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ABSTRACT 

Economic valuation techniques for environmental goods and 

services can contribute to decisions regarding the sustainable 

use and preservation of natural resources. Several valuation 

techniques have been developed based on neoclassical 

economics. However, when markets fail these techniques are not 

applicable. An alternative approach that is less dependent on 

pervasive markets comes from the school of biophysical 

economics. This approach is based on the energy theory. 

According to this theory, the embodied energy of the ecosystem 

is estimated and a money value is assigned to it. This thesis 

uses a variation of a biophysical technique for the economic 

valuation of the above-ground biomass of a Colombian High-

Andean forest. The biomass or physical organization and the 

diversity component of the contributory value of the forest 

are considered by the biomass technique. However, this 

technique fails to measure the ecological services component 

of this kind of value. 
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1. INTRODUCTION 

"The intent is not to reduce physics and biology 
to a single scheme, but to clearly define the 
various levels of description and to present 

conditions that permit us to pass from one level 
to the other". 

Ilya Priogine, 1980 

1.1 Why Should We Estimate the Value of Nature? 

For 30 years, most economists have agreed about the need to 

develop better measures of economic welfare and the quality of 

life. In response, they have developed different approaches to 

consider the variety, complexity and sustainability of life 

forms in economic terms. According to Schweitzer (1991) they 

have been motivated by a desire to promote sustainable 

development through ensuring that human preferences for the 

environmental goods and services are fully incorporated into 

the measurement of utility. 

Authors such as Dasmann et al.(1973), Hueting (1985), 

Bergstrom et al.(1990), Foy (1991), Lutz and Munashinghe 

(1991), Costanza, (1991) and others have implied that the 

depletion of the environment can be avoided if the economic 
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value1 of biological and ecological goods and services are 

taken into consideration in policy and management decisions. 

Furthermore, the 1992 Global Biodiversity Strategy suggested 

that policy-makers should "recognize and quantify the local 

economic value of wild products in development and land use 

planning." (WRI, IUCN and UNEP, 1992) 

Economic theory predicts that the lower the market price of a 

good or service the greater will be the quantity demanded. 

When an environmental resource is unpriced there will be a 

high quantity demanded and this quantity may exceed the 

ability of the environment to provide on a sustainable basis 

(Schweitzer, 1991). 

On the other hand, deep ecology philosophers argue that it is 

not ethical to value such intangibles as life or aesthetics. 

It may not be ethical to them, but we have been valuing human 

life since men started setting construction standards for 

buildings, bridges, highways or any other engineering 

construction (Costanza, 1991). Similarly, men have created 

markets for such things as paintings, sculptures, a symphony 

1 Analysts and individuals perform the process of 
valuation in a different but interrelated way. Individuals 
perform the act of valuation when they choose among 
alternative goods or commodities. On the other hand, from 
observation of choices analysts estimate the value people 
place on things. 
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performance and books (Steinhoff, 1980). Given these 

practices, it can be argued that there is no reason why we 

should not estimate the economic value of environmental goods. 

1.2 The Neoclassical and Biophysical Models 

An assumption of the neoclassical economic model is that 

capital, labor and land are the primary inputs of production 

(Figure 1). The 

b i o p h y s i c a l  

mode1, however, 

asserts that 

energy 2  and 

matter3 are the 

primary factors 

of production. 

A primary input 

"is one which 

is necessary 

for production but which cannot be physically produced inside 

2 Energy is defined as the ability to do work. Calories 
of energy of different quality, however, do different amounts 
of work. A calorie of dispersed heat, for example, can not do 
any work (Odum and Odum, 1976). 

3 Matter can be seen as another form of energy (Hannes, 
1969). 

ECONOMIC SYSTEM 

GOODS AND SERVICES 

> • 
HOUSEHOLDS FIRMS 

LAND. LABOR AND CAPITAL 

FIGURE 1« The Neoclassical Perspective of the Economic Model of Production. 
(Modified from Hall et al 19BB) 
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the economic system" (Figure 2) . In this conceptual framework, 

capital as well as labor are not primary inputs because they 

are produced inside the economic system (Costanza, 1980; Hall 

et all, 1986; Cleveland, 1991). 

The biophysical perspective is based on the first and second 

laws of thermodynamics. The first law states that supply of 

m a t t e r  a n d  

energy and, 

h e n c e ,  t h e  

supply of goods 

and services 

derived from 

t h e m  i s  

limited. This 

is because, 

although energy 

c a n  b e  

transformed, it can not be created nor destroyed. Hence, 

energy is the only factor that can not be produced inside the 

economic system. The second law states that no process 

involving an energy transformation will occur unless there is 

a degradation of energy from a concentrated form into a 

dispersed form (Gates, 1985). When there is greatly dispersed 

UNIVERSE 

SOLAR-•> 
ENERGY 

ECOSYSTEM 
Fossil and Atomic Fuels 

± 
ECONOMIC SYSTEM 

HOUSEHOLDS RRMS 

4-
Wastes 

Thermal Energy 

FIGURE 2„ The Biophysical Perspective of the Economic Model of Production 
(Modified from Hall et al, 1986) 
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energy, there is disorder and hence high entropy4. Economic 

production organizes energy and matter into the form of goods 

and services of low entropy. Thus, it is in this context that 

energy and matter are considered the primary factors of 

economic production (Hannes, 1969; Faber and Proops, 1985; 

Hall et al, 1986.). Capital, labor, and land on the other 

hand, are considered to be intermediate factors of production, 

produced or recycled with the input of the primary factors of 

energy and matter (Cleveland, 1991). 

An important point of this discussion is that the circular 

flow of production and consumption is not an isolated, self-

sustaining process. This process cannot continue without a 

constant exchange of energy and matter between the economy and 

the environment, which alters the environment in a cumulative 

way, and without being influenced by these alterations. 

(Georgescu-Roegen, 1976) 

It is within this conceptual framework that the school of 

biophysical economics proposes several valuation techniques 

for environmental resources that are based on the analysis of 

flows of energy. These techniques use physical models of the 

exchanges of energy in the environment, outside the market 

4 "The concept of entropy represents the amount of energy 
in a system that is unavailable for doing work." (Gates, 1985) 
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system, and then connect these model outputs with the market 

based on the energy theory of value. The purpose is to model 

the integration of the biophysical world with the circular 

world of the economy. 

The main purpose of this thesis is to propose a variation of 

a biophysical technique for the economic valuation of a High-

Andean forest and to interpret it from the viewpoint of the 

neoclassical school of economic thought. The body of the 

thesis is divided into four main chapters: The first chapter 

provides a historical review of biophysical economics and 

explains important concepts such as energy flow analysis and 

embodied energy. 

The second chapter introduces the concept of value, discusses 

the concepts of neoclassical and biophysical value, explains 

why biophysical techniques can be used to estimate economic 

values, and shows how total economic value is related to the 

values of the High-Andean forest. 

In the third chapter the main neoclassical and biophysical 

valuation techniques are described, and explains why it is 

necessary to use a biophysical technique to estimate the 

economic value of the contributory value of the forest. 
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The fourth chapter introduces a variation of a biophysical 

technique for the economic valuation of the contributory value 

of a Colombian High-Andean forest, proposes a weighting 

approach in order to introduce the diversity component into 

the estimation of the contributory value, and analyzes the 

empirical contribution of this technique to decisions 

regarding a sustainable development in the Colombian scenario. 
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2. HISTORICAL REVIEW OF BIOPHYSICAL ECONOMICS 

Biophysical economics is a less well known school of economic 

thought, than the neoclassical school. Therefore, it is 

important to describe the main historical events that gave 

birth to it. The school of biophysical economics began in the 

late 18th century with a school of French philosophers known 

as "The Physiocrats." The main principle of this school was 

that land is the source of material wealth (Soddy, 1933). 

