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Preface

Human Use and Economic Evaluation (HUEE) procedures provide means for
determining both the extent of human uses of wildlife and the dollar
values of these uses. These procedures were developed and are intended
for use in conjunction with the Habitat Evaluation Procedures (HEP) (102
ESM). The HEP and HUEE together with the Habitat Suitability Index
Models for Use with the Habitat Evaluation Procedures (103 ESM), provide
a complete set of procedures for field staff to use in making
assessments that involve wildlife resources.

The HUEE procedures are designed for use by field staff, principally
biologists, assigned to evaluate the impacts of water and non-water
resource development projects. These procedures may be applied in field
studies without the assistance of economists or recreation planners.
However, to apply advanced methods such as the travel cost method (TCM)
or contingent valuation method (CVM), the assistance of a specialist,
such as an economist or recreation planner is needed. This assistance
may be obtained from the lead planning agency; other Federal or State
agencies, specialists within the Fish and Wildlife Service,
universities, or private consultants.

The HUEE procedures incorporate a concern for wildlife in that special
attention is given to the levels of use which wildlife can tolerate,
regardless of the method or methods applied.

More detailed information on bio-economic analysis of wildlife is

provided in Appendix A. This information is useful for obtaining
increased understanding of this evaluation process.
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Chapter 1. Introduction

Changes in habitat may increase or reduce wildlife populations available
for human consumptive or nonconsumptive uses. HEP (102 ESM) is designed
to display impacts on piotic resources and HUEE converts these impacts
on habitat and wildlife species into effects on projected human uses of
these populations.

Data produced in a HUEE analysis are used primarily to compare the
effects of proposed actions on human uses of wildlife. These data also
may be utiiized in benefit/cost (B/C) analyses developed by a Tlead
planning agency or project sponsor,

This manual provides technical information and data useful in completing
a HUEE study. The concepts and procedures presented should be applied
in conformance with agency guidelines and regulations. Thus, for
example, a HUEE study of changes in potential use may be completed,
technically, without considering access to wildlife but the respective
agency internal and external directives should be followed to assure
consistency of a given study with these directives.

The Unit Day Value (UDV) procedures presented in Appendix B may be used

by a biologist to develop a systematic evaluation of the uses of wildlife
However, the application of advanced methods such as TCM or

CVM produces more statistically reliable values. The information and

data developed by applying one or more advanced methods in a study are

more extensive than with the UDV and provide substantial documentation.

In addition, other values associated with wildlife such as values

arising from the continued existence of these resources, irrespective of

use, can be estimated by applying an advanced method (CVM). Such values

cannot be estimated with the UDV approach.

HUEE Forms 1107 and 1108 (Appendix B), may be completed by biologists to
provide data reflecting impacts on wildlife. These forms should be
completed for all significant projects, whenever a B/C analysis is
performed, to facilitate the incorporation of these impact data into the
study. However, additional HUEE forms would be needed if demand is to
be addressed.
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Chapter 2. Relationship of Biological Productivity to Human Uses

Use and =conomic evaluations start with consideration of a unit of use,
such as a day of deer hunting. This unit of use is subject to two
conditions: (1) a human desire (or demand) for this type of hunting;
and (2) the availability or prospect of availability (supply) of deer
for harvest. Demand, therefore, originates with a human desire to use
wildlife in some fashion. Supply, on the other hand, depends on the
harvestable or usable population of deer. The biological productivity
of the species constrains the number of animals available for both
consumptive and nonconsumptive use. The population eventually will
decline if the combination of consumptive (in this example, hunting) and
non-consumptive uses (such as hikers observing deer) exceeds the
capacities of the herd to sustain such uses. The capacity of the deer
herd to sustain the various human uses constrains or limits the human
uses.

Biological productivity (supply source) can be determined in various
ways, including population data or prediction models. The most
desirable method is to use sustainable yield numbers based on animal
population data. In this case, the availability of harvestable animals
can be determined directly from population data and the projected use
calculated from information, such as the number of hunters per unit of
animals or the number of fisherman days per unit of fish. Population
data may be available for baseline conditions, but predictions of
anticipated population levels are usually difficult to make. However,
the same method for determining biological populations and harvest
should be used for both baseline and future conditions because
significant errors are otherwise Tikely to result, due to differing
assumptions in population-predicting models.

Relatively few models are available for predicting animal numbers. An
example 1is the National Reservoir Research Program which developed
predictive models for fish populations in warmwater reservoirs (Jenkins
1976). Such models can be used to estimate baseline and future
population 1levels. State and Federal agencies may provide local
predictive models for selected wildlife species.

Predictive models will not be available, in most instances, for all
species of interest. It is possible, however, to predict wildlife
populations and harvest by use of Habitat Unit (HU) data derived from
predictive habitat suitability index (HSI) models that are described in
HEP (102 ESM). Some States (e.g. Missouri) have developed tables for
converting HU data to population numbers for some common species. HU
data must be converted to predicted supply before these data can be used
in the economic analyses.
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Chapter 3. Procedures for Evaluating Uses of Wildlife

3.1

Approach. One or more of the following methods or approaches may
be selected for a HUEE study. For example, both TCM and CVM could
be applied to provide extensive documentation if needed for a large
or controversial project, assuming funds were available. An
advanced method such as TCM or CVM might be selected if recreation
is an important project component relative to other outputs and
costs, or if specialized or unique recreation activities would be
potentially affected.

