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Acronyms and Abbreviations

BCA Benefit-cost analysis

CVM Contingent valuation method

GEF Global Environment Facility

GNP Gross national product

GV Gross value

ha Hectare

hh Household

NTFBs Non-timber forest benefits

TCM Travel cost method

TEV Total economic value

WTP Willingness-to-pay

* Derived from cited source

$ U.S. dollars
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Abstract

This paper reviews the literature of non-timber benefits. Certain categories of NTFBs are
forest benefits (NTFBs) in developed and extremely income elastic, indicating that as
developing countries and develops a frame- countries develop, economically efficient use of
work for including NTFBs in project analysis. forest resources involves setting aside larger
NTFBs are 1 to 3 times the size of timber ben- areas for preservation. Policy conclusions affirm
efits, with the ratio being closer to 1:1 in devel- that a greater emphasis needs to be placed on
oping countries and 1:3 in developed countries. managing forests for multiple purposes; inter-
As long as timber continues to be the single national financial resources should focus on
largest recoverable benefit in developing preserving forests in very poor countries; and,
countries, maximizing its revenue will drive mechanisms need to be developed to compen-
forest management decisions. In contrast, sate traditional forest users if preservation
wealthier countries are foregoing trees in favor results in the imposition of additional financial
of forests because society can capture benefits costs.
equal to or several times the size of timber

iii



1 Introduction

Many countries are setting aside large areas of benefits (NTFBs) in estimating total forest
forest for parks and endangered species conser- benefits. This paper explores differences in the
vation, often resulting in the loss of large economic value of forests in developed and
amounts of timber revenue. In the U.S. Pacific developing countries, focusing on the identifica-
Northwest, for example, efforts to conserve the tion and estimation of NTFBs.1 Just as in the
old growth forest might result in a total stump- saying "can't see the forest for the trees," the
age supply reduction of $46 billion (Montgom- point is that the larger values of the forest are
ery 1994). Why is it that trees, that just a few lost precisely because of the focus on the values
years ago had no apparent value other than as of the individual trees.
standing timber, are suddenly more valuable as
intact forests? Forests are frequently undervalued because a

wide range of NTFBs are not included in
Not only are countries foregoing large amounts traditional financial and economic analysis of
of timber revenue to preserve forests, but they forestry projects. Undervaluation encourages
are also willing to pay other countries to reduce deforestation and causes governments to assign
deforestation. In the last decade, there has been low priority to the forestry sector (Kramer et al.
a bewildering number of institutional initiatives 1992). Including NTFBs in project analysis
designed to counteract deforestation. These improves project appraisal by providing infor-
include the Tropical Forestry Action Plans, the mation on the difference between the financial
International Tropical Timber Organization, the and economic returns of project alternatives.
Global Environment Facility, and programs by This information can help determine whether or
the World Bank and the United Nations Confer- not subsidies that encourage forest management
ence on Environment and Development. are justified, and if so, how large they should

be. Also, this information can help determine
Despite these initiatives, deforestation in the how benefits and costs of forestry projects
tropics is faster than ever before. Today slightly accrue to different parts of the population, thus
more than half of the world's 3.4 billion hectares providing a basis for establishing a dialogue
of forest are in the tropics (World Resources between them.
Institute 1994). This balance is changing rapidly
Over the last decade tropical forests were lost at The objective of this paper is twofold: (a) to
a rate of 0.8 percent per year. At the same time, develop a framework for including NTFBs in
most developed countries experienced a slight project analysis; and (b) to identify a range
increase in forested area (World Resources anddetermine the magnitude of non-timber
Institute 1994). forest values. This paper has five sections: the

The difference in deforestation rates raises the
question of why intact forests are perceived as

moevaluable in developed countries. Much of 1 We intentionally do not review the literature on timnbermore valuable in developed countries. Much of values. This literature is already well developed as forests
the explanation for the difference in deforesta- have traditionally been exploited to capture these values.
tion rates lies in the role of non-timber forest

Environmental Economics Series



Guide to Non-Timber Forest Benefits

Figure 1. Total Economic Value of an Environmental Asset

Total Economic Value

Use Value Non-Use Value

Direct Indirect ODtion Quasi-oDtion Existence

Source: Pearce and Warford 1993.

first develops a preliminary framework for ize forestry resources: extractive value (or
including NTFBs in benefit-cost analysis (BCA) consumptive value), non-extractive value (or
and identifies the characteristics of NTFBs that non-consumptive value), and preservation
make them difficult to value; the second out- value. In this arrangement, quasi-option value is
lines approaches to valuing NTFBs; the third subsumed into existence value, and option
reviews the literature on NTFB valuation; the value and existence value are grouped into a
fourth describes modeling expected benefits new category called preservation value.
and presents preliminary findings; and the fifth
compares NTFB values in developed and To estimate TEV, the literature is grouped by
developing countries and draws policy conclu- benefit category and, where possible, results of
sions. each study are converted into a common unit of

measurement. The median values from each
In recent years, a large number of studies that category are then aggregated to yield the TEV of
measure NTFBs have been conducted in devel- a unit of forest. Hectares per year are chosen as
oped and developing countries. This body of the common unit of measurement. 2

research indicates that NTFBs can be substan-
tial. The majority of the studies do not, however, There are several important caveats that the
provide a complete picture of the value of reader should be aware of when considering
forests. Usually they focus on only one or two values on a per hectare basis. The NTFBs that
NTFBs, such as hunting or recreation, and each hectare of forest contains vary widely.
ignore others such as watershed functions and Some of the values are based on studies con-
preservation values. We use the total economic ducted of small areas of forest, while others are
value (TEV) approach to try and take a more based on studies of very large areas. Also,
comprehensive look at total forest benefits. although per hectare figures are useful for

comparing studies they are not particularly
Pearce and Warford (1993) divide the TEV of an meaningful in estimating absolute values. This
environmental asset into use value and non-use
value (Figure 1 above). Use value is subdivided
into direct, indirect, and option value; and non- 2 At times it is necessary to derive this unit from the
use value is subdivided into quasi-option value authors findings. Derived figures, which are indicated with
and existence value. We simplify their concept an asterisk, are based on our best interpretation of the

available information and should not be attributed to the
of TEV to three categories that better character- authors.
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Introduction

Table 1. Components of Total Non-Timber Forest Value

Affected Parties Total Economic Value

Residents = Extractive values + Non-extractive values + Preservation Values

Minor forest products Recreation Option
Hunting and fishing Aesthetic Existence

Watershed effects
Nutrient cycling
Natural hazard control
Carbon sequestration

Visitors = Extractive values + Non-extractive values + Preservation values

Minor forest products Recreation Option
Hunting and fishing Carbon sequestration Existence

Non-resident = Non-extractive value + Preservation values+
non-vistors

Carbon sequestration Option
Existence

is because each hectare of forest contributes Incorporating non-timber values into BCA is a
differently to consumer's surplus. For example, three step process: first, the physical impacts of
a hectare of forest on the edge of a park may the with and without project scenarios must be
contribute more to consumer surplus than an identified; second, monetary estimates of the
equivalent hectare in the middle of a park, physical impacts must be made; and third,
because it is accessible to a larger number of monetary estimates must be aggregated and
recreationists. alternative scenarios compared.

Categories of Non-Timber Values Depending on the good or service being
provided, NTFBs can accrue to different parts

As mentioned earlier, there are three categories of the population. The framework presented in
of non-timber values: extractive, non-extractive, Table 1 above divides the population into three
and preservation. Extractive values are goods, affected parties: residents, visitors, and non-
such as plants and animals, that can be har- resident non-visitors. Understanding how
vested from the forest. Non-extractive values these parties are affected is facilitated by
are services such as recreation sites, watershed thinking of the forest in terms of a watershed
functions, and carbon sequestration, that are or a series of interconnected watersheds.
provided by the forest. Preservation values This framework is convenient for identifying
include option value, which is the amount an the distribution of benefits and costs and
individual is willing to pay to conserve a forest determining if they can be reallocated across
for future use or future generations; and exist- the population in a way that increases total net

ence value, which is the value an individual benefits. A reallocation is worthwhile if the
places on the knowledge that an asset exists, winners (recipients of benefits) can use a

even though he or she has no intention of ever portion of their gains to compensate the losers
using it.

