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Abstract 

Everest, Fred H.; Talhelm, Daniel R. 
Evaluating projects for improving 
fish and wildlife habitat on National 
Forests. Gen. Tech. Rep. PNW-146. 
Portland, OR: U.S. Department of 
Agriculture, Forest Service, Pacific 
Northwest Forest and Range 
Experiment Station; 1982. 12 p. 

Recent legislation (PL. 93-452; P.L. 94- 
588) has emphasized improvement of 
fish and wildlife habitat on lands of the 
National Forest System. A sequential 
procedure has been developed for 
screening potential projects to identify 
those producing the greatest fishery 
benefits. The procedure - which 
includes program planning, project 
p I an n in g , and in ten sive ben ef i t/cost 
analysis - has nationwide application 
for both fish and wildlife projects. 
Fisheries and wildlife values are 
difficult to assess and available 
estimates are far from ideal, but better 
estimates are gradually becoming 
available. 

' 
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Introduction 

In the 19703, Congress formally recog- 
nized the potential value of improving 
fish and wildlife habitat on the National 
Forests by requiring comprehensive . 
planning for fish and wildlife on 
National Forest System lands (Sikes 
Act, P.L. 93-452, as extended in 1974). 
USDA Forest Service budgets for 
habitat improvement have grown steadi- 
ly in recent years, and the National 
Forest Management Act of 1976 (P.L. 
94-588) provided the option to use 
Knutson-Vandenberg funds for habitat 
rehabilitation and enhancement within 
designated timber sales. These recent 
actions have enabled forest managers 
to initiate a positive program to 
improve fish and wildlife habitat on the 
National Forests. But because more 
potential projects exist than can be 
com pleted annual I y with existing 
funds, projects that provide the great- 
est benefits must be selected. 

. 

Biologists, economists, and others who 
participate in the planning and selec- 
tion process have difficulty comparing 
project alternatives objectively because 
the range of potential projects is so 
great, and little information has been 
available for estimating expected 
benefits from projects. Thus standard, 
objective evaluation tools, such as 
benefitkost analyses, have been diff i- 
cult to use. Ideally, projects can be 
compared by evaluating the benefits 
and costs of each alternative. Project 
benefits can be defined as the degree 
to which people are better off with the 
project than without it. This can be 
estimated in terms of the aggregate 
willingness of people to pay to have the 
project rather than to go without. 
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BenefiVCost Concepts 

Unfortunately, this information is not 
available for most fish and wildlife 
projects because of the lack of conven- 
tional markets for recreational use of 
fish and wildlife. How willing recrea- 
tional users are to pay for changes in 
the fish and wildlife resource is not 
generally known. Most economic 
studies of recreation are not directly 
usable either because they evaluate 
something other than willingness to 
pay for resource use (such as studies 
of expenditure patterns), or because 
they estimate willingness to pay for 
broad, drastic choices (such as the 
willingness of anglers to pay for a 
State’s entire coastal anadromous 
fishery rather than not have it at all, 
called the “all-or-none” value), rather 
than willingness to pay for the much 
smaller effects of specific projects 
(Talhelm 1980). All-or-none values can 
differ greatly from project values. Even 
the value of fisheries resources to the 
commercial fisheries sector is difficult 
to estimate. The commercial fisheries’ 
net willingness to pay for improved 
fishing would be the market value of 
the additional fish minus additional 
costs of harvesting and bringing them 
to market. The market values may be 
well known, but the costs are not. 

Biologists working in the National 
Forests usually cannot obtain the 
proper kinds of value information for 
each alternative, so they must use short- 
cut procedures and rules of thumb 
instead. Our objective is to explain and 
illustrate some useful procedures for 
planning fish and wildlife programs and 
projects for National Forests, and for 
estimating fish and wildlife values-and 
to contrast all of these with ideal 
procedures. Procedures are iI lustrated 
with a specific example from the 
Siskiyou National Forest of southwest 
Oregon. Before we discuss procedures 
for program and project planning, 
however, we first present a brief 
explanation of benefit/cost concepts 
(adapted from Francis et al. 1979). 

When we ask whether the benefits of 
rehabilitation will exceed the costs, 
what are we really asking? One answer 
is that we are asking whether, over the 
long run, the gains outweigh the costs. 
If so, theoretically, the gainers could 
pay the capital and labor costs and 
compensate any losers so that in the 
end, none would feel worse off and at 
least one group would feel better off. 
This is the same question you implicitly 
ask yourself when you decide whether 
you should purchase any product in 
the market. If you voluntarily purchase 
something at a given price, you do so 
because you think you will be better off 
with the product, and your payment 
will have compensated the producers. 
Both you and the producers have volun- 
teered to buy and sell, so you both 
must have decided the exchange was 
in your best interests. The main 
difference in rehabilitation is that the 
beneficiaries of public decisions may 
not be the only ones who pay the 
costs, and the losers are not always 
compensated. 

