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PREFACE

This report is aout possible economic consequences related to changes in anadromous fish harvests
from dternative hydrosystem actions being considered for the four lower Snake River dams. The report
isorganized in parts to provide the reader different content levels. Part 1 contains an abstract that
presents the most telling of background and andlysis results, summary information about anadromous
fish production, economic consequences, and the vaidity of the results; and, references for al report
parts. However, Part 1 is brief and contains very little explanation of methodology. Part 2 provides a
more thorough description of anadromous fish production and harvest management in the Columbia
River Basin and describes the harvest user groups dong the U.S. West Coadt, Alaska, and British
Columbia. The economic analys's results for modeling dternative hydrosystem actions for the four
lower Snake River dams are covered in Part 3. Part 4 describes the potential consequences for four
cases of anadromous fish production and harvest management policies for the entire Columbia River
Basn.

While thereis substantia discussion about Columbia River Basin production and economic contribution
to fisheries, the report's description should only be considered an overview of the Stuation. The authors
have attempted to describe relevant and important trends and influences on the economic aspects of
fisheries. However, it is recommended that references be consulted for any additiona information. A
bibliography is provided for this purpose.

A more thorough analysis was used to mode the economic consequences of the aternative
hydrosystem actions for the four lower Snake River. The risk and uncertainty chapter in Part 1 dedls
with how changesin modding assumptions and data may affect mode results. Severd factors that
contribute to the analysis modd input and results sengtivity are discussed. The explanations of risk and
uncertainty are not an exhaugtive trestment of data variability and methodologica error propagation.

Oversight and monitoring for the analysis of anadromous fish harvest economic consegquences was
provided by the Drawdown Regiona Economic Workgroup (DREW). A subcommittee of DREW,
cdled the A-Fish Subcommittee, met regularly during the conduct of the study and the A-Fish
Subcommittee chairman presented interim study results at DREW meetings. The Northwest Power
Planning Council's (NPPC) Independent Economic Andysis Board (IEAB) served astechnical
reviewersfor dl of the DREW workgroups.

The authors were assisted in the andysis and report development by many other researchers and
government representatives. Foremost were the members of the DREW A-Fish Subcommittee and the
NPPC IEAB. Biologists and economigts from the Nationa Marine Fisheries Service (NMFS) were
extremely cooperdive in providing data and interpretations. The individuas that have been especidly
helpful indude:

Steve Freese, Economist, NMFS; Chairman, DREW A-Fish Subcommittee
Phil Meyer, Economis,, Private Consultant
Mike Matelywich, Fisheries Director, Columbia River Intertriba Fish Commisson
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Terry Morlan, Economist, NPPC

Elliot Rosenberg, Regiona Economigt, U.S. Environmenta Protection Agency
Matt Dadswell, Economist, Foster Whedler Environmenta Corporation

Tom Cooney, Biologist, NMFS

Lynne Krasnow, Biologist, NMFS

Jack Richards, Economist, NPPC IEAB

Ed Sheets, Private Consultant

Ed Woodruff, Economigt, U.S. Army Corps of Engineers

The authors interpretations and conclusions should prove vauable for study purpose, but no assurances
can be given that the described results will be redlized. Government legidation and policies, market
circumstances, and other Stuations can affect the basi's of assumptions in unpredictable ways and lead to
changes in study conclusons. The methodol ogies used to determine contributions were adopted with
the understanding that technically sound and defensible gpproaches would be used. Where judgment
was hecessary, conservative interpretation was to be employed. Because this philosophy was strictly
adhered to in al aspects of the report, the authors represent that the descriptions presented herein are
reasonable estimates.

While reviewers and members of the study advisory subcommittee, aswell as the study sponsor’s staff
and many other contributors, provided comments, the authors take sole responsbility for study results.

Hans D. Radtke
Shannon W. Davis
Rebecca L. Johnson
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ABSTRACT

The U.S. Army Corps of Engineers (Corps) is examining the economic, socid, and biological effects of
dternative hydrosystem actions for operating, changing juvenile fish transportation and passage
procedures, or breaching the lower four dams on the Snake River. This study is one dement of the
examination and covers the economic evauation from changed harvests of anadromous fish (magjor
sdmon and steelhead species only) originating in the Snake River in particular with amore genera
assessment of anadromous fish harvests and management in the entire Columbia River Basin.

Higoricaly, the Columbia River Basin sdmon and steelhead provided abasis for trade and economic
expanson. The Northwest Power Planning Council (NPPC) has concluded that an annud fish run size
of up to 16 million is the most reasonable estimate of Columbia River Basin higtoric runs. If these runs
were available today, a 50 percent harvest rate could support a $500 million (personal income that
includes multiplier effects) fishing industry annudly. Western expansion and economic devel opment
changed the sddmon and steelhead production capability of the Columbia River Basin, aswell as harvest
patterns. Production of outgoing smolts has become dependent on artificial propagation. Once only a
termind fishery (fish adults harvested inriver), Columbia River Basin produced sdmon are now being
harvested throughout their migration routes from Cdiforniato Alaska.

The overdl effect of hatchery fish on the surviva of certain wild anadromous species has led the
National Marine Fisheries Service (NMFS) to place a cap on thetotd hatchery releasesin the
Columbia River System. Because hatchery and wild fish cannot ways be separated during harvesting,
hatchery production and harvest management directly affect wild runs. The low rate of returning wild
spawnersin recent years has raised concerns about the eventua extinction of wild anadromous fish
gtocks in the Snake River system. For example, during the early 1990's, every two wild spring chinook
sdmon spawners from the Snake River system returned about 1.2 spawners. Thismay be dueto a
variety of factors. harvesting methods, habitat aterations, hatchery production, hydrosystem operations,
ocean conditions,

The possible effects from dternative hydrosystem actions on the Snake River anadromous fish stocks
only include the causation factors consdered in an externd modeling process. Readers are directed to
the many publications from the committee based process caled Plan for Analyzing and Testing
Hypotheses (PATH) for understanding forecasts of harvests and returning spawners related to the
hydrosystem actions. The PATH modeled the surviva of about 52 percent (recent ten year average) of
the Snake River wild spring and summer chinook stocks, al of the wild fall chinook stocks, and none of
the summer steelhead stocks to determine the effects of the hydrosystem actions. The PATH dso did
not model any hatchery origin stocks. It was necessary to expand the PATH resultsto represent all
Snake River stocks aswdl as perform the economic evauation. The PATH results are presented as a
range of probabilities for exceeding anadromous fish survival and recovery sandards. The point
edtimates selected for the economic eva uation were the median percentile results (referenced as "likely™)
Soring and summer chinook "equa weights' scenario and fal chinook "base casg’ scenario.
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The four hydrosystem actions for improving surviva of Snake River anadromous fish socks are:
maintain current operations or base case (Action A1), emphasize trangportation of smolts around dams
(Action A2), improve the dam’s smolt bypass facilities (Action A3), and restore the naturd river inthe
lower Snake River reach taking eight years to implement (Action A4). These actions, intended to
increase wild anadromous fish surviva, would aso increase the surviva of Snake River hatchery
originating fish. The economic evauation not only consdered commercid and recrestiona harvesting of
wild and hatchery originating fish, but aso sdes of hatchery returns for egg, carcass, and food fish sdes.

The economic vaues for changed harvests from the hydrosystem actions are expressed as net economic
vaues. The economic vaues for anadromous fish harvests from the entire Columbia River Basin are
expressed as both net economic vaues and regiona economic impacts. Using Corps accounting
stances, the former are Nationad Economic Development (NED) benefits and the latter are Regiona
Economic Development (RED) benefits.

The anadromous fish forecasts provide a ssmulation of where, how many, what species, and which user
group (commercid, recregtiond, treaty, hatchery surplus sales) is doing the harvests of stocks that will
be affected by the hydrosystem actions. While the forecast of fish harvests is a complete accounting,
the summary economic evauation information presented in this report omits one user group. The
economic evauation of inriver recreationd harvest will be provided by andyzing generd recreation and
tourigm.*

The changed economic vaue (NED benefits) measured by annud average equivaent values (AAEV)
over aproject life of 100 years between base case and other hydrosystem actions using the most
current Corps discount rate (6 7/8 percent) ranges between $0.16 million and $1.59 million in 1998
dollars (Table 1). If azero percent discount rate is used for vauing future generation benefits, then the
changed values (NED AAEV benefits) may be as high as $3.49 million for one of the actions. Action
A4 has the highest changed values. Table 2 shows the annudized economic vaue (NED AAEV
benefits) range by fisheries. The"high" modding results are interesting in that Action A1 for some
fisheriesis greater than other proposed project actions. Not considering the inriver recregtiond fishery,
most of the economic vaues (NED AAEV benefits) would be generated from the inriver treety fishery
(Table 2) contributed by fall chinook (Figure 1).

The economic eva uation aso describes what may be at risk if mgor changes or curtailment takes place
in dl anadromous fish production and harvest management in the entire Columbia River Basin. Four
policy cases were taken into consderation, ranging from the present continued very low run levels
through runs that would be double those experienced in the 1980's. The regiona economic impacts
(RED benefits) from averaging the contribution from fisheries to economies wherever harvests occur in
the 1980’ sis $108 million (persona income, 1998 dollars) per year (Table 3). Theearly 1990's
average dropped to $38 million per year.

1. Themethods used to provide for the economic evaluation of this user group and fishery are different from those
used to evaluate the other anadromous fish fisheries and may not be directly comparable.
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Table 1
Changed Annualized Economic Value (NED Benefits) Between Base
Case and Other Hydrosystem Actions for Various Discount Rates

Discount Rates
Hydrosystem 0% 4 6/8% 6 7/8%
Actions Amount Order Amount Order Amount Order

Annual Average Equivalent Value (Year 0 to Year 100)

A2 less Al $0.20 2 $0.18 2 $0.16 3
A3 less Al $0.19 3 $0.17 3 $0.16 2
A4 less Al $349 1 $2.06 1 $1.59 1

Notes: 1. NED benefits measured by annual average equivalent values over a 100 year project life in
millions of 1998 dollars.
2. Evaluation is for all modeled anadromous fish species and includes harvests and hatchery
surplus utilization. The evaluation excludes the economic values for inriver recreational fishing.
3. The analysis is based on PATH results' "base case" scenario for fall chinook and "equal
weights" scenario for spring/summer chinook using "likely" (50th percentile) modeling output.
4, See text for explanation of hydrosystem action descriptions.
Source: Study.

If it is possible to atain the NPPC' s god for doubling the runs experienced in the 1980's, then the
regiona economic impacts (RED benefits) may be as high as $233 million per year. The economic loss
to the nation in lost economic vaue (NED benefits) would be as high as $160 million per year for the
doubling the runs policy. Projecting over 100 years from what is at stake for anadromous fish
production in the Columbia River Basin, the net-present-value at the current socid discount rate used by
the Corps may be as high as $2.0 billion (NED benefits). Another way of considering these policy
cases effects, isthat it would be the value for eiminating most hatchery programs and thereby most
harvesting of sdmon and stedhead originating in the Columbia River Basin. The burden of these
reductions would be fdlt dl aong the U.S. West Coadt, Alaska, British Columbia and inland throughout
the Columbia River Bagn.

Columbia River Basin anadromous fish production has shifted from upper river wild origin stocks (upper
river wild origin was estimated to be 77 percent of runs during pre-devel opment time periods) to lower
river hatchery origin stocks (upper river wild and hatchery origin is estimated to be 42 percent of runsin
the 1980's). Production has changed from mostly wild spring and summer chinook (fall chinook
estimated to be 14 percent pre-development run size) to hatchery fal chinook (hatchery origin fdl
chinook estimated to be 34 percent of 1980's hatchery and wild run size) and coho. The production by
watersheds and stocks and the geographic areas receiving benefits from production are shown in Figure
2. The Columbia River inland region only receives about 46 percent of the regional economic impacts
(RED benefits) from Columbia River Basin production. Because fdl chinook and coho have large
ocean fisheries, the effect of shifting production to the lower river stocks has resulted in a
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Table 2
Ranges of Annualized Economic Value (NED Benefits) by Fishery For Each
Hydrosystem Action Using “Low”, “Likely”, and “High” Modeling Results

Al A2 A3 A4
Anadromous Fish Low Likely High Low Likely High Low Likely High Low Likely High
Commercial
Ocean
Alaska $6.15 $12.72 $26.35 $6.15 $12.72 $26.35 $6.85 $14.56 $30.54 $31.99 $69.48 $136.12
British Columbia $25.93 $53.66 $111.09 $25.93 $53.66 $111.09 $28.90 $61.41  $128.77 $134.89 $292.97 $573.99
WA Ocean $7.02 $14.53 $30.08 $7.02 $14.53 $30.08 $7.83 $16.63 $34.87 $36.53 $79.34 $155.44
WA Puget Sound $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.01 $0.01
Oregon $2.14 $4.43 $9.17 $2.14 $4.43 $9.17 $2.39 $5.07 $10.63 $11.13 $24.18 $47.38
California $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.01 $0.02
Subtotal Ocean $41.24 $85.34 $176.70 $41.24 $85.34 $176.70 $45.97 $97.68 $204.82 $214.55 $465.99 $912.95
Inriver
Non-treaty $21.50 $45.76 $96.49 $23.09 $51.36 $110.14 $24.26 $52.75  $113.84 $120.47 $223.36 $409.35
Treaty Indian $293.52  $702.77 $2,003.61 $323.81 $795.22 $2,062.65 $323.18 $789.90 $1,992.09 $564.64 $1,287.11 $2,771.28
Hatchery Returns $8.77  $137.06 $522.24 $28.98 $198.78 $613.34 $25.47 $188.48  $567.35 $206.31 $480.92 $990.32

Subtotal Inriver $323.79  $885.59 $2,622.34 $375.88  $1,045.36 _$2,786.14 $372.92  $1,031.12 $2,673.27 $891.43 $1,991.39 $4,170.95
Subtotal Commercial ~ $365.02  $970.93 $2,799.04 $417.12 $1,130.70 $2,962.84 $418.89 $1,128.80 $2,878.09 $1,105.97 $2,457.38 $5,083.90

Recreational
Ocean
Alaska $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
British Columbia $3.11 $6.44 $13.32 $3.11 $6.44 $13.32 $3.47 $7.37 $15.44 $16.18 $35.14 $68.84
WA Ocean $6.78 $14.03 $29.04 $6.78 $14.03 $29.04 $7.55 $16.05 $33.66 $35.26 $76.58 $150.04
WA Puget Sound $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
Oregon $1.70 $3.51 $7.26 $1.70 $3.51 $7.26 $1.89 $4.02 $8.42 $8.82 $19.15 $37.53
California $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
Subtotal Ocean $11.59 $23.98 $49.65 $11.59 $23.98 $49.65 $12.92 $27.44 $57.55 $60.28 $130.93 $256.51
Total Commercial
and Recreational $376.61 $994.91 $2,848.68 $428.70 $1,154.68 $3,012.48 $431.81 $1,156.25 $2,935.64 $1,166.25 $2,588.31 $5,340.41
Notes: 1. NED benefits measured by annual average equivalent values over a 100 year project life using 6 7/8% discount rate in thousands of 1998 dollars.
2. Evaluation is for all modeled anadromous fish species and includes harvests and hatchery surplus utilization. The evaluation excludes the economic values for
inriver recreational fishing.
3. PATH results fall chinook Action Al is the same as Action A2. Fall chinook is the only significantly harvested species in ocean fisheries.
4.  “Low”, “likely,” and “high” modeling results correspond to PATH results for 25th, 50th, 75th percentile modeling outputs, respectively.
5. The analysis is based on PATH results' "base case" scenario for fall chinook and "equal weights" scenario for spring/summer chinook.
6. Total and subtotals may not equal sum of values due to rounding.
ABSTRACT Page vi

keo \npwfileOL\WWW\Iib\htm\OFFICES\PL\ER\STUDIES\L SRPUBLIC\DRAFT_FS_EIS\Final_Econ_Reportsinew_012700\WEB Files From Lonnie\Anadromous Fish Economics\afish.doc



Source: Study.
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Figure 1
Annualized Economic Values (NED Benefits) by Anadromous Fish Species for Each Project Action
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Notes: 1. NED benefits measured by annual average equivalent values over a 100 year project life using 6
7/8% discount rate in thousands of 1998 dollars.
2. Evaluation is for all modeled anadromous fish species and includes harvests and hatchery surplus
utilization. The evaluation excludes the economic values for inriver recreational fishing.
3. PATH results fall chinook Action Al is the same as Action A2. Fall chinook is the only significantly
harvested species in ocean fisheries.
4. The analysis is based on PATH results' "base case" scenario for fall chinook and "equal weights”
scenario for spring/summer chinook using "likely" (50th percentile) modeling output.
Source: Study.
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Table 3

Potential Economic Values (RED and NED Benefits) Per Year For Four Cases of
Columbia River Basin Anadromous Fish Production and Harvest Management Policies

Policy RED Benefits NED
Case Assumptions Commercial Recreational Total Benefits
I Hatchery production at NMFS $49.43 $33.36 $82.79 $55.33
cap; SAR and harvests 30 yr
historical average
I Hatchery production, SAR, $60.45 $47.08 $107.53 $74.04
harvests at 1980's historical
average
n Policy for "doubling the runs;" $131.69 $101.58 $233.27 $159.92
SAR adjusted to meet policy
using NMFS cap hatchery
production
v Hatchery production, SAR, $24.04 $13.59 $37.63 $24.59
harvests early 1990's historical
average
Notes: 1. RED and NED benefits measured per year in millions of 1998 dollars.

2. SARis smolt-to-adult survival rate. Adults are harvests and returns to hatcheries for hatchery origin
anadromous fish. Adults are harvests and spawners plus prespawning mortality for wild origin
anadromous fish.

3. Commercial includes ocean treaty and non-treaty harvests from California to Alaska, inriver treaty,
inriver non-treaty harvests, and hatchery surplus sales. Recreational includes ocean, inriver
mainstem, and inriver tributary.

4. Total and subtotals may not equal sum of values due to rounding.

Source: Study.
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Figure 2
Shares of Columbia River Basin Anadromous Fish Production and Geographic Regions
Receiving Regional Economic Impacts (RED Benefits) From the Production

Watershed Production Geographic Region Receiving Benefits
(Millions of Hatchery and Wild Origin Smolts) (Regional Economic Impacts Per 100 Smolts)
Willamette Ocean Ocean
4% California Alaska 9%

Oregon
10%

Snake River 4%
7% Upper

Columbia

11% chan
Chinook Inland Waslr;[r;gton
inool . o
Columbia
Spr./Sum. 4% River Treaty 16% /
Fall 77% Non-Tr. 23%

46%

Coho 16% Hatch. Sales 15%

Lower Steelhead 3%

Columbia
60%

Ocean
British
Columbia
21%

Middle
Columbia
18%

Notes: 1. Wild and hatchery origin smolt production is representative of the 1980's.
2. The regional economic impacts for the inland Columbia River region include inriver treaty and
non-treaty commercial fisheries, inriver recreational fisheries, and hatchery return sales.
Source: NMFS (1995) and Study.

larger share of economic vaue from anadromous fish being exported out of the Columbia River inland
region.

The economic va uation estimates are very sendtive to assumptions of surviva rates and harvest
management regimes. Future harvest management for higher smolt-to-adult surviva rates may alow
higher harvests, thereby increasing the overal economic vaues generated by anadromous fish produced
in the Columbia River Basin. However, changing management regimes that moves recreationa harvest
shares to epecidly inriver commercid user groups decreases gains in economic vaue. The
anadromous fish forecasting andysis resulted in alarge share of summer stedlhead destined to the Snake
River watershed escaping fisheries and returning to hatcheries as surplus. The default use of this surplus
isfor food fish, egg, and carcass sdes. There may be fishery management opportunities to convert
these sdesto harvests.
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PART 1

EXECUTIVE SUMMARY
AND REFERENCES



CHAPTER . INTRODUCTION
A. Study Purpose

The U.S. Army Corps of Engineers (Corps) has initiated a study to examine the engineering, economic,
socid, and biologica effects of dternative hydrosystem actions for operating the four Corps dams on
the lower Snake River for improved sdmon migration. The four dams are Lower Granite, Little Goose,
Lower Monumenta, and Ice Harbor located in southeast corner of the State of Washington. The
dternatives being consdered are:

Maintain the exigting system of juvenile fish bypass sysems, juvenile fish trangportation, spill
for fish a the dams, and release of water from storage dams to augment river flows and ad
juvenile fish migration. This incudes improvements such as extended length guidance
screens in the juvenile fish bypass systlems to guide a greater percentage of fish away from
turbine intakes and into the bypass system. This hydrosystem action is referred to as base
caseor Action Al.

Construct mgor improvements to the dams and maximize the juvenile fish trangportation
sysem. Oneimprovement possibility is surface-oriented juvenile fish bypass sysemsto
provide a potentialy more efficient and less stressful means for diverting juvenile fish before
they dive down toward the turbine intake area. Other possible mgor system improvements
are turbine modifications to reduce injury to fish that go through the turbines; gas abatement
measures to dlow more spill with less gas supersaturation; and fish guidance improvements.
The hydrasystem action for maximizing juvenile fish transportation without the surface-
oriented bypass system is referred to as Action A2. Including surface-oriented
improvementsis Action A3.

Draw down, or breach, the four lower Snake River damsto return to naturd river level.
Thiswould entail removing the earthen portion at each of the dams to create a channel
around the dams and provide a 140 mile free flowing Stretch of river. Power production at
the dams would cease, and there would be no commercid navigation on the lower Snake
River. It isassumed the breaching aternative would take eight years to implement. The
breaching dternative is referred to as Action A4.

The purpose of thisreport is only to provide information about the economic effects from the dternative
hydrosystem actions. Other economic, socia, and biologica effects being provided by other
researchers are referenced as needed. The report describes the economic evaluation (expressed as net
economic values, or the Nationad Economic Development (NED) accounting stance used by the Corps)
from changes to harvests of anadromous fish originating in the Snake River Basin due to dternative
hydrosystem actions. This report aso discusses the economic values (expressed as both regiond
economic impacts, or the Regiona Economic Development (RED) accounting stance used by the
Corps, and net economic vaues from harvesting anadromous fish produced in the entire Columbia River
Basn.
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B. Study Approach

The study included the development of model s to forecast fish harvests and to relate harvest activity to
economic vaues. The committee based process caled Plan for Analyzing and Testing Hypotheses
(PATH) provided estimates of some Snake River wild salmon stock harvests resulting from the
dternative hydrosystem actions. It was necessary to expand fish run size, harvest (both ocean and
inriver), and spawner count information provided by PATH to represent all mgor salmon and steelhead
stocks. This report describes the methods and results for the expansion as well as the economic
evauation.

The economic eva uation of harvesting is modeled quite differently for commercia and recregtiona
fisheries. It was necessary to compile commercid fishing economic data about ex-vessel vaues (price
paid to harvesters for their catch), primary processing prices, recovery rates, and costs of harvesting
and processing for different species, gear, geographic areas, and user groups. Anadromous fish from
the Snake River are commercidly harvested by different means (troll - hand and power; net - gillnet,
purse seine, and dip net) in different ocean areas (southeast Alaska, Canada, Washington, Oregon, and
Northern Cdifornia), Columbia River estuary, main ssem of the Columbia River, aswdl asitsmain
tributaries. Primary seafood processing isincluded in order to evauate the contribution at different
stages of processing. For example, troll sdlmon are usualy dressed and sold directly to processors.
Net fish are usualy sold to afish buyer in the round. A tender, for amargin of 10 to 18 cents per
pound, gathers the sdmon and ddlivers them to the processors. Hatchery fish that escape harvesting
return as hatchery surpluses. The surpluses are sold for eggs, carcasses, and sometimes food fish. The
funds are usudly returned to hatcheries for offsetting operating and capital improvement costs. A
portion of these costs are expenditures made in loca economies. Avallable information on recregtiond
fishing (successrates, trip expenditure patterns by trip mode, such as guided trips, etc.) associated with
lower Snake River anadromous fish runs was dso compiled and synthesized. The direct cogts of
commercid and recregtiond fishing and hatchery surplus sales were then related to economic vaues for
regiona economies or the nationa economy.

Study results are presented in terms of "regiond economic impacts' and "net economic vaue." and,
while the same basic information on costs and expendituresis used to derive these estimates, it is
emphasized that these estimates are quite different measures. Regional economic impacts are derived
from the economic activity (direct, indirect, and induced) generated in loca areas. It isimportant
becauseit is an indication of household persona income and jobs gained or lost. Regiona economic
impacts are expressed as persond income, employment, and business sdles. Net economic vaue
usudly defines the value that someone, some group, or the nation may receive resulting from an activity,
over and above the cost of that activity. Both economic vaue and regiona economic impacts are
caculated over a 100 year project life. Annudized future vaues are discounted to Year O using various
interest rates. The current Corpsrateis 6 7/8 percent, while the current Bonneville Power
Adminigration rate is 4 6/8 percent. Indian tribes generdly do not discount future generation benefits,
i.e. they use azero percent interest rate. Vaues are annudized using the Corps definition for annua
average equivdent values. All vauesarein 1998 dallars.
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The anadromous fish forecasts provide a smulation of where, how many, what species, and which user
group (commercid, recregtiond, treaty, hatchery surplus saes) is doing the harvests of stocks that will
be affected by the hydrosystem actions. While the forecast of fish harvests is a complete accounting,
the summary economic evaluation information about Snake River hydrosystem actions presented in this
report omits one user group. The economic evauation of inriver recreationa harvest will be provided
by andyzing generd recreation and tourism. The methods used to provide for the economic evauation
of this user group and fishery are different from those used to evauate the other anadromous fish
recreationd fisheries. To give amore complete depiction of the sensitivity associated with data and
modeling assumptions, the inriver recreationd user group isincluded in the risk and uncertainty andyss.
The assessment of economic vaues from production in the entire Columbia River Basin dways includes
this user group.

The economic andysis for the dternative hydrosystem actions evaluates dl mgor anadromous fish
stocks originating in the Snake River Basin. The mgor anadromous fish stocks are defined to be
spring/summer and fal chinook sdmon (Oncor hynchus tshawytscha) and summer steelhead (O.
mykiss). Other anadromous fish, such as shad (Alosa sapidissima), sturgeon (Acipenser
transmontanus and A. medirostris), coho saimon (O. kisutch), sockeye sdmon (O. nerka), etc.,
would not have fisheries Sgnificantly changed by the hydrosystem actions. Al utilization of both wild
and hatchery originating stocks was considered. This includes commercia and recregtiona harvests, as
well as sdes of hatchery egg, carcass, and surplusfish. The economic anadyssfor the entire Columbia
River Basin adds coho sdlmon and winter steelhead to the Snake River list of mgor anadromous fish
stocks.