Environmental Economics Series 3



Guide to Non-Timber Forest Benefits

(bearers of the costs) so that the latter are at supplying the scenic view to an additional
least as well off as prior to the reallocation. A individual are very hard to capture. Typically,
reallocation is not worthwhile if the gains are this causes the forest to be undervalued, be-
not sufficient to offset the losses, and still have cause only the values that can be easily cap-
something left over. tured, like timber, are taken into account in the

A complete valuation of NTFBs requires esti- decisionaking process.
mating the values for all of the cells in Table 1. Biological dimension. The biological dimension of
Some of these values are easier to estimate than non-timber products is poorly understood. The
others. Extractive values are easiest to measure quality and quantity of goods and services
because they represent tangible goods, like nuts produced by a forest is related to tree species,
and berries, that are harvested from the forest tree age, tree density, soil type, rainfall, and
and may be sold in local markets. Non-extrac- contiguity of forest area (among others). How-
tive values are harder to measure because they ever, very little is known about how the produc-
represent somewhat intangible services, like tion of goods and services changes with a
water flow regulation and recreation for which change in any of these variables. This makes it
prices are usually not available. Preservation extremely difficult to predict how different
values are hardest to measure, because they are management practices will effect NTFBs.
intangibles for which neither quantities nor
prices exists, and can only be measured with Planning horizon. Forests take an extremely long
survey-based questionnaires that describe time to produce certain types of benefits. In the
hypothetical markets. U.S. Pacific Northwest, for example, forests

must grow for several hundred years before

Characteristics of Non-Timber Prod- they can provide habitat for the spotted owl.
The discount rates used in conventional eco-

ucts nomic analysis result in very small present

Non-timber products have five characteristics values of benefits that are realized many years
that make them difficult to value: (a) there is in the future.
inadequate information about their price and Another factor effecting the planning horizon is
quantity; (b) they can be non-excludable; (c) that forests are both an asset and a commodity
their biological dimensions are poorly under- They are an asset (or stock resource) because
stood; (d) they require an extended planning from year to year they grow and increase in
horizon, and (e) they are joint products. value. They are a commodity because they can

Information. Almost nothing is known about be partially or entirely liquidated at any time
many non-timber products. This is particularly (and are hence a flow resource). Since timber is
true of forests in the tropics, where indigenous the most well developed (greatest value) forest
populations extract goods that are not traded in product, forest management decisions are most
formal markets. Information is often lacking on likely to be based on optimal timber harvesting
the price and quantity of these goods, which schedules. Rotations that optimize timber
makes it difficult to include them in BCA. This production will effect the flow of NTFBs.
is also true for forest services. For example, Joint production. Forests produce joint goods and
although it is evident that forests provide a services. Even when intensively managed for
valuable service by regulating water flows, little timber production, forests produce positive
is known about how much people are willing to externalities such as watershed functions and
pay for this service. carbon sequestration. The multitude of inter-

Non-excludability. Forests produce many services linked and indirect benefits produced by forests
that are non-excludable. An example is a scenic are hard to value without either double count-
view. Once provided, the marginal benefits from ing or omitting some of them. Careful judgment

4 Environment Department Papers



Introduction

must be exercised to identify and value only the
most important goods and services. There are a
multitude of ways in which a forest can be
managed that will result in the same overall
level of benefits.

Environmental Economics Series 5





2 Approaches to Valuation

Extractive Values either observing a barter transaction for another
good with a price, or by identifying a close

In addition to timber, forests produce many substitute for the good that has a price. If
goods that can be extracted and sold. The value neither of these alternatives is feasible, then the
of a good extracted from the forest is equal to its value might be imputed based on the amount
sale price minus the cost of collection, multiplied of labor (time) spent harvesting.
by the quantity collected. The total extractive
value is equal to the sum of the set of goods Costs should include the labor and materials
harvested. This formula is convenient if informa- (for example, bullets, arrows) used for foraging
tion about price, cost of extraction, and quantity and processing. Time should be priced at the
extracted is available. local wage rate. Estimating the time spent

foraging is complicated because trips into the
Minorforest products. Identifying the set of goods forest can last several days or more, during
harvested from the forest requires surveying the which not all the time is spent hunting and
local population. Enough information must be gathering (Godoy et al. 1993).
collected to cover any seasonal variations in the
goods harvested. Taking into account these The quantity of a good being extracted can be
variations is important, because they can have a determined by directly weighing goods col-
significant impact on benefits, especially local lected when foraging parties return from the
ones (Box 1, page 8). Ideally, the survey should forest, or by interviewing product collectors
be conducted in such a way that the results can and asking them how much of each good they
be extrapolated to the entire population. When collect on an average trip and then multiplying
time is short, the survey can be conducted this by the number of trips.
informally, by going from house to house, or
alternatively by going to local markets and Non-Extractive Values
identifying the set of forest products being
traded. A more time consuming alternative is to Non-extractive values, which are derived from
accompany foraging parties into the forest and the existence of forested areas rather than their
to directly observe the goods being gathered. consumption or destruction, can be divided
The latter has the added advantage of allowing into two categories: (a) ecological functions,
the observer to determine whether the good is and (b) recreation services. The most appropri-
being harvested sustainably. ate technique for measuring these values

depends on the circumstances and information
After identifying the set of goods, an appropri- available.
ate price must be determined for each good. If
the good has a well-established market value, Ecological functions. Forests have many ecologi-
then the price can be determined at the local cal functions that produce positive externalities,
market or during an interview. The value of such as protecting the soil from erosion, reduc-
goods that are not marketed must be imputed by ing downstream sedimentation, and decreasing

flooding. Valuation of these functions is not

Environmental Economics Series 7



Guide to Non-Timber Forest Benefits

Box 1. Mean Monthly Income from Minor Forest Products (Combu Island, Brazil)

In Brazil, data collected on the sale of acai fruits, cacao, and rubber over a five year period (1984-88) indicate
that annual revenue from these products is approximately $3,100 per housefhold. However, there can be as
much as an eightfold difference in seasonal income from minor forest products (Figure 2).

Figure 2. Seasonal Income from Minor Forest Products
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If data from November or December (about $50/month) were used to calculate household revenue, annual
revenue would be $600 (underestimated by about $2,500). This underestimate would lead to the incorrect con-
clusion that sustainable minor forest product extraction does not compare favorably with alternative land uses
such as agriculture, which produces average annual revenues of about $1,828 per household.
Source: Anderson and Ioris 1992.

very well developed, partly because of the Recreation value. Techniques that attempt to
complex, inter-linked nature of forest ecosys- measure benefits from forest-based recreation
tems. Valuation can be simplified by only are well developed in the U.S. and Europe.
including the functions with the most important However, these techniques have not been
economic impacts in the analysis. applied as thoroughly in developing countries.

Information on demand for recreation services is
Ecological functions are most easily valued usually not available from markets, because
using data on production, on changes in pro- many forest lands are accessible to the public
ductivity, or on cost-based information (Dixon free of charge. When information on the number
and Sherman 1990). Appropriate approaches of visitors to a site and the cost of either en-
include opportunity cost, cost of replacement, trance fees or permits is available, it can be used
and loss of earnings. These approaches are to estimate a minimum level of benefits from
likely to generate estimates that are low, be- park use.
cause they do not provide information about
consumer surplus. When market prices are not readily available,

estimating demand for forest-based recreation

8 Environment Department Papers



Approaches to Valuation

requires application of the contingent valuation pay to maintain the population of African
method (CVM) or travel cost method (TCM). elephants through increased enforcement
Both of these techniques estimate demand activity By paying to increase enforcement, the
curves and consumer surplus to forest users. individual is ensuring a supply of elephants
CVM is a well developed technique that uses that might be endangered and guaranteeing
direct questioning of individuals to estimate themselves the option of using this resource in
willingness-to-pay (or willingness-to-accept the future.
compensation) for some change in an environ-
mental good or service. TCM relies on informa- Existence value is the positive economic value
tion about time and money expenditures to that people place on an asset they never plan to
reach recreational sites. This approach is fairly use. A commonly mentioned example is the
robust and has gained wide acceptance, and is Amazon Rain Forest. Although they never
often used in conjunction with CVM. Compara- intend to go to the Amazon, many people place
tive studies indicate that these two methodolo- a positive value on its presence and are willing
gies can produce similar results (Box 2 below). to contribute to preserving it.