Compensation is considered adequate 
for our purposes when everyone feels 
at least no worse off, after the change 
has been produced and compensation 
has been paid. Adequate compensa- 
tion, then, is the minimum required to 
make people who have given up some- 
thing feel as well off as before. In other 
words, it is their willingness to accept 
compensation. In analyzing public 
decisions, economists look at two 
values: the benefits, measured in terms 
of the maximum the public would be 
willing to pay; and the costs, measured 
in terms of the minimum the public 
would be willing to accept as compen- 
sation. These values are easily 
measured in an ongoing market where 
payments are offered and accepted, 
but where is the market for rehabilita- 
tion projects? 

If long-run benefits exceed long-run 
costs, the project is probably a good 
choice for society unless better choices 
are available because the social gains 
outweigh the social costs-a gain in 
aggregate welfare for society. This is 
because if compensation were paid no 
one would be worse off and at least 
some members of society would be 
better off. These gains and losses can 
also be assessed in ways other than 
through economic analysis (such as 
through political processes or Delphic 
methods), and sometimes that is neces- 
sary if the benefits, costs, or both 
cannot be accurately estimated. Accu- 
rate economic benefit/cost analysis, 
however, has the advantage of provid- 
ing confidence that we have arrived at 
the best decision. 

AI thoug h benef i t/cost analyses assess 
social choices in an important sense, 
they do so only in special, confined 
ways. Certain social values or consid- 
erations are usually not addressed in 
benefit/cost analyses. Those considera- 
tions are social equity; human rights or 
other ethical judgments; economic im- 
pacts; and major shifts in social policy. 

Social equity in the economic sense is 
usually thought of as the distribution of 
income or wealth among members of 
our society. Because the benefits and 
costs of projects are measured in terms 
of willingness to pay or to accept com- 
pensation, both of which depend upon 
the current distribution of wealth, all 
benefit/costs analyses depend to some 
extent on current distribution of 
income. The results might differ if 
income were distributed differently. In 
fact, whether or not gainers actually 
pay losers will have some effect on 
income distribution, so even this could 
affect the results of a benefit/cost 
analysis. In addition, i f  the existing 
distribution of income in society were 
considered unfair, then the results of 
any benefit/cost analysis might also be 
considered unfair. The effects of 
income distribution are ignored in 
benefit/cost analyses. But political and 
administrative decisionmaking 
processes often consider, in one form 
or another, the equity effects of income 
distribution. 
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Program Planning 

Human rights and other ethical judg- 
ments are also usually ignored in 
benefit/cost analyses. Obviously these 
are based on human biases, but 
benefit/cost analyses do not attempt to 
distinguish good from bad ethics. 
Political judgments may, however, and 
those judgments can override 
benefit/cost analyses. 

To economists, economic impacts are 
measures of the transfer of income, 
employment, or both from one region 
to another or from one sector of the 
economy to another as a result of some 
change in the economy. You often hear 
about dollars spent by recreationists at 
motels, restaurants, and gas stations, 
or that commercial fisheries not only 
employ the fishers themselves but also 
the processors and perhaps local res- 
taurant personnel. Secondary impacts 
are usually no1 relevant in benefit/cost 
analyses because they are not direct 
measures of benefits or costs, but of 
the location of economic activity. The 
only aspects of economic impacts that 
should be inciuded in benefit/cost 
analyses are the positive or negative 
values of alleviating or causing un- 
employment of capital, labor, or both, 
and the value of progress toward or 
away from any social goal of trans- 
ferring income and employment from 
’one region or economic sector to 
another. Communities and regions are 
often concerned with economic im- 
pacts because they greatly influence 
patterns of local growth and commun- 
ity integrity. These considerations are 
more likely to form part of a political 
judgment than a benefit/cost analysis 
because economists have great diffi- 
culty measuring the values represented 
by such concerns. 

Finally, the “macro” judgments of any 
society are usually considered beyond 
the useful scope of benefit/cost analy- 
sis. For example, the decision to open 
western North America to homestead- 
ing and the decision to put a man on 

the moon by 1970 both represent delib- 
erate political choices resulting in 
major changes for society. These kinds 
of decisions lead to changes that are 
uncertain or even totally unanticipated 
at the outset. The decisions are made 
only because of a strong conviction 
that the ensuing benefits will more than 
offset the costs. A traditional, detailed 
benefit/cost analysis is neither possible 
nor would it increase public confidence 
in the merits of this kind of decision. 
Any major redirection of society or its 
economy will in itself change the 
values we rely upon to estimate dollar 
benefits and costs, thereby reducing 
the reliability of the analysis. 