Further, the Physiocrats believed that society had a "natural 

order" that was analogous to the order of the physical world 

(Napoleoni, 1981). According to Newman et al. (1954), this 

perspective of society "enabled the Physiocrats to picture the 

economic process as self-regulating and self perpetuating, 

expressive of the law of nature in the economic realm." These 

authors concluded (pag., 92): "The Physiocrats were in the 

truest sense the founders of economic science." 

Early in the 19th century, the laws of thermodynamics were 

discovered. These laws formalized the physical and ecological 

basis for the economic production concept developed by the 

Physiocrats. Thermodynamics and the study of energy flows 

became a new method to quantify and compare many physical and 

biological processes (Cleveland, 1987). 
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2.1 Energy Flow Analysis 

Energy flow analysis is used to describe the flow of energy 

through systems. This analysis involves applications of input-

output techniques and diagrammatic evaluation of energy 

systems. These applications are used to construct physical 

models of energy exchanges in the systems. Finally, using the 

energy theory of value these models are connected to the 

market. 

In 1883, the Ukrainian socialist, Podolinsky, was the first to 

conceive of the economic process from a thermodynamic point of 

view. Podolinsky developed the idea of energy flow analysis to 

measure the efficiency of food production systems and the 

importance of the energy embodied in the surplus yielded by an 

energy supply. His conclusion was that "ultimate limits to 

economic growth lay not in the shackles of the relations of 

production but in physical and ecological laws" (Cleveland, 

1987). In 1886, Boltzman supported this conclusion by stating 

that the structure of human societies is limited by available 

energy (as cited in Costanza, 1981). In 1887, Maxwell defined 

work as the result of an energy transformation process. In the 

same year, Helm introduced the concept of entropy to economic 

theory by relating monetary values to goods of low entropy 

(Edgerton, 1982). 



18 

In the early 20th century, chemists and economists emphasized 

the importance of solar energy to the functioning of the 

economic system. In 1905, Boltzman pointed out that energy 

could be used to measure all useful work. Two years later, the 

German chemist Ostwald stated that all sciences should be 

based on the laws of energy. In 1922, the Nobel Laureate in 

chemistry, Frederick Soody, stated that solar energy sustains 

all life processes. Consequently, the biophysical laws are 

viewed by these authors as primary principles of a 

comprehensive theory of economics (Cleveland, 1987). 

In the mid 20th century, White (1949, 1959), Ayers and 

Scarlott (1952), Putnam (1953), Cottrell (1955), Hubbert 

(1956) and Thirring (1958) produced many theoretical studies 

on the connection between energy and economics. Issues related 

to the influence of energy quality and energy surplus on the 

development of social and cultural patterns were examined. 

Juday (1940) and Lindeman (1942) used energy flows to describe 

energy transformation events in ecological systems. 

In 1971, H.T. Odum used energy flows in an attempt to show the 

integration of the economic and the ecological systems. The 

concept of energy quality and the countercurrent flow of 

energy and matter were Odum's main contributions to the 

biophysical approach. In 1973, Hannon discussed the pitfalls 
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of dollars as a standard of measurement of the value of non-

market goods and services, and concluded that any development 

project could be evaluated both in energy and monetary terms. 

Odum and Odum (1976), introduced the term "embodied energy", 

defined as the total amount of energy used to produce an 

ecologic or economic good or service. Since solar energy is 

the most significant input of free energy to the earth, most 

flows and storages of free energy can be thought of as 

embodied past and present sunlight. The sunlight of past eons 

is embodied in the stores of fossil fuel, soil, raw materials 

and other resources that are used by society. (Costanza, 

1979) . 

Embodied energy can be used as a common denominator for 

measuring the bananas and apples of an economy. In an economy, 

the methods for calculating the embodied energy in a good or 

service depend on estimates of the energy used directly and 

indirectly in the manufacturing of the good or service plus 

the energy used to manufacture the inputs to the final 

production process (Hall et al, 1986) 

Odum and Odum (1976) also asserted that energy was the measure 

of economic value. A primary analysis of this concept was: 

"since the energy involved in work is an unchanging measure of 
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what has been accomplished, energy is found to be the best 

measure of value." In 1977, H.T. Odum linked this concept to 

the use of money: "goods and services need energy to be 

produced and money is used to buy these products." Then, 

energy values were considered as good predictors of market 

prices (Darmstadter et al, 1977). 

The validity of an energy theory of value has been questioned 

by Huettner (1976). He demonstrated that only if maximum net 

energy is the goal of economic systems, would the prices of 

all goods be determined by their embodied energy. Huettner 

concluded, however, that since the goal of economic systems is 

not to maximize net energy, there should be no relation 

between energy and market prices. Two years later Shabman and 

Batie (1978) on an empirical basis supported Huettner's 

statement. 

Odum's energy theory of value was used by Costanza (1980). He 

used input-output analysis to calculate the direct and 

indirect energy (or embodied energy) required to produce goods 

and services in the U.S. economy. Costanza, finding a strong 

correlation between the embodied energy content of a good and 

its market price, concluded that "there is no inherent 

conflict between an embodied energy (or energy cost) theory of 

value and value theories based on utility." 
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Costanza, however, made a major change in traditional input-

output analysis. Normally, the energy required to produce 

labor, government services and the solar energy input to the 

economy are ignored by analysts. This is done under the 

assumption that traditional primary factors of economic 

production (capital, land and labor) and the solar energy 

input to the economy are independent. Costanza, however, 

stated that these traditional factors are not independent of 

solar energy; solar energy is required for their production. 

Therefore, Costanza included the household and government 

sectors in input-output analysis. 

In 1982, Huettner pointed out that traditional input-output 

(1-0) analysis draws boundaries that exclude households and 

government to avoid double counting. In response, Costanza 

(1982) showed that there was no double counting5 in his 

analysis and pointed out the boundaries in 1-0 studies are 

placed as matters of convention and convenience. 

5 "Contrary to Huettner's interpretation, the method I 
used was not first to calculate embodied energies under option 
A and then simply add on the household and government energy 
costs. This approach would indeed be double counting. Rather, 
all options were based on separate calculations, made with the 
constraint that the total energy embodied in the net output 
from the system (sum of the energy intensities times the net 
outputs over all sectors) had to equal the total energy input 
to the system. This constraint eliminated the possibility of 
double counting regardless of the numerical value of the net 
output." Costanza, 1982; p. 1143) 
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In 1981, Herendeen argued that an economy was able to operate 

on an energy theory of value only if economic value was 

proportional to an appropriate energy indicator, and that 

Costanza (1980) had failed to show this. In 1984, however, 

Costanza and Herendeen, together, showed that economic value 

was proportional to an energy indicator, and concluded that 

embodied energy was a good predictor of economic value. 

Furthermore, Hall et al.(1984) looked at time series data and 

found correlations to support the hypothesis that, over the 

past 110 years, wealth generation, labor productivity, and 

degree of inflation within the United States economy have been 

a function of energy use. Similarly, Cleveland et al.(1984), 

by looking at 100 years of time series data and 3 years of 

cross-sectional data on 87 sectors of the United States 

economy, found that gross national product, labor productivity 

and price levels have all been correlated with energy use. 

Authors such as Hannon (1981, 1979), Gilliland and Fenner 

(1981), Zuchetto (1982), Costanza and Farber (1984), Hannon et 

al. (1986), Ulanowicz (1991) and others developed different 

energy-based valuation approaches to estimate the embodied 

energy of ecosystems, commodities and services. In general, 

these approaches were variations of the input-output technique 

proposed by Leontief (1970). Finally, Table 1 presents a 



summary of the main historical events of the school 

biophysical economics. 
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Main Historical Events of Biophysical Economics 

DATE | | HISTORICAL EVENTS 

Late 18th 

Century 

"The physiocrats", believed that the 

source of material wealth was the land, 

and, that society had a "natural order" 

that was analogous to the order of the 

physical world. 