Biodiversity includes both option and existence
Preservation Values value. Benefits from biodiversity are inherently

Preservation values include option and exist- difficult to estimate because a great deal of its
encvaueThsealesrelmst nevalue lies in undiscovered species or unknownence value. These values are almost never

included in BCA. They should be, however, uses for the genetic material contained in forest
ncluded uing Ba. thely sh be, huantitsow , flora and fauna. Usually, one uses information

besrcause sng reltivel sma ll t es from contingent valuation studies that estimate
resources~ ~ ~ cavoeie rouevr ag individual and societal willingness-to-pay for

existence or option benefits (Bishop and Welsh
1992). The conceptual problems associated with biodiversity protection. This information
existence values in BCA, such as adding up provides a useful estimate of the value indi-

values, high per unit values, and property viduals pay for biodiversity protection, whichvalues, high per unit values, and property represents a lower bound of its true economic
rights, are discussed by Bishop and Welsh
(1992). One reason these values are not included value. It does not, however, provide information
in BCA is that they can only be estimated with on the inherent value of biological diversity.
CVM, which is a time consuming and expensive
research technique.

Option value is the premium individuals are
willing-to-pay to preserve assets that they want
the option of using in the future. An example of
option value is an individual's willingness-to-

Box 2. Comparing Results from CVM and TCM Studies (Achray Forest, Scotland)

In an effort to determine if CVM and TCM produce similar results, both methodologies were used to assess the
recreation benefits of Achray Forest area in Scotland. Achray is the most popular destination in the 17,000 ha
Queen Elizabeth Park. The Forestry Commission estimates that there are a total of 145,000 visitor days per
annum to the Forest. A total of 1,148 survey questionnaires were collected for the study during the summer of
1987. Comparing results from the two methodologies indicates that annual consumer surplus using CVM is
$281,000 and using TCM is $250,000. Although there are some strong caveats attached to these results, they do
indicate that the two methods can produce results that are on the same order of magnitude.

Source: Hanley 1989.

Environmental Economnics Series 9





3 NFTB Categories and Their Valuation

The wide range of NTFBs can be divided into vested from forests, such as mushrooms and
three broad categories: (a) extractive values, nuts and berries, are more closely associated
which are goods, such as plants and animals, with recreation than with subsistence.
that can be harvested from the forest; (b) non-
extractive values, which are services that are Values range from a low of $5 per ha/year in
provided by the forest, such as sites for recre- the Brazilian Amazon (Schwartzman 1989 and
ation, watershed functions, and carbon seques- Hecht 1992), to a high of over $422 per ha/year
tration; and (c) preservation values, which (Peters et al. 1989). Despite this wide range, the
include option value, which is the amount an majority of the values are clustered around $70
individual is willing to pay to conserve a forest per ha/year. The range in values can be ex-
for future use or future generations, and exist- plained by differences in study methodology,
ence value, which is the premium an individual study assumptions, site biology, and the number
places on the knowledge that an asset exists, of goods valued. Study methodologies fre-
even though he or she has no intention of ever quently are not comparable. For example,
using it. Nations (1992) takes the total value of produc-

tion of a forested area in Guatemala and divides

Extractive Values it by the area of forest, yielding a value of $10
per year, whereas Abeyunawarenda and

Aside from the value of timber itself, the Wickramasinghe (1992) sample 50 households
principle categories of extractive values are in Sri Lanka and then extrapolate a value of $50
minor forest products, and hunting and fishing. per ha/year.

Minor forest products. There is a large variety of Another explanation for the wide range in
goods extracted from forests; ranging from results is that some of the studies measure
chanterelles in Sweden to traditional medicines maximum sustainable yield, whereas others
in the Amazon. Minor forest products include measure only that portion of the goods that are
plants and plant-based products, as well as consumed. In Iquitos Peru, the maximum
animal and animal-based products. Plant and sustainable yield of one hectare of tropical forest
plant products such as fruits, latexes, and was valued at $422 per year (Peters et al. 1989).
medicines are the most commonly extracted The goods actually consumed from a similar
minor forest products. Approximately twenty one hectare plot in a neighboring watershed
studies were identified that could be used to were valued at only one-twentieth of this
calculate the value of plant products extracted amount, or about $20 per year (Pinedo-Vasquez
from the forest on a per hectare basis (see Table et al. 1992).
2, page 12). All the studies are in developing Hunting andfishing. Hunting and fishing ben-

countries, with the majority coming from South efits are harder to estimate than those for plants
and Central America. The values of minor forest and plant products because there is much
products are not as prominent in developed and pla nt asscate these
countries because many of the products har- greater uncertainty associated with these

activities. In addition, the size of the area where

Environmental Economics Series 11



Guide to Non-Timber Forest Benefits

Table 2. Extractive Values ($/ha/year)

Brazil (Amazon) 5* GV for Brazil nut and rubber harvesting in Schwartzman 1989
extractive reserves

Guatemala (Maya 10* GV for chicle, xate, and allspice; Nations 1992
reserve) 550,000ha = $5.5 miilion/year in exports

Sri Lanka (Sinharaja) 13* Survey of 135 hh over 3 months, Weahera and Abeygunawardena
extrapolated to entire forest area 1993

Brazil (Western 5-16* GV varies by size of the extraction area Hecht 1992
Amazonia)

Peru, (Iquitos) 16-22* Samples from 2 forest gardens Padock and de Jong 1989

Peru, (Iquitos) 20 Latexes and fruits only Pinedo-Vasquez et al. 1992

Belize 36-162* Annual sustainable harvest of medicinal Balick and Mendelsohn 1992
plants; 5% discount rate

Malaysia 48 Rattan and bamboo only Kumari 1994

Sri Lanka (Hantana) 50* GV 50 households in three villages, used Abeyunawardena and
CVM and opportunity cost Wickramasinghe 1992

Indonesia (Kalimantan) 53 NPV of rattan $529/ha over 25 years and Godoy and Feaw 1989
10i% discount rate

Brazil (Amazon) 59* Kemel, charcoal, and babassu palm, Anderson et al. 1991
unclear if net or gross

Ecuador (Amazon) 63-147 Fruits and medicine potential extraction of Grimes et al. 1993
3 ha of primary forest

Brazil (Combu Island) 79* GV of wild cacao, acai, and rubber; Anderson and loris 1992
$3171/yr/hh, assumes 40 ha/hh forest

India (Tamilnadu) 80* Fuel and fodder Appasamy 1993

Brazil 97* GV of Brazil nuts only Mori 1992

Brazil (Para) 110* Value after thinning and pruning acai Anderson and Jardim 1989

Mexico (Veracruz) 116* Fruits, housing materials, medicines Alcom 1989

India 117- GV of fruits, herbs and medicinal plants. Chopra 1993
144*

Peru (Jenaro Herrera) 167 Values only of wild camu-camu, unclear if Peters quoted in Vasquez and
gross or net Gentry 1989