C. Report Outline

This report is organized in four parts for the convenience of the reader. The location of economic value
measurements in the report contentsis shown in Table 1.1.1.

Part 1 contains an abstract, the executive summary, the risks and uncertaintiesin results for changing
anayss assumptions, and references cited in dl parts. The study purpose, gpproach, and report outline
isgiven in Chapter |, Part 1. The changing patterns of the Columbia River Basin sdlmon and stedlhead
production and harvesting are discussed in Chapter 11, Part 1. Sdmon and steelhead are migratory and
know no jurisdictiondl bounds. Their migration routes carry them from far inland in the Columbia River
Badn to asfar as Alaska and south to Cdifornia. Higtoric and international agreements on their harvests
have been reached and are continualy negotiated. A brief overview of these agreementsis provided in
Chapter I11, Part 1. A discussion of fisheries economic evaluation methods used in this study is
presented in Chapter IV, Part 1. Salmon and steelhead typically reproduce in fresh water and spend a
greater part of their adult life in the ocean. In their migratory route, they are exposed to a variety of
predators. Surviva rates from production to harvest are an important component of
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Economic

Table 1.1.1

Location of Economic Value Measurements in Report Contents

Value Measurement

1. Net Economic Value (NED
Benefits)

a.

b.

C

Snake River Hydrosystem
Actions

Columbia River Policy
Cases

Historical Trends

2. Regional Economic Impacts
(RED Benefits)

a.

b.

C.

Snake River Hydrosystem
Actions

Columbia River Policy
Cases

Historical Trends

3. Inriver Recreational

a.

b.

C.

Snake River Hydrosystem
Actions

Columbia River Policy
Cases

Historical Trends

4. Risk and Uncertainty

a.

b.

Notes: 1.

Snake River Hydrosystem
Actions

Columbia River Policy
Cases

Historical Trends

Report Contents

Part 1

Abstract (Summary)

Part 3 Part 4
Part 2 (Hydrosystem (Columbia
(Columbia Actions' River Basin's
River Basin Economic Economic
Production) Values) Values)

3

Inriver recreational economic values for Snake River hydrosystem actions will be provided by
analyzing general recreation and tourism. However, to give a more complete evaluation of the
effect of the hydrosystem actions, this fishery's economic values are included in the risk and
uncertainty chapter and in Part 3. The methods used to analyze this fishery are different than
the analysis of general recreation and tourism and results may not be comparable.

The risk and uncertainty chapter discusses sensitivities for modeling assumptions using
different PATH result scenarios, and explains unresolved modeling issues. The high-low range
of harvest forecasts for Snake River hydrosystem actions is discussed in Part 3.

Source: Study.
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how many adult fish will be available for harvest. Surviva rates and contribution to fisheries are
discussed in Chapter V, Part 1 to provide a basis for the economic evaduations. Commercid and
recregtiond fishing for Columbia River Baan anadromous fish socks generates a sgnificant amount of
persona income and has nationd benefits. These economic vaue estimates for changed harvests due to
aternative lower Snake River dams hydrosystem actions are presented in Chapter VI, Part 1. Chapter
VI, Part 1 contains the potentia economic vaues for four cases of Columbia River Basin anadromous
fish production and harvest management palicies. A discusson of the risk uncertainties in modeling
outcomes due to the data and modeling assumptionsis included as Chapter Vi1, Part 1.

Part 2 contains background information about historical anadromous fish runs and harvests. The
information should prove especidly helpful in understanding the complexity of Columbia River
anadromous fish harvest management.

Economic vaues are cdculated for the expected change in harvestable anadromous fish runs from the
dternative hydrosystem actions. These economic vaues areincluded in Part 3 of this report.

This report aso describes the potentia economic value to the Pacific Northwest region and to the nation
that may result from four cases of anadromous fish production and harvest management policy. The
broader overview of what net economic vaue and contributions to regiona persona income and jobs
may result from the four casesis presented in Part 4. Part 4 descriptions may be viewed aswhat is at
risk if the Columbia River Basin anadromous fish surviva rates, and therefore harvestable fish runs, are
not improved.
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CHAPTER II. CHANGING PATTERN OF ANADROMOUSFISH PRODUCTION
A. Columbia River Basin

To the Indians living dong the Columbia River, sdmon were their lifeblood, essentid to their
subsigtence, their culture, and their religion. A focd point of this great sdmon fishery for many centuries
was Wy-am, one of the longest continuously occupied sites on the North American continent. Located
near Celilo Falls on the Columbia River, the Wy-am area, before the Dales Dam in 1957, was a
commercid center during the fishing season. In autumn, as many as 5,000 people would gather to
trade, feast, and participate in games and religious ceremonies.

The higtory of Columbia River sddmon harvest has been one of trangtion from spears and dip nets, to
seine and gillnets, to diesdl engines and ocean trolling poles. Higtoricdly, harvesters waited until saimon
returned to the Columbia River. Today, sdimon produced in the Columbia River system are harvested
from Cdiforniato Alaska by trolling gear and by nets set to harvest other species of salmon.

Samon played akey role in developing the West by European settlers. Asearly as 1828, various
trading companies were purchasing and exporting salmon caught by the Indians on the Columbia River.
The first commercid use of fishery products in Oregon was the packing of sdmon. Development of the
canning process in the mid 1800's created a huge demand for sdmon. The tota harvested pounds of
sdmon and steelhead in the early 1890's ranged from 21 million pounds to 33 millions pounds. During
the late 1880's and early 1920's, the sdmon gillnet fishery in the Columbia River pumped a substantia
amount of income into communities on the lower Columbia River, such as Astoria. At today's prices,
these runs contributed as much as $260 regiona economic impacts (RED benefits) into the lower
Columbia communities per year (Figure 1.11.1).

When sdmon became scarcer and gas powered engines dlowed fishermen to venture out farther into
the ocean, trolling for sdmon became an dtractive dternative. As ocean fisheries developed, amgority
of the fish produced in the Columbia River Basin were harvested in marine waters from Cdiforniato
Alaska. The effect of economic development, hatchery production, and mixed stock, open access
fisheries has been to reduce the total, and change the species and stock composition, of returning
sdmon to the Columbia River.

In more recent times, the Columbia River Basin produced around 20 million pounds until the late 1940's.
Since then, the total poundage harvested commercidly generdly declined to the very low level in 1993,
when atota of just over one million pounds of sdmon was harvested in the Columbia River (Radtke and
Davis, August 1994). As fish numbers have declined, so have the revenues received by fishermen.

Artificid sdmon propagation in the Columbia River Basn was initiated in the late 1800's when managers
redlized that "...the increased demand for fish and the growing scarcity of the same will cal for more ad
toward artificiad propagation in order to keep up the supply.” (Cone
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Figure 1.11.1
Historical Columbia River Estimated Regional Economic Impacts (RED Benefits)
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Sources: Landing data are from NPPC (1986), fish size and ex-vessel price are from ODFW (1995), and
regional economic impacts (RED benefits) per pound in 1994 U.S. dollars are from Radtke (May
1997).

1995, p.114). Mogt of the early hatcheries were built for enhancement of returning salmon numbers.
Asthe waters of the Columbia River were used to develop the Pacific Northwest, artificia propagation
was used to mitigate for the detrimental effects of dam construction and water withdrawal projects.

The Pacific Sdmon Treaty (PST) between the United States and Canada emphasized increased artificia
propagation in order to satisfy allocation demands for sdlmon. In the late 1980's, under the NPPC's
god of "doubling the sdlmon runs,”" the emphasis for operating the Columbia River power sysem was
aso on increasing hatchery production.

Two mgor factors took place since the 1980's that may be changing the optimistic emphasis on atificia
propagation. One isthe Endangered Species Act (ESA), and the other isthe changing surviva rates of
sdmon in the ocean environment. The concern about certain wild salmon and steelhead stocks and the
overdl effect of hatchery fish on the surviva of these stocks has led to the Nationd Marine Fisheries
Service (NMFS) placing a"celling” or "cap” on total hatchery releasesin the Columbia River system.

The NMFS cgp for smolt production from the Columbia River Basin is 197 million. Thecapisto
protect the sdlmon runs that have been declared threatened or endangered. The cap in effect requires
reduction in smolt production and limits future growth of hatchery releases to those that have been
identified as supplementa to wild production. The supplementation policy relies on increased species
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gpecific programs that utilize stocks that clearly represent wild stocks. Also present in this policy are
habitat based policiesthat aim to increase overdl productivity of anadromous runs.

Edtimates of pre-development sdlmon run size depend on higtorica catch records and in some cases
higtoric habitat availability. The Northwest Power Planning Council (NPPC), in order to assess the
salmon and steel head | oses attributable to hydropower development and operations, developed
estimates of "pre-development” run sizes (NPPC 1986, p.1). They concluded that up to 16 million fish
run sizeis probably the most reasonable estimate of Columbia River historic sdmon and steelhead runs
(NPPC 1986, pp.14-17). At recent prices, the commercia ex-vesse vaue of the pre-development
sdmon and stedlhead runs, a a 50 percent exploitation rate, would be about $272 million for the
Columbia River Basin. Therunsin today's economy could generate about $500 million in regiond
economic impacts (RED benefits) for harvesters, processors, and supporting industries.

B. Snake River Water shed

The four lower Snake River dams were planned in the 1950's for economic development reasons. The
planning evauation in 1951 pointed to "technica difficulties involved in maintaining that large portion of
the Columbia salmon resources produced in the Snake River if Ice Harbor and the other three lower
Snake River dams are congtructed at the present time." (McKernon 1951). The evauation estimated
that about 135,000 fal and spring chinook salmon spawn in the Snake River and its tributaries each
year, 2,000 slver [coho] salmon, and 65,000 steelhead trout. From these, some 200,000 adults,
goproximately 12 million pounds, are landed annudly. "Between one haf and one billion saimon and
steelhead eggs are deposited in the Snake River drainage each year. Our problem would be a hatchery
or hatcheries capable of spawning, hatching, and rearing this colossal number of fingerlings. . . Further,
the races involved are among the most difficult to rear in a hatchery." (McKernon 1951).

The four dams were built and problems have developed in maintaining wild origin anadromous fish
production. In the most recent five year average (1991 to 1995), the escapement past the upper most
of the four dams (Lower Granite Dam) was about 16,000 fal and spring chinook (40 percent wild
origin), 83,000 summer steelhead (15 percent wild origin), and coho salmon are now extinct. This
escapement contributed to about 62,000 adult harvests. In recent years, for every two natura
spawners, about 1.2 spawners return in subsequent cycles (Smith 1998). The low returning natural
spawners have raised concerns about maintaining any natura anadromous fish stocks in the Snake
River.
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CHAPTER IIl. SALMON MANAGEMENT ON THE U.S. WEST COAST
A. I nternational Under standings and Agreements

There are ahogt of salmon tregties and agreements that affect sdmon of the Columbia River system.
These can be categorized as international understandings, such as the 1992 International North
Pecific Fisheries Commission Convention (Shepard and Argue, February 1998), the United Nations
Convention on the Law of the Sea which entered into force in November 1994, the PST between the
United States and Canada, harvest management agreement processes such as the Pacific Fishery
Management Council (PFMC), agreements to rebuild the stocks such as the Northwest Power
Panning Act, court decisions that have defined the obligations to Northwest Indian Tribes, and most
recently federal mandates to protect salmon stocks under the ESA. The forecast of future
anadromous fish run sizes produced from the Snake River and the entire Columbia River system used in
this study has taken into congderation the international understandings for assumptions about salmon
production, alocation agreements, and protection of natural runs*

B. U.S. Endangered Species Act

The purpose of the ESA isto provide a means whereby the ecosystems upon which endangered
species and threatened species depend, may be conserved to provide a program for the conservation of
such species, and to take steps as may appropriate to achieve the purposes of various internationa
treaties and conventions. The ESA isa process for listing, protection and recovery of certain species,
subspecies, and digtinct populations. Alaskaand West Coast sdlmon fisheries impact the following
Columbia River anadromous fish species that are currently (as of September 1999) listed under the
ESA:

Chinook

Snake River spring/summer (threstened);
Snake River fdl (threatened);

Lower Columbia River (threstened);
Upper Willamette River (threatened);
Upper Columbia River (threatened);

Coho
Lower Columbia River/Southwest Washington (candidate);

Chum
Columbia River (threatened);

1. ThePST was being renegotiated during the study, so applicable provisions of the new agreement were not
included in modeling assumptions.
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Sockeye
Snake River (endangered);

Steelhead

Upper Columbia River (endangered);
Lower Columbia River (threstened);
Snake River Basin (threatened);

Upper Willamette River (threatened); and
Middle Columbia River (threatened).

In addition to the Columbia River stocks, severd other Oregon and Washington coast and Puget Sound
chinook and coho salmon and steelhead species are listed.  Guidance for the management of dl listed
stocks will affect future harvest management of Columbia River anadromous fish fisheries. NMFS
issues biologica opinions for listed stocks that require fisheries management practices to meet objectives
to avoid jeopardizing the recovery of the listed stocks. The PFMC and the North Pacific Fishery
Management Council (NPFMC), through the State of Alaska, develop management plans to achieve
the stock recovery plans. Similarly the Columbia River fisheries are under a court order to have the
Columbia River Fish Management Plan (CRFMP) consistent with stock recovery plans.

The NMFS 1995 Federd Columbia River Power System (FCRPS) Biologica Opinion (NMFS 1995)
concluded that mgjor changes were needed to significantly increase sdmon surviva. NMFS cdled for a
detailed evaluation of aternative configurations and operations of the four federa hydroelectric projects
on the lower Snake River. The purpose of the evauation was to determine the likelihood that
drawdown of these four dams, or some other dternative such as expansion of the juvenile fish
transportation program, would result in the survival and recovery of Snake River sdmon and steelhead.
The Corpsinitiated the evauation with the Lower Snake River Juvenile SAmonid Migration Feasbility
Study. The Corpsin-turn requested that the NMFS summarize available information on the potentia
effects of the hydrosystem actions on anadromous salmon and steelhead runs originating within the
Snake River system. The NMFS evduated the adequacy of PATH results to show the potentia
effects. Because the effect of any hydrosystem action would be embedded in the broader relationship
between fish and their environment, hydrosystem actions also were evauated by NMFS (1999) in the
context of factors that might occur outside the direct control of the hydrosystem (such as hatcheries
output and changes in habitat, harvest, and ocean conditions). The NMFS (1999) conclusions
pertaining to the adequacy of PATH results have been incorporated into this study.
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CHAPTERIV. METHODSFOR THE ECONOMIC EVALUATION AND
ANADROMOUSFISH HARVEST FORECAST

A. Economic Evaluation M ethods

This study's overdl god isto caculate the economic vaues from harvesting those Columbia and Snake
River anadromous fish stocks that are asssted by remova or change in the operation of four dams on
the lower Snake River. While this study specificaly anayzes the economic effects of changesin wild
and hatchery originating Snake River stocks, it is possible that production and harvest management
policies may affect other anadromous fish runsin the Columbia River Basin. The economic vaues for
anadromous fish harvest from the entire Columbia River Basin are presented as well.

The two basic economic terms used in this report are "regiond economic impact” and "net economic
vaues." Regiona economic impact includes direct, indirect, and induced effects. Thisis ameasure of
how many jobs are effected by fishing and how much many is spent by fishing. The fishing codts, or
expenditures, are the source of household income associated with use of the fish. These are commonly
cdled the RED's (Regiond Economic Development benefits) for a Corps accounting stance. Net
economic vaues includes the economic va ue above costs and is a mesasure of the nationa benefits
recelved by those that fish. Thisis commonly cdled the NED's (Nationd Economic Devel opment
benefits) for a Corps accounting stance.

Regiona economic impacts and net economic vaues are two distinct measures, and each is useful for
different purposes. Regiond economic impacts are important in assessing the distributiona impacts of
the different alocation possbilities. Net economic vaues are important if the god isto alocate society's
resources efficiently. 1t may often be the case that society will want to invest in aless valuable resource
because the locd area or economy that holds that resource isin need of economic devel opment.
Neverthdess, having the information on net economic vaue will tell society how much they are giving up
in order to achieve the redistribution of economic activity or development.

Another way of measuring the specid gppreciation of anadromousfish is cdled exigence value. This
measure is provided by analyzing generd recreetion and tourism and is not included in thisreport. Itis
important that the reader distinguish between the two different types of economic valuation measures
(regiona economic impacts and net economic values) that are described in thisreport. They should not
be mixed or compared to each other.

The regiond economic impacts are based on input/output (1/0) modds that trandate direct fishing
expenditures and hatchery costsinto totd persond income. The I/O models have been constructed for
the Pacific Northwest states and Alaska with the use of the IMPLAN modd.* An 1/0 modd for British

1. Thecommercia fisheriesregional economic impact analysis used methods from Hans Radtke and William
Jensen, who devel oped a fisheries economic assessment model (FEAM) for the West Coast Fisheries
Development Foundation. The analysis of regional economic impacts for ocean recreational charter boats and
ocean recreational private boat fishermen are based on the same methods used by the Pacific Fishery

PART 1 CHAPTER IV PAGE 1

keo \npwfileOL\WWW\Iib\htm\OFFICES\PL\ER\STUDIES\L SRPUBLIC\DRAFT_FS_EIS\Final_Econ_Reportsinew_012700\WEB Files From Lonnie\Anadromous Fish Economics\afish.doc



Columbiais from Radtke (May 1997). On the commercia side, representative budgets from the fish
harvesting sector and the fish processing sector, aswell as a price and cost structure for processing are
used to estimate the impacts of changes. On the recreationa Side, a charter operator budget and
recreationd fishermen destination expenditures provide the basic data. Hatchery costs are proxied
using sdes of hatchery surpluses. Theindividua expenditure categories are used as I/0O mode inputs to
edimate the totd community income impacts.

Edtimates of net economic vaue of commercid and recregtiond anadromous fishing are made using
available studies and procedures developed by management agencies, such as Oregon Department of
Fish and Wildlife (ODFW), PFMC, and the NMFS. Commercia fisheries evauations use ex-vessel
vaue of the fish asaproxy indicator for the value. Seventy percent of ex-vesse revenueisused asan
indicator of net value. The remaining 30 percent represents additiona expenses of harvesting and
primary processing required to produce a consumer product from Columbia River Basin anadromous
fish runs. Recreetiond fisheries evauation uses a benefit-transfer gpproach for an angler day vaue. The
basis of a benefit-transfer gpproach is that other smilar Stuations for fishing experiences are correctly
evauated and are directly comparable to another Situation. Specific uses in sdlective areas may have
different values. The reader is cautioned that other harvest anadlyss may have relied on different data
and sudies for determining recrestiona use benefits that may be inconsistent with the analysis presented
inthisreport. The analysis does not include non-use economic vaues that may be derived from cultura
or existence considerations.

B. Anadromous Fish Harvest Forecast Methods

The possible effects from dternative hydrosystem actions on the Snake River anadromous fish stocks
examined in this report only includes the causation factors congdered in an externd modeling process.
Readers are directed to the many publications from the committee based process called PATH for
undergtanding forecasts of harvests and returning spawners related to the hydrosystem actions. The
NMFS (1999) provides abiologica evauation of PATH results to estimate the recovery probabilities
of ESA listed stocks.

The PATH process intended to identify, address, and (to the maximum extent possible) resolve
uncertainties in the fundamenta biologica issues surrounding recovery of endangered spring/summer
chinook, fall chinook, and summer steelhead stocks in the Columbia River Basin. The PATH modeled
the survival of some of the Snake River wild spring and summer chinook stocks and fall chinook stocks
to determine the effects of the hydrosystem actions.

Management Council and are documented in annual reports about the Review of Ocean Salmon Fisheries.
Analysis methods used to evaluate the inriver recreational fisheries are described by The Research Group (1991).
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The objectives of PATH wereto:

determine the overdl leve of support for key dternative hypotheses from existing
information and propose other hypotheses and/or modd improvements that are more
congstent with these data (retrospective anayses);

assess the aility to digtinguish among competing hypotheses from future information, and
advise indtitutions on research, monitoring, and adaptive management experiments that
would maximize learning; and

advise regulatory agencies on management actions to restore endangered salmon stocks to
sef-sugtaining levels of abundance (prospective and decision analyses).

PATH developed a quantitative decison andyss framework for soring/summer chinook and a
preliminary framework for fal chinook. The process dso developed a quaitative analysis for summer
stedhead using comparisons of the likely effects of actions on spring/summer chinook as a guide to the
probable response of summer steelhead. The PATH decision analysis focused on the probability to
which dternative hydrosystem actions contributed to preventing extinction and aiding recovery of stocks
ether listed or proposed for listing.

It was necessary to expand the PATH results to represent al Snake River stocks. Information
contained in PATH resultsis limited to seven index stocks for Snake River spring/summer chinook, a
comprehensve review of Snake River fall chinook, and a narrative description about how smolt-to-
adult survivd rates (SAR) between Snake River spring/summer chinook and steelhead are correlated.
For soring/summer chinook and fal chinook, the information includes numbers of fish harvested in the
ocean, river mainstem, and tributaries; harvest rates for ocean and mainstem based on ocean
escapement (estimated adult fish counts at the entrance of the Columbia River to the Pacific Ocean);
harvest rates for tributaries based on Lower Granite (LWG) Dam escapement (estimated adult fish
counts passing over LWG Dam); and, numbers of spawners. Results are reported in five year
increments garting with Year 5, i.e. five years after an improvement isimplemented.

Uncertainty information is also contained in released PATH results’ Table 1.1V.1 describes the PATH
results selected for the point estimates used in the economic anayss.

1. ThePATH analysesdirectly incorporated potential effects of key uncertainties. Each action was analyzed
across arange of assumptions reflecting alternative biological considerations, survival responses, and variations
in future climate effects. Asaresult, the projected effects of any given action on Snake River salmon runs
generated by the PATH analyses were not simple point estimates. Summary statistics were used to compile
across the large number of model runs necessary to capture possible combinations of key assumptionsin a
balanced way. In addition to expressing projectionsin terms of numbers of fish, PATH also summarized results
in the context of the relative probability of exceeding survival and recovery criteria. Projected numbers of fish
and harvest were summarized in terms of a standard set of fractions or percentiles of the total number of
combinations run for each action (10th, 25th, 50th, 75th and 90th percentiles). For example, if the harvest
reported at the 25th percentile was 100 fish, that means that 25% of the model runs for that particular action
resulted in aharvest of 100 fish or less. If, for that same action, the harvest reported at the 75th percentile was
500, that means that 75% of the runs for that action resulted in a projected harvest of 500 or less. Each set of
percentiles has several scenarios. Spring/summer chinook has a set for "unweighted upper bound,”
"unweighted lower bound," "equal weights," and "four expert weighing schemes." Fall chinook has a"base
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Table 1.1V.1
Release Dates and Scenarios Selected From PATH Results Used in the Economic Analysis

Actions PATH Results' Release Dates and Scenarios Assumptions
Identifier Improvements Spring/Summer Chinook /1 Fall Chinook /2
Al Current operations under Results released October 1998 Same as fall chinook A2

1995 Biological opinion

A2 Al plus maximize Results released October 1998 Results released November 1998
transportation w/o
surface bypass
collectors

A3 A2, but also use surface Results released November 1998  Results released November 1998
bypass collectors

A4 Natural river drawdown of Results released October 1998 Results released November 1998
four Snake River dams

Notes: 1. "Likely" point estimates for spring/summer chinook harvest and spawner estimates are based
on the PATH results "equal weight" scenario, median percentile outputs. Fall chinook harvest
and spawner estimates are based on the PATH "base case" scenario, 50th percentile outputs.
A range from "low" to "high" estimates were based on the 25" and 75" percentiles, respectively.

2. Summer steelhead harvests and spawner estimates are based on ratio changes to spring and
summer chinook stocks.

Source: Study.

To generate the hydrosystems management actions effects on dl Snake River originating anadromous
fish, study assumptions were used for certain life-cycle modding factors that were

in addition to those included in the PATH process. A generdized life-cycle representation for Snake
River sdmonidsis shown on Figure 1.1V.1. The reasonsthat further anaytical work was required
include:

PATH results did not include Y ear O information for any of the reported stocks. Itis
necessary to know the change in present conditionsto Year 5 (first PATH forecast
year) in order to estimate changes in stocks that are not accounted for in PATH results.
PATH results for spring/summer chinook need to be expanded from the reported seven
index wild stocks to dl wild stocks.

Hatchery production needs to be added to PATH results for spring/summer chinook
and fal chinook wild stocks.

case," "conservative case," and "liberal case." For example, runs averaged across assumption sets that gave
relatively optimistic projections (‘best case' or ‘unweighted upper bounds') or relatively pessimistic projections
(‘worst case' or 'unweighted lower bounds'). For any given action the difference between these two perspectives
gives agood indication of the effects of uncertainty. The spring/summer chinook results were also summarized
after weighting key assumptions based on the opinions solicited from ascientific review panel (personal
communication, Tom Cooney, July 1999).
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Summer sted head hatchery and wild production are not included in PATH results.

The assumptions used to expand PATH results should not be considered an attempt to develop a
separate life-cycle modd. Wherever possible, PATH modeling factors were reused as proportionsin
the expanson methods. The assumptions for the life-cycle modeling factors by species are shown in
Table 1.IV.2.
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Figure 1.1V.1
Straight-Line Representation of a Generalized Life-Cycle for Snake River Salmonids
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Source: NMFS (1999).
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Table 1.1IV.2

Additional Biological Assumptions Needed to Expand PATH
Results for Use in the Anadromous Fish Economic Analysis

Life-Cycle/
Modeling Factors

Spring/Summer Chinook

Smolt downstream passage Nan

mortality
Ocean incidental mortality  Nan
Ocean harvest Nan

Run size total - wild

For Year 0, 1986-95 average from Table 2, Tab 1 and 2,
TAC (1997). Future years calculated at the same
percentage change as PATH results for index stock's
ocean escapement. PATH results ocean escapement
calculated using mainstem harvest divided by mainstem
harvest rates.