1883 Podolinsky, perceived the economic 

process from a thermodynamic point of 

view. He stated that the energy flow 

analysis should be used to measure the 

efficiency of food production systems. 

His main conclusion was that the ultimate 

limits to economic growth lay not in the 

relations of production but in the 

physical and ecological laws. 

1971 H.T. Odum, used energy flows to integrate 

the economic and the ecological system. 

1976 H.T. Odum and E.C. Odum, defined the 

concept embodied energy. 
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DATE | I HISTORICAL EVENTS 

1977 H.T. Odum, linked the energy concept of 

value to the use of money: "goods and 

services need energy to be produced and 1 

money is used to buy these products." 

Then, energy used in production is a good 

predictor of market prices. 

1980 Costanza, using an input-output technique 

found correlation between the embodied 

energy content of a good and its market 

price. He concluded that there was no 

conflict between an embodied energy 

theory of value and value theories based 

on utility. 

1984 Costanza and Herendeen found that 

economic value was proportional to an 

energy indicator and that embodied energy 

was a good predictor of economic value. 

From 1984 

to 1991 

Many authors developed various energy-

based valuations approaches to estimate 

the embodied energy of ecosystems. 
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3. THE CONCEPT OF VALUE 

The concept of value is quite ambiguous, it has many meanings 

and has been addressed in multiple books and articles since 

the ancient Greek philosophers (Rescher, 1969) . In this paper, 

value is broadly defined as a property of things which has the 

capacity to satisfy some human need or desire (Sinden and 

Worrel, 1979). 

The value assigned to an object by a person depends on three 

conditions: 1) the person's perception of the object and all 

other relevant objects; 2) the person's held6 values and 

associated preferences; and 3) the context of the valuation 

(Sinden and Worrell, 1979; Brown, 1984). 

People express held values in the following terms: 

psychological (attitudes and satisfactions), cultural (social 

trends, traditions and behavior), ecological (diversity, 

energy role, etc) (Shaw and Zube, 1980). Then within the 

6 Brown (1984) defines held value as a conception of the 
preferable which influences choice and action. This conception 
includes qualities (i.e. proportionality, antiquity, rarity, 
symmetry, beauty), modes of behavior (i.e. bravery, loyalty, 
generosity), and end-states (i.e. happiness, sadness, 
freedom). Held values provide a basis for the preference 
relationships which result in the expressed relative 
importance or worth of objects. "When one states that one held 
value (e.g. generosity) is superior to another (e.g. 
frugality), one is assigning value to held values." (pag. ,234) 
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market context, these values are expressed as assigned values. 

For the High-Andean forest people's held values are expressed 

in the values they assign to the recreational, cultural, 

research, environmental, educational, and ecological or 

contributory "uses" of the forest. Then, based on the total 

economic value or the energy theory of value, these values can 

be "converted" to an economic value. 

3.1 Energy theory of Value 

Neoclassical economics perceives value as an expression of 

human preferences and these preferences as analytically 

exogenous. The energy theory assumes that value is perceived 

by humans and that it can be incorporated into their 

preference structure in the long run. This view indicates that 

individual and societal tastes and preferences, and economic 

decisions are not exogenous, but influenced and often directed 

by biological and cultural evolutionary factors (Costanza, 

1984; Hall et al, 1986). 

Furthermore, this theory suggests that the cost of things is 

a function of their organization in relation to their 

environment and that this relative cost (in a thermodynamic 

and evolutionary sense) is the basis for perceived economic 

value. The assumption here is that, in the long run, people 
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learn to value items according to their energy cost of 

organization in relation to the environment (Costanza, 1991). 

The relationship of this biophysical cost or embodied energy 

to economic value is controversial. The critical hypothesis of 

the energy theory of value "is that in a perfect market, 

preferences will adjust such that maximizing the energy 

embodied in the net system output (i.e. sum of the product 

energy intensities and the net outputs7 over all economic 

sectors) and maximizing subjective utility are the same thing" 

(Costanza, 1984). Given this hypothesis, the energy theory of 

value would be an effective basis for the valuation of 

environmental resources (i.e. if a perfectly competitive 

market could equate embodied energy and market value). Since 

there are no perfect markets, this would be a hard theory to 

test empirically. However, it is possible to look at sections 

of the market that approximate perfect market conditions and 

see if the hypothesis holds there (Costanza, 1984). As 

explained at the end of chapter 2 this controversial 

experiment was first attempted by Costanza (1980) who looked 

at the section of the market covered by the standard economic 

7 Total net output or "final demand" is equal to the 
total net input or "value added. "Final demand refers to the 
dollar value of the net output of the system, while value 
added refers to the dollar payments for the net inputs to the 
system" (Costanza, 1979). 
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input-output tables in the United States. He analyzed the 

relationship between national energy use and national economic 

activity in the United States and found a high correlation 

between market prices and units of embodied energy. 

Since quantities of embodied energy are based on physical 

flows of energy they may also be used to determine values 

where markets do not exist, for example in ecological systems. 

In this case, the amount of net energy required to grow a 

forest can serve as a measure of its energy cost and hence its 

value. This is a way of internalizing environmental factors 

external to the existing market system and solving the natural 

resource valuation problem (Costanza, 1980, 1981, 1991; 

Cleveland et al, 1984; Cleveland, 1991; Peet, 1992). 

In synthesis, the energy theory of value states that the value 

of an object is equal to the total direct and indirect energy 

cost (embodied energy) of producing it. This theory can also 

be used to incorporate ecological concepts (i.e. energy flow, 

embodied energy, etc.) into the neoclassical theory of value 

by calculating the energy cost of ecosystems in caloric8 units 

8 A calorie is the heat energy required to raise the 
temperature of 1 mm. of water 1 degree centigrade, when the 
water is at 15 degrees centigrade. It is a measure of heat 
that expresses the amount of energy. If there are differences 
in temperature heat, energy can cause processes such as the 
flow of heat. All kinds of energy can be converted into heat, 
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and then converting these units to monetary units (Costanza 

and Farber, 1984; Hannon et al, 1986; Farber and Costanza, 

1987; Turner et al, 1988). 

3.2 Neoclassical Theory of Value 

To neoclassical economists, human preferences9 are the source 

of value (Table 2). The value of a good lay in its 

desirability to people, so its value cannot be estimated until 

it is exchanged in the market-place (Hall et al, 1986). 

In 1776, Smith introduced the concepts of "value in use" and 

"value in exchange": "The word value...has two different 

meanings, and sometimes expresses the utility of some 

particular object and sometimes the power of purchasing other 

goods which the possession of the object conveys. The one may 

be called "value in use"; the other, "value in exchange." 

Value in exchange is market price and value in use relates to 

utility. This distinction led to the identification of the 

forces behind preferences, supply, demand, and consumer 

so we can measure the energy flowing into and out of a system 
in units of heat energy such as calories (Odum and Odum, 
1982). 

9 Preference is defined as "the setting by an individual 
of one thing before or above another thing because of a notion 
of betterness." (Brown, 1984). 
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utility. The coordinating mechanism by which the market comes 

to a specific price, and quantity at a specific location was 

called the invisible hand by Smith (1776) and the particular 

price was referred to as the market equilibrium by Marshall 

(1920). 

Marshall (1920), improved the market model by using graphical 

analysis of demand and supply curves and differential calculus 

to explain marginal changes and equilibrium. At equilibrium, 

assuming perfect competition, the amount of goods and services 

produced equals the amount of goods and services demanded. 

Under these conditions market price equals marginal value 

(Farnworth et al, 1981; Hall et al, 1986). 

TABLE 2., Neoclassical and Biophysical Sources of Value 

Neoclassical Biophysical 

Human preferences. Embodied energy. 

3.3 Total Value Concept 

Usually, when individuals perform activities, they obtain 

satisfaction from them. In neoclassical economics a state of 

satisfaction is represented by a utility function in which the 
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activities are variables within the function. When the 

variables are assigned different values, a level of utility or 

satisfaction is derived by the function. This is: 

U = F(Z) 

Where U is the state of satisfaction or utility and Z is a 

vector of activities consumed by the household. The concept of 

activity includes all income and non-income generating 

activities such as work, recreational activities, watching 

television, movies, scenic beauties, nature study, etc. The 

household produces these activities in a process which 

combines purchased goods and services, environmental amenities 

and other public goods. This production process is determined 

by the household's activity production technology. A household 

production function for activities is represented as follows: 

Z = z(Q,X/T) 

Where: 

Q = a specific natural resource amenity (e.g. scenic beauty); 

X = a vector of goods and services other than the specific 

resource Q; and 

T = the household's production technology. 



33 

Finally, it must be noted that the household activity 

production is budget constrained and the household must 

allocate a fixed amount of time among alternative activities. 

Keeping this conceptual framework in mind, the total value 

concept of economics holds that the value of a specific 

resource Q, such as a forest, is determined by the quantity 

provided (i.e. supply) and the various demands for the 

resource as an input in household production processes. For 

the individual household, total value is the consumer's 

surplus from all the Q-use activities, where consumer's 

surplus is defined as "the net benefits remaining after all 

household production has been incurred" (Randall and Stoll, 

1983). The different demands for the resource determine the 

components of total value. Use and existence values are the 

two major components of total value. 

3.3.1 Use Values 

Use values may be generated by any activity produced by a 

process which combines the resources with other inputs 

(Randall and Stoll, 1983). For example use values can be 

generated from looking at a beautiful landscape (aesthetic 

value) or from learning about the Amazon rainforest (research 

value). Use values are further categorized as current and 
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future use and as consumptive and non-consumptive values. 

3.3.2 Existence Values 

Existence value is the value generated just by knowing about 

the existence of environmental resources subject to a 

technology which permits an understanding and appreciation of 

those resources. 

3.3.3 Application of Value Concepts to the High-Andean Forest 

Colombian society perceive the following values in the High-

Andean forest: research, recreational, cultural, educational, 

environmental quality, and contributory values. Within the 

concept of total economic value, all of these values fall into 

the category of non-consumptive use values. This section 

presents a description of the aforementioned values of the 

High-Andean forest. 

3.3.3.1 Research Value 

In 1934, a Spanish botanist called Cuatrecasas developed the 

first classification system for the vegetation of Colombia. 

Based on the main physiognomic and floristic features of the 

vegetation, Cuatrecasas (1934), described five vegetational 
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belts: the Basal (0-1,400 m.), the Sub-Andean (1,400-2,400 

m.), the Andean (2,400-2,800 m.) , the High-Andean forest 

(2,800-3,200 m.) and the Paramo ecosystem (3,200-4,500 m) . 

Since this time, botanists have been analyzing the 

autoecological and synecological characteristics of each type 

of forest described by Cuatrecasas. Given, the abrupt 

topographic conditions of the Andes Cordillera, access to the 

High-Andean forest is difficult. Consequently, many plant 

species have not even been described yet. Furthermore, many 

plant reproduction processes, biogeochemical cycles, plant 

uses, etc, are unknown. When scientists, as a result of their 

research, find useful species or ecological processes, one of 

the consequences of their findings is the increment of 

scientific knowledge and the expansion of the scientific 

infrastructure of the country. It is within this context, that 

the forest has a research value arising from the demand for 

research by the scientific community in Colombia. 

3.3.3.2 Educational Value 

The High-Andean forest contains a "library of species and 

biological processes" that is at the verge of extinction. The 

implementation of environmental education programs is perhaps 

the most effective strategy to encourage the preservation of 

the forest among local communities. 
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Responding to an increasing demand for educational programs in 

natural areas by the academic community, the Colombian 

government is planning to include environmental courses in the 

curricular study programs of high-schools. The purpose of 

these courses is to provide the student the opportunity to 

visit and learn about different Colombian ecosystems. Here the 

educational value of the forest arises from the demand for 

natural areas by high-schools in Colombia (Colciencias, 1990) . 

3.3.3.3 Recreational Value 

Unlike the U.S., the people of Colombia do not have a great 

tradition of engaging in outdoor recreational activities. It 

is only since 1964, when the Colombian government declared the 

first National Park (i.e. Sierra Nevada de Santa Marta), that 

Colombians have scheduled outdoor recreation activities within 

their leisure time. Even so, while there is some demand for 

outdoor recreational activities among young people, national 

park revenues from entrance fees are not significant 

(INDERENA, 1986). However, in the past few years, the 

Colombian environmental agency (INDERENA) has been promoting 

recreational programs to increase the demand for recreational 

activities in natural areas, and hence the park revenues. 
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3.3.3.4 Cultural value 

The High-Andean forest used to be part of the territory of the 

Muiscas, an indigenous group. Water was sacred for the 

Muiscas. Some of the lakes located in the vicinity of the 

forest were sanctuaries to which pilgrimages were made to 

perform rituals. 

In one such ritual, the "Zipa" (i.e. chief of the tribe) would 

stand on a raft in the center of the lake, his body covered 

with gold dust. Then, offerings of gold and emeralds would be 

submerged into the lake by the "Zaque" (i.e. priest) . At which 

point the Zipa jumped into the water to wash the gold from his 

body. 

Some anthropologists have found ritual tools and clay pottery 

in this area. Colombian museums such as the "Gold Museum" 

located in Bogota, are promoting the preservation of these 

areas as part of the cultural preservation program of INDERENA 

(INDERENA, 1986). 

3.3.3.5 Environmental Quality Value 

In the last decade, the environmental quality of Colombian 

cities has decreased. Many people have migrated to rural areas 
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looking for new places to live. Those whose main priority is 

to enjoy the scenic beauty of nature have chosen the High-

Andean forest. The number of houses and amount of urbanization 

located in accessible areas of the forest have increased. The 

main goal of developers has been to maintain the environmental 

quality of the site by preserving the structure and floristic 

features of the forest (Colciencias, 1990). 

3.3.3.6 Contributory Value 

In 1986, the concept of contributory value was first proposed 

by Norton (1986) to discuss the role of species as provider of 

direct and indirect benefits to society. Here is the argument: 

"Given the unquestioned presumption that some as 

yet unidentified and/or unexamined species will 

prove useful in the future, increments in 

diversity increase the likelihood of utilitarian 

benefits to man. If diversity contributes to 

diversity and if it can be assumed that some 

significant subset of any random collection of 

species will prove useful to humans, then all 

species can be assumed to be of some value, 

direct or indirect. Even species that have been 

unsuccessfully examined for human uses are still 

useful, because they contribute to increases in 

diversity which, in turn, contribute to the 
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generation of more species. Some of those species 

will turn out to be useful to humans and the 

species that were of no direct use will prove 

useful indirectly. Even species that fail in the 

competition for niche space in a particular 

ecosystem have made an important contribution to 

the structure of that system." (Norton, 1986; p. 

117) 

This argument is easily extended to the complexity of a whole 

ecosystem such as the High-Andean forest. This ecosystem 

complexity includes three main components. Ecological 

services, the physical organization of species and the species 

diversity of the forest. 

The ecological services component includes the contribution of 

the forest to maintaining air and water quality, a diverse 

genetic stock for the evolution of other species and to 

promote the sustainability of nutrient cycles and the food 

web. The physical organization component is related to the 

contribution of the physical structure of species to the 

support and development of other species and the enhancement 

of the ecosystem in structural terms. Finally, the species 

diversity component (that is the original contributory value 

developed by Norton, 1986) includes the direct and indirect 

contribution of species to other species. This contribution is 
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made through the behavioral relationships (e.g. feeding, 

reproductive and predatory relationships) among species. A 

high diversity of species contributes to the maximization of 

speciation processes and ecological services. These species 

and ecological services provide direct and indirect benefits 

to society. 
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4. VALUATION METHODS 

Techniques to value non-market resources may be categorized as 

indirect and direct. Indirect methods infer value from the 

observation of human behavior. This approach includes the 

travel cost and hedonic techniques (i.e. based on the 

microeconomic theory of consumers behavior of neoclassical 

economists) and the energy based techniques (g.e. input-output 

and gross primary production techniques that are based on the 

observation of energy flows in economic-ecologic systems) 

(Ayres, 1978; Costanza, 1984). Direct methods, observe markets 

and the benefit measures are directly linked with peoples' 

preferences (Mitchell and Carson, 1989). In this situation a 

respondent must have formed a value and be able to express it. 

The contingent valuation method (CVM) is the main example of 

this approach. Each of these techniques has several problems 

and limitations that may influence a fair estimate of these 

values. 

4.1.1 Indirect Approach 

4.1.1.1 The Hedonic Technique 

The hedonic valuation technique is based on the assumption 

that the value of a market good is related to its market and 
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non-market characteristics. The market good frequently used in 

applying this technique is land. The price of a parcel of 

land, for example, is related to the benefits that accrue to 

the land over its economic lifetime. These benefits in turn 

arise from environmental quality, access to other sites, 

scenic beauties, agricultural output, and other 

characteristics of the particular parcel of land (Schweitzer, 

1991). 

A study in the High-Andean forest using this approach might 

for example consider data on the price of housing, structural, 

neighborhood, location and environmental characteristics of a 

sample of housing units. The data are then analyzed to explain 

how the price of housing varies in relation to the 

characteristics. For example, after controlling for all other 

monetary variables except environmental quality, the residual 

price difference can then be ascribed at least to differences 

in environmental quality (i.e environmental quality value) 

(Dixon and Sherman, 1990). 

Using the hedonic technique, however, involves three major 

inconveniences. The first is due to lack of data. Sometimes 

there are no adequate information systems or the data present 

severe gaps and inconsistencies. Second, the lack of land 

tenure. Most of the people who live in the countryside do not 
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have a title of property. Third, a household may attempt to 

diminish the consequences of environmental threats such as air 

or water pollution. This behavior may result in physical 

changes to the house itself, and the market price of the 

property may be enhanced (Mitchell and Carson, 1989; 

Schweitzer, 1991). 

4.1.1.2 The Travel Cost Technique 

The travel cost technique has been extensively used to value 

recreational resources. This approach estimates the demand for 

the recreational resource using the cost of travel as a 

surrogate for price. 

In the travel cost approach an equation for relating 

recreational trips to a given destination (g.e. the High-

Andean forest) and the cost of travel is formulated. This 

equation is an estimate of the demand function for the site 

from which an estimate of the value of the site may be 

calculated. (Sindel and Worrell, 1972; Johanssen, 1987; Dixon 

and Sherman, 1990). 

The travel cost technique is based on the following three 

assumptions which present some deficiencies. First, 

recreationists must have single destination trips. In other 
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words people must travel only to one place and return directly 

home. But if any recreationist decides to visit parks X and Y 

(both are not on the way to park Z) before reaching the final 

destination park Z, the price of the round trip to the final 

destination would be affected by the cost of reaching place X 

and Y and this cost can be difficult to measure. On the other 

hand, one variation of this assumption could be that the 

personal effort invested by a recreationist in any trip must 

be similar, so that it is not necessary to be measured in 

monetary terms by means of questionnaires (that is if we 

assume that personal effort is also a cost) . In other words if 

the recreationist lives in New York city it is easier and less 

stressful to reach a national park located in the state of 

Arizona than to reach a Park located in the Colombian High-

Andean forest. 

Second, there must be enough variation in travel cost to trace 

out a demand curve. If the recreationist come from places 

located at the same distance the demand curve would be one 

point, but if they come from places located at different 

distances the cost variation would be enough to trace out a 

demand curve. Finally, the travel cost method does not allow 

for benefits from travel itself. If people enjoy the landscape 

during the travel, then part of the travel cost is paid for 

the enroute sightseeing and is not only an effort made to gain 
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the benefits of recreation at the destination. In scenic areas 

such as Colorado or the Pacific Northwest, after the first 

hour or so the disutility of travel time can dominate, so that 

there is not much pleasure or benefit. Third, it is also 

possible that the travel itself has a great diversity of 

aesthetic or recreational values which can be enjoyed by the 

recreationist. Moreover, the travel cost method can be applied 

in the United States because there is great amount of data 

which indicates a high demand for recreation in protected 

areas. In developing countries such as Colombia this demand is 

not high enough to yield significant information. 

4.1.1.3 Energy Based Techniques 

4.1.1.3.1 The Input-Output Technique 

Input-output analysis was developed by Leontief (1970) to 

study economic processes and was adapted by Hannon et al. 

(1986) and others to analyze ecological systems. The 

technique when applied to ecologic and economic systems 

involves dividing a system into components such as trophic 

levels or sectors and quantifying the exchange of energy, 

between each pair of components. 

The only net resource input to the system is solar energy. 
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Embodied energy or energy cost is defined as the total net 

input of solar energy to the system necessary to facilitate 

the production of a unit of a commodity (i.e. natural plants, 

soil, animals, etc.) within a trophic level (Costanza and 

Farber, 1984; Hannon et al, 1986). This technique "assumes 

that embodied energy is a conservative quantity, or that the 

sum of the embodied energy inputs to each sector are embodied 

in the output. When pathways diverge, the total embodied 

energy is divided among them so that the system of 

interconnected flows maintains the conservation constraint" 

(Costanza, 1979). 

In theory, this technique can estimate all the aforementioned 

use values (i.e. recreational, educational, environmental 

quality, research, contributory, and cultural values) of the 

High-Andean forest. This is done by estimating the embodied 

energy of each sector and trophic chain of the economic-

ecologic system and then calculating the economic value via 

the energy theory of value. 

The 1-0 technique, however, requires a large economic and 

ecologic data base. Moreover, the technique assumes linearity 

among trophic levels and it is static. Since most ecological 

relations are not linear, input-output analysis of an 

ecosystem may indicate only a fraction of the total energy 



47 

cost of the item in question. 

4.1.1.3.2 The Gross Primary Production Technique 

The gross primary production technique was developed by Farber 

and Costanza (1987) to reduce the amount of data of the energy 

cost analysis. The analysis of the gross primary production 

(GPP) of an ecosystem provides an estimate of the energy used 

by plants in the system to fix carbon into organic molecules 

during one year. The GPP values are measured in 

calories/ha/year. Then, these units are converted to fossil 

fuel units and finally, to monetary units. The conversion of 

fossil fuel units to monetary units is made through the use of 

data from an input-output (i-o) table of the economy, such as 

the one made by Costanza (1980). This economic value reflects 

the contribution (contributory value) of the organic matter 

(accumulated during one year) to the structural stability and 

balance of the forest. 

This technique, however, has a methodological problem related 

to the measurement of the gross primary production (GPP) of 

the forest. An accurate estimation of the photosynthesis of 

the forest requires an infrared gas analyzer. This is a very 

sophisticated device that is not available in developing 

countries such as Colombia. Furthermore, if the plant 
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community enters into a dormant phase, its metabolism 

decreases considerably. Therefore, under this condition is not 

possible to estimate the photosynthesis of the forest. 

4.1.2 Direct Techniques 

4.1.2.1 Contingent Valuation Method 

The main objective of this method is to elicit valuations 

which are equivalent to those that would be revealed if an 

actual market existed. In this case the values individuals 

assign to objects are elicited through direct questioning of 

people about their reactions to contingent market situations. 

Here the technique is referred to as the Contingent Value 

Method (CVM). Several elicitation approaches have been used: 

open-ended; iterative-bid; single bid; trade-off game; and 

dichotomous choice or referendum. 

This technique could be used to estimate the cultural and 

contributory value of the forest. The High-Andean forest was 

the scenario of multiple events associates with indigenous 

rituals in the past. Therefore, the cultural value could be 

estimated by asking people their willingness-to-pay for the 

preservation of the forest that is part of the scenario of 

such a cultural landscape. 



49 

The CVM, however, has some technical difficulties. If a 

subsistence farmer for example, is asked his/her willingness 

to pay for the preservation of ecologic services or other 

benefits of the High-Andean forest, he will not monetize his 

entire income and the valuation will reflect a small part of 

his income. Furthermore, in the absence of data about 

ecological processes or benefits of the forest to society this 

method is limited. Additionally, this kind of survey presents 

a high bias resulting from strategic behavior from the survey 

participants. This means that false responses are given when 

such responses may result in a gain to the individual. 

Finally, another criticism derived from the field of 

psychology is whether or not responses are expressions of 

attitudes as opposed to intended behavior (i.e. as assumed in 

CVM studies) (Cummings et al, 1986). Finally, Table 3 presents 

a summary of the valuation techniques and its problems for the 

estimation of non-consumptive use values of the High-Andean 

Forest. 
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TABLE 3., Valuation Techniques and its Problems for the 

Estimation of Value Components 

1 Techniques 1 Value Components | Problems I 

Indirect Techniques 

Travel Cost Recreational Multiple 

destination 

trips. 

Enough 

variation 

in travel 

cost. 

Hedonic Environmental Quality Data. 

Lack of 

land 

market. 

Input-output All Values Data base. 

Linear. 

Gross Primary Contributory Dormant 

production (Physical periods. 

Organization). Infrared 

gas 

analyzer. 
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Techniques 1 Value Components j Problems J 
Direct Technique 

Contingent Cultural, Research Value 

and Educational. formation. 

Value 

expression 
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4.1.3 What Technique to Use and Why 

Although, the application of direct and indirect techniques 

has some limitations in the Colombian scenario they are the 

only tools available to estimate the recreational, 

educational, environmental quality, cultural and research 

value of the forest. Input-output and gross primary production 

techniques can estimate the contributory value of the High-

Andean forest during one year only. But the contributory value 

of a 100 year old forest (which is the approximate age of the 

High-Andean forest) cannot be estimated by these techniques. 

Therefore, a variation of the gross primary production 

technique, has to be used to estimate the contributory value 

of this kind of forest. 
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5. THE ECONOMIC VALUATION OF THE CONTRIBUTORY VALUE OF THE 

HIGH-ANDEAN FOREST - A CASE STUDY 

5.1 Description of Study and Methods 

In 1990, a structural and floristic study of a High-Andean 

forest (i.e. Cloud Forest) at 3,100 m. on the western slope of 

the eastern Cordillera of Colombia was conducted. In a plot of 

400 square meters, the vertical stratification and floristic 

composition of the plant community was determined; a total of 

67 were identified (i.e. 44 angiosperms, 11 Pterydophits, 8 

Briophytes and 4 Lichens). 

Four strata were established, characterized by their floristic 

composition and height, and a fifth one formed by epiphytes. 

Each stratum was studied and characterized by the dominant 

plant species present. Three major biotypes were identified 

with the following dominant tree species: Weinmannia 

tomentosa, Drymis granadensis and Gaiadendron punctatum. 

Diameter at breast height (DBH) as well as crown height of 

trees was determined. From these data, above-ground biomass 

was estimated (i.e. 22.27 Kg/m2) and was found to be lower 

than that of comparable tropical forests in the world 

(Carrizosa, 1991). 
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The valuation technique used to estimate the economic value 

of this forest is a variation of the Gross Primary 

Productivity (GPP) technique proposed by Costanza and Farber, 

(1984). This variation (which might be called the biomass 

technique) estimates the amount of energy embodied in the 

above-ground biomass (i.e. 22.27 Kg/m2). This is a measure of 

the energy cost of the biomass and hence its energy value and 

monetary value. Biomass is defined as the organic matter 

produced by plants and other photosynthetic producers. 

The conversion of the above-ground biomass units to a monetary 

units requires three major steps. First, the biomass units 

(i.e. tons/ha.) are converted to energy units (i.e. calories). 

According to Odum (1981): 

1 kg/m2 of biomass = 4,500 Kcal/m2. 

Second, the units of biomass energy are converted to another 

kind of energy used as a major input to the economy, such as 

fossil fuel energy. One way to do this conversion is to 

determine how much biomass energy can generate the work 

equivalent of a more concentrated form of energy such as 

fossil fuel. For this purpose, Odum and Odum (1976) calculated 

the following conversion factor: 
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1 Kcal of biomass = 0.5 Kcal of fossil fuel. 

Finally, the fossil fuel energy units are converted to 

monetary units. This is done by assuming a constant 

proportionality between energy inputs and gross domestic 

product (GDP10) . The ratio of GDP to total embodied fossil 

fuel equivalent energy provides an energy to dollar conversion 

factor. This factor is calculated by dividing the fossil 

fuel11 consumed in an economy by the GDP of the economy (Odum, 

1971 and Hall et al, 1979)I2. In this step, data from the 

Colombian economy is extracted from the United Nations 

International Financial Statistics Yearbook, (1992) and 

Statistical Yearbook, (1989). Afterwards, the value of the 

High-Andean forest is calculated in 1990 Colombian pesos and 

converted to 1990 dollars. 

10 Gross Domestic product (GDP) is the monetary value of 
all final goods and services produced within the country by 
residents and nonresidents. This is consumers7 expenditures on 
a national scale and for all things in aggregate. In contrast, 
the gross national product (GDP) takes into account net 
payments abroad the country's border (Bannock et al, 1987). 

11 The term fossil fuel includes the gas, oil, kerosene, 
and other oil derivatives consumed by all sectors of the 
economy (UN, 1992). 

12 Other researchers such as Jansson and Zuccheto (1978), 
Costanza (1980, 1981), and Cleveland et al (1984) have 
determined an analogous energy/GDP ratio using an input-output 
based energy accounting technique. 
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5.2 Results and Discussion 

5.2.1 Monetary Value of the High-Andean Forest 

This section presents the results and procedure followed to 

convert the biomass units of the forest to monetary units in 

1990 Colombian pesos. 

The biomass per unit area of the High-Andean Forest is 22.27 

Kg/m2 (Carrizosa, 1991). From Odum et al. (1981) we have that 

1 Kg/m2 of biomass equals 4,500 Kcal/m2. Therefore the energy 

embodied in the forest is: 

22.27 Kg/m2 x 4,500 Kcal/m2 = 100,215 Kcal of biomass/m2. 

Using the conversion factor of 0.5 (Odum and Odum, 1976), the 

100,215 Kcal of biomass/m2 are transformed into Kcal of 

fossil/m2 fuel as follows: 

100,215 Kcal of biomass/m2 x 0.5 = 50,107.5 Kcal of fossil 

fuel/m2. 

The Statistical Yearbook (UN, 1992) and the International 

Financial Statistics Yearbook (IMF, 1992), provide the 

necessary data to calculate a ratio of 9.01 Kcal of fossil 
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fuel/GDP ( in 1990 Colombian pesos). The Kcal of fossil fuel 

are converted to monetary units as follows: 

50,107.5 Kcal of fossil fuel per m2 / 9.01 Kcal of Fossil Fuel 

per GDP 1990 Colombian pesos = $5,561.3 Colombian pesos per m2 

= $55.6 million 1990 Colombian pesos per Ha. 

Considering the exchange rate at the end of 1990 (i.e. 568.73 

pesos per dollar), the energy cost of the forest becomes US 

$97,800 per Ha/year. This is an average cost13. However, 

theoretically, average costs and marginal costs are equal14 in 

the long run, and for many environmental problems the long run 

is the appropriate time horizon (Costanza and Farber, 1984). 

Another principle that underlies the idea that the cost of the 

forest equals its value is that consumers make purchases as 

13 Average cost is defined as production costs per unit of 
output. It is calculated by dividing total cost (i.e. the 
energy cost) by the number of units produced (i.e. GDP) 
(Bannock et al. 1987) 

14 "A perfectly competitive firm maximizes profits by 
producing an output which corresponds to the point where 
product price equals marginal cost. In the long run, marginal 
cost equals average cost. If marginal cost were higher than 
average cost, pure profits would be earned. This would cause 
additional firms to enter the market, thereby increasing 
supply and lowering price (i.e. marginal cost). On the other 
hand, if marginal cost were lower than average cost, losses 
would be incurred, causing firms to exit the market, thereby 
reducing supply and increasing price. Therefore, the only 
stable long-run equilibrium is where marginal cost equals 
average cost" (Peterson, 1991). 
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long as their benefits exceed their costs, and the value of a 

benefit will be reflected in its cost (Sinden and Worrell, 

1979) . 

This cost estimate is based on the above-ground biomass of the 

forest and represents the amount of energy used by the plants 

for the synthesis of this biomass. In this sense it is the 

cost of physical organization of the above-ground biomass of 

the forest and reflects the contributory value of the biomass 

to support other species and ecological processes in the 

forest. 

5.2.2 Differences Between the Gross Primary Production 

Technique and the Biomass Technique 

In general, the gross primary production (GPP) and the biomass 

technique involve two major steps (i.e. field and macro steps) 

in order to estimate the economic value of an ecosystem. In 

the field step the embodied energy of the ecosystem is 

estimated by means of field measurements; and in the macro 

step, the energy value of the forest is converted to an 

economic value using an economy-wide ratio of economic value 

per unit of energy. Both techniques, however, differ also in 

each of these two steps. 



59 

5.2.2.1 Field Step 

Gross primary production is defined as the assimilation of 

organic matter by a plant community during a specified period 

of time (e.g. one year), while biomass is the total amount of 

living matter present at a given moment in a biological system 

(Newbould, 1967). Based on these definitions the difference 

between techniques becomes clear. In this thesis the biomass 

technique estimated the embodied energy or energy cost of the 

forest by measuring the above-ground biomass of a 100 year old 

forest. On the other side, Farber and Costanza (1987) used the 

GPP technique to measure the gross primary production of 

plants as an estimate of the amount of energy used (or 

embodied) by the ecosystem in just one year. 

5.2.2.2 Macro Step 

Both, the biomass and the gross primary production technique 

use the ratio of the value of economic output (GDP or GNP) to 

total energy use in the economy as a factor to convert the 

fossil fuel value of a resource into dollars. Farber and 

Costanza (1987) determined the energy/GNP ratio using an 

input-output based energy accounting method proposed by 

Costanza (1980). In this thesis the ratio of total industrial 

energy used to GDP was considered. This method was proposed by 
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Odum (1971) and tested by Hall et al, (1979) , and is analogous 

to the method used by Farber and Costanza (1987). However, 

unlike the ratio used in this thesis, the ratio calculated by 

Costanza (1980) included the energy and dollar output from the 

household and government sectors (section 2.1). 

It is difficult to predict the effect of the addition of 

energy used and dollar output produced by the household and 

government sectors upon the energy/GDP ratio considered in 

this thesis. However, based on the fact that energy prices in 

Colombia are not to high (i.e they are subsidize), the energy 

consumed in these two sectors should be considerably higher 

than its dollar output. If this is the case, the numerator of 

the ratio would increase much more than the denominator, 

resulting in an overall increase of the ratio. The economic 

value of the forest is estimated by dividing the energy value 

of the forest into the ratio (section 5.2.1). Therefore, an 

increment in the value of the ratio would result in the 

reduction of the estimated economic value of the forest. In 

summary, if the ratio15 proposed by Costanza (1980) had been 

15 The input-output based energy technique used to 
calculate this ratio is a difficult technique which "involves 
defining a set of energy balance equations (one for each 
sector) and solving the resulting set of simultaneous linear 
equations for the energy intensity coefficient vector, which 
is the energy required directly and indirectly to produce a 
unit of commodity flow." (Costanza, 1981). Moreover, this 
technique requires a large data base. 
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used, the economic value of the forest would have been lower 

than the one calculated here. 

5.2.3 Advantages of the Biomass Technique 

The main advantage of this technique is that it can be used to 

estimate values when there are no local markets. In other 

words this technique can consider the value of vegetative 

resources that do not have a market price. 

The biomass technique measures the cost of physical 

organization of the above-ground biomass of the forest 

according to its environment (in a thermodynamic sense). Here 

it is assumed that the economic value of the biomass is 

connected to the biological, chemical and physical role of the 

biomass in the ecosystem (Costanza and Farber, 1989). Moreover 

the energy cost of the biomass reflects the contribution of 

the physical organization of the biomass to other species and 

ecological services in the ecosystem. 

5.2.4 Disadvantages of the Biomass Technique 

In this thesis, the biomass technique can only estimate the 

component of the contributory value that includes the cost of 

physical organization (section 3.3.3.6) of the contributory 
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value of the forest. The diversity of species and the 

ecological services component of the contributory value have 

to be estimated by other approaches. Unlike the ecological 

services, the species diversity component can be incorporated 

into the biomass technique (the next section will explain this 

point). 

How to value ecological services is an issue of constant 

debate and they cannot be fully quantified. However, an 

attempt to measure these services was made Westman (1977) who 

estimated the monetary costs associated with the loss of 

nature's free services16. 

16 An example of a free service of nature is the role of 
vegetation in soil binding. When air pollution destroys 
vegetation, an indirect consequence is the development of soil 
erosion. Damage to biological species and physical structures 
of dams as well as sedimentation of rivers and reservoirs are 
some of the major costs of soil erosion. According to Westman 
(1977) a useful approach to estimate these costs is the 
"replacement cost method." This method evaluates the costs of 
fertilizers, soil conditioners, and labor to replace the soil 
loss. 
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5.2.5 The Estimation of the Species Diversity Component. 

In this study, the High-Andean forest was assumed to be 

monospecific. This is because the conversion from biomass to 

calories was accomplished by using a universal conversion 

factor developed by Odum (1981) (i.e. Ikg/m2 = 4,500 Kcal/m2) . 

However, given the fact that different species have different 

kinds of biomass, and that each species has its own energy 

requirements for the production of such biomass, the diversity 

component could have been incorporated by finding the energy 

conversion factor for each species. This would have required 

the use of a calorimeter in order to estimate the energy 

embodied in the biomass of each species. An alternative 

approach to include the diversity component in the estimation 

of the contributory value, however, can be made by calculating 

the diversity index of the forest. 

The aim of a diversity index is the comparison of communities 

with respect to their diversity of species. The diversity17 

index of a community can be determined by integrating the 

relative abundance and the species richness values of these 

17 Species diversity is defined by the number and relative 
abundance of species in a given ecosystem. Within the concept 
of biological diversity, there is also genetic and ecosystem 
diversity (McNeely, 1988). 



64 

species (Solomon, 1979). Several diversity indices have been 

proposed. However, the lack of a generally, accepted index is 

caused by the different response of each index to the number 

of species and their relative abundance (Peet, 1974). 

The Shannon-Weaver diversity index (called the equitability 

index), for example, determines the relative abundance and 

number of species in the sample. Unlike other indices (e.g. 

Simpson index) the Shannon-Weaver index is not affected by the 

one or two most abundant species. This index gives more weight 

to the species of intermediate abundance values (Naveh and 

Whittaker, 1979). 

Normally, it is very difficult to estimate the future value of 

the forest. Many of the potential benefits of biological 

species are still to be discovered and development projects do 

not consider this fact. Within this context, the Shannon-

Weaver index could be an indicator of the potential 

contribution of benefits of the species diversity to society. 

Furthermore, this index could indicate also the potential 

contribution of diversity to generate more diversity (Norton, 

1986). 

In order to determine the species diversity component of the 

contributory value, the Shannon-Weaver index could be used as 
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a weighting factor18 to distinguish between the economic value 

of forests with different levels of diversity. A hypothetical 

case could be useful to illustrate the role of this index. 

Suppose that a given Colombian development agency has to build 

a hydroelectric project and has to select between two 

watersheds for its location. The first watershed is covered by 

the forest studied by Carrizosa (1991) and the second 

watershed is covered by another type of High-Andean forest. 

Both forests present similar structural characteristics, but 

a different floristic composition. The specialists from the 

development agency have to estimate the contributory value of 

the forest so it can be included in the benefit/cost analysis. 

Therefore, the biomass technique is selected for this 

analysis. 

The result of the analysis indicates that the cost of physical 

organization (or embodied energy) of both forests is similar. 

However the ecological analysis indicates that the forest 

studied by Carrizosa presents a higher diversity index than 

the forest located in the alternative site. Therefore, the 

18 Unfortunately, weighting has also several problems. It 
is an arbitrary method and may require some modification 
eventually. But this is perhaps the best way to change 
variables and modify their influence on the assessment of the 
contributory value of the forest (Orloci, 1978; Helliwell, 
1979) . 
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Shannon-Weaver index is used as a weighting factor to decide 

which forest has the highest economic value. In mathematical 

terms, this is the Shannon-Weaver index times the economic 

value (estimated by the biomass technique) of each one of the 

forests. 

The Shannon-Weaver index formula is defined by: 

s 

H= - E Pi log Pi, 
i=l 

Where: 

Pi = The proportion of the population of individual plants 

represented by the ith species. 

s = The total number of species in the population = 38 

species. 

From Carrizosa (1991) we obtained a value for H of 1.2 Then, 

the economic value of the High-Andean forest would be: 

US$ 97,800 X 1.2 = US$ 117,360 per Ha/Year. 

Assuming that the other forest has 15 species (i.e. species 
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richness) which have equal relative abundance numbers and a 

population number of 450, we have an H = 1.1. Then, the 

economic value of this forest would be: 

US$ 97,800 X l.l19 = US$ 107,580 per Ha/year. 

These two values may be regarded as inflated by uninformed 

people. However, if we recall that this value conceptually 

includes the life-support function of the biomass to other 

species, and the contribution of species to generate direct 

and indirect services to society, this is not too high. These 

functions are normally ignored by markets for wood or other 

commercial products of the forest. Furthermore, these 

estimates do not appear to be high when compared to the 

estimated value of a herd of elephants in Amboseli National 

Park is US$ 610,000 dollars/year (Western, 1984). 

The weighting method may also be used with other valuation 

techniques (e.g. contingent valuation technique) . However, the 

estimation of the contributory value of the forest (by means 

19 The higher the number of species present in the sample, 
the higher the number calculated by the Shannon-Weaver index. 
Usually, the tropical forests have a high number of plant 
species per area (i.e. more than 10). If the Shannon-Weaver 
index is calculated under these conditions, it is very likely 
that the index is going to be higher than one. However, if 
this is not the case the index should be approximated to one 
so that the economic value of the forest is not reduced. 
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of neoclassical valuation techniques) would include only the 

diversity component and not the cost of physical organization 

(embodied energy) of the forest. Moreover, since neoclassical 

valuation techniques are demand based, the estimation of the 

cost of organization of two forests (that have the same cost 

in energy terms) may elicit different willingness to pay 

values. 

5.2.6 Limitations of the Biomass Technique 

In the case-study this technique measured the biomass of trees 

with a diameter at breast height (DBH) greater than or equal 

to 7 cm. The biomass of climbing plants, epiphytes, plants 

with a DBH less than or equal to 7 cm, foliage, and, roots of 

trees was not considered. Moreover, the biomass of important 

ecosystems such as grasslands, wetlands, marine grasslands and 

coral reefs cannot be measured either by this technique. The 

cost of physical organization of these ecosystems, however, 

can be estimated by the Gross Primary Production Technique. 

Furthermore, the biomass technique did not address the 

contributory value of endemic, key, and rare species that play 

an important role in the ecosystem. The estimation of this 

kind of value of these species is an issue to be considered 

for future research. 
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5.2.7 Contribution of the Biomass Technique to Decisions 

Regarding a Sustainable Development in Colombia 

The discussion of environmentally sound and sustainable socio

economic development has received increased attention by the 

international community. Experts in international conferences, 

seminars, and workshops have emphasized different methods to 

integrate environmental and resource concerns in the decision

making process (UN, 1992) . The development of an environmental 

accounting system is an example of this type of initiative. 

The purpose of an environmental accounting system is to 

present "an integrated framework which provides information 

about the natural environment, its state and composition as of 

a point of time, and changes over time, induced either by man 

or by nature itself" (Firestone, 1975). 

In late 1992, the information on environmental accounting 

systems was considered by Colombia. Consequently, the 

Colombian government established a commission to study how to 

include environmental variables into the Colombian accounting 

system. The first task of the commission has been to identify 

methods to estimate the value of the natural base; of the 

country. Within this context, the biophysical technique could 

be proposed as a useful technique to estimate the contributory 

value of Colombian forests. Neoclassical valuation techniques 
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could contribute to this task by estimating the educational, 

recreational, cultural, research and other values of the 

forest. 
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6. CONCLUSIONS 

Neoclassical economics measure the value of goods and 

commodities by looking at market prices or creating 

hypothetical markets for these items. Market prices are the 

expression of subjective human preferences and theses 

preferences are considered to be the ethical basis of economic 

value. However, when humans are not well informed about the 

item they are trying to value, the market fails. 

Moreover, neoclassical economic theory does not consider 

environmental values which are not based on the accumulation 

of natural or man-made goods. The basic rules of the 

materialistic linear economic system, as explained by Ekins 

(1989), state that resources, labor, land and capital are 

mixed in the economic process in order to produce services and 

goods, and that it excludes all production that is not valued 

by the economic market. Unlike direct techniques such as the 

contingent valuation method, the energy analysis does not ask 

people to create hypothetical markets to estimate willingness 

to pay values. The energy analysis reveals the economic value 

of goods that are not valued by the market. 

The main difference between willingness-to-pay (WTP) and 

energy based techniques (EBT) is that WTP techniques are 
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"human demand or benefit, based" while EBT are "natural system 

supply or cost, based, including the cost to the natural 

system for resource production." (Costanza and Farber, 1984). 

Moreover, EBT techniques are "macro" techniques (i.e. they use 

macro indicators such as the Gross Domestic Product when 

inferring value ), while WTP are "micro" techniques (i.e. they 

use regional markets when inferring value) . In Colombia, given 

the relative lack of markets for tropical diversity and lack 

of information about the benefits of biodiversity among 

Colombian people, the biomass valuation technique is an 

effective approach for the valuation of natural resources. 
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