Peru (Iquitos) 422* Net value of the inventory in one ha Peters et al. 1989

Notes: GV = gross value; hh = household; * = derived.
Source: Adapted from Godoy et al. 1993.
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NTFB Categories and their Valuation

the game was harvested is frequently not to $25 per hunter/day (Bodden and Lee 1986),
reported, making it hard to calculate the value indicating that they are on the same order of
on a per hectare basis. magnitude as those for deer hunting. Also,

fishing benefits are in line with these values;
Six studies were identified that estimate the Sorg and Loomis (1986) estimate benefits from
value of hunting in developing countries (Table recreational fishing in Idaho at $40 to $50 per
3 below). The values in these studies are clus- trip.
tered from $1 to $16 per ha/year, with a median
of $5 per ha/year. A seventh estimate, for Only the Johnson and Linder (1986) study
Ecuador ($120 per ha/year, Paucar and Gardner contains enough information to estimate ben-
1981), is significantly higher than other studies efits on a per hectare basis. This study, which
because it represents the maximum potential measures the value of wetlands to hunters in
sustainable harvest of animal products, rather South Dakota, suggests that there is a
than the actual harvest. This is conceptually consumer's surplus of $64 per ha/year. This is
similar to the difference between the two four times larger than the highest value for
estimates of minor forest products in Peru hunting in a developing country ($16 per ha/
reported earlier. year). This difference can be explained by taking

a closer look at the benefit being measured. In
In developed countries, hunting benefits are developed countries benefits are measured in
usually measured on a per trip or per day basis. terms of the entire hunting experience
In Canada and the U.S., benefits from deer (consumer's surplus); whereas in developing
hunting are about $40 per individual/trip (Table countries benefits are measured in terms of the
4, page 14). Estimates of benefits from hunting value of the game caught (producer's surplus).
other kinds of game, such as pheasants, are $17 In developed countries the value of the game is

Table 3. Hunting Values in Developing Countries ($/ha/year)

Venezuela 1* Estimated net value for caiman harvest Thorbjarnarson 1991

Cameroon (Korup National 1 * NPV forgone benefits from hunting = Ruitenbeek 1988 and Infield
Park) $2,700,000 at a 5% discount rate, area = 1988

126,000 ha

Zaire (Ituri Forest) 1-3* GV 318 kg game/km2 primary forest or 50 Wilkie 1989; Wilkie and
kg/kin2 in climax forest at $1/kg Curan 1991

Malaysia (Sarawak) 8* Wildlife in one square kilometer Caldecott 1987

Malaysia 12 Fish only Kumari 1994

Nigeria (Cross River Park) 16* GV income from hunting, gathering, and Ruitenbeek 1989
trapping = $108 per person, population =
38,300, area = 250,000 ha

Notes: GV = gross value; * = derived.
Source: Adapted from Godoy et al. 1993.
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Table 4. Developed Country Hunting Values ($)

Canada 10* Trip CVM = $204/season (assumes 10 trips Asafu-Adjaye 1989
hunting per season)

USA 11-45 Permit Deer only; TCM = $11-45 per permit Bishop and Heberlein 1979

USA 20-67 Trip Deer only; average consumer surplus Luzar and Hotvedt 1991
(Louisiana)

Canada 35 Visit Sequential choice model = $35/visit Adamowicz et a!. 1990

USA 44 Trip CVM; deer only Donnelly and Nelson 1986

Canada 53-73* Trip CVM; assumes one day = one trip Adamowicz 1983

USA 63* Trip CVM; $21 for WTP to $101 forWTA; Bishop and Heberlein 1979
goose hunting; assumes one day = one trip

USA 63 Trip CVM; deer only Sorg and Nelson 1986

USA (South 64* $/ha CVM; wetlands only Johnson and Linder 1986
Dakota)

Notes: CVM = contingent valuation method; TCM = travel cost method; WTP = willingness-to-pay; * = derived.

secondary to the recreational value of hunting. sumptions in these calculations. Also, the level
It would appear that when considering hunting of these benefits is likely to vary widely de-
values, the source of benefits changes from pending on local climatic conditions. Four
consumptive use to non-consumptive use as studies contained enough information to
income rises. An extreme example of this is the convert benefits to a per hectare basis. All of

these studies examine watershed protection
gherowingiprcticeno 'phoaphi s ai' functions with respect to erosion and sedimen-where visitors hunt with a camnera.

tation. Annual values range from $1 to $30 per

Non-Extractive Values hectare, with a median of $10 per ha/year.

Magrath and Arens (1989) identify the most
The principal non-extractive values of forests important economic effects of off-site soil
relate to ecological functions, carbon sequestra- ion in oaas eservoi sedimentaio

tion, and recreation erosion in Java as reservoir sedimentation,thon, and recreation. siltation of irrigation systems, and harbor

Ecologicalfunctions. Only a few monetary dredging. Dividing total damage costs (between
estihmates of the benefits from ecological func- $25 and $91 million per year) by the total land
tions have been made, and there is considerable area (12.8 million ha) yields an annual damage
uncertainty associated with many of the as- cost ranging from $2 to $7 per ha/year. This

might be considered the opportunity cost of
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erosion. This estimate is considered low, be- Others have suggested that the carbon tax
cause it does not include costs related to flood- should be much higher ($275-600/ton) in order
ing, damage to coastal fisheries, and disrupted to achieve a 20 percent reduction in U.S. emis-
urban and industrial water supplies. In a similar sion from 1990 to 2020 (Manne and Richels 1990
study in the Philippines, the annual opportunity and 1991).
cost of soil erosion falls between $17 and $28
per ha (Cruz et al. 1988). This study estimates Using the more conservative estimate of $13 per
the reduction in the service life and active ton of carbon and assuming one hectare of
storage capacity of dams in the Magat and deforestation contributes 100 tons of carbon to
Pantabangan watersheds. the atmosphere in a single year, then forests

have a one time opportunity cost of about
Ruitenbeek (1989) calculates the value of $1,300 per hectare (Pearce and Warford 1993). In
watershed protection of the 426,000 ha pro- the Amazonian forest, which has greater biom-
posed Korup Rain Forest and buffer zone ass than temperate forests (125 tons of carbon
project in the Cameroon. The specific ecological per ha), this value is likely to be closer to $1,625
functions valued are the support of an inshore per ha (World Bank 1991).
fishery and the provision of flood control
services. These functions are worth over $7 Recreation. Estimates of annual recreational
million per year. This works out to $14 per ha benefits in developing countries (Table 5, page
per year for fisheries protection and $2 per ha 16) range from $8 per ha in Mexico (Pearce et al.
per year for flood control. Johnson and Kolavalli 1993), $12 per ha in Kenya (Brown and Henry
(1984) use remotely sensed data to develop a 1989), to $52 per ha in Costa Rica (Tobias and
dynamic model of the Nam Pong Basin in Mendelsohn 1991). The median value is $12 per
Northeast Thailand. The model simulates ha/year. These estimates must be interpreted
erosion results from the conversion of forest to with caution because they are not exclusively
agricultural land. Erosion values are passed to a for forest-based recreation. For example, the $12
linked reservoir model where they are con- reported for Kenya is based on the aggregate
verted to turbidity levels. Simulated together, willingness-to-pay of tourists to view elephants.
the models indicate that annual economic This figure is then divided by the total area of
returns from fisheries have declined $1 per year forest in the country. Therefore, there is an
for every hectare of clear-cut forest. This is a implicit assumption that forest, which covers
significant loss, representing about 5 percent of about 4 percent of the country, provides habitat
economic returns from fisheries in 1982 (assum- for elephants. Also, these estimates are not
ing a deforestation rate of 32,000 ha per year). representative of forests throughout the country.

