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This thesis focuses on the economic efficiency of alternative habitat, streamfiow, and land use

allocations within a major drainage of the Pacific Northwest. Specifically, productivity of present habitat

and streamfiow conditions is evaluated with respect to anadromous fish species (chinook salmon and

steelhead trout) in the John Day River Basin, a high-desert system in the Pacific Northwest. Alternative

water allocations and fish habitat enhancements to improve anadromous fish productivity are also

examined. This biophysical information is combined with economics concepts to evaluate comparative

benefits and economic efficiency of selected technically feasible habitat/streamflow alternatives.

The John Day River Basin is used as a case study because it provides one of the most significant

runs of wild summer steelhead trout and spring chinook salmon in the Columbia River Basin. Specific

categories of alternative enhancements included water transfers to instream flow, habitat vegetation

improvements, and habitat structural measures.

The benefits of changes in fish numbers are valued through the travel cost method. Costs of

habitat investments are derived from a synthesis of cost data for similar investments for the region. For

most lower-reach stream sections, benefits of habitat investments/streamflow alternatives do not equal

costs. However, changes in water allocations and habitat do appear economically efficient to some

upper reaches. The main results suggest that economic efficiency varies greatly within the system,
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indicating the need for site-specific proposals for streamfiow or habitat alterations within this or similar

high desert streams.

In addition to providing preliminary estimates of the economic efficency of streamfiow and habitat

investments, this thesis serves as a methodological template for future integrated bioeconomic

evaluations of water and fishery management issues.
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AN ECONOMIC ANALYSIS OF ALTERNATIVE WATER ALLOCATIONS AND HABITAT

INVESTMENTS FOR ANADROMOUS FISH PRODUCTION,

JOHN DAY BASIN, OREGON

Chapter I

INTRODUCTION

A. BACKGROUND

Population and other demographic changes are increasing the demand for water in the western

U.S. In addition to competition among traditional out-of-stream allocations, such as irrigation,

municipal and industrial uses, environmental and other interests now seek greater allocations for

instream uses. The importance of technical and economic information on water allocation efficiency

increases as demands for water intensify. [-Lowever, institutional forces also shape the nature of water

allocation possibilities. For example, within the Pacific Northwest, evaluating technical and economic

efficiency of alternative water uses requires recognition of judicial and legislative mandates concerning

fishery and other benefits associated with instream flows. Specifically, the use of water in the production

of endangered species and fish species of economic and cultural importance to Indian tribes and others

is becoming increasingly important.

As public agencies attempt to meet legally mandated improvements in fish production,

competition for streamflow between traditional out-of-stream uses and instream uses has intensified,

given that increases in fish production may require changes in streamfiow and habitat. However,

instream flow rights will typically be junior to out-of-stream water uses under the first in time, first in

right of use" precept of the Doctrine of Prior Appropriation and due to lack of recognition, until recently

in some states, of instream flows being viewed as water "rights." Thus, attempts to meet court-ordered

increases in fishery "benefits" may be confounded by existing water institutions. As a result, water

planning decisions within the Pacific Northwest must be based not only on the magnitude and

distribution of economic benefits arising from alternative allocations of water, including instream

benefits, but also institutional constraints that potentially limit the ability to meet those instream values.

A three-way conflict among irrigation, hydropower and fish has characterized development in the

Columbia River Basin over the past several decades. This conflict was heightened by the need for new

energy facilities in the 1960's and 1970's. Impacts on the basin's fish populations were profound. Power

and irrigation dams blocked or hindered fish migration upstream and downstream between upriver

spawning beds and the ocean. Regulation of the river by dams altered water flows and temperatures.

Reservoirs flooded fish habitat. As a consequence of this development and other causes (e.g.,



overfishing), salmon and steelhead populations dropped dramatically.

Passage of the "Pacific Northwest Electric Power Planning and Conservation Act' (PL 96-501)

in 1980 plus the economic recession of the early 1980's that reduced energy demands allowed fishery

interests the opportunity to re-emphasize the importance of fish production as a beneficial water use.

The vehicle for action has been the Northwest Power Planning Council, created by this Northwest Power

Act. The Council is charged to "develop a program to protect and rebuild the fish and wildlife

populations in the Columbia River Basin that have been affected by hydro-electric development.' As

a result, protection, mitigation and enhancement projects have been undertaken throughout the region.

OBJECTiVES

Contemporary fishery management issues in the Northwest, particularly those in semi-arid regions

like the John Day, are complex and involve an array of land, water and socio-economic dimensions.

Even partial resolution of such complex problems requires a framework for integrating information from

multiple disciplines. This thesis melds methods and models from biology, hydrology and economics into

a bioeconomic framework that focuses on anadromous fish, production. The overall objectives of this

thesis, stated in broad terms, are twofold:

To use the John Day River as a case study for integrating technical and economic

relationships concerning instream flows, water use, fish production, and other competing

benefits.

To provide preliminary estimates of the benefits and costs associated with alternative

seasonal water allocations and anadromous fishery habitat management options.

The categories of alternatives considered in this thesis for satisfying the research objectives

include (a) water transfers to instream flow, (b) habitat vegetation improvements, and (c) habitat

structural measures.

THE JOHN DAY BASIN

The John Day River Basin is situated in the northeast region of Oregon (see Figure 1.1), and is

part of the mid-Columbia group of basins. It drains about 8,000 square miles of land. Runoff enters

the Columbia River a short distance upstream of the John Day dam. Given the semi-arid nature, of

much of the basin, streamfiows are characterized by large seasonal and annual variability.
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The John Day River offers a particularly relevant case study for exploring technical and

economic relationships between instream flows, water use, fish production and othercompeting

benefits. First, the John Day system produces one of the most significant runs of wild summer

steelhead trout and spring chinook salmon within the Columbia River system. Second, the semi-arid

nature of the basin increases the value of out-of-stream water and thus accentuates conflicts between

instream uses and the timing and amount of out-of-stream water diversions to agriculture. Third,

low seasonal (summer) streamfiow, riparian habitat loss and soil erosion from grazing and logging

are alleged to restrict salmon and steelhead productivity [ODFW, 1985]. Fourth, the John Day (and

the Columbia River in general) has been monitored in terms of historical fisheries productivity. In

addition, habitat investments in excess of $2 million have been made in the John Day Basin as part

of the Northwest Power Planning Council's attempt to restore fish levels in the Columbia system

[ODFW, 1985]. Because of these current and potential use conflicts, the John Day River was

selected in 1983 by the State of Oregon to be the test system for a new, strategic multi-agency water

management planning process.

The John Day River Basin has one of the few remaining wild fish runs in the Columbia River

Basin [OWRD, 1986]. Wild stocks are now regarded as being more valuable than hatchery stock for

maintaining genetic diversity and providing vigorous, healthy fish. Historically, the John Day River

Basin provided desirable spawning and rearing habitat for fall and spring chinook, summer

steelhead, and resident fish populations. However, anadromous fish populations have been declining

in the Columbia River and John Day over the last 40 years. Some subspecies face extinction,

leading to current pressures to list several races of Columbia River chinook and sockeye salmon

under the Endangered Species Protection Act.

Recent declines in anadromous fish numbers in the John Day are generally attributed to the

impacts of Columbia River dams. Migrants of anadromous species to and from the John Day River

must pass Bonneville, The Dalles, and John Day dams. In addition, land use practices in the

watershed have reduced water and habitat quality.

The John Day is unique in the Columbia Basin in terms of the size of its runs of wild

steelhead. The survival of wild runs in the John Day Basin is thought to be due to three main

conditions [OWRD, 1986]. First, unlike other tributaries of the Columbia, fish passage is almost

totally uninhibited between the river mouth and headwater areas. Second, runs have not

experienced gene pool alterations such as in other basins with hatchery supplementation. Third, the

habitat diversity needed to support spawning and rearing populations continues to exist in much of

the basin [OWRD, 1986; CBSP, 1989; SPG, 19891.

Consequently, fishery interests are committed to the protection of these anadromous fish

populations. The Oregon Department of Fish and Wildlife "seeks to maintain completely wild
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anadromous runs and to achieve long-range future escapement levels of approximately 5,700 spring

chinook and 20,500 summer steelhead annually through habitat protection and restoration. The

purpose of this type of management is to preserve genetic diversity for maximum habitat use and

fisheries production' [OWRD, 1986].

Several approaches to habitat and water quality improvements have been taken in the John

Day Basin. However, the results are not being systematically evaluated. Certain programs may be

accomplishing their stated aims, but others may be failed experiments. Furthermore, the major

economic sectors in the basin (forestry and agriculture) could be negatively affected by the

maintenance of optimal flows for salnionid production. Programs to improve the physical habitat

will not be cost-effective without also having appropriate levels of streamfiow because of the

interaction of low flows and physical structure on habitat quality. Clearly, an array of economic

resource allocation strategies can be employed, but policyniakers need objective criteria with which

to evaluate them. As a starting point, information is needed to rank current productivity of existing

habitats as "benchmarks" against which to compare the relative productivity of various alternative

habitat enhancement programs.

Although alterations in seasonal streamfiows may benefit fishery constituencies and provide

other benefits, such as increased hydroelectric power potential at the John Day, The Dalles, and

Bonneville dams, tradeoffs with other uses must be recognized. For example, altering present water

use rates or patterns by reallocating traditional out-of-stream uses, such as agriculture, involves

modification of institutional constraints and may have a negative effect on such water users.

Similarly, constraints or changes in grazing and timber practices imply increased costs for those

industries. Ultimately, informed policy making requires some accounting of the economic tradeoffs

associated with reallocation of water use.

Research on the benefits and costs of interseasonal streamfiow adjustments, either through

structural (dams) or nonstructural (e.g., habitat improvement) water enhancement practices, is

limited. Exceptions include the empirical inquiries of Johnson and Adams [1989], Daubert and

Young [1981] and Ward [1986] and theoretical studies by Bishop and Samples [19801 and Anderson

[1983]. However, with the exception of Johnson and Adams, existing empirical studies focus on

streams within the Rocky Mountains and hence do not deal with the complexity of problems found

in anadromous fishery management in semi-arid environments. The theoretical efforts deal

primarily with the impacts of stock enhancement on demand for sport fishing in general. The study

by Johnson and Adams, while concerned with water flows in the John t3ay, did not address habitat

changes. Research focusing on the relationship between flows, land use and salmon and steelhead is

needed for numerous river basins in the Pacific Northwest.



RESEARCH APPROACH AND CRITICAL DATA NEEDS

Water is the critical limiting resource in this investigation. The basin is semi-arid with high

natural fluctuation in seasonal flow. In addition, the small summer water yield from upland sources

is subject to extensive out-of-stream diversion. Quantity of water decreases through time. The

quality of that water remaining in the stream changes. Through the summer as solar heat and

watershed nutrients accumulate and affect the growth of aquatic life. In some cases, this affect

positive (e.g. warm water fishes) and in others it is negative (e.g. cold water fishes).

Fish use of the river and fish habitat are influenced substantially by the quantity and quality of

water in the John Day River system. Therefore, hydrologic evaluations of stream conditions are

essential in meeting the purposes of this thesis. Hydrologic data of many types are needed. These

include measurements of channel-transect shape, channel morphology, longitudinal channel-bed and

water-surface profiles, point velocities at stream cross sections, and total water discharge.

Empirical research on the benefits and costs of streamflow alterations for fisheries has been

hindered by a lack of biological data linking fish response to flow or other management options.

Like any bioeconomic analyses, the biological (and hydrological) data drive the economic analysis in

this thesis. Thus, the economic analysis is dependent on the nature and quality of such data. By

taking an interdisciplinary approach to fishery management in the John Day Basin, this study

recognizes the importance of biological and hydrological data in the economic assessment. While

the thesis focuses on conditions for the John Day River, it can serve as a methodological template

for future integrated evaluations of water and fishery management issues. Critical data needs for

future research are also apparent. Furthermore, some of the empirical results may also be

extrapolatable to other stream systems in the Columbia River basin and Pacific Northwest.

INTEGRATING THE COMPONENTS

This thesis is part of an interdisciplinary approach to a complex resource allocation problem. It

is critical that each component of an interdisciplinary analysis be integrated to ensure that the input

from other disciplines, this case biological and hydrological data, are amenable to economic analysis.

Water quality and quantity are hypothesized to be the limiting factors to fish production in the

John Day Basin. Water quality is affected by land use patterns. Seasonally, water quantity is also

influenced by land use (e.g. agricultural diversions). Most of these uses are under human control

and, hence, are potential policy/management options in addressing fish productivity goals.

Information is thus needed that links land use and other factors to water quality and quantity and

ultimately to fish productivity.

6
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The primary task in this thesis is to evaluate the benefits and costs of alterations of streamfiow

and habitat on anadromous fish stocks. The major steps of this task are to (1) determine the

aggregate fishery benefits for each alternative; (2) determine the direct costs of habitat and water

yield enhancements; (3) determine the opportunity costs in terms of foregone benefits from other

water allocations; and (4) make comparisons of benefits and costs to determine the economic

efficiency of the alternatives.

The calculation of benefits and costs for each alternative is derived from several sources. The

biological data provide an estimate of sport fishery increases arising from incremental changes in

water and habitat conditions. In addition to increased fish productivity, other possible benefits from

streamfiow and habitat alterations include increased rafting and boating, increased grazing from

improved riparian zone management, and perhaps increased hydropower benefits resulting from

redistribution of water across seasons.

Information is obtained on the costs of streamfiow and habitat changes. The costs of achieving

alternative streamfiow/habitat conditions are a complex function of existing water rights, grazing and

forestry practices, and other private and public property issues. As discussed later, direct costs of

habitat improvements and enhanced flow are from ODFW and Bonneville Power Administration

(BPA) studies. Measures of the opportunity cost of water to agriculture are obtained from available

programming and simulation models of agricultural production and hydropower potentials [e.g.,

Ingfanger and Butcher, 1974; Whittlesey, 1976; McCarl and Ross, 1985] and from partial budgeting

analysis for crops in the basin.

F. ORGANIZATION OF THESIS

This thesis contains three additional chapters. Chapter II addresses the management/policy

implications of alternative habitat and streamfiow investments. Specifically, Chapter II reports how

fish numbers (productivity) will respond to changes in habitat and water quality. These estimates

are used in Chapter III to suggest the potential economic efficiency of selected habitat and

streamfiow enhancement alternatives. Chapter IV presents conclusions and implications of this

thesis. Limitations of the thesis, along with areas for future research, are also discussed.



Chapter II

MANAGEMENT ALTERNATIVES TO INCREASE FISH PRODUCTION

The hydrological and biological relationships concerning streamflow, fish production and

habitat in the John Day Basin are very complex. Physical and natural science information is critical

to the definition and development of management policies. Of particular importance are the

biological data (and interpretation of those data) concerning current productivity across the various

groupings or clusters of habitat-types and stream reaches. It is such information that provides the

benchmark against which alternative management plans and habitat investments can be measured.

Cross-sectional data on current productivity represented specific stratified clusters, as discussed

below, are also the basis of statistical estimates of steelhead and salmon responses to various

environmental factors. These estimated response relationships lie at the heart of the evaluation of

management alternatives.

The purpose of Chapter II is to address, within the limits of the hydrological and biological

data, the management (policy and economics) aspects of that physical environment. The nexus

between the characteristics of the physical environment in the John Day Basin and management is

the response of fish numbers to changes in environmental factors, such as water flow, temperature,

and stream structure. These conditions are explored in Section A of this chapter, which presents the

statistical analysis of fish numbers response, based on biological and hydrological data reported in

Adams et al. [1990]. The results of the statistical analyses suggest the technical efficiency of

potential management options. Section B defines possible policy or management alternatives,

gleaned from the statistical analyses of fish response.

A. ESTIMATION OF FISH PRODUCTION RESPONSES

1. Introduction

The analysis of fish response to environmental factors developed here is driven by and

organized along basic biological concepts. For example, the response across the various habitat

clusters can be hypothesized to be governed by any change in the quantity of the scarcest factor (or

factors), i.e., an application of the "law of the minimum." Within such a framework, it is postulated

that one of the primary factors constraining fish numbers response in high desert environments is

temperature, or a temperature related variable [Miller, 1990]. In addition, the capacity of a stream

to accommodate fish is also a function of discharge and the physical structure of the stream channel

8
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9

[Milner, 1985].

According to the fish habitat improvement plan prepared by the Oregon Department of Fish

and Wildlife [ODFW, 1988] the environmental factors limiting production of summer steelhead (and

spring chinook) in the John Day Basin, in order of importance, are: (a) passage access; (b) lack of

riparian cover, which affects temperature, water flow, bank stabilization, food production,

sedimentation, and winter icing; (c) lack of habitat diversity; and (d) water withdrawals, which affect

summer discharge and temperature. As reported in Adams et al. [19901, water temperature, solar

inputs, and water discharge were connected to steelhead trout productivity in the John Day River.

The authors suggest that management options to increase fish production which reduce temperature

can be more productive than changes in physical structures.

Traditionally, three main levels of analysis are employed in fisheries habitat evaluation: (a)

visual evaluation, when circumstances preclude any field measurement; (b) semi-quantitative

evaluation, based on field transect measurements of physical attributes with subjective evaluation of

elements of habitat quality; and (c) quantitative evaluation using detailed information about site

characteristics [Milner, 1985]. This study uses the last level of analysis in quanti1'ing the potential

impact of selected limiting factors on fish response at various sites in the basin.

2. Modeling

Biological principles suggest that the productivity of anadromous fisheries are influenced by

numerous factors within both the fresh water and marine environment. Several algebraic functional

forms can be specified to represent the relationship between changes in these (environmental)

factors and changes in fish or other biornass. Generally, no single or unique function is capable of

characterizing the relationships between environmental conditions and fish biomass across all

settings. Different algebraic functional forms also impose different restrictions on the estimated

quantitative relationships [Heady and Dillon, 1961]. Consequently, selection of a particular

functional form for applied biological research will typically be based on (1) the degree of

conformance between the estimated quantitative relationships and the (qualitative or theoretical)

hypothesized relationships and (2) statistical properties (e.g., F-statistic, goodness of fit" tests).

A general specification of steelhead or salmon (juveniles) response to fresh water

environmental factors can be represented as:

trbt = f(dis, tern, coy, do; sed, vst, tur) (11.1)
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trbt = total fish numbers (in this case, juvenile steelhead/rainbow trout) across age classes in

a given reach of the river (adjusted by the number of redds appropriate for each age

class)

dis = discharge,

tern temperatures,

Coy = cover,

dox = dissolved oxygen,

sed = sedimentation,

vst = vegetation stability, and

tur = turbidity

Other variables, such as side depth, substrate or chemical properties could be added.

The above specification focuses only on the fresh water environment; in this study, marine

conditions are assumed constant and are not addressed. The expected sign is shown beneath each

variable. Specifically, discharge is hypothesized to have a positive but decreasing impact on fish

production. High summer temperatures reduce rearing habitat and steelhead growth and survival

[ODFW, 1988]. Cover spaces can provide shelter and resting places. Dissolved oxygen (dox) is

needed for cellular respiration; trout and other salmonids require relatively high levels of dox. Low

water levels and water withdrawals reduce do; and increase temperature, with a negative impact on

fish biomass [Miller, 1990]. Increases in sedimentation increase mortality by smothering of eggs,

cementing of spawning areas, and decreases in aquatic food production [ODFW, 1988]. Also,

sediment can inhibit gill functions and result in death by asphyxiation [Miller, 1990]. Finally, food

production, including a reduction in abundance and diversity of aquatic organisms can reduce fish

productivity. Other variables that may be important in some areas include acidity and alkalinity level

and toxic chemical levels.

The above biological observations suggest variables for inclusion in. the statistical analysis of fish

response. The next step is the selection of a particular algebraic specification of the relationship

between the dependent variable and explanatory variables. Because the "optimum" functional form

is not always evident, this selection may be somewhat subjective. Biologists (biometricians) tend to

prefer a quadratic-type (second order or higher polynomials) specification when dealing with fish or

higher organisms, because such polynomials allow diminishing and negative marginal productivity for

inputs, a condition consistent with most empirical research on crop and animal systems [Heady and

Dillon, 1961].

As an example, a simple quadratic algebraic form that can be postulated is:
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trbt = a + 3 dis - 8 dis2 - r temp + t temp2 + i (11.2)

The coefficient signs for each variable carry the expected relation between the dependent

variable (trbt) and the independent variables. The minus sign before 8 (the coefficient on the

square of discharge) denotes diminishing marginal returns with respect to changes in discharge. In

other words, biornass is expected to increase with summer discharge but at a decreasing rate. A

similar but opposite situation is likely to hold for temperature. The constant term, a, measures the

impact of fixed or omitted factors on the dependent variable, trbt; i. is the error term, which

represents the variation (unexplained variability) of trbt not explained by the included variables.

Inclusion of the error term reflects the fact that the independent variables do not completely explain

the variation in trbt. This simple specification keys on the two variables hypothesized to be critical

to fish production in semi-arid environments.

Data Sources

Data on physicat and biological characteristics of thirteen habitat clusters in the John Day

Basin were used in the response function estimation. The data were provided by Prof. Hiram W. Li,

Department of Fisheries and Wildlife, Oregon State University. The data were collected by an

extensive multi-year survey. A hierarchical cluster-classification technique was used to avoid

problem of replication and representation derived from the open system characteristics and the size

of the study area, respectively. Details of this procedure are presented in Adams et al. [1990].

Data were collected on the following variables over a three year period at distinct sites in the

John Day Basin: discharge (dis); maximum summer temperature (tern); water hardness (hard);

turbidity (tur); sidedepth (sde); substrate (sub); canopy (can); vegetation stabilization (vst); numbers

of juvenile steelhead, by age class, (trbt) and juvenile chinook (chks).

Estimation Procedures

The data available on numbers of juvenile steelhead and salmon for the John Day Basin are

divided into clusters that are stratified by hierarchical characteristics. Data on fish numbers (by

species and age class) and environmental factors for each cluster are used to estimate steelhead and

salmon response curves using multiple regression procedures. Specifically, the econometric

computer package, SHAZAM [White, 1978], was used to estimate the regressions, using the ordinary

least squares routine (OLS).

The statistical estimates provide a quantitative measure of the relationship (response) for each
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of the habitat stream-reach clusters. From each response relationship, elasticities (e) are then

calculated. An elasticity is another quantitative measure that focuses specifically on responses to a

given environmental factor. The concept of an elasticity is simple and straightforward; it is defined

as the percentage change in the dependent variable caused by a given percentage change in any

independent variable. In this study, elasticities with respect to statistically significant independent

variables (e.g., discharge, temperature) and the dependent variable (total steelhead biomass) are

developed. The characteristics of the response functions and the associated elasticities are discussed

in the following paragraphs.

5. Results

The appropriateness or validity of the coefficient estimates in the response relationships can

be judged by three main criteria [Koutsoylannis, 1977]. The first are theoretical criteria, determined

by relevant biological theory or precepts and which provide guidance with respect to sign and

magnitude of coefficients. A second general class of criteria are properties determined by statistical

theory and concern such issues as the correlation coefficient and standard deviation of the estimates.

A third set of criteria involves econometric (second-order tests), which determine the reliability of

the statistical criteria (first-order tests). This study will be concerned with the theoretical and

statistical criteria by assuming that the underlying assumption of the estimation procedure (OLS) are

met.

Biotnetricians generally use the square of the correlation coefficient (coefficient of

determination), R2, (or the adjusted version of it, R2), and the standard. error (SE) of the coefficient

estimates as statistical tests of the "goodness of fit" and the reliability of the coefficients, respectively.

Specifically, the R2 measures the explanatory power of the regression adjusted for degrees of

freedom. The SE test (equivalent to the Student's t-test) helps to determine the statistical reliability

of individual coefficient estimates. In addition to the above statistical tests, an F-statistic can be used

to analyze the reliability of the regression as a whole. The F test is used to infer if the independent

variables, as a set, have a statistically significant influence on the dependent variable. Detailed

explanation of these tests can be found in any econometrics or biometrics text; e.g., Koutsoyiannis

[1977], Kennedy [1985] or Neter et al. [1983].

For each cluster, all the variables contained in the general specification (Equation 11.1) are

considered relevant. However, in estimating the response functions, a complete set of data was

unavailable for some variables. Thus, not all equations had the same set of variables. In addition,

small samples for some clusters required the elimination of some candidate explanatory variables.

Since the emphasis here is on management options, priority for inclusion was given to those
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variables with direct applicability to management. The results obtained from these response

functions should be interpreted carefully, given the exclusion of some variables. Also, for clusters 10

and 11 all variables were statistically insignificant (at the 5 percent level). In addition, regression

analysis was not performed for Cluster 3, given that it had only three observations.

The regression results, along with the above summary statistics (t-statistic, F-statistic, and R2),

are presented for each of the statistically significant John Day clusters. The results are specific to

the general location and characteristics of each cluster. The t-statistics are provided in parentheses

below each independent variable.

Cluster 1: Response Equation for Steelhead: Pools and Plunge-pools in Rock Creek, Mountain

Creek and Fields Creek, Tributaries to the Upper Mainstem.

trbt = 39.10 + 155.42 dis - 595.67 dis2 - 1.54 tern (11.3)

(3.30) (1.21) (-1.28) (-3.31)

R2 = .37; F-statistic 5.14; n = 22

The summary statistics indicate that this relatively simple specification for plunge-pools in the

upper reaches of the drainage performs well. For example, the F-statistic exceeds the critical value

at the 1 percent level of significance. This implies that the two independent variables, as a set,

explain a substantial proportion of the variation of the dependent variable. Equation (11.3) also

displays fairly high statistical significance with respect to the goodness of fit (R2), in that the

independent variables (dis, dis2, and tern) explain 37 percent of the variation in the dependent

variable (trbt). Both the constant and the "tem coefficients are statistically significant at 5 percent

level. The coefficient of dlis and dis2 are statistically significant at the 15 percent level.

The results of this statistical analysis of Cluster 1 indicate that discharge and maximum

summer temperature in these three reaches of the drainage have a positive and negative impact on

steelhead biomass, respectively, relationships that are consistent with expectations concerning these

variables. The implication of these finding are discussed subsequently.

Cluster 2: Response Equation for Steelhead: Pool-run-riffle Habitat in Rock Creek, Fields Creek

and Mountain Creek, Tributaries to the Upper Mainstem.

trbt = 21.62 - .695 tern (11.4)

(2.71) (-2.47)

R2 = .42; F-statistic = 6.10; n= 8
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Cluster 2 focuses on temperature in the riffle-run habitat in the Rock and Fields Creek

tributaries. For Cluster 2, the F-statistic exceeds the critical value at the 5 percent level of

significance. With respect to other summary statistics for equation 11.4 the constant and temperature

coefficients are statistically significant at the 5 percent level. In this simple equation, the

independent variable (tern) explains 42 percent of the variation in the dependent variable (trbt). As

with Cluster 1, the results of this cluster indicate that a reduction in maximum summer temperature

would increase steelhead biomass.

Cluster 4: Response Equation for Steelhead: Riffles in Alder and Service Creeks, Tributaries to

Mainstem.

trbt = 155.86 + 2165.74 dis - 280 dis2 - 5.23 tem (11.5)

(1.24) (2.30) (-2.97) (-1.25)

.47; F-statistic = 3.35; n = 9

Regression (11.5) focuses on discharge and temperature in riffle habitat on Alder and Service

Creeks (Cluster 4). The F-statistic exceeds the critical value for this equation at the 25 percent level

of significance. The independent variables (dis, dis2, and tern) explain 47 percent of the variation in

the dependent variable (trbt), as measured by the R2. For equation 11.5, the coefficient of the dis

and dis2 variables are statistically significant at 5 percent level. The coefficient of the tern variable is

statistically significant at the 15 percent level.

As with Cluster 1, discharge, and maximum summer temperature are statistically significant in

explaining steelhead biomass, with discharge positively related to fish numbers while maximum

summer temperature imposes a negative influence.

Cluster 5: Response Equation for Steelhead: Pools in Camp, Deardorff and Reynolds Creeks,

Tributaries to the Upper Mainstem and Middle Fork.

trbt = 35.6 - 6.0 turbidity - .48 sde (11.6)

(5.65) (-2.8) (-2.1)

R2 = .25; F-statistic = 5.95; n = 30

Regression (11.6) examines steelhead response to changes in the pool environment in the

upper mainstem (Cluster 5). The F-statistic exceeds the critical value at the 25 percent levels of

significance. All coefficients are statistical significant at the 5 percent level. The independent
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variables explain 25 percent of the variation in the dependent variable (trbt).

In general, these results, for pools on the mainstem, imply that turbidity and side depth have

a negative impact on steelhead numbers. The negative impact of side depth is due to the tendency

of deeper side channels to be located on the inside of sharp curves or bends, areas typically of faster

flow but lower productivity. Temperature, which was included in another equation specification for

this cluster, was not an important (statistically significant) factor in pools on the upper mainstem

over the time period of this analysis.

Cluster 6: Response Equation for Steethead: Riffles in Camp, Deardorff and Reynolds Creeks,

Tributaries to the Upper Mainstem and Middle Fork.

LN(trbt) = -26.8 7.3572 LN(dis) + 10.356 LN(hard) (11.7)

(-1.58) (2.77) (2.16)

R2 .25; F-statistic = 4.04; n 19

Regression (11.7) examines the response to habitat changes in riffles in the mainstem. The F-

statistic exceeds the critical value for equation 11.7 at the 5 percent level of significance. Discharge

and hardness are both statistically significant at the 5 percent level. The independent variables

explain 25 percent of the variation in the dependent variable (trbt).

As with the other 'run and riffle" habitat clusters, summer discharge (and hardness) has a

positive impact on steelhead biomass for riffle type habitats.

Cluster 7: Response Equation for Steelhead: Pools and Runs in the South and Middle Forks.

trbt = -.07 + .36dis -.l3sub (11.8)

(-2.8) (2.81) (-5.2)

R2 = .76; F-statistic = 13.62; n= 9

For pools and runs on the South and Middle Forks, the F-statistic exceeds the critical value at

the 1 percent level of significance. The coefficients are statistically significant at the 5 percent level.

The independent variables explain 76 percent of the variation in the dependent variable (trbt).

For these pools and runs, discharge and substrate (an index of streambed rock and boulder

size), as defined in Chapter II, have a positive impact on steelhead biomass (see equation (11.8)); i.e.,

more flow and more stream structure (e.g., larger boulders) will enhance steelhead productivity.



Cluster 8: Response Equation for Steelhead: Riffles and Runs in the South Fork.

trbt = -73.2 + 154.09 dis - 55.237 dis2 - 1.0784 tern

(-3.71) (3.9) (-3.77) (-3.74)

R2 = .92 F-statistic = 27.34 n = 8

trbt = -47.3 + 76.273 dis - 27.876 dis2 + .025 can

(-2.81) (2.74) (-2.6) (3.5)

R2 = .91; F-statistic = 24.67; a = 8

Cluster 8 focuses on riffles and runs on the South Fork. In an attempt to assess the

relationship of temperature and canopy on biomass, two regressions were estimated using data from

cluster 8, (lI.9a) and (II.9b). For each, the F-statistic exceeds the critical value for each at the 1

percent levels of significance, even with only 5 degrees of freedom.

In both equations, all coefficients are statistically significant at the 5 percent level. The

independent variables explain approximately 90 percent of the variation in the dependent variable

(trbt) for each equation.

For the South Fork, discharge has a positive but decreasing impact on numbers of juvenile

steelhead. Canopy and maximum summer temperature have a positive and negative impact,

respectively, on steelhead numbers. Thus, more canopy may increase steelhead productivity.

Similarly, reductions in summer water temperature would increase productivity.

Cluster 9: Response Equation for Chinook Salmon: Pools in the South and Middle Forks.

LN(chks) = 4.4799 LN(dis) + 15.896 LN(vst) - 11.323 LN(tem)

(2.84) (2.83) (-5.10)

R2 = .30; F-statistic = 6.47; n = 40

There are limited data on young chinook (fry) inventories in the various clusters on the John

Day. Juvenile chinook tend to be confined to pool environments during the summer survey period.

Using data for chinook in pool habitats on the South and Middle Forks (Cluster 9), equation 11.10

measures chinook productivity in pools with respect to selected environmental variables. The F-

statistic exceeds the critical value at the 1 percent level of significance. All coefficients (discharge,

vegetation stability, and temperature) are statistically significant at the 5 percent level. These three

independent variables explain 30 percent of the variation in the dependent variable (trbt).

(II.9a)

(II.9b)
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For chinook in pools, discharge and vegetation stability have a positive impact on chinook

biomass while maximum summer temperature has a negative impact on chinook biomass (again,

reduction in summer temperature would increase fish response). These results are similar to the

steelhead productivity effects noted in other clusters.

Summary of Response Relationships

Maximum summer temperature and discharge are the primary factors affecting steelhead and

chinook production in most clusters. However, the statistical importance of these factors depends

somewhat on habitat type and subbasin. For example, temperature appears to be more important in

riffles/runs than in pools. Discharge is limiting in most habitat types. In other subbasins/habitats,

the number of pools appears limiting. These general statistical findings are consistent with the

Johnson and Adams [1988] recruitment model analysis for steelhead in the John Day, which

suggested that low summer flows were the critical fresh water production constraint.

Elasticity Analyses

The purpose of the preceding statistical analyses was to estimate some simple quantitative

relationships between habitat/streamfiow characteristics and fish productivity. A set of findings

common to all clusters were noted, i.e., temperatures and/or discharge limit productivity. While the

statistical analyses can suggest possible quantitative links between habitat and fish numbers for policy

or management discussions, it is important to understand how changes in a given control variable,

such as streamfiow, will affect the numbers of fish produced in a given stretch or section of the John

Day River. This relationship (between a variable of potential policy interest and fish) can be

captured directly through the use of a production elasticity for each variable. It should be stressed,

however, that the above statistical analyses are on a fairly gross or macro scale and may be used for

the general evaluation of environmental changes. They may not be valid for fish response at a given

pooi or riffle. Consequently, the resultant elasticities are also representative of changes over fairly

broad settings, not specific sites.

The concept of a production elasticity (or any elasticity), as noted earlier, is a straightforward

one. It is the percentage change in the dependent variable (here, total numbers of young fish of a

particular species) caused by a given (percentage) change in any exogenous or independent variable,

such as streamfiow. In this study, elasticities with respect to the statistically significant independent

variables for each cluster (i.e., discharge, temperature, canopy) and the dependent variable (total

juvenile steelhead or chinook) are developed for use in evaluating selected management options.
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The elasticities are calculated at the mean values (1985-1988) for fish numbers and the specific

habitat/streamfiow variables.

Formally, an elasticity can be defined as:

= (6dep/6ind)' (iIid/dep)

where

dep = dependent variable.

md = independent variable.

In the case of a log-log specification, it can be shown that the estimated regression coefficients

are the elasticities. For a linear specification, the elasticity can be calculated by multiplying the

regression coefficients by the ratio of the mean values of the dependent to the independent variables.

Calculation of elasticities for quadratic and higher order polynomials is slightly more complex. For

each functional form, the resultant elasticity is a pure number that represents the percentage change

in fish numbers for a percentage change in the variable of interest.

Elasticities for each of the cluster regressions presented above are shown in Tables 11.1 (for

steelhead) and 11.2 (for chinook). For example; the Cluster 1 steelhead production elasticity with

respect to discharge is equal to 1.5 (ethd = 1.5, Table 11.1). An elasticity value of 1.5 means that a

10 percent increase in discharge will increase steelhead productivity by 15 percent. Similarly, the

elasticity of 5.0 for temperature indicates that a decrease in maximum summer temperature of 10

percent will increase steelhead productivity in that habitat/stream reach by 50 percent.

Elasticities greater than one are typically viewed as highly responsive ('elastic'). All

temperature elasticities and all but one discharge elasticity are elastic, implying that small percentage

changes in these factors may lead to fairly substantial changes in fish numbers. The nature of these

responses, across various forks and tributaries, can help direct research towards areas where the

marginal or incremental change in fish numbers is greatest. The implications of these elasticities are

discussed in Section III.C.
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Table 11.1. Steelhead (Juvenile) Production Elasticities by Cluster

Table 11.2. Chinook (Juvenile) Production Elasticities for Pools

B. MANAGEMENT ALTERNATIVES

1. introduction

The quantitative information (elasticities) on fish response indicate that increased summer

streamfiow and/or reduced temperature will increase fish productivity in most habitats. In addition,

some habitat-stream research clusters displayed positive responses to specific types of habitat

changes. The principal information conveyed by the elasticities, however, is that streamfiow and

temperature are primary constraints on current productivity in the John Day drainage.

These findings suggest a range of management options to reduce temperature, increase

discharge or add structures. An increase in discharge is likely to also change temperature.

However, temperature can be reduced without changing streainflow discharge via changes in stream

canopy or log weirs. In addition to the relationships between habitat options and environmental

factors, the nature of property rights, existing water institutions and public verses private stewardship

of watershed resources also create management challenges for any public agency with interests in
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Cluster trbt,d ttht,tem t,t,t,sub trbt,tur Ct,tt,sde

1 1.5 -5.0

2 -9.9

4 .8 -1.3

5 -.67 -.41

6 7.4 10.4

7 1.8 1.9

8a 6.6 .6

8b 33.6 -15.2

Cluster Cct..ks,vst

9 4.0 13.2 -22.6



enhancing fish productivity. This section reviews some of these issues for the John Day Basin to

assess the feasibility of specific management alternatives.

2. Streamfiow Augmentation

The distinct seasonal hydrological patterns of precipitation and runoff do not closely match the

seasonal demands for irrigation water and other uses. The limited ground water aquifers and

moderately steep gradient of river channels in the John Day Basin explains the historical preference

for diverting surface water from upstream of zones of water use and carrying it to those lands in

ditches, rather than developing irrigation wells. Hence, the low summer streamflows are severely

depleted by out-of-stream diversions, particularly in the middle and lower reaches of many streams.

Only those headwater stream reaches within forested areas maintain undepleted flows. The analyses

in Section HA indicate that these low summer flows constrain fish production in some subbasins.

The traditional approach for meeting large summer demands for water has been to augment

streamfiows by releasing water from upstream constructed works. In the western United States this

has meant the construction of dams and reservoirs or the withdrawal of ground water. Several

potential surface water reservoir sites have been identified in the John Day Basin. However, U.S.

Bureau of Reclamation and U.S. Army Corps of Engineers studies [USBR, 1970; USACE, 19821

have shown that these sites cannot be developed economically for irrigation and related benefits.

Reservoir development specifically for fishery enhancement is not likely to be more economical

than for irrigation, given current values of product. In addition to cost, location is a major limiting

factor. Reservoirs far enough downstream to provide large amounts of water for mainstem and

main-tributary habitats are also likely to inundate fish habitat and block fish passage to significant

numbers of productive small tributaries. Conversely, if reservoirs were built in headwater areas to

avoid blockage and inundation problems, a substantial number would be required because of the

network of small streams that comprise each larger tributary.

Water transfers are another means for augmenting summer streamfiow in the John Day River

Basin. This is predicated on the transferability of water rights under Oregon's system of prior

appropriation (first in time, first in right of use'). Recently set minimum instream flows at

numerous points on the state's surface waters can be considered to be junior water rights. However,

east of the Cascade Range most streams are over-appropriated. As a result, junior water right

holders are not likely to get all (or even part) of their rights in average or dry years. Since senior

water right holders are likely to get their share of water, these senior water rights are potential

sources of water for transfer to a different use at a different location. More explicitly, it may be

possible to pay a senior water right holder to use part or all of that water for instream fishery
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enhancement on an annual or permanent basis. Through such a voluntary purchase arrangement, it

may be possible to "recapture" some of the otherwise-diverted irrigation water for instream fishery

use. The viability of this streamfiow augmentation mechanism depends on the institutional (political

and administrative) setting.

a. Institutional Constraints in Oregon

Water is a public resource in Oregon. As a result, water management policies (rules) play an

important role in the efficient allocation of water resources. As competition for water increases, the

importance of such rules also increases. Existing water allocation rules such as the 'prior

appropriation" doctrine, tend to favor out-of-stream uses, given the seniority of those rights. While

some argue that the appropriate criterion or rule for water allocation is economic efficiency via

water markets, political and administrative constraints limit the application of this criterion. It is

thus important to understand the institutional setting in which proposed reallocation may take place.

According to Oregon's Water Code (OWC), all water (ground, lakes, or streams) is publicly

owned. Firms or individuals wishing to use water must acquire a permit or water right from the

Water Resource Department (except for "exempt uses," such as stock watering). This property right

system is known as an "appropriative right" system. OWC includes four fundamental stipulations

concerning water rights. These are defined in Oregon's Water Rights System [OWRD, 19881 as

follows:

Surface or groundwater may be legally diverted for use only if used for a beneficial purpose.

The more senior the water right, the longer water is available in a time of shortage.

A water right is attached to the land where it was established, as long as the water is used. If

the land is sold, the water right goes with the land to the new owner.

A water right is valid as long is it is used at least once every five years. After five consecutive

years of no-use, the right is considered forfeited.

Since instream uses were not recognized as beneficial in Oregon until 1964, these rights are

typically junior to the more traditional out-of-stream uses. In periods of water shortage, the

instream minimum flow targets frequently will not be met, with the resultant negative impact on fish



and wildlife production, recreation, and hydroelectric power.

In general, a water right is assigned for a given place, use, and amount of water. A water

right can be transferred or diverted to other areas or uses only if an application for water transfer

had been approved by the OWRD. Before a water transfer petition is approved, the OWRD must

determine that no one will be affected because of the change [OWRD, 1988].

b. Water Markets

The appropriative right system for allocating water has been a target of economists, who point

out the inefficiencies fostered by such a system. Frederick and Gibbons [19861 notes that water

transfers under an appropriative rights system can be a long and costly (in terms of fees, time and

uncertainty) process relative to the water value, and consequently inefficient. Appropriative

allocation systems treat water as a free commodity, even when dealing with a situation of water

scarcity. In addition, stipulation number one [1 may not create correct incentives for efficient water

allocation by the owner of a water right. For example, until recently, adoption of water saving

practices would not provide net benefits to the irrigator, who may incur costs to improve water

management but could not legally capture the "water saved." Under such a system, there is little

incentive to engage in water saving practices [Mann, 1982]. This is even more pronounced in

situations where water rights are not easily transferable [Hirshleifer et al., 1969 and Anderson, 1983].

Another practical difficulty of the first stipulation is the determination about what is a beneficial

water use [Mann, 1982]. Stipulation two [2] can be considered unfair to junior right holders because

it denies access to the resource in time of water shortage, even if that junior right affords a higher

value to the water resource. Stipulation three [3] can also lead to inflexibilities in transferring water

rights. Condition four [4] can encourage unnecessary use of water resources by right holders as a

way to maintain these rights for future uses [Miller, 1990].

Economists see price (markets) as the proper regulator of water demand; constraints on the

creation and operation of such markets are viewed as the main impediment to more efficient water

allocation. This viewpoint is based on the argument that in a democratic, capitalist system, people

can reach an efficient allocation of resources (for all society) by acting in response to their own

interests. More formally, the economic concept of Pareto Optimality, which constitutes a definition

of economic efficiency, provides a basis for judging the effects of alterative economic arrangements

on welfare [Henderson and Quandt, 1980]. According to the Pareto Optimality criterion, a given

allocation of resources is efficient, relative to all other allocations, if and only if no member of

society could be made better off without making someone else worse off. Another commonly used

criterion to judge resource allocation efficiency is the compensation principle (usually called the
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Kaldor-Hicks Compensation Test), which states that a state x is preferred to state y if the gainers

can pay the losers, when moving from state y to state x. The potential for the gainers to compensate

the losers is sufficient to imply a welfare gain from the change. Thus, an important difference

between a Pareto improvement and the Kaldor-Hicks compensation principle is that under the

compensation principle, welfare gains may be calculated without actual compensation (of the losers)

[Just, Hueth and Schmitz, 1982].

Saliba and Bush [19871 and Anderson [19831 present some conditions that must be fulfilled by

a water market to provide an efficient allocation of water resources. These include: (a) no economic

agent can influence price; (b) there is complete information on legal and hydrologic attributes of

water rights and costs of alternatives sources of water; (c) property rights should be completely

specified and enforced, exclusive, and transferable.

Proponents of water markets note that such markets are likely to diverge considerably from a

"pure, competitive" market structure. For example, Saliba and Bush [1987] state that "the nature of

water resources suggests that water markets will not necessarily ensure efficient use and transfers of

water." They base this assertion on the existence of market failures. Market failures may come

from the public good attribute of water resources, missing markets, externalities, imperfect

competition, risk, uncertainty and imperfect information, and equity and conflict resolution.

However, Huffman [1983] states that "existing inefficiencies in water allocation result from

deficiencies in the private rights system rather than from alleged market failures." Howe et al.

[1986] discuss three ways to improve the efficiency of water markets: (a) identification,

quantification, and agreement on the compensation to be paid for externalities or third party effects;

(b) improved communication among buyers and sellers; and (c) protection of potential public

benefits arising from instream flows and higher water quality.

Of particular interest to this study are the potential benefits from buying water rights (for the

purposes of streamfiow augmentation) from out-of-stream users. However, a practical problem that

limits such transfers is the cost and difficulty associated with organizing the frequently large number

of users of instream flows, each of whom has relatively small interest in these instream values [Howe

et al., 1986]. Collective actions in water purchases have been accomplished by sport fishing and

conservation organizations (e.g., the Nature Conservancy) through the purchase of water rights (and

the adjoining land). However, these purchases have generally been for specific resident fishing

enhancement or for specific access. Potentially, local and state governments could buy water rights

to protect the potential public benefits of instream uses [Howe and Lee, 1983].

With respect to the long term viability of water markets, Howe et al. [1986] note that "legal,

hydrologic, engineering, fmancial, and economic aspects of potential water markets must be studied

both to derive general principles regarding market functioning and to analyze specific market
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situations.' However, knowledge on the individual dimensions of water markets (transfers) does not

guarantee the implementation of such markets nor an efficient solution to water resource allocation.

Both critical information gaps and institutional impediments need to be addressed to insure efficient

allocation. Biological information is of particular importance in dealing with streamfiow changes for

anadromous fisheries, where benefits are often realized distinct from the site where the stream flow

is altered.

c. Current Water Uses in the John Day

In order to investigate the feasibility of voluntary water transfers (e.g., through sales of water

rights) one needs to understand the nature of existing rights and diversions. Water is diverted within

the John Day for a variety of purposes. Table 11.3 presents a summary of the quantities diverted

from each subbasin, by purpose or use. These diversions (of 2,600 cfs) are approximately three

times the average summer flow (June through September) in the lower John Day River, as recorded

at McDonald Ferry (930 cfs). The minimum summer streamfiow levels currently in force vary from

4 to 60 cfs, depending on location in the basin. Specifically, in the North Fork (at Monument) the

minimum summer flow is 55 cfs, in the Middle Fork (at Ritter) the minimum flow is 10 cfs, and on

the mainstem (at Service Creek) the minimum flow is 30 cfs. These minimum flows have 1962

priority dates.

Instream uses were not recognized as a beneficial use until the early 1960's [Johnson, 1987],

although some minimum streamfiows have been authorized in Oregon since 1955. Instream water

rights were authorized by the 1987 legislature [OWRD, 1988]. Of 17 minimum streamflows set for

various reaches of the John Day Basin, 12 have a priority date of March 1983, while the others have

a priority date of May 1962. Thus, instream water rights are junior to most out-of-stream water

rights reported in Table 11.3. Instream water rights also represent a very low percentage of the total

diversions (less than 1 percent of total diversions).

In terms of cfs, water rights prior to 1964 represent a large percentage of the total water

rights or diversions in each reach. These are reported in Table 11.4. For example, for the North

Fork, South Fork, and Middle Fork (and tributaries), pre-1964 water rights make up 88, 23 and 54

percent of total rights, respectively.



Table 11.3 Water Rights (Diversions) for the John Day Basin (cfs)
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Consequently, in periods of water shortages, there is a potential for considerable impact on

fish production and recreation activity. This implies some transfer (through purchase) of water may

be necessary to protect and enhance fish production. Table 11.4 shows that agricultural (irrigation)

and mining water rights (diversions) are the major rights holders in terms of cfs. These uses are

thus likely candidates for purchase (and/or transferring) of water rights. The timing of such

transfers (e.g., temporary or permanent; seasonal) will affect the costs to farmers and hence the

potential price of a market transaction.

Use
Lower
John
Day

Middle
Mainstem

Upper
Mainstem

North
Fork

Middle
Fork

South
Fork

Total

Agriculture/livestock/irriga
tiOn

233.0 496.1 927.9 293.2 89.3 97.8 2,137.3

Temperature control
recreation/fish life.

3.6 .7 12.8 4.0 21.1

Mining/industrial/
manufacturing

.8 30.8 47.8 204.3 51.7 335.4

Domestic .3 1.5 1.8 1.3 1.8 .1 6.8

Municipal 17.9 8.2 9.3 3.9 3.1 5.1 47.5

Power 13.9 25.0 .8 38.7

Others 9.6 6.8 4.6 4.4 25.4

Total1 265.2 544.1 1081.1 536.1 146.7 103.0 2,613.0

Source: OWRD, 1986.

Overall total may vary due to rounding.
Less than 0.1 cfs.



Table 11.4. Water Rights With Priority Date Before 1964 by Use, in cfs

3. Habitat Enhancement

The quantity and composition of freshwater fish species are affected by several environmental

factors including: (a) physical factors (e.g., discharge, temperature, structures); (b) chemical factors

(supply of nutrients, pH, dissolved oxygen); and (c) biological factors (predation, competition). The

responsiveness of fish numbers and composition to environmental factors varies across settings. As

determined in Section A of this chapter, water temperature (or temperature-related variables) is

probably the main factor influencing the fish productivity in most reaches of the John Day. While

fish species can tolerate a range of temperatures, these ranges are relatively narrow in terms of

optimal growth and reproduction of salmonids [Miller, 1990].

This large set of environmental factors suggests a range of management alternatives to

improve fish habitat. The statistical relationships for fish responses and the associated elasticity

values developed in Section A provide information on how fish numbers may respond to habitat

alterations. The challenge here is to link these environmental factors to specific management

options. For example, increasing discharge can be accomplished via purchase of water rights for

instream uses, as discussed above. In addition, use of log weirs or other structural devices can

create pool environments, environments which tend to mitigate the effects of low flows (and rising

temperatures) on fish survival.

Given the complexities of the John Day system (or any high desert stream), it is difficult to

obtain a specific quantitative relationship between particular management options, such as increased

canopy or riparian habitat investments, and environmental factors (e.g., temperature) that can

ultimately be linked to fish numbers (through the elasticities reported in Section A). The approach

used here is one of utilizing the best available data and current understanding to perform analyses of

resource management alternatives. This is explored in Chapter III, Section C.
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Location Irrigation Municipal Domestic Mining Others Total

North Fork 107.5 8.2 5.3 284.4 66.1 471.5

South Fork 17.6 5.1 .1 --- -- 22.8

Middle Fork 30.3 1.5 1.4 42 3.4 786

Source: Unpublished data, Water Resource Department, Oregon.



Chapter III

ASSESSMENT OF ECONOMIC EFFICIENCY OF ALTERNATWES TO INCREASE FISH

PRODUCTION

As is explained in detail in Chapter II, the analysis integrated response relationships of these

options for anadromous fisheries with the various components of economic value to measure the

fishery benefits of potential supply changes. This framework is used in Chapter IHto evaluate

benefits and costs of relative adjustments in streamfiow and habitat (both the quality and quantity of

each). This is done by comparing such benefits with costs of acquiring streamfiow or habitat

increments, including the opportunity costs in terms of out-of-stream water uses.

Specifically, Section A focuses on the assessment of habitat enhancement costs for some of

these alternatives. This is followed by Section B on the economic benefits of fishery enhancement,

with specific analysis of the value of additional sport-caught steelhead in the John Day. These

various components of management and economics are combined in Section C to provide a

preliminary assessment of the general efficiency of habitat enhancements for selected reaches of the

John Day. Finally, Section D presents the value of water for fish production.

A. ASSESSMENT OF HABITAT ENHANCEMENT COSTS

Implementing various management alternatives to enhance fish productivity involves a range of

costs. For example, temperature can be reduced by planting of riparian vegetation and fencing of

riparian zones to protect existing vegetation. Each of these actions imposes a direct cost (in terms

of labor, materials, etc.) to society (in this case, to Bonneville Power Administration). Temperatures

can also be reduced by augmenting stream flows. This alternative implies some cost in terms of

current out-of-stream uses (i.e., the income lost from agriculture or other out-of-stream users of that

water). Evaluation of the efficiency of habitat and streamfiow investments requires an accounting of

those costs. This section reviews cost concepts and cost data as they apply to assessing costs of

habitat investments.

1. Cost Functions

The concept of a cost function is used to estimate the economic behavior of individual firms

or of an industry. Such a function specifies cost as a function of output and input prices and is

estimated from actual data on firms costs and output under assumptions of profit maximizing (or
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b. Statistical Approach

Statistical cost estimation can be done by collecting data from a cross-sectional sample of

28

cost minimizing) behavior. Being derived from the production function, it represents the minimum

cost of producing each output, under a set of behavioral and technological assumptions. Among the

various types of costs, marginal cost concepts are the most relevant for resource allocation decisions.

The traditional total cost-output hypothesis, its graphical representations (see Appendix A) and use

are well developed in standard microeconomics texts [e.g., Henderson and Quandt, 1981; Beattie and

Taylor, 1985].

2. Approaches for Estimating Cost Relationships

Estimation of cost relationships requires specific data on input use, output levels, plant size,

and so forth. Habitat investments involve inputs (e.g., fencing, structures, water) to produce output

(fish). Thus, they are somewhat akin to a firm's production process. Some of the procedures used

in estimating a firm's costs are applicable here.

There are three main methods to esniate these cost relationships, each with somewhat

different data requirements. These are: (a) the accounting approach, (b) the statistical approach,

and (c) the engineering approach [Dean, 19761. Some approaches may be used in combination. For

example, French [1977] suggests another approach, known as the survivor technique, which

"combines' elements of (b) and (c).

a. Accounting Approach

The accounting approach consists of a detailed examination of the average costs for a firm,

which can be classified in the form of fixed, variable, and semi-variable expenses. The kind of

classification depends on the quality of data available and empirical observation and interviews done

by the researcher. The sample data commonly are classified according to firm characteristics, such

as size, location, and degree of mechanization Averages of the firms average costs are determined

for each classification and for each cost component [French, 1977]. Dean [19761 and French [1977]

note a set of conditions required to successfully apply this approach. These include: (a) observation

of firms with substantial variability in output rates; (b) detailed accounting systems maintained with

the same standards over time; and (c) relatively constant managerial ability, environmental

conditions, input prices, salaries and wages, plant size, and technology.



similar plants or by collecting data from a given plant over time. These data are then used to

estimate statistically total cost and other cost relationships that reflect the restrictions imposed by

economic theory. The statistical approach and accounting approach use the same type of data.

Because of this, both approaches tend to suffer the same shortcomings in terms of data quality.

Dean [1976], Johnston [1960], and French [1977] note the data requirements in applying this

approach. An alternative statistical approach to estimate cost functions is the use of duality

concepts. Duality theory is illustrated pedagogically in Young et al. [1987]. From an estimation

standpoint, the dual approach differs from the primal in its use of price data, rather than quantity

information on inputs. Chambers [1988] provides a detailed discussion of the use of duality in

microeconomic analyses.

c. Engineering Approach

The engineering approach, also called the building block or synthetic approach, is based

largely on technical knowledge. It "synthesizes cost functions from engineering, biological, or other

detailed specifications of input-output relationships' [French, 1977]. The engineering approach is

constructed in terms of physical units that later are transformed into monetary (cost) units at

relevant prices. The principal limitation of the engineering approach is the requirement of a

significant amount of technical knowledge concerning the production process [French, 1977; Dean,

19761.

3. Cost of Alternative Habitat Improvements in the John Day

Two of the principal advantages of the accounting approach relative to both the engineering

approach and statistical approach are: (a) it is relatively inexpensive to apply; and (b) it is easily

understood by policy makers. Whether these advantages make it superior to the other methods is

problematic. However, limited data on cost of habitat improvements for fish enhancement, and the

specific lack of information on such improvements across space and/or time in the John Day or

other high desert streams, preclude the use of other procedures. Thus, the simple accounting

procedure is used here to estimate costs of such habitat investments.

Specifically, the accounting approach is adapted here by using data on average habitat costs of

various habitat investments by the Northwest Power Planning Council [1989]. These costs are based

on funds expended by various state and federal wildlife agencies and billed to the Bonneville Power

Administration (BPA). The BPA, as instructed by the Northwest Power Planning Act, pays for most

habitat improvements in the Columbia Basin.
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Tables 111.1 and 111.2 summarize the costs of several habitat enhancement alternatives. These

cost data, reported to the BPA by the Bureau of Land Management (BLM), Oregon Department of

Fish and Wildlife (ODFW) and the Forest Service (FS), are average costs and are considered

preliminary.

Table 111.1. State and Federal Costs for Specific Instream Structures, Dollars

STRUCTURE
AGENCY

AVERAGE
COST ($)BLM ($) ODFW ($) FS ($)

WEIRS
log 595 1000 525 706.7
boulders 425 1000 1125 850.0

BOULDERS
250# 17 30 23.5
500# 17 17.0
1000# 38 38.0
cu yd 29 29.0

K-DAMS --- --- 675 675.0

GABIONS 765 --- --- 765.0

DEFLECTORS
log 298 --- 225 261.5
boulder 289 1100 225 538.0

ROOTS WADS 94 60 30 61.3

Source: Northwest Power Planning Council, March 1989.



Table 111.2. State and Federal Cost for Riparian Improvements, Central Oregon Streams,
Dollars

4. Opportunity Costs of Water in Alternative uses

a. Value of Water in Agriculture

As discussed earlier, water is typically allocated by non-market criteria. Hence, the value of

water frequently must be imputed through market simulation methods. The U.S. Congress, Office

of Technology Assessment [OTA, 1983] presents and describes several methods developed by

economists to estimate water values. The applicability of these techniques depends on the specific

case under investigation.

Even where water is "priced to the consumer, such as through sales by federal agencies to

irrigators, the price typically does not reflect the true marginal cost. Further, there is little or no

variability in water prices, hence it is difficult to estimate a traditional demand function. The two

methods most widely used in water valuation are the crop-water production function and farm crop

budget analyses (including programming analyses). Examples of these kind of studies are found in

Kelso et al. [19731, Shumway [1973], Ayer and Hoyt [1982], and Ayer et al. [1983]. These methods

and additional studies are reviewed in Gibbons [19861 and Saliba and Bush [19871.

The Office of Technology Assessment [1983] reports a range of values (point estimates) of
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IMPROVEMENT
AGENCY

BLM ($) ODFW ($) FS ($) AVERAGE
COST ($)

FENCING
pole/mile 7650 --- --- 7650
3-strand/mile 2550 6000 --- 4275
solar-electric/mile 3995 --- --- 3995

BANK SLOPING/mile --- 264000 --- 264000

RIPRAP/cu yd
rock --- --- 7 7
juniper 9 6 --- 7.5

REVEGETATION/acre
non-woody --- 1000 281 640.5
woody 375 375

Source: Northwest Power Planning Council, March 1989.
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water in agriculture. For western irrigated agricultural users, the estimates range between $8.75 and

$100 per acre foot (in 1988 dollars). These estimated values were obtained from studies by Young

[1982], Beaflie and Frank [1982], Howitt et al. [1982], and Gollehon et al. [19811.

There are few studies that address the value of water to agriculture in the Pacific Northwest.

In one of the few studies of this type, Hamilton, Whittlesey and Halverson [1989] estimated the

impact of interruptable water markets on water use and power production in the Pacific Northwest.

Using a 25 year simulation period with a discount rate of 6 percent they estimated the present value

of hydroelectric power to be from $301 to $409 per each acre of land under irrigation. The present

value of farm income losses (from hydropower water allocations) was estimated between $27 and

$36 per acre. Johnson [1987], using Bureau of Reclamation estimates, reports values for irrigated

agriculture in the John Day from $10 to $24 per acre foot. Forbes [1990] estimates the value of

water in alfalfa production in the Grant County portion of the John Day Basin to be approximately

$15 per acre foot.

The range of estimates for the Northwest suggest that water reallocations from agriculture to

instream uses impose an opportunity cost (or value) of water to irrigated agriculture of from $15 to

$35 per acre foot. Given the nature of the crop mix in the John Day study area, the agricultural

value of water is less than for some other areas of the Pacific Northwest.

b. Value of Water in Generating Hydropower

Most electricity generated and used in the Pacific Northwest is from hydropower on the

Columbia River system [Houston and Whittlesey, 1986]. In valuing water as a potential source of

hydropower, there are two main issues to consider: (a) the physical productivity of water, which

varies by location in a watershed and (b) the monetary value of a kilowatt-hour (kwh) produced by

hydropower. The physical productivity (electricity produced) is straightforward: as reported by

Whittlesey and Gibbs [1978] it is about .352 kwh/0.01 m3 falling one meter. Head is the vertical

distance that the water falls to turn the turbines. The monetary values per kwh are estimated via an

analysis of the opportunity cost of generating electricity by alternative sources [see Whittlesey and

Gibbs, 1978; Young, 1982; McCarI and Ross, 1985; Gibbons, 1986]. In other words, the opportunity

cost is equal to the value of the energy that could have been produced had the water been left to

flow downstream through the power generators' [Butcher et al. 1986].

Several studies in the Pacific Northwest have addressed the impact of expanded irrigated

acreage (e.g., in the Columbia Basin) on hydropower, and the consequent impact on electricity

consumers [see Whittlesey and Gibbs, 1978; Martin, 1979; McCarl and Ross, 1985; Houston and

Whittlesey, 1986; Hamilton, et al. 1989].
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Gibbons [19861 reports short and long-run regional values per foot of head per acre foot of

water for the Columbia River (from Grand Coulee to sea level). These values are $16.3 and $6.4 (in

1988 dollars) for the short and long run, respectively. These values are much lower than reported by

other studies. As noted by Young [19821, Whittlesey and Gibbs [1978] report values of over $37 (in

1988 dollars) per acre foot for water (for all dams below Roosevelt Reservoir, including Grand

Coulee). Butcher, et ál. [1986] report opportunity costs of diverting water from hydropower

production in in the Columbia River of from $10.5 to $53.8 (in 1988 dollars) for the Lower

Columbia (below the John Day Dam) and Columbia Basin (below the Grand Coulee Dam),

respectively.

5. Summary of Cost Information

This section has reviewed the available information on habitat enhancement costs, including

the opportunity costs of water in selected uses in the Columbia Basin. Data on such costs are

limited but do provide general guidelines as to the private and social costs of streamfiow

manipulation and habitat investments in the John Day. The cost information provided here are used

in Section C of this Chapter as one component of the net benefit (economic efficiency) analysis.

B. ASSESSMENT OF ECONOMIC BENEFITS OF FISHERY ENHANCEMENTS

1. Estimating Outdoor Recreational Demand and Benetits

Valuation of non-marketed recreational commodities such as fishing is needed because (a)

public agencies are confronted with competing uses in the management of fishery resources; (b)

there is concern about the eventual extinction of specific fishery resources (maintenance of genetic

diversity) due to elimination of critical habitat arising from the management of water and public-

owned land resources; and (c) governmental expenditures for protection and enhancement of

fisheries should be evaluated to ensure an efficient use of those public resources.

Estimation of the demand for and benefits from salmon or steelhead sport fishing require

procedures distinct from the traditional methods of estimating the demand for goods and services

traded in well-ordered markets, such as measuring the value of commercially caught salmon. In the

latter case, the product is fish, but for a recreational fishery, the product is "fishing" [Crutchfield,

1962]. Fortunately, there is a fairly long history of demand analyses involving outdoor recreation.

Several practical methods has been suggested and used in measuring the benefits of

recreational activities. Four widely used methods to measure recreational benefits are: (a) the

contingent valuation approach; (b) the hedonic approach; (c) the "unit day" approach; and (d) the
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travel cost approach. A brief description of these techniques is presented below. For a comparison

of these non-market techniques the reader is referred to Seller et al. [1985], Walsh [19861, and

Johansson [1987], Mitchell and Carson [1989].

The contingent valuation approach involves collection of preference information from a

representative cross-section of individuals who are asked to state their willingness-to-pay for

recreational activity (or willingness-to-accept compensation to forego participation) via a hypothetical

or contingent market. The key assumption in this approach is that the consumer/participant has

sufficient understanding of a resource or environmental commodity to assign an accurate value and

that this valuation can be elicited from the respondent by means of a properly constructed

questionnaire. Specifics of the procedure are discussed in Cummings et al. [1986]. Empirical

examples of these kind of studies include Davis [1963]; Matthews and Brown [1970]; Malinvaud

[1971]; Brookshire, Ives and Schuize [19761; Bishop and Heberlein [1979]; Adams et al. [1979];

Schulze, d'Arge and Brookshire [1981]; Bohm [19841; Cummings et al. [1986]; and Adams et al.

[19891, Mitchell and Carson [19891.

The hedonic approach considers two sources of variability in the price of a commodity: (1)

changes in the characteristics of the commodity and (2) changes in the price of the characteristics.

This approach has been applied to several empirical areas including analysis of environmental

amenities with respect to property value, wages and recreational activities. Examples of applications

of the hedonic procedures include Griliches [1961]; Adelman and Griliches [1961]; Ridker [1967];

Ridker and Henning [1967]; Freeman [1971]; Anderson and Crocker [1971]; Rosen [1974]; Polinsky

and Shavell [1976]; Getz and Huang [1978]; Brown, Charbonneau and Hay [1978]; Roback [19821;

and Brown and Mendelsohn [1984].

The unit day approach is based on expert judgement to develop an approximation of the

average willingness-to-pay [Walsh, 1986]. This method has been widely used by some governmental

agencies for the measurement of benefits coming from recreational uses of water but has not found

wide acceptance among economists [Dwyer et al., 19771.

The travel cost approach is probably the most widely used valuation procedure to measure

recreational demand. Indeed, it is the first estimation technique to be systematically applied to

recreational demand [Clawson, 1959]. Unlike contingent valuation procedures, the travel cost

approach is based on observed market behavior of a cross-section of participants sampled from

recreationists who travel to specific sites. Frequency of visitation (demand) is hypothesized to

respond to time and travel cost expenditures. Demand for recreation at a site is estimated using

distance (which in turn is transformed to travel cost) as a surrogate for the price of the site.

In this study the travel cost procedure is used to obtain information of the marginal value of

additional sport-caught steelhead in the John Day. The travel cost procedure is selected here
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because of the recent availability of travel cost data for Oregon anglers. The principal objective of

this section is to briefly review the travel cost procedure and then to estimate a travel cost model.

The estimated model provides a measure of the demand for steelhead fishing, which in turn is used

to derive a marginal value of an additional sport-caught anadromous fish in this high desert

environment of Central and Northeast Oregon.

2. The Travel Cost Approach

a. Review of Literature on Travel Cost Method

Consumer theory suggests quantity demanded per unit of time to be a function of own-price,

ceteris paribus (see appendix B). However, in most fishing activities prices are either non-existent or

do not exhibit sufficient variation to estimate this traditional demand function [Dwyer et al., 1977].

Several alternative measures (surrogates) of price are found in the literature. Walsh [1986]

enumerates six: (1) entrance fees and permits; (2) direct transportation costs; (3) travel time costs;

(4) opportunity cost of recreation time at the site; (5) total indirect cost; and (6) fixed costs.

Depending on the nature of each case, a combination of these measures can be used.

The travel cost method has been steadily refmed to improve its accuracy [Clawson, 1959;

Cesario and Knetsch, 1970; Brown and Nawas, 1973; Gum and Martin, 1975; Dwyer et al., 1977;

McConnell and Strand, 1981; Vaughan and Russell, 1982; Bockstael et al., 1987]. One method still

widely used is the simple travel cost method, which is a two-step procedure of: (1) estimating an

individual or per capita demand curve; and (2) deriving the site or resource demand from the

individual demand curve. The basic assumption of the simple travel cost model is that the number

of trips to a recreation site will decrease as distance increases. By integrating the area under the

derived demand curve for a .site or resource, the travel cost method provides an indirect measure of

consumer siip1us:beuefits [Walsh, 1986]. This method was originally suggested by Harold Hotelling

[1949]. Clawson [1959] later pioneered the application of the travel cost method to the estimation of

outdoor recreational benefits. The model used by Clawson had four basic assumptions: (1) people

in all zones have the same average preference function; (2) the marginal preference for travel in all

zones is zero; (3) time and monetary constraints are not factors; and (4) the price and availability of

substitutes are equal for all zones [Brown and Nawas, 1973; Shalloof, 1985; Raja-Abdullah, 1988;

Adams and Brown, 1989].

Refinements to the travel cost method have largely focused on the limitations inherent in

these assumptions. Knetsch [1963] and Cesario and Knetsch [1970] pointed out several limitations to

Clawson's original travel cost model. For example, it is not correct to assume that the disutility of

recreational traveling is strictly a function of money cost, because time spent in travel can also affect
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the choice of recreational experience. Thus, the omission of relevant variables (for instance, travel

time, availability of substitutes, congestion, and heterogeneity of participants) may result in biased

estimates [Theil, 1957; Malinvaud, 1966; Kling, 1989]. This suggests the necessity to introduce a

travel time variable into the model. However, inclusion of travel time frequently causes high

multicollinearity between travel cost and travel time, making the estimated coefficients for this

variable unreliable. Cesario and Knetsh [1970] suggest creation of a new variable (by combining

travel time and travel cost variables) as a way to avoid the multicollinearity problem.

Another problem in applying the travel cost method has been how to include the opportunity

cost of time. McConnell [1975] states that ignoring the opportunity cost of time underestimates the

marginal value of the recreation activity. Suggestions range between one-fourth to one-half of the

individual's wage rate [Cesario, 1976; Dwycr et al., 1977]. Other authors argue that the opportunity

cost of time should be some proportion of the individual's hourly income, and that this proportion

can be estimated from the sample data [McConnell and Strand, 19811.

A more recent issue is the introduction of site characteristics in the estimation of travel cost.

Vaughan and Russell [1982] present a simple way of introducing site characteristics, arguing that site

characteristics 'permit the valuation of changes in site attributes, such as fish species supplied or

levels of harvest provided by management measures such as stocking." Hsiao [1985] introduces a

quality variable in the estimation of a regional travel cost model. Raja-Abdullah [1988] uses a

regional travel cost model to measure the effect of substitutes and quality variables for Oregon

ocean sport-caught salmon. Other studies examined the consequences of multiple trip destinations

on travel cost estimates [Haspel and Johnson, 1982]. Also, site substitution can have an important

effect on demand for recreation for an specific site [Walsh, 19861.

Most recent refinements in travel cost studies center on econometric aspects, such as model

specification and functional form. For instance, Kling [19891, summarizes the conditions which give

rise to biases from omitting substitutes, noting that biases for both prices and quality changes occur

at single or multiple sites and depend on the degree of correlation between included and omitted

variables. Other studies within this context are Knetsch [19801, Caulkins et al., [1985], Wilman and

Pauls [19871, Kling [19881, Sample and Bishop [1988], Wilman and Perras [1989].

Several specifications for a travel cost recreation demand model have been used in previous

research. In some early fisheries valuation research in Oregon, Stevens [1966] specifies a demand

model for recreation as follows:

TR = F(TC, IN, DI, CA) (111.1)

where

TR = Number of trips,



TC = Travel cost,

IN = Income,

DI = Distance, and

CA = Angler catch.

Specification (111.1) is useful to estimate the marginal value of an additional sport caught fish.

As noted by Loomis [1985], many prior travel cost studies that report values per fish caught actually

reflect the net economic value of the entire fishing experience, because they use the value of a

fishing day multiplied by days required to catch a fish to calculate the value per fish. Given the

focus of this study on marginal value, a catch variable is critical to the model.

The use of the travel cost model for the valuation of an environmental improvement assumes

weak complementarity, which means that if there exists a commodity 01 that is a weak complement

with environmental quality, then the benefit from improvements in environmental quality can be

measured approximately from the demand equation of 01 [Freenberg and Mills, 19801. In the same

context, Mäler [1974] says that when weak complementarity is present, if the quantity demanded of a

private commodity 01 is zero, the marginal utility of the environmental quality is zero. Freeman

[1979] and Bockstael and Kling [1988] assert that the weak complementarity assumption permits one

to estimate environmental benefits (say, from improving the quality of fishing at a site) using travel

cost methods by estimating the demand for a commodity which is a weak complement to the

environmental quality. Valuation of the changes in environment quality is calculated via economic

surpluses (the area between the demand curve before and after the change).

An approximation of specification (111.1) is used in this study to estimate the demand curve for

a site and the marginal value of an additional sport caught steelhead in the John Day.

b. Source of Data

During 1988 and 1989 the Oregon Department of Fish and Wildlife (ODFW) conducted mail

surveys of approximately 9000 recreational anglers. These in turn were followed-up by 1800 detailed

telephone surveys. The anglers were solicited for information such as zip code of their residence,

duration of their trip, the travel time from their home to the recreation zone, one-way distance to

the recreational site, travel cost, number of individuals in the group, and catch.

The data on anadromous fish, mainly steelhead fishing activities, were obtained from a subset

of those telephone surveys. Specifically, 36 angler surveys from the telephone sample reported

steelhead angling in the Central and Northeast regions of Oregon. These encompass both the

Deschutes and John Day rivers. Additional data needed for the estimation were obtained by
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Conversations with personnel of the Oregon Department of Fish and Wildlife.

3. Estimation Procedures

a. Estimation of an Individual Visit Per Capita Demand Function

Early estimation of outdoor recreational demand functions and benefits using travel cost was

based upon average participation rates and travel costs for numerous distance zones [see, for

example, Clawson, 1959; Knetsch, 1963; Brown et al., 19641. However, some authors suggest that

considerable gains in efficiency could be achieved in estimating outdoor recreational demand

functions by using individual observations instead of zonal averages [Brown and Nawas, 1973; Brown

et al., 1983]. By using zonal averages, the analyst must address the problems of constructing efficient

groupings and the loss of efficiency from increased multicollinearity among explanatory variables

when data are grouped or averaged.

Using data from the 36 individuals who visited Central and Northeast Oregon for anadromous

fishing, a simple travel cost demand function (IV.2) was estimated by OLS (Ordinary Least Squares)

via the SI{AZAM statistical package [White, 1978]. Following the suggestion of Brown et al. [1983],

each individual observation was adjusted to a per capita basis. This procedure should account for

the lower percentage of people who come from more distant areas to participate in sport fishing

activity, thus avoiding a biased estimate of the travel cost coefficient. The resultant equation is

presented below.

trpcap1 = 6.37-.208 LN(di1) -.492 LN(in1) + .013 LN(cu1) + .263 du (111.2)

(4.29) (-2.04) (-3.30) (2.18) (1.35)

R2-33 n=36
where

trpcapi = (trips1 * blu)/(pop1/part),

di1 = round trip distance for individual i,

in1 = income of individual i,

ca1 = number of steelhead caught by individual i.

du = dummy variable (take value zero and one for Northeast and Central Oregon,

respectively)

The variables involved on the definition of trpcap are defined as:

trips1 = reported trips individual i, adjusted by time spent fishing

blu = sampling blow-up factor,

pop, = population of individual i's county of residence,
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part = number of (sample) individuals coming from the same county.

This equation has an R2 of 0.33. All coefficients but the dummy's coefficient are statistically

significant at the 5 percent level of significance. The dummy's coefficient is statistically significant at

the 10 percent level of significance. The t-values are provided in parentheses.

b. Estimated Benefits

Walsh [1986] defines the benefit as the economic value coming from the satisfaction (or

utility) obtained from any type of psychological pleasure from recreation. The economic value (in

dollars or income) of this benefit is measured by the willingness to pay (for the pleasure of

recreation). This economic notion of benefits can be used to evaluate the effects of price changes or

changes in the quality of the recreational experience---changes which affect the welfare of the

consumer (see Appendix C).

The consumer surplus (benefits) for each individual is estimated using the Gum-Martin

approach applied to the individual observed visit per capita demand function [1975]. This method

involves using the actually observed number of fishing trips per capita, rather than the predicted

number of fishing trips per capita, as the basis for computing consumers' surplus. The use of

observed instead of predicted fishing trips has the advantage of being less sensitive to possible

demand model specification error. This approach also ensures that at the individual level, only non-

negative consumer's surplus values are obtained.

The per capita consumer's surplus, for each individual (CS1), was estimated by integration as

follows:

CS1 = J1 - ln(TC)) &TC (111.3)

where

TC = total travel cost

ul = upper limit

II = lower limit

The ul is represented by the lower value between the intercept and the highest travel cost

found in the sample ($231). The 11 is represented by the actual individual travel cost. The TC (or

price) variable is defined as follow:
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TC = [di * .2875 + {(in/2080)/3} * di/55] (111.4)

TC represents the transportation cost, assumed here to involve a vehicle cost of $.2875 per

mile [U.S. Army Corps of Engineers, 1987], plus an opportunity cost of time. The opportunity cost

of time is assumed to be one-third of the actual wage/hour (as advised by the Water Resources

Council). Time spent traveling is calculated assuming an average travel time of 55 miles per hour.

To obtain the total consumers' surplus, each CS is multiplied by its respective population

participation and these are then summed Thus:

CS = CS * (pop1/part)

Because the fmal objective of this section is to obtain the marginal value of an additional

steelhead caught in a high desert stream of Northeast and Central Oregon, the individual catch (Ca1)

was increased by 25 percent, 50 percent, 75 percent, and 100 percent. This increase in catchable

steelhead shifts the demand curve up and to the right. This is shown in Figure 111.1 as the shift from

D0 to D1. As pointed out by Donnelly [19851, the improvement in fishing over a long period will

produce an increase in number of trips taken by current anglers or in entry of new anglers, because

of the better quality fishing experience. Area A represents the original consumer surplus, and area

B represents the increase in consumer surplus due to an increase in long run catchable steelhead.
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The consumer's surplus (CS) for the initial situation and for each increment in ca1, along with

the marginal value of fish (MVF) are shown in Table 111.3. This latter value is important for this

study and displays declining values for increasing fish catch. For example, if catch increases by 25

percent, the marginal value per fish is estimated to be $35.3. lithe catch increases by 100 percent,

the marginal value per fish is $28.7. The MVF reported here are higher than some recent estimates

[Samples and Bishop, 1985; Johnson and Adams, 1988 and 1989; Loomis, 1985] and lower than

several estimates reported for different rivers and ports by Loomis [1985].

The total fish value was obtained by multiplying the fish blow-up factor (306) by the sample

change in the number of fish The information to estimate the sample blow-up factor as welt as the

fish blow-up factor was obtained through telephone interviews with personnel of the Department of

Fish and Wildlife in the Dalles, John Day, and Portland.

Table 111.3. Net Consumers' Surplus and Marginal Value Per Fish: Central and Northeast
Oregon.

4. Conclusions

This part of the thesis has shown that there are substantial benefits from recreational fishing

for steelhead in the Central and Northeast regions of Oregon. Of direct importance to this research

is the marginal value for a sport-caught steelhead. The MVF reported here are within the values

obtained by other studies.

Given the nature of the data available, this part of the research did not include substitute

prices or qualities in the estimating equation. This exclusion leads to biased estimates for consumer

CONDITION

CONSUMER SURPLUS CATCH MVF

TOTAL
($)

CHANGE
($)

TOTAL CHANGE ($)

Current Catch
Rate

6,231,387 --- 15,607 ---

+25% 6,369,147 137,760 19,508 3,902 35.3

+50% 6,486,210 254,823 23,410 7,804 32.7

+75% 6,588,310 356,924 27,312 11,705 30.5

+100% 6,679,336 447,450 31,214 15,607 28.7



surplus, a bias which then influences the estimate for MYF. However, as Kling [1989] notes, if

substitute qualities or prices are uncorrelated with own qualities or price, there is no bias to the

welfare estimates of a quality or price fluctuation (see appendix D).

C. ECONOMIC EFFICIENCY OF HABITAT/STREAMFLOW INVESTMENTS

One objective of this thesis is to present an integrated approach to evaluate investments to

enhance anadromous fish production. A secondary objective is to provide preliminary information

on the economic efficiency of selected habitat investments in the John Day Basin. The previous

sections of this thesis represent components of such an assessment. These include: (1) the physical

relationship between environmental factors and fish numbers (Chapter II, Section A); (2) definition

of management options to influence critical environmental factors (Chapter II, Section B); (3) the

costs of management options to enhance the environment for fish productivity (Chapter III, Section

A), and (4) the benefits to recreational anglers of an additional fish (Chapter III, Section B). This

section provides an overview of how those various components can be combined to measure the

gains to society from alternative habitat investments.

It must be stressed that the numerical estimates presented are of a heuristic nature.

That is, the purpose of these estimations is to demonstrate the process involved in such calculations,

not to measure the benefits and costs of a specific management strategy. A lack of critical data,

arising from the complexities of the hydrological-biological conditions of the John Day, prevent the

actual calculation of 'least-cost" or otherwise optimal strategies at this time.

1. Benefit-Cost Analysis

A common problem confronting public decision-makers is how to allocate scarce resources

across competing interests. One approach is the use of Benefit-Cost Analysis (BCA) to compare the

economic costs and benefits from changes in resource allocation. If the beneflis (to whomever they

accrue) of an alternative allocation exceed the costs (to whomever they accrue), then such a move

represents a potential increase in social well being (gain in economic efficiency). When it is no

longer possible to increase social welfare by changing the allocation of resources, then the status quo

represents an optimal allocation. A more detailed discussion of the notion of economic benefits is

presented in the Appendix.

While the concept of economic efficiency is simple in theory, in practice there are numerous

difficulties in measuring benefits and costs. For example, inputs and outputs of some publicly

provided investment, such as recreational fishing or related projects, frequently are not traded in
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markets. Therefore, prices of such commodities cannot be observed directly from the market, but

must be inferred from other information, as discussed in Section B of this chapter. A more serious

difficulty in implementing a BCA in this study is the lack of available physical (hydrological and

biological) data on the relationship between specific management alternatives and the environmental

factors used in the response functions in Section A of Chapter II. For example, it is difficult to

quantify accurately how temperature will change, spatially and temporally, as discharge is increased.

Despite the lack of this type of information, it is possible to present an approximation of BCA

as applied to the John Day River, using the elasticities reported in Chapter II, and the cost data and

marginal values per fish reported in this chapter. As noted earlier, the resulting estimates of

economic efficiency are best viewed as a sensitivity analysis of the feasibility of various investments.

Net benefit calculations require a linking of the changes in management decision variables

(e.g., water transfers or instream structures) with their biological and economic impacts. The initial

consideration is some predetermined change in the physical environment. This physical change will

have both a spatial dimension (applied to a specific habitat cluster or set of clusters) and a temporal

dimension (length of life). Once specific physical changes are identified, cost estimates can be

obtained by selecting a discount rate and determining the present value of the appropriate stream of

costs over the life of the change. These specific physical changes can also be converted into a

measured impact (percentage change) on a relevant environmental variable or characteristic.

At this point the elasticities produced by the cluster regressions in Section A of Chapter II can

be used to calculate the percentage change in fish numbers given the percentage change in the

variable of interest. This increase in fish numbers will be in terms of juveniles or smolts and will

have to be further converted into the annual and total increases in adults by assuming a speciflc

survival rate over the 3 to 5 years before these juveniles return to spawn. Once the increase in fish

numbers is known, it is possible to identify the benefits which result from the initial physical change

by utilizing the consumer surplus-based calculations of the marginal value of a fish (MVF presented

in Section B of this chapter); multiplication of the MVF by the annual increase in fish produces the

yearly benefit. This stream of benefits can then be discounted into a present value estimate of total

benefits. Once all the pieces are in place, the final step is a comparison of benefits and costs

through a simple ratio or net benefit calculation.

2. Benefit-Cost Calculations

Net benefit calculations have been made for a selection of three management actions. The

three basic actions chosen for evaluation are: (1) building log weirs which are assumed to decrease

water temperature; (2) acquiring water transfers through voluntary sales, which increase discharge;
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and (3) providing riparian canopy/fencing which decreases water temperatures. Thus, attention is

focused on applying BCA to those environmental variables (temperature and discharge) which were

identified to be statistically important 'limiting factors" in the analysis of fish production response

functions.

In the following heuristic exercise three examples of the net benefits calculation procedure are

presented for steelhead production. Let 0 denote the start of the analysis, and then let successive

whole numbers (1, 2, 3 ...) represent the end of each respective season or period. Each of the

examples begins with a proposed management action or physical change in the environment at time

0. The first example concerns the construction of log weirs.

The initial management proposal is to construct ten log weirs on a one mile stretch of

Mountain Creek (habitat cluster 1). The average cost per weir is assumed to be $705. The

total cost of this single period improvement is $7050. The expected life of each weir is 25

years. The initial construction takes place at time 0, and the weirs are in place for periods 1

through 25.

It is assumed that the weirs provide depth and shade and thereby decrease water temperature.

If the average summer temperature for this particular location/elevation is assumed to be

20°C and the weirs lower the average by 2°C, then a 10 percent decrease in temperature will

have been achieved.

This measured impact on an environmental variable can now be converted into a fish

production response using the appropriate estimated elasticity. Census survey data for

tributaries in this reach of the drainage indicate that the average number of juvenile steelhead

per pool is 14 (140 per mile). If the current level of fish is therefore taken as 14 per pool,

and the estimated temperature elasticity is -5.0 (as taken from Table 11.1), then the 10 percent

decline in temperature will equate to a 50 percent increase in fish. The increased level would

be 210 fish per mile, for a marginal increase of 70 annually over the expected life of the weirs.

The next step is to assume that of these 70 additional juvenile fish, roughly 7 percent will

survive to adults and return to the creek three years later. This is a conservative value. For

example, Ward and Slaney [1988] report survival rates between 7 percent to 26 percent. Using

a 7 percent return for periods 3 through 28, results in an additional 5 adult steelhead annually.
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Using an assumed marginal value per fish (MVF) of $35 (see Table IV.4), this annual

increase in fish numbers can be converted through discounting into a present value estimate of

total benefits. At a discount rate of 10 percent, this equates to $1325 of total benefits.

The final step is the comparison of total costs and benefits. For this particular example, a net

benefit of -$5725 has been calculated.

Thus, for the assumed scenario the proposed management action produces negative net

benefits. However, the procedure can easily accommodate the comparison of alternative scenarios -

whenever uncertainty over variables is involved. Consider the following plausible case. Assume that

the log weirs are placed in a more pool-limiting stretch of the river, where the level of fish per pooi

is now at 50 (similar or higher fish densities are reported for Camp Creek, as reported by Adams et

al., 1990). Further, assume that the survival rate to adulthood is 10 percent and that the selected

social discount rate is 8 percent. Under this alternative scenario, a positive net benefit value of

$1059 is calculated.

Additionally, a sensitivity analysis can be conducted over the range of a single variable. For

example, it is possible to hold all the original assumptions constant except to incrementally increase

the level of additional fish annually provided by the proposal and then check the corresponding net

benefit value. A benefit-cost ratio of unity (net benefits equal to zero) is achieved at a level of

approximately 28 additional adults annually (or 400 additional juveniles annually). This would

equate to a new average level of 54 fish per pool. Any increases above this level would provide

positive net benefits. As noted above, this level of average fish per pool does not appear to be out

of line with estimates obtained from habitat environments where log weirs are currently utilized (as

reported for Camp Creek by Adams et al., 1990).

The second example deals with the combination of improving riparian canopy and installing

fencing.

(1) The proposed management action is to install riparian canopy and fencing along a one mile

corridor of Rock Creek (habitat cluster 2). The selected style of fencing is solar-electric,

which has an average cost of $3995 per mile. By fencing both sides of the stream, total

fencing cost is $7990. In addition, four acres of vegetation are proposed: 2 acres of non-

woody at $640 each and 2 acres of woody at $375 each. Total fencing and revegetation costs

together are $10,020. It is assumed here that for these one-time improvements at time 0, the

impacts on stream temperature will occur from periods 3 through 40 of the 40-year expected

life.
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The increased vegetation and protection from overgrazing will result in decreased stream

temperature. If the average temperature for the chosen location/elevation is assumed to be

21°C and the improvements decrease temperature by 3°C, then a 14 percent decrease will

have been achieved.

This measured change in water temperature can be converted into a fish production response

by using the estimated elasticity of -9.9 from Table 11.1. Thus, the 14 percent decrease in

temperature equates to a 138.6 percent increase in fish production annually over the periods 4

through 40. Using survey data and a blow-up factor for the .4 percent sampling frequency on

Mountain Creek, it is estimated that there are approximately 500 juvenile (age 0) fish

annually. A 138.6 percent increase would mean an additional 693 juvenile fish.

The next step is to assume that of these 693 additional juvenile fish annually, roughly 7

percent will survive to adults and return three years later. Thus for periods 6 through 43,

there will be an additional 48 adult steelhead annually.

Using an assumed marginal value per fish (MVF) of $35 (see Table 111.4) this annual increase

in adult steelhead can be converted into a present value estimate of total benefits. For a

selected discount rate of 10 percent, the total benefit resulting from the riparian improvements

is $10,260.

The calculated net benefits for this example are $240.

Thus, this particular assumed scenario essentially identifies the "break-even' point where the

benefit-cost ratio is approximately unity. Any fish production greater than 48 adults annually would

yield positive net benefits, while any amount lower would yield negative net benefits.

The fmal example deals with the possibility of a water transfer to augment critical low flows in

the summer

(1) The proposed management action is to increase water flows in the South Fork (habitat cluster

6) for a 60 day period during the summer Slightly more than 5 cubic feet per second (5.05

cfs) over the full 60 days can be purchased from an agricultural source with a senior right.

The water is to be released below Izee Falls and is assumed to have a measurable impact on

discharge until the confluence at Dayville 50.7 km downstream.
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The cost of this proposal can be calculated by first converting cfs into acre feet. Given that

one cfs for a day is equal to 1.98 acre feet, then the proposed water transfer is equivalent to

10 acre feet per day, and a total of 600 acre feet over the entire 60 days. As noted earlier in

this chapter, an assumption of an opportunity cost (or marginal value) of water in irrigation of

$25 per acre foot is within the range of reasonable estimates for the Pacific Northwest.

Multiplying $25 per acre foot by 600 gives a total cost of $15,000 for the proposed transfer.

The additional water purchased represents a 15 percent increase in discharge over the average

of 33.91 cfs for the South Fork. Using the estimated elasticity of 7.4 from Table 11.1, this

change in the physical environment can be converted into a 111 percent increase in fish

numbers. Using survey data and a blow-up factor to account for the 2.8 percent sampling

frequency, the initial level of total fish (age 0) in this stretch is estimated to be 4429. A 111

percent increase would mean an additional 4915 juvenile fish.

A one time increase of 4915 juveniles equates to an increase of 344 adults in period 3, by

assuming a 7 percent survival rate to adulthood for steelhead.

Using an assumed marginal value per fish (MVF) of $35, this one time increase can be

converted with a discount rate of 10 percent into a present value estimate of total benefits of

$9,047.

The calculated net benefits for this example are -$5,953.

For this particular proposal the required increase in adults in period 3 is 570 fish in order for

the benefit-cost ratio to exceed unity. Any level above 570 would yield positive net benefits.

The results for all three examples are summarized in Table 111.4. While the net benefits

calculation procedure allows for meaningful comparison of management alternatives, it should be

reiterated that the example results presented in Table 111.4 represent a heuristic exercise; they are

designed to serve as an aid in understanding the potential uses of the procedure, but have no further

justification. For simplicity in demonstration, these examples have been kept to single component

management actions with one-time costs. The procedure can also be applied to broader

management programs planned over a period of years.



3. Implications of the Benefit-Cost Analysis

Estimates of net benefits (economic efficiency) of individual investments/policies provide

tangible inputs into the decision making process and allow comparisons to be made across policy

alternatives. Unfortunately, in tracing through the procedure outlined in this section, it is apparent

that any single net benefit calculation for anadromous fish requires a full set of physical, biological

and economic information. Uncertainty at any point in the calculation undermines the validity of (or

increases the variance around) the estimate of the final value. Even with adequate data, benefit

estimates alone cannot prescribe difficult policy choices. But, like any conceptual model, they can

further understanding and aid in the determination of future data-gathering and monitoring

requirements [Haug, 1989].

An additional caveat concerning application of BCA to fisheries or wildlife management

policies is the undue reliance on any rationalistic-comprehensive [Dror, 1964] or "linear-

comprehensive" [Bailey, 1982] approach to decision making. Such fully synoptic approaches posit

that clearly defined social and management goals exist, along with complete and continuous

quantitative information. It is further assumed that all possible management options are fully

considered prior to the selection of a course of action. Bailey [1982] has noted the particular

difficulties in wildlife management in applying such an approach: wildlife is often a highly variable

and complex limited resource, population patterns are difficult to measure and understand, and

program budgets may be greatly constrained and uncertain. Alternative management approaches

range from Lindblom's [1959] well known 'cyclical-incrementalism" or "muddling through' approach

to more recent and sophisticated procedures such as Walter's [1986] "adaptive management.'

A useful introduction and discussion of the use of such techniques in the management of

natural resources in the Yakima River Basin is provided by Haug [1989]. In the face of inherent

management uncertainties he states that:

Explicit recognition of this uncertainty allows us to view resource management as
experimental: Natural resource management as an ongoing adaptive and
experimental process will lead to better scientific understanding of the resources
we manage. And as our information gets better, we adjust management practices
to reflect this improved understanding [Haug, 1989].

Social choice concerning the use of natural resources is a continuous, ongoing process

and it is important that planners avoid being paralyzed by uncertainties. It should be

recognized that the net benefits calculation procedure outlined in this section is amenable to

improved informational inputs.
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Table 111.4. Net Benefit Calculations for Specific Management Actions

Management
action or

physical change

location
(habitat
cluster)

Expected
life

(years)

l4ther Cost per
unit ()

PV of

total

costs

($)

EnvlronmentaFstimated
I impact elasticit

y

Annual
increase
in fish

nuabers

Estimate
d Adult

survival

rate (X)

Annual

increase

in

adults/spa
n of years

Estimated
marginal
value per
fish (%)
(MVF)

Chosen
discount

rate ()

PV of

total

benefits

Estimate
d net

benefits

log Weirs lountain

Creek (1)

25 10 705 7,050 decrease

water temp
by 10%

-5.0 70 7 5/yrs 3-28 35 10 1325 -5125

log Weirs ountain
Creek (1)

25 10 705 7,050 decrease
water temp
by 10%

-5.0 250 10 25/yrs 3-
28

35 8 8109 1059

Riparian canopyflock

and Fencing

Creek

(2)

40 1 mile --- 10,020 decrease
water temp
by 16%

-9.9 49 7 49/6-43 35 10 10260 +240

Water transfer South Fork
(6)

Single
PerIod

10 acre
ft. for

60 days

25/acre
ft

15,000 increase
discharge b

10%

+7.4 4915 7 364/yr 3

only

35 10 9047 -5953



D. VALUE OF WATER FOR FISH PRODUCTION

Fish "compete" with other water users for scarce quantities of water in the John Day River.

One way of allocating water among these competing users is the value of water (at the margin) in

each competing use. Previous sections have demonstrated that increased flow in the John Day will

increase recruitment of salmonids. Information is needed on a per unit basis (acre-foot) to compare

with other uses of water in the Basin. This section estimates the value of water in fish production at

selected sites in the John Day Basin.

In estimating the marginal value of water in fish production (MVW) or other uses, analysts

tend to report estimates that represent "value" across a large area, which masks potentially large

differences across sites within the area. For example, Johnson (1987) estimated MVW in fish

production for the entire North Fork of the John Day. Johnson found that the marginal value for

summer flow was $2.25 per acre-foot.

The results of such aggregate estimates can be misleading because the marginal value of water

can vary considerably from site to site. As discussed in Chapter II, the John Day River is a complex

ecological system, with substantial temporal and spatial variability in climatological, hydrological and

biological conditions. Such variability influences water use patterns in the basin, with a subsequent

impact on the marginal value of water. Therefore, any estimation of the marginal value of water

(and policy derived from this estimation), should be keyed to specific sites rather than an entire

drainage.

The MVW for fish production was estimated for several Clusters (sites) using the response

curve estimates in section II.A. The marginal values for water were obtaining by adjusting the

marginal productivity of water, from the response estimations, for the percentage of adult fish

returned to the site (assumed to be 7 per cent), and then multiplying this value by the marginal

value of fish ($35) estimated in Section III.B. The values obtained were transformed from dollars

per cfs to dollars per acre-feet by dividing by 178 (procedure used by Johnson, 1987). Table IV.5

shows that the MVW vary between $.005 to $29.50 depending upon the location of each specific

Cluster (site).

The wide range in marginal values suggests an important policy implication: similar-appearing

habitats may have quite differing productivities with respect to flow or other inputs. Therefore, for a

large basin like the John Day Basin, it is apparent that estimated MVW might be relevant in some

locations but not in others. Thus, water allocations decisions and policies based on aggregate

estimates must be used with caution. Ideally, the marginal value should be obtained for the specific

site of interest.
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Table 111.5. Marginal Value of Water for Fish Production.
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Cluster $/acre-foot

1 0.556

4 29.50

6 3.624

7 0.005

8a 0.283

8b 0.583

9 0.100



Chapter IV

CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH

A. CONCLUSIONS

The John Day River Basin is a complex ecological system, with substantial temporal and

spatial variability in dimatological, hydrological and biological conditions. This natural variability is

an important aspect of the environmental factors that influence fish populations. Such variability

also influences land and water use patterns in the basin.

The data presented in Chapter II suggest that these environmental factors affect fish

productivity differently depending on the environmental characteristics in each site/reach. This

diversity makes it difficult to obtain generalized suggestions concerning the technical efficiency of

alternative management policies.

Presently, the productivity for anadromous fish in the John Day Basin is limited by several

environmental factors. The main factors limiting salmonids in 9 out of 13 clusters at the reach and

stream-unit level of analysis are water discharge and water temperature. This is corroborated by the

results of the response curve estimations which demonstrate that summer temperature and discharge

appear to be key environmental variables affecting the survival of juvenile anadromous fish

throughout most of the John Day River Basin (Section hA).

The significance of these key environmental factors suggest the technical feasibility of certain

policy options. These include: (a) water transfer; (b) canopy/riparian restoration; and (c) instream

structures such as log weirs. Each of these management options are likely to increase fish numbers

in some subbasins of the drainage. Other options, such as boulder placement, did not appear to

increase fish numbers. This may be due to insufficient streamfiow (to scour areas behind boulders)

suggesting that combinations of management options are required to realize gains in fish

productivity.

Chapter III, Section C provides preliminary evaluation of some general habitat changes.

Although habitat and streamfiow options vary in cost and effectiveness, most investments analyzed

here did not generate benefits greater than costs, although all calculations are sensitive to the

biological data and assumptions used in these evaluations. Streamfiow options may be less costly as

a temporary solution than some specific investments in vegetation or habitat structures, given the

relatively low value of water to put out-of-stream uses in some subbasins. Riparian restoration (tree

plantings, fences) and structures (log weirs) are justified in some subbasins because of their long-

term benefits of decreasing high summer temperature, increasing summer discharge, increasing
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habitat diversity, and stabilizing streambanks (Section II.B. and Section lilA.).

In addition to increases in fish production, habitat improvement projects (including voluntary

water transfer from agriculture to instream uses) also can generate other benefits in terms of water

quality and quantity. These benefits include minor increases for hydroelectric power generation

potential or other instream water uses, such as improved sport, commercial and tribal fishing in the

lower Columbia and Pacific marine environment (Section III.B). These benefits are not included in

the BCA sensitivity evaluations reported in Section III.C.

The economic benefits of increased fish production used in the BCA of Section III.C. arise

from increases in the quality of recreational fishing. Using a travel cost procedure, the net marginal

benefit of an additional steelhead (adult) caught by a sport angler is estimated to be from $28 to $36

(Section III.B). These benefits per fish fall within the range of estimates found within the recreation

literature.

The value of water in fish production was estimated for selected sites (Section III.D.). The

wide range in estimated marginal values suggests an important policy implication: water allocation

decisions and policies based on aggregate estimates must be used with caution. Ideally, the marginal

value should be obtained for the specific site of interest.

Given the existing habitat and streamfiow conditions in the John Day River Basin and the

concern for improving fish productivity for anadromous species, efforts at habitat alteration should

be prioritized. First, in a basin this large, similar-appearing habitats may have differing

productivities for differing reasons. Therefore, a needed first step is site-specific identification of the

existing and potential limiting factors on fish productivity. Next, the interplay of limiting and other

environmental factors must be considered. Then, habitat alteration measures must be examined

against their technical practicality and feasibility, as well as against management objectives. The

economics of habitat improvement must then be considered.

For a large basin, it will become apparent that particular measures might work well in some

locations but not in others. The "shotgun' approach to habitat improvement --finding streams that

support anadromous species and installing habitat improvements without comparison of the potential

economic costs and returns on investment-- that typifies much past work done in the Pacific

Northwest must be resisted.

For the John Day Basin, it appears that the types of habitat improvement measures must be

prioritized on a site-by-site basis. Cover may be the greatest need at one location, followed by

channel complexity and bank stability. At another site, streamfiow may be the greatest need, while

cover, bank stability and channel complexity may be adequate. Identical habitat measures at the two

sites would produce entirely different results. Northward-flowing streams may offer greater returns

on structural enhancement than southward-flowing streams, because of greater solar exposure and
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water warming in the second case if riparian cover is limited in both systems. Tributaries with well

sustained late-summer flows may represent a better investment in structural improvement than those

flowing from lower-elevation watersheds were late-summer flows are likely to become quite small.

This thesis has presented a general framework within which to measure the technical and

economic efficiency of habitat enhancements. Although the effects of some limiting factors on

anadromous fish are difficult to measure, a benefit/cost evaluation, supported with site-specific

biologic and hydrologic data, can provide the basis for selecting appropriate management policies.

Due to the size and complexity of the John Day Basin, this study did not evaluate or determine

"least-cost" strategies of habitat enhancement. However, this study does provide useful preliminary

quantitative information concerning selected environmental relationships and a methodology that can

be used by future researchers to identify critical data needs in estimating least-cost strategies of

alternative habitat investment.

B. FUTURE RESEARCH

There are a number of potential errors or uncertainties in the evaluations presented in this

report. These vary from measurement errors in basic data to errors inherent in application of the

methodologies of each discipline in the study. It is not clear whether the integration of these

methods exacerbates or mitigates these errors.

As with many bioeconomic analyses, a major uncertainty in this research is the relationship

between habitat/streamfiow conditions and the key environmental factors, such as temperature.

Studies that link habitat investments to such changes in freshwater environment are critical to the

determination of least-cost strategies. Future biological research should focus on integrating habitat

changes with the changes in environmental factors.
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Appendix A. Cost Concepts

Among the various types of costs, marginal cost concepts are the most relevant for resource
allocation decisions. The traditional total cost-output hypothesis is represented in Figure A.1, which
includes representations among the total, variable, and fixed cost functions. Figure A.2 shows the
same relationships on a per unit of output basis.

Figure A.1. Total Cost Curves

65



Figure A.2. Marginal and Average Cost Curves

The standard "text book" total cost curve (TCC) and total variable curve (TVC) is a cubic
function of output. The difference between TCC and TVC is the total fixed cost (TFC). The
average total cost curve (ATC), average variable cost curve (AVC), and marginal cost curve (MC)
are all second degree curves. As cubic functions, these curves first decrease and then rise with
increases in output. The ATC curve is the sum of the average fixed cost (AFC) and AVC. The
AFC curve is always decreasing as output increases.

Formally, assume a firms's production function for product Q can be expressed as:
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Q=f(A1) i= 1,2,3, n(A.1)

where A, represents the factors of production used in producing product 0. The total cost for the
firms can be written as

TC = rA1 i= 1,2,3,... n (A.2)

where r1 represents the factor price for input A1. The output solution to this profit maximizing firm
can be obtained by maximizing (A.1) subject to (A.2), or by minimizing (A.2) subject to (A.1).
Using the last procedure.

Mm TC = rA s.t. f(A,) = (A.3)

The Lagrangian function can be expressed as

£(A,&) = r1A - [f(A) - Q0] (A.4)

where is the Lagrangian multiplier. By differentiating (A.4) with respect and A, the critical
(optimal) values can be obtained by the first order conditions,

A [r/a1} r, - [&f(A1)]/[oA1J = 0 i = 1,.. n (A.5)
and

f(A,) - = 0 (A.S')

By using the relationship between supply elasticity ---which represents the percentage change in
output due to a percentage change in output-price--- and marginal factor cost MFC, equation (A.5)
can be rewritten as

a = r, [1 + 1/e,I = MFC1 (A.6)

with a [8f(A)]/[8A1] and where e is the supply curve elasticity for factor "i.' If the firm faces
fixed prices, then condition (A.6) becomes

a1 = (A.6')

Conditions (A.6) and (A.6') can be expressed respectively as

MFC1/a and (A.7)

= r/a (A.8)

Thus, for profit maximization or cost minimization, the firm is producing 00 by using a
combination of factors such that the ratio between the MFC and the marginal value product (MVP)
is equal for all the factors used by the firm. So, MC , where MC is the marginal cost to
produce an additional unit of 0.

The cost function can be expressed as a function of the conditional factor demand (output-
constrained input demand function) denoted as (Q,r).
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C(Q,r) = rA (0,r). (A.9)



The cost function indicates the minimum cost of producing 0, with given factor prices r1. In
the short run, there are some factors of production that don't change as the output levels increase.
The cost function can be rewritten as

C(Q,r,B) = r1A'(Q,r,B) + wB (A.1O)

with f = 1,2,3,... m. and i = 1,2,3,... n, where w and B are the fixed factor prices and fixed factors
respectively. Therefore, using (A.1O), the curves represented in Figures A.1 and A.2 can be
expressed as

ATC = C(Q,r)/Q
AVC = r(Q,r) /0
AFC =wB/Q

TC = rA'(Q,r,B) + wB
MC = 8C(Q,r,B)/8Q
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Appendix B. Demand Concepts: Derivation of a Demand Curve

In conventional demand theory, a rational consumer is assumed to maximize utility subject to
his income constraint. Utility maximization is a simple paradigm to depict consumer preferences
and logically derive consumer demand. Formally, assume that the consumer has a continuous and
increasing utility function defined as:

U = U(Q) i= 1, 2, ... ii (B.1)

where Q1 represents quantity consumed of good i. Traditionally, the utility function is assumed to be
well behaved, meaning that it is (a) continuous, (b) increasing in 0, (c) strictly quasi-concave on Q,
and (d) twice differentiable.

Assume that the consumer has an exogenous budget, I, to be spent. The budget restriction
can be expressed as:

= * Q1 i= 1, 2, ... n (B.2)

where P1 represents the price of good i. Thus, the maximization problem is expressed as:

Max U(Q1)
s.t. I Q

where p, and I are greater than zero. The first order condition for Q greater than zero (an interior
solution) are:

oU(Q1)/8Q, - rp, = 0 (B.3)

J - * 0, = 0

By solving these first order conditions for the n unknown variables Q and F (the lagrange
multiplier), the consumer demand function (for each Q), is obtained. Quantity demanded is thus a
function of prices and income faced by the consumer. A demand function can thus be expressed as:

Q = f(p1, p, I) (B.4)

where p1 is the price of other goods and services. If we hold p1 and I constant, the demand curve
can be obtained and expressed as:

01 = f(m) (B.5)

Graphically, Figure B.1 shows an individual consuming two goods Q and Q2. The optimal
choice for this consumer is that combination of goods in the consumer's budget set that lies on the
highest indifferent curve (U0). Generally, the optimal choice is given by the condition that the
marginal rate of substitution (the slope of the indifference curve) is equal to the slope of the budget
line (L0L0) , i.e., at point A, where the consumer obtains his highest satisfaction given his income
restriction. If we hold the price of good Q, p2, and income constant, and change the price of good
Q, Pt, the demand curve for 01 is obtained. For instance, a reduction in Pt will increase the
quantity demand of good Q1Assuming an ordinary good, the new optimal choice is point B, at a
higher level of utility U1. This process can be repeated to obtain other optimal choice combinations.
The associated demand curve is presented on Figure B.2.



Figure B.1. A Representative Consumer's Optimal Choice
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Figure B.2. A Representative Consumer's Demand Curve
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Appendix C. Measures of Benefits

Walsh [1986) defmes the benefit as the economic value coming from the satisfaction (or
utility) obtained from any type of psychological pleasure from recreation. The economic value (in
dollars or income) of this benefit is measured by the willingness to pay (for the pleasure of
recreation). This economic notion of benefits can be used to evaluate the effects of price changes or
changes in the quality of the recreational experience; changes which affect the welfare of the
consumer. The most widely used welfare criteria to measure changes in welfare for price or other
changes are the traditional (Marshallian) consumer surplus, or the more exact compensating and
equivalent variations. These concepts are reviewed well in Just, Hueth, and Schmitz [1982J.

The additional amount an individual is willing to pay above the amount he actually pays for a
commodity is called the net consumer's surplus. Figure C-i shows a consumer paying P0 for Q0
units of commodity 0. The net consumer surplus for this individual is represented by the shaded
area A.

Figure C.2 depicts a change in consumer surplus, represented by area B. If the price of
commodity Q decreases from p to Pi the quantity demanded increases from O to 01, and
consumer's surplus will increase. Huppert et al. [19851 state that "the change in consumer's surplus
is the most relevant measure of the change in benefits to consumer." However, consumer surplus is a
valid indicator of individual willingness to pay only in rare or special cases, although it is
approximately correct for a somewhat broader set of cases [Varian, 19871. Specifically, the marginal
utility of income must be constant for consumer's surplus to be a precise measure of consumer
welfare [Just et al., 1982). Unfortunately, this condition seldom holds.

Compensating variation and equivalent variation are more theoretically correct measures of
welfare [Hicks, 1943). For a welfare loss, compensating variation is the minimum extra income that
the person would require as compensation for an economic change, wherea equivalent variation is
the maximum income that a person will pay to avoid an economic change [see Layard and Walters,
1978; Just et al., 1982; Boadway and Bruce, 19861. In this context, the marginal valuation (demand)
curve plays an important role, because it explicitly reflects the presence of the income effect of the
price change, thus maintaining a constant real income. As a result, for a price fall, the Hicksian
(income-compensated) demand curve will lie below the Marshallian demand curve and the Slustky
demand curve will lie above the Marshallian demand curve. The Hicksian (HD), Slustky (SD), and
Marshallian (MD) demand curves correspond to compensating variation, equivalent variation, and
consumer's surplus welfare measures, respectively.
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Figure C.1. Individual Demand Curve and Consumer's Surplus.
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Figure C.2. Demand Curve and Change in Consumer's Surplus.
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Figure C.3. Demand Curves and Welfare Measures.
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Graphically, Figure C.3 shows the relative positioning of the three curves for a price fall for
commodity Q. The Marshallian consumer surplus is represented by the area 1 + 2, (p0ABp1). The
compensating variation is represented by the area 1, (p0ACp1). The equivalent variation is
represented by area 1 + 2 + 3, (p0DBp1). Hicks [1956] indicates that if the proportion of income
initially spent upon commodity Q is small, the income effect would be small. In that situation, all
three curves will tend to be similar. Willig [1976] states that consumer surplus computed from
Marshallian demand curves is a reasonably accurate approximation to compensating variation by
demonstrating theoretically that the consumer's surplus, compensating variation and equivalent
variation are approximately the same. Thus, consumer's surplus, despite its theoretical shortcomings,
is a widely used tool to approximate the impact of policy changes on individual welfare.



Appendix D. Omitted Cross-Price (Cross-Quality) Variable Biases

In general, assume that a 'true" population model (in matrix notation) is:

Y1 = XPJkl + Ztr + lni

and the estimated "observed" model (demand equation, in our case) is:

Yfli = X,J1 + ILni
where

= [X'XJ1 x'Y

then

= E[(X'X)' X'Y1]

= E[(X'X)' X'(X3kl + Znr +

= + E[(X'X)1X',Znrtri] given E[.t]=O

= +

Note that d = 0 only if the Z1 are orthogonal to X. (X'Znr) 0 or
if tn (see D3 or D.4).

As noted by Kling (1989):

when the omitted prices and quality [Z's in our formulationi are uncorrelated with
included variables [represented by (X'X)'X',Z. = 0], there is not bias to the
welfare estimates of either a single price or quality change. However, if prices or
qualities change at multiple sites, the welfare estimates will be biased. This bias
occurs due to the inability to properly sequence the price or quality change to calculate
the correct measure...

Assuming that there exist bias [d * 0], the direction of it will depends on the correlation between
own-price (quality) and substitute-price (quality)
[(X'X)1X'knZnr)] and the sign of n1 (for further analysis see Caulkins et al. [1985]; Wilman et al.
1987; Wilman et al. 1989; Kling, 1989).
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