Social equity and human rights must 
be considered separately and weighed 
against the benefitkost analysis of any 
project. A logical approach would be to 
complete the benefit/cost analysis and 
then to follow any explicit Forest 
Service guidelines, or if these are 
unavailable, to ask an advisory com- 
mittee to rerank projects on the basis 
of human values. Public hearings could 
be held or elected representatives 
might rerank the projects. Obviously, 
any of these processes might result in 
socially worse rankings than the orig- 
inal ones, or the costs of the reranking 
process may be greater than the bene- 
fit received. That social equity and 
human rights values would significantly 
alter many fish and wildlife project 
analyses for National Forest projects is 
unlikely, however. 

Program planning-the initial step-is 
a broad evaluation of the entire range 
of potential projects, with the objec- 
tives of identifying the kinds of pro,’ects 
worthy of more detailed evaiuation in 
the project-planning stage, and under- 
standing how these projects relate to 
each other and to other goals and 
objectives of the Forest and of related 
agencies. Ideally, the benefits and 
costs of each possible project woirld be 
evaluated. In this context, prograr.1 
planning can be viewed as a general- 
ized benef i t/cost eval uqtion , accepting 
or rejecting whole, broad categor-es of 
possible projects to permit the planner 
to concentrate on the most likely 
projects. 

This process is often not even recog- 
nized as a form of benefithost analysis. 
Planners often speak of identifying 
needs and types of projects that would 
meet those needs. On closer examina- 
tion, however, needs are simply results 
likely to be highly beneficial. An area 
with few angling opportunities relative 
to the potential angling effort is spoken 
of as having a deficit of angler days or 
a need of so many angler days. In other 
words, the benefits of providing for 
additional angler days there are likely 
to be great. Quantifying potential bene- 
fits would be a much more precise way 
of understanding need, but shortcut 
procedures are more expedient at this 
stage. 

Identifying Needs 

Program development must be respon- 
sive to local and national needs for 
recreation, commercial fishing, or 
enhancement of habitat for threatened 
or endangered species. Statewide 
comprehensive plans, State fish and 
wildlife plans, and the Endangered 
Species Act of 1973 (P.L. 93-205) are 
examples of documents that can be 
used to identify needs for habitat 
improvement. 
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Table 1 - Deficits in catch of anadromous and resident salmonids in southwest 
Oregon in 1980, and Siskiyou National Forest’s potential to eliminate deficits by 
enhancing habitat 

Deficit 
Salmon ids Enhancement 

Number of fish Activity-days potential 
caught 

Spring chinook 
Fall chinook 
Coho 
Summer steelhead 
Winter steelhead 
Cutthroat 

Trout in streams 
Trout in lakes 

ANADROMOUS 

400 
1,000 
1,000 

400 
1,000 

300 

RESIDENT 

18,000 
74,000 

3,000 
6,000 
1,000 
3,000 
5,000 

300 

7,000 
30,000 

Low 
High 
Medium 
Low 
High 
High 

Low 
Low 

An example from southwest Oregon il- 
lustrates how these needs are identi- 
fied. Data in the Oregon Statewide 
Comprehensive Plan (USDA Forest 
Service 1976) indicated that a deficit in 
supply of most anadromous and 
resident salmonids occurred within the 
State in 1980. The most serious deficits 
in southwest Oregon were associated 
with fisheries for fall chinook salmon, 
coho salmon, winter steelhead, and 
resident trout in lakes and streams 
(table 1). 

Habitat improvement on the Siskiyou 
National Forest could eliminate a 
portion of the deficit in recreational 
angling. The Forest contains portions 
of 11 river basins producing anadro- 
mous salmon and trout; it supports one 
of the largest anadromous fisheries in 
the National Forest System. Angling for 
resident trout in the Siskiyou is minor. 
The Forest’s streams support few fish- 
able populations of resident trout, and 
only a few small fishing lakes are pre- 
sent. The potential for development or 
improvement of additional lakes is not 
great. Clearly, the highest potential for 
improving fish habitat lies in segments 
of streams used by anadromous sal- 
monids. Consequently, efforts to im- 
prove fish habitat on the Siskiyou were 
directed first toward eliminating deficits 

in supply of anadromous salmonids. 
Improvement of habitat for fall chinook 
and winter steelhead offers the greatest 
potential for reduction of deficits. 