The $52 per hectare for Costa Rica is based on
Carbon sequestration. Nordhaus (1991) has done visits to one of the most popular tourist destina-
research on the potential benefits from carbon tions in the country, the Moneteverde Cloud
sequestration. His findings suggest that damage Forest, and is therefore likely to be significantly
from a rise in the sea level due to global warm- higher than the value of an average hectare of
ing averages $13 per ton of carbon. Frankhauser Costa Rican forest.
(1995) estimates the social costs of greenhouse
gas emissions to be $20 per ton of carbon Many of these studies only measure interna-
between 1991 and 2000. Although not compa- tional tourism benefits, and do not include the
rable, estimates have also been made of the size benefits that accrue to residents or visitors. It is
of a carbon tax needed to induce changes in likely that in many locations aggregate recre-
behavior that would lead to major reductions in ational values will be significantly higher if they
Co2 emissions. Rothman and Chapman (1991) include domestic tourism. Observations from
calculated that a tax of $40 per ton of carbon around the world indicate that recreation
would be needed to reduce emissions in the U.S. activity increases rapidly with rising income.
by 20 percent from 1990 levels to the year 2005. Domestic tourism values are expected to
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Table 5. Recreational Benefits ($/ha/year)

Mexico 8* Ecotourism and other values Pearce et al. 1993

Kenya 12* TCM for elephant viewing; consumer surplus = Brown and Henry 1989
$25million; total forest area = 2 million ha

UK (Scotland) 2-500 Recreational consumer surplus measured with zonal Willis 1991
TCM

Costa Rica 52* TCM; Consumer surplus = $35, total visitors = Tobias and Mendelsohn
(Monteverde) 15,000, forest 10,000 ha 1991 *

US (Colorado) 55* TCM and CVM; WTP of $20 per trip; 8.8 million Walsh et al. 1989
visitor days; 3.2 million ha

Notes: CVM = contingent valuation method; TCM = travel cost method; WTP = willingness-to-pay; * = derived.

increase in rapidly developing countries like make generalizations about the value of
Thailand and Costa Rica. biodiversity, they do indicate that these values

Recreational benefits are usually calculated on a can be quite high.
per visit or a per household basis (Table 5). Estimates of willingness-to-pay for individual
These estimates tend to have a much wider species fall in the range of $2 to $150 per year.
range than do those for developing countries. In These estimates have been made in the U.S. for
Scotland, Willis (1991) found that recreational bald eagles (Boyle and Bishop 1987), whooping
value of Forest Commnission land is very site- cranes (StoU and Johnson 1984; Bowker and
specific, ranging from a low of $2 per ha per Stoll 1989), and grizzly bears (Brookshire et al.
year to a high of $500 per ha per year. In the 1983). The results of these studies indicate that
U.S., the average value is closer to $55 per ha/ U.S. household's willingness-to-pay to preserve
year. This figure is derived by multiplying whooping crane habitat is $2 to $3 per year;
consumer surplus per trip by the number of households in Wisconsin are willing to pay in
recreational visitor days and dividing by the the range of $11 to $28 to preserve bald eagles;
area of the park (Walsh et al. 1989). This value is users and non-users from Texas, Los Angeles,
high, as would be expected from a study Chicago, Atlanta, and New York are willing to
location in Colorado that has two to three times pay $21 to $149 to preserve whooping cranes;
the national average visitation rate. and, elk, deer, and antelope hunters in Wyo-

ming are willing to pay $14 to $25 to preserve
Preservation Values grizzly bears.

Walsh et al. (1984) estimated a Colorado Although these estimates do not provide
household's total willingness-to-pay to preserve information directly on willingness-to-pay to
wildemess at $32 per year. While small on a per preserve the forest, they do provide some
hectare per family basis, the value is consider- indication of the value of the forest as a habitat
able when aggregated over all families in the for endangered species. These estimates are
state. Even though these willingness-to-pay likely to be on the high side because of the
studies do not provide enough information to prominence of the species being valued. No
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comparable studies have been conducted in
developing countries.

Unfortunately none of these studies contain
enough information to convert the value esti-
mates to a per hectare basis. However, Pope and
Jones (1990) indicate that the residents of Utah
are willing to pay $27 million to preserve 1
million ha of wilderness and $47 million to
preserve 6.5 million ha of wilderness. This is
equivalent to a range of $7 to $27 per hectare.
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4 Modeling Expected Benefits

This section proposes a dynamic approach to either linear or shaped like an inverted "U". If
including NTFBs in the valuation stream when the relationship is linear, and 1 to 1, a 50 percent
analyzing forest management alternatives. A decrease in tree growth will be associated with a
dynamic approach is important because the 50 percent loss of associated non-timber goods
composition and quantity of forest benefits can or services. An example of a good with a linear
change over time. Thus, including non-timber relationship is latex, the value of which is likely
values in BCA requires modeling their expected to follow the path of forest growth (Figure 3.a,
flow. Flow is a function of the supply and page 20). An example of a relationship that
demand for goods and services produced by the follows an inverted "U" path is game species,
forest. Since timber is usually the most valuable whose value is likely to increase in areas where
forest product, its production schedule tends to the forest canopy is open but then decrease as
influence all other decisions. In principle, non- the canopy closes (Figure 3.b, page 20).
timber values can influence timber harvesting
decisions if they are very sensitive to stand age, Non-extractive goods and services. When modeling
and conversely, they will not influence timber non-extractive services, forest attributes can
harvesting decisions if they are not sensitive to have a large impact on NTFB production.
stand age. It is important to remember that there Therefore it is important to model goods and
are a multitude of ways in which a forest can be services as a function of forest age, tree species,
managed that will result in the same overall tree density, or total forest area. Frequently it is
level of benefits. necessary to assume a relationship between

these variables. For example, it would be

Modeling Supply plausible to assume that the value of water flow
at first increases and then decreases, before

The simplest way to predict the supply of non- eventually leveling off (Figure 3.c, page 20).
timber goods and services over time is to model Another assumption might be that recreational
them as a function of either timber volume or value steadily increases with stand age (Figure
forest biomass. By linking their production to 3.d, page 20). This assumption is supported by
volume or biomass growth, one makes the the literature: Englin and Mendelsohn (1993)
assumption that there is a connection between show that there is a difference in the recre-
forest cover, forest health, and the production of ational value of the forests produced under
NTFBs. Also, establishing this linkage to a different silvicultural systems, and between
dynamic forest model allows forecasting of the forest with different compositions of tree species
impact of alternative forest management (Box 3, page 20). Their analysis also indicates
regimes on the supply of non-timber goods and that the amenit value of a single species forest
services. These relationships are illustrated in is less than temty value of a natural multi, ^n iS less than the ~amenity value of a natural multi-
Figure 3, Sections a-d, page 20. species forest.

Extractive goods. The relationship between tree
growth and extractive goods is likely to be
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Figure 3. Expected Value of Goods and Services
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Box 3. Valuation of Site Quality Characteristics (Washington State, U.S.)

Forest managers continually face trade-offs between producing market goods such as timber and agricultural
land, and producing non-market goods such as wildlife, campgrounds and scenic views. Most research to
date has focused on the total value of a site. Although useful for decisions such as clear cutting or creating a
reservoir, this research provides little insight into the decision to adopt different forest management practices.
TCM can be used to analyze the recreational value of different characteristics of site quality. A study examined
the demand for different site characteristics in the Cascade Mountains by residents of Washington state and
Portland. The study provides empirical estimates of the value of different forest attributes. For example, the
average wilderness user places a marginal value of $2-3 for a mile of trail with old growth forest, $7 for a
campground, and $6 for a view per trip. This information could be used by the forest manager to determine
the optimal management regime.

Source: Englin and Mendelsohn 1991.

Preservation value. When modeling preservation Modeling Demand
value, evidence suggests that the amount
individuals are willing-to-pay for forest quality The three most important factors influencing
and quantity decreases with each additional demand for non-timber goods and services are
unit of area preserved (Box 4, page 21). Also, it population, income, and technology.
is likely that individuals will place a great deal Population growth. Predicting demand is most
of value on a project that protects a minimum simply done by linking it to population growth.
quality and area of forest. Demand and population are complements,
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Box 4. The Willingness-to-Pay for Wilderness Designation (Utah, U.S.)

In 1985, Representative Jim Hansen from Utah introduced a bill proposing the designation of 1,264,431 acres of
land within eight Utah National Parks and National Monuments as wilderness. CVM was used to estimate the
value of this wilderness designation to the residents of Utah. Sixty two percent of the heads of households
contacted participated in the survey, resulting in a data set equaling 291 observations. Average willingness-to-
pay values for 5, 10, 15, and 30% of the state to be preserved as wildemess were respectively $53, $64, $75, and
$92. A rough estimate of the aggregate value of different levels of wilderness designation to Utah residents is
obtained by multiplying the number of households in the state by average willingness-to-pay bids (Figure 4).
Aggregate annual values range from $27 to $47 million depending on the level of preservation. It appears that
willingness-to-pay decreases as the area preserved increases.