The UDV approach could be used if less precise values are accept-
able and substantial documentation is not needed, or if funds are
limited. Finally, Forms 1107 or 1108 may be completed if only
impacts on wildlife are to be considered without regard to human
needs or demands for use of the resource being evaluated.

For many studies, value data or models from previous research can
be used in a HUEE study. For example, "unit values" from a
relevant TCM study may be used in a UDV approach. In this case,
the "unit values" from the TCM study may be used instead of the
values usually developed with the UDV (Appendix C). However,
specialized assistance or advice is generally needed when
considering the potential use of existing values or models
developed by applying advanced methods in previous studies.

Overall, the method or approach selected should be based on a
balance between the relative importance of the potentially affected
wildlife and recreation, the advantages of the respective
approaches, and cost considerations.

The objective, regardless of the method used, is to estimate the
net willingness to pay for each potential increment of output. The
net willingness to pay for recreation includes entry and use fees
actually paid for site use, plus the dollar value accruing to the
recreationist, above costs or expenditures. The change in total
consumer and producer surplus or profit estimated for the project
is compared with construction and other project costs. If the
increased benefits exceed construction and other costs, the project
has a positive benefit/cost ratio.

A. Travel Cost Method (TCM). The TCM is based on observations of
the travel, behavior of users and the costs of travel. These
two factors are combined to determine user willingness to pay
for various recreational activities. The assumption is made
that when other considerations remain equal, per-capita use of
a recreation site decreases as time and out-of-pocket costs of
travel to the site increase. A demand curve is derived, using
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Chapter 3. Procedures for Evaluating Uses of Wildlife

the variable costs of travel and the value of time &s proxies
for price, that reflects the willingness of users to pay for
additional increments of recreational activity. This method
may be used to develop a site-specific study or a regional
economic model. However, the TCM is not used if: ( 1) use is
not estimated by a technique relating trip-generation to
distance to the site; (2) there is, insufficient variation in
travel distances to allow parameter estimation (e.g., urban
sites); or (3) the project site is typically only one of
several destinations visited on a single trip.

B. Contingent Valuation Method (CVM). The CVM is wused to
estimate changes in the dolTar value of recreation and is
based on responses of users to various questions concerning
resource use. Individual households are queried about their
willingness to pay for changes in the quality and quantity of
recreation opportunities at a proposed site. Individual
values may be aggregated for all users in the study area.
This method may be applied to a site-specific study or a
regional model. Survey studies are expensive and regional CVM
models should be developed, if possible, to make site-specific
studies less costly. All survey forms used by Federal
agencies are subject to the clearance procedures of the Office
of Management and Budget.

C. Unit Day Value Method (UDV). The UDV relies on expert or
informed opinion and Jjudgment to estimate the average
willingness of recreation users to pay for their activity. An
approximation of the dollar value of recreation activities is
obtained by applying, to estimated use, a carefully
thought out and adjusted unit day value. The UDV has the
simplest conceptual basis of the three methods but from it one
develops the least reliable values.

D. Forms 1107 and 1108. Completion of these forms (Appendix B)
would provide data showing potential impacts on the
sustainable uses and value of wildlife. However, these forms
do not consider human demands, if any, for use of this
resource.

3.2 Biological Productivity Limits. The approaches described in
Sections A, B, and C, above, can be utilized to determine baseline
and future recreational uses of wildlife resources. Predicted uses
cannot be sustained if they exceed the capabilities of the habitat
and species to support that level of use. Environmental factors
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Chapter 3. Procedures for Evaluating Uses of Wildlife

that can constrain use, e.g., habitat productivity, availability,
stability, and species tolerance to human activities, should be
considered.

Biological limits can be calculated by completing Forms 1107 and
1108 wusing incorporating data generated in a HEP analysis.
Potential use data, combined with biological limits, assures the
development of evaluations that reflect sustainable use in an area.
The availability of wildlife for human uses on a sustained basis
should be evaluated regardless of the method used.

Release 1-85 104-ESM-3-3 August 1985
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4. HUEE Evaluation Process

A HUEE study focuses on the relationship between the availability or
capabilities of wildlife to sustain use, which may be affected by a
proposed project, and the demands or needs of humans for use of this
resource. The concepts dinvolved in the HUEE evaluation process are
discussed with illustrative numerical examples.

4.1 Overview.. A HUEE study measures changes in uses of wildlife
including recreational, commercial, scientific, and educational
activities. Both consumptive and nonconsumptive uses are included
(Figure 4-1).

There are two distinct “"paths" or sequences in the HUEE evaluation
process (Figure 4-2). The left hand series of blocks in the
diagram lead to the estimation of supply, or the uses that the
animal population can sustain. The adjacent series of blocks,
beginning with Existing Human Use, reflects the potential needs or
demands of humans for the various uses of the wildlife species.

Either Habitat Units (HU's) or animal population data can be used
as inputs to estimate sustainable use levels. All potential human
uses or demands are summarized and compared with the use
sustainable by the species. Each proposed action is compared to
the future-without-project conditions.

The relationship between potential uses and biologically based
1imits is shown 1in Figure 4-3. This example represents one
configuration of use and productivity curves; the actual shape of
these curves will vary by species from project to project. The
shaded area on Figure 4-3 represents the amount of use that is
sustainable during the 1ife of the project. The important
consideration is that after use and productivity are plotted, the
data on use that will be projected or planned for the alternative
and utilized in the valuation are represented by that area in
Figure 4-3 defined by the lower limits of both use and productivity
curves. Project-related changes in unused resources (supply
surplus), or in the demand above that is supported by the resource
on a sustained basis, do not enter directly into the HUEE analysis.

A. Sustainable Use--Supply. The HU's derived from HEP can be
used in conjunction with these procedures as one method for
setting 1imits based on biological productivity (a population
productivity model is another method). The first step in
determining this biological Timitation using HEP data is to
convert the data obtained in a HEP analysis into use-days.
The two types of information needed for this conversion are:
1) the number of HU's required per animal for the species; and

Release 1-85 104-ESM-4-1 August 1985
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HUEE Evaluation Process

4.

Impact
nalysis™

———Baseline conditions ———w——— Future conditions —— - ,

Sasn 4ay3o
pue
LJENET

*$S92044 uolLjenieAl 3J3NH

"¢~y d4nbLy

Ty T4 TV uefd
Ylim paueduiod
ueid 3noy3in

puewa(

ue|d jnoy} 1M
asn uewny
ajqeutelsns
pajodafouay

J

weTd
g uejd

l\\\\\\\\\\\\\i

poyiauw
anjea Aep jiun
P3tiiPOW

Apnys angea Aep 3Lun
Apnys

v ueid

Ue{d IN0GI M
asn
uewny
feriuajod

Kddng

g ueid

ue|d Inoyjtm
asn a|qeutelsns
1e43ua30d

asn
ueuny
Bugisixy

t

asn

ajqeuteysnsg

uoyjenjes Juaburjuod
ApN3s 31502 |8Aeu]
L9pout jeuotbay

Traload 75al0ad
324N0534 334N0Sau
J437eMUON J91eM

i

A3LAL3onpoad
$3123dg

<

(uorjeqndod 4o nH)
Af311enb pue A3 juenb
sa|dads

104-ESM-4-3 August 1985

Release 1-85



104 ESM 4.1

HUMAN USE AND ECONOMIC EVALUATION

0

4.

“94LIPLLM 30 sasn uewny bBupjrwt] A31Aar3onpoad eosibojorg “g-¢ a4nbiy

(s4eak) ajL) 399foud

0ot 1

o

e

asn
pauueld

(Aiddns) asn 03 s3Lwil

(puewsp)
asn |eL3ualod

oot

sAep-asp

104-ESM-4-4 August 1985

Release 1-85



HUMAN USE AND ECONOMIC EVALUATION 104 ESM 4.1A

4. HUEE Evaluation Process

2) the relationship between the species population and sustainable
use. Additional population data required to develop this
information should be sought from any appropriate source, but
particularly the State wildlife agency.

In the HEP analysis the Habitat Suitability Index (HSI) s
multiplied by the area of available habitat to obtain HU's. The
number of animals per HU is multiplied by the total number of HU's
to obtain the estimated population size. The relationship between
these values is illustrated for white-tailed deer in Table 4-1,

Table 4-1. The use of HEP data to estimate the number of white-tailed
deer an area can sustain.

AvailabTe
Target Area HSI Total Deer Total Pop-
Cover Type Year (Hectares) Value HU's per HU ulation
Bottomland Baseline 1,000 0.75 750 0.12 88
hardwoods

1 500 0.75 375 0.12 44

20 500 0.15 75 0.12 9

100 500 0.15 75 0.12 9

The link between the total species population and the amount of
consumptive use that can be supported is the sustainable harvest
rate and the use-days per animal. The harvestable population
multiplied by the number of use-days of effort per animal yields
the total sustainable number of use-days. This relationship is
shown in Table 4-2.

The population data are converted to sustainable use 1level for
baseline conditions and for each target year for proposed actions
and without-project conditions. Values for intervening years are
extrapolated from the target year data. These data can be graphed
to form a sustainable use curve (Fig. 4-4). The area under the
curve provides a measure of the total use that can be provided
during the life of the project. The number of sustainable use-days
that are generated by a given number of HU's should be determined
by consulting with species specialists and by using data available
from State wildlife agencies, the U.S. Fish and Wildlife Service,
the National Marine Fisheries Service, and other agencies.

Release 1-85 104-ESM-4-5 August 1985
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4. HUEE Evaluation Process
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Figure 4-4. Number of use-days of deer hunting available (supply)
during the project life. Without-project conditions are the same
as baseline conditions in this example.
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4, HUEE Evaluation Process

Table 4-2. The relationship of white-tailed deer harvestable
populations to sustainable use.

Total Sustainable
Target Deer Harvestable Use-days Use-days
Year Population Populations Per Deer of Deer Hunting
Baseline 88 29 7.3 212
1 44 15 7.3 110
20 9 3 7.3 22
100 9 3 7.3 22

The sustainable use curve (supply) limits the amount of use
(demand) that an area can sustain for a given activity. The
sustainable limits (use curve) should be used to constrain the
projected uses if a model or method is utilized that does not
consider biological Tlimits (Fig. 4-5). The projected or
planned use that should be considered in the analyses is shown
by the shaded area.

B. Potential Use--Demand. The potential use or demand curve for
human use for each species must also be estimated for each
target year. The same "Without Project" demand curve may be
also used for all proposed actions since the desires for use
of wildlife are unlikely to be significantly affected by most
projects. A proposed action, however, may result in large
population influxes or other demographic changes that would
change the level of demand.

The potential use or demand curve estimates or projections of
desired use days should be based on current and expected
hunting trends in the project area, population trends and
trends in other demographic variables (sex, age, income,
etc.). Various approaches to projecting demand may be used
including graphic techniques (drawing a Tine through his-
torical data), or an electronic calculator.
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Figure 4-5. Determining projected use from potential deer use
constrained by species productivity.
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4. HUEE Evaluation Process

C. Planned or Projected Use. The lesser of Sustainable Use and
Potential Use in any given year is termed Planned Use. This
Planned or Projected Use is carried forward for each proposed
action in the remainder of the analysis.

4.2 QOutputs. The use-days and dollar values estimated for the life of
the project are utilized to produce four sets of output data:

1) Average Annual Use (AAU);

2) Average Annual Worth (AAW);

3) Present Worth (PW); and

4) Average Annual Equivalent Value (AAEV).

The terms "worth" and "value" have identical meaning in the con-
text of these output data. Annual Worth is the dollar value of an
activity that takes place during one year. Cost, benefit, and
externality values, after the beginning of the project life, are
assumed to occur at the end of each year, even though they may
actually accrue throughout the year. Costs and benefits that occur
during project construction are assumed to occur at the beginning
of each year because facilities must be in service the entire year
before benefits or investment costs can accrue for that year. The
evaluation combines changes in use and values that occur during
project construction with those that occur during the operational
phase of the project.

A.  Average Annual Use (AAU). The AAU is estimated by activity
for each proposed action and for conditions without the
project. Use-days are determined for selected target years
during the life of the project and interpolated to develop
use data for the remaining years (Table 4-3). Use data are
summed for the 1ife of the project to determine the total
use-days. The AAU, throughout the 1ife of the project, is
determined by dividing the total use-days by the number of
years. Average annual use-day calculations are not usually
applicable to commercial uses of wildlife.

B.  Average Annual Worth (AAW). The AAU is multiplied by the unit
value of one use-day for the activity to determine the AAK.
For example, the AAW of 145 days of deer hunting, at $3.00 per
use-days equals $435.00 (Table 4-3). The $3.00 per use-day is
selected from a range of values using weighted criteria and
following the instructions for calculating unit dollar values
for recreation (Appendix C). Alternatively, advanced methods
can be applied to estimate the value of recreationral
activities.

Release 1-85 104-ESM-4-9 August 1985
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4. HUEE Evaluation Process

Table 4-3. Determination of Average Annual Use and Average
Annual Worth from target year data and unit value.

Annual worth

Year Days of deer hunting $

Target year 1 100 300
2 105 315

Interpolated { 3 110 330

4 115 345

Target year 5 120 360
6 140 420

7 160 480

Interpolated

8 180 540

- 9 200 600
Target year 10 _220 _660
Total 10 years 1,450 days x $ 3.00 = 4,350

Average Annual Use = total days of hunting + years = 1,450 + 10 = 145 days of
(AAU) deer hunting per year during the 1ife of the project.

Average Annual Worth = AAU x Unit Value for one day of use = 145 days of
(AAW) use x $ 3.00 = $ 435.00.
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4. HUEE Evaluation Process

The AAW also can be computed by summing annual worth data for
the life of the project and dividing the sum by the number of
years. Annual worth data are obtained by multiplying annual
use by the unit value for one use-day for the activity.

The net annual profit for a commercial activity is considered
the annual worth of the activity. Annual worth of commercial,
recreational, or other activities are summed when correspond-
ing uses, i.e., commercial and recreational fishing, occur for
the same species. The combined annual worth is averaged over
the Tlife of the project to obtain the AAW. The combined
annual worth data are used to calculate annual worth. (See
Section 4.3 - Commercial, Scientific, or Educational Uses.)

C. Present Worth (PW). The PW is determined by discounting the
annual worth for each year in the life of the project and then
summing the discounted values. This calculation provides a
value ($) for the activity that is directly comparable to
values at the start of project operation. Annual worth is
multiplied by a factor or factors from an Interest and Annuity
Table (Appendix D) or discounted by use of a computer program
to obtain PW data.

Table 4-4 illustrates the calculation of discounted annual
values by using factors from an Interest and Annuity Table.
Alternatively, annual values may be discounted by solving an
equation such as:

a t
PW = F AWt (1+i)” (1)
=]

where PW = Present Worth
n = number of years in the life of the project
t = year

AW = Annual Worth
(1+i)'t = discounting factor

i = discount rate
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The equation solved for the above example of deer hunting,
assuming a 6% discount rate for the project, is:
i= 0.06, n=10, AW

= 300, AW, = 315, AW, = 330, etc.

1 3

10 10 )
PW = z AWt(1 + .06)-t = z AWt x 1.06-t = $3,061
t=1 t=1

Table 4-4. Calculating Present Worth of deer hunting over
10 years by discounting Annual Worth data

Discounted

Annual Worth Discount factor® Annual Worth
Year $ (1+1)-t $
1 300 X 0.943396 = 283.02
2 315 0.889996 280.35
3 330 0.839619 277.07
4 345 0.792094 273.27
5 360 0.747258 269.01
6 420 0.704961 296.08
7 480 0.665057 319.23
8 540 0.627412 338.80
9 600 0.591898 355.14
10 660 0.558395 368.54
Total (Present Worth) 3,060.51

3Factors taken from 6% Interest and Annuity Table.
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The discount rate used for the project should be obtained from
the lead agency or project sponsor. The discounting process
applies to costs or benefits incurred during the life of the
project. Changes in the value of use that occur in the
Prestart Period before project implementation are adjusted to
PW by the addition of interest during the construction period
(Appendix E - Prestart Analysis).

D.  Average Annual Equivalent Value (AAEV). The AAEV is calcu-
lated by amortizing the PW over the Tife of the project; this
spreads the project benefits evenly over time. The formula
used to calculate the AAEV is:

AAEV = PW _ i(1+i)"

(2)

(1+i)" - 1
where AAEV = Average Annual Equivalent Value
PW = Present Worth
i = discount rate
n = years

The AAEV for the deer hunting data in Table 4-4 is:

0.06 (1.06)0
— 0

AAEV = § 3,061
1.06

3,061 (0.1359)

-1

$416

The AAEV and the AAW are identical for any single year and will
remain constant when the AAW, including commercial values, is
projected as a straight (horizontal) line for the 1life of the
project. The AAW may be substituted for AAEV in a HUEE evaluation
when the straight (horizontal) line projection exists. Values for
the construction and operation phases of a project are summed when
the PW or AAEV are used to evaluate monetary impacts for both time
periods.
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4.3 Commercial, scientific, or educational uses. The method for
evaluating commercial uses presented in this section applies where
significant commercial or similar uses of wildlife occur or are
expected to occur as a result of project implementation.

This method may be used to determine the dollar value of all com-
mercial uses of wildlife, including consumptive uses such as
fishing and trapping and non-consumptive uses such as photography
or wildlife tours. Scientific or educational uses of wildlife also
can be evaluated based on the net "profit", which is the difference
between the amount that the users are willing to spend and the
amount actually spent to use the wildlife.

The net value of the output (or harvest) to the user (that is,
returns less associated costs of production or harvesting) for each
alternative and for without-plan conditions is estimated in
evaluating commercial uses. Costs considered in the analysis
include both variable expenditures per unit of product (e.g., fuel
costs) and fixed costs (e.g., equipment depreciation).

The present commercial use of wildlife should be based on actual
use data or information on historical trends. This information can
be used to project use throughout the life of the project, unless
changes in patterns of use are expected. Commercial use data,
including annual harvest rates, use-days, license sales, harvest
and production costs, ex-vessel or other prices for goods, and
resource productivity, may be available from appropriate Federal,
State, and local agencies, universities, and private research
organizations.

Adjustments may have to be made in commercial evaluations when
trapping animals for pelts is involved. Fur trapping often is
pursued both for recreation and profit (the net return from the
sale of pelts). Data on the recreational values associated with
trapping may be found in study reports pertinent to the area,
determined by a survey of area trappers, estimated using the UDV
(Appendix B), or determined with the CVM. The recreational values
of trapping are added to the net pelt values to obtain the total
commercial value of trapping. The total trapping value is added to
the total recreational value to provide the total dollar value of
all uses of the species.
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4.4

The economic value of using wildlife as environmental "indicators"
(Wild1ife Management Institute undated) may be estimated as the
difference between the costs of using a species for this purpose
and the cost of purchasing, installing, and operating machines to
measure the changes in environmental conditions (e.g., fish used
instead of machines to measure aquatic contaminants).

There may be harvestable populations of wildlife in a project area
that are not currently being utilized. Project-related changes in
this resource surplus may not have a measurable impact on
commercial activities in the project area. When this occurs, there
will be no net economic gain or loss associated with the project.

Externalities. Secondary effects of the human use of wildlife

resources may occur due to project implementation. When
applicable, these externalities should be added to recreational and
commercial values. Externalities can occur as either technological
or monetary effects and can accrue to individuals, groups, or
industries.

Technological externalities may arise when a new or improved
technology is developed or employed as a direct result of the
project. Increased profits to an industry or individuals producing
an animal by-product (e.g., hide, o0il, or scent), by means of a
process not possible without the project, is one example of a
technological externality. Benefits of this kind can be expressed
as a reduced average production cost per unit of output or as
increased gross output multiplied by a profit ratio for the
industry. Technological externalities are rare when wildlife
resources are involved and benefits, if present, are likely to be
relatively small.

Monetary externalities are project-induced price or cost changes.
These changes generally reflect distributional shifts rather than
increased use efficiency or output and are not included in the
evaluation.

Specialized assistance may be needed to estimate the value of
externalities, if significant.
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4.5

Impact analysis . Changes in human recreational, commercial,

scientific, and educational use of wildlife resources, and the
associated dollar values, can be measured with a variety of
methods. Data from these various methods are converted into common
terms that can be used to predict and compare impacts that result
from project implementation.

The AAU in use-days, AAW in nondiscounted dollars, and PW and AAEV
in discounted dollars can be displayed for each alternative project
plan. The monetary impacts of any alternative can be obtained by
comparing future conditions with and without the proposed action.
This comparison reflects the relative monetary impact of a
particular proposed action on the human use of wildlife resources.

The AAU data provide the basis for comparing project impacts on
recreational uses of species or species groups. The AAW, PW, and
AAEV reflect the effects of proposed actions on the dollar values
of recreational and other uses of a species.
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This appendix provides additional information on bio-economic analysis
of wildlife. It is included to provide the reader with an opportunity
to better understand the concepts, methods, and data wused in
bio-economic evaluations involving wildlife.

This information was prepared by Dr. John B Loomis, Economist, Western
Energy and Land Use Team, during an Intergovernmental Personnel Act
assignment, under contract to the US Bureau of Land Management The
objective of this Appendix is to expose the reader to the variety of
bio-economic procedures used by various Federal agencies. An additional
objective is to elaborate on the concepts discussed in HUEE and provide
additional references for those desiring a detailed discussion of a
particular issue. This Appendix is neither a cookbook nor an exhaustive
treatment of all of the issues.

FEDERAL REQUIREMENTS FOR WILDLIFE ECONOMICS

Most Federal agencies are required by one or more Instruction Memo-
randa, Planning Regulations, or Benefit-Cost Guidelines to translate the
biological effects of some action into economic values. The Bureau of
Land Management's "Final Rangeland Improvement Policy" (Bureau of Land
Management, 1982) indicates that "willingness to pay" values for
wildlife need to be developed so they can be utilized with livestock
values in the SAGERAM Program (a program for ranking of alternative
rangeland investments). The U.S. Forest Service's "National Forest
System Land and Resource Management Planning" (U.S. Forest Service,
1982) procedures require forest plans to estimate the "Present Net
Value" of all resources having an established market value or an
assigned value Wildlife recreation has a dollar value set by the Chief
of the Forest Service. This value is initially developed from existing
research on the economic value of wildlife recreation. The Present Net
Value (in dollar terms) has become one of the U.S. Forest Service's key
criteria in comparing planning alternatives and in determing what
represents "maximum net public benefits" (Peterson, 1983).

The need for economic valuation of wildlife recreation has recently
become even more imperative for Federal agencies involved in water
resource development projects. On March 10 1983, the "Environmental
Quality" objective was eliminated from the U.S. Water Resources
Council's Principles and Standards. The new benefit-cost procedures,
called the "Principles and Guidelines" require agencies to select the
alternative plan with the greatest net economic benefit, ie, maximum
Present Net Value (U.S. Water Resources Council, 1983). The Federal
agencies under the purview of these new "Principles and Guidelines"
(U.S. Army Corps of Engineers (Corps), Bureau of Reclamation (BR), Soil
Conservation Service (SCS), and Tennessee Valley Authority) are required
to present only the economic effects of alternative plans Inclusion of
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the environmental effects in the Environmental Quality account is only
necessary when required by Tlaws and regulations other than the
Principles and Guidelines. Thus, if the effects on wildlife habitat and
populations are to be fully reflected in the benefit-cost aspect of
water development project studies, biological effects must be translated
into economic effects

The bio-economic evaluation concepts and methods discussed in the
appendix are applicable to any study. However, the actual procedures
and critical assumptions that must be followed by Corps, BR, and SCS
planners in conducting benefit-cost analyses are detailed in their
internal guidance documents. Before examining the benefit-cost aspects
of any project, the investigator should discuss the project with the
agency's planners and obtain copies of the current economic procedures
they are required to follow.

MEANING AND MEASUREMENT OF ECONOMIC VALUE OF WILDLIFE LIFE

Much unnecessary confusion exists among wildlife managers, conserva-
tionists, and even some misinformed economists over what constitutes an
economic value. Much of this confusion stems from failure to identify
what questions the economic analysis will be answering. The financial
value to the State Game Department is different than the local economic
impact from hunter expenditures, and both are quite distinct from the
values to the recreationist or the nation. This appendix provides a
field guide allowing the biologist to match questions to be answered by
the analysis with the dollar” values that can be used to answer the
questions.

FINANCIAL VERSUS ECONOMIC VALUE

Many public and private decisionmakers confuse financial values with
economic values. Financial values reflect only revenue or sales
received by firms or public agencies (ie, cash changing hands) Economic
values are much more general, financial values are a subset of economic
values. For any good or service to have an economic value, it must have
two properties. It must provide at least some consumers (but not
necessarily all) satisfaction or enjoyment. Second, the good or service
must be scarce in the sense that at a zero price (free) recreationists
want more than is available. Wildlife certainly meets both of these
properties. Some wildlife recreation opportunities are so scarce they
can occur only once in a lifetime, as in the example of bighorn sheep
and mountain goat hunting permits.

Figure 1 illustrates what Randall and Stoll (1983) call a "Total Value
Framework." The financial value of wildlife reflects a portion of the

Release No. 1-85 104-ESM-A-2 August 1985



HUMAN USE AND ECONOMIC EVALUATION 104 ESM A

Appendix A. Bio-Economic Analysis of Wildlife

Recreational

Existence

Bequest

Figure A-1. Total value framework.

Release No. 1-85 104-ESM-A-3 August 1985



HUMAN USE AND ECONOMIC EVALUATION 74 ESM A

Appendix A. Bio-Economic Analysis of Wildlife

social benefits, (defined in terms of willingness to pay) of recrea-
tional and commercial uses of wildlife. Even in the cases of commercial
fisheries or commercial recreation, the economic benefits received by
the consumer exceed the revenue or income (ie, financial values) to the
firm.  This "consumer surplus" must be taken into account in
benefit-cost analysis to provide accurate recommendations about the
change in social well-being associated with a management action (Sassone
and Schaffer, 1978). In addition to the citizens' economic values of
recreation and commercial uses of wildlife, there are many off-site user
values. These include option, existence, and bequest value. Option
value refers to an individual's willingness to pay to maintain the
current wildlife recreation opportunities in the face of possible
irreversible losses of such opportunities. Option value can be thought
of as an insurance premium people would pay to insure that wildlife
recreation opportunities are available in the future, if in the future
they decide to engage in wildlife recreation. Existence Value is the
economic benefits received from simply knowing what wildlife exist.
Bequest value 1is the willingness to pay or economic benefits of
providing wildlife resources to future generations.

These off-site user values were originally presented in the economics
literature by Weisbrod (1964) and Krutilla (1967). The values have been
measured using the Bidding Method for bighorn sheep and grizzly bears by
Brookshire, Eubanks and Randall (1984). They have also been measured
for water quality, air quality, and wilderness by Walsh et al. 1980,
Brookshire et al., 1982, and Walsh et al. 1984. While option and
existence values may be present for manufactured consumer goods, Randall
and Stoll (1983) claim those values are Tikely to be, at the margin,
empirically insignificant in size compared with scarce wildlife species.

This relationship of economic and financial values for wildlife is con-
fusing to managers used to dealing only with marketed resources such as
coal or timber. For these marketed resources, the ecoiiomic and
financial values are almost synonymous. They differ only in the extent
to which the timber harvesting is subsidized or that coal mining results
in loss of environmental quality not fully mitigated by reclamation.

What is relevant for public decisionmakers at the Federal, State, and
county level are economic values not financial values. One
Justification for State ownership of wildlife and Federal ownership of
land is that managing wildlife resources using only the financial values
generated in the private sector would result in a misallocation of
resources making everyone, on average, worse off. The conditions under
which reliance solely on market prices flowing from financial
transactions makes society worse off were formalized by Francis Baton
in his article entitled "The Anatomy of Market Failure" published in
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1958. Financial values (sales revenue, profit) are only useful in this
context for answering questions about profitability of guide services or
retail outlets dependent on Federal Tland resources. More will be
presented on economic valuation later in this appendix.

BIOLOGICAL-RECREATIONAL-ECONOMIC RELATIONSHIPS:  OVERVIEW

As discussed in the introduction, there is a recognized need to
translate biological effects of habitat and range management practices
into economic values. In response to this need, several governmental
units have developed bio-economic procedures to translate impacts on
habitat or wildlife populations to change in wildlife recreation use
days. Five sets of procedures known to the author that can be
implemented by field biologists include: (1) u.S. Fish and Wildlife
Service's "Human Use and Economic Evaluation (HUEE) system (U.S. Fish
and Wildlife, 1980); (2) the State of Washington Game Department's
nShort Form for Bio-economic Evaluations of Wildlife in Washington
State" (Oliver, Young and Eldred, 1975); (3) the Bureau of Land
Management's Biological Response Approach developed by the Oregon State
Office (4) Suislaw National Forest's Salmonid Fisheries Model (Kunkel
and Janik, 1976); and (5) the Moab District Hunter Bay Short Form
developed by Robert Milton, Moab District, Bureau of Land Management
(BLM) (1983). This form has been developed for big game hunting only.

This discussion will provide an overview of the inventory data needed
for translation of biological effects into economic values and highlight
the similarities of the five approaches listed above. The details of
data collection and manipulation will be covered in Section III. Figure
2 provides a schematic representation of the critical linkages. These
five approaches all have in common the requirement that harvest (or
population) figures be known or estimatable. In the State of
Washington's "Bio-Economic Short Form" and Suislaw National Forests U.S.
Fish and Wildlife Service anadromous fish models biological effects must
be estimated in terms of effects on populations. If population
simulation models are available, the linkage of resource decisions to
populations may be possible. while the U.S. Fish and Wildlife Service's
HUEE analysis and the Oregon approach can model the biological impacts
in terms of population or harvest, both have the capability to convert
changes in habitat variables (e.g., food, cover, reproduction) into
changes in carrying capacity. This is done in such a way, using habitat
models that changes in carrying capacity can often be converted to a
change in population or harvest. Because changes in habitat variables
due to management actions are often easier to predict, this habitat
based evaluation capability may be quite useful in evaluating resource
management plans.
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The next step required in all five approaches is the estimation of wild-
1ife recreation use levels associated with a given number of animals (or
fish) available for harvest. Typically, what is done is the hunter-
days or angler days per animal harvested is multiplied by the management
action induced change in animals available for harvest. It can also be
done for non-consumptive use days per animal or other units observed or
otherwise utilized multiplied by the induced change in animals or other
units available.

Once the change in days of wildlife recreation is known, these days are
multiplied by a dollar value per day. This only yields the economic
effects of the change in wildlife recreation associated with some
biological change not the total economic effects to society as a whole.
Option values and existence values can also be quantified as described
above but at cost that makes it impractical for routine analyses of
Management plan.

There is also considerable confusion among wildlife biologists
recreation planners, and a few economists about the precise meaning and
measurement of dollar values of wildlife. The dollar values
appropriate, e.g. for benefit-cost analysis or SAGERAM or U.S. Forest
Service Resource Planning Act, are quite different than for
lTocal-regional income analysis using multipliers from input-output
models. Given the large degree of confusion and the importance of this
distinction, the fourth section will provide what should be a reasonably
~lear and concise explanation of what types of dollar values of wildlife
are appropriate for the two types of analyses discussed above. Figure 2
provides an overview of four of the five methods for linking wildlife
biology and economics, and also allows for representation of the
continuum of available methods. That is, the five methods provide a
range of analysis techniques varying from quite simple to more complex.
Thus it cannot be said that one approach is better than the other, only
that one approach may be more cost-effective for screening possible
management plans while another may be better suited for in-depth
analysis of the remaining (after screening) candidate management plans.
For example, the BLM Moab District's Short Form requires one to prorate
the hunting days associated with the amount of time the animals are
present on the allotment or area under study. If the animals spend
three months on the allotment in the spring then 25 percent of the
hunter days are attributed to this area. This, of course, assumes equal
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Figure A-2. Overview of bio-economic approaches.
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importance of each habitat type. Habitat models developed by the
USFWS's Habitat Evaluation Procedures (HEP) Group build in the
importance of each habitat component and, therefore, recognize critical
seasons of use much Tlike livestock-economic models. Using the more
detailed habitat models with HUEE may allow one to avoid the assumption
of a constant proration of times to hunter days. But this added realism
is not without its cost in terms of added inventory data to be
collected. For the purpose of making an initial ranking between dozens
of areas for big game habitat improvements it is more cost effective to
use the Moab District Short Form. Once the two or three candidate areas
have been identified for in-depth analysis, then the more realistic HEP
models combined with the HUEE procedures would be warranted. The
general rule is to judge the various approaches by the importance of
having precise answers against the study constraints of time, budget,
and personnel.

Before discussing each approach, it is worthwhile to look at one bit of
inventory data common to all of these basic approaches for determining
the wildlife recreationists' days dependent on or produced from the
wildlife unit under study. The reason this concern is important is that
very few animals may actually be harvested on the area under study. For
migratory animals, big game animals, and fish species, each piece of
habitat contributes something to "producing" a harvestable animal.

The first step is to determine how many of a particular species are
harvested in the study area. This can often be determined by looking at
the State Game and Fish Department's Harvest Books. It may be necessary
to prorate the population or harvest over the wildlife management unit
to the allotment. While an acre per acre proration is the simplest
information on population distribution within the unit will allow a more
accurate proration. Once the number of animals harvested (or
population) in the study area is estimated, the next step is to
determine whether the animals harvested are year-round residents in the
study area or migrants from another area. If they are residents, the
total harvest (or population) will be used as one component. If they
are part-time residents, then one can prorate harvest (or population)
based on time spent on the allotment or the importance of that habitat

in supporting that animal. The key in this latter approach is to ask

the following question "If I took away half of the available area of

this habitat component, would the population fall by one half?" If much

of this allotment's habitat is redundant due to some other habitat type
(in some other season) being the limiting factor, then preparation of
harvest (or population or hunter days) based on time spent on the
allotment may be misleading. Habitat Suitability Index (HSI) models
often can provide this type of information.
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Having estimated the harvest of a given species from the area the second
step is to determine the number of animals harvested elsewhere that
depend on the study area for part of its habitat requirements. For this
step, one basically follows the prorating techniques regarding part-time
residents. Knowledge of the seasonal migration pattern is necessary to
jdentify likely harvest locations of the animals that winter, mate or
calve on the study area that are likely to be harvested. Once again,
either a simple proration based on time in the study area or based on
the importance of the study areas habitat to life requirements of the
species is required.

Table 1 provides a procedure one might follow to do this. A less
detailed approach can be found in the Oregon State Office's Biological
Response Approach.

Next, we will turn to a discussion of three approaches to modeling
biological-economic relationships. We will start with the simplest
approach and progress to the more complex HUEE procedures.

MOAB DISTRICT HUNTER DAY SHORT FORM

BLM's Moab District Short Form was developed by Robert Milton to allow
for a systematic but rapid evaluation of the change in big game hunter
days associated with changes in livestock use levels. Table 2 shows one
of these forms. The first page provides a simple "word model" of the
changes in life requisites or habitat components in relation to habitat
suitability for a particular big game species. The word model keys in
on the critical factors likely to be affected by changes in livestock
uses.

The current model structure does provide some information on limiting
habitat factors such as water, but the importance of that limiting
factor is not explicitly recognized. The model structure assumes that
lack of water can be offset by greater cover, space, or forage. This
assumption may be tenuous. At times information on the specific
limiting factor(s) can be helpful as an aid to biologists in designing
habitat improvements. In the case where water is the limiting factor,
guzzlers would provide the biggest habitat benefits, for example, not
more cover. The model is somewhat deficient in this regard, but could
easily be modified to make the limiting factor concept explicit by
taking the smallest score from each category and dividing it by three.
This would yield a zero to one index but take into account the most
limiting factor. This modification represents an extreme application of
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Table A-1. Procedure for harvest proration.

Section I. Animals Harvested in the Study Area
Enter animals harvested in study area Line 1

Multiply Line 1 by the percent that
are year round residents Line 2
Line 3 (answer)

Number of animals harvested
on site that are migrants
Subtract Line 3 from Line 1 Line 4

Multiply Line 4 by the depend-
ency of these migrant animals
on the study area Line 5
Line 6 (answer)

Subtotal of animals harvested
on study area
Add Lines 3 and 6 Line 7

Section II. Animals harvested outside the study area but dependent on the
study area.

Enter animals harvested in
state wildlife management
area or herd unit adjacent
to or surrounding study area Line 1

Enter percentage of these
animals that spend time
on the study area but
are harvested elsewhere Line 2

Multiply the percentage in
Line 2 by Line 1 and enter
on Line 3 Line 3

Multiply Line 3 by the
importance of the study
areas habftat to the
species (can use time
in study area) - Line 4
Line 5 (answer)

Section III. The total equivalent number of animals harvested that are
dependent on the study area is found by adding Line 5 from
Section 11 and Line 7 from Section I. Total
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