Run size total - hatchery

Nan

Total adults - wild

Mainstem harvest + tributary harvest + pre-spawning
mortality after LWG + spawners

Total adults - hatchery

For Year 0, hatchery smolt production goals in 1998
from Smith (1998) times SAR recent year averages in
various CWT Missing Production Group Annual Reports
(Fuss et al. 1994 and Garrison et al. 1995). For future
years, hatchery production held constant and hatchery
SAR same changes as wild SAR.

Mainstem harvest - wild

For Year 0, same proportion as PATH results index
stocks. For future years, PATH results expanded to
represent total production.

Mainstem harvest -
hatchery

Proportion of PATH results for mainstem harvest to total
wild adults.

Tributary harvest - wild

PATH results expanded to represent total production.

Tributary harvest - hatchery

Proportion of PATH results for index stock's tributary
harvest to total wild adults

Upstream passage mortality

Nan

LWG Dam escapement -
wild

(tributary harvest + spawners) = 0.9. The 10% LWG
prespawning mortality factor is from Marmorek (personal
communication 1999).

LWG Dam escapement -
hatchery

Nan

Pre-spawning mortality -
wild

10% of LWG escapement

Female fraction fecundity -
wild and hatchery

Female fraction 50% and fecundity 3,500

Smolt capacity and egg
survival rates - wild

Smolt carrying capacity and density dependent egg-
smolt survival rate

Smolt capacity and egg
survival rates - hatchery

67% fecundity

CHAPTER IV

PAGE 7

keo \npwfileOL\WWW\Iib\htm\OFFICES\PL\ER\STUDIES\L SRPUBLIC\DRAFT_FS_EIS\Final_Econ_Reportsinew_012700\WEB Files From Lonnie\Anadromous Fish Economics\afish.doc



Note: 1. Nan - No assumption needed; SAR - smolt-to-adult survival rate; CWT - coded wire tag; LWG
Dam - Lower Granite Dam.
2. Fecundity is the number of fertilized eggs that can be attributed to a spawning pair.
Source: Study.
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Life-Cycle/
Modeling Factors

Table 1.1V.2 (cont.)

Fall Chinook

Summer Steelhead

Smolt downstream passage Nan Nan
mortality

Ocean incidental mortality  Nan Nan
Ocean harvest PATH results Nan

Run size total - wild

For Year 0, 1986-95 average from Table 9, Tab
3, TAC (1997).

For Year 0, 1986-95 average (length method) for
A and B runs Tables 12 and 13, Tab 8, TAC
(1997). Future years, 37% s/s chinook SAR
changes.

Run size total - hatchery

Nan

Nan

Total adults - wild

Total harvest + spawners + hatchery
supplements. Pre-spawning mortality assumed
to be zero.

Mainstem harvest + tributary harvest + pre-
spawning mortality after LWG + spawners

Total adults - hatchery

For Year 0, hatchery smolt production goals in
1998 from Smith (1998) times SAR recent year
averages in various CWT Missing Production
Group Annual Reports (Fuss et al. 1994 and
Garrison et al. 1995). For future years,
hatchery production held constant and SAR
same changes as wild SAR.

For Year 0, hatchery smolt production goals in
1998 from Smith (1998) times SAR recent year
averages in various CWT Missing Production
Group Annual Reports (Fuss et al. 1994 and
Garrison et al. 1995). For future years,
hatchery production held constant and SAR
same changes as 37% wild spring/summer
chinook SAR.

Mainstem harvest - wild

For Year O, Table 9, Tab 3, TAC (1997). For
future years, PATH results.

Table 12 and 13, Tab 8, TAC (1997).

Mainstem harvest -
hatchery

Proportion of PATH results for mainstem harvest
to total wild adults.

Table 12 and 13, Tab 8, TAC (1997).

Tributary harvest - wild

PATH results

Table Ald, Tab 8, TAC (1997).

Tributary harvest - hatchery

Nan

Table Ald, Tab 8, TAC (1997).

Upstream passage mortality

Nan

Nan

LWG Dam escapement -
wild

Tributary harvest + spawners + supplements,
i.e., zero assumed pre-spawning mortality.

For Year 0, 1986-95 average (length method) for
A and B runs, Table 12, Tab 8, TAC (1997).
Future years calculated as same percentage
change as PATH results calculated LWG
escapement

LWG Dam escapement -
hatchery

Nan

Nan

Pre-spawning mortality -
wild

Zero assumed pre-spawning mortality.

10% of LWG escapement

Female fraction fecundity -
wild and hatchery

Female fraction 50% and fecundity 3,500

Female fraction 50% and fecundity 2,500

Smolt capacity and egg
survival rates - wild

Smolt carrying capacity and density dependent
egg-smolt survival rate varying from 15% in Year
510 2% in Year 25+

Varying from 15% in Year 5 to 2% in Year 25+

Smolt capacity and egg
survival rates - hatchery

67% fecundity

67% fecundity
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Note: 1. Nan - No assumption needed; SAR - smolt-to-adult survival rate; CWT - coded wire tag; LWG
Dam - Lower Granite Dam.
2. Fecundity is the number of fertilized eggs that can be attributed to a spawning pair.
Source: Study.

PART 1 CHAPTER IV PAGE 10

keo \npwfileOL\WWW\Iib\htm\OFFICES\PL\ER\STUDIES\L SRPUBLIC\DRAFT_FS_EIS\Final_Econ_Reportsinew_012700\WEB Files From Lonnie\Anadromous Fish Economics\afish.doc



CHAPTERYV. SURVIVAL RATESAND CONTRIBUTION TO FISHERIES

Pecific Northwest dates, the federd government, tribes, municipdities, and private busnesses have
funded hatchery sdlmon and steelhead production for more than 100 years. This activity has been
continualy viewed as a solution to persstent problems of habitat |oss and overfishing. From the earliest
efforts until wel into the 1960's, most production relied primarily on release of sdlmon fry with agradua
shift toward holding fish to fingerling Size for socking. By the 1960's, hatchery programs began holding
fish for release as full term smolts.

Hatchery smolt production costs are only one component of the unit cost of a harvested adult. The unit
cost of production dlows an evaduation of a hatchery to control costs and reflect one part of the
efficiency of an operation. However, smalts are not sold or caught, only harvestable adults. Therefore,
the number of adults surviving gives a better evaluation of individud hatcheries and of the hatchery
program in generd. The number of returning wild spawnersis dso crucid to the surviva of the species
and to contribution to any harvests.

There are three basic digtribution patterns of Columbia River Basin produced sdmon: north turning fish
(fdll chinook), south turning fish (coho), and some that tend to migrate in ether direction (some of the
above). Steelhead tend to scatter and migrate as far as Russian waters. Harvest rates by geographic
area depend on migration patterns, as well as higtoric fishing patterns, and on internationa and historic
treaties and management policies. The same reports used in calculating surviva rates are used to
cdculate historic geographic and gear harvest shares. The digtributional assumptions are that future
harvests will reflect recent historica catches. These assumptions, however, depend on present
ColumbiaRiver, U.S. - Canada, and Indian treaty alocations

Higtorica information is available on the surviva of hatchery reared sdmon and stedhead releases and
some test wild reared anadromous fish. For this study, a surviva rate is defined to be hatchery releases
divided by adults that subsequently show up in fisheries or hatchery returns? Anaogous surviva rate
for wild origin fishisthe retio of downstream migrating smolts and harvests plus spawner escgpement.
Thewild origin surviva rate definition is smilar to "SAR2" discussed by Petrosky and Shdler (1998).
The Bonneville Power Administration funds the collection of surviva rate and catch rate information on
Columbia River Basin produced salmon (Fuss et d. 1994 and Garrison et d. 1995).

As previoudy mentioned, the PATH results did not provide starting year information for the forecasts of
fish harvests or spawners. PATH forecasts were in five year increments, starting with Year 5 and
ending with Year 100. The PATH results aso did not include SAR's, or fishery user group harvest
dlocations. The PATH results were only for wild origin stocks, and in the case of spring and summer

1. Harvest alocation treaties change. For example, the U.S. is presently negotiating with Canada on harvest
alocations. Itisnot clear what new harvest allocations will result from these negotiations. For that reason,
existing U.S. and Indian tribal agreements are the base used in allocating harvests. What may be available after
these obligations are met is distributed according to historical harvest distributions.

2. Becauserecent hatchery practices mostly have rel eased fish at smolt age, the survival rates are referenced in this
study as smolt-to-adult survival rates or SAR.
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chinook stocks, only seven index stocks were analyzed. Using Beamesderfer (1997) and TAC (1997)
for the period 1986 to 1995, the study estimate for the share of PATH index spring/summer stocksis
52 percent of all wild stocks.

A darting point was needed to determine changes to existing SAR's, and to determine relationships of
the seven wild stocks analyzed by PATH to al stocks. The 1986 to 1995 ten year average was
adopted to provide the Y ear O information for run size, SAR's, and harvest rates. This period has the
following average SAR's for hatchery stocks: 0.25 percent for spring/summer chinook, 0.6 percent for
fal chinook, and 0.8 percent for summer steelhead.

The beginning SAR's for wild stocks were determined using a spawner-recruit function between Year 5
and Year 10 using PATH information.* Because the PATH information resulted in an extremely high
rate of change in SAR's during the early forecast years, Sudy assumptions included the introduction of
supplementd fish into the modd to better pattern spawner-recruit rdationships. Thisisaplausble
explanation, because there are presently test programs for out-planting first generation hatchery rearings
a early ages rather than releasing multi-generation hatchery smolts at migrating ages. Figure 1.V.1
shows the results from the modeling assumptions on SAR's over the project life. The previous chapter
explains other species-by-species life cycle modeling assumptions used to pattern the wild non-index
stocks and al hatchery stocks after PATH stocks.

The economic evauation depends on the user group and geographic area accomplishing the harvests.
Table 1.V.1 shows the 1986 to 1995 average inriver harvest rates, based on run size measured at
ocean ecapement. Theinriver and ocean user group distributions used in the modding are shown in
Table 1.V.2. Thesetables need to be carefully interpreted if compared, because of the basis of the
shares. Treaty rights are for 50 percent of the harvestable fish, regardless of the geographic area. This
means that harvest rates for species caught in the ocean, such asfal chinook, will have a greater inriver
harvest share. Treaty harvests have consgtently falen below the tresty right share for composite (wild
and hatchery) Snake River summer stedhead. To provide for aredigtic trangtion to this distribution, a
25 year trend was used. This means that summer steel head recreational mainstem (about 10,000 fish)
and tributary harvest (about 40,000 fish) are held rdatively constant during the 25 year trangtion period.
After the trandtion period, both treaty and recrestiond harvests grow proportionaly.

Run sizes can be measured at ocean escapement or at other geographic locations. The maor
anadromous fish stock’ swild origin run size measured at escapement past the upper most dam on the
lower Snake River over arecent historical period (1964-1996) and forecasts over the

1. Insufficient PATH information existed to calculate an age structure SAR. Instead, aratio of PATH wild origin
stocks' adult to previousfive year smolt production was used as an indicator SAR. The movement of the Y ear O
hatchery rate was then tied to the PATH indicator SAR rate of change. Smolt production was calculated using a
density dependent egg-to-smolt rel ationship and the number of spawners five years previous. Readers are
directed to Williams et a. (1998), Petrosky and Shaller (1998), and Shaller (1999) for a more rigorous treatment of
Snake River stock survival rate discussions.
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Figure 1.V.1
Snake River Wild Origin Fish Smolt-to-Adult Survival Rate
Indicators by Hydrosystem Actions During Project Period
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Notes: 1. The Y-axis maximums are different for each species.

2. Smolt-to-adult rates are referenced as indicators because they are not based on age structures. The
indicator rates are spawners, prespawning mortality, and harvest divided by smolts produced five
years previous expressed as a percent. Smolts are calculated using a density dependent egg-to-
smolt relationship and the number of spawners five years previous.

3. Summer steelhead rates are based on changes to spring/summer chinook changes.
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Source: Study.
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Table 1.V.1

Snake River Anadromous Fish Inriver Harvests and Harvest Rates for 10-year Average, 1986-1995

Existing Inriver Harvest and Harvest Rates

Mainstem Tributary
Ocean Commercial Non-Treaty Recreational Treaty Indian LWG Escapement Recreational

Species/Stock Escapement __ Number Rate _Number Rate _Number Rate _Number Rate _Number Rate
Snake River
Fall Chinook

wild 1,813 -- - -- - 419 23.1% 381 21.0% -- -

Hatchery 4,458 -- -- -- - 1,108 24.9% 1,679 37.7% - --

Total 6,271 803 12.8% 159 2.5% 1,527 24.3% 2,060 32.8% -- -
Spring Chinook

wild 8,657 -- -- -- - 561 6.5% 5,126 59.2% -- --

Hatchery 19,865 - - - - 1,363 6.9% 12,234 61.6% - -

Total 28,522 506 1.8% 364 1.3% 1,924 6.7% 17,360 60.9% - --
Summer Chinook

wild 3,073 0 0.0% -- - 78 2.5% 2,294 74.6% - --

Hatchery 2,856 0 0.0% -- - 89 3.1% 1,972 69.0% -- -

Total 5,929 0 0.0% 3 0.0% 167 2.8% 4,265 71.9% - --
Summer Steelhead

Wild 21,187 0 0.0% 0 0.0% 4,115 19.4% 16,225 76.6% 0 0.0%

Hatchery 105,598 0 0.0% 10,733 10.2% 25,972 24.6% 72,795 68.9% 40,248 38.1%

Total 126,785 0 0.0% 9,846 7.8% 29,636 23.4% 89,020 70.2% 40,248 31.7%

Notes: 1. Averages are based on 1986 through 1995 period.

2. Harvest rates based on ocean escapement.
3. Upriver refers to mainstem escapement from the lower Columbia River into either the Upper Columbia River
or the Snake River.
4. All references to specific tables and tabs are found in TAC 1997.
5. Recreational mainstem and tributary harvest are assumed to be illegal and zero for wild fall chinook, spring chinook,
and summer chinook after 1990 and for summer steelhead after 1984.
6. Fall chinook
a. Total fall chinook harvest from commercial, recreational, and treaty user groups is from Table 8 Tab 3.

The assumption is made that catch in zone 6 is treaty.
b. Ocean and LWG escapement is from Tables 8 and 9 Tab 3.
c. Treaty harvest of wild fall chinook is from Table 9 Tab 3. Hatchery is the residual of total and wild.
7. Spring chinook

a. Total ocean escapement is the total upriver run size times the proportion of Snake River spring chinook

from Tables 1 and 2 Tab 1.

b. Wild ocean escapement and LWG escapement are from Tables 2 and 3 Tab 1.
Hatchery ocean escapement is the residual between total and wild.
d. Hatchery LWG escapement is from Table 3 Tab 1.

C.

e. Total commercial and total recreational Snake River harvests are estimated using upriver spring chinook
mainstem harvest by user group and applying the proportion of mainstem escapement to Snake River.

f.  Treaty harvest of wild mainstem Snake River spring chinook is from Table 2 Tab 1. It is assumed that harvest
in zone 6 are treaty harvest only. Total harvest is estimated using harvest of upriver spring chinook and
proportion to Snake River spring chinook. Treaty harvest of hatchery spring chinook is the residual
of total and wild.

8. Summer chinook

a. Wild ocean escapement and LWG escapement is from Table 2 Tab 2.

b. Hatchery ocean escapement and LWG escapement is from Table 3 Tab 2.

c. Total recreational mainstem harvest of summer chinook is estimated from harvest of upriver summer chinook
and proportion Snake River summer chinook.

d. Non-treaty commercial harvest in zones 1-5 for wild and hatchery summer chinook is zero. Table 1 Tab 2.
Incidental non-retention excluded.

e. Treaty harvest of wild summer chinook is from Table 2 Tab 2. This assumes zone 6 harvest is treaty only.

f.  Treaty harvest of hatchery summer chinook is from Table 3 Tab 2. This assumes zone 6 harvest is treaty only.

9. Summer steelhead

a. Non-treaty commercial harvest is assumed to be zero.

b. LWG escapement is from Tables 12 through 15 Tab 8. Lower Granite counts of group A and B were summed
(based on the length method).

c. Total tributary harvest is from Tables Alc and Ald.

d. Wild and hatchery ocean escapement is from Tables 12 through 15 Tab 8. Lower Granite with no mainstem fishery
counts of group A and B were summed (based on the length method). This provides a minimum run size.

e. Mainstem harvest rates are assumed to equal mainstem harvest rates for total upriver summer steelhead stocks.
Tab 8 Table 4.

Source: TAC 1997.
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Table 1.V.2
Assumptions for Anadromous Fish User Group Distributions by Species and Geographic Area

Anadromous Species

Chinook Summer
Geographic Area/User Group Spring/Summer Fall Steelhead
Ocean Harvest
Alaska
a) Commercial 0.000% 11.663% 0.000%
b) Sport 0.000% 0.002% 0.000%
British Columbia
a) Commercial 0.000% 48.506% 0.000%
b) Sport 0.000% 3.880% 0.000%
Subtotal Alaska/B.C. 0.000% 64.051% 0.000%
Washington ocean
a) Commercial 0.000% 19.027% 0.000%
b) Sport 0.000% 8.456% 0.000%
Washington Puget Sound
a) Commercial 0.000% 0.002% 0.000%
b) Sport 0.000% 0.002% 0.000%
Oregon
a) Commercial 0.000% 6.343% 0.000%
b) Sport 0.000% 2.115% 0.000%
California
a) Commercial 0.000% 0.002% 0.000%
b) Sport 0.000% 0.002% 0.000%
Subtotal WOC Ocean 0.000% 35.949% 0.000%
Subtotal Ocean 0.000% 100.000% 0.000%
In-river Harvest
Treaty Year O 50.000% 62.219% 37.200%
Year 5 50.000% 62.219% 39.760%
Year 10 50.000% 62.219% 42.320%
Year 15 50.000% 62.219% 44.880%
Year 20 50.000% 62.219% 47.440%
Year 25-100 50.000% 62.219% 50.000%
Non-treaty
Mainstem (less treaty) (less treaty)
a) Freshwater sport 77.000% 2.874% 100.000%
b) Commercial non-Treaty 17.000% 34.491% 0.000%
c¢) Other in-river 6.000% 0.416% 0.000%
Tributary
a) Freshwater sport 100.000% 0.000% 100.000%
Returns to Hatcheries
Requirement to Carcass 100.000% 100.000% 100.000%
Surplus
a) Carcass and egg sales 50.000% 50.000% 50.000%
b) Food fish 50.000% 50.000% 50.000%

Notes: 1. Expressed as percent of fish harvested by the geographical fisheries.

2. See text narrative on survival rates and contribution to fisheries for explanation of
distributional assumptions.

3. Results assume 50% for treaty harvest and zero ocean harvests for spring/summer
chinook and summer steelhead.

4. Treaty harvest percent of fish is based on all inriver harvestable fish (mainstem and
tributary). It is assumed that all treaty harvest are in the mainstem.

5. Non-treaty mainstem harvest for spring/summer chinook and summer steelhead,
represent the distribution of the remaining mainstem harvestable fish by user group.

6. Non-treaty harvest for fall chinook represent shares of total inriver harvest.

Source: Study.
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first 50 years of project life for each hydrosystem action are shown in Figures 1.V.2athrough 1.V.2d.
This means ocean and inriver harvests as well as other river passage mortalities have been accounted for
inthewild run 9zes. The forecasts show rapid recovery during early project period and minor
fluctuationsin later years. The fluctuations, as explained by PATH documentation, are due to ocean
regime shifts. The forecasted wild origin run sizes are less than about one third pre-dam higtorica levels.

Figure 1.V.2a
Historical and Project Year Wild Origin Stock Run Counts at Snake River Uppermost Dam, Action Al
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Note:  Adult wild salmon and steelhead counts at the uppermost dam on the Snake River below Lewiston
(Ice Harbor Dam 1964-68, Lower Monument Dam 1969, Little Goose Dam 1970-74, Lower Granite
Dam 1970-74).

Source: Study and IDFG (1998).
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Figure 1.V.2b
Historical and Project Year Wild Origin Stock Run Counts at Snake River Uppermost Dam, Action A2
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Note:  Adult wild salmon and steelhead counts at the uppermost dam on the Snake River below Lewiston
(Ice Harbor Dam 1964-68, Lower Monument Dam 1969, Little Goose Dam 1970-74, Lower Granite
Dam 1970-74).

Source: Study and IDFG (1998).

Figure 1.V.2c
Historical and Project Year Wild Origin Stock Run Counts
at Snake River Uppermost Dam, Action A3
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Note:  Adult wild salmon and steelhead counts at the uppermost dam on the Snake River below Lewiston
(Ice Harbor Dam 1964-68, Lower Monument Dam 1969, Little Goose Dam 1970-74, Lower Granite
Dam 1970-74).

Source: Study and IDFG (1998).
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Figure 1.V.2d
Historical and Project Year Wild Origin Stock Run Counts
at Snake River Uppermost Dam, Action A4
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Note:  Adult wild salmon and steelhead counts at the uppermost dam on the Snake River below Lewiston
(Ice Harbor Dam 1964-68, Lower Monument Dam 1969, Little Goose Dam 1970-74, Lower Granite
Dam 1970-74).

Source: Study and IDFG (1998).
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CHAPTER VI. ECONOMIC EVALUATION OF CHANGED ANADROMOUS FISH
HARVESTSDUE TO ALTERNATIVE LOWER SNAKE RIVER DAMS
HYDROSYSTEM ACTIONS

The economic evauation of changed anadromous fish stocks due to hydrosystem actions relies on
available methods and data. The PATH provided information for some wild index stocks which were
expanded to represent al stocks using abbreviated life cycle modeling procedures. Historica harvest
digtribution patterns were used as a base and then modified for future expected management regimes.

The forecast of fish available for harvest in the ocean and inriver is didtributed to user groups within
congraints of internationd understandings and Columbia River tribd treaty agreements. The previous
chapter described the study assumptions for user group alocations. The economic values per
commercid fish harvested and per recreationa day used in thisandysis are presented by species and
geographic location in Table 1.VI.1. Commercid economic values (NED benefits) are based on ex-
vessd vaues. Seventy percent of ex-vesse revenue is used as an indicator of net economic vaue. The
recreationa fishery vaue uses a benefit transfer approach to develop avaue per angler day. Thisvaue
is then multiplied by the number of angler days required to catch afish. Angler days were determined
using catch per unit effort (CPUE) data based on recent periods, which were then adjusted for
abundance levels

The economic evauation of inriver recregtiona harvest will be provided by andyzing generd recregtion
and tourism.? To give amore complete depiction of the sensitivity associated with data and modding
assumptions, the inriver recreationa user group isincluded in the risk and uncertainty andyss.

The changed economic vaue (NED benefits) measured by annud average equivalent values (AAEV)
over aproject life of 100 years between base case and other hydrosystem actions using the most
current Corps discount rate (6 7/8 percent) ranges between $0.16 million and $1.59 million in 1998
dollars (Table 1.V1.2). If azero percent discount rate is used for vauing future generation benefits, then
the changed vaues (NED AAEV benefits) may be as high as $3.49 million for one of the actions.
Action A4 has the highest changed vaues. Table 1.V1.3 shows the annualized economic value (NED
AAEV bendfits) range by fisheries for three discount rates. The "high" modding results are interesting in
that Action Al for some fisheriesis greater than other proposed project actions. Not considering the
inriver

1. The CPUE to determine angler days used recent period catch rates. Ocean recreational composite CPUE rates are
one day per fish, Columbia River mainstem is two days per fish, and Snake River tributary is 5.88 days per fish.
CPUE isinfluenced by fishing motivational factors and fishery management techniques. For example, all existing
recreational steelhead fishing is selective for hatchery origin fish. If future wild origin abundance levels allow
retention, then the CPUE (expressed as days per fish) will decrease. Modeling assumptions for CPUE
incorporated decreasing tributary CPUE (expressed as days per fish) with increasing abundances.

2. The methods used to provide for the economic evaluation of this user group and fishery are different from those
used to evaluate the other anadromous fish fisheries and may not be directly comparable.

PART 1 CHAPTERVI PAGE 1

keo \npwfileOL\WWW\Iib\htm\OFFICES\PL\ER\STUDIES\L SRPUBLIC\DRAFT_FS_EIS\Final_Econ_Reportsinew_012700\WEB Files From Lonnie\Anadromous Fish Economics\afish.doc



Notes: 1. Average 1998 dollars per fish (commercial fisheries) and angler day (recreational fisheries).

Table 1.VI.1

Spring/Summer Chinook

Ocean
Alaska
British Columbia
Washington ocean
Washington Puget Sound
Oregon
California
Columbia Basin inland
Mainstem
Tributary
Other
Food fish
Carcass and egg sales

Fall Chinook

Ocean
Alaska
British Columbia
Washington ocean
Washington Puget Sound
Oregon
California
Columbia Basin inland
Mainstem
Tributary
Other
Food fish
Carcass and egg sales

Summer Steelhead

Ocean
Alaska
British Columbia
Washington ocean
Washington Puget Sound
Oregon
California
Columbia Basin inland
Mainstem
Tributary
Other
Food fish
Carcass and egg sales

Economic Value (NED Benefits) Assumptions by Species and Fishery

Commercial Recreational
33.83
34.30
23.68
21.19
21.65
22.33
49.95 51.43
63.23
0.00
26.87
0.00
33.83 51.43
34.30 51.43
23.68 51.43
21.19 51.43
21.65 51.43
22.53 51.43
23.53 51.43
0.00
18.25
1.23
11.44
9.99 52.85
63.23
8.73
1.23

2. Carcass sales assume $0.10 per pound for whole body dressed weight.

Source: Study.
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Notes: 1.

2.

3.

4

Source: Stu

Table 1.VI.2
Changed Annualized Economic Value (NED Benefits) Between Base
Case and Other Hydrosystem Actions for Various Discount Rates

Discount Rates
Hydrosystem 0% 4 6/8% 6 7/8%
Actions Amount Order Amount Order Amount Order

Annual Average Equivalent Value (Year 0 to Year 100)

A2 less Al $0.20 2 $0.18 2 $0.16 3
A3 less Al $0.19 3 $0.17 3 $0.16 2
A4 less Al $349 1 $2.06 1 $1.59 1

NED benefits measured by annual average equivalent values over a 100 year project life in
millions of 1998 dollars.