Figure 4. Willingness-to-Pay for Forest Preservation
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Source: Pope and Jones 1990.

meaning that as population grows so will the Technology. Technology can have several differ-
demand for extractive goods, non-extractive ent impacts on demand for non-timber prod-
services, and preservation. ucts. In principle it will reduce demand by

providing substitutes for lower value goods
Income. The demand for inexpensive extractive traditionally harvested from the forest and it
goods is likely to fall as incomes rise, because will increase demand for higher value goods by
substitutes that do not require as much time to lowering harvesting costs and providing access
harvest and collect will become available. At the to once remote forest areas.
same time, the demand for high value or luxury
extractive goods will rise with a rise in income. Supply and Demand
The demand for recreation and preservation is
likely to increase as incomes rise, because these The final step in a dynamic approach to model-
values are extremely income-elastic (meaning ing expected benefits requires linking supply
that as incomes increase so does demand for with the determinants of demand. A common
NTFBs) (Hufschmidt et al. 1983). mistake is to assume that expected benefits will
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be equal to the total available supply or maxi-
mum sustainable yield. For example, the benefit
from hunting iguanas is not the maximum
number of iguanas that can be harvested
without depleting the stock, but rather the
portion of the iguana population that is sold,
traded, or consumed. Thus, we must determine
where supply and demand meet and try to
predict how this relationship will change over
time.

This approach allows us to compare the results
of different forest management alternatives and,
depending on local preferences, determine how
forests can be managed to maximize net ben-
efits. It also permits a detailed assessment of the
trade-offs between financial and economic
returns to different forest management alterna-
tives, such as species choice or planting density
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5 Comparison of NTFB Values in
Developed and Developing Countries

Comparing median values for NTFBs helps developing and developed country. The total
answer some of the questions posed at the aggregate values (the value of the whole pie) of
beginning of this paper: Why are some forests timber and non-timber benefits in both devel-
more valuable as timber and others as ecosys- oped and developing countries are remarkably
tems? How do these values change as incomes close ($200 to $250 per ha per year), but the
grow? And, why is deforestation faster in the sources of value differ in important ways. In
tropics? Figure 5, timber benefits are based on the

Figure 5 below, for example, illustrates the assumption that a natural managed forest in a
differences in the TEV of a hectare of forest in a tropical climate has a higher mean annual

Figure 5. Hypothetical Value of One Hectare of Forest
(about $220 per ha per year)

Develping County Developed Country
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increment than an equivalent forest in a temper- important for preservation, and therefore
ate climate. Consequently, timber values are probably have higher than average values. Also,
both absolutely and relatively more important the non-extractive benefits category includes
in developing countries: annual sustainable only two of the economically important ecologi-
timber yield (net of costs) is estimated to be $110 cal functions of forests (watershed and recre-
per ha for a developing country and $70 per ha ation), and thus might be considered a lower
for a developed country. bound. A final caveat is that the benefits esti-

mates are based on a variety of studies, many of
Figure 5 does not include carbon sequestration which used different research methodologies
values, since these benefits are entirely depen- and thus are not strictly comparable.
dent on a hypothetical market. Also, they are a
one time lump sum benefit, that cannot be As seen in Figure 5, NTFBs are roughly 1 to 3
easily divided on an annual basis. If, however, times the size of timber benefits, with the ratio
at some time in the future an international being about 1 to 1 in developing countries and
market for carbon sequestration develops, it closer to 3 to 1 in developed countries. This
would dramatically change the complexion of helps explain why many wealthier countries are
forestry away from timber production and foregoing trees in favor of forests: each time a
toward management for carbon sequestration. hectare of forest is preserved in a wealthier
This is because the value of carbon sequestra- country, society captures social benefits equal to
tion (about $1,300 per ha) is roughly half of the or several times the size of timber benefits.
total hypothetical value of the non carbon
sequestration benefits of a hectare of forest This economic inclination to protect forests is
(about $2,200 per ha at a 10 percent discount bolstered by the presence of mechanisms to
l-ate). capture NTFBs. In wealthier countries, these

emechanisms are better developed and include a
Preservation value (which is a combination of variety of instruments such as fees, permits, and
option and existence value) is a surprisingly licenses and a legal system where they can be
large component of total forest value (7 percent readily enforced. This legal system is also
or $16 per ha per year in both developed and critical in establishing the public's right to
developing countries). However, it is important determine the use of national resources. The
to remember that this value is based on a study Endangered Species Act in the U.S., for ex-
that measured residents' willingness-to-pay.3 ample, allows the public (usually through
Nonresidents are expected to have much lower watchdog organizations such as Green Peace,
preservation values, because they are less The Nature Conservancy, and the Sierra Club)
familiar with the resource. Nonetheless, if lower to take legal and political action against the
preservation values were aggregated for all government or private sector if their activities
nonresidents, they could easily become the are threatening the survival of endangered
largest component of total forest value. species.

There are two important caveats to note when These forces help explain why developed
considering these results: (a) benefits are not country forests are growing in size while
adjusted to account for differences in incomes; developing country forests are disappearing.
and (b) the studies are likely to have been The TEV of a hectare of forest is composed of
conducted at premium locations identified as one easily monetized component (timber) and

an equally important, but difficult to monetize
component (NTFBs). Timber represents about

3 Since preservation value is not dependent on present half ($110) of total benefits in a hectare of forest
access and direct use, one can, with a minimum degree of in developing countries, and about a third ($70)
confidence, consider them to be broadly similar across
populations and space. For this reason the same value is of total benefits in a hectare of forest in devel-
used in both developed and developing countries. oped countries. In many developing countries
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there are no mechanisms in place to capture * A much greater emphasis needs to be
NTFBs, or if there are, they are not enforced. placed on managing forests for multiple
Property rights are not always clearly defined uses. Many categories of NTFBs are
and legal action is often time consuming and complementary to timber production. By
ineffective. As long as timber continues to be the encouraging forest managers to produce a
single largest recoverable benefit (the largest range of goods and services, countries can
slice of the pie), timber values will continue to continue to enjoy the forests as well as the
drive forest management decisions. trees. To this end governments and the

Another finding is that NTFBs increase with international donor community need to
income. Figure 6 (page 26) graphs NTFB values encourage the development of innovative
(in $/ha/yr) against each country's gross forest management techniques. The longer
national product (GNP) per capita for four the timber companies delay innovation the
categories of benefits: extractive values, hunting greater the loss in global social welfare.
values, recreation benefits, and watershed Financial resources should be focused on
effects. The general upward sloping scatter of perng forestshon be focusedion, ~~~preserving forests in very poor countries.
points reflects increasing value of NTFBs with These are the countries most in need of
increasing incomes. This trend is especially clear interational assistance because they are
for hunting values and recreational benefits. the least likely to set aside forests for parks

Although further research needs to be done on because they are busy capturing imrnmedi-
this topic, it appears that certain categories of ate (but ultimately smaller) timber ben-
NTFBs are extremely income elastic (meaning efits. The global asymmetry in NTFBs
that as incomes rise, the demand for NTFBs also between developed and developing
increases, frequently at a greater pace). These countries (Figure 5) should be exploited to
categories are likely to include high value help preserve additional forest areas in
extractive goods, recreation, and preservation. poor countries. This asymmetry suggests
Categories of NTFBs less likely to be income that an increase in global net benefits can
elastic are low value extractive goods (such as be achieved by having wealthy countries
firewood), that people depend upon for their compensate less wealthy countries to
livelihood. preserve their forests. The Global Environ-

ment Facility (GEF) is a first effort in this
Figure 6 also suggests that, as countries develop direction, through its support of
and incomes rise, economically efficient forest biodiversity and greenhouse gas (carbon
use involves setting aside larger and larger sequestration) benefits.
areas for preservation. Unfortunately, in many
situations the most valuable areas of forest will * On a local scale, setting aside areas for
have already been lost by the time incomes protection only makes sense if mechanisms
increase sufficiently to lead market forces to set can be established so that the traditional
them aside for preservation. park users can be compensated for any

losses. This means that global transfer of
Policy Implications resources must be channeled directly into

the hands of the traditional users of the
The knowledge that NTFBs are either the same forest resource, or that mechanisms for
or greater than timber benefits should encour- continuing use in addition to protection
age governments to reconsider forestry policies must be developed.
that lead to deforestation. It also provides some
justification for setting aside additional areas for * Forest managers will not change their
parks. Important policy implications from our practices until they either recognize the
research include: social benefits of NTFBs or can capture

additional forest values. This change can
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a' Figure 6. Relationship Between GNP and NTFBs
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come through market forces (for example,
the net revenues from non-timber uses
exceed those from forestry), from direct
regulation and prohibition of forest
destruction, or through government
intervention to purchase and protect lands
in the name of larger social benefits. In all
cases, the recognition of the composition
and changing values of NTFBs will help
decisionmakers to better 'see the forest for
the trees.'

Environmental Economics Series 27





References

Abeygunawardena, P., and W.A.R. Estuary: A Case Study of Acai Palm Produc-
Wickramasinghe. 1992. "An Economic Evalua- tion," in J.G. Browder, ed., Fragile Lands of
tion of Non-Timber Products of Hantana Latin America: Strategies for Sustainable
Forest." Proceedings of the Second Regional Development.Boulder, CO: Westview Press.
Workshop, Organized on Multi--Purpose Trees
Species. Bangkok, Thailand: Winrock Interna- Appasamy, P. 1993. "Role of Non-Timber Forest
tional. Products in a Subsistence Economy: The Case of

a Joint Forestry Project in India." Economic
Adamowicz, W.L., Jennings, S. and Coyne, A.G. Botany 47:258-267.
1990. "A Sequential Choice Model of Recre-
ation Behavior." Western Tournal of Agricul- Asafu-Adjaye, J. 1989. Issues in the Valuation
tural Economics 15:91-99. of Non-Market Natural Resource Commodities:

The Case of Wildlife Resources in Alberta.
Adamowicz, W.L. 1983. "Economic Analysis of Unpublished Ph.D. Thesis. Department of Rural
Hunting of Selected Big Game Species in the Economy, University of Alberta, Edmonton.
Eastern Slopes of Alberta." Unpublished M.Sc.
thesis. Department of Rural Economy, Univer- Balick, M., and R.O. Mendelsohn. 1992. "As-
sity of Alberta, Edmonton, Alberta. sessing the Economic Value of Traditional

medicines from tropical forests." Conservation
Alcorn, J. 1989. "An Economic Analysis of Biology 6:128-130.
Huastec Mayan Agroforestry Management," in
J.G. Browder, ed., Fragile Lands of Latin Bishop, R.C., and M.P. Welsh. 1992. "Existence
America: Strategies for Sustainable Develop- Values in Benefit-Cost Analysis." Land Econom-
ment. Boulder, CO: Westview Press. ics 69:405-417.

Anderson, A.B, and E.M. Ioris. 1992. "The Bishop, R.C., Heberlein, T.A., McCullum, D.W.
Logic of Extraction: Resource Management and and Welsh, M.P. 1988. "A Validation Experi-
Income Generation by Extractive Producers in ment for Valuation Techniques." Working paper.
the Amazon Estuary," in K.H. Redford and C. University of Wisconsin, Madison: Center for
Padock, eds., Conservation of Neotropical Resource Policy Studies and Programs.
Forests: Working From Traditional Resource Bishop, R.C. and Heberlein, T.A. 1979. "Mea-
Use. New York: Columbia University Press. suring Values of Extramarket Goods: Are

Anderson, A.B., P. May, and M. Balick. 1991. Indirect Methods Biased?" American Journal of
The Subsidy from Nature: Palms. Forests. Agricultural Economics. 61:926-930.
Peasantry. and Development on an Amazon Bodden, K. and P Lee. 1986. "The 1985 Eco-
Frontier. New York: Columbia University Press. nomic Survey of Alberta Resident Pheasant

Anderson, A.B. and M.A.G. Jardim. 1989. Hunters." Technical Report #1. Edmonton,
"Costs and Benefits of Floodplain Forest Alberta: Alberta Forestry, Lands, and Wildlife.
Managment by Rural In-habitants in the Amazon

Environmental Economics Series 29



Guide to Non-Timber Forest Benefits

Bowes, M.D., and J.V. Krutilla. 1989. Multiple- Multiple Components of Site Quality: The
use Management: The Economics of Public Recreation Value of Forest Management."
Forestlands. Washington, D.C.: Resourcs for the lournal of Environmental Economics and
Future. Management 21:275-290.

Bowker, J.M. and J.R. Stoll. 1988. "Use of Frankhauser, S. 1995. Valuing Climate Change:
Dichotomous Choice Non-Market Methods to The Economics of the Greenhouse. London:
Value the Whooping Crane Resource." Ameri- Earthscan.
can lournal of Agricultural Economics 70:372-
81. Godoy, R., R. Lubowski, and A. Markandya.

1993 "A Method for the Economic Valuation of
Boyle K.J. and R. Bishop. 1987. "Valuing Non-Timber Tropical Forest Products." Eco-
Wildlife Benefit-Cost Analysis: A Case Study nomic Botany. 47:220-233.
Involving Endangered Species." Water Re-
sources Research 23:943-50. Godoy, R., and T.C. Feaw. 1989. "The Profitabil-

ity of Smallholder Rattan Cultivation in Central
Brookshire, D., L. Eubanks and A. Randall. Borneo." Human Ecology 7:397-420.
1983. "Estimating Option Prices and Existence
Values for Wildlife Resources." Land Economics Grimes, A. Loomis, S. Jahnige, P., Burham, M.,
59:1-15. Onthank, K. Alarcon, W. Ceron, C., Neill, D.

Balick, M., Bennett, B., and R. Mendelsohn.
Brown, G. and W. Henry. 1990. "The Economic 1993. "Valuing the Rain Forest: The Economic
Value of Elephants." London Environment Value of Non-Timber Forest Products in Ecua-
Economics Centre Paper # 89-12. London: dor." Unpublished manuscript. Yale School of
International Institute for Environment and Forestry.

Development. Hanley, N.D. 1989. "Valuing Rural Recreational

Caldecott, J. 1987. "Hunting and Wildlife Benefits: An Empirical Comparison of Two
Management in Sarawak, Malaysia." Washing- Approaches." Tournal of Agricultural Economics
ton, D.C.: World Wildlife Fund. 40:361-374.

Chopra, K. 1993. "The Value of Non-Timber Hecht, S. 1992. "Valuing Land Use in
Forest Products: An Estimate from India." Amazonia: Colonist Agriculture, Cattle, and
Economic Botany 47:251-257. Petty Extraction in Comparative Perspective,"

in K.H. Redford and C. Padoch, eds., Conserva-
Cruz, W., Francisco, H.A., and Z.T. Conway. tion of Neotropical Forests: Working from
1988. "The On-site and Downstream Costs of Traditional Resources Use. New York: Columbia
Soil Erosion in the Magat and Pantabangan University Press.
Watersheds." Tournal of Philippine Develop-
ment 26:85-11. Hufschmidt, M.M., James, D.E., Meister, A.D.,

Bower, B.T. and J.A. Dixon. 1983. Environment.
Dixon, J.A. and P.B. Sherman. 1990. Economics Natural Systems. and Development: An Eco-
of Protected Areas: A New Look at Benefits and nomic Valuation Guide. Baltimore, MD: Johns
Costs. Washington, D.C.: Island Press. Hopkins University Press.

Donnely, D.M. and L.J. Nelson. 1986. "Net Infield, M. 1988. "Hunting, Trapping, and
Economic Value of Deer Hunting in Idaho." U.S. Fishing in Villages Within and On the Periphery
Forest Service Resource Bulletin RM-13. Fort of the Korup National Park." London: World
Collins, CO: U.S. Forest Service. Wide Fund for Nature.

Englin, J. and R. Mendelsohn. 1991. "A Johnson, S.H. and S. Kolvalli. 1984. "Physical
Hedonic Travel Cost Analysis for Valuation of and Economic Impacts of Sedimentation on

30 Environment Department Papers



References

Fishing Activities: Nam Pong Basin, Northeast Lournal of Environmental Economics and
Thailand." Water International 9:185-188. Management. 26, 11-128.

Johnson, C.W. and R.L. Linder. 1986. "An Mori, S.A. 1992. "The Brazil Nut Industry: Past
Economic Valuation of South Dakota Wetlands Present and Future," in M.J. Plotkin and L.M.
as a Recreation Resource for Resident Hunters." Famolare, eds., Sustainable Harvest and Mar-
Landscape Tournal 5(1):33-38. keting of Rain Forest Products. Washington,

D.C.: Island Press.
Kumari, K. 1994. "Sustainable Forest Manage-
ment in Peninsular Malaysia: Towards a Total Nations, J.D. 1992. "Xateros, Chicleros, and
Economic Valuation Approach." Ph.D. Thesis. Pimenteros: Harvesting Renewable Tropical
University of East Anglia, Norwich, U.K. Forest Resources in the Guatemalan Peten," in

K. H. Redford and C. Padoch, eds., Conserva-
Kramer, R.A. 1993. "Tropical Forest Protection tion of Neotropical Forests: Working from
in Madagascar." Paper prepared for Northeast Traditional Resource Use. New York: Colmubia
Universities Development Consortium. Will- University Press.
iams College.

Nordhaus, W.D. 1991. "To Slow or Not to Slow:
Kramer, R., R. Healy, and R. Mendelsohn. 1992. The Economics of the Greenhouse Effect."
"Forest Valuation," in N. Sharma. ed., Managing Economic Tournal 101(July).
the World's Forests: Looking for Balance Be-
tween Conservation and Development. Padoch, C., and W. de Jong. 1989. "Production
Dubuque, Iowa: Kendall/Hunt Publishing and Profit in Agroforestry: An Example from the
Company. Peruvian Amazon," in J. G. Browder, ed., Fragile

Lands of Latin America: Strategies for Sustain-
KErutilla, J.V. 1991. "Environment Resource able Development. Boulder, CC: Westview
Services of Malaysian Moist Tropical Forests." Press.
Mimeograph.

Paucar, A., and A. Gardner. 1981. "Establish-
Luzar, E.J. and J.E. Hotvedt. 1991. "Economic ment of a Scientific Research Station in the
Valuation of a Consumptive Recreational Yasuni National Park of the Republic of Ecua-
Activity using the Travel Cost Method." Missis- dor." Washington, D.C.: National Zoo.
sippi State, MS: Southern Rural Development
Center and the Farm Foundation. Pearce, D., Adger, N., Brown, K. Cervigni, R.

and D. Moran. 1993. Mexico Forestry and
Magrath, W. and P. Arens. 1989. "The Costs of Conservation Sector Review: Substudy of
Soil Erosion on Java: A Natural Resource Economic Valuation of Forests. Draft report.
Accounting Approach." Environment Depart- Washington, D.C.: The World Bank.
ment Working Paper No. 18. Washington, D.C.:
The World Bank. Peters, C., A.H. Gentry, and R.O. Mendelsohn.

1989. "Valuation of an Amazonian Rain Forest."
Manne, A.S. and R.G. Richels. 1991. "Global Nature 339:655-656.
CO2 Emission Reductions-The Impacts of Rising
Energy Costs" The Energy Journal 12(1):87-108. Pinedo-Vasquez, M., D. Zarin, and P. Jipp. 1992.

"Economic Returns from Forest Conversion in
Manne, A.S. and R.G. Richels. 1990. "CO2 the Peruvian Amazon." Ecological Economics
Emission Limits: An Economic Cost Analysis for 6:163-173.
the USA." The Energy lournal 11:51-75.

Pope, C.A. and J.W. Jones. 1990. "Value of
Montgomery, C.A., G.M. Brown, and D.M. Wilderness Designation in Utah." Tournal of
Adams. 1994. "The Marginal Cost of Species Environmental Management 30:157-174.
Preservation: The Northern Spotted Owl. The

Environmental Economics Series 31



Guide to Non-Timber Forest Benefits

Rothman, D.S. and D. Chapman. 1991. "A Tobias, D. and R. Mendelsohn. 1991. "Valuing
Critial Analysis of Climate Change Policy Ecotourism in a Tropical Rainforest Reserve."
Research." Agricultural Economics Working Ambio 20(2).

Paper #91-5. Cornell University, Ithaca, New Vasquez, R. and A. H. Gentry. 1989. "Use and
York. Misuse of Forest-harvested Fruits in the Iquitos

Ruitenbeek, H.J. 1989. "Economic Analysis of Area." Conservation Biology 3:350-361.
Issues and Projects Relating to the Establish- Walsh, R.G., Bjonback, R.D., Aiken, R.A., and
ment of the Proposed Cross River National Park D.H. Rosenthal. 1990. "Estimating the Public

(Oban Division) and Support Zone." London: Benefits of Protecting Forest Quality." Journal of
World Wide Fund for Nature. Environmental Management 30:175-189.

Ruitenbeek, H.J. 1988. "Social Cost-Benefit
Analysis of the Korup Project, Cameroon." Walsh, R.G, Ward, F.A, and J.P. Olienyk. 1989.
Aodnalysis World the FuorupProjec, Camero. P"Recreational Demand for Trees in National
London: World Wide Fund for Nature Publica- Forests." lournal of Environmental Management
tion.

28:255-268.
Schwartzman, S. 1989. "Extractive Reserves in Walsh, R.G., J.B. Loomis, and R.A. Gilman.
the Amazon," in J. G. Browder, ed., Fragile 1984 , J.B. oomis, and an.
lands of Latin America: Strategies for Sustain- 1984. "Valuing Option. Existence, and Bequest

ableDeveopmet. Bulde, CO WesviewDemands for Wilderness." Land Economicsable Development. Boulder, CO: Westview 60:14-29.
press.

Smith, V.K. 1983. "Option Value: A Conceptual Werahera, M. and P. Abeygunawardena. 1993.
C)verview." Southern Economic loumnal,49:654- "An Economic Assessment of Non-Timber
658 Forest Products Extracted from Sinharaja."

8Unpublished report submitted to the Depart-
Sorg, C.F, and L.J. Nelson. 1986. "Net Eco- ment of Agricultural Economics and Extension,
nomic Value of Elk Hunting in Idaho." U.S. University of Peradeniya, Sri Lanka.

Forest Service Resources Buletin RM-12. Fort Wilkie, D.S. 1989. "Impact of Roadside Agri-
Collins, CO: U.S. Forest Service, culture on Subsistence in the Ituri Forest of

Sorg, C.F. and Loomis. J.B. 1986. "Economic Northeastern Zaire." American lournal of
Value of the Idaho Sport Fisheries with an Physical Anthropology 78:485-94
Update on Valuation Techniques." North Wilkie, D.S., and B. Curran. 1991. "Why do

American Journal of Fisheries Management. Mbuti hunters use nets? Ungulate Hunting
6:494-503. Efficiency of Archers and Net Hunters in the

Stoll, J.R. and L. Johnson. 1984. "Concepts of Ituri Rain Forest." American Athropologist
Value, Non-Market Valuation, and the Case of 93:680-689.
the Whooping Crane." Transactions of the Willis, K. 1991. "Recreational Value of the

North American Wildlife and Natural Resources Forestry Commission Estate in Great Britain."
Conference 49:382-93. Scottish Tournal of Political Economy 38(1):58-

Thorbjarnarson, J.H. 1991. "An Analysis of the 75.
Spectacled Caiman (Caiman crocodilus) Harvest
Program in Venezuela," in K. H. Redford and J.
G. Robinson, eds., Neotropical Wildlife Use and
Conservation. Chicago: University of Chicago
Press.

32 Environment Department Papers



Environment Depcjrtment
The World Bank
1818 H Street, N.W.
Washington, D.C. 20433
202 473 3641 202 477 0565 FAX

Printed on 100% post-consumer recycled'paper