The capacity of forests in western 
Oregon to produce resident and 
anadromous salmonids, as well as 
other species, varies; regional 
coordination of proposed projects 
would in some general way compare 
expected levels of benefits and costs 
between Forests. lntraregional coor- 
dination of Forest Service projects, and 
coordination with States and other 
Federal agencies, should avoid 
duplication of effort and potential 
conflicts, as well as direct more 
funding into the most cost/beneficial 
areas. 

Selecting Projects to Meet Needs 

What types of habitat could be improv- 
ed on the Siskiyou to meet deficits in 
populations of fall chinook salmon and 
winter steelhead? To answer this ques- 
tion, factors limiting populations of 
these species were explored, for both 
marine and freshwater phases in their 

life histories. Successful coastwide 
programs for enhancing hatcheries 
suggested that the marine environment 
was not currently limiting any popula- 
tions of anadromous salmonids 
produced in southwest Oregon. In 
fresh water, either spawning or rearing 
habitat could have been limiting; 
however, with rare exception, streams 
on the Siskiyou contained spawning 
gravels in excess of requirements for 
seeding the available rearing areas. 
Increasing spawning gravels would 
have little or no benefit. Rearing habitat 
is the limiting factor in most streams on 
the Forest, primarily because of low 
stceamf lows associated with droughty 
conditions common to southwest 
Oregon in summer. 

What types of projects could most effi- 
ciently enhance or expand available 
rearing areas? Only a few options are 
available to compensate for shortages 
of water; a promising one was to allow 
anadromous salmonids access to unoc- 
cupied habitat. Several natural barriers 
on streams of the Siskiyou block up- 
stream migrants from suitable spawn- 
ing and rearing habitat. Removing or 
laddering such barriers could increase 
production of fall chinook and winter 
steelhead, and deserved careful study. 
Program planning started with this type 
of project but was ultimately expanded 
to consider all types of projects that 
could enhance production of anadro- 
mous salmonids. 

Selecting Geographic Areas 
for Projects 

Other considerations being equal, pro- 
jects should be located in river basins 
that have the highest potential to pro- 
duce additional fish. On the Siskiyou 
National Forest, the Rogue, Illinois, 
Chetco, and Elk Rivers probably best fit 
this category. Projects in those rivers 
are probably most cost effective-they 
will probably produce the greatest im- 
mediate results (numbers of fish) from 
funds invested. Potential projects in 
less productive watersheds, however, 
should also be considered because the 
benefits in some, more costly areas 
could be proportionally much greater 
than in lower cost areas. Existing data 
should be compiled for each potential 
project in which barrier removal or 
laddering, for example, would benefit 
anadromous salmonids. 
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Table 2 - Fish species blocked from upstream access by barriers on Siskiyou National Forest streams 

Watershed Fa1 I 
and streams chinook Coho 

~ ~~ 

Summer Winter 
steel head steel head Cutthroat 

CHETCO 

X Emily 
Eagle 

X X x .:' 

X 

COQUILLE 

South Fork 
Elk 

X 
X 

X 
X 

ELK 

Anvil 
Rock 

X 
X 

X 
X 

X 
X 

ILLINOIS 

Briggs 
Cave 
Collier 
Gray back 
Indigo 
Lawson 
Silver 
Sucker 

X 
X 
X X 

X 
X 
X 

X 
X 
X 

ROGUE 

Burned Timber 
Shasta Costa 
Stair 

X X 
X X X X 

X 

SIXES 

X X X X 

Selecting Project Sites General Evaluation of 
Potential Projects 

Each site identified is a potential pro- 
ject, but intrinsic or extrinsic factors 
might preclude its development. Cri- 
teria for eliminating projects might 
include, at least: the species of fish that 

will benefit; legal constraints; and 
administrative restrictions on certain 
projects or geographic areas. This 
amounts to a simple form of project 
evaluation that will probably reduce the 
number of potential projects. Projects 
not eliminated should be subjected to 
project planning to determine their 
priority for development. 

Inventory data currently available on 
the Siskiyou list 18 barriers that are 
restricting upstream access for anadro- 
mous salmonids (table 2), but the in- 
ventory is incomplete. Additional 
stream surveys will increase the number 
of potential projects. Potential sites 
should be jointly selected by State and 
Federal agencies. 
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The next step in development of a 
habitat-improvement program is pro- 
ject planning, in which all barriers 
listed in table 2 would be subjected to 
an intense analysis of benefits and 
costs. A natural falls on Shasta Costa 
Creek in the Rogue Basin illustrates the 
process of project planning. All barriers 
in table 2 should be subjected to the 
same kind of analysis, and ultimately, 
so should all other potential projects. 
The focal point of project planning is a 
feasibility study, which as a minimum 
includes: an environmental assess- 
ment; an engineering investigation; a 
preliminary design; and a benefit/cost 
analysis. Four basic areas of project 
feasibility will be analyzed during the 
project-planning process - physical, 
biological, economic, and social. 