Evaluation is for all modeled anadromous fish species and includes harvests and hatchery
surplus utilization. The evaluation excludes the economic values for inriver recreational fishing.
The analysis is based on PATH results' "base case" scenario for fall chinook and "equal
weights" scenario for spring/summer chinook using "likely" (50th percentile) modeling output.
See text for explanation of hydrosystem action descriptions.

recreationd fishery, most of the economic values (NED AAEV benefits) would be generated from the
inriver treety fishery (Table 1.V1.3) contributed by fal chinook (Figure 1.VI1.1). Annualized economic
vaues (NED AAEV benefits) generated per year by speciesfor wild and hatchery origin fish over the
life of the project for each hydrosystem action are shown in Figures 1.V1.2athrough 1.VI.2c.

The anadromous fish forecasting anadlysis resulted in alarge share of summer stedlhead destined to the
Snake River watershed escaping fisheries and returning to hatcheries as surplus. The default use of this
aurplusisfor food fish, egg, and carcass sdes. There may be fishery management opportunities to
convert these sdles to harvest opportunities. Changing fish forecasting assumptions to redize this
opportunity is described in the risk and uncertainty chapter.
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Table 1.VI.3a
Ranges of Annualized Economic Value (NED Benefits) by Fishery For Each
Hydrosystem Action Using “Low”, “Likely”, and “High” Modeling Results

Al A2 A3 A4
Anadromous Fish Low Likely High Low Likely High Low Likely High Low Likely High
Commercial
Ocean
Alaska $6.15 $12.72 $26.35 $6.15 $12.72 $26.35 $6.85 $14.56 $30.54 $31.99 $69.48 $136.12
British Columbia $25.93 $53.66 $111.09 $25.93 $53.66 $111.09 $28.90 $61.41  $128.77 $134.89 $292.97 $573.99
WA Ocean $7.02 $14.53 $30.08 $7.02 $14.53 $30.08 $7.83 $16.63 $34.87 $36.53 $79.34 $155.44
WA Puget Sound $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.01 $0.01
Oregon $2.14 $4.43 $9.17 $2.14 $4.43 $9.17 $2.39 $5.07 $10.63 $11.13 $24.18 $47.38
California $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.01 $0.02
Subtotal Ocean $41.24 $85.34 $176.70 $41.24 $85.34 $176.70 $45.97 $97.68 $204.82 $214.55 $465.99 $912.95
Inriver
Non-treaty $21.50 $45.76 $96.49 $23.09 $51.36 $110.14 $24.26 $52.75  $113.84 $120.47 $223.36 $409.35
Treaty Indian $293.52  $702.77 $2,003.61 $323.81 $795.22 $2,062.65 $323.18 $789.90 $1,992.09 $564.64 $1,287.11 $2,771.28
Hatchery Returns $8.77  $137.06 $522.24 $28.98 $198.78 $613.34 $25.47 $188.48  $567.35 $206.31 $480.92 $990.32

Subtotal Inriver $323.79  $885.59 $2,622.34 $375.88  $1,045.36 _$2,786.14 $372.92  $1,031.12 $2,673.27 $891.43 $1,991.39 $4,170.95
Subtotal Commercial ~ $365.02  $970.93 $2,799.04 $417.12 $1,130.70 $2,962.84 $418.89 $1,128.80 $2,878.09 $1,105.97 $2,457.38 $5,083.90

Recreational
Ocean
Alaska $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
British Columbia $3.11 $6.44 $13.32 $3.11 $6.44 $13.32 $3.47 $7.37 $15.44 $16.18 $35.14 $68.84
WA Ocean $6.78 $14.03 $29.04 $6.78 $14.03 $29.04 $7.55 $16.05 $33.66 $35.26 $76.58 $150.04
WA Puget Sound $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
Oregon $1.70 $3.51 $7.26 $1.70 $3.51 $7.26 $1.89 $4.02 $8.42 $8.82 $19.15 $37.53
California $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
Subtotal Ocean $11.59 $23.98 $49.65 $11.59 $23.98 $49.65 $12.92 $27.44 $57.55 $60.28 $130.93 $256.51
Total Commercial
and Recreational $376.61 $994.91 $2,848.68 $428.70 $1,154.68 $3,012.48 $431.81 $1,156.25 $2,935.64 $1,166.25 $2,588.31 $5,340.41
Notes: 1. NED benefits measured by annual average equivalent values over a 100 year project life using 6 7/8% discount rate in thousands of 1998 dollars.
2. Evaluation is for all modeled anadromous fish species and includes harvests and hatchery surplus utilization. The evaluation excludes the economic values for
inriver recreational fishing.
3. PATH results fall chinook Action Al is the same as Action A2. Fall chinook is the only significantly harvested species in ocean fisheries.
4.  “Low”, “likely,” and “high” modeling results correspond to PATH results for 25th, 50th, 75th percentile modeling outputs, respectively.
5. The analysis is based on PATH results' "base case" scenario for fall chinook and "equal weights" scenario for spring/summer chinook.
6. Total and subtotals may not equal sum of values due to rounding.
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Source: Study.
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Table 1.VI.3b

Ranges of Annualized Economic Value (NED Benefits) by Fishery For Each
Hydrosystem Action Using “Low”, “Likely”, and “High” Modeling Results

Al A2 A3 A4
Anadromous Fish Low Likely High Low Likely High Low Likely High Low Likely High
Commercial
Ocean
Alaska $6.42 $13.71 $28.66 $6.42 $13.71 $28.66 $7.33 $15.94 $33.65 $39.67 $84.82 $163.84
British Columbia $27.07 $57.80 $120.87 $27.07 $57.80 $120.87 $30.91 $67.22 $141.87 $167.30 $357.68 $690.88
WA Ocean $7.33 $15.65 $32.73 $7.33 $15.65 $32.73 $8.37 $18.20 $38.42 $45.30 $96.86 $187.10
WA Puget Sound $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.01 $0.02
Oregon $2.23 $4.77 $9.98 $2.23 $4.77 $9.98 $2.55 $5.55 $11.71 $13.81 $29.52 $57.03
California $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.01 $0.02
Subtotal Ocean $43.05 $91.93 $192.24 $43.05 $91.93 $192.24 $49.16 $106.91 $225.66 $266.09 $568.91 $1,098.88
Inriver
Non-treaty $23.38 $52.57 $110.98 $25.38 $59.30 $127.02 $27.08 $61.25 $132.53 $155.22 $287.02 $514.37
Treaty Indian $309.67 $821.38 $2,175.04 $341.58 $920.20 $2,246.11 $341.37 $911.40 $2,177.94 $677.23 $1,601.70 $3,238.98
Hatchery Returns $7.26 $167.65 $556.91 $30.41 $237.63 $658.06 $27.33 $223.90 $609.53 $269.56 $605.58 $1,154.79
Subtotal Inriver $340.31 $1,041.60 $2,842.92 $397.36 $1,217.13 $3,031.18 $395.77  $1,196.55 $2,920.00 $1,102.01 $2,494.30 $4,908.14
Subtotal Commercial  $383.36 $1,133.53 $3,035.17 $440.42 $1,309.06 $3,223.43 $444.92 $1,303.46 $3,145.66 $1,368.10 $3,063.21 $6,007.02
Recreational
Ocean
Alaska $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
British Columbia $3.25 $6.93 $14.50 $3.25 $6.93 $14.50 $3.71 $8.06 $17.02 $20.07 $42.90 $82.86
WA Ocean $7.08 $15.11 $31.59 $7.08 $15.11 $31.59 $8.08 $17.57 $37.08 $43.73 $93.49 $180.59
WA Puget Sound $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
Oregon $1.77 $3.78 $7.90 $1.77 $3.78 $7.90 $2.02 $4.39 $9.28 $10.94 $23.38 $45.17
California $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
Subtotal Ocean $12.10 $25.83 $54.01 $12.10 $25.83 $54.01 $13.81 $30.04 $63.40 $74.76 $159.84 $308.75

Total Commercial

and Recreational

Notes:

1

N

o gk w

$395.46 $1,159.36 $3,089.18 $452.51 $1,334.89 $3,277.44 $458.74 $1,333.50 $3,209.06 $1,442.87 $3,223.05 $6,315.78
NED benefits measured by annual average equivalent values over a 100 year project life using 4 6/8% discount rate in thousands of 1998 dollars.

Evaluation is for all modeled anadromous fish species and includes harvests and hatchery surplus utilization. The evaluation excludes the economic values for

inriver recreational fishing.

PATH results fall chinook Action Al is the same as Action A2. Fall chinook is the only significantly harvested species in ocean fisheries.

“Low”, “likely,” and “high” modeling results correspond to PATH results for 25th, 50th, 75th percentile modeling outputs, respectively.

The analysis is based on PATH results' "base case" scenario for fall chinook and "equal weights" scenario for spring/summer chinook.

Total and subtotals may not equal sum of values due to rounding.
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Source: Study.
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Table 1.VI1.3c

Ranges of Annualized Economic Value (NED Benefits) by Fishery For Each
Hydrosystem Action Using “Low”, “Likely”, and “High” Modeling Results

Al A2 A3 A4
Anadromous Fish Low Likely High Low Likely High Low Likely High Low Likely High
Commercial
Ocean
Alaska $7.83 $16.97 $35.34 $7.83 $16.97 $35.34 $9.35 $20.41 $42.62 $61.71 $126.69 $235.99
British Columbia $33.00 $71.55 $149.01 $33.00 $71.55 $149.01 $39.43 $86.08  $179.70 $260.20 $534.22 $995.10
WA Ocean $8.94 $19.38 $40.35 $8.94 $19.38 $40.35 $10.68 $23.31 $48.66 $70.47 $144.67 $269.48
WA Puget Sound $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.01 $0.01 $0.03
Oregon $2.72 $5.91 $12.30 $2.72 $5.91 $12.30 $3.25 $7.10 $14.83 $21.48 $44.09 $82.14
California $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.01 $0.01 $0.03
Subtotal Ocean $52.48  $113.81 $237.00 $52.48 $113.81 $237.00 $62.72 $136.91  $285.82 $413.87 $849.71 $1,582.76
Inriver
Non-treaty $30.77 $74.27 $152.91 $33.77 $83.38 $174.65 $37.31 $87.20  $186.39 $263.24 $479.50 $817.23
Treaty Indian $381.49 $1,190.57 $2,663.95 $414.35 $1,291.15 $2,756.41 $416.17 $1,272.42 $2,708.91 $1,071.46 $2,616.35 $4,671.95

Hatchery Returns $7.40  $255.19 $635.86 $37.97
Subtotal Inriver $419.65 $1,520.04 $3,452.72 $486.10
Subtotal Commercial  $472.13 $1,633.85 $3,689.72 $538.58

$343.14 $761.36

$37.13 $319.21  $709.59 $468.72 $967.27 $1,602.86

$1,717.67 $3,692.42

$490.61 $1,678.83 $3,604.88 $1,803.42 $4,063.12 $7,092.04

$1,831.48 $3,929.42

$553.33 $1,815.74 $3,890.71 $2,217.29 $4,912.82 $8,674.80

Recreational
Ocean
Alaska $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.01 $0.01 $0.02 $0.03 $0.06
British Columbia $3.96 $8.58 $17.87 $3.96 $8.58 $17.87 $4.73 $10.32 $21.55 $31.21 $64.07 $119.35
WA Ocean $8.63 $18.70 $38.95 $8.63 $18.70 $38.95 $10.31 $22.50 $46.97 $68.02 $139.64 $260.11
WA Puget Sound $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.01 $0.01 $0.02 $0.03 $0.06
Oregon $2.16 $4.68 $9.74 $2.16 $4.68 $9.74 $2.58 $5.63 $11.75 $17.01 $34.93 $65.06
California $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.01 $0.01 $0.02 $0.03 $0.06
Subtotal Ocean $14.75 $31.98 $66.59 $14.75 $31.98 $66.59 $17.62 $38.47 $80.31 $116.28 $238.74 $444.71
Total Commercial
and Recreational $486.88 $1,665.82 $3,756.31 $553.33 $1,863.46 $3,996.01 $570.95 $1,854.21 $3,971.02 $2,333.57 $5,151.56 $9,119.50
Notes: 1. NED benefits measured by annual average equivalent values over a 100 year project life using 0% discount rate in thousands of 1998 dollars.
2. Evaluation is for all modeled anadromous fish species and includes harvests and hatchery surplus utilization. The evaluation excludes the economic values for
inriver recreational fishing.
3. PATH results fall chinook Action Al is the same as Action A2. Fall chinook is the only significantly harvested species in ocean fisheries.
4.  “Low”, “likely,” and “high” modeling results correspond to PATH results for 25th, 50th, 75th percentile modeling outputs, respectively.
5. The analysis is based on PATH results' "base case" scenario for fall chinook and "equal weights" scenario for spring/summer chinook.
6. Total and subtotals may not equal sum of values due to rounding.
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Source: Study.
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Figure 1.VI.1
Annualized Economic Values (NED Benefits) by Anadromous Fish Species for Each Project Action
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Notes: 1. NED benefits measured by annual average equivalent values over a 100 year project life using 6
7/8% discount rate in thousands of 1998 dollars.
2. Evaluation is for all modeled anadromous fish species and includes harvests and hatchery
surplus utilization. The evaluation excludes the economic values for inriver recreational fishing.
3. PATH results fall chinook Action Al is the same as Action A2. Fall chinook is the only
significantly harvested species in ocean fisheries.
4. The analysis is based on PATH results' "base case" scenario for fall chinook and "equal
weights" scenario for spring/summer chinook using "likely" (50th percentile) modeling output.
Source: Study.
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Figure 1.Vl.2a
Economic Values (NED Benefits) for Spring/Summer Chinook
by Project Action Using “Likely” Modeling Results
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Note: 1. Recreationalinriver fisheries are excluded from the analysis.
2. NED benefits are based on PATH results fall chinook "base case" and spring/summer chinook
"equal weights".
Source: Study.
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Figure 1.VI.2b
Economic Values (NED Benefits) for Fall Chinook
by Project Action Using “Likely” Modeling Results
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Note: 1. Recreational inriver fisheries are excluded from the analysis.
2. NED benefits are based on PATH results fall chinook "base case" and spring/summer chinook
"equal weights".
Source: Study.
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Figure 1.VI.2c
Economic Values (NED Benefits) for Summer Steelhead
by Project Action Using “Likely” Modeling Results
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Note: 1. Recreational inriver fisheries are excluded from the analysis.
2. NED benefits are based on PATH results fall chinook "base case" and spring/summer chinook
"equal weights".
Source: Study.
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CHAPTER VII. POTENTIAL ECONOMIC VALUESFOR FOUR CASES OF
COLUMBIA RIVER BASIN ANADROMOUSFISH
PRODUCTION AND HARVEST MANAGEMENT POLICIES

The recent low rate of returning wild spawners has raised concerns about maintaining and recovering
wild anadromous fish pecies in the Snake River system. In broader context, the economic values that
may be at risk, if mgor changes or curtallment take place in production and harvest management on the
Snake River, are dl harvests of Columbia River anadromous fish. To mode the economic effects for
this curtailment, four production and harvest management policy cases were used.! These policy cases
ranged from present low run levels to double the runs experienced in the 1980's. The four cases were
specificaly designed to show arange of economic vaues (NED and RED benefits) that may belogt if a
harvest curtailment occurs. Table 1.V11.1 describes the periods and assumptions used to devise the
policy cases and describes the economic values. Figure 1.VIl.1laand 1.VI1.1b graphicaly show the
economic values. The size of the fish in the graphic is proportionaly correct to the economic value for
each species.

The ahility to harvest salmon has an important economic value to people of the Pacific Northwest and to
the nation. Historically, sdlmon have been a part of the economy and culture of the people of the Pecific
Northwest. To the Indians living dong the Columbia River, sdmon were their lifeblood, essentid to
their subsistence, their culture, and their religion. Saimon today aso play an important part in the lives of
mogt citizens of the Peacific Northwest. These vaues can be defined as option or existence vaues.
These may be congderable, but are not included in these evaluaions. Thefishing valuesin this section
only estimate commercid and recregtiond economic vaue of what may show up in economies. The
economic vaue of non-use (option or existence vaue) placed on these fish runs may be much higher
than the vaues that can be shown as contributing to economies.

The economic loss to the nation in lost economic vaue (NED benefits) would be as high as $160 million
per year for the doubling the runs policy. Projecting over 100 years from what is at stake for
anadromous fish production in the Columbia River Basin, the net-present-vaue at the current socia
discount rate used by the Corps may be as high as $2.0 billion (NED benefits). The regiona economic
impects (RED benefits) from averaging the contribution from fisheries to economies wherever harvests
occur in the 1980's is $108 million (persona income, 1998 dollars) per year. The early 1990's average
dropped to $38 million per year. If it is possible to atain the NPPC's god for doubling the runs
experienced in the 1980's, then the regiona economic impacts (RED benefits) may be as high as $233
million per year.

1. Thesefour policy cases may be viewed assituations or goals for Columbia River anadromous fish management
that could be at risk if salmon and steelhead recovery programsin the Columbia River Basin are not successful.
The four policy cases have nothing to do with Snake River alternative hydrosystem actions. The four policy
cases simply portray different situations that either have occurred in the past or hypothetically may occur in the
future.
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Table 1.VII.1
Potential Economic Values (RED and NED Benefits) Per Year For Four Cases of
Columbia River Basin Anadromous Fish Production and Harvest Management Policies

Policy RED Benefits NED
Case Assumptions Commercial Recreational Total Benefits
I Hatchery production at NMFS $49.43 $33.36 $82.79 $55.33

cap; SAR and harvests 30 yr
historical average

I Hatchery production, SAR, $60.45 $47.08 $107.53 $74.04
harvests at 1980's historical
average

n Policy for "doubling the runs;" $131.69 $101.58 $233.27 $159.92

SAR adjusted to meet policy
using NMFS cap hatchery
production

v Hatchery production, SAR, $24.04 $13.59 $37.63 $24.59
harvests early 1990's historical
average

Notes: 1. RED and NED benefits measured per year in millions of 1998 dollars.

2. SAR is smolt-to-adult survival rate. Adults are harvests and returns to hatcheries for hatchery
origin anadromous fish. Adults are harvests and spawners plus prespawning mortality for wild
origin anadromous fish.

3. Commercial includes ocean treaty and non-treaty harvests from California to Alaska, inriver
treaty and non-treaty harvests, and hatchery surplus sales. Recreational includes ocean, inriver
mainstem, and inriver tributary.

4. Total and subtotals may not equal sum of values due to rounding.

Source: Study.

Another way of conddering these policy cases effects, isthat it would be the vaue for diminating most
hatchery programs and thereby most harvesting of sdmon and stedhead originating in the Columbia
River Basn. The burden of these reductions would be fdt al dong the U.S. West Coagt, Alaska,
British Columbia and inland throughout the Columbia River Basin.

Columbia River Basin anadromous fish production has shifted from upper river wild origin stocks (upper
river wild origin was estimated to be 77 percent of runs during pre-devel opment time periods) to lower
river hatchery origin stocks (upper river wild and hatchery origin is estimated to be 42 percent of runsin
the 1980's). Production has changed from mostly wild spring and summer chinook (fall chinook
estimated to be 14 percent pre-development run size) to hatchery fal chinook (hatchery origin fdl
chinook estimated to be 34 percent of 1980's hatchery and wild run size) and coho. The production by
watersheds and stocks and the geographic areas receiving benefits from production are shown in Figure
1.VII.2. The Columbia River inland region only receives about 46 percent of the regiona economic
impacts (RED benefits) from Columbia River Basin production. Because fdl chinook and coho have
large ocean fisheries, the effect of shifting production to the lower river stocks has resulted in a
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Figure 1.Vl.1a
Net Economic Value (NED Benefits) in West Coast Geographic Areas Attributable to
Columbia River Produced Salmon (Hatchery and Wild) Under Four Cases

Net Economic Value
I NMFS Cap
Total Smolts | 1l 1980's Average
Released 1l "Doubling of Runs"
(millions) IV Early 1990's
Coho
37.18 . $18.69
Columbia River Tribal 37.18 II. $21.92
1% 37.18 1Il. $44.82
30.91 V. $5.55
G
Columbia River Other
2% Hatchery Sales Other Areas
74%
3%
Spring/Summer Chinook
39.13 . $6.60
39.13 II. $6.97
Columbia River Tribal 39.13 1L $21.52
2% 36.78 V.  $1.85
o Fe : : :
g
Columbia River Other
41%
Hatchery Sales Other Areas
27% 31%
Fall Chinook
227.60 . $23.56
Columbia River Tribal 227.60 I $29.49
12% 227.60 IIl. $64.72
200.22 V. $13.81
Columbia River Other
0% Hatchery Sales Other Areas
65%
3%
Steelhead
28.63 . $6.48
28.63 II. $15.66
Columbia River Tribal zgig :'\'/ $§222
0, . . .
. 1
Other Areas
<1%
Columbia River Other
90% Hatchery Sales
6%
. $55.33
Total II. $74.04
. $159.92
V. $24.59
Note: 1. NED benefits expressed in millions of 1998 dollars.
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2. Columbia River other includes inriver commercial and recreational fisheries.
Source: Study.
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Figure 1.VI.1b
Regional Economic Impacts (RED Benefits) in West Coast Geographic Areas Attributable to
Columbia River Produced Salmon (Hatchery and Wild) Under Four Cases

Total Personal Income
| NMFS Cap
Total Smolts | 1l 1980's Average
Released Il "Doubling of Runs"
(millions) IV Early 1990's
Coho
. . 37.18 l. $24.40
CoILirg}obla River Tribal 3718 I $28.61
37.18 I, $58.46
& 30.91 V. $7.25
%
Columbia River Other”
24%
Hatchery Sales Oth7e {O/Aoreas
4%
Spring/Summer Chinook
39.13 l. $11.09
39.13 Il $11.72
Columbia River Tribal 39.13 Il $33.82
2%
36.78 V. $3.03
&
E
Columbia River Other
35% Hatchery Sales Other Areas
29% 34%
Fall Chinook
227.60 l. $40.25
Columbia River Tribal 227.60 Il $50.18
12% 227.60 . $109.08
200.22 V. $23.68
Colum90|a River Other Other Areas
Hatchery Sales 68%
3%
Steelhead
28.63 l. $7.05
28.63 Il $17.01
Columbia River Tribal 28.63 I $31.90
6% : 25.15 IV.  $3.67
4 - ! Other Areas
1%
Columbia River Other
85% Hatchery Sales
9%
l. $82.79
Total Il $107.53
. $233.27
V. $37.63
Note: 1. RED benefits are expressed as personal income in millions of 1998 dollars.
2. Columbia River other includes inriver commercial and recreational fisheries.
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Source: Study.
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Figure 1.VII.2
Shares of Columbia River Basin Anadromous Fish Production and Geographic Regions
Receiving Regional Economic Impacts (RED Benefits) From the Production

Watershed Production
(Millions of Hatchery and Wild Origin Smolts)

Willamette
4%

11%

Ciees Columbia

Spr./Sum. 4% River Treaty 16%

Fall 77% 26% Non-Tr. 23%
Coho 16% Hatch. Sales 15%

Geographic Region Receiving Benefits
(Regional Economic Impacts Per 100 Smolts)

Ocean
Oregon

Snake River o
7% Upper 10%
Columbia
Ocean

Washington

Inland 18%
(1]

Lower Steelhead 3%
Columbia Ocean
60% Middle British
Columbia Columbia
18% 21%

Notes: 1. Wild and hatchery origin smolt production is representative of the 1980's.
2. The regional economic impacts for the inland Columbia River region include inriver treaty and

non-treaty commercial fisheries, inriver recreational fisheries, and hatchery return sales.

Source: NMFS (1995) and Study.

larger share of economic vaue from anadromous fish being exported out of the Columbia River inland
region.
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CHAPTER VIII. RISK AND UNCERTAINTY IN MODELING THE ECONOMIC
VALUES

The economic vaues from the Columbia River Basin anadromous fish runs are determined using
forecasted harvests throughout their migration routes. The actud harvestable fish depends on the
productivity of the inland water system as well as the ocean system. Inland water system production
factors can include harvesting methods, habitat aterations, hatchery production, hydrosystem
operations, and ocean conditions. Strategies for recovery can address manmade factors, the more
immediate remedies being harvesting methods, hydrosystem operations, and hatchery production. A
short discusson of the variability in economic andysis results due to these remedy factorsfollows. The
factors are explained in terms of markets, smolt-to-adult surviva rates, and harvest management.
Additiond sections in this chapter discuss how the economic analyss results change based on using
different PATH results scenarios and a section about unresolved anadysis issuesis included.

Recregtiond inriver fisheries economic vaues are included in the sengtivity andys's, Snce much of the
discussion concerns effects of harvest management and the recreationd inriver fishery isthe highest
contributor to economic vaues. The values may be different from those provided in the generd
recregtion and tourism andysisfor this fishery. However, this chapter is only to discuss sengtivity of
results. Therefore, the change to the fishery's economic vaue should be relatively proportiond, no
meatter what the estimated value.

A. Markets
1. Commercial Fishing

For centuries, sdlmon have sustained the people of the Pacific Northwest. They were an important food
source, cultural symbol, and means of trade for American Indians. Aswestern development took place,
sdmon runs provided jobs and income to harvesters, cannery workers, and related industries
throughout the region. Aswater based economic devel opment took place in the Pecific Northwest,
natura based production was supplemented by artificia propagation.

Artificid propagation was at first limited to egg incubation. For some salmon species, in order to
increase egg-to-adult surviva rates, the propagation process included fry and later smolt releases.

Smolt production may cost $0.50 to $1.00 per smolt. The high cost of smolt production combined with
low overdl surviva rates of free ranging sdmon (saimon ranching) has led to growing sdmon in cages
(sdmon farming) where smoltswill survive at about 80 to 90 percent. The farming processis now
producing about 50 percent of the world salmon market. The price of salmon for the fresh and frozen
market is now generdly set by farmed saimon. These prices are dependent on markets but also on the
main ingredient in farming samon, the feed costs. There are arange of subgtitutes available; therefore,
no dramatic changes are expected in the price level of commercia salmon produced from the Columbia
Basn.
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More variation may be expected in utilization of a substantia portion of the anadromous fish that return
as"surplus’ and are not harvested. For wild fish, thisis presently not a problem. However, in some
cases, returns to hatcheries over and above what is needed for propagation are aresource that could
provide additiona benefits to the Pacific Northwest region.

According to lower Columbia River processors, about 50 percent of the fal returning fish and 100
percent of the summer returning fish could be utilized for developed markets (persona communication
with processor facility operators, April 1999). Development of markets would include the traditiona
fresh and frozen markets, aswell as value added products, such as ready to purchase fillet steaks and
ready to eat portions. Other specialty products may aso include canned and smoked products. Egg
production for the Japanese market may aso have a sgnificant potentia (Radtke and Davis, January
1996).

The modd's existing assumptions assume 50 percent of hatchery return surplus goes to egg and carcass
sades and 50 percent for food fish. The change in analysis results for hydrosystem actions for developed
markets (zero percent carcass sales and 100 percent utilization for food fish) is about a $180 thousand
ganin NED AAEV for Action A4 (Table 1.VII1.1 and Figure 1.VI111.1). Thiswould only be about a
one percent NED AAEV increase with the higher utilization. Changing the analysis results for azero
percent hatchery utilization results in a $400 thousand lossin NED AAEV for Action A4.

Without any hatchery utilization for food fish, the benefits under the four policy cases andyzed for the
entire Columbia River Basin range from $35.7 to $220.4 million in regiona economic impacts and
$23.4 to $152.3 million in net economic vaue (Table 1.VI11.2). These benefits would be increased
($38.2 to $239.7 million in persond income; $24.9 to $163.6 million in net vaue) by developing
products and markets to utilize 50 percent of the fall fish and 100 percent of the spring/summer fish.

2. Recreational Angling

Since World War |1, there has been a steady increase in outdoor activity in the West. Between 1945
and the early 1970's, recreation activity on public lands grew by more than 10 percent per year, driven
by rapid population growth, increased affluence, improvements in cars and interstate highways,
decreased real gasoline prices, increased air travel, and the decline of the average work week to 40
hours and five days (Wa sh 1986).

Population growth and the proportion of that population having a degree of affluence are the most
sgnificant factors contributing to the increasesin recreetion activity (English et d. 1993). The sgnificant
population increases expected for the West indicated mgor increases in recregtion activity related to
public resources (Haynes and Horne, April 1996).

In generd, the assumption of one fish per day is used in this evaluation of the benefits of recreationd
angling in ocean fishing. Past studies of ocean salmon fishing suggest the success of one fish per day isa
reasonable representation of higtorica trends. Since sdmon/stedlhead fishing has been curtailed inland
during the last few years, no clear sudies of mativation

PART 1 CHAPTERVIII PAGE 2

keo \npwfileOL\WWW\Iib\htm\OFFICES\PL\ER\STUDIES\L SRPUBLIC\DRAFT_FS_EIS\Final_Econ_Reportsinew_012700\WEB Files From Lonnie\Anadromous Fish Economics\afish.doc



Table 1.VIII.1
Annualized Economic Value (NED Benefits) For Alternative Hydrosystem
Actions With Different Hatchery Utilization Assumptions

Hydrosystem Action

Category Al A2 A3 A4
Analysis Results
AAEV $13.59 $15.27 $15.33 $18.46

Hatchery Utilization: 0% for Steelhead, Spring/Summer Chinook, and Fall Chinook
AAEV $13.49 $15.10 $15.17 $18.05
Difference from analysis results ($0.10) ($0.16) ($0.15) ($0.41)

Hatchery Utilization: 100% for Steelhead and Spring/Summer Chinook and 50% for Fall Chinook
AAEV $13.68 $15.41 $15.46 $18.64
Difference from analysis results $0.09 $0.14 $0.13 $0.18

Note:  NED benefits measured by annual average equivalent value over a 100 year project life in millions of
1998 dollars.
Source: Study.

Figure 1.VIII.1
Annualized Economic Value (NED Benefits) For Alternative Hydrosystem
Actions With Different Hatchery Utilization Assumptions
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Note: NED benefits measured by annual average equivalent value over a 100 year project life in millions of
1998 dollars.
Source: Study.
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Table 1.VIII.2
Economic Value Per Year Generated Under Four Production and Harvest
Management Cases With Different Hatchery Utilization Assumptions

I Il. M. V.
NMFS 1980's "Doubling Early
Cap Average of Runs" 1990's
Analysis Results
Regional economic impacts $82.8 $107.5 $233.3 $37.6
Net economic value 55.3 74.0 159.9 24.6
Without Hatchery Utilization
Regional economic impacts 76.8 100.0 220.4 35.7
Net economic value 51.8 69.6 152.3 23.4
Difference analysis results impacts (6.0) (7.5) (12.9) (2.0)
Difference analysis results value (3.5) (4.4) (7.6) 1.2
With 100% Hatchery Utilization for Steelhead and Spring Chinook and 50% for Fall Chinook and Coho
Regional economic impacts 86.1 111.7 239.7 38.2
Net economic value 57.1 76.4 163.6 24.9
Difference analysis results impacts 3.3 4.1 6.5 0.6
Difference analysis results value 1.8 2.3 3.7 0.3

Note: Regional economic impacts and net economic value in millions of 1999 dollars.
Source: Study.

factors, such asfishing success rates needed to attract anglers, have been completed. The ODFW
utilizes a one fish per day success rate for ocean fishing and up to two days per fish success rates for
inland fishing (personal communication, Chris Carter, ODFW, March 1999). The State of I1daho
conducts annua surveys of anglers (Bowler, July 1999). For tributaries above the Columbia
River/Snake River confluence, atwo days per fish success rate for wild, non-retained, and hatchery
retained fish has been experienced. For retained steelhead only, the days per fish ratio has been 5.88.
A study by Reading (1999) suggests that in Idaho the average success rate for anadromous fish is one
fish for about 6.5 days of fishing. Future demand for outdoor recreation suggests that a success rate of
aslow as 10 days per fish may be enough to attract anglers to fish for anadromous fish in some inland
waters.

Using arange of success rates or catch per unit effort (CPUE) provides awide range of potential
benefits reated to the anadromous resources of the Columbia Basin. The change in andyss results for
hydrosystem actionsis consderable. Changing to a successrate of three days per fish dightly lowers
the NED AAEV benefits (Table 1.VI111.3 and Figure 1.V111.2), because model assumptions use a
tributary summer steethead CPUE of 5.88 in Y ear 0 trended to a CPUE of two over 30 years.
Changing the success rate to 10 days per fish increases NED AAEV benefits by about double.
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Lowering the success rates from the base case of one day per fish in the ocean and up to two days per
fish in theriver to three or 10 days increases the benefits substantialy (Table 1.V111.4) for the four
policy cases andyzed for the Columbia River Baan. Anincreaseto

PART 1 CHAPTERVIII PAGE5

keo \npwfileOL\WWW\Iib\htm\OFFICES\PL\ER\STUDIES\L SRPUBLIC\DRAFT_FS_EIS\Final_Econ_Reportsinew_012700\WEB Files From Lonnie\Anadromous Fish Economics\afish.doc



Table 1.VIII.3
Annualized Economic Value (NED Benefits) For Alternative Hydrosystem
Actions with Different Angler Success Rate Assumptions

Hydrosystem Action

Category Al A2 A3 A4
Analysis Results
AAEV $13.59 $15.27 $15.33 $18.46

Recreational Inland: Success Rate 3
AAEV $12.64 $14.08 $14.10 $17.78
Difference from analysis results ($0.95) ($1.18) ($1.23) ($0.68)

Recreational Inland: Success Rate 10
AAEV $39.82 $44.25 $44.29 $53.24
Difference from analysis results $26.22 $28.99 $28.96 $34.78

Note:  NED benefits measured by annual average equivalent value over a 100 year project life in millions of
1998 dollars.
Source: Study.

Figure 1.VIII.2
Annualized Economic Value (NED Benefits) For Alternative Hydrosystem
Actions with Different Angler Success Rate Assumptions
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Note: NED benefits measured by annual average equivalent value over a 100 year project life in millions of
1998 dollars.
Source: Study.
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Table 1.VIII.4
Economic Value Per Year Generated Under Four Production and Harvest
Management Cases With Different Angler Success Rate Assumptions

I Il. M. V.
NMFS 1980's "Doubling Early
Cap Average of Runs" 1990's
Analysis Results, Success Rate 1
Regional economic impacts $82.8 $107.5 $233.3 $37.6
Net economic value 55.3 74.0 159.9 24.6
Increase Recreational Inland Success Rate to 3
Regional economic impacts 94.4 125.0 271.3 42.5
Net economic value 65.6 89.9 194.2 29.0
Difference analysis results impacts 11.6 17.4 38.1 4.9
Difference analysis results value 10.3 15.8 34.3 4.4
Increase Recreational Inland Success Rate to 10
Regional economic impacts 152.0 219.0 477.8 67.9
Net economic value 1175 176.6 382.9 52.2
Difference analysis results impacts 69.3 111.5 244.5 30.3
Difference analysis results value 62.2 102.6 222.9 27.6

Notes: 1. Regional economic impacts and net economic value in millions of 1999 dollars.
2. Success rate expressed as days per fish.
Source: Study.

three days per fish for dl recreationd fisheries may increase the persona income generated to $271.3
million ($194.2 million in net economic vaue). An increase to 10 days per fish increases these potentia
numbers to $477.8 million and $382.9 million. Thisis about two times the benefit from dl harvests that
is presently generated or what may be potentialy generated under the four policy cases.

B. Smolt-to-Adult Survival Rates

Smolt production and resulting adult harvests are the base for evauating fishery benefits. The four
policy cases evauated for the entire Columbia River Basin included best estimates of survivad rates
experienced for a 30 year average (Case 1), 1980's average (Case I1), and the early 1990's (Case V).
Case 111 uses ahypothetica surviva rate necessary to double harvests when hatchery production is at
the NMFS cap. The 1980's actua runs surviva rates could be considered the base (Table 1.VI1I1.5).
The increased surviva rates needed for the "doubling of the runs' objective may come from increased
surviva rates of hatchery and wild fish or from increasing runs of wild fish. The surviva rates of the
1990's have generdly been about one half to one third of what the runs were in the 1980's and are only
about 15 to 30 percent of what they need to be to achieve the doubling of the runs objective.
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Table 1.VIIIL.5
Smolt-to-Adult Survival Rate Assumptions Used For Four Cases of
Production and Harvest Management Policy in the Columbia River Basin

Coho

Snake Upper Middle Lower Weighted
River Columbia Columbia Columbia Willamette Average
I. NMFS Cap (1970's-1990's Actual) NA 1.20% 1.20% 2.50% 1.20% 2.33%
II. 80's Actual Runs NA 1.49% 1.49% 2.90% 1.49% 2.72%
[ll. Run Doubling Objective NA 2.98% 2.98% 5.80% 2.98% 5.43%
IV. Early 90's Runs NA 0.15% 0.15% 1.00% 0.40% 0.90%

Spring/Summer_Chinook

[. NMFS Cap (1970's-1990's Actual) 0.37% 0.37% 0.37% 0.97% 0.97% 0.65%

Il. 80's Actual Runs 0.39% 0.39% 0.39% 1.01% 1.02% 0.69%
Ill. Run Doubling Objective 0.79% 0.79% 0.79% 2.03% 2.04% 1.37%
IV. Early 90's Runs 0.10% 0.10% 0.10% 0.35% 0.35% 0.22%
Fall Chinook
I. NMFS Cap (1970's-1990's Actual) 0.60% 0.60% 0.60% 0.32% NA 0.41%
Il. 80's Actual Runs 0.73% 0.73% 0.73% 0.38% NA 0.49%
[ll. Run Doubling Objective 1.45% 1.45% 1.45% 0.77% NA 0.99%
IV. Early 90's Runs 0.40% 0.40% 0.40% 0.25% NA 0.30%
Steelhead
I. NMFS Cap (1970's-1990's Actual) 0.70% 0.70% 0.70% 0.40% 0.40% 0.62%
Il. 80's Actual Runs 1.56% 1.56% 1.56% 0.89% 0.89% 1.38%
[ll. Run Doubling Objective 3.11% 3.11% 3.11% 1.78% 1.78% 2.76%
IV. Early 90's Runs 0.50% 0.50% 0.50% 0.20% 0.20% 0.42%

Notes: 1. Rates expressed as representative percents of hatchery reared smolts released divided by
adults contributing to fisheries plus adults returning to hatcheries. Survival rates are best
estimates based on information provided by the "Annual Coded Wire Program - Missing
Production Groups" annual reports (Fuss et al. 1994 and Garrison et al. 1995).

2. Survival rate assumptions for the "Run Doubling Objective" case are the survival rates that would
be required to meet the objectives.

Source: Study.

There are indications that ocean conditions during the last decade have been poor, asfar as
anadromous fish survival. Ocean conditions are, however, only one of severa naturd and human
caused factorsthat affect total surviva. 1n the period 1996-1998, up to 195 million hatchery smolts
were released in the Columbia Basin system. In addition, ancother 136 million wild smolts were
produced. Therefore, aout 331 million smolts per year entered the Columbia Basin. Out of thistota,
about 100 million smoalts entered the Columbia estuary (Pollard, April 1999). Thisisa 70 percent loss
of amaltsin the upriver sysem. In the lower estuary, avian predation accounts for significant mortdity.
"If the level of avian predation in 1999 isagain in the 12 to 35 million range . . ." (Pollard, April 1999),
then up to 80 percent of smolts produced in the Columbia system would have died before entering the
ocean system.
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In order to produce the harvestable numbers of the 1980's, an overal ocean surviva rate of four
percent would be required. In order to reach the "doubling of runs' objective, a 7.5 percent ocean
surviva rate would be required. Thereis speculation, based on limited research, that wild fish survive at
higher rates. One study suggests that wild fal chinook in the lower Columbia River survive "a an
average rate that may be as high as 12 times greater than the average of Columbia River hatchery
gtocks' (Mclsaac 1990). A recovery plan for wild fish, that also will increase downstream passage
surviva of hatchery smolt production, would have to result in total harvestable numbers evaluated under
the "doubling of the runs' scenario.

The PATH results did not generate SAR's as modeled outputs. It was possible to generate an indicator
SAR using the five year increment outputs of harvests and spawners. These SAR's are referenced as
indicator rates because insufficient information about age-structures, interdam mortality, and other
factors was available to determine amore precise rate. The wild component indicator SAR's by
gpecies and hydrosystem action are shown in Table L.VII1.6. The wild component indicator SAR's are
not exactly comparable to hatchery component SAR's mentioned above, but generdly show the large
increase necessary to attain the PATH results forecasted spawners. In genera, there must be a seven
fold increase in the indicator SAR's for spring/summer chinook and atwo to three fold increase for fall
chinook between the initid Project years and at Project Year 50, in order for spawnersto be at the
forecagted level. Obvioudy, economic vaueswill be significantly affected by alesser improvement.

Table 1.VIII.6
Wild Smolt-to-Adult Survival Indicator Rates by Species and
by Hydrosystem Actions for Selected Project Years

Survival Rate Indicators
Project Year 5  Project Year 50

Spring/Summer Chinook

Al 0.468% 4.422%
A2 0.514% 4.495%
A3 0.537% 4.788%
A4 0.557% 10.850%
Fall Chinook
Al 1.889% 7.195%
A2 1.889% 7.195%
A3 1.877% 8.385%
A4 0.940% 30.850%

Summer Steelhead

Al 0.173% 1.636%
A2 0.190% 1.663%
A3 0.199% 1.772%
A4 0.206% 4.014%

Note:  Project year survival rate indicators are adult spawners and pre-spawning mortality plus harvest
divided by smolts produced five years previous expressed as a percent.
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Source: Study and Petrosky and Schaller (1998).
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C. Harvest Management
1 Hatchery Production

It is assumed that hatchery management is based on past mitigation agreements and that hatchery
release goals are defined by the present NMFS cap on hatchery releases. The role of supplementation
hatcheriesis not specificdly included in the evauation.

If natural resource based recreation increases as discussed earlier, a chalenge to management may be
to convert hatchery surplusto inland recreationa angling. The interplay between the conversion of
hatchery surplusto recreationd fishing and using different CPUE is shown in Table 1.VII1.7 and Figure
1.VII1.3. The CPUE, expressed as days per fish, generaly decreases with increasing abundances. This
is because increasing abundances generdly mean harvest management will dlow amore liberd bag limit
(i.e, fivefish per week rather than two). If the CPUE is changed to be dightly lower than the existing
andysis, shifting hatchery surpluseswill increase NED AAEV by about 40 percent.

The dlocation shift may increase regiona annud persona income as much as $541.4 million ($499.9
million in net economic vaue) for the entire Columbia River Basin production (Table 1.V111.8). This, of
course, assumes that hatchery surplus fish may be caught without affecting other objectives, such as
endangered species recovery.

Making hatchery surplus Snake River socks available to recregtiond anglerswill smilarly have alarge
effect (Table 1.VI111.8). Regiona economic impacts would double at success rates of one day per fish
and be 15 times higher at success rates of 10 days per fish.

Under the NMFS cap, hatchery releases are to be below 197 million smolts per year. "Thetota
hatchery production in 1999 is projected to be in the range of 140 to 150 million smolts, down from the
185 to 195 million range of 1996 to 1998 releases. These reductions are due to ESA concerns, fisca
cutbacks and the failure of some hatchery programs to receive sufficient spawning escapement in the last
two years." (Pollard, April 1999). Thisisin effect a25 percent reduction in hatchery releases. Unless
wild fish production increases, areduction of about 25 percent in economic benefits could be
anticipated if this reduction in hatchery releases continues. The other expectation may be that decreased
hatchery releasesincreases wild fish survival and that the reduction in hatchery releasesincreases the
number of returning wild spawners, which in turn increases overdl production.

2. User Group Allocations

There are ahogt of salmon treeties and agreements that affect sdmon of the Columbia River system.
This report assumes that international and treaty agreements will not change. Under the four scenarios,
the alocation to any of the historica harvesters changes only if spawning requirements and treaty
obligations are met. There are no treaties on alocation of salmon harvests between commercid and
recregtiona harvesters, only user group alocation
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Table 1.VIII.7
Annualized Economic Value (NED Benefits) For Alternative Hydrosystem
Actions with Different Harvest Management Assumptions

Hydrosystem Action

Category Al A2 A3 A4
Analysis Results
AAEV $13.59 $15.27 $15.33 $18.46

Convert Hatchery Surplus to Inland Recreational: Success Rate 1
AAEV $5.75 $6.66 $6.64 $10.22
Difference from analysis results ($7.85) ($8.60) ($8.69) ($8.24)

Convert Hatchery Surplus to Inland Recreational: Success Rate 3
AAEV $15.49 $18.04 $20.71 $26.40
Difference from analysis results $1.90 $2.78 $5.38 $7.94

Convert Hatchery Surplus to Inland Recreational: Success Rate 10
AAEV $49.59 $57.88 $57.49 $83.05
Difference from analysis results $35.99 $42.61 $42.16 $64.59

Note: NED benefits measured by annual average equivalent value over a 100 year project life in millions of
1998 dollars.
Source: Study.

Figure 1.VIIL.3
Annualized Economic Value (NED Benefits) For Alternative Hydrosystem
Actions with Different Harvest Management Assumptions
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Note:  NED benefits measured by annual average equivalent value over a 100 year project life in millions of
1998 dollars.
Source: Study.
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Table 1.VIII.8
Economic Value Per Year Generated Under Four Production and Harvest
Management Cases With Different Harvest Management Assumptions

I Il. M. V.
NMFS 1980's "Doubling Early
Cap Average of Runs" 1990's

Analysis Results

Regional economic impacts $82.8 $107.5 $233.3 $37.6

Net economic value 55.3 74.0 159.9 24.6
Convert Hatchery Surplus to Inland Recreation at Base Case Success Rate

Regional economic impacts 95.4 127.2 271.7 41.9

Net economic value 68.6 94.7 199.8 28.9

Difference analysis results impacts 12.6 19.7 38.5 4.2

Difference analysis results value 13.3 20.7 39.9 4.3
Convert Hatchery Surplus to Inland Recreation at Success Rate 3

Regional economic impacts 122.9 166.2 352.5 51.9

Net economic value 93.1 130.0 272.7 37.9

Difference analysis results impacts 40.2 58.7 119.3 14.2

Difference analysis results value 37.7 56.0 112.8 13.3
Convert Hatchery Surplus to Inland Recreation at Success Rate 10

Regional economic impacts 259.1 371.5 774.6 102.2

Net economic value 215.8 319.0 659.8 83.7

Difference analysis results impacts 176.3 263.9 541.4 64.6

Difference analysis results value 160.5 245.0 499.9 59.1

Notes: 1. Regional economic impacts and net economic value in millions of 1999 dollars.
2. Success rate expressed as days per fish.
Source: Study.

agreements. Any future reallocation of such harvests may result in a shift of economic benefits between
users or regions, and may aso change the total benefits generated.

The situation for shifting Snake River production between user groupsis complicated because of the
overriding influence of summer steelhead contributions to fisheries. Thereis very little non-tresty
commercid use for seehead. Spring/summer chinook do not have a significant ocean commercid
fishery and have not had aviableriver gillnet fishery since the late 1980's. Therefore, converting all
species from recregtiona to commercid fisheries will have little effect for increasing economic values
from commercid fisheries (Table 1.VI11.9 and Figure 1.VI11.4).

A totd alocation from recreationa harvest to commercial may decrease persona income generated in
the region between $8.1 million and $64.7 million (net economic vaue from $9.2 to $71.6 million) for
the entire Columbia River Basin production (Table 1.V111.10). A shift from commercid to recregtiona
use (assuming a one fish per day success rate) may increase annual regiona economic impacts by $7.3
to $55.1 million (net economic vaue from $13.1 to $80.3 million) for the entire Columbia River Basin
production.
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Table 1.VIII.9
Annualized Economic Value (NED Benefits) For Alternative Hydrosystem
Actions With Different User Group Allocations

Hydrosystem Action

Category Al A2 A3 A4
Analysis Results
AAEV $13.59 $15.27 $15.33 $18.46

Convert Recreational to Commercial
AAEV $12.02 $13.54 $13.60 $16.34
Difference from analysis results ($1.58) ($1.73) ($1.72) ($2.12)

Convert Commercial to Recreational
AAEV $13.73 $15.41 $15.49 $19.24
Difference from analysis results $0.14 $0.15 $0.16 $0.78

Note:  NED benefits measured by annual average equivalent value over a 100 year project life in millions of
1998 dollars.
Source: Study.

Figure 1.VIIl.4
Annualized Economic Value (NED Benefits) For Alternative Hydrosystem
Actions With Different User Group Allocations

o $25 @ Analysis Results
735 O Recreational to Commercial
E $20 Commercial to Recreational
Q
©
=
= $15
i
Q
S
5 $10
>
<
E
2 $5
c
<
$O T T T
Al A2 A3 A4

Hydrosystem Action

Note: NED benefits measured by annual average equivalent value over a 100 year project life in millions of
1998 dollars.
Source: Study.
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Table 1.VIII.10
Economic Value Per Year Generated Under Four Production and Harvest
Management Cases With Different User Group Allocations

I Il. M. V.
NMFS 1980's "Doubling Early
Cap Average of Runs" 1990's
Analysis Results
Regional economic impacts $82.8 $107.5 $233.3 $37.6
Net economic value 55.3 74.0 159.9 24.6
Convert Recreational to Commercial
Regional economic impacts 61.7 75.2 168.6 29.5
Net economic value 32.3 39.5 88.3 15.3
Difference analysis results impacts (21.1) (32.3) (64.7) (8.1)
Difference analysis results value (23.0) (34.6) (71.6) (9.2
Convert Commercial to Recreational
Regional economic impacts 104.2 133.2 288.4 44.9
Net economic value 86.7 111.6 240.2 37.6
Difference analysis results impacts 21.4 25.6 55.1 7.3
Difference analysis results value 31.3 37.6 80.3 13.1

Note: Regional economic impacts and net economic value in millions of 1999 dollars.
Source: Study.

D. PATH Results Scenarios

The PATH process developed alarge set of smulations based on different harvest management, smolt-
to-adult survivd rates, and other modding factors. The combinations of assumptions were categorized
under severd scenariotitles, including "equa weights' and "experts” The latter refersto a pand of four
experts (caled the Science Review Pand or SRP), which provided weights to seven different
hypotheses about life-cycle modeling factors (Marmorek and Peters 1998). Each of the four
amulations that resulted from the weighting was averaged to be the mean-of-expert results. The PATH
results scenario for mean-of-expert only applies to spring and summer chinook. The NMFS suggests
that the expert pand approach be disregarded in favor of using new data and standard statistical
methods (NMFS, April 1999, p.11).

The smulations made to satisfy the weighting schemes by the SRP were greetly anticipated, because the
research would be used to vaidate or reject the PATH process. While the mean-of-expert scenario is
not used in the andysi's, the scenario can be useful for showing the range that occurs when using a
different base to caculate the economic consequences. Table 1.VI1I1.11 showsthe NED AAEV for the
fal chinook base case scenario and spring and summer chinook mean-of-experts scenario. The equa
welghts scenario results have dightly higher changed NED AAEV for most hydrosystem actions.
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Table 1.VIII.11
Changed Annualized Economic Value (NED Benefits) Between Base
Case and Other Hydrosystem Actions Using Different PATH Scenarios

Discount Rates
PATH Scenerio/ 0% 4 6/8% 6 7/8%
Hydrosystem Action Amount Order Amount Order Amount Order

AAEV Equal Weights

A2 less Al $0.97 2 $156 3 $1.67 3

A3 less Al $0.86 3 $159 2 $1.73 2

A4 less Al $8.65 1 $5.81 1 $487 1
AAEV Mean of Experts

A2 less Al -$0.64 3 -$0.35 3 -$0.26 3

A3 less Al -$0.04 2 $0.40 2 $051 2

A4 less Al $8.36 1 $5.35 1 $435 1
Difference

A2 less Al $1.61 $1.92 $1.93

A3 less Al $0.90 $1.19 $1.22

A4 less Al $0.30 $0.46 $0.51

Notes: 1. NED benefits measured by annual average equivalent value over a 100 year project life in
millions of 1998 dollars.
2. Negative values mean the base case (Action Al) benefits are greater than the hydrosystem
actions being compared.
Source: Study.

The hydrosystem action ranking from highest values to lowest vaues does change with the mean-of -
expert smulations. For the zero percent discount rate, Actions A3 and A2 reverse order with the
mean-of-expert scenario. The dam breaching action (Action A4) isthe highest order for both
scenarios.

E. Unresolved | ssues

There were severd data, modd devel opment, and research coordination issues remaining to be
resolved a the time of this report's completion. These issues included the following.

PATH result releases. The PATH results used in this report’ s analysis were based on the
most recent avallable. The PATH is continuing to investigate the effects of hydrosystem
actions and new PATH results are forthcoming. The new results will reflect improve
modding assumptions and methods.

Fish forecast modeling procedures used to expand PATH results. PATH information for
cdculated SAR and Year 0 may be avallable in future PATH result releases. This
information will preclude some study modeling assumptions used in this report for these
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factors. Some andydsts have commented that the assumptions for starting SAR'sand Year
0 abundances using the most recent ten year period that complete information is available
(1986 to 95) istoo high. Other anaysts commented that, with a 100 year forecast horizon,
alonger period base average was required.

PATH result scenarios. The andysisfor this report and the andysis for the recreetion and
tourism report used the PATH spring and summer chinook scenario results caled "equd-
weights" The andyssfor triba circumstances used the PATH spring and summer chinook
scenario results caled "mean-of-experts.”  Some anaysts argue that PATH results based on
the expert opinions about key PATH model assumptions reflects better science and should
be used by all researchers. The NMFS (1999) recommends that the expert opinion PATH
results be disregarded.

Economic methods used to evaluate fisheries. For estimating net economic value for
commercia harvests, the analysisfor this report relies on an accepted gpproach used by
other agencies. The PFMC and others use a percentage of the ex-vessdl value as a proxy.
There is disagreement among andysts on what the Size of this percentage should be. If the
amount of additiond fish that can be harvested is smdl, then it could be harvested with no
additiona effort or capacity to the commercia fishery. In this Stuation, then 100 percent of
the ex-vessd va ue represents the net economic value. However, if the additional amount of
fish made available by the project causes fishermen to use more fud, labor, or other factors
of production, then some lower percentage of ex-vessel vaue should be used as a proxy for
net economic vaue. The andyss used in this report assumes a 70 percent ex-vessd vaue
asaproxy to account for contribution from the harvest sector, processing sector, and other
affected busnesses. However, some andysts argue that the percentage should be higher to
account for the use of labor from areas such astribd areas where there are high levels of
unemployment, because the opportunity cost of such labor is zero. In such instances,

rel ationships would have to be made specific to each fishery (troll, gillnet, non-triba and
tribal).

Coordination with the recreation and tourism andyss. The andysisfor genera recreation
and tourism used different data and methods. The results may not be directly transferable
for comparison or roll-up to results presented in this report. In particular, the recreationd
and tourism andys's assumptions concerning angler trip length, trip expenditures, success
rates, and angler day benefits are different. The generd recreation and tourism andysis aso
assuMmes SUCCeESS rates are Seady State (do not vary with increasing run Szes) and it is
assumed that survey results applicable to the lower Snake River area gpply to maingem
Columbia River recregtiond fishing. Better dignment of anadromous fish andysisand
generd recrestion and tourism andysis could be achieved with adjustments to the angler
motivation and choice modding variables, geographic study areas, and data used for model
Specification.

Expressing economic vaues. The anadyss used in this report contains calculated regiona
economic impacts (RED benefits) for Pacific Northwest sates, British Columbia, and
Alaska. Other andysis caculates regiona economic impacts (RED benefits) associated
with inland counties. The two are not additive. To avoid confusion, there needsto be
cong stent geographic resolution between the anayses.
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Future fisheries management regimes. This report's andysisis based on current
management regimes in determining harvest leves, fishery effects, and dlocations among
user groups. Severd tredties, court decisions, and other governance understandings are
being consdered for changes. For example, the PST is currently being negotiated. Itis
expected that this treaty will soon be adopted, and accordingly, that the results of the PST
should be incorporated into this report's andysis.

Treaty harvest rights. This report's harvest forecast distributional assumptions for ocean and
inriver treety commercia fisheries includes ceremonia and subsistence (C&S) harvests.
Thereis concern that double counting may result if C& S harvests are itemized in separate
tablesin other analyses.

Unresolved issues when related research is being undertaken by separate researchers is not uncommon.
Based on further discussion between researchers and comments from the public, appropriate andytical
revisons may need to be completed to make results consstent across dl study eements.
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PART 2

OVERVIEW OF ANADROMOUS FISH PRODUCED IN
THE COLUMBIA RIVER BASIN AND ECONOMIC
EVALUATION METHODS

CHAPTER . INTRODUCTION

The U.S. Army Corps of Engineers (Corps) has initiated a study to examine the engineering, economic,
socid, and biological effects of dternative hydrosystem actions for operating the four Corps dams on
the lower Snake River for improved sdmon migration. The four dams are Lower Granite, Little Goose,
Lower Monumenta, and |ce Harbor located in southeast corner of the State of Washington. This
report only provides information about one aspect of the effects of the dternative hydrosystem actions.
The report describes the economic evaluation expressed as regiona economic impacts, or the Regiona
Economic Development (RED) accounting stance used by the Corps, and net economic values, or the
Nationa Economic Development (NED) accounting stance used by the Corps, from changesto
harvests of anadromous fish originating in the Snake River Basin due to dternative hydrosystem actions.
Discussion is dso offered in this report for the economic values from harvesting anadromous fish
produced in the entire Columbia River Basin. The other Corps reports for economic, socid, and
biologica effects are referenced as needed.

Thisreport is organized in four parts for the convenience of thereader. Part 1 contains an abstract, the
executive summary, the risks and uncertainties in results for changing andys's assumptions, and
references cited in al parts.

Part 2 contains background information about how to accomplish an economic evauation and
information about historical anadromous fish runs and harvests. The information should prove especidly
helpful in understanding the complexity of Columbia River anadromous fish harvest management. A
discussion of fisheries economic evauation methods used in this study is presented in Chapter 1, Part 2.
The changing patterns of the Columbia River Basin sdlmon and stedhead production and harvesting are
discussed in Chapter 111, Part 2. Sdmon and stedlhead are migratory and know no jurisdictiona
bounds. Their migration routes carry them from far inland in the Columbia River Basin to asfar as
Alaska and south to Cdlifornia. Higtoric and internationa agreements on their harvests have been
reached and are continually negotiated. A brief overview of these agreementsis provided in Chapter
IV, Part 2. Sdmon and steelhead typically reproduce in fresh water and spend a greater part of their
adult lifein the ocean. In their migratory route, they are exposed to a variety of predators. Surviva
rates from production to harvest are an important component of how many adult fish will be available
for harvest. Surviva rates and contribution to fisheries are discussed in Chapter V, Part 2 to provide a
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bass for the economic evauations. Chapter V1, Part 2 gives ahistorica perspective for the economic
vaue of Columbia River Basin fisheries.

Commercid and recregtiond fishing for Columbia River Basin anadromous fish stocks generates a
sgnificant amount of persond income and has nationd benefits. These economic vaue estimates for
changed harvests due to aternative lower Snake River dams hydrosystem actions are presented in Part
3.

This report aso describes the potentia economic value to the Pacific Northwest region and to the nation
that may result from four cases of anadromous fish production and harvest management policies. The
broader overview of what net economic vaue and contributions to regiona persona income and jobs
may result from the four casesis presented in Part 4. Part 4 descriptions may be viewed aswhat is at
risk if the Columbia River Basin anadromous fish surviva rates, and therefore harvestable fish runs, are
not improved.

The economic andysis for the dternative hydrosystem actions evaluates dl mgor anadromous fish
stocks originating in the Snake River Basin. The mgor anadromous fish stocks are defined to be
spring/summer and fal chinook sdmon (Oncor hynchus tshawytscha) and summer steelhead (O.
mykiss). Other anadromous fish, such as shad (Alosa sapidissima), sturgeon (Acipenser
transmontanus and A. medirostris), coho saimon (O. kisutch), sockeye sdmon (O. nerka), etc.,
would nat have fisheries Sgnificantly changed by the hydrosystem actions. Al utilization of both wild
and hatchery originating stocks was considered. This includes commercia and recregtiona harvests, as
well as sdes of hatchery egg, carcass, and surplusfish. The economic anayssfor the entire Columbia
River Basin adds coho sdlmon and winter steelhead to the Snake River list of mgor anadromous fish
stocks.
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CHAPTERII. METHODSUSED TO CALCULATE REGIONAL ECONOMIC
IMPACTSAND NET ECONOMIC VALUE

A. Background

The study’'s overdl god isto evauate the economic contributions and vaues from harvesting those
Columbia and Snake River anadromous fish stocks that are assisted by removal or change in the
operation of four dams on the lower Snake River. This study specificaly andyzes the economic effects
of changesin wild Snake River stocks related to changes in sdlmon migration resulting from weter flows
in the lower Snake River. Other anadromous runs in the Snake and Columbia River Basin may aso be
affected by changes in water flows and management practices in hatchery production and harvest
dlocations. The economic contribution of the wild Snake River fish socks aswell asthe totd Columbia
River Basn anadromous production is measured in terms of direct earnings and indirect/induced
personal income. The economic contribution expenditure budgets serve as a base to devel op estimates
of benefit (net economic vaue) for anadromous fish harvesting and primary processng.

The economy of the Pacific Northwest (Alaska and British Columbia are included in this definition, as
are other of the Pacific Northwest tates) is highly dependent on its natura resources. The natural
resources provide raw materids for manufacturing processes, such as the production of lumber and
plywood, and commercid fish processing among other things. The natural resources aso attract
recreation seekers who are both residents and from all over the world. In addition to the users of the
natural resources, people who never touch or view the resources aso place avaue onthem. They are
people who may only wish to use the resource themsalves or hope their relatives will be able to
experience it. Methods to measure these economic values and dependence is complex. This report
explains how only one aspect of the natural resources - fishing - isimportant to people and how it
contributes to the economy. 1t dso explains how management and other policy issues involving fisheries
are related within the context of the economic measurements.

The two basic economic terms used in this report are "'economic vauation” and "economic impact.” Net
economic valuation attempts to measure the benefits received by those that fish and the value people
place on fishing. There dso may be economic vauesto "nonusers,” i.e. preservation or existence values
to people who don't actudly visit the Pacific Northwest. Regiona economic impact considers how
many people participate in fishing and how much they spend whilefishing. The separate estimates are
necessary to determine both the benefits and economic contributions to the economy. This report does
not address the costs of providing the resources or services. Neither are the economic impacts included
of the provision of fish resources. Generdly, only the end products are vaued, such as arecreationa
fishing day or acommercid fish harvested.

The following sections describe the different types of market and nonmarket economic vaues and
regiona economic impacts, and discuss gpplications and methodologica concerns of economic
information when gpplied to dlocation issues.
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B. M easuring Economic Values
1 Economic Valuation

Economic vaue is only one of many ways to describe the "worth" of some resource or service. The
fishery resource provides an excdlent example of this. Native sdmon have many different types of
vaue. A biologist may say that the vaues of the native fish are their genetic contribution to the surviva
of the species. An angler may say that the vaue of the native fish isin their chdlenge and fight, and the
sense of accomplishment a having landed one. A nutritionist may find no difference in the vaue of
native and hatchery fish, both providing the same cdories, protein, etc. All of these people would be
describing some aspect of the vaue of native fish, but none would be describing the economic vaue.

Economic vaue is very precisaly defined as the relive vaue of agood or service, or what someone
would be willing to give up (pay) in exchange for that good or service. This definition describes an
anthropocentric view of vaue, that is, vaue to people. Therefore, for afishery resource to have
economic vaue, people must be willing to give up other vauable resources (which can be represented
by money) in order to have the fishery resource. Clearly this makes economic vaue a function of
peoples, preferences and their ability to pay (income).

When measuring economic vaue, it is not necessary to know why people value aresource (e.g. for
nutritional reasons, for biologica reasons, for recreation reasons), but rather how much they vaue it
relative to other things. This makes it clear that economics is the gppropriate tool when the objectiveis
to dlocate scarce resources. (A scarce resource is defined as a resource that people desire and need
and of which thereisalimited amount. A resource such asarr may not fit this definition unless clean air
becomes polluted.) For example, if something of vaue must be given up to save native fish populations,
society needs to know whether the native fish are worth more than what must be given up. Information
about the biologica, nutritiond, or recregtiona vaue of fish will certainly affect people's willingnessto
pay for the resource, but the economist does not need to know the motives behind peopl€e's willingness
to pay in order to make socidly efficient resource dlocations. The caculation for socid efficiency
requires information on the total value of resources, that vaue being the result of many different motives.
While recognizing that totd value is the god, there are methodologica issues related to the measurement
of economic vaue that have led to a distinction between different types of economic vaue.

a. Use Value

People may value a particular resource such as the fishery because they ether use the resource
currently, or they intend to use it & sometime in the future. Current and future use value can be ether
direct or indirect. An example of direct use vaue would be the willingness of anglersto pay for access
to the sdlmon in the Pecific fisheries. Thismay be actud price paid, which may be market price or any
price that may not sgnd a"market clearing” price; an angler may be willing to pay more than he is being
charged on the market. An example of indirect use vaue would be the willingness of a reader to pay for
amagazine account of afishing trip to the Pacific Northwest. In both cases, someone had to actualy
use the Site or resource in order for something of vaue to be produced.
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Since the anadromous fish of the Columbia/Snake River Basins contribute to the overall ocean stocks,
some of the use vaue of these fish is actudly redlized in the ocean fishery. Inasense, thereis a derived
demand for the habitat of Pacific Northwest rivers since they are an input into the ocean fishery
"product.”

The willingness to pay for future use of the resource is caled option price. This price represents the
expected vaue of the future trip (expected consumer surplus), plus (or minus) any "option vaue." The
option vaue represents any additiona (or less) willingnessto pay (above expected consumer surplus)
for the option of future use, when future use is uncertain. Some have described option value as akind
of insurance premium, to guarantee that the resource will be available when, and if, future use is desired.

b. Non-Use Value (Intrinsic Value)

There are some people who are willing to pay for aresource, even though they never intend to useiit.
Thistype of Non-use vaue is called existence vaue, because people are willing to pay to ensure that a
resource exigts, knowing that they will never actudly use the resource. The motive for existence vaue
may be that people want to ensure that a resource exigts for future generations to enjoy. Some
economists have separated this type of existence vaue into a separate category caled bequest value,
but it is clearly a subset of exisence vaue.

C. Which Valueto Measure?

It islikely that the fishery resource of the Pacific Northwest provides dl of the above types of vauesto
society. The decision about which ones to focus on for measurement is afunction of the resource
dlocation question being asked. For example, if aparticular fishery resourceis not threatened with
extinction, there is no need to measure the existence vaue of that resource. Since society would not be
deciding whether to alocate scarce resources to save the fishery, the existence valueis not relevant. If
the policy decison under congderation iswhether to invest resources to increase the fish populations,
then the values which are measured must correspond to only the increase in fish numbers. In other
words, total use value would not be the gppropriate vaue to compare with the value of the resources
necessary to increase the population by some incremental amount. Given the different types of policy
decisons which might be rdevant, as well as the fact that the existence of some Pecific Northwest fish
populations may be in question, measurement of tota and margina vaues are likely to be useful to
decison makers.

2. Regional Economic Impacts

The economic vaue of the fishery resource has been defined as peopl€'s willingness to give up

resources of vaue (money) to have the fishery resource. Thisis commonly caled net economic value or
NEV (net economic vaue above costs) or NED's (National Economic Development accounts). A
common mistake that is often made is to include the costs associated with using the fishery resource
(e.g. travel costs, lodging costs, equipment) as part of the economic value of the resource. These
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associated codts, or expenditures, are instead the source of local or regional economic impacts
associated with use of the fishery. These are commonly called the RED's (Regiona Economic
Development accounts).

Since economic vaues are used to allocate scarce resources, the economic value must represent the
vaue of the fishery resource itsdlf, and not the vaue of the rdated travel and equipment items. For
example, suppose the fishery was threatened by a hydropower development and policy makers wanted
to know whether the anglers could "buy out” the hydropower interests, All of the money spent on travel
and equipment is no longer available to be used to buy out the competing hydropower interests.
However, the money that is |eft over, after dl the costs of angling have been paid, is the net willingness
to pay (consumer surplus) for the fishery resource (or site) itsalf. and could be used to buy out the
hydropower interests.

Another way to view the difference between economic vaue and economic impacts is to consider
economic vaue asthe net loss to society if the resource was no longer available. Supposethat a
specific river fishery was no longer available to anglers, and they had to either fish somewhere dse or
engage in some other activity. The money spent on travel and equipment would not be lost to society -
in fact it could be spent on travel and equipment or some other commodities in some other location. But
the value anglers received from fishing that pecific river would belost. It must be assumed that one
river's fishing was preferred over (had greater vaue than) the other rivers or activities, or the anglers
wouldn't have chosen the one Stein the first place. Their net willingnessto pay for the chosen fishery
would be alossto society. Their expenditures or associated impacts on income or jobs would be aloss
to the economy of the preferred river, but would be a gain to some other locd economy. Economic
impacts, therefore, describe the local or regiona effects on jobs and income associated with any specific
area chosen as the point of interest.

The above example should make it clear why local economies are often more concerned about
economic impacts than economic values, especidly when the economic vaues are in the form of
consumer surplus. If anglers are willing to pay some amount of money over and above their costs, but
don't actudly have to pay, the consumers get to take that surplus or value home with them in their
pockets. It isnot immediately obviousto loca businesses that the consumer surplus generated from any
gpecific fishery has any impact on the local economy. On the other hand, money spent on lodging, food,
supplies, guides, etc., has adirect impact on loca businesses.

It is clear that net economic vaue and regiond economic impacts are two distinct measures, and eech is
useful for different purposes. Net economic values are important if the god isto alocate society's
resources efficiently. Regiond economic impacts are important in assessing the distributiona impacts of
the different dlocation possbilities. 1t may often be the case that society will want to invest in aless
valuable resource because the loca area or economy that holds that resourceis in need of economic
deveopment. Nevertheess, having the information on economic vaue will tell society how much they
are giving up in order to achieve the redigtribution of economic activity or development.

a. I nput/Output Models
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Economic input/output (1/0) models are used to estimate the impact of resource changes or to calculate
the contributions of an industry to aregiona economy. The basic premise of the 1/0 framework is that
each industry sdllsits output to other industries and fina consumers and in turn purchases goods and
services from other industries and primary factors of production. Therefore, the economic performance
of each industry can be determined by changes in both fina demand and the specific inter-industry
relationships.

I/0 model's can be congtructed using surveys of aregiond economy. The disadvantages of the survey
model gpproach are its complexity and high cost. Congtruction of asurvey data /O modd involves
obtaining data on the sectorid distribution of loca purchases and sdes to find demand of every sector
of the economy, and on the imports purchased and exports sold by each sector.

Another approach uses secondary data to construct estimates of local economic activity. The models
developed for this project utilize one of the best known secondary 1/0 models available. The U.S.
Forest Service has devel oped a computer system called IMPLAN which can be used to congtruct
county or multi-county I/0O moddsfor any region inthe U.S. The regiond 1/O modds used by the
Forest Service are derived from technical coefficients of anationa 1/0 modd and localized estimates of
total gross outputs by sectors. IMPLAN adjusts the national level datato fit the economic composition
and estimated trade balance of a chosen region. Areasthat are any combination of single counties can
be congtructed using IMPLAN. The IMPLAN modd is now being offered for genera use by the
Minnesota IMPLAN Group (Olson et d. 1993). Estimates of economic impacts and economic vaue
of composite stocks harvested throughout the Pacific Northwest (including Canada and Alaska) are
determined by the information made available on contributions of Columbia River stocksto fisheries.
These composites are determined by the surviva rates (from egg to adult) and the method and
geographical location of harvests. The Fishery Economic Assessment Modd (FEAM)!, based on 1994
technical coefficients, is used to estimate economic impacts of samon harvests? The price and cost
information in the FEAM is aso used to cdculate economic vaue of commercidly harvested samon.
The FEAM mode processis outlined in Figure 2.11.1.

1. Fishery Economic Assessment Model (FEAM) was developed for the West Coast Fisheries Development
Foundation by Hans Radtke and William Jensen in 1986. Current models are available from Radtke or Jensen.
The FEAM model uses IMPLAN generated coefficients to estimate specific expenditure to personal income
impact relationships.

2. Theavailable IMPLAN models are generally threeto four years behind calendar years. Thisisdueto data
availability and the time it takes to prepare the models. Unless very dramatic changes take placein aregional
economy, the sector coefficients will not change dramatically from year to year.
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Figure 2.11.1
The Fisheries Economic Assessment Model (FEAM) Process

Based on IMPLAN

Construct 1/0 coefficients for fishing related expenditures
Species data

Harvest data

Primary processing data

Economic impacts
— Personal income
— Full time job equivalents

Geographic areas
— Alaska
— Canada
— Washington
— Oregon
— California

Source: Study.

I Importsand Exports

One way of measuring the contribution of a particular economic activity isto look a the amount of
goods and servicesit sells and buys outside the local economy. A local economy has exports and
imports Smilar to Sate or nationd exports and imports. Timber harvested and processed in Forks and
shipped to Los Angdlesis an export that benefits the local economy. Thewind surfer from Sesttle
brings money to the Hood River area economy. Recreationa activities are caled exports when they
bring in "outsde’ money. Exports from the loca economy stimulate loca economic activity.

However, the money brought into aloca economy does not al say in the loca economy. Thisis
particularly true for the smadler regional economies which are not economically sdf-sufficient. Many of
the goods and services consumed in the local economy must be brought in from the outsde. They are
the imports to the local economy. The money that flows out of the local economy to pay for these
importsis referred to as leakage.

Inlarger, more industrid diverse economies, there are fewer "leakages’ of economic activity dueto
purchases from outsde the region, and as aresult, the multiplier effectsare larger. In smaller, less
diverse economies where more goods and services are purchased outside the region, regiona impacts
aregmadler. For this reason, state impacts will amost dways be larger than impacts for regions within
the state.

The amount that acommercia fisherman spends to prepare a consumer-ready product for market, or a
recregtiond fisherman spends to take part in afishery, has an important impact on the loca and regiond
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economy. In addition, purchases made by the harvester, processor, or tourist-related businesses will
cause suppliers to purchase additiona inputs in the form of labor, more inventory, and other items. As
workers and entrepreneurs receive wages, saaries, and profits from these activities, they spend money
intheloca areafor avariety of goods and services. Thetota effect on the local economy depends
upon the amount of the origind dollar expenditures and the amount which is spent for subsequent
purchases within the local economy. This effect is closdy tied to the total expenditures, types of
expenditures, and structure of the economy. So as not to confuse the size of economies between
different areas, when comparisons are made between geographic areas, it makes more sense to use
smilar coefficients, such as state coefficients. (In comparisons between areas such as Alaska, Canada,
Washington, or Oregon the state coefficients are probably the most appropriateto use. Thisis so that
the sze of the coefficients do not become the critica point in any policy comparisons) The area of
contribution chosen should therefore depend on the purpose of the comparisons.

ii. Basic Sectors

Since imports take money out of the economy, it isimportant for the smaler economies to have some
exporting sectors. In the 1/O jargon, these are called "basic sectors.” The dollars brought in by basic or
exporting sectors begin the multiplier process. The basic sectors stimulate aloca economy by
originating the multiplier effect. When people talk about a change in the economic base of an area, they
are referring to a change in the basic business sectors.

Sectors other than basic sectors generally do not generate "new dollars’, but rather operate on the
circulation of dollars dready present in the economy. Therefore, nonbasic sectors do not initiste a
multiplier effect themselves, but instead contribute to the multiplier effect of basic sectors by preventing
leakage. For communities on the Pacific coast, the basic sectors are

often resource-based. Examples of basic and nonbasic sectors are (not necessarily in any order of
importance):

Basic Sector Examples Nonbasic Sector Examples
Fish harvesting/processing Medica services
Logging and timber processing Movie theaters

Tourism and recregtion Grocery stores

Transfer payments Banking services

Transfer payments include such things as socid security payments, retirement payments, and non-local
government saaries. Activities such asfishing, being aform of recreation, would be consdered abasic
sector industry for that portion of expenditures made by anglers whose residence is other than in the
areathey arefishing.
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b. Multipliers and Coefficients
I Output (Sales) Multipliers

How isthe effect of adollar of export sdes multiplied in aloca economy? Suppose an industry
increases export sdes by $1,000. If the economy has an output multiplier of 2.49, total business sdes
through the county are expected to increase by atotd of $2,490 as a result of the $1,000 increase in
exports and the $1,490 in loca sales generated by these exports. (The 2.49 is used as an example
only. Theactud output multiplier may be different.)

Figure 2.11.2 demonstrates how loca respending of the export payment by businesses and households
crestes this multiplier effect. The process begins when adollar entersthe loca economy, in this case as
the result of an export sale (column A). The dollar will be respent by the exporting firm in order to
purchase inputs (goods, services, labor, taxes, profits, etc.) to meet the increased export demand
(column B). Sixty cents of the dollar will be received by loca businesses and households, but $0.40 will
leak out in the form of nonloca purchases. Thus, in addition to the initid dollar, business respending has
generated an additiond $0.60 of business activity within the economy. Of the $0.60 that is localy
received, $0.38 will be respent within the county, and the rest ($0.22) will lesk out (column C). This
process continues until the amount remaining in the local economy is negligible (columns D, E, F). Thus,
greater leakage at any round of respending leadsto asmaller multiplier.

In order to determine the total value, theinitia dollar is added to the sum of thelocd respending. In this
example, the multiplier equals 2.49 ($1.00 initial change + $0.60 + $0.38 +$0.20 + $0.12 + $0.08 and
S0 on until it approaches $2.49). Thus, $2.49 of loca business activity will be generated for each dollar
that enters the loca economy. The same process can be used to explain adecrease in export sales.

The output (sdles) multiplier calculates how much money is"stirred up” in the economy, but it does not
mean that someone in the local areais making awage or profit from thismoney. The differences
between output multipliers and income coefficients are often confused, leading to misuse. People,
epecialy decison-makers, need to know and understand what type of multiplier or coefficient is being
used in the assessment of the economics of proposed policy decisions.

ii. Per sonal | ncome Coefficients

A more useful measurement of the contribution of a sector's activity is the amount of loca persond
income that is directly and indirectly generated from an increasein sdes. The digtribution of the amount
of loca persond income generated is the shaded part of the output (sales) multiplier.

The "persond income coefficient” measures the income generated as aresult of achangein saes. Inthe
first round of export sales, $0.33 of loca persona incomeis generated. The other $0.67 in the initia
round goes to purchase supplies and services from other industries.
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Figure 2.11.2
Output (Sales) Multiplier and Personal Income Coefficient

Sum of Sales Changes = $2.49
Sum of Leakage Outside Community = $0.97
Personal Income Coefficient = $0.77

$0.40
LEAKAGE
OUTSIDE
INITIAL COMMUNIT
$1.00
OF
SALES

$0.22
LEAKAGE

$0.60
LOCALLY
$0.38 $0.18
RESPENT [ LEAKAGE

LOCALLY $0.20 LE?&AOSE
RESPENT o1 ETC
LOCALLY RESPENT .

LOCALLY $0.08

$0.01

(A) B) © (D) 6 (F)

Note: The shaded portion of the output (sales) that goes to households in terms of wages, salaries, and
profits is called personal income.
Source: Radtke and Davis (August 1994).

These indudtries dso create wages, sdaries, and profits. As these sales work through the economy, a
totd of $0.77 of persona income is generated from every $1 of increasein sales.

The size of the persond income coefficient is largely determined by the amount of persona income
generated by thefirg round. In anindustry thet is very labor intensive, the output (sales) multiplier may
not be very large while the income coefficient is above average. On the other hand, if the industry goes
through severa transactions but is not very labor intensive throughout the process, the output (saes)
multipliers may be large and the income coefficient small.

Theimpacts estimated in this report are effects on tota persona income, the amount that is retained as
household income (sdaries, wages, and proprietary income). Because many jobsin the fishing industry
are not full-time, an employment figure could be mideading. A full-time equivaent employment figure
can be cdculated by dividing the total persona income figure by a representative annud persond
income average. In the Pacific Northwest, a $20,000 to $25,000 per year wage or sdlary isafair
representetive of afull-time equivaent job.
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C. Regional Economic Impacts Model Application

I/0 models have been congtructed for the Pacific Northwest coastal counties with the use of the
IMPLAN modd. On the commercid sde, representative budgets from the fish harvesting sector
(Figure 2.11.34) and the fish processing sector, aswell as a price and cost structure for processng are
used to estimate the impacts of changes. On the recregtiond side, a charter operator budget and
recregtiond fishermen destination expenditures (Figure 2.11.3b) provide the basic data. The individud
expenditure categories are used as input into the IMPLAN 1/0O model to estimate the total community
income impacts.

1. Commercial Fishing Regional Economic I mpacts

Representative budgets from the fish harvesting sector and the fish processing sector, aswell as price
and codt for processing are used to estimate the impacts or contributions of commercia salmon fishing
(for more detail see Carter and Radtke 1986). The commercid fisheries data were developed by Hans
Radtke and William Jensen in connection with a project to develop a fisheries economic assessment
modd for the West Coast Fisheries Development Foundation. For illustrative purposes, Figure 2.11.4
displays example regiona impact estimates for two species (chinook and coho) by gear.

For example, gillnet-caught fal bright chinook command $1.50 per pound. Theyield on this dressed
fish, when it is marketed fresh, is 80 percent. The sdes price for the primary product for the fisherman
is$2.94 per pound. The community income received from this one pound is $2.86; people in the State
outside the local area, that supply goods or servicesto loca area, will receive another $0.50, for atota
of $3.36. Thetota state income generated by one pound of salmon harvested and processed in the
Pacific Northwest is $3.36. The average weight of these chinook is 18.4 pounds. Thus, the totdl state
level impact per landed chinook is $61.74. For atroll caught fish landed at $2.30 per pound (round
weight), the income impact per fish may be $52.44. The harvesting and processing of hatchery fish may
generate $2.24 per pound or $41.22 per fish, especidly if additional processing, such as canning or
smoking, takes place. For fresh fish sales, because there isless labor involved, thisimpact may only be
$29.52 per fish. The economic impact of acommercidly harvested sdmon depends on many factors,
as shown on Figure 2.11.5.

In some remote aress, "direct sdling” to consumersistaking place. In these cases, the consumer travels
to rurd areas on the Columbia River to purchase a sdmon/steehead from triba harvesters. Usudly,
wholesde (only harvesting and primary processing) and retall margins are not included in impact
andyss. Thereasoning is that these sdleswould take place in the area of analysis regardless of
production. In this case, where the consumer travels to the point of harvesting/selling, these margins
may be included for community level impact analyss, but not at the Sate levd.

For example, a $0.50 ex-vessdl price ($0.63 dressed) would increase by about $0.65 by the primary
processor, another $0.20 by the wholesaler, and another $0.65 by the retailer, for atota of $2.12 per
pound. The direct sales of sdmon to consumers on the Columbiain 1997
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Figure 2.11.3a Figure 2.11.3b
Commercial Fishing Expenditures Charter Boat Angler Expenditures

Commercial Fishing * Charter Boat ?

Wages, Profits, Retail Trade

and/or Crew Share

Services

Repair

Other
Fuel

Gear .
Gasoline

Food and Supplies

Food and

Insurance Beverages )
Guides and Other

Services
Moorage

Misc. Lodging

Sources: 1. Radtke and Jensen. 1986.
2. The Research Group. 1991.

was reported to be between $1.75 and $2.00 per pound. Depending on the expenditure patterns of the
harvester/retailers direct sdes, the loca impacts would most likdly be smilar to the impact estimates
developed by the FEAM for harvesting and primary processing.

Changesin any of these factors will result in achangein the tota income impact of saimon landed in an
area.

2. Recreational Fishing Regional Economic I mpacts

In 1991, a comprehensive survey to compile information about angler characteristics, expenditures, and
preferences of recreationd anglers was completed for the Oregon Department of Fish and Wildlife
(ODFW) (The Research Group 1991). This study completed estimates of economic impacts for seven
management zones, eight species categories, and four water types. The economic impact estimates
were completed with the same process of disaggregating the IMPLAN modd and estimating impacts
relating to specific expenditure categories. This study isthe basis for the Pacific Fishery Management
Council (PFMC)'s annua economic impact of the sdmon fisheries (PFMC 1998). These estimates
were developed by the State of Oregon and are used by the Pacific Council to estimate regiona
impects from Caiforniato Washington. The assumption in this report is that these estimates a o reflect,
in agenera way, the economic impacts of sdmon harvested in Canada and Alaska.

The estimates of economic contributions to Pacific Northwest persond income associated with
recregtiondly-fished ocean sdmon are shown in Figure 2.11.6. Factors affecting thisinclude
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Figure 2.11.4

Representative Community and State Personal Income Impacts of Salmon Per Pound

Processor
Sales price
Gillnet Landed Price per pound of
Fall | $1.50 | processed
Bright Yield | product
Chinook
80% | $2.94
Marginal Income Impacts per Landed Pound
| $2.86 | $0.50 | $3.36 Impact per 18.4 pound
Coastal Community Rest of Total State fish = $61.82
State Income
Processor
Sales price
Troll Landed Round Price per pound of
Chinook | $2.30 processed
Yield | product
87% | $3.54
Marginal Income Impacts per Landed Pound
| $3.99 [ $0.70 |$4.69 | !mpactper
Coastal Community Rest of Total State f,lslhzzl $|?50 2u g‘;
State Income '
Processor
Hatchery Sales price

Landed Price

per pound of
smoked or canned

Yield | product
50% | $4.00
Marginal Income Impacts per Landed Pound
| $1.90 | $0.34 | $2.24 Impact per 18.4 pound
Coastal Community Rest of Total State Income fish = $41.22
State
Source:  Study and Radtke and Davis (August 1994).
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Figure 2.11.5
Factors Affecting Income Generated from Commercial Fishing

Commercial Fishing
Purchase patterns of fishing businesses (landed price per pound)
Yield of product
Type of finished product
Purchase patterns of processors (sales price of processed product)
Spending patterns in local economy
Size of local or regional economy

Source: Radtke and Davis (August 1994).

the means of fishing, expenditures patterns, and success ratios (Figure 2.11.7). It isaso important to
have legd accessto the fish during the time they become available in any specific area. It is assumed
there will be access to these fish when they return.

The commercid fishing unit estimates are for persona income impacts per fish. The recreationd fishing
unit estimates are for persona income impacts per recreetiond fishing day.

Since 1980, the success rate in ocean salmon fisheries in the PFMC jurisdiction has been about one fish
per day (Radtke and Davis, April 1994). Therefore, the coastal community impact for the destination
expenditures for charter boat patrons plus the charter boat fee is $102.20 per day (state impacts are
$120.23) (Figure 2.V1.6). A weighted average for the two means of fishing is $55.53 per day for loca
income impacts (state income impacts are $65.32) based on an 80/20 private/charter split. This may
range widdly depending upon area and species. Unless otherwise documented, a one fish per angler
day is areasonable successrate to use. Thisis based on ahistorica average for most sdmon fisheries
that average about one fish per day.

Asagenerd guiddine, the economic impacts per sdmon/stedhead harvested recregtiondly in this study
is $60 per day at the sate level and $50 per day at the community level. For ocean fishing, one fish per
day successrates are used. Within the Columbia Basin, the success rates vary from species to species
and by geographic area. Chris Carter, Economist for the ODFW (Carter, March 1999), utilizes aone
fish per day success rate for ocean fishing and up to two days per fish success rates for inland fishing.*
For tributaries above the Columbia/Snake

1. Thereareintuitive reasonsthat give support to the argument that anglers prefer large chinook and that it would
take smaller success rates to entice anglersto fish for chinook. There are no studies available to support this
reasoning. For thisreason, the same impacts per fish (coho or chinook) are used in this paper. Historical data
suggest that each recreational fish "supports," on the average, roughly one day of recreational fishing (Radtke
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Figure 2.11.6
Typical Personal State Income Impacts Per Day and Percent of
Total Effort From Salmon Recreational Fishing (1997 Dollars)

$120.23

Dollars Per Day

$65.33
$51.60 $52.20

Charter 20% Private 80% Weighted Average Bay and Estuary

Notes: The percentage of charter/ private boats are assumed to represent the actual charter/private boat
harvest of salmon in the Pacific Ocean (and Columbia River terminal area).
Source: PFMC (1998) and Seger (1996).

confluence, two days per non-retained fish success rates are utilized (Bowler, July 1999). For
steelhead retained, the fish per day successrate is 5.88 days. The steelhead surveys were used as an
indicator for future ssimon fisheriesin Idaho.

and Davis, April 1994). It istempting to conclude that each additional recreational fish caught in the ocean
would produce acommunity income of $65.33 (Figure 2.1V.6). Depending on the circumstances, this could be an
incorrect inference. The number of salmon made available to recreational fishing may result in large amounts of
fish being available to the recreational fishery. Asaresult of such large increases, the recreational fish limit may
have to be increased. With such an increased bag limit, and supposing the average catch per day increased to
three salmon, the income impact per average recreational salmon is reduced because fewer recreational dayswere
"supported" per sport allocated fish. If it can be clearly shown that additional numbers of fish can be released to
attract additional angler days, then the average impacts used may be used as an estimate of total impacts. For
calculating income impacts of chinook, the means of harvesting may not matter agreat deal aslong asthe angler
success rate remains at about one fish per day. That is because the economic impacts per chinook salmon
harvested commercially or recreationally are about $50 to $60 per day. The point could even be made that it
would be more beneficial to harvest chinook (especially spring chinook) commercially if the bag limits and
success rates are higher than one fish per day. The same case could not be made for coho salmon, since a
commercially caught coho will generate about $15 if harvested commercially versus about $50 to $60 if caught by
the recreational fishing industry.
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D. Net Economic Value Model Applications

Edtimates of net economic value of commercia and recreationa anadromous fishing are made using
available studies and procedures developed by management agencies, such as ODFW,
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Figure 2.11.7
Factors Affecting Income Generated by Recreational Fishing

Recreational Fishing
Means of fishing (charter, private)
Expenditure patterns

Success ratio (average fish per day)

Spending patterns in local economy
Size of local or regional economy

Source: Radtke and Davis (August 1994).

PFMC, and the Nationa Marine Fisheries Service (NMFS). Egtimates of net vaue utilized in this
report should be viewed as generd vaues. Specific usesin sdective areas may change these vaues.

1. Commercial Fishery Net Economic Value

To compute the net economic benefits from commercid fishing the costs of harvest (fud, repairs, labor,
etc.) should be subtracted from the gross revenues (ex-vessdl price). Because the fishing season is of
short duration, most fishing boats are not limited to saimon fishing. Theinvestment in boat and gear is
also used for other fisheries. Also, at low levels of total sdlmon harvest and with small incremental
changes in sdmon production, it is often argued that any increased harvest could be taken with dmost
the same amount of [abor, fud, ice, etc. asbefore. Since the current fisheries (both the harvesting sector
and processing sector) are greetly overcapitalized, in use of fixed and operating capital as well as labor,
thisisaplausble assumption. Thisassumption implies that admost no additiond costs are involved and
gross benefits are close to net benefits.

Generdly, any vauation of sdmon speciesinvolves a geographic area and a sdmon species for which
there are many subgtitutes. In such cases, the demand curve isrelatively flat. That is, if consumers are
faced with arise in the price of one type of sdlmon in one areg, they will smply shift their consumption
to an dternative sdmon product. In such cases, there are no extra benefits that could be counted
resulting from consumers willingness to pay different prices for a specific samon product. Therefore,
maost economic vauations involving sdmon will center on the benefits that a producer receives from the
harvesting and processing of saimon.

The assumption of full employment isimplicit in most benefit and cost andysis. But unemployment and
excess fishing capacity, both trangtory and chronic, seem to prevail in many Pecific coastd communities
dependent on commercid fishing. Changes in markets or fishing opportunities may make it necessary
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for people and capitd to change occupations and/or locations. Various factors make it difficult for this
to happen quickly enough to prevent aperiod of unemployment and idle capacity.

The Water Resources Council (1979) suggests that when "idle boats' are available, the only incrementa
costs of increased harvest will be the operating costs!

Rettig and McCarl (1984) make recommendations on the calculations of commercid fisheriesNEV's.
Their recommendations range from 50 to 90 percent of ex-vessdl prices? Because primary processing
isanintegra part of producing salmon, a portion of the primary processor margins are aso used to
cdculae the net economic vaue of commercid fishing. Huppert and FHuharty (October 1996) utilized
only the harvesting ex-vessel price and concluded that "All of these estimates are at or below the 50
percent net earnings rates suggested by Rettig or McCarl." (Rettig and McCarl 1984). (Processor
margin is the difference between their purchase price, ex-vessd price, and their sales price)

In periods of reductions, the 90 percent rule would be appropriate. However, if the total salmon
harvest increases, it might not be appropriate to use the 90 percent level. A more appropriate level
might be the 50 percent leve (the lower level recommended by Rettig and McCarl (1984)). Ina
Stuation where new resources (capital and labor) were needed to harvest and process a greater amount
of samon, the actua additiona cogts of harvesting and processing would have to be deducted from the
ex-vessdl price and the processors margin in order to arrive a the NEV of additional salmon harvest.

Becauseit is difficult to collect data on the commercia sdmon fishing industry for specific areas and
specific gears and dmost impossible to compare such estimates on a wide geographic and industry
bas's, a general guidance may be to present information on ex-vessd basis (properly defined so asto be
comparable) and on afirst level primary processing bass. (This being the minima amount of processing
required to move the fish out of the region - dressing, icing, packing, etc.) Thefirst level processor
bas's should be used because in many areas tendering costs and other costs and incentives of pecific
fisheries may not reflect the actud ex-vessd prices. 1t may aso be argued that the first level processing
in any areais insegparable from the harvesting component.

A portion of the ex-vessal and ex-processor prices are therefore used as measures to facilitate
guiddinesin any of net vaue of commercia samon fishing. Specific fisheries with acceptable deta can

1. Theestimates of "net value" of tribal harvest may be conservative. This conservative approach may be
balanced by assumption of ex-vessel pricesthat may be received by in-river tribal harvests (Water Resources
Council 1979).

2. Inmany small coastal communities, there are no substitutes for the processor involved in the primary processing
of salmon. Much of the salmon is partially processed on board the boat. For these reasons, the harvesting and
primary processing isincluded. Wholesale and retail margins are not included. The basic reason isthat demand
curve is expected to be flat, thereby no appreciable "surplus." For retailers selling seafood, there are also a host
of substitutes available.

3. Note: Chronic underemployment of human and capital resources on tribal lands may result in very low
incremental costs resulting from increased harvest opportunity. Other studies have suggested that the average
cost increase with increased harvest opportunities may be two to nine percent (Barclay and Morley 1977). A two
percent cost was utilized by Meyer in the Elwha Study (Meyer et a. 1995).
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be investigated to determine the net value of the fishery. For thisandyss, in order not to complicate the
presentation, a 70 percent margin is used to represent an "average' NEV for most commercia samon
harvested. The 70 percent margin is gpplied over arange of annud prices. The remaining 30 percent
represents additiona expenses of harvesting and primary processing required to produce a consumer
product from Columbia River Basin anadromous fish runs.

2. Recreational Fishery Net Economic Value

This section summarizes available information on the economic vaues of sportfishing for Columbiaand
Snake River anadromous fish. While there are many studies of anadromous sportfishing vaues in other
locations, there are rlaively few studies directly linked to Columbia or Snake River sdlmon. This
report reviews past sudies, including their scope and limitations, and reports the most current economic
values avalable.

a Review of Previous Valuation Studies

There have been a number of studies of the economic value of fishery resources, both ocean and inland.
The proceedings from the 1988 AERE conference on the economic vaue of marine and sport fisheries
(AERE 1988) contain a number of papers on thistopic, aswell as references to many more. Most of
the journd literature is concerned with theoretical and methodological issues related to estimating
nonmarket economic vaues, but most dso contain an empirica gpplication to a particular fishery
resource. Few of the studies, however, are directly rlevant to Columbia and Snake River fisheries.

Studies that have been done in the Pacific Northwest include the early study by Brown, Singh, and
Cadtle (1965) on sdmon and sted head fishing in Oregon, and the follow-up studies by Brown and his
colleagues (Brown et d. 1976 and Sorhus et a. 1981). The 1977 data collected by Sorhus, et a
(1981), has since been used by Strong (1983) and Loomis (1989) in other applications. Loomis,
Provencher, and Brown (1990) aso estimated regiona travel cost models for Oregon coastdl streams
using thissame dataset. A verson of the Loomis, et d, modd is avalablein a PC program cdled
"GAMEHF SH" that dlows the user to estimate the effect of changesin fish catch on net economic vaue
(Loomis and Provencher 1986).

Other Pecific Northwest fishery studiesinclude the study by Johnson, Shelby, and Moore (1989) on the
Chetco River winter fishery, studies by Meyer (1982), Meyer, Brown, and Hsao (1983), and Olson,
Richards, and Scott (1990) on the Columbia River fishery, a study of Washington steelhead anglers by
Demirelli (1988), arecent study of Snake River stedlhead fishing by Normandeau Associates (1998),
and the work by Bergland and Brown (1988) on ocean sdmon fishing. A study on the Rogue River
produced economic values for different fishing seasons (Olson and Richards 1992).

None of the previous studies provide exactly the information needed for making management decisons
on the Columbia and Snake River systems. However, they do provide some reference points for
comparison. Studies from other regions provide awedth of information on the theory and methods of
economic vauation of fishery resourcesin generd. Table 2.11.1 ligts the economic values from sdected
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sudiesin the Pacific Northwest. Vaues have been updated to 1998 dollars, and standardized to a
value per day basis.

The vaues for sdmon and steel head range between $22 and $78 per day. The vaues for ocean sdmon
fishing range between $32 and $89 per day. The earliest sudy was done in 1962, and the most recent
was done in 1998 on the Snake River. Both the TCM and the CVM have undergone methodol ogical
refinement over this time period, which makesit difficult to precisely compare estimates between
studies.

Using previous studies (i.e., benefit trandfer) to esimate a sngle vaue for salmon or steelhead in the
Columbia and Snake River sysemsis problematic for a number of reasons. Previous studies likely used
methodol ogies that have since been improved, would have had assumptions and conditions that aren't
currently relevant to the Columbia/Snake system, and socioeconomic and demographic variables could
have changed sgnificantly over time. Despite these limitations, the range of vaues from these gudiesis
ratively smal (within $56 of each other), and could be used for lower and upper bounds in a benefit-
cost andysis. If the decision from the benefit-cost andlysis did not change from the lower to the upper
bound, then the andyst could fed rdlatively confident in the value estimates. If asingle vdue was
required (instead of arange), then it would be preferable to focus on studies that were most relevant to
the Columbia and Snake River systems. For steelhead, that would be reference numbers 70 (TCM and
CVM), 58, 64, 50, 54, and 19. The average vaue across those studiesis $52.85. For salmon, the
most relevant studies would be reference numbers 64, 58, and 50, and the average vaue is $51.43.
These average vaues show that sedhead are dightly higher vaued than sdmon, which is consstent with
studies where both sdlmon and steehead have been vaued using the same methodology in the same
location.

b. Anadromous Fish Values

A few studies report values for both salmon and steelhead (Table 2.11.2). These are noteworthy
because they dlow a comparison of sdlmon vs. steelhead vaues in Stuations where the study date and
method are the same. In al cases, the value of steelhead is greeter than the value of sdmon per day.
Offsetting this higher vaue for steelhead is the fact that more anglers fish for sdmon vs. sedhead. In
Oregon in 1989, there were 582,872 salmon angler days, and 359,179 steelhead angler days (The
Research Group 1991). Figure 2.11.8 shows that, in Oregon, the steelhead catch has been declining
since 1984, while the sdlmon catch has been generdly rising. The economic vaue of salmon and
gedhead in any given river will be afunction of the vaue of the species and the number of anglers
fishing for each.

C. Net Economic Value Discussion and Conclusions

The vauesin this report should be used with caution. Many studiesin other locations will not have
angling characterigtics that are smilar to those found in the Columbia and Snake River systems.
However, they can give a garting point to discuss sportfishing valuesin theserivers. More precise
estimates would require amgjor data collection and analyss effort.
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The sportfishing vaues of the Columbia and Snake Rivers represent the economic benefits to sdmon
and steelhead anglers for the opportunity to fish in theserivers. Some of the past studies estimated
these vaues when anadromous fish and subgtitute rivers were fairly abundant. Current fish stocks may
be much lower, and future policies could close some of the substitute rivers, making the remaining rivers
more vauable. Thelocation of rivers dlosed and left open will affect the relative vaue of different rivers.

These sportfishing values only represent use vaue of the sdmon and steelhead resource. There are dso
option and existence valuesto consder. The more endangered the sdmon or steelhead runs are on any
river, the more important these nonuse values become. In cases where the overall runs of sdmon
become endangered, nonuse vaues can easily be greater than use values. Previous studies have
edimated existence vaues for saimon on the Columbia River and the Elwha River.

The vauesin this section include both river and ocean fishing vaues. A large part of the value of river
fish runs comes from their contribution to ocean stocks. Both the recreationa and commercid value of
ocean fishing have to be consdered when assessing the total value of anadromous fish in any river.

Asin esimating economic impacts, a one fish per day is used as aproxy for vauing anadromous fish
produced in the Columbia River Basin and harvested in the ocean. The genera guiddineis that, for
recreational use value, $52.85 for steelhead and $51.43 for sdlmon per day (and therefore per fish)
represents the vaue that recregtiond anglers place on an anadromous fish produced in the Columbia
River Basn. When there was additiond information, this was utilized. For inland fishing below the
confluence of the Snake/Columbia, consderation is given to Chris Carter's vaue estimates (Carter,
March 1999), which basicaly use a success rate of one fish per day for ocean fishing and coho inland
fishing. For inland fishing, the rate varies from about one day per fish for coho to two days per fish for
steelhead and spring chinook. (Estimates of days per fish are based on Carter's economic vaue
assumptions of $50 per fish for coho, $75 per fish for fal chinook, and $100 per fish for steelhead and
spring chinook.) For tributary fishing, according to the results from Loomis (1999), the vaue of a day
of fishing in the studies is $63.23.
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Notes: 1.

Steelhead

Salmon

Ocean Salmon

Salmon and Steelhead Values - Selected Studies

LOCATION

Idaho
Oregon
Idaho
Oregon
Oregon
Rogue
Oregon
OR/WA
OR/WA

Columbia R.

Oregon
Idaho
Washington

Oregon
Oregon
Rogue
OR/WA
Alaska
OR/WA
B.C.

Columbia R.

Oregon

B.C.

Oregon
Washington
Oregon
Oregon
OR/WA
Washington

Salmon and Steelhead

Oregon
Chetco
Oregon

Table 2.11.1

REF#,DATE

70,1986
73,1983
70,1986
11,1983
12;1980
57,1992
38,1986
58,1990
64,1984
58,1990
50,1983
54,1998
19;1988

38,1986
12;1980
57,1992
64,1984
28;1991
58,1990
14,1987
58,1990
50,1983

14,1984
64,1962
17,1978
4,1988

50,1980
58,1990
64,1984

10;1965
33;1989
9;1976

Based on gross domestic implicit price deflator.

2. See Table 2.11.3 for reference number mapping.

METHOD

TCM
TCM
CVM
TCM
TCM
CVM
TCM
CVM
TCM
CVM
TCM
TCM
TCM

TCM
TCM
CVM
TCM
CVM
CVM
CVM
CVM
TCM

CVM
TCM
CVM
TCM
TCM
CVM
TCM

TCM
CVM
TCM

$1998
per day /1

22.77
27.41
32.33
34.64
35.86
38.69
43.39
43.72
44.23
58.30
69.34
73.57
78.54

20.99
25.50
29.97
32.44
37.57 -69.70
41.16
58.04
61.99
70.13

32.16
37.61
40.49
50.02
61.92
64.53
88.47

37.61
36.38
55.43
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Table 2.11.2
Salmon vs. Steelhead Values - Selected Studies ($1998)

LOCATION REF#;DATE SALMON STEELHEAD
Oregon 12;1980 25.50 35.86
Rogue 57;1992 29.97 38.69
OR/WA 64,1984 32.44 44.23
Idaho /1 26;1973 94.01 184.87
Oregon 38;1986 20.99 43.39
OR/WA 58;1990 41.16 43.72
Notes: 1. This study is included in this table to show the relationship between salmon and steelhead
values estimated within a single study, but is not included in the previous table because the
methodology was not consistent with other studies.
2. See Table 2.11.3 for reference number mapping.
Table 2.11.3
Studies Used to Determine Benefit Transfer Unit Value
Ref. No.  Author Ref. No.  Author
4 Bergland and Brown (1988) 33 Johnson et al. (1989)
9 Brown et al. (1976) 38 Loomis (1986)
10 Brown et al. (1965) 50 Meyer et al. (1983)
11 Brown et al. (1983) 54 Normandeau Associates (1998)
12 Brown et al. (1980) 57 Olsen, and Richards (1992)
14 Cameron and James (1987) 58 Olsen et al. (1990)
17 Crutchfield and Schelle (1978) 64 Riely (1988)
19 Demirelli (1988) 70 Sorg and Loomis (1986)
26 Gordon et al. (1973) 73 Strong (1983)
28 Hanneman and Carson (1991)

Note:  Full citation is included in References section.

Figure 2.11.8
Salmon and Steelhead Catch in Coastal Rivers
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CHAPTER II1. CHANGING PATTERN OF SALMON PRODUCTION
A. Hisoric Salmon Runs

To the Indians living dong the Columbia River, sdmon were their lifeblood, essentid to their

subsigtence, their culture, and their religion. A focd point of this great sdmon fishery for many centuries
was Wy-am, one of the longest continuoudy occupied sites on the North American continent. Located
near Cdlilo Fals on the Columbia River, the Wy-am area, before the Dales Dam in 1957, was a
commercid center during the fishing season. In autumn, as many as 5,000 people would gather to
trade, feast, and participate in games and religious ceremonies. Here at sdmon time were Indian goods
to be traded for the prized dried sdlmon from haf the continent. On hand were traders and goods, such
as aba one shells and Wampum beads from Cdifornia tribes, horses from the Nez Perce and Cayuse,
daves and dried clam mesat from the chinook, and buffao robes and native tobaccos from the plains
tribes of the Rockies (Spranger and Anderson).

The abundance of sdmon astonished Lewis and Clark when they first explored the region in 1805 and
1806. Many of the earliest accounts of the fishery were detailed in the diaries of these early explorers.
They refer to the "gtinking river," asweet rotting smell that came from the salmon carcasses dong the
banks of the Columbia.

Before Oregon became a state, fishing played an important part in the economy. Asearly as 1828,
various trading companies were purchasing and exporting saimon caught by the Indians on the Columbia
River. Thefirs commercia use of fishery products in Oregon was the packing of sdmon.

Development of the canning process in the mid 1800's creeted a huge demand for salmon.

Scandinavian and French immigrants worked with gillnets, beach seines, and fish whedls to harvest the
abundant fish. The lower Columbia became the West Coast center of the packing industry (West

Coast Fisheries Development Foundation 1986). Smaller canning projects developed on the coastal
river systems, like the Umpqua.

In the 1860's, the process of canning salmon was perfected, permitting the fish to be transported over
long distances, stored for extended periods, and kept palatable for consumers. By the 1880's, as many
as 55 canneries were operating on or near the Columbia. In 1883 atotal of 43 million pounds of
chinook was harvested (Spranger and Anderson). At thistime, only the vauable chinook sdmon was
canned. The other species, coho, sockeye, and chum, as well as stedlhead were not utilized by the
canners.

Asthe 1893 Commissoner's Report states, "In the early years of the salmon-packing business on the
Columbia chinook sdmon were extremely abundant, comprising the bulk of the run and the pack; other
varieties were unutilized. With the beginning of a decrease in the abundance of chinook salmon the small
blueback salmon (sockeye) was brought more into notice.. . . up to acomparatively recent date the
stedhead, which has dways occurred abundantly in the Columbia, was considered wholly unsuitable for
packing. The same cause, however, which brought the blueback into use has led to the utilization of the
dedhead. Recently the demand for canned salmon in certain sections of the country has called for a
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chegper grade of fish, which has brought the neglected steehead into prominence. The slver sdmon,
which does not enter the river until most of the canneries are closed, has aso been canned in some
quantities, and both it and steelhead have met with aready sde that has yearly shown tendenciesto
greatly increase.” (United States Commission of Fish and Fisheries 1895, pp.240-241).

The totd harvested pounds of sdlmon and steelhead in the early 1890's ranged from 21 million pounds
to 33 millions pounds. Chinook were generaly about $1.00 per fish (in those years prices), with other
fish priced from $0.10 to $0.25 each. In the early 1890's the ex-vessd values were about $1 million.
At today's prices, the ex-vessd value of these landings would be about $80 to $90 million.

In the late 1880's and early 1890's, the sdmon canning industry was developing in Alaska. Thisand a
nationwide genera recession resulted in downward pressures on Columbia River harvested samon
prices. "For severd years prior to 1880 the men had been receiving $1.00 each for chinook salmon . . .
The men demanded $1.25 each for their fish, which, being refused, a genera strike was begun which
lasted throughout the month of April. After losing one month of the short sdlmon season, the men
agreed to the price firgt offered . . . One dollar per fish was paid up to June 1, after which the canneries
would give only $0.75 for chinooks." (United States Commission of Fish and Fisheries 1895, p.241).

In more recent times, the Columbia River produced around 20 million pounds until the late 1940's.
Since then, the total poundage harvested commercidly generdly declined to the very low level in 1993,
when atotd of just over one million pounds of sdmon was harvested in the Columbia River (Radtke and
Davis, August 1994). As fish numbers have declined, so have the revenues received by fishermen.

Edtimates of "pre-development™ salmon run size depend on historica catch records and in some cases
higtoric habitat availability. The Northwest Power Planning Council (NPPC), in order to assess the
salmon and steelhead | oses attributable to hydropower development and operations, developed
estimates of "pre-European development” run sizes (NPPC, p.1). They concluded that up to 16 million
fish run sizeis probably the most reasonable estimate of Columbia River higtoric sdmon and steelheed
runs (see Table 2.111.1) (NPPC, pp.14-17). At recent historical prices, the ex-vessel vaue of the pre-
development sdlmon and steelhead runs, at a 50 percent explaitation rate, would be about $272 million
for the Columbia River Basin (Table 2.111.1).

B. Columbia River Basin Salmon Fisheries

Sdmon has been asignificant and recurring source of protein for Oregonians. The abundant sdlmon
runs of the Columbia supported a great trading center at Wy-am (Cdlilo Falls near The Dalles) for the
Pacific Northwest Indians. The Indians netted and speared salmon from platforms and racks as the fish
labored to get over thefalls.

The development of commercid salmon harvesting did not begin until the 1850's and 1860's when
canning of sdmon was developed. Asthe canning process was perfected, the number of fish harvesters
and methods of harvesting increased.
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Table 2.111.1
Estimated Historic, Pre-Development Salmon and Steelhead Run Size of the
Columbia River System and Resulting Annual Potential Ex-Vessel Revenues

Average Ex-Vessel
Total Number of Weight per Revenues at 50%

Fish Fish in Total Pounds Harvest Rate

Species (thousands) Pounds (thousands)  Price (thousands)
Spring chinook 2,300 20 46,000 3.25 74,750
Summer chinook 4,600 20 92,000 3.25 149,500
Fall chinook 2,300 20 46,000 1.00 23,000
Coho 1,780 9.0 16,020 1.00 8,010
Sockeye 2,600 3.5 9,100 2.00 9,100
Chum 1,392 12 16,704 0.60 5,011
Steelhead 1,348 8.5 11,458 0.60 3,437
Total 16,320 237,282 272,808

Notes: 1. Total number of fish from: NPPC (1986), pp.18-19.

2. Price is representative price per pound. These represent recent years prices for salmon
harvested in the Columbia River. In the world salmon market, regional salmon production
should be considered a commodity. Spring and summer chinook having timing and quality
characteristics that command attractive prices.

3. Ex-vessel revenues at 50 percent harvest rate in most years with healthy stocks is
considered a sustainable harvest rate.

Source: Radtke and Davis (January 1996, p. C-28).

Most fish were caught with gillnets, which entangle the fish. On the lower Columbia, trap nets and purse
seines were used to catch sdmon. The fish entered the trap nets through a narrow opening and, unable
to find their way out, were stranded at low tide and taken out by dipnet. By the 1880's, horse drawn
seineswere used. The nets could harvest thousands of pounds of fish; in 1921, one net caught 60,000
pounds in one hour (Spranger and Anderson). That caculates to 3,000 fish or about $3,000 of
revenue. In these years, for an average worker, $1,000 per year was considered a lucrative income for
one person.

Fish whedswere dso used. Strategicdly located in the pathways of migrating sdmon, the fish whedls
used the swift river current to catch and deposit the fish into boxes. By 1899, 76 fish whedswerein
operation on the Columbia River (Spranger and Anderson). A fish whed could average 100,000
pounds of salmon per year (or up to 6,000 fish).

In 1912, afew gillnet boats equipped with gasoline engines began to follow sdmon into the ocean. By
1915, an estimated 500 boats were working off the mouth of the Columbia. By 1920, at least 1,000
trollers were operating out of anumber of coastal ports. There were no seasond restrictions on ocean
fishing and markets demanded a more steady supply of samon than the river fisheries could provide
(West Coast Fisheries Development Foundation 1986).
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By 1943, the trall fishery hit an al-time low, with only 86,000 fish harvested. Fishery managers and
legidators responded with increased gear restrictions, quotas, and increased hatchery construction.

As the saimon runs began to decline, the fishermen bettled for their share. Each gear group clamed that
its method of fishing was less harmful to the sdimon runs than its competitor's. For example, fish whedls
were outlawed in Oregon in 1926; seines were outlawed on the Columbia River in 1950. Gillnetting in
al Oregon rivers except the Columbiawas dso diminated in the 1950's. Today, trall fishing in the
ocean, gillnetting on the Columbia, Indian gillnetting on the Columbia, and sport fishing in the Columbia
and Oregon coastd rivers as well as open ocean are dlowed under seasond regulations.

During their life cycle, sdmon range over alarge and diverse land and seascagpe. De facto harvests of
sdmon can take place by not dlowing the sdmon cycle to be completed. Overharvesting by the early
commercid fishing fleet took itstoll on saimon abundance. Dams, urban devel opment, and land
management activities aso redtricted the sdmon cycle and reduced the region's capacity to produce
harvestable sdimon. As redtrictions on gear and geographic areas took place, fishing activity on
Columbia River Basin produced fish developed in ocean waters off Oregon, Washington, Cdifornia,
British Columbiaand Alaska. Some of these fisheries specificaly target on Columbia River Basin
produced fish; others harvest fish incidentaly to targeting other salmon species. Other fisheries catch
sdmon incidentally to other marine species and most are discarded deed at sea.

C. Salmon Markets, Artificial Propagation, and Changing Harvests
1. Changing Salmon Markets'

In the past, the Sacramento River and the coastd areas of Washington, Oregon, and Cdiforniawere
important for salmon production. Thefirst canning operations in the western United States devel oped
close to population centersin Cdifornia. Asthe stocks of the Sacramento River were fished down, the
Cdiforniarivers polluted by the impact of gold miners, and as methods of canning were being
developed, the Columbia River fish became attractive dternatives. At the pesk, in 1883, nearly
630,000 cases of chinook were canned on the Columbia River (Cone 1995, p.107). Thistrandates
roughly to about 40 million pounds of gross weight or abut 2.0 million chinook salmon at 20 pounds
average. This does not include the wasted slmon, due to congestion at the packing plants, etc. As
was reported in ord higtory, "Every other night there would be them fish, beautiful big sdmon, all
washed and cleaned and ready . . . Then we would just have to go out and shovel them, often by the
hundreds, back into the river (Cone 1995, p.115).

As canning and transportation methods advanced, the mgjor West Coast sdlmon processing moved
northward to Alaska. Asfor the Columbia, the declining abundance received another technologica
answer. Mr. W. A. Wilcox, an agent of the U. S. Fish Commission, who visited Portland on his regular
tour of ingpection of the region's fisheries, commented to the Oregonian in 1896, "The vast volume of
fresh water coming down the Columbia will make it dmost impossible ever to pollute it sufficiently to

1. Much of this section isfrom Radtke and Davis (January 1996, p. A-4).
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drive away the sdmon, and it is hardly possible that civilization will ever crowd its banks to an extent
that will endanger that [sdmon indudtry], so | supposeit is safe to say that Columbia River salmon will
aways continue to be achoice dish in dl parts of theworld . . . of course, the increased demand for fish
and the growing scarcity of the same will call for more aid toward artificia propagation in order to keep
up the supply.” (Cone 1995, p.114).

The dam building period of the mid 1900's may not have affected the water purity, but it did affect the
historical water flow with which specific species of sadmon had evolved. The mix of sdmon species and
the timing of the runs were dtered to the detriment of the Columbia River product. Instead of producing
the bulk of sdmon at the first of the season (spring chinook), the Columbia River fish now being
produced were in greater competition with the sdlmon harvests in Alaska. The spring chinook that was
traditionaly harvested in the soring and summer is of high quality destined for specific markets. The
change to late summer and fall harvests of fal chinook and other sdmon species produced fish of lower
qudity and speciesthat were also harvested in great quantitiesin other areas of the West Coadt.

Samon processing made great progressin the first Sixty years after the first sdmon cannery was built,
but there was rdatively little change in canning technology in the early 1900's. Canneries face two
extremes of durability in their two principad markets. in their buying market they are faced with ahighly
perishable product and in their sdling market a very durable one (Rubinstein 1966, p.18).

By 1888, a method of freezing was developed (Rubinstein 1966, p.17). Asadirect method of
presentation, it greatly increased the marketing capability of salmon, especidly the highly desired
chinook and sockeye species. In the last decade, as the use of ice and chilled seawater in harvesting
boats, in tenders, and in processing is more common, marketing of fresh and quality frozen fish has
dramatically improved. Coupled with speedier trangportation systems, fresh and qudity frozen fish are
being shipped from any production areato markets throughout the world in avery short time. The new
preservation and trangportation methods improved the opportunities to market Columbia River fish
throughout the world.

Since the early 1980's, improved captive sdlmon propagation procedures and transportation systems
have dlowed sdmon aguaculture to supply the needs of the world market with a consstent supply of
sdmon. Samon aquaculture, with its promise of congstent supply, is setting standards that have to be
addressed by any other producers of sdlmon.

The world supply of sdmon is going through dramatic changes. Captured sdmon production has
increased from about 600 thousand metric tons (mt) in 1980 to over 800 thousand mt in 1996. At the
same time that captured smon production increased, farmed sdmon increased from no production in
1980 to over 700 thousand mt in 1996. Salmon supplies that were traditionally dependent on
commercid harvests are changing toward farmed salmon production. Today's globa salmon markets
are characterized by strong competition and rapidly growing supplies of cultured product. Between
1980 and 1995, annua harvests of wild and farmed salmon increased from less than 600 thousand nt
to over 1.4 million mt. Growth in total sdmon production is forecast to continue, reaching over 1.8
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million mt by the year 2000 (Figure 2.111.2). Farmed salmon production is expected to increase to one
haf of total production within the next five to 10 years.

Figure 2.111.2
World Salmon Supplies, 1980-2000
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Source: Salmon Market Information Service (1995).

2. Changing Salmon Production
Salmon production may be described as coming from three sources. These arel

Natural production
Hatchery enhancement
Farmed salmon

The U.S. and Canada have production from various levelsin al of these sources. In the Sacramento-
San Joaquin system, the commercia sdmon harvest was as high as 12 million pounds (Western Water
1992). Therewasllittle control of this fishery, however, and over-fishing and industria water based
development caused a dramatic decline in sdmon runs. Samon hatcheries were established to mitigate
for habitat destruction and for saimon run enhancement. The firgt Cdifornia hatchery was established in
1872, the Baird Hatchery on the McCloud River. Today, dmost dl Cdifornia chinook salmon
production and about 70 to 75 percent of al Columbia River System salmon production is hatchery
based (Washington Department of Fish and Wildlife (WDFW) and ODFW 1996).
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As compensation for the loss of wild saimonid production, many artificia propagation hatcheries were
built throughout the Columbia River Basin. Mogt of the sdmon harvested on the west coast of North
America come from Alaskawaters. In Alaska, about 90 percent of al fish harvested are naturaly
produced fish (McNair and McGee 1994). Harvestsin Alaska make up about 80 percent of dl salmon
harvested on the U.S.-Canada West Coast; therefore, about 75 to 85 percent of al salmon produced
and harvested in the U.S. and Canada West Coast are naturally spawned.

Hatchery production may be used as a subgtitute for natural spawners. However, while commercid
harvest may be increased significantly for some period, overal sdmon production may aso be
decreased. Harvest rates based on the low number of returns necessary to seed another generation of
hatchery fish can be too high to sustain natural production. Also, natura stock recruitment can be
negeatively affected by hatchery smolt releases (Anderson and Wilen 1985, pp.459-467), due primarily
to natural selection process, competition for food, attraction of predators, and increased harvesting
pressures. Basic, fundamenta questions are being asked by scientists about the efficacy of hatchery
programs and their effects on wild stocks. "It is now clear from synthesis of experience and from
congderation of well-established biologicd knowledge that hatcheries have had demographic,
ecological, and genetic impacts on wild saimon populations and have caused problems related to the
behavior, hedth, and physiology of hatchery fish." (National Research Council 1996, pp.11-14).

Artificid sdmon propagation in the Columbia River Basn was initiated in the late 1800's when managers
redlized that "...the increased demand for fish and the growing scarcity of the same will cal for more ad
toward artificiad propagation in order to keep up the supply.” (Cone 1995, p.114). Mot of the early
hatcheries were built for enhancement of salmon. Asthe waters of the Columbia River were used to
develop the Pecific Northwest, artificid propagation was used to “mitigate” for the detrimentd effects of
the water projects.

Federa statutes such as the Federa Power Act and the Fish and Wildlife Coordination Act of 1934,
were designed to provide mitigation for damage caused by water and other federd projects (WY -
KAN-USH-MI WA-KISH-WIT 1995, pp.4-6). The Mitchell Act of 1938 is an example of these
mitigation agreements. This Act funds amgority of mainstream Columbia River hatchery operations.

The Pacific Sdmon Treaty (PST) between the United States and Canada a so emphasized increased
artificia propagation in order to satisfy dlocation demands for sdmon. And later, under the NPPC’ s
god of "doubling the sdmon runs" the emphasisis dso on increasing hatchery production.

Two mgor factorstook place since the 1980's that may be changing the optimistic emphasis on atificia
propagation. One isthe Endangered Species Act (ESA), and the other isthe changing surviva rates of

samon in the ocean environment. The concern about certain species or sub-species of samon, and the

overdl effect of hatchery fish on the survival of these species, has led to the NMFS placing acap on the
totd hatchery releases in the Columbia River system.
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The NMFS cap for smolt production from the Columbia River Basin & 197 million smolts (Table
2.111.2) isto protect the sdlmon runs that have been declared threatened or endangered. Thecapin
effect requires reduction in smolt production and limits future growth of hatchery releases to those that
have been identified as supplementa to wild production. " Supplementation is considered one of the
magor tools available to assst in rebuilding depressed Columbia River Basin sdlmon runs' (TAC 1997,
p.6), with the cavest that "Ecologica and genetic science suggests that artificia propagation must be
carefully integrated into the functioning of the entire ecosystem.” (Scientific Review Team 1999).

The early years of dam congtruction may have coincided with some very high surviva rates of salmon
smolts to harvestable adults. Survivd rates for hatchery released coho were as high as eight percent in
some of these years. They averaged about four percent in the 1980's, and are now less than one
percent. Chinook surviva rates, both fal and spring, have also decreased to fractions of what they had
been in eaxlier years.

Table 2.111.2
Annual Cap Smolt Production for Unlisted Species in the Columbia River Basin
Established in NMFS Proposed Recovery Plan, March 1995

Spring Fall Sea-Run

Agency Chinook Chinook Coho Steelhead Chum Sockeye Cutthroat Total

Snake River
BPA 454,700 454,700
COE 2,300,000 2,300,000
USFWS 5,532,816 800,000 6,351,000 12,683,816
IDFG 3,000,000 1,800,000 4,800,000
Snake River 8,987,516 800,000 10,451,000 20,238,516
Total

Non-Snake River
SFWS 3,975,000 400,000 4,375,000
NMFS 10,241,700 75,984,750 21,836,000 2,434,250 126,975 110,623,675
COE 6,968,000 10,380,000 507,500 17,855,500
BPA 1,290,000 2,700,000 150,000 4,140,000
BIA 150,000 150,000
ODFW 800,000 900,000 2,868,450 729,250 15,000 5,312,700
WDFW 7,014,500 14,909,500 9,700,200 2,435,000 300,000 240,000 145,000 34,744,200
Non-Snake 30,289,200 104,874,250 34,404,650 6,656,000 300,000 390,000 286,975 177,201,075
River Total

Basin Total 39,276,716 105,674,250 34,404,650 17,107,000 300,000 390,000 286,975 197,439,591

Notes: 1. Only the total production in the Snake River (20.2 million) and the total production in the
Columbia River Basin (197 million) are specified in the production ceiling included in the
proposed recovery plan (usually called the cap). The specie and geographic area of production
estimates are made using current production levels.

2. Subsequent yearly hatchery releases change. For example, the 1998 hatchery releases are
about 170 million total smolts. These releases are within the framework of the "cap.”

Source: U.S. Department of Commerce (March 1995). (This table is not in the report, but was constructed

from report data.)
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Asthe cost congderations of hatchery production are included with environmentd factors, the overdl
emphasisis shifting toward natural production, or hatchery operations that strive to " supplement” naturd
production. Supplementation Strategies are based on increases in habitat productivity. Without
increases in habitat productivity, the required supplementation budgets may double over the next 25
years (Smith 1999).

3. Changing Patternsin Salmon Harvests

The history of sdlmon harvests has been one of trangition, from spears and dip nets, to improved and
new technologies, such as diesd engines, entrgoment nets, and trolling poles. Thefirst canning
operations in the western U.S. developed close to population centersin California. Asthe stocks of the
Sacramento River were fished down, the Columbia River fish became more attractive. Most of these
fish were harvested by nets (gillnets or seines) or fish whedls. As fish became scarcer and gas powered
engines dlowed fishermen to venture out farther into the ocean, trolling for sdmon became an dtractive
dternative. Asfishermen ventured farther into the ocean, sdmon returning to their spawning aress were
"intercepted.” Asaresult, the river of production (spawning and rearing) is many times no longer the
areaof harvest. In mogt parts of Alaska, most sdmon are harvested in or close to the river of
production. Careful management assures that a sustainable level of spawners "escagpe’ to each
watershed. In the lower part of Alaska, fishing isdlowed (including trolling) that targets on sdlmon
produced from and returning to waters in Canada and the "lower 48." Internationd conflicts arise over
these "interceptions.”

The spawning and production of salmon in awatershed may not be related to the level of harvestina
certain watershed. For example, between the 1870's and 1920's most of the fish produced in the
Columbia River system were harvested in Columbia River waters. As ocean fisheries developed, a
mgority of the fish produced in the Columbia River Basin were harvested in marine waters from
Cdiforniato Alaska Interestingly, this results in transferring economic investments in Columbia River
anadromous fish production to distant economies.

4, Effect of Changing Markets, Production, and Harvests

The "squeeze' between Alaskas production of canned and frozen sdlmon and agquaculture's production
of fresh sdmon puts Columbia River sdmon production into a price and market taker pogition. Thered
price of troll caught chinook salmon, for example, has decreased from $5 in the 1980's to less than
$1.50 today (Figure 2.111.3). Thisisabout a 70 percent decline in real prices at atime when most other
seafood prices have remained congtant. The change from the prized spring chinook to lower qudity fall
chinook does not allow Columbia River salmon production any competitive or market advantage. The
effect of economic development, hatchery production, and mixed stock, open access fisheries has been
to reduce the tota, and the species composition, of returning salmon to the Columbia River. "Totd runs
have decreased from about 11 million fish returning per year,! before European settlement, to 2.9

1. TheNPPC estimated that pre-European development runs were as high as 16 million fish (NPPC, March 1996).
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Figure 2.111.3
1971-1997 Annual Commercial Troll Salmon Ex-Vessel Prices Trends
(Adjusted for Inflation, 1997 Base)
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== Troll Chinook
—a&— Troll Coho
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Real Price (dollars)
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1.00
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Notes: 1. Prices adjusted to real 1997 dollars using the gross national product implicit price deflator
developed by the U.S. Bureau of Economic Analysis.
Prices are annual and species averaged and are for Oregon landings only.
Average prices for salmon include seasonal and size considerations.
4, Ex-vessel price is the amount paid to fishers at the time of fish delivery.
Source: Radtke and Davis (1999).

wnN

million fish (1977-1981 average); sockeye and chum have been mostly replaced; and upper river
production of gpring and summer chinook has been replaced by lower river returning fall chinook and
coho" (Figures 2.111.4ato 2.111.4b) (Lee 1993). Because of unfavorable ocean conditions, such as El
Nifio events, total adult fish harvested or returning to the Columbia River Basin during the 1990's has
been around one to 1.5 million fish.
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Figure 2.1ll.4a
Distribution of Columbia River Salmon, Showing Abundance Above and Below the Site of
Bonneville Dam (Area of Circles is Proportional to Estimated Population Sizes)

Lower river 23%

Upper river 77%

(a) Predevelopment: 11 million per year

Upper river 42%

Lower river 58%
(b) 1977-1981 average: 2.9 million per year

Source: Lee (1993).

Figure 2.1Il.4b
Species Composition of Columbia River Salmon
(Area of Circles is Proportional to Estimated Population Sizes)

Steelhead 8%

Coho 11%

Sockeye 76% .
Chinook 57%

Chum 8%
a. Predevelopment (before 1850): 11 million per year

Steelhead 8%

Coho 28%
Chinook 61%

Sockeye 2% .
Chum 1%

b. 1977-1981 average: 2.9 million per year
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Source: Lee (1993).
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CHAPTERIV. SALMON MANAGEMENT
A. Background

Sdmon are fully migratory and know no jurisdictiond or political bounds. They spawn in rivers and
eduaries, then migrate as fingerlings into the marine system early in ther life cycle, or feed and grow in
freshwater for up to ayear to migrate into the ocean as smolts weighing as much as 50 grams. Each of
the mgjor species of saimon (chinook, coho, sockeye, chum, pinks, and steelhead) have developed their
own system of reliance on fresh or marine waters (Figure 2.1V .1).

Figure 2.1V.1
Processes of Ocean Ranching of Five Species of Pacific Salmon

chinook, sockeye, and

INCUBATION l FRESHWATER
SYSTEM NURSERY

MARINE NURSERY

all species

Source: McNeil and Baily (July 1975).

Artificid propagation seeks to subgtitute for portions of thiscycle. Pink and chums spend very little time
in the incubation area and move to the marine nursery soon after the spawned egg moves into the “fish”
cycle. Artificia propagation costs tