentrations of 

older people because of aging in place, and the fortimes of these areas have been quite 

different from those that have been flooded by retirees (Beale, 1977; Fugiiitt, 1985). 

Despite this problem, the variable was tested, but it did not significantly alter the other 

coefBcients obtained in the model and was insignificant in almost every case. 
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Another potential variable for the model was a measure of seasonal population. 

There is a strong possibility that economies relying on seasonal changes in terms of 

population and employment may be performing differently in terms of growth, and the 

quality of development induced by that growth (e.g., low average wages). Certainly this 

type of economy is slightly different than the service economies envisioned by Power and 

Rasker that are dependent on the migration of new, long-term, year-round residents. A 

better breakdown on the structure of occupations within the service economy would be 

helpful in differentiating these economies, but these data are simple not available for many 

of the small counties, and certainly not for all the years of this study. 

The analysis was done using two-stage-least squares regression to ensure estimates 

are BLUE (best linear unbiased estimator), because in the presence of simultaneity, 

ordinary least-squares regression estimates will be inconsistent and biased because one or 

more explanatory variables are correlated with the error term, a violation of the Gauss-

Markov Theorem (Ramanathan, 1995; Gujarati, 1995). To ensiu-e simultaneity was 

present in the system, Hausman (1976) specification tests were run on the models. For 

population and employment change during all three time periods, significant simultaneity 

was indeed found (see Appendix Table B. 1 for the results of these tests). 

Another problem often found in regression models is related to heteroskedasticity. 

Previous analyses with the adjustment model transformed population and employment 

levels into densities in an effort to reduce heteroskedasticity (Carlino and Mills, 1987; 

Clark and Murphy, 1996). However, Mulligan et al. (1997) found that this transformation 

does not consistently resolve this problem. Thus, it was decided to rely on actual levels. 
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However, the models were tested for heteroskedasticity anyway using White's test to see 

wluch type of specification works best (see results in Appendix Table B.2). In this case, 

the use of levels was superior in virtually every model as compared to densities, as seen 

with lower White test scores, although the heteroskedasticity problem still exists. An 

added benefit of using levels rather than densities was in terms of explanatory power-

density variable regressions had lower adj. values in almost every instance. The 

complete models were run for each of the three time periods, 1970-1980, 1980-1990. and 

1990-1995. Descriptive statistics for all the variables in the model are shown in Table 6.1. 

5. Results and Discussion 

Table 6.2 shows the coefiBcient estimates and their statistical significance for both 

the employment and population equations for all three time periods. In the discussion that 

follows, even though levels were estimated in the adjustment model, it was shown in the 

last section that the model is describing change in the dependent variable. Hence, the 

discussion will speak in terms of change in the dependent variable. Overall, the models 

performed well, explaining close to 99% of the variance. Such a high level of 

"explanatory" power is typical of this formulation of the adjustment model. Focusing first 

on the significance levels and signs on the coeflBcients of the population and employment 

independent variables over time, it is apparent that increasing population levels were 

significantly associated with employment growth in all three time periods, while the same 

was not true for employment with respect to population growth. In fact, and quite 
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Table 6.1 Descriptive Statistics of Variables for TSLS Regressions 

VARIABLE Minimum Maximum Rfean Std. Deviation Data Source: 

DIV70 1.17 10.3 4,152 1.2447 REIS 1997 
DIV80 3.28 22.73 10.9269 3.8224 REIS 1997 
DIV90 5.33 39.55 18.8585 6.1719 REIS 1997 
TRANS70 1.03 9.61 3.4376 1.2153 REIS 1997 
TRANS80 1.86 18.27 8.6116 2.9408 REIS 1997 
TRANS90 3.07 32.93 17.1011 5.3999 REIS 1997 
AWVG70 12061.72 39545.61 18092.7473 3569.9882 REIS 1997 
AVWG80 12446.15 37135.04 20096.662 4389.9689 REIS 1997 
AVWG90 11722.1 39140.03 18159.4202 4158.8801 REIS 1997 
EMP70 97 29742 5366.8937 5869.6013 REIS 1997 
EMP80 171 43993 7933.5394 8994.3542 REIS 1997 
EMP90 281 59478 9475.8701 11431.3131 REIS 1997 
EMP95 267 75439 11004.5354 13825.1049 REIS 1997 
PBLM 0 0.95 0.1841 0.2173 PILT 
PFS 0 0.93 0.2105 0.2285 PILT 
POP70 202 69547 12918.063 14284.5076 REIS 1997 
POP80 414 91393 16907.6575 19566.4714 REIS 1997 
POP90 467 121551 18876.1772 23631.7734 REIS 1997 
POP95 523 136088 21347.5354 27397.0909 REIS 1997 
RENT70 50 185 85.378 16.6027 ARF 
RENT80 116 448 204.6929 51.352 ARF 
RENT90 187 773 318.8661 84.386 ARF 
TOPOG -5.355 1.9987 -1.522855 1.278421 ARF 

PILT - County Payments in Lieu of Taxes 
ARF - Area Resource File, US Bureau of Health Professions. 1995 
REIS - Regional Economic Information System 1969-1995, Bureau of Economic Analysis. 1997 
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Table 6.2 Regression Estimates for TSLS Models on Population and 
Employment Growth in the Nonmetropolitan Rocky Mountain West, 
1970 -1995 (Uncorrected for Heteroskedasticity) 

POP80 EMP80 

Variable Coefficient t-stats Coefficient t-stats 

EMP80 -0.2930 -1.442 
EMP70 0.9396 12.581 *** 
POP70 1.5270 12.355 *** 
POP80 0.1613 6.987 — 
TOPOG -169.2355 -0.706 
PFS 2230.1227 1.523 
PBLM 5134.4394 3.332 
AVWG70 -0.0864 -0.797 0.0760 1.681 * 
RENT70 70.1907 2.776 — 
DIV70 605.2761 6.008 *** 
TRANS70 -250.8591 -2.406 ** 
AOJ80 2143.4022 2.916 •** -555.2252 -1.843 * 
FARM 397.2474 0.477 -801.0042 -2.541 ** 
MINING -1068.5984 -0.993 -325.2118 -0.766 
MANUF. -292.2706 -0.251 -772.0809 -1.770 * 
SERV. & TRADE 971.5576 0.695 170.2289 0.310 
CONSTANT -7067.2430 -2.414 ** -2311.3970 -1.912 * 

Adi. 0.9487 0.9599 

POP90 EMP90 

Variable Coefficient t-stats Coefficient t-stats 

EMP90 -0.7860 -4.045 *** 
EMP80 0.9085 18.936 
POP80 1.6177 15.015 — 
POP90 0.1315 7.103 
TOPOG 102.1624 0.345 
PFS 2513.3500 1.474 
PBLM 5477.8825 3.063 
AVWG80 -0.1915 -1.683 * -0.0614 -1.407 
RENT80 35.9862 3.437 *** 
DIV80 96.6285 2.410 ** 
TRANS80 -139.1669 -2.737 
ADJ80 3313.3089 3.661 **• 853.4542 2.515 •* 
FARM 702.0940 0.685 -552.0581 -1.547 
MINING -3882.2598 -2.756 *** -1146.6438 -2.461 -
MANUF. -1233.0781 -0.919 157.3983 0.342 
SERV. & TRADE 4353.4764 2.976 *** 2358.4151 5.305 *** 
CONSTANT -6503.9736 -2.101 ** 1090.2564 0.849 

Adl.R^ 0.9485 0.9712 
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Table 6.2 (cont) Regression Estimates for TSLS Models on Populati'on and 
Employment Growth in the Nonmetropolitan Rocky Mountain West, 
1970 -1995 (Uncorrected for Heteroskedasticity) 

POP9S EMP9S 

Variable Coefficient t-stats Coefficient t-stats 

EMP95 -0.1119 -3.119 
EMP90 1.1226 37.255 •** 
POP90 1.2074 60.588 •** 
POP9S 0.0326 2.597 •** 
TOPOG 172.5842 1.697 • 
PFS 1446.4738 2.326 *• 
PBLM 1749.3653 2.678 
AVWG90 -0.0963 -2.499 •* -0.1431 -4.938 *** 
RENT90 7.7293 3.951 
0IV90 14.3226 0.854 
TRANS90 -62.5033 -3.358 "* 
ADJ80 1605.3675 4.845 *** 585.8119 2.496 ** 
FARM 1058.0476 2.908 -88.1492 -0.350 
MINING -118.9889 -0.196 716.6059 1.686 • 
MANUF. 1318.0733 2.780 *** 590.8881 1.831 * 
SERV. & TRADE 1670.1789 4.677 •** 1117.5871 4.701 •*' 
CONSTANT -2398.5928 -2.696 •** 2620.1205 3.127 *" 

0.9950 0.9903 

(underlined coefficients and t-stats are endogenous variables) 
Significance Levels - * 0.1, ** 0.05, *** 0.01 
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surprisingly, decreases in employment levels were associated with population growth. The 

negative coefiBcient is problematic and cannot be easily explained- The expectation would 

be that the coefiBcient would be smaller for the employment variable in the population 

model, or perhaps insignificant. The unusual negative sign may be a byproduct of the 

volatility in en^)loyment as seen in charts presented in Chapter 3, indicating that 

adjustment to the desired level of population may have occurred several times over the 

decade, a problem that is not apparent in the smoother and more gradual changes that 

have taken place with population driving employment growth (Clark and Murphy, 1996). 

Other sources of error may be unusual outliers in the data. 

Whatever the source of the problem, the positive and significant population 

coefiBcient in the employment model is the most important finding, a result that is clearly 

in agreement with the claims of the quality-of-life model, which argues that population 

change and labor supply are the driving forces for change in a region, and where the 

proposition that jobs follow people holds. This result is the opposite of what was found at 

the national level by Carlino and Mills (1987), who found the more traditional relationship 

of people following jobs was true for the 1970s. On the other hand, this trend was 

reversed at the national level in the 1980s according to Clark and Murphy (1996). Because 

of its scenic landscapes and large recreational opportunities, the RMW may have led the 

US to a degree in a trend towards regional socioeconomic change driven by migration and 

changing residential preferences. 

With respect to the population model alone, the amenity variables show an 

interesting pattem of change in the region, one also predicted by the quality-of-life model 
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Overall the value of federal lands on population change has been positive and strong. 

Indeed, over time the value of forest service land has increased in significance. 

Additionally, the presence of BLM land, traditionally thought by many to represent areas 

of inferior quality and desirability, has and remains strongly associated with population 

growth. Finally, the topographic index measuring certain aspects of desirable landscapes 

has gone from having an insignificant eflfect on population change, to having a significant 

effect in the most recent time period. 

The economic variables also provide indirect support for the increasing value of 

amenities. For both variables (average wage and rent), the signs are the opposite of 

expectations in a model where migrants seek to maximize utility. In fact, this relationship 

has become stronger over time (higher t-scores) as migrants seem more willing to forgo 

lower rents and higher wages to be in areas with higher amenities. This finding supports 

the work by Graves and others on the value of these projQ^ variables. Contrasting this 

evidence on the importance of amenities, many of which are located far from cities, are the 

coefiBcients for the geographic variable. These show that population change is still fevored 

in the adjacent areas rather than remote areas, a pattern that has always been significant. 

The economic-structure dummy variables provide some interesting insights on the 

role of the economy on population change. For the 1970s, the signs on the variables 

indicate mining and manu&cturing counties &red worse than Arming or service counties. 

However, none of the coefiBcients is significant, so we may conclude that the overall 

increase in nonmetropolitan population seen in this region was not tied to any particular 

type of economic sector. This trend changed in the 1980s as economic structure became 
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more significantly associated with population change, especially the decreases experienced 

by mining counties, and the increases in service counties, despite severe downturns in the 

economy. Finally, in the 1990s it is apparent that economic structure remains associated 

with strong growth, especially in forming, manufacturing, and service counties. Only 

mining counties showed a negative trend, but even that coefiBcient is not significant. 

Overall, it appears economic structure has played an increasing role in differentiating 

population growth trends over time, and that the very large population turnaround in the 

rural renaissance of the 1970s was not closely tied to the growth of certain sectors in the 

economy. 

The employment change model provides an interesting contrast to the population 

change model. The employment and population independent variables were already 

discussed above, and need no fiirther elaboration. However, while the average wage and 

rent coefiBcients in the population model showed a reversal from what would normally be 

expected from theory, the average wage in the employment model behaved in a more 

predictable feshion, with firms attracted to counties with lower wages, a trend that was 

especially significant in the early 1990s. On the other hand, the results for the effects of 

nonemployment income are not consistent. Earnings from dividends and rents have always 

had a positive effect on employment growth. However, higher transfer payments have 

consistently been associated with lower employment growth. This strong trend may be 

explained by the high percentage of income maintenance programs found in transfer 

payments, which can be as high as 50% of total personal income in some counties. 

Overall, the positive effect of dividends and rents on employment change has become less 
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significant over time, while it has and. remains strongly negative for transfer payments. 

This finding is generally inconsistent with the expectations of the quality-of-Iife model 

The tables also show that geographic location has generally been important for 

employment growth, with the adjacent areas favored. However, this trend was reversed in 

the 1970s, a finding that corresponds with the results shown in earlier tables from Chapter 

4 that indicated employment growth in the nonadjacent areas grew at the same pace as 

that in adjacent areas. This trend was unusual because it was not matched by population 

growth during the same time period. The economic structure variables show that although 

the 1970s saw strong overall employment growth, that growth does not seem to have been 

tied to particular sectors. In fact, counties with specialized economies seem to have fared 

worse in that decade. The economic downturn of the 1980s was associated with less 

growth in farming and mining counties, as expected, while service counties were the only 

areas that showed signs of economic vitality. Finally, in the 1990s, strong growth has 

generally been associated with all types of specialized economies, especially services. 

along with a revival of manufacturing. Overall, these patterns were expected, with service 

economies showing the best performance. This pattern has been seen nationwide, and is a 

fimdamental part of the quality-of-life model. 

Short-term elasticities were also estimated for the same model using reduced forms 

equations (see Table 6.3). These measiire the magnitude of the direct and indirect effects 

of each independent variable on the dependent variable in each model. From these results, 

it is very clear that the lagged form of the dependent variables are the strongest factors 

affecting growth, a result to be expected and which accounts for the high values in each 
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Table 6.3 Elasticities for Population and Employment Adjustment Models 

Variable POP80 EMP80 

POP70 1.296 0.409 
EMP70 -0.269 0.591 
TOPOG 0.012 0.041 
PFS 0.019 0.018 
PBLM 0.064 0.050 
AVWG70 0.067 0.123 
RENT70 0.241 0.450 
DiV70 0.174 0.358 
TRANS70 -0.020 -0.009 

Variable POP90 EMP90 

POP80 1.387 0.343 
EMP80 -0.343 0.692 
TOPOG 0.012 -0.007 
PFS 0.017 0.043 
PBLM 0.043 0.048 
AVWG80 -0.021 -0.139 
RENT80 0.277 0.367 
DIV80 0.122 0.168 
TRANS80 0.023 0.023 

Variable POP95 EMP95 

POP90 1.080 0.068 
EMP90 -0.070 0.961 
TOPOG 0.008 -0.014 
PFS 0.013 0.018 
PBLM 0.017 0.005 
AVWG90 -0.040 -0.239 
RENT90 0.102 0.063 
DIV90 0.056 0.012 
TRANS90 0.000 -0.078 

(estimated from reduced form equations) 
(Elasticity = beta coefficient * (Mean X / Mean Y)) 
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regression model. Additionally, while the feedback effects are present, they have 

decreased in magnitude over time for both employment and population growth. For 

example, between 1970 and 1980,10% increases in employment and population were 

associated with a 2.7% decrease in population and a 4.1% increase in en^iloyment, 

respectively. These percent^es for employment and population growth between 1990 and 

1995 decreased in magnitude to 0.7% and 0.7%, respectively, with the signs remaining 

the same. 

Elasticities for the amenity variables show that their overall influence has 

diminished to some degree over time. This finding is especially apparent for BLM lands 

where a 10% increase in lands resulted in a 0.7% increase in population between 1970 and 

1980, and a 0.2% increase in population between 1990 and 1995. The effects are even 

smaller for the forest service lands and topographic index variables. These minor effects 

contrast with the importance of the remaining variables. Rents have played a strong role in 

driving population, with a 10% increase in gross rents associated with a 2.4% increase 

between 1970 and 1980, and a 1.% increase between 1990 and 1995. Average wages 

have had a smaller intact, and in the opposite direction for both population and 

en^loyment growth. In terms of employment growth alone, the effects of dividends and 

rents have diminished over time, while the negative effects of transfer payment have 

increased to a small degree. 

Overall, it is important to be clear about the relationships suggested through the 

use of statistical analysis (TSLS regression analysis). In one respect, the regression 

produces estimates on the numerical relationship between the dependent and independent 
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variable via the coeflBcient. On the other hand, the regression also produces an estimate on 

the significance level of that relationship, or how confident we can be that the coefiScient 

estimates themselves are reliable. Thus, the elasticities, which are a reflection of the 

numerical relationship, show that many of the variables of interest have become less 

important over time (smaller effects for a given change in the independent variable). 

However, in many cases (amenity variables, rents and wages), the relationship between the 

dependent and independent variables has gotten stronger over time because, as indicated 

by higher t-scores over the 25 year time span. Likewise, some of the relationships found to 

be stronger in magnitude (higher elasticities) in the earlier periods were statistically 

insignificant at that time, indicating that the coefficient and elasticity estimates are not a 

good measure of the relationships between the variables. As a result, the conclusions 

drawn fi*om the earlier discussion of coefficient estimates still appear valid. 

One other aspect of the regression model examined was the effect of 

heteroskedasticity on estimates. As noted above, this problem can lead to inefficient 

estimates, making inferences suspicious. The White tests showed that this problem is still 

present to some degree, even though the use of population and employment levels reduces 

the problem. The models were rerun using a heteroskedastic-correction where the original 

estimates are weighted according to a variable thought to influence the increasing 

variances found in the residuals. In this case, it was found the variances increased 

dramatically with the rise in population, so that this variable was used in a weighted least-

squares regression. 
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The corrected estimates generated by the weighted least-squares regression shown 

in Appendix Table B.3. The signs of virtually all the coeflBcients are the same in the new 

table. What was affected, as expected, was the reduced significance of some of the new 

estimates. This occurred with some of the proxy amenity variables, average wage and rent, 

along with the amenity variables in the population model (especially the topographic 

index). This result was also found to some extent with the nonemployment income 

variables in the employment models. The economic structure variables also declined in 

significance as well. Finally, the sign on the employment variable driving population hi the 

1970s switched, but remained the same for the other two time periods. Although a few of 

the variables initially significant are no longer as important in the corrected models, much 

of the interpretation remains the same because many of the trends remain the same. This is 

especially true with respect to the changing importance of economic structure, amenity 

proxy variables, and the type of interactions taking place between population and 

employment. As noted earlier, population driving employment remains the primary 

mechanism of change. 

Additionally, an analysis of residuals was undertaken to determine if any significant 

spatial pattern existed in the errors generated from the estimation procedure. Of particular 

interest were any significant under-predictions of population and employment in the 

mountain areas, indicating that high growth seen in those counties was not being taken 

into account by the variables in the model, especially amenity variables. Of additional 

interest would be any large under-predictions or over-predictions of estimates around the 

metropolitan counties, indicating strong spread or backwash effects not accounted for 
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with dummy variables. The residuals mapped showed no significant pattern of note that 

might relate to these processes. However, there were some strong regional variations 

taking place, with the counties in the mountain areas of Colorado and Wyoming being 

over-predicted in the 1980s, a time that fits with the energy bust in the region, and a 

strong regional under-prediction of estimates in the Southwestern states for all three time 

periods. Overall, these results did not show any strong problems with these models that 

could be easily identified. However, the whole issue of spread effects, clustering of growth 

or decline, and spatial autocorrelation in general is very complex and needs fiirther 

exploration. 

Finally, one other procedure was performed to test how the TSLS approach affects 

coefficient estimates. As noted earlier, significant simultaneity was detected through the 

use of Hausman specification tests. However, to verify the magnitude of the bias 

introduced into the estimates, it was decided to run the model using ordinary least squares 

regression. Appendix Table B.4 shows the estimates for the models using the standard 

regression approach. The most notable impression obtained from a review of these results 

is that the estimates themselves are significantly different from those seen in Table 6.2. 

This result shows the dramatic effect of simultaneity in the regression procedure, and the 

extent of the bias introduced into the estimates. The most significant differences are in the 

population and employment estimates, which are now all positive, and actually show 

employment leads populations to a certain degree. In terms of the other variables, 

although differences exist, many of the interpretations presented in the last section would 

remain valid to some degree, including the role of amenities and structural variables. 
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6. CoDclusioa 

Looking back at the application of the adjustment model, it is apparent that the 

model provided a number of useful insights on population and employment change in the 

RMW. As mentioned earlier in this chapter, the reason for using this approach is its 

flexibility which lends itself to an analysis of several fectors associated with growth in the 

region, especially those associated with the quality-of-life model. Also important was the 

issue of simultaneity between population and employment. Despite the complexity of the 

model, many of the statistical problems often associated with this type of analysis were 

addressed and were either found to be insignificant or were corrected using new 

econometric techniques. 

In terms of the specific findings, most of the claims of the quality-of-Iife model 

have been validated, especially the increasingly positive role of the service and trade sector 

in driving employment and population growth. Additionally, amenity variables appear to 

have gained in importance since the 1970s. This result was found directly through the 

federal lands and topographic variables, and indirectly through the rent and average wage 

variables. The most unusual finding concerns the effect of nonemploymeot income, which 

has either been negative with respect to transfer payments or has become less significant 

with respect to dividends and rents. In geographic terms, growth still appears to be linked 

with proximity to metropolitan areas. However, this influence of metropolitan growth on 

the growth of nonmetropolitan counties is con^lex. It will be addressed in more detail in 

the next chapter. 
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Finally, the expectation of regional researchers on the relationship between 

population and eniployment change, vis-a-vis the quality-of-life model, is supported to 

some extent. The traditional notion that people follow jobs in the growth process has no 

statistical support in the context of the RMW. In fact, there is strong econometric 

evidence that the opposite is the prevailing mechanism for change—jobs follow people. 

This is one of the most important findings of this analysis, because much of the theoretical 

basis of the quality-of-life model as discussed in earlier chapters is grounded on the initial 

lure of amenities for migrants, and the ensuing effect of population change on economic 

growth. 
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CHAPTER 7 

SPREAD EFFECTS, BACKWASH EFFECTS, AND SPATIAL 

AUTOCORRELATION IN REGIONAL POPULATION AND 

EMPLOYMENT GROWTH 

1. Introduction 

The last few chapters have primarily focused on population and employment 

growth in the context of conditions that exist within each county of the normietropolitan 

Rocky Mountain West. This is a fairly standard approach when modeling regional growth 

processes. Spatial processes, if any exist, are often a peripheral component of any growth 

analysis, especially for non-geographers. For example, in a large number of studies similar 

to the one presented in the last chapter, spatial effects have been accounted for with the 

use dummy variables representing some type of geographic connection between one 

county and another (Carlino and Mills, 1987; Clark and Murphy. 1996). 

While the simple statistical tools used by most researchers can detect some spatial 

effects in studies done at the county level, a large body of research has forced a review of 

this approach because of two primary concerns. First, many studies on regional growth 

now use BEA economic areas that consist of multiple counties with a metropolitan area 

surrounded by rural adjacent counties. The reason for utili2dng these BEA economic areas 

lies in the belief that these counties form a fimctional unit that is more in line with real 
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socioeconomic processes that are probably best understood and analyzed at a larger scale 

(Barkley et al., 1995). 

More importantly for the research presented in this dissertation, another problem 

with attempting to measure regional change using counties alone is that growth in one 

county may be affected by what is taking place in another nearby county. In terms of the 

RMW, this may mean that growth in nonmetropolitan counties is still primarily a result of 

spread effects from nearby or distant metropolitan counties, and that many of the issues 

being tested in this dissertation (e.g., the quality-of-life model) play a small role in 

understanding regional change. The significance of these spatial processes, 

spread/backwash or trickle-down/polarization effects, have long been known in geography 

and economics (Myrdal, 1957; Hirschman, 1958; Berry, 1973; Hansen, 1972; Lamb, 1975; 

Gaile, 1980). This type of growth is distinct from a process based on the endogenous 

growth of local industries in remote regions that are spatially disconnected from 

metropolitan counties. Furthermore, these effects are not only complex, but vary in size 

and quality from place to place, and may not be adequately measured through relatively 

simple statistical techniques, as described above (Barkley et al., 1995; Bao et al., 1997). 

This chapter attempts to assess the degree to which regional growth in the RMW 

is affected by spatial processes, that is, growth is not only dependent on conditions 

endogenous to the county (a growth process), but also dependent on growth in nearby 

counties as well (thus making this a spatial growth process). In one respect, the analysis 

will examine the extent to which regional clustering of growth or decline in population and 

employment is taking place in the region. Over time, it is possible that the scale of these 
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processes may change as economies change, and as communications and transportation 

improve with technological advances (Smith and Dennis, 1987). Perhaps of more 

significance, though, in terms of the research presented in previous chapters, is to what 

extent are spatial growth processes (spread/backwash effects) affecting the statistical 

results obtained from previous analyses? 

The spatial processes discussed in this chapter are indirectly analyzed through 

measures of spatial autocorrelation. Spatial autocorrelation simply means that data values 

(population and employment growth rates) with a geographical dimension may be 

correlated with each other based on some type of spatial relationship (Odland, 1988). In 

most cases, geographers have shown that values for points or polygons located near other 

in space are more likely to be correlated than values located farther apart. When data are 

correlated in such a manner, many of the assiunptions of statistical procedures related to 

randomness in the data or samples of the data are violated. Of special significance for the 

research presented in Chapter 6 is the large body of research over the last 10-15 years that 

has shown spatial autocorrelation in the data violates the assumptions of ordinary least-

squares regression, leading to biased and/or inefiBcient coefiBcient estimates (Anselin and 

GrifBth, 1988). With these new tools, the approach used in this chapter will infer the 

presence of the spatial growth processes mentioned above through the presence of 

spatially autocorrelated growth rates. 

The chapter is structured in the following way. The next section briefly introduces 

a few of the underlying theoretical concepts involved with spatial processes, especially the 

notions of spread and backwash effects, along with a discussion of recent work on spread 
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efifects from urban areas. Following that is a presentation of data on regional clustering in 

population and employment growth in the RMW. Besides producing an easy-to-

understand visual representation on the scale of the socioeconomic processes (e.g., 

population and employment growth) taking place in the region, this type of analysis can 

help establish whether or not spatial autocorrelation is present in the data. This will set the 

stage for the final analysis on the effects of spatial autocorrelation on regression estimates. 

Of special interest is if spread effects from metropolitan counties are distorting the 

processes modeled in the last chapter, and whether these efifects lead to incorrect 

inferences drawn from the models estimated? That is, are our conclusions on the viability 

of the quality-of-life model erroneous? Finally, the results from both analyses are 

summarized and placed in context with research from other chapters. 

2. Spatial Aspects of Regional Growth: A Brief Review 

The efifects of space, spatial interaction, and scale on regional growth processes 

have been noted in the literature of economics since the days of Adam Smith, although the 

seminal works on these topics has usually been associated with the more recent work of 

Myrdal and Hirschman (Gaile, 1980). At times, the work on spatial processes in regional 

growth has been associated with a number of well-known terms, including 

spread/backwash efifects, polarization/trickle down, regional inequality and imbalances, 

uneven development, core/periphery relations, growth poles, propulsive centers, etc. 

While there is a common underlying theme to all these terms and ideas (spatial relations 
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and interactions between regions), it is important to remember that there are differences as 

well. Some terms describe the processes of interest in general terms, or describe processes 

at different scales. Additionally, some terms are economic in orientation, while others deal 

with historical and political situations. Finally, some of the terms merely describe policy 

solutions to regional problems. In this chapter, the focus is on regional spread and 

backwash effects, first proposed by Myrdal (1957), and by Hirschman (1958) in a slightly 

different manner in the late 1950s. 

In general terms, spread/backwash effects are a result of linkages that develop over 

time between two areas or regions (Moseley, 1973; Gaile, 1980). It is assumed that 

changes in one region have a direct effect on changes and outcomes in nearby regions 

through linked economies and social systems. The linkages are a result of communications 

between regions, and the interregional mobility of people, jobs, capital and knowledge. 

The linkages can be regulated to an extent by natural barriers such as distance and 

topography, or by human barriers such as cultural differences, legal regulation of 

interactions, borders, and socioeconomic differences that may hinder interaction (e.g., 

different standards of living), to name a few. The work of Haagerstrand (1965) has been 

especially important in expanding our understanding of barriers and the role they play in 

hindering spatial processes, especially difilision. 

A number of different types of socioeconomic interactions take place between 

regions, and the effects can vary tremendously. For example, if the interaction produces 

benefits for both regions and induce a more even regional distribution of growth and 

development, then spread effects are present. Typical of this type of interaction is the 
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relationship between cities and suburbs where changing conditions (e.g., the need for more 

space to expand) in the urban centers may induce some firms to move to outlying areas. 

Additionally, commuters to downtown areas may bring income earned in the city to the 

outlying suburbs or exurbs to be spent, inducing economic growth. 

The opposite of spread effects are backwash effects, where one region's growth is 

at the expense of another nearby region, a process which accentuates regional differences 

over time. A typical example of this phenomenon firequently occurs in the developing 

nations where large cities drain the countryside of talented and trained labor resources. 

Also included in the flow to cities are valuable natural resources and the wealth generated 

from these resources. Finally, governments may reinforce this imbalance by concentrating 

scarce public resources in urban areas, much to the detriment of the rural hinterlands. 

Myrdal's version of these processes saw this cycle of events most often leading to 

greater diJfferences between regions, rather than a reduction in regional disparities. Even if 

two regions started in a situation roughly in balance in terms of development, historical 

events, locational advantages, and outside shocks would induce, through cumulative 

causation processes, regional disparities over time through a series of feedback effects. A 

similar description of these processes (Myrdal's ideas on spread/backwash effects and 

cumulative causation) was developed ahnost simultaneously by Hirschman. However, 

Hirschman's view of these events was a bit more optimistic—he thought that regional 

imbalances created at the begiiming of the development process through backwash 

(polarization) effects would eventually disappear and induce greater overall growth for 
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both regions. Thus, in the long-run, spread (trickle down) effects would prevail and 

dominate. 

Other versions and adaptations to these models include the core-periphery models 

of Friedman (Gore, 1982), primarily aimed at describing development processes in the 

developing world, and the growth-center ideas which emanated from the non-spatial 

theories of Perroux (Gore, 1982). Many of these ideas eventually became policy 

prescriptions which were quite popular in the 1950s and 1960s. The most famous of these 

policies was the notion of growth poles, whereby a government directs and focuses its 

development efforts on a few small regions rather than evenly distributing resources 

around the country. Ideally, the concentration of capital and knowledge had a better 

likelihood of succeeding in producing spin-ofif growth around the regions as development 

occurred. Since that time, a number of researchers (Nichols, 1969; Todd, 1974; Hansen, 

1975; Gaile, 1980; Bao et al., 1997), have questioned some of the ideas behind these 

approaches, many contending that the initial ideas were never fully evaluated or proven, 

while also citing the evidence from many countries that these policies were abysmal 

failures over time. 

Recently, interest has reemerged in the US because of changes brought about 

through economic restructuring, particularly in the context of spread and backwash effects 

between cities and outlying counties (Barkley et al., 1995). As noted in the literature 

review presented in Chapters 2 and 3, restructuring has led to significant changes in 

industrial location requirements. In one respect, vertical disintegration has led to the 

increased importance of agglomeration economies in certain industrial sectors. The 
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implications of this type of change is that the likelihood of industrialization and the 

movement of economic activity into the periphery becomes very unlikely. If this notion is 

correct, then nonmetropolitan areas close to metropolitan counties will only show growth 

if strong spread effects are present. For rural areas fer removed from urban centers, it is 

unlikely that growth will emerge because of significant geographic barriers (usually large 

distances). 

However, other aspects of economic restructuring discussed in the same chapters 

show that, in many portions of the economy, rural-urban linkages and proximity are not 

nearly as important as they once were. These changes are the basis for many of the new 

models developed in the context of the RMW, purporting that growth and manufecturing 

can be sustained in remote rural areas lacking strong links to urban centers because of 

sectoral changes, and communications and transportation advances. This approach would 

not emphasize the advantage of spread effects in the growth process. 

Overall, the importance of spread/backwash effects on regional growth is still not 

very clear. As noted earlier, one of the problems for researchers investigating the extent of 

spread or backwash effects is the fuzzy conceptualization of these processes in the first 

place. When this problem is added to questions about the proper scale of analysis, the use 

of imperfect data, and a host of other methodological issues, the feet that researchers have 

produced a host of conflicting results on the presence (or strength) of spread and 

backwash effects is not too surprising. 

To a large extent, the methodology used in the next few sections of this chapter to 

examine this issue is new in that the techniques have been developed primarily over the 
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last ten years. As noted in the last section, new measures of spatial association and spatial 

statistics have allowed researchers to indirectly examine the spatial processes at work in 

regional growth and development by measuring the similarity of growth rates, or any type 

of data for that matter, within a specific area. Research recently published on regional 

population and/or employment growth in other areas of the US using these new spatial 

tools has produced new insights on spread and backwash effects, indicating that these 

techniques offer a promising approach to this issue (Barkley et al., 1995; Bemat, 1996). 

Thus, the goal of this chapter is not to answer all the issues that have been raised over the 

years in the context of spread and backwash effects, but to examine indirectly whether 

these phenomena are present in the data set and to determine whether these spatial 

processes have affected the results presented in the last chapter. 

3. Spatial Clustering and Autocorrelation in the Rocky Mountain West 

The first approach used to analyze spatial clustering and autocorrelation in 

population and employment growth in the RMW relies on new measures of spatial 

association that produce a much more comprehensive picture of spatial processes. In the 

past, the most common way of exploring these patterns was through the use of choropleth 

maps where data for each polygon were grouped into intervals and shaded on a map. 

However, while methods exist for choosing the appropriate intervals, it is still possible to 

manipulate the data to construct patterns where none exist (Robinson, 1988). At best, the 
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pattern sought may be very difficult to define. Thus, it is possible that this approach will 

produce misleading results. 

Contrasting this approach is the use of statistical measures that offer a number of 

ways to obtain a better understanding of spatial patterns in a data set, especially 

autocorrelation (which may or may not permit the inference that spread/backwash effects 

are present). The new measures have all evolved fi-om Tobler's first law of geography, 

which is. data values at points close to each other are more correlated than data values 

located far apart (Tobler, 1979). For the analysis of growth, two types of measures were 

employed. The first set of statistical measures. Moran's I and Geary's c. are global 

indicators of spatial autocorrelation. These measures provide information on the degree of 

spatial autocorrelation found in the entire data set. The other measures, the Getis-Ord 

statistics G, and G,*, are local indicators of spatial autocorrelation. These statistics are 

usefiil to measure the degree of spatial autocorrelation around a specific point or polygon. 

For a more in-depth examination and explanation of these statistical measures and 

concepts, see Appendix C. 

Using the above analytical tools, the data on growth in the RMW were examined. 

For the purposes of this analysis, percentage growth rates for population and employment 

for each of the time periods were used. There is a possibility that very small counties can 

produce distorted percentages because a relatively small amount of population or 

employment change can result in very high percentages changes. However, another 

approach was tested using the logarithm of the ratio of change (end year levels over the 

begirming year levels) in an effort to reduce the effect of large percentage increases. In 
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calculating all of the statistics described above, the patterns of change in both local and 

global statistics were not significantly dififerent to justify the more elaborate approach. 

Thus it was decided to rely on the easier to interpret percentages. Additionally, the data on 

growth or decline come from an enlarged database of all counties in the region (n=278), 

since the analysis is examining the interaction of nonmetropolitan and metropolitan 

counties. 

Finally, a spatial weights matrix was developed based on a 75-mile cutoff point 

using population centroids. The technique described in the appendix for choosing the 

optimal size of the regional clusters is not appropriate in this case because of the potential 

for multiple clusters of varying size. As a result, data for a previous study on migration 

(Vias. 1995) were used that showed the optimal cluster size for the effects of the city of 

Denver on migration to outlying counties was 80-90 miles for the period 1985-1990. 

Since Denver is among the larger metropolitan areas in the region, a slightly smaller cutoff 

point was used, leading to a 75-miIe limit. Once again, a simple contiguity matrix based on 

first-degree connectivity (counties touching) was also tested and resulted in patterns of 

clustering similar to those found with this 75-mile distance used the spatial weights matrix. 

The results of the analysis for the global measures of spatial autocorrelation are 

shown in Table 7.1. For the Moran's I statistic, a negative value indicates negative spatial 

autocorrelation in the data set with a con^lete lack of clustering, while positive values are 

an indication of strong positive autocorrelation (spatial clustering of high or low values). 

Geary's c statistic can be interpreted in the reverse manner, with one indicating negative 

autocorrelation and the degree of clustering increasing as the index gets smaller. Referring 
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Table 7.1 Moran's I and Geary's c Global Statistics 
of Spatial Clustering and Autocorrelation: 
Rocky Mountain West, 1970 - 1995 

Moran's I Statistics 

VARIABLE 1 Z-VALUE PROB 

POP7080 0.3522 9.0579 0.0000 
POP8090 0.3765 9.6758 0.0000 
POP9095 0.2271 5.8729 0.0000 
PEMP7080 0.3508 9.0221 0.0000 
PEMP8090 0.2957 7.6195 0.0000 
PEMP9095 0.0758 2.0213 0.0432 

Gearv's c Statistic 

VARIABLE c Z-VALUE PROB 

POP7080 0.6578 -7.9554 0.0000 
POP8090 0.5821 -9.7174 0.0000 
POP9095 0.7801 -5.1122 0.0000 
PEMP7080 0.7199 -6.5122 0.0000 
PEMP8090 0.7880 -4.9298 0.0000 
PEMP9095 0.9886 -0.2648 0.7912 

Variables represent percentage increase (decrease) in value for given years 
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to the table, note that most of the values are significant for both the Moran and Geary 

statistics. Clearly, there is a pattern of spatial autocorrelation in the data as a whole. 

Focusing on Moran's I, the pattern of spatial clustering has, however, decreased over time 

for population and employment change (percentage growth/decline), although it has 

dropped a little slower for population. What this result indicates is that the pattern of 

change has become less focused spatially. This is true even though the overall growth 

rates remain high, as shown in the analysis from Chapter 4. Additionally, employment 

growth has become less spatially concentrated over this same time period. 

Geary's c statistic indicates a very similar pattern, however, there are a few 

differences. One notable exception is the increase in clustering seen in the 1980s for 

population growth, a trend not seen for Moran's 1. Additionally, note the decreasing 

significance in clustering for employment growth, to the point where there is no 

discernible clustering in the 1990s. The Moran statistics followed this pattern as well, 

although the clustering was not as strong. As before, this pattern probably indicates that 

employment growth is not a byproduct of spread effects from metropolitan counties, and 

may be a result of more local processes that vary from county to county. 

The Geary and Moran statistics provide some usefiil general information on the 

degree of clustering taking place in the population and employment growth rates of the 

RMW. However, as noted above, they only describe the general pattern in the data (that 

is, they are global measures). The new Gj* statistic developed by Getis and Ord provides a 

much better geographic representation of the clustering taking place in the data. A series 

of six maps (three each for population and employment for all 3 time periods) were 
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generated by using the Gj* statistics, and the significant high or low values (p = 0.1) were 

shaded, indicating clusters of high and low values. Also outlined on the map are 

metropolitan counties in the region. 

Focusing first on population growth (Figures 7.1 - 7.3), some very interesting 

patterns emerge which are not visible using ordinary choropleth maps. While the maps in 

Chapter 4 highlighted growth along the mountainous spine of the RMW, it is easy to see 

that the growth pattern was not spatially concentrated. This pattern is most likely a 

product of the rough topography of the region, which limits interaction between counties, 

revealing few spread efifects in terms of growth. For all three time periods, the only 

consistent high growth cluster is in Colorado, along the front range (around metropolitan 

Denver) and into western Colorado (along Interstate 70), a pattern that diminished in the 

1980s. Also of note are strong clusters in Nevada (especially around Reno), a feature that 

is strongest in the 1980s. Inconsistent growth patterns emerged in the 1980s in New 

Mexico, and in southwestern Idaho in the 1990s, both high amenity areas, although it is 

hard to decipher why they grew at different times. 

In terms of decline, the plains counties show a strong pattern of low growth or 

decline in all 3 time periods. Interestingly, the pattern of low growth also applies to central 

Montana, an area that obviously did not benefit during the rural renaissance. In fact, the 

Montana case may be evidence of backwash efifects out of Great Falls, however, to 

confirm this a smaller scale analysis at the census tract level similar to that done by 

Barkley et al. (1995) would be needed. While there is some evidence of spread efifects out 

of the Denver area, it is apparent that these efifects are not as significant as might be 
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Figure 7.1 Spatial Clustering of Population Growth (%) 
Using the New Gi* Statistic 

Rocky Mountain West 1970-1980 

Metro/Nonmetro Counties - 1980 Census 
I I Non metropolitan County 
r"~l Metropolitan County 
New Gi* Statistic Value 
"Sli Low Values (p=0.1) 

Insignficant 
High Values (p=0.1) 
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Figure 7.2 Spatial Clustering of Population Growth (%) 
Using the New Gi* Statistic 

Rocky Mountain West 1980-1990 

Metro/Nonmetro Counties -1980 Census 
I I Nonmetropolitan County 
r~n Metropolitan County 
New Gi* Statistic Value 

LOW Values (p=0.1) 
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Figure 7.3 Spatial Clustering of Population 
Growth (%) Using the New Gi* Statistic 

Rocky Mountain West 1990-1995 

Metro/Nonmetro Counties -1980 Census 
I I Nonmetropolitan County 
l~n Metropolitan County 
New Gi* Statistic Value 

Low Values (p=0.1) 
Insignficant 

||[|| High Values (p=0.1) 
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anticipated. Furthermore, significant high growth clusters do not appear around such other 

high growth cities as Salt Lake City or Albuquerque. 

The employment maps (Figures 7.4 - 7.6) show some general similarities to the 

population maps, especially in terms of the high-growth clusters in Colorado for all three 

time periods, along with New Mexico and Nevada in the 1980s. Additionally, some 

counties in the Great Plains show the same declining clusters, along with central Montana 

in the 1970s. However, the strongest pattern, a feature that could be detected in the global 

statistics, is that clustering overall is much weaker, with fewer "hot spots" of growth or 

decline. In fact, the degree of spatial clustering in growth rates has practically disappeared 

in the 1990s. As mentioned above, this indicates that spread effects, especially for 

employment, are not very evident. Once again, employment growth rates have remained 

strong in the 1990s, but they are not as spatially focused. 

Overall, the maps do provide a few insights on spatial clustering, some of which 

were expected. For example, high growth rates clustered around Denver appear for every 

time period for both population and employment. Spread effects and growth to the east of 

the city are easy to understand because of the lack of physical barriers. In the mountains, 

the allure of environmental amenities and excellent transportation access from Denver has 

insured growth in that direction as well. However, all the measures used show that spatial 

autocorrelation has declined over time. This seems to support aspects of the quality-of-life 

model to a degree in that growth is becoming less associated with metropolitan growth, 

and is more associated with conditions in each county. 
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Figure 7.4 Spatial Clustering of Employment 
Growth (%) Using the New Gi* Statistic 

Rocky Mountain West 1970-1980 

Metro/Nonmetro Counties -1980 Census 
I I Nonmetropolitan County 
r~~1 Metropolitan County 
New Gi* Statistic Value 

Low Values (p=0.1) 
Insignficant 
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Figure 7.5 Spatial Clustering of Employment 
Growth (%) Using the New Gi* Statistic 

Rocky Mountain West 1980-1990 

Metro/Nonmetro Counties -1980 Census 
I I Nonmetropolitan County 
r~n Metropolitan County 
New Gi* Statistic Value 
r . .'i Low Values (p=0.1) 

Insignficant 
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Figure 7.6 Spatial Clustering of Employnnent 
Growth (%) Using the New Gi* Statistic 

Rocky Mountain West 1990-1995 

Metro/Nonmetro Counties - 1980 Census 
I I Nonmetropolitan County 
r~~l Metropolitan County 
New Gi* Statistic Value 

v:;.;! Low Values (p=0.1) 
Insignficant 
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Thus, while results from the previous chapter still show some significant growth 

effects accruing to counties adjacent to metropolitan areas, this spatial process does not 

appear as strong in the measures used in this analysis, which uses a more and precise 

measure of the spatial relationship between counties in the region. Because it appears that 

the use of the spatial weights matrix offers a few insights not available from crude 

measures of spatial structure (using dummy variables), it appears that using these 

measures in a regression framework may be usefiil and could provide a more precise 

accounting of spatial autocorrelation effects in the adjustment model regression estimates. 

4. The Effects of Autocorrelation on the Analysis of Population and 

Employment Growth: Statistical Coucerns 

The final aspect of population and employment growth examined in this chapter 

concerns the econometric techniques commonly used in modeling growth processes. As 

noted earlier in this chapter, the statistical techniques researchers utilize often don't 

account for the spatial structure of the data. The few times spatial effects are considered, 

dummy variables are used to control for geographic structure. A common example of this 

has been in most research utilizing the adjustment model when researchers are trying to 

determine differences in metropolitan counties versus nonmetropolitan counties or to 

examine regional differences (Clark and Murphy, 1996). Today, new spatial econometric 

techniques that utilize the weights matrices developed earlier provide a more 

comprehensive way of incorporating these effects directly into the regression. 
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As most users of regression analysis know, any violations of the assumptions of 

the ordinary least squares procedure produces misleading (or incorrect) estimates. To 

show this, the standard ordinary least-squares regression model can be expressed as 

follows: 

y = Xp + e (7.1) 

where y is the dependent variable vector, X is a matrix of independent variables, p is a 

matrix of coefiScients, and e is a vector of error terms. However, to obtain the best linear 

unbiased estimator (BLUE), the relationship between the variables must be linear, the 

independent variables cannot be too coUinear, the errors should be normally distributed, 

and heteroskedasticity must not be too strong. Additionally, when spatial or temporal 

autocorrelation is present the results may be biased and/or ineflBcient, meaning that any 

inferences made based on the tests statistics will be questionable (Gujaratu 1995). 

Anselin (1992) identifies two major types of error in regression analysis when 

spatial autocorrelation is present in the data—spatial lag and spatial error. In the first, 

sometimes called substantive spatial dependence, there is autocorrelation in the dependent 

variable. By including a spatial lag term that is created by multiplying the spatial weights 

matrix by the dependent variable vector, and including it in the regression as a new 

independent variable, the following expression is obtained: 

y = pWy + Xp + e (7.2) 

where p is the new estimated coeflBcient that will take care of the spatial autocorrelation 

present in the dependent variable. 
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Another form of the problems occurs when the associated error terms are 

autocorrelated. In this case the spatial weights matrix is introduced into the overall model 

as follows: 

y = Xp + e (7.3) 

where: 

e = A. We + ^ (7.4) 

substituting equation 7.4 into 7.3, we obtain: 

y = Xp + ^We + 4 . (7.5) 

In the new model the spatial dependence indicated by the spatial lag has been incorporated 

into the error term. Even though the above transformations are based on OLS procedures, 

the spatial corrections introduced for TSLS regression analysis are similar (see Appendix 

C for a more detailed discussion on spatial lags and their meaning). 

Two different types of autocorrelation corrections are introduced into the 

regression model because each represents a distinct type of autocorrelation (Bemat, 

1996). The spatial lag model assumes growth in one county is related to growth in 

neighboring counties. Clearly, this would be the expectation if spread effects were present. 

Similarly, a spatial error model assumes growth in one county is aflfected by growth in 

nearby counties. However, as Bemat (1996) notes, this is only true to the extent that a 

region (county) has above or below average growth- Thus, a county's growth would be 

affected by high growth in a nearby county only if those growth rates were abnormal, as 

indicated by a large residual. Note the difference with the spatial lag where the presence of 

spatial autocorrelation is not dependent on the fit of the predicted value in the model 
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There now exists a number of specific tests to detect these problems in the 

regression and to correct for them (Anselin, 1992). The most commonly used tests are 

LaGrange Multiplier tests, one for spatial lags and one for spatial errors. If the tests come 

out as significant, then, for either problem, the new matrices may be incorporated into the 

regression. In both cases, additional statistical problems are created by the weights matrix 

which require the use of maximum likelihood estimation procedures (see Anselin, 1992 for 

further details). The end result are new coefiBcients for lambda, or the lag on the error 

term. If the lag terms are highly significant, spatial autocorrelation is present in the data. 

Using the methodology outlined by Anselin (1992), and his spatial econometric 

program called SPACESTAT. standard TSLS regression procedures were initially run on 

the adjustment model with the following modifications. First, all 278 counties were used 

because, as mentioned above, the idea is to see to what degree nonmetropolitan county 

growth is affected by metropolitan growth. Second, dummy variables for metropolitan and 

adjacent nonmetropolitan counties were included to account for spatial autocorrelation in 

the simple manner traditionally used in econometric analysis (e.g., Carlino and Mills, 

1987). By including the dummy variables, it will be possible to see if significant spatial 

autocorrelation is still present despite the use of the measures most commonly used by 

researchers to correct for this problem. Finally, the same spatial weights matrix 

constructed above for the calculation of the Getis-Ord statistics was included in the 

regression runs to test directly for both types of error associated with spatial 

autocorrelation. 
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It is important to reemphasize that the entire sample of counties in the Rocky 

Mountain West region (n=278) was used for the analysis, including metropolitan counties. 

In the last chapter, the model specification was designed to test a number of hypotheses 

concerning the quality-of-life model, which only applies to change in the nonmetropolitan 

counties of the region (n=254). With the addition of new and very different counties to the 

data set, the meaning and significance of the coefiBcients will change considerably. This 

change in the data set means that it will be impossible to compare the coefiBcients 

estimated from the adjustment model used in this chapter with those obtained in Chapter 

6. As a result, little space is devoted to the interpretation of individual coefiBcient 

estimates and their significance (especially in terms of one growth theory or another). 

while most of the attention will focus on coefiBcient and significance level changes before 

and after the implementation of corrective measures for statistical problems associated 

with spatial autocorrelation. 

Table 7.2 shows the diagnostics tests for spatial effects using a standard OLS 

procedure, while Table 7.3 shows the regression estimates for the uncorrected model. 

Focusing on the table of diagnostics, two sets of tests appear—the first set tests for spatial 

error problems, and the other for spatial lags. As Anselin (1992) has noted, it is often 

possible that both types of errors may appear, in which case the appropriate correction 

procedure may be difiBcult to determine. However, in this instance the type of spatial 

problem that appears in the regression analysis is relatively easy to discern. For all but one 

regression (employment in 1980-90) the spatial error problem is not significant. However, 
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Table 7.2 Tests for Spatial Effects in the Adjustment Model 

Population Growth Model 
Test Value 

Test 1970-1980 1980-1990 1990-1995 

Moran's I (error) 0.3639 0.7606 0.9222 
Lagrange Multiplier (error) 0.0001 0.1398 0.2705 
Robust Lagrange Multiplier (error) 0.0562 0.3353 0.3789 
Lagrange Multiplier (lag) 3.7858 * 2.6949 ' 2.4962 
Robust Lagrange Multiplier (lag) 3.8420 ** 2.8905 * 2.6045 

Employment Growth Model 
Test Value 

Test 1970-1980 1980-1990 1990-1995 

Moran's I (error) 2.0650 " 1.6292 0.5194 
Lagrange Multiplier (error) 3.0632 * 1.7719 0.0513 
Robust Lagrange Multiplier (error) 4.3909 ** 2.6703 0.0899 
Lagrange Multiplier (lag) 5.8218 *** 5.2194** 1.2854 
Robust Lagrange Multiplier (lag) 7.1495 *** 6.1178** 1.3239 

Significance Levels - *0.1, **0.05, ***0.01 
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Table 7.3 Regression Estimates for TSLS Models on Population and 
Employment Growth in the Rocky Mountain West, 1970-1995 
(Uncorrected for Spatial Effects) 

POP80 EMP80 

Variable Coefficient t-stats Coefficient t-stats 

CONSTANT -34903.6000 -5.631 *** -5308.3800 -1.196 
EMP80 -2.1422 -19.935 •** 
EMP70 0.9741 35.818 "* 
POP70 3.7160 36.137 •** 
POP80 0.2394 24.581 *" 
M NM80 -10137.7000 -2.784 -5151.4400 -2.577 " 
ADJ80 2418.4900 1.263 -1086.6500 -0.998 
PFS 18254.7000 4.936 
PBLM 38237.8000 9.983 *** 
AVWG70 -0.8041 -2.941 — 0.0731 0.449 
RENT70 288.6040 5.797 •** 
TOPOG 1360.4500 2.305 ** 
DIV70 868.2310 2.379 " 
TRANS70 -498.2640 -1.335 
FARM 13563.4000 6.832 1269.0700 1.186 
MINING 6617.7200 2.488 •* 1989.0100 1.332 
MANUF. 1335.3300 0.498 1013.4300 0.693 
SERV. & TRADE 20807.0000 5.852 3304.0400 1.699 • 

Adi. R' 0.9905 0.9900 

POP90 EMP90 

Variable Coefficient t-stats Coefficient t-stats 

CONSTANT -9296.3200 -1.226 1277.9800 0.212 
EMP90 -0.8783 -8.577 
EMP80 0.7549 24.738 •** 
POP80 2.0683 25.073 •" 
POP90 0.3103 24.293 
M NM80 -26950.9000 -5.749 *** -15077.0000 -5.528 •** 
ADJ80 3647.8100 1.430 -979.1090 -0.641 
PFS 12565.0000 2.654 *** 
PBLM 31901.5000 6.468 •** 
AVWG80 -0.7528 -2.395 ** -0.0774 -0.383 
RENT80 31.4444 1.421 
TOPOG 2854.5700 3.613 
DIV80 118.1560 0.629 
TRANS80 -438.4220 -1.954 • 
FARM 10624.2000 3.828 *** 1619.5900 0.992 
MINING 325.0410 0.091 -1244.9600 -0.572 
MANUF. -4108.7700 -1.189 1436.3700 0.720 
SERV. & TRADE 19769.0000 5.393 *** 4816.3600 2.355 ** 

Ad|.R* 0.9908 0.9908 
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Table 7.3 Regression Estimates for TSLS Models on Population and 
Employment Gro\Mth in the Rocky Mountain West, 1970-1995 
(Uncorrected for Spatial Effects) cont 

POP9S EMP95 

Variable Coefficient t-stats Coefficient t-stats 

CONSTANT -4853.0700 -1.301 3846.0800 1.174 
EMP95 -0.1276 -3.643 *** 
EMP90 1.0295 47.965 *** 
POP90 1.2758 50.992 "• 
POP95 0.0799 7.315 *** 
M_NM80 -7922.0600 -3.150 1578.8000 1.027 
ADJ80 924.0910 0.635 109.0260 0.122 
PFS 3710.4900 1.392 
PBLM 10174.4000 3.706 •** 
AVVUG90 -0.2317 -1.381 -0.1151 -1.038 
RENT90 15.7836 2.082 •* 
TOPOG 747.2050 1.730 * 
DIV90 -21.7200 -0.341 
TRANS90 -145.3480 -2.178 ** 
FARM 2701.3200 1.751 * 575.3540 0.598 
MINING -1489.0000 -0.569 76.8497 0.047 
MANUF. 131.2720 0.064 447.5410 0.363 
SERV. & TRADE 1424.0000 0.996 2029.7400 2.308 ** 

<1 

0.9979 0.9978 

(underlined coefficients and t-stats are endogenous variables) 
Significance Levels - * 0.1, ** 0.05, *** 0.01 
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in four of six cases, there is evidence of spatial lags errors in the dependent variable, 

enough for the test to be significant (although not strongly). 

To test for the effects of spatial lag errors in the model, the correction suggested 

by Anselin was used, that is, a spatially lagged dependent variable was incorporated as an 

independent variable into the regression, and the model was rerun using the maximum 

likelihood procedure mentioned above. The results of the model are shown in Table 7.4. 

As expected, the spatially lagged variable is significant in four of sue cases. However, a 

comparison of the coefiBcients from Tables 7.3 and 7.4 provides a more illuminating 

picture of spatial effects in this case. For the core variables of employment and population, 

the coefiBcients are virtually unchanged in terms of magnitude and significance. For 

virtually every other coeflBcient, as well, the magnitudes and signs are relatively 

unaffected. The only large differences occur in the more peripheral variables where the 

significance levels vary to some degree. 

As a whole, the diagnostics and regression runs indicate that while there is some 

spatial autocorrelation in the data—some of it probably due to spread effects and in other 

cases due to clustering of low values—it appears that the overall effect on the estimates of 

the adjustment is minimal. Thus the interpretation of the results discussed in the last 

chapter and the conclusions drawn from those results in relation to the quality-of-life 

model remain unchanged. However, the significance of spread/backwash effects needs a 

more precise test, such as the approach mentioned earlier by Barkley et al. (1995), an 

examination that would focus on smaller geographic units. The results shown here provide 

indirect evidence that much of the variance seen in growth rates in the RMW can be 
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Table 7.4 Regression Estimates for TSLS Models on Population and 
Employment Growth in the Rocky Mountain West, 1970-1995 
(Corrected for Spatial Effects - LAG MODEL) 

POPBO EMP80 

Variable Coefficient t-stats Coefficient t-stats 

CONSTANT -34570.1000 -5.758 -4490.7700 -1.042 
EIMP80 -2.1576 -20.679 *** 
EIMP70 0.9714 36.891 •** 
POP70 3.1897 37.359 — 
POP80 0.2404 25.483 
IM NIM80 -9412.1300 -2.655 *** -4304.1400 -2.196 ** 
ADJ80 3633.8300 1.859 * -177.4140 -0.159 
PFS 18379.2000 5.134 *** 
PBUH 36977.7000 9.849 *** 
AVWG70 -0.7957 -3.007 *** 0.0642 0.407 
RENT70 289.7240 6.014 *** 
TOPOG 1296.2400 2.266 ** 
DIV70 846.7590 2.397 ** 
TRANS70 -552.5930 -1.527 
FARM 13391.8000 6.961 •** 1129.3700 1036.080 
MINING 7493.3500 2.873 2447.8500 1.682 • 
MANUF. 1184.3100 0.456 955.6390 0.675 
SERV. & TRADE 21065.2000 6.117 *** 3408.7300 1.812 • 
LAMBDA -0.0230 -1.954 • -0.0316 -2.517 " 

Adi. r2 0.9911 0.9907 

POP90 EMP90 

Variable Coefficient t-stats Coefficient t-stats 

CONSTANT -8247.9100 -1.118 3187.0600 0.541 
EMP90 -0.8910 -8.947 *** 
EMP80 0.7539 25.510 *** 
POP80 2.0796 25.906 
POP90 0.3109 25.132 *** 
M NM80 -25972.9000 -5.665 •** -13961.3000 -5.210 *** 
ADJ80 4929.1000 1.905 * 109.2650 0.070 
PFS 12931.9000 2.813 " 
PBLM 30849.5000 6.410 
AVWG80 -0.7810 -2.560 " -0.1248 -0.634 
RENT80 30.8650 1.439 
TOPOG 2789.8700 3.637 *** 
DIV80 65.4593 0.357 
TRANS80 -444.8600 -2.047 •* 
FARM 10418.4000 3.866 1533.0400 0.970 
MINING 1463.0900 0.415 -457.6380 -0.214 
MANUF. -4113.2900 -1.228 1494.4600 0.773 
SERV. & TRADE 20080.3000 5.643 *** 5087.8600 2.566 •* 
LAMBDA -0.0195 -1.708 * -0.0290 -2.457 " 

Adi. R' 0.9913 0.9913 
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Table 7.4 Regression Estimates for TSLS Models on Population and 
Employment Growth in the Rocky Mountain West, 1970-1995 
(Corrected for Spatial Effects - LAG) cont 

POP9S EMP9S 

Variable Coefficient t-stats Coefficient t-stats 

CONSTANT -5403.5400 -1.487 4040.1100 1.263 
EMP95 -0.1346 -3.928 *** 
EMP90 1.0278 48.950 *** 
POP90 1.2809 52.331 *** 
POP95 0.0807 7.556 *** 
M_NM80 -7598.1800 -3.104 **• 1853.9000 1.221 
AOJ80 1522.0200 1.042 417.4730 0.460 
PFS 3900.5500 1.507 
PBLM 9516.6400 3.535 "• 
AVWG90 -0.2008 -1.225 -0.1078 -0.994 
RENT90 17.1904 2.321 -
TOPOG 709.0960 1.690 * 
OIV90 -28.8126 -0.461 
TRANS90 -145.6510 -2.237 ** 
FARM 2540.7300 1.693 * 491.1020 0.521 
MINING -1836.1300 -0.721 -110.0230 -0.069 
MANUF. -832.2522 -0.042 357.7570 0.297 
SERV. & TRADE 1126.5200 0.805 1945.7300 2.259 *• 
LAMBDA -0.0090 -1.629 • -0.0070 -1.179 

AdL R  ̂ 0.9980 0.9979 

(underlined coefficients and t-stats are endogenous vanables) 
Significance Levels - * 0.1, ** 0.05, *** 0.01 
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accurately accounted for with variables already included in the model on characteristics of 

each county, along with a few simple crude measures of geographic structure. 

5. Conclusion 

Over the past 50 years, economists, regional scientists and geographers have 

looked at spatial processes in an attempt to understand regional growth and uneven 

development. Perhaps the best known of the processes, spread/backwash 

(polarization/trickle down) effects as described by Myrdal and Hirschman, have been used 

to explain the interactions that take place between regions at various scales, especially 

whether these interactions can hurt or help regions. While the literature shows a great 

amount of research on regional growth processes and spatial interactions between regions, 

a number of issues remain contentious. 

In this chapter an attempt was made to evaluate the extent to which growth in the 

RMW is affected by spatial processes such as spread/backwash effects, and spatial 

autocorrelation in general. Rather than focusing on the interactions themselves, an indirect 

approach was taken by using measures of spatial association to infer the presence of these 

processes. Through the use of global and local measures of spatial association, and new 

spatial econometric techniques, a number of results were presented. First, spatial 

clustering of growth rates is present in the region (a potential sign of spread effects), but 

not around as nearly as many cities as might be expected. Additionally, the effects have 

diminished over time, indicating that growth has become less spatially focused. More 
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importantly, spatial autocorrelation in the data, a potential source of error in regression 

analysis, does not appear to have significantly affected the coefiScients generated in the last 

chapter using the adjustment model. As a result, inferences based on the magnitude and 

statistical significance of those coefiScients are still valid. While the results do not provide 

definitive proof on the power of spread efifects in the region one way or the other, they do 

allow for more confidence in the conclusions drawn in the last chapter on the quality-of-

life model, and its place in understanding regional growth and development in the RMW. 
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CHAPTER 8 

REGIONAL GROWTH AND CHANGE IN THE 

NONMETROPOLITAN ROCKY MOUNTAIN WEST: SUMMARY 

OF FINDINGS AND FUTURE DIRECTIONS FOR RESEARCH 

1. Introduction 

The purpose of this dissertation has been to begin a comprehensive study of 

population and employment change in the RMW in general and to test the claims of 

regional researchers on the processes behind these changes. The ideas of these researchers 

are embodied in the quality-of-life model, which claims that changing residential 

preferences, demographic changes, and economic restructuring will benefit areas like the 

nonmetropolitan RMW, an area rich in environmental amenities. Using multivariate 

techniques, including regression models that simultaneously take into account the efifect of 

population and employment growth, the goal was to measure how factors theorized to be 

associated with growth have increased (decreased) in importance over the 25 year span of 

this study. 

In this chapter, the goals, hypotheses, and results of the dissertation research are 

summarized, analyzed, and placed in perspective. The next two sections outline the 

background and objectives of the research, and review the results fi*om the analysis. This is 

followed by a section that discusses a number of potential problems associated with the 
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type of analysis completed. This in turn will permit a presentation of future avenues for 

research on the topics explored in this dissertation. Finally, also included is a brief 

discussion on the possible policy implications of the research for economic development 

specialists in the region. 

2. The Background and Objectives 

The first two principal chapters of this dissertation outlined the theoretical issues 

that underlie regional growth processes. Of note was the contention that economic 

restructuring has been the primary stimulus for regional economic and population change. 

Additionally, in Chapter 2 it was shown how economic restructuring, through human 

ecology theory, has manifested itself on population and employment patterns in the US 

over the last 25 years. Two opposing perspectives on the exact nature of the changes 

brought about because of economic restructuring were then introduced. The first 

perspective, regional restructuring, emphasizes the shift in employment out of the 

northeastern US, and firom urban to rural areas. Underlying this approach are the changing 

locational constraints of industry which permit these new employment patterns. Another 

important component of this approach is the notion that economic or employment change 

is the primary stimulus for change, and usually precedes population change. 

The other perspective, population deconcentration, also emphasizes the new 

footloose nature of industries. However, it is argued that the changing locational 

constraints of many industries, when combined with income and demographic changes in 
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the US, along with new residential preferences for amenities (especially environmental 

amenities), have caused a radical shift in the mechanism of regional change. Today, the 

need for migrants to seek employment first before deciding where to move has diminished. 

Now, migrants are fireer to decide what places may interest them the most. Once the 

decision is made, migrants make the move and then generate economic growth through 

the virtue of their mobile income, and through their ability to attract and generate new 

service growth in a region. In this perspective, clearly, people precede the movement of 

employment to a large extent. 

While these perspectives have, in general, provided a number of insights on the 

nature of regional change in the US, new research by scholars in the ElMW has 

emphasized that these ideas must be considered in the context of events and the geography 

of the Rocky Mountain states. These events include the settlement of areas rich in 

resources, the foundation of the region's economy for over a century. Additionally, the 

extreme topography has led to very disjointed and spatially firagmented growth patterns. 

Finally, the reliance on extractive industries has led to extreme cycles in the growth 

process over the years, a pattem of change that is much more extreme than that seen in 

other parts of the US. Because of these interregional differences, the normal transition 

fi-om manufacturing to a more service-based economy seen in other parts of the US cannot 

take place here. Another important feature of the region's resources which sets it apart to 

some degree from other areas of the US are their scenic and esthetic value, which many 

people have found increasingly attractive and desirable, especially in the context of 

decisions on where to migrate. 
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The new rationalization of the population deconcentration perspective, as put 

forward by researchers like Thomas Power and Ray Rasker, is called the quality-of-Iife 

model These newer ideas, derived from the seminal work on regional growth by Innis, 

North, and Tiebout, argues that the allure of the mountains and deserts plays a crucial role 

in stabili/ing the economies once reliant on these resources for extractive reasons, and in 

providing long-term growth that is more sustainable. Furthermore, these resources provide 

the basis for luring labor and capital into the region, from which new nonbasic industries 

can be grown. Thus, while similar to the deconcentration perspective, the quality-of-life 

model emphasizes the unique attributes of the region. 

Previous research on these theories, perspectives, and models, as noted in Chapter 

3, has generally been focused on national trends, with relatively simple measures used to 

differentiate regional growth trends and characteristics. Furthermore, the whole issue of 

population/employment interactions has not been fully explored, nor have the effects of 

potential spread effects into the rural countryside from urban areas been fully evaluated. 

New adjustment models and spatial econometric techniques now permit a timely 

investigation of these issues in models that consider all the factors outlined by Power and 

other regional researchers. 

Thus, the goal of this research has been twofold. First what is the nature of growth 

and development in the region in terms of population and employment, and what factors 

are driving these changes? Additionally, have these factors changed over time? Second, 

based on the results of this analysis, does Power's quality-of-life model explain events in 

the region, or has the region remained entrenched in the extractive industries as a source 
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of growth, with inroads made towards a service economy only gained at the expense of 

high wages. 

3. The Findings 

The first part of the dissertation analysis in Chapter 4 showed that population and 

employment growth are not directly correlated with each other in time or space. The 

1970s was marked by employment growth trends much stronger than the national 

averages, especially in nonadjacent counties. On the other hand, population growth in the 

rural nonadjacent counties was not nearly as strong in the region as it was in the rest of the 

US during the rural renaissance. The downturn of the 1980s appears to have affected the 

region harder than other areas of the country, a trend that was reversed in the 1990s as 

several parts of the region started to grow at a rate faster than other nonmetropolitan 

areas of the nation. Throughout this time, counties on the eastern fiinge of the region have 

lagged behind the rest of the RMW, with little prospect for change. The states of Arizona 

and Nevada defied any economic downturns, and showed sustained growth throughout 

the 25 year time period. Finally, while the nonadjacent areas have fared well in some 

respects, overall they still remain significantly behind when compared to growth patterns 

seen in counties adjacent to metropolitan areas. Overall, descriptive statistics generally 

support the assertion that the local economies are becoming more service-oriented. 

In Chapter 5, the geographical extent of economic structural change was verified 

through a classification system that permitted an analysis of the how the counties 
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themselves are changing, rather than simply the aggregate economic structure of the whole 

region. The use of economic types showed that not only has the aggregate percentage of 

service and trade jobs increased, but so has the number of counties reliant on these 

industries. In fact, the number of service-based economies has increased from less than 20, 

to over 80 over the 25 year period of the study. 

Another use of the typology was in the analysis of structural change and stability, 

with the results showing that counties formerly reliant on agriculture are now the counties 

most likely to switch to service-based economies. Additionally, structural change and 

economic instability were most marked in the 1980s, with the most changes from one type 

to another taking place between 1980-1995. Finally, the typology developed also showed 

that service economies have seen higher rates of growth in terms of employment and 

population change. On the other hand, the extractive economies have generally shown 

declining trends in terms of the number of counties classified as extractive, and in terms of 

growth as well. Despite this problem, the extractive industries (especially mining) remain 

lucrative, generating average wages for their counties far superior to those seen in 

economies based on service, which have actually seen a decline in real wages over time. 

Chapter 6 introduced the ideas of equilibrium and disequilibrium in modeling 

population and employment change, and showed how new adjustment models have been 

adapted to take into account some of the more crucial interactions taking place in the 

regional change process, especially the effects of population growth on employment 

growth, and vice versa. The model also acconmiodates a number of other variables that 

were included to test the specific hypotheses of the quality-of-life model. With respect to 
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the quality-of-life model, the results showed that many of the claims by regional 

researchers are supported. The basic mechanism for change in the region—population 

driving employment growth—was confirmed with econometric evidence. Furthermore, the 

results also showed that the significance of amenities have increased over time. Finally, 

service-based economies have seen stronger growth in terms of population and 

employment in most of the time period studied. 

In other respects, evidence supporting the hypotheses of the quality-of-life model 

was not as strong. For example, it appears that greater growth, at least according to 

dummy variables included in the model, has been and still is related to proximity and 

interaction with urban areas. One of the primary ideas of the Power model is that new 

amenities and mechanisms of economic growth now permit growth that isn't linked to 

urban areas, and which may be very far away fi-om rural high-amenity counties. 

Additionally, nonemployment income has not been a major contributor to employment and 

economic growth. These results, when combined with results that indicate workers in 

mining counties earn higher wages than those in service-based economies, should make 

researchers a little apprehensive about certain aspects of this model. This is clearly a major 

reason why economic development specialists still try to support local mining in the fece 

of extreme opposition from environmental groups. 

Finally, in the last chapter, results developed in previous chapters were reevaluated 

to take into account spatial autocorrelation. This approach permitted an indirect analysis 

of spatial growth processes like spread/backwash effects at the county level. In addition, 

potential econometric problems with spatial autocorrelation could be more fiilly evaluated 
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as well. The results showed that several spatial clusters of growth have appeared in the 

RMW, indicating spread effects are present to some extent, although not as widespread as 

might be expected. More importantly for this research, while tests for spatial 

autocorrelation in the regression models were significant, the effects of this problem do 

not appear to have affected the regression estimates enough to change the inferences 

drawn in Chapter 6. 

Overall, many of the expectations of Power and Rasker with respect to the quality-

of-life model have been confirmed: structural change to a more service-oriented regional 

economy has taken place—and it is geographically widespread; service economies have 

seen greater population and employment growth; the presence of amenities is directly 

linked to population growth, and their importance appears to be increasing; finally, the 

proposition that population growth can precede employment growth has econometric 

support. 

On the downside for quality-of-life proponents, the high-growth service-based 

county economies also have lower wages. This is true not only for service employees 

themselves, but for counties based on these types of jobs. Another important finding 

relates to nonemployment income. Regional researchers, along with a large number of 

economists, have stressed the importance of nonemployment income sources in driving 

regional economic growth. The results show, at least in the RMW, that this income source 

has not been strongly related to employment growth, especially in recent years. In fact, 

counties where transfer payments are high have shown less economic growth throughout 

the entire 25 year time period. 
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While the last findings should raise some concerns for regional economic 

developers, another aspect of the quality-of-Iife model should be considered as welL 

Although wages may be lower, it does not necessarily mean people are worse off, since 

they may be living in an areas they value highly, and are compensated for indirectly. Thus, 

people earning high wages but living in areas with open mine pits may be just as happy as 

people with lower wages but living an aesthetically wonderfiil environment. One of the 

primary insights of the quality-of-life model, along with equilibrium migration models that 

emphasize the importance of amenities, is that people are not always driven by economic 

motivations. In fact, people make a number of tradeoffs when deciding on where they 

want to live. For many, the environment in which they live is just as important as any type 

of job they may obtain in the move fi"om one place to another. 

4. Discussion of the Results: Problems and Implications 

As mentioned in the introductory chapter, it was expected that this research would 

be of use in two respects. First, it was thought that this regionally-specific type of research 

would provide scholars with a much better and more accurate representation of regional 

growth than has usually been the case in the past. Second, with a better idea of the 

processes driving growth, it was expected that these results may be of use to regional 

planners trying to understand and cope with the growth taking place in the region. After 

aU the results presented, it is worth taking a moment to see if the product of this research 

will have the expected impact. 
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Over the past twenty years, much of the research on regional growth, especially 

using more advanced models that test for population and employment interactions, has not 

had a regional focus (Carlino and Mills, 1987; Clark and Murphy, 1996). In many 

respects, this continues a long trend in scholarly activity that focuses primarily on 

generalizations of such processes as population and employment growth. This has taken 

place despite another significant line of inquiry in geography, regional science, and 

economics that has tried to get scholars to rethink regional growth theory in terms of each 

region's history and geography. Such well-known researchers as North and Innis, along 

with newer thinkers in the field like Power and Rasker have pressed the research 

community to move away fi'om these types of general analyses, especially if they want to 

understand in any depth the events actually taking place in any one region. 

Reflecting back on the research just presented, it appears that the argument these 

researchers make for a more regionally-based inquiry into growth and development is 

justified. While the deconcentration perspective offers some very useful general insights on 

a few of the major mechanisms of socioeconomic change taking place in the US, they 

clearly do not provide a flill picture of the regional growth process. The peculiar history 

of the RMW, with it long-term reliance on resources, has required that general theory be 

readjusted to take into account the structure of the economy, and the potential for using 

the region's resources in a different manner than previously done. Thus, it a general sense, 

this research has helped justify continued work in this direction. 

At a more specific level, the research has shown that many of the changes 

associated with economic restructuring have been realized in the RMW. However, 
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because of the region's unique history and geography, aspects of the deconcentration 

perspective have iiad to be changed. Researchers like Power have adapted the models of 

North, fnnis and Frey, and put forward the quality-of-life model to explain the actual 

process of regional change in the RMW over the last 25 years. 

However, it was shown that little work had been done to prove these ideas with 

the rigorous statistical models that are available today. As noted in the literature review, 

considerable debate has centered on the importance of amenities and the service sector in 

driving regional growth. The research produced by this dissertation has shown that at least 

in the context of the RMW, these aspects of the quality-of-life model are valid. 

Additionally, there is some evidence that population growth can precede employment 

growth in a region, a result that will make the whole "chicken and egg" debate even more 

contentious. 

Despite these positive findings (at least for proponents of the quality-of-life 

model), there are number of issues that need to be addressed. For example, although there 

were strong reasons to construct the RMW witli the eight states included, the evidence 

shows that parts of the region have taken a different growth trajectory (AZ and NV)-

Newer research may want to exclude these states, and perhaps consider omitting some of 

the fer eastem plains counties as well. Additionally, the problems encountered with the 

scale of analysis need be addressed again in the future. In the future, perhaps this type of 

research will be done at a geographic scale that makes sense based on theoretical 

considerations, rather than on the availability of data. 
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Other important aspects of this research that need to be further explored is the 

complicated issues of lags and timing in regional growth and change. Some work has been 

completed on this topic (Mulligan et al, 1997), however, this work merely confirms that 

the issue is as complicated as originally expected. Of special concern is that the findings of 

this research, especially with regards to the employment/population interactions, can vary 

depending on the time-period chosen. Thus, the standard years of analysis chosen in this 

research (census years) may not be appropriate. Additionally, the years chosen may be 

adding to the instability of the model, a problem that is probably accentuated by the 

unstable growth of the RMW as well. Of course, the problem may be associated with the 

theory behind the adjustment process itself, which may not be appropriate for growth in 

the RMW 

Finally, the results are based on macro-level analyses of data for counties, and 

individual micro-level behavior is inferred based on county-level relationships. While this is 

a standard approach to many types of modeling, a strong leap of faith is often made that 

says these results and our interpretation of them match the actual events taking place in 

the region. To fiirther corroborate these findings, it is always usefiil to do more individual-

level analyses to see if the hypothesized process is in feet the one that is present. These are 

issues that are best taken up in more detailed studies on wages and income in the region, 

especially utilizing surveys of the region's recent migrants, and inhabitants themselves. 

One other potential area for further inquiry concerns the relationship between the 

economy and population growth. As the long-term growth trend graphs in Chapter 4 

showed, population growth in the RMW declined in the 1980s, a time of general recession 
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in much of the rest of the US economy, along with the RMW. It would be interesting to 

see how the region feres in the next large recession that takes place in the US, one that 

particularly affects the extractive industries. Although some type of downturn in 

population growth based on migration is sure to result, if the downturn is nowhere near as 

severe as it was in the 1980s, this may provide general support that population change 

overall is no longer as linked to economic conditions as it once was, at least for the RMW. 

This is a fundamental assertion of the deconcentration perspective, and the quality-of-life 

model as well. 

Despite these issues, the findings of the research presented here have something to 

offer regional developers and planners. For example, for officials interested in promoting 

growth of any kind, and which have the natural scenic resources available that are 

increasingly in demand, efforts to guarantee the quality of these resources for fiiture 

generations may be beneficial. Of course, a number of other fectors come into play in 

promoting economic development, including the accessibility of the region. However, as 

technology and infirastructure improve, it has been shown that in a general, these high-

amenity locales can thrive and successfiilly move away fi'om resource-based economies. 

This conclusion, of course, must be considered against the quality of the jobs that 

are driving growth in the region. Although the romantic vision that a new class of rich and 

powerful "lone eagle" type entrepreneurs are driving growth in high-amenity areas remains 

firmly planted in the mind of government officials and the general public, this is probably 

not the case in the vast majority of the situations. It is apparent that most of the service 

jobs generated are lower paying than those in the extractive sectors, especially mining. 
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This may be a result of the region's recent conversion to these types of jobs. For example, 

it may be possible that as more import-substitution takes place (Tiebout, 1962), the 

standard of living may rise, at least as fer as incomes are concerned. Of course, as noted 

earlier, for many income may not be the best yardstick to measure quality of life. 

5. Conclusion 

As noted by Shumway and Davis (1996, p. 513) in a recent article in Rural 

Sociology, "It is boom time in the Rockies." The region's eight states have seen growth 

(in terms of population and employment) over the last 5-10 years that surpasses that found 

in any other census division of the US. While impacts have been significant for the 

metropolitan counties, there has been sustained growth in the nonmetropolitan counties as 

well. For most planners and elected ofiBcials, these events would be good news. However, 

the growth trends seen in many areas have resulted in political turmoil, and environmental 

degradation. In addition, not all parts of the region have enjoyed the sustained growth that 

the more scenic mountain and desert areas have seen. 

To understand this growth, regionally-based researchers like Thomas Power and 

Ray Rasker have adapted the older ideas of Innis and North on regional growth in 

resource-based economies, and recast them in light of the vast changes brought about in 

the US because of economic restructuring. These new ideas are embodied in the quality-

of-life model. In this model, it is hypothesized that the changing locational constraints of 

service industries, along with an increased demand for environmental amenities, have 
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changed the whole basis for population and employment growth in the region. 

Additionally, new highly mobile income and changing demographics can now help rural 

counties build sustained growth that is not reliant on the extraction of natural resources, or 

on interaction with urban centers. 

The goal of this dissertation has been to examine recent trends in population and 

employment growth in the region, and to specifically test the ideas of Power and Rasker. 

To investigate these issues, a wide variety of statistical tools ranging firom descriptive 

statistics, to classification techniques, to multivariate regression models that take into 

account spatial autocorrelation, were used. The results show that regionally-based ideas 

on growth have a place in helping scholars understand regional growth processes in a 

more reliable manner. More importantly, there is significant support for the quaUty-of-Iife 

model, especially the role of the service industries in driving regional population and 

emplojmient growth. Furthermore, the presence of amenities have become increasingly 

important in diflferentiating high-growth from low-growth counties. 

Despite this good news, regional planners must decide on what path of 

development they want to take. Service-based economies have shown exceptional growth, 

but the standard of living is generally lower in terms of average county wages. When 

deciding on a course of action in terms of development, rural ofiBcials need to consider all 

aspects of the growth process—the benefits as well as the problems. For example, a 

growth process driven by scenic amenities may not be sustainable in the long-run if growth 

aids in the overuse and destruction of those same amenities. While the results of this 

dissertation may be usefiil to some ofiBcials, future research is needed to help link these 
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larger scale socioeconomic processes (e.g., economic restructuring) with changes taking 

place at the local level and on the policies that can help alleviate problems that may arise 

in the future. 
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APPENDIX A 

GEOGRAPHIC DEFINITIONS AND DATA SOURCES 

1. Introduction 

This appendix outlines a number of important features and assumptions of the 

empirical research in this dissertation. In the first section, the geographic extent of the 

region is presented, along with a rationale for delineating the specific boundaries of that 

region. The next section focuses more closely on the geographic scale used in most of the 

analysis, including a discussion of the many problems associated with county-level studies. 

Finally, the last section explores the many sources of data used in the quantitative analysis. 

The breadth of this study required the use of many specialized data sets, each with its own 

problems and limitations. Highlighting these problems is essential because it explains why 

certain methodological decisions were made in several of the chapters. 

2. The Rocky Mountain Region 

As noted in Chapter 1, the Rocky Moimtain West, the term used to define the 

region used in this study, is also known as the Mountain Census Division (see Figure A.1). 

The states that are a part of the RMW (Arizona, Colorado, Idaho, Montana, Nevada, New 

Mexico, Utah and Wyoming) form one of the nine divisions developed by the Census 

Bureau. This system of regions has been used in any number of studies on population and 



Figure A.1 Rocky Mountain West 
(AZ, CO, ID, MT, NV, NM, UT, and WY) 

N 

Mountain Census Division 
Other States 

A 
K) S> 



224 

economic change in the US (Fitzsimmons et aL, 1980; Carlino and Mills, 1987; Shumway 

and Davis, 1996). However, while these boundaries have been accepted and used in much 

of the literatiire, it does not mean that this particular regional framework is without 

problems. Usually, a region such as RMW is created because it is assumed that some of 

the processes of interest are present throughout the region (Maxwell, 1965; Smith, 1965; 

Ross and Green, 1985). In this case, that process is economic and population growth, and 

it is assumed that the mechanisms driving growth are different to some extent within the 

region defined than those found in other regions of the US because of such things as 

resources, climates, and other geographical attributes. Of course, the attributes that 

distingxiish a region may also be political, historical, social, and cultural as well. 

With this criterion in mind, it is not difficult to understand why certain states were 

left out of the RMW. While mountains are an important characteristic of all states in the 

region, all those states immediately to the east of the RMW are characterized by rolling 

and flat plains. Thus, it is very easy to differentiate the RMW states from those in the 

Great Plains, all of which have very different physical landscapes, and as a result, different 

types of economies as well. On the Pacific side, excluding California from the region is 

easy to justify—the state's growth has been unique, and its sheer size would make it 

difficult to define differences within the rest of the RMW. It is more difficult to defend 

leaving out Washington and Oregon, especially since some studies at the county level 

would include most of the eastern portions of these states with a region that includes most 

of the RMW (a similar situation arises in studies of the RMW that exclude the eastern 

portions of NM, CO, WY, and MT) (Fuguitt and Beale, 1996). However, the role of these 
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states as gateways for the large amount of trade to the Pacific does differentiate them fi*om 

the RMW to some degree. 

Within the RMW itself some diversity also exists, especially between the northern 

and southern states. Each border area is obviously linked to a degree with the economies 

of neighboring countries, a potential source of differentiation. Moreover, intra-regional 

climatic difference are significant in some cases, influencing processes like retirement 

migration. However, all the RMW states have been reliant on extractive industries of one 

type or another. Additionally, each was bypassed to some degree by migrants on their way 

to the west coast, but have since turned into destinations for in-raigration, often from the 

Pacific states (Gober, 1993). Finally, each state has shown growth (in terms of population 

and employment) that exceeds US averages, while also possessing great scenic resources 

and amenities that are an important factor in the deconcentration perspective and the 

quality-of-life model presented in Chapters 2 and 3. While the region constructed is not 

ideal the benefits of maintaining the traditional delineation for the sake of continuity was 

thought to outweigh any benefits gained by including (excluding) other states or counties 

in the study. 

3. Scale of Analysis 

A majority of the analysis used county-level data, and, in all cases, the entire 

population (all counties, states, and metropolitan areas of the region) formed the database 

for modeling purposes. A number of studies using the adjustment model, the primary tool 
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of analysis in later chapters, have relied on this level of data because of its ready 

availability (Carlino and Mills, 1987; Clark and Murphy, 1996). However, it is recognized 

that this may not be the ideal geographic unit or scale for analysis. Additionally, processes 

taking place at the town level are also possible, especially for the more remote places, but 

comprehensive time series data at this level are simply not available. 

One other problem associated with county-level data involves the shapes and sizes 

of the counties, which go from fairly uniform in states like CO and MT, to unusual shapes 

and sizes in states like AZ and NV. This hinders some aspects of the modeling, especially 

spatial autocorrelation analysis. However, once again, the best data available are at this 

level. It was assumed that the number of counties (n=278) would compensate for some of 

the unusual outliers bound to appear in the results. To ensure this assumption was 

justifiable, some analysis of errors, especially an examination of residuals in the regression 

procedures, was performed. 

Another important issue that arises in the RMW is the establishment of new 

counties. In 1983, the counties of Yuma, AZ and Valencia, NM were subdivided into new 

counties. La Paz and Cibola, respectively. To ensure consistency in the statistical analysis, 

the counties were considered as one throughout this study. For data after 1983, totals 

were simply added up to form the whole former county. For the few bits of data that 

involved statistical averages, a weighted average using population in each of the new 

counties was calculated. 

The final problem related to the geography of the region pertains to the definition 

of metropolitan areas. The official designation for these geographic entities is established 
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not by the Censiis Bureau but by the OflBce of Management and Budget (Johnson, 1989). 

The definition of metropolitan is based on a county having a minimum of one city over 

50,000 people and a total population of over 100,000. Thus, this definition results in 

changes in the designation of counties over time, a situation that has occurred in the RMW 

over the 25-year time period in question. The number of metropolitan counties has gone 

firom 24 to 34 over this time. 

Many researchers have commented on the effects of this problem (Fitzsimmons et 

al., 1980; Heaton and Fuguitt, 1980; Johnson, 1989). A floating definition will result in a 

different set of counties being analyzed at each stage of a time series analysis. On the other 

hand, a fixed definition throughout will mean that some counties which are either 

metropolitan or nonmetropolitan will be classified and placed in the wrong category at 

some point in time. In many instances this will result in minor errors, but Johnson (1989) 

has shown that the errors can be significant at times. This is especially true for regions like 

the RMW which are growing fast and seeing rapid change in urban populations. 

Similarly, the exact same type of problem occurs with the classification of counties 

according to the Beale Code, which categorizes counties according to their interaction and 

location vis-a-vis metropolitan counties (Beale, 1977). The definition of an adjacent 

county is based on at least 2% of the working population commuting to a nearby 

metropolitan area. This fringe area is often the most dynamic portion of the region, and 

the one most likely to change over time. 

As a corr^romise solution, a 1980 designation was chosen with 254 counties 

classified as nonmetropolitaiL Additionally, this year entails the designation of 47 adjacent 
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counties as well. The map in Figure A.2 shows the county classifications used for this 

entire study. As noted above, the largest error occurs primarily around the Denver area 

where many of the counties changed both before and after the 1980 classification. 

However, this type of compromise has been used earlier, and it was expected that a 

consistent designation was more important for the regression modeling used in later 

chapters. 

4. Data Sources and Quality 

The data primarily came from the Regional Economic Information System (REIS), 

a new database on CD-ROM produced by the Bureau of Economic Analysis in the 

Department of Commerce (1997). The database contains specific information on personal 

income, population, and employment, along with a number of other variables at the 

county, metropolitan, state, and regional levels. Most of the data are based on location of 

residence, not location of work. The database does contain some information on 

commuting patterns, which could help establish the scale of the processes at work; 

however, in this study the scale of any economic processes was inferred through measures 

of spatial association (autocorrelation), and by applying newly available methods of spatial 

econometric modeling. 

A flmdamental component of this study is the role of economic structure on 

population and economic growth- However, problems are encountered when any attempt 

is made at disaggregating employment data at the county level because of disclosure 
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issues. Many of the counties have fewer than 1000 people. When small economies such as 

these feature only one or two firms in a sector, the Census Bureau or the Bureau of 

Economic Analysis will not disclose data that may give competitors some idea on the 

characteristics of the company. Thus, for many of the small counties in the RMW, the 

most important data are often not available. 

The result of this problem is that it is often impossible to use employment data as 

continuous variables, that is, percentage of total employment in a given sector, for the 25 

year period. Ideally, researchers would like to use continuous variables in any multivariate 

statistical analysis. The advantage of this is that no information is lost. Another approach 

is to categorize the data into groups, where each group meets a certain threshold of 

employment in a sector. Because of the disclosure problem, the second approach was 

taken in this study, as is discussed in more detail in Chapter 5. 

The time series of the data go from 1969 to 1995. In this study, the changes 

observed were measured for three time periods, 1970 - 1980, 1980 - 1990, and 1990 -

1995. While many types of econometric analyses usually rely on time periods based on 

business cycles, that approach was not chosen for this study. Part of the reason stems from 

the data available. In many cases, the data came from the decennial US Census for 1970, 

1980, and 1990, an especially important source for migration and other population data. 

Other important socioeconomic data on fiscal policies, cost of living, rents, wages, etc. are 

also only available at ten-year intervals. 

Additional sources of data included the annual series of County Business Patterns, 

City and County Data Books, and special Census tabulations. Current Population Surveys, 
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and Bureau of Transportation Statistics Reports. The Annual Report on Federal Payments 

in Lieu of Taxes was an important source of data on federal acreage per county for 

Forests Service, National Park Service, and Bureau of Land Management properties. An 

important type of federal land that has garnered attention has been wilderness areas. Some 

research has appeared using the total acreage of these lands per county as an independent 

variable (Lorah, 1996; Duflfy-Deno, 1998). However, other sources have noted that the 

exact size of federal wilderness areas is not as easy to determine as some reports in the 

literature have indicated (Rudzitis, 1997). Many areas are in the process of being 

designated, or have been designated by state agencies (Rudzitis, 1996). Additionally, 

wilderness areas are a subset of other federal lands, so care is needed to remove totals 

from forest lands, or BLM lands. As a result, most of the analysis relied on the federal 

data in the payments book. There is more discussion on federal lands in Chapter 6. 
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APPENDIX B 

ADDITIONAL TABLES AND FIGURES 
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Table B.1 Hausman Specification Tests for Simultaneity 
in the Population/Employment Adjustment Model 

POP80 (dependent variable) EMP80 (dependent variable) 
EMP80 (endogenous variable) POP80 (endogenous variable) 

Variable Coefficient T-Stat Coefficient T-Stat 

Predicted 0.4330 55.82*** 2.1350 58.812*** 
Reeldual 0.4270 10.406*~ 1.3799 8.98*** 

POP^ (dependent variable) EIMP90 (dependent variable) 
EMP90 (endogenous variable) PpP90 (endogenous variable) 

Variable Coefficient T-Stat Coefficient T-Stat 

Predicted 0.4620 50.877**- 1.9950 51.823*** 
Residual 0.4660 8.242— 1.4500 7.127*** 

POP96 (dependent variable) EIMP96 (dependent variable) 
EMP96 (endogenous variable) POP96 (endogenous variable) 

Variable Coefficient T-Stat Coefficient T-Stat 

Predicted 0.4810 49.376*" 1.8980 50.425"* 
Residual 0.4530 3.002*** 0.7770 2.016** 

Significance Levels - *0.1, **0.05. ***0.01 
(underlined coefficients form the Hausman test; if signficant, there is simultaneity) 
(See Gujarati, 1995, p. 670, for more infomration on White Tests) 
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Table B.2 White Tests for Heteroskedasticity (Levels vs. Densities) 
in the Population/Employment Adjustment Model 

Levels Densities 

POP80 DPOP80 

52.1 150.1 

Levels Densities 

EMP80 DEIVIP80 

43.6 194.1 

POP90 DPOP90 

37.1 234.6 

POP9S DPOP9S 

67.2 109.2 

EMP90 DEMP90 

75.6 124.0 

EIV1P95 DEMP9S 

50.9 16.1 

(All White Tests significant at .01 with 5 degrees of freedom) 
(Lower numbers have less of a problem from heteroskedastcity) 
(See Gujarati, 1995, p. 379, for more infomration on White Tests) 
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Table B.3 Regression Estimates for TSLS Models on Population and 
Employment Growth in the Nonmetropolitan Rocky Mountain West, 
1970 -1995 (Corrected for Heteroskedasticity) 

POP80 EMP80 

Variable Coefficient t-stat Coefficient t-stat 

EMP80 0.2971 1.766 * 
EMP70 1.1326 10.074 •** 
POP70 1.1408 10.890 *** 
POP80 0.1006 2.956 '*• 
TOPOG1 20.2197 0.136 
PFS 1033.5900 1.298 
PBLM 1567.5800 1.849 * 
AVWG70 -0.1134 -1.815 * 0.0271 0.679 
RENT70 23.7979 1.499 
DIV70 475.0110 5.265 ~ 
TRANS70 -163.4010 -1.912 * 
ADJ80 1394.3300 3.229 *** -423.1640 -1.555 
FARM -303.1720 -0.615 -797.7060 -2.861 *** 
MINING 462.8690 0.655 314.7090 0.758 
MANUF. -32.5158 -0.044 -583.5910 -1.406 
SERV. & TRADE 154.0140 0.176 556.3770 1.094 
CONSTANT -892.3460 -0.476 -1327.1900 -1.306 

Adi. 0.9273 0.9314 

POP90 EMP90 

Variable Coefficient t-stat Coefficient t-stat 

EMP90 -0.2424 -1.676 • 
EMP80 1.0157 15.119 
POP80 1.2741 15.421 •" 
POP90 0.0817 3.041 — 
T0P0G1 -88.9970 -0.668 
PFS 1279.7100 1.830 * 
PBLM 2744.0800 3.687 *** 
AVWG80 -0.0749 -1.578 -0.0490 -1.396 
RENT80 12.0604 2.256 ** 
DIV80 3.0851 0.100 
TRANS80 -101.1600 -2.582 *** 
AOJ80 1434.7900 3.556 186.6810 0.643 
FARM 428.2520 0.985 -194.6940 -0.682 
MINING -1437.3600 -2.028 ** -608.8080 -1.484 
MANUF. -424.7380 -0.691 -106.1990 -0.266 
SERV. & TRADE 2345.8700 3.166 **• 1866.9600 4.946 *** 
CONSTANT -2855.7500 -1.937 • 1613.0000 1.636 

Adi. 0.8905 0.9291 
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Table B.3 Regression Estimates for TSLS Models on Population and 
Employment Growth in the Nonmetropolitan Rocky Mountain West, 
1970 -1995 (Corrected for Heteroskedasticity) 

PQP95 EMP9S 

Variable Coefficient t-stat Coefficient t-stat 

EMP95 -0.0551 -0.134 
EMP90 1.1350 30.935 *** 
POP90 1.1689 47.516 *** 
POP95 0.0164 0.986 
TOPOG1 46.5270 0.749 
PFS 761.7610 2.182 ** 
PBLM 649.3610 1.765 * 
AVWG90 -0.0468 -2.138 ** -0.1198 -6.318 *** 
RENT90 6.6821 4.543 *** 
OIV90 -14.0140 -1.363 
TRANS90 -43.8355 -3.804 *** 
ADJ80 672.5070 3.292 *** 278.7970 1.730 * 
FARM 565.3750 2.702 *** -186.7350 -1.232 
MINING -86.9096 -0.230 732.3890 2.527 ** 
MANUP. 711.1850 2.404 ** 139.4920 0.645 
SERV. & TRADE 489.0260 2.056 ** 740.9720 4.456 *** 
CONSTANT -2124.8900 -3.642 *** 2778.1800 5.241 *** 

Adi. R- 0.9764 0.9478 

(underlined coefficients and t-stats are endogenous variables) 
Significance Levels - *0.1, **0.05. ***0.01 
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Table B.4 Regression Estimates for OLS Models on Population and Employment 
Growth in the Nonmetropolitan Rocky Mountain West, 1970 -1995 

POP80 EMP80 

Variable Coefficient t-stats Coefficient t-stats 

EIMPSO 0.8660 10.266 
EIMP70 0.6350 11.143 •** 
POP70 0.8350 15.663 
POP80 0.2600 15.084 "• 
TOPOG -95.9020 -0.535 
PFS 1654.4930 1.512 
PBUM 3139.9230 2.771 
AVWG70 -0.1690 -2.099 ** 0.1020 2.401 " 
REimo -19.5930 -1.210 
DIV70 597.9700 6.322 — 
TIRANS70 -359.2640 -3.711 *** 
ADJ80 2672.5280 4.883 -879.0750 -3.145 
FAfUA -22.1990 -0.036 -493.0740 -1.682 * 
•MINING 314.7770 0.398 -445.3190 -1.118 
MANUF. 60.2210 0.069 -549.5220 -1.345 * 
SERV.& TRADE 443.6570 0.424 282.7290 0.549 
CONSTANT 2358.2260 1.219 -2484.5570 -2-189 

Adi. 0.9710 0.9650 

POP90 EMP90 

Variable Coefficient t-stats Coefficient t-stats 

EIMPSO 0.5440 6.087 
EIMPSO 0.7050 17.661 *** 
POP80 0.8930 17.610 — 
POP90 0.2140 14.120 — 
TOPOG -235.3580 -1.110 
PFS 1468.9230 1.196 
PBLM 3547.9110 2.769 *** 
AVWG80 -0.2390 -2.910 — -0.0214 -0.523 
RENT80 -9.0730 -1.373 
OIVSO 118.4040 3.134 — 
TRANS80 -215.5260 -4.555 
ADJ80 3391.1800 5.191 — 326.3230 1.034 
FARM -300.3510 -0.409 -415.7250 -1.235 
MINING 98.0860 0.102 -1331.7150 -3.030 
IMANUF. -1374.5870 -1.420 367.2040 0.847 
SERV.& TRADE -108.2140 -0.109 2442.5400 5.821 
CONSTANT 3545.6930 1.706 • 816.4230 0.674 

Adi. R2 0.9730 0.9750 
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Table B.4 Regression Estimates for OLS Models on Population and Employment 
Growth in the Nonmetropolitan Rocky Mountain West, 1970 -1995 

POP95 EMP95 

Variable Coefficient t-stats Coefficient t-stats 

EMP95 0.0100 0.3Q7 
EMP90 1.0620 36.660 *** 
POF»90 1.1430 63.062 *** 
POP95 0.0588 4.886 *** 
TOPOG 117.0470 1.187 
PFS 1307.4320 2.164 ** 
PBLM 1967.5950 3.101 *** 
AVWG90 -0.1110 -2.978 *** -0.1300 -4.540 *** 
RENT90 5.5660 2.949 *** 
DIV90 23.4540 1.414 
TRANS90 -77.5310 -4.226 *** 
AU80 1796.4580 5.589 *** 438.8650 1.893 * 
FARM 926.7580 2.623 *** -78.1120 -0.313 
MINING -186.7050 -0.317 699.5550 1.662 * 
MANUF. 1240.1510 2.691 *** 579.5210 1.813 * 
SERV. & TRADE 1326.1940 3.842 *** 1133.5170 4.814 *** 
CONSTANT -1559.4050 -1.813 *** 2504.3110 3.019 *** 

Adj.R2 0.9950 0.9900 

(underlined coefficients and t-stats are endogenous variables) 
Significance Levels - *0.1, **0.05, ***0.01 
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Figure B.1 Net Migration for the Nonmetropoiitan 
Rocky Mountain West, 1970-1980 
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Figure B.2 Net Migration for the Nonmetropolitan 
Rocky Mountain West, 1980-1990 
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Figure B.3 Net Migration for the Nonmetropolitan 
Rocky Mountain West, 1990-1995 
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APPENDIX C 

SPATIAL STATISTICAL MEASURES 

1. Introduction 

This appendix outlines a number of important aspects of spatial autocorrelation, 

the process studies in Chapter 7. The next section outlines some important basic concepts, 

including a description of the spatial weights matrix and a discussion of the role this matrix 

plays in the analysis of spatial phenomena. With the underlying theory in place, the next 

two sections introduce the two primary types of measures most commonly used to 

measure spatial autocorrelation in data, the Moran's and Geary's statistics for 

understanding global patterns of spatial autocorrelation spatial association, and the Getis-

Ord statistic for measuring local patterns of spatial autocorrelation. 

2. The Spatial Weights Matrix 

When there is a high degree of spatial autocorrelation, high or low values of a data 

set tend to be clustered around each other. Common to all the measures of spatial 

autocorrelation is the spatial weights matrix, a numerical "map" of the spatial relationship 

between all the values in a data set. Since counties (or polygons) are the geographic unit 

of interest in this analysis, the relationship between two polygons may simply be measured 

by the connectivity between two polygons using a binary system where a value of one 
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indicates contigmty and a value of zero indicates no contiguity. Once calculated, these 

weights matrices may be used to directly explore a number of spatial processes such as 

spatial autocorrelation, and to indirectly investigate spatial growth processes like spread 

and backwash effects. 

An example of the spatial weights matrix can be shown as follows (see Anselin, 

1992 for a fuller description). For simplicity sake, assume the region of interest is a 7 x 7 

grid of cells (they could be counties in a state) such as that shown in Figure C. I. Assuming 

contiguity in this case is simply defined by the rook criterion (sides of each cell touch), 

then a contiguity matrix based on a binary system can be produced for the entire grid (see 

Figure C.2). The notation for the weights matrix is shown as wy, (matrix W) where i and j 

are row and column numbers. Thus, moving along the top row of the weights matrix in 

Figure C.2, the second and eighth column of the first row indicate that cells two and eight 

are first order contiguous to cell one, and so on for each cell 

Thus, this weights matrix, or any N x N weights matrix, can be multiplied by an 

N X I vector of observations to produce a new matrix that can be interpreted as follows: 

If the observations are represented as a vector X the resulting product would be 
WX. Since each element of the product WX equals SjWy;^, WX is in feet a vector 
of weighted averages of the neighboring values. This operation and the associated 
variable are often referred to as a spatial lag. (Anselin, 1992, p. 457). 

As noted above, the spatial lag developed firom the weights matrix is the key to most of 

the calculations done to estimate spatial autocorrelation in a data set. 

Another way of defining contiguity is based on distances between polygons, 

usually measured in terms of one polygon centroid to another, with centroids calculated 
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Figure C.1 Hypothetical 7x7 Spatial Grid Map 

1 2 3 4 5 6 7 

a 9 10 11 12 13 14 

15 16 17 18 19 20 21 

22 23 24 25 26 27 28 

29 30 31 32 33 34 35 

36 37 38 39 40 41 42 

43 44 45 46 47 48 49 

(1-49 cell numbers, not values for that cell) 
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Figure C.2 Spatial Weights Matrix Derived From Spatial Grid in Figure C.I: 
Contiguity Based on Rook Criterion 

Q 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 a Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 
0 a 0 0 Q 0 0 0 1 0 0 a 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 G 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 • 0 0 a 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
a 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 a 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 a 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 

0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 

0 

(1 3 contguity, 0 - no contiguity) 
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based on physical area, population density, or another measure. Using this approach, any 

distances less than a pre-set value are assigned a weight of one, with all distances greater 

than that value assigned a weight of zero. It is also possible to simply use the (inverse) 

distances themselves in the weights matrix. In most cases, and before any calculations are 

completed, the matrix is row-standardized as well. 

3. Global Measures of Spatial Autocorrelation 

The benefits of using distances for the weights matrix, rather than direct 

connectivity, are several. For example , when using simple contigxiity as a measure for the 

weights matrix, the same weight is attached to two polygons that are adjacent to each 

other, no matter the size or shape of the polygon. Any cursory review of a map in the 

West shows where problems can arise. People in two ends of large counties may interact 

very little (e.g., Yuma and Tucson in Yuma and Pima Counties, Arizona), while those in 

two small counties may interact a great deal (e.g.. Golden, Denver, and Littleton in 

Jefferson, Denver, and Arapahoe Counties, Colorado). The simple measure of contiguity 

(based on a common border) assigns a binary weight of one for both. Using a distance 

measure eliminates the problems of diGTerent size areas to a large extent, thereby 

producing a more realistic measure of proximity and interaction. 

Using the spatial weights matrix, the most common and oldest measures of spatial 

autocorrelation are global in nature, that is, they provide a single measure of the 
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magnitude of spatial autocorrelation present in the entire data set. These measures are the 

Moran's I and Geary's c (Odland, 1988). These measures are formally defined as follows; 

where x is the variable under consideration in polygons (points) i and j, x is the mean of 

X, and Wjj is the weights matrix described above. The value of the statistic follows a 

normal distribution, thus the significance of the statistic can be estimated depending on the 

size of the sample and the confidence level. Hypothetically, for sample size n a degree of 

variation and randomness in the values though space is expected. The null hypothesis is 

that the test statistic or measure of the pattern of autocorrelation does not significantly 

differ fi'om what would be expected if no autocorrelation were present. The only 

difference between the two statistics is in how the differences between the hypothesized 

distribution of values and the actual distribution are measured (Odland, 1988). Over the 

years, researchers have found the Moran's I to be a better indicators of spatial 

autocorrelation (Anselin, 1992). 

c = 
2ZSwi j  I ( x i -x ) -
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4. Local Measures of Spatial Autocorrelation 

While the Moran and Geary statistics provide usefiil information, they only provide 

an understanding of one aspect of the data set's spatial structure. Since these values are 

global in nature, they do not locate the geographic "hot spots," or the extent of spatial 

clustering in the region. As indicated above, if choropleth mapping is not done correctly, it 

may be difBcult to find and identify the extent of regional clustering in the data. New 

statistics developed by Getis and Ord (1992) called local indicators of spatial association 

(LISA), have permitted the estimation of local clustering around each point rather than 

obtaining a single global value for the entire data set. 

More formally, there are two Getis-Ord statistics that are of interest in this case, Gi 

and Gi*. G, is formally defined as: 

^ Sj Wij(d)Xj 
Gi  =— 

Zj Xj 

where w,j is the spatial weights matrix of with values of 0 or 1, with 1 indicating a point is 

v^thin a certain distance d of a particular point (or centroid of a polygon). The only 

difference between Gi and Gi* is that Gi does not include the particular point i in the 

calculations, while Gi* does include the base point. For each observation i, these statistics 

are an indication to which that location is surrounded by high or low values. 

By calculating the appropriate z score for each g statistic at a given point, a 

probability can be obtained, and this can be easily mapped to determine the extent of 

clusters. By using a series of increasing distance values for a particular point in a cluster, it 
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is possible to see the exact extent of the clustering, rather than relying on a single arbitrary 

point like 50 miles to start. Another way of estimating the cluster effects is to calculate the 

global Moran's I with the different distance weights matrices and then determining the 

point at which the probabilities start to change. The efifect of clustering increases out to a 

certain distance (lower probabilities) until the efifect starts to weaken, at which point the 

probability value starts to increase, indicating diminishing spatial effects. 

As noted above, the end result of rurming the Getis-Ord statistical procedures is a 

set of positive or negative values (the G-stat) with associated probabilities for each point 

(or polygon). Data points (polygons) with low probabilities (<.0I) indicate that there is a 

concentration of either high or low values around that data point. Typically, a cluster of 

high or low values will have a core area with very low probabilities with a series of 

surrounding points (polygons) having increasing probabilities. In practice, any points with 

probability values higher than O.I (or 0.01) are not mapped, only leaving significant 

clusters of positive or negative values. This elimination of peripheral data focuses the 

analysis very well, and highlights the clusters of interest. 
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