The economic analysis is the heart of 
the feasibility study. All costs 
associated with the project (planning, 
construction, operation, and mainten- 
ance) must be accurately defined over 
the expected life of the project. Costs 
can often be identified precisely, but 
benefits must also be realistically 
analyzed in detail - and this is perhaps 
the most difficult aspect of benefit/cost 
analysis for projects to improve fish 
and wildlife habitat. 

The first step is estimating increased 
biological production. How many adult 
fall chinook salmon or winter steelhead 
will the Shasta Costa project produce? 
The question is best answered by 
relating production per unit area below 
the barrier to comparable spawning 
and rearing area above the barrier. 
Laddering will open about 4.76 km of 
good spawning and rearing habitat for 
winter steelhead and cutthroat trout, 
and about 1.60 km for chinook and 
coho. Stream’surveys and redd counts 
on Shasta Costa Creek indicate that 
about 43 pairs of steelhead, 13 pairs of 
fall chinook, 3 pairs of coho, and 12 
pairs of cutthroat spawn annually per 
kilometer of accessible stream. Apply- 
ing these data to potentially avai!able 
habitat above the falls, an increased 
annual escapement of 200 pairs of steel- 
head, 20 pairs of chinook, 5 pairs of 
coho, and 60 pairs of cutthroat could 
be expected to result from laddering. 

Expected catch of salmon is five times 
escapement, and expected catch of 
steelhead and cutthroat from Shasta 
Costa Creek are 25 and 20 percent of 
escapement, respectively. No benefits 
would be realized the first 3 years of 
the project, and only half the potential 
annual benefits would be realized dur- 
ing the second 3-year period because 
of the cyclic life-history patterns of 
these species. These estimates appear 
conservative, but we think they are 
realistic based on observed use of 
downstream waters. 

How can the benefits of increased fish 
production be estimated? Because 
benefits are measured by the willing- 
ness of people to pay for the change, 
the effects of the project on anglers, 
commercial fishers, and others must be 
estimated. Ideally, commercial fishing 
benefits attributable to the project 
would be estimated by the resulting 
increase in commercial fishing reve- 
nues (landed value) minus the resulting 
increase in commercial fishing costs. 
Because precise estimates of these 
revenues, and particularly these costs, 
are usually not available, average 
revenues and costs may be substituted. 
These figures are generally available 
for major commercial species, and 
average values probably differ little in 
the long run from values attributable to 
the project. If the increase in produc- 
tion is great enough to lower prices, 
the effects on consumers and produc- 
ers must be considered. Producers 
benefit because they harvest more fish 
with the same effort, and consumers 
benefit from lower prices at the partial 
expense of producers. The net benefit 
may be approximated by multiplying 
the change in price by the average of 
total production before the change and 
total production after the change. 
Detailed econometric studies would be 
needed to estimate the benefits more 
precisely. 

Angling benefits are estimated by the 
willingness of anglers to pay for the 
change. Because no traditional market 
for angling exists, however, project 
planners are often at a loss to estimate 
such values. Furthermore, if  a market 
existed, the values of improvements in 
angling would vary greatly from site to 
site, much more like land values vary 
from place to place than like the 
relatively uniform values of commercial 
fish. The value to anglers of a given 
increase in fish production depends on 
the relative change in angling quality, 
the availability of substitutes similar to 
preproject and postproject angling 
quality, the availability of substitute 
kinds of angling, the preferences of 
anglers for the preproject and post- 
project kinds of angling, and the ac- 
cessibility of the site to anglers. One 
method of estimating the change in 
angling value is to ask anglers directly 
how much they are willing to pay for 
the change. This method is subject to 
many pitfalls, however, and is not 
recommended without guidance from 
experienced researchers. Angler expen- 
ditures are not appropriate measures of 
project values because they measure 
the cost of angling rather than anglers’ 
willingness to pay for a project. Will- 
ingness to pay for a project is an 
amount in excess of actual expendi- 
tures; it can be thought of as an access 
fee to use the site. For example, in 
Great Britain, angling rights are 
privately owned, and from 1973 to 1976 
anglers in Scotland paid an average of 
$175 per fish to rent a section of river 
for salmon fishing. 

Accurate estimates of angling values in 
the United States are now possible but 
expensive, requiring high I y sophist i- 
cated econometric studies of angler 
travel and expenditure patterns or of 
anglers’ responses to questions about 
hypothetical situations. An important 
caution is necessary here. Unless the 
study is specific to the project site or a 
site similar in the five respects 
mentioned in the previous paragraph, 
the project values will probably differ 
from the estimated values. Project 
value can vary that much, even within a 
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restricted geographic area. In fact, by 
far most econometric studies of angl- 
ing values estimate the values of 
choices that drastically differ from any 
of the choices usually considered by 
National Forest planners. Typically the 
studies estimate the all-or-none value 
of the fishery investigated - the 
willingness of anglers to pay to have 
the present fishery rather than not have 
it. This is an extreme value, and it is 
generally higher than most project 
values because projects on National 
Forests represent relatively minor 
changes in the overall fishery. Econo- 
mists estimate all-or-none values 
because they are academically interest- 
ing and because they represent a clear- 
ly identifiable social choice, even if it 
has practically no direct significance to 
the projects. More detailed explana- 
tions of principles and procedures are 
available in Clawson and Knetsch 
(1966), Gregory (1972), and more 
vigorously in Talhelm (1973), Dwyer et 
al. (1977), and Freeman (1979). 

This leaves the Forest planner with little 
information on which to estimate 
project benefits. Even the current 
values from the Forest and Rangeland 
Renewable Resources Planning Act 
used by the Forest Service are based 
on estimates of all-or-none values. 
Until better estimates are available, 
however, project planners have little 
choice but to follow Forest Service 
guidelines - as were used for our 
example, the Shasta Costa project. 

Recent National legislation (National 
Forest Management Act of 1976, P.L. 
94-588) requires use of fishery values 
(and values of other resources) in all 
land-use plans. The Forest Service, in 
compliance with P.L. 94-588 and the 
Forest and Rangeland Renewable 
Resources Planning Act (RPA), has 
developed a set of daily consumer 
benefits (table 3) for use in fishery 
valuation and economic analysis of 
ha bi tat-i m prove men t projects ( US D A 
Forest Service 1979). 

Table 3 - Net consumer benefits for the USDA Forest Service 1980 Renewable 
Resources Planning Act Assessment (USDA Forest Service 1979) 

Fishery 
Consumer benefits/ Consumer benefits/ 

angler-day commercial pound 

ANADROMOUS SALMONIDS 

Sport benefits 19.50 
Commercial benefits - 
Sport habitat improvement 19.50 
Commercial habitat improvement - 

INLAND SPORT FISH 

Cold water/warm water use 5.25 
Cold water habitat improvement 6.25 
Warm water habitat improvement 4.25 

- 
0.63 

0.80 
- 

RPA values (table 3) of $19.50 per 
angler-day for improving habitat for 
anadromous salmonids and $0.80 per 
pound for commercially caught salmon 
were used to estimate consumer bene- 
fits for the Shasta Costa project. The 
procedures are illustrated in figure 1. 
Most of the predicted net annual bene- 
fit of $8,300 is associated with in- 
creased production of fall chinook 
salmon and winter steelhead (table 4). 
Future evaluations should use the most 
recent daily consumer benefits recom- 
mended by USDA Forest Service. The 
project will remove about 5.8, 1.5, 10.0, 
and 8.0 percent, respectively, of the 
deficit in catch of fall chinook, coho, 
winter steelhead, and sea-run cutthroat 
that was expected in southwest Oregon 
by 1980. 
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Pacific Salmon \ 
Commercial pounds/ - Total Net value/ - Net commercial 

catch fish - pounds pound - value / 
- Ocean sport Angler-days/ - Total angler- Net benefits/ Net value Annual total 

net benefit 
Increased Catchlescapement -Total salmon 

catch fish - days angler-day = ocean sport t escapement ratio catch 

\ River sport Angler-days/ - Total angler- Net benefits/ - Net value / 
catch fish - days angler-day - riversport 

Anadromous Trout 

Increased catch Angler-days/ = Total Net benefits/= Total annual 
fish angler-days angler-day net benefit 

Figure 1. - Procedures for evaluating increased production of Pacific salmon and anadromous trout resulting from habitat improvement. 

Table 4 - Expected annual net economic benefits from laddering a natural barrier on Shasta Costa Creek, Siskiyou National 
Forest 

Species 
Increased 

catch 

Net Net 
consumer consumer Total net "Catch 
benefits, benefits, consumer deficit" 

sport commercial benefits relieved 

Fall chinook 
Coho 
W i n te r steel head 
Cutthroat 

Total 

_....._._................._..._._.______.______..... Dollars ................................ Number 

200 1,360 1,210 2,570 5.8 
50 330 190 520 1.5 

100 4,680 - 4,680 10.0 
24 530 530 8.0 

374 6,900 

- 

1,400 8,300 

Costs associated with the project were 
also estimated. The Shasta Costa bar- 
rier, located 2 km from the nearest 
access road, is composed of a forma- 
tion of bedrock and large boulders that 
creates a cascade about 3.2 m high. A 
concrete fishway, an aluminum Alaska 
steeppass, and a bedrock fishway creat- 
ed by blasting were considered possi- 
ble alternatives for upstream passage 
of salmonids. Estimated construction 
costs of a conventional concrete fish- 
way at this remote location exceeded 
$100,000, and the cost of a steeppass 
was about $25,000. Steeppasses, how- 
ever, are easily clogged with debris and 
need frequent attention during freshets 
- a major disadvantage in a remote 
location. A fishway constructed by 
drilling, blasting, and adding minor 
supplemental weirs of concrete and 
reinforcing steel was easy to build at 
this location, economical, and required 
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little maintenance. The estimated cost 
included $930 for planning, $9,170 for 
construction, and $300 annually for 
maintenance (table 5). Because antici- 
pated benefits were the same for all 
three construction techniques, the third 
alternative was selected. 

Once costs and benefits have been esti- 
mated, project alternatives may be 
compared. Costs and benefits antici- 
pated during the effective life of the 
project (considered to be 20 years in 
this example) may be listed in a table 
and discounted back to a common time, 
usually the year of construction. 
Discounting is necessary because a 
dollar today is worth more than the 
prospect of a dollar at some future 
date, and discounting determines the 
present worth of costs and benefits that 
are incurred or realized in the future. 
The present worth (discounted value) 
of a cost incurred in the future is 
calculated by use of the single- 
payment, present-worth factor by the 
formula: 

p = s '  J 

(1 + i)" 

Table 5 - Estimated costs of providing fish passage at a natural barrier on Shasta 
Costa Creek, Siskiyou National Forest 

Activity cost 

PROGRAM PLANNING 

1 person-day 

PROJECT PLANNING 

11 person-days 
Travel 

CONSTRUCTION 

40 person-days 
Travel and per diem 
Powder 
Concrete, steel, wood 
Equipment 
Helicopter time 
Ad m i n ist rat i on 

Maintenance, $300 annually 

Total 

Dollars 

80 

750 
100 

3,500 
800 
120 
500 

3,000 
750 
500 

5,700 

15,800 

where P = worth of the sum S, n years 
in the future at interest rate i. For 
example, the present worth of a $500 
benefit expected 2 years in the future at 
7-percent interest equals: 

P = 500 1 
(1 + 0.07) 

= $437. 

For a more detailed discussion of 
discounting, see Sheridan (1969) and 
Grant and lreson (1970). A planner 
should use this standard method of 
discounting and the appropriate 
current interest rate to estimate present 
worth of project costs and benefits. In 
this example, we have used an interest 
rate of 7 percent as recommended by 
the Water Resources Council (1973) for 
water-related development projects 
(table 6). The benefit/cost ratio ( B E )  
was derived by dividing discounted 
benefits by discounted costs. If the 
ratio is greater than 1, the project is 
economically sound. The Shasta Costa 
project, with a ratio of 4.33:1, appeared 
to be economically sound and highly 
desi ra ble for develop men t. 

If a project B/C ratio is sensitive to 
changes in interest rates or to errors in 
estimated costs and benefits, especially 
if the ratio is near 1 :1, the project is 
considered risky. For example, the 
Office of Management and Budget 
(OMB) requires that economic sound- 
ness of projects to improve fish habitat 
considered by the USDA Forest 
Service be assessed at a 10-percent 
discount rate. If a slight increase in 
interest rate changes the B/C ratio 
from a number greater than one (>1) to 
a number less than one (<l), the 
project might be questionable. To test 
its sensitivity to errors in cost and 
benefit measurement, the B/C ratio 
could be recalculated, for example, 
with the assumption that costs are up 
10 percent and benefits are down 10 
percent. If slight changes in benefits 
and costs change the B/C ratio from a 
number >1 to a number <1, the project 
might be marginal. Sensitivity analysis 
is highly recommended because esti- 
mates of project benefits are so 
u ncertai n . 
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Table 6 - Discounted benefits and costs of the Shasta Costa project, Siskiyou 
National Forest, and benefitkost ratio calculated at a discount rate of 7 percent 

____ ~~ ~~ 

Discount 
Discounted Di scou n ted factor 

Year cost cost Benefit benef itY @ .07 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

..................... 

10,100 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

10,100 
280 
262 
245 
229 
214 
200 
187 
175 
163 
52 
43 
33 
25 
16 
09 
02 
95 
89 
83 

... Dollars ........... 

0 
0 
0 

4,150 
4,150 
4,150 
8,300 
8,300 
8,300 
8,300 
8,300 
8,300 
8,300 
8,300 
8,300 
8,300 
8,300 
8,300 
8,300 
8,300 

0 
0 
0 

3,166 
2,959 
2,765 
5,168 
4,831 
4,514 
4,219 
3,943 
3,685 
3,445 
3,219 
3,008 
2,811 
2,628 
2,456 
2,295 
2,115 

........... 

,9346 
.8734 
.8163 
,7629 
.7130 
.6663 
.6227 
.5820 
.5439 
5083 
.4751 
,4400 
.4 1 50 
.3878 
,3624 
,3387 
.3166 
.2959 
,2765 
,2584 

Total 15,800 13,202 1 28,650 57,227 

57,227 
B/C 13,202 = 4.33 

1/ Costs are not discounted in year 1, but any benefits realized in year 1 are discounted 

The B/C ratio can be calculated per- 
haps most efficiently by using the 
USDA Forest Service, California 
Region (R-5) computer program, Invest 
Ill (USDA Forest Service 1972). The 
program allows use of three interest 
rates in determining B/C ratios and has 
internal provisions for testing sensitivity 
to changes in anticipated benefits and 
costs. Invest Ill sensitivity analysis for 
the Shasta Costa project indicated that 
the positive B/C ratio of 4.33 at 7- 
percent interest is not sensitive to slight 
changes in interest rate or costs and 
benefits. If costs are increased 10 
percent and benefits reduced 10 per- 
cent, the B/C ratio is still a positive 

3.55:l. At the OMB-recommended inter- 
est rate of 10 percent, the B/C is 3.35:l 
and at 6 percent, 4.47:l. Invest Ill also 
estimates present net worth at three 
interest rates and the internal rate of 
return. The present net worth of the 
Shasta Costa project are $29,658, 
$44,057, and $50,253, respectively, at 
lo-, 7-, and 6-percent interest, and the 
internal rate of return is 26.6 percent. 
Figures 2 and 3 list Invest Ill data for 
the Shasta Costa project. For detailed 
information on Invest Ill, consult R-5 
Invest Ill handbook (USDA Forest 
Service 1972). 

The internal rate of return (IRR) 
assesses the relative payoff of a pro- 
ject. If a limited budget is available and 
projects being considered range greatly 
in size, the easiest way to select the 
group of projects with the greatest 
aggregate return within the budget is to 
compare internal rates of return. Simply 
rank projects by IRR, and choose the 
highest set possible within the budget. 

Public review is often the final step in 
determining the soundness of a pro- 
ject. After physical, biological, and 
economic analyses are complete, an 
environmental analysis or an environ- 
mental impact statement must be 
written. If a project has a significant 
impact on the environment, it must 
have public review. Negative public 
response could result in a decision to 
defer or delete the project from further 
consideration. If the project survives 
public review, it is ready to be under- 
taken when funds become available. 

For a complete analysis of improve- 
ment projects associated with barriers, 
other potential projects listed in table 2 
should be subjected to the planning 
process. Detailed B/C and IRR 
analyses of each project should 
determine priority. Also, because 
habitat inventory on the Siskiyou is 
incomplete, the planning process must 
be kept open to accommodate new 
information as it is collected. 
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Figure 2. - Standard Invest I l l  (USDA 
Forest Service 1972) form for benefit/cost 
analysis. Data are for the Shasta Costa 
project, Siskiyou National Forest. 

Figure 3. - Simulated Invest Ill output data 
for benefit/cost analysis of the Shasta 
Costa project. 
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Project Eva I ua t i o n 

The final element in program 
development - perhaps equal in 
importance to the steps discussed 
previously - is postdevelopment 
assessment of the accuracy of the cost 
and benefit estimates. Long-term 
projects may be assessed several times 
over their lives. 

The Shasta Costa fishway construction 
was completed in 1978. Actual con- 
struction costs were $1,384 higher than 
estimated. The annual maintenance fee 
of $300/year is still anticipated to be 
correct. Increases in fish production 
cannot yet be measured, but the fish- 
way is allowing fall chinook salmon 
and winter steelhead to pass upstream, 
and projected increases in production 
will probably occur. Based on the 
increase in construction costs and the 
probability that anticipated benefits will 
be realized, a postconstruction benefit/ 
cost ratio (3.92:l) can be calculated at 
a 7-percent discount rate. Additional 
benefit/cost calculations should be 
made as actual increases in biological 
production are monitored over the next 
few years. Results of such evaluations 
are valuable in planning future projects 
to enhance habitat and improving pre- 
cision of future benefit/cost analyses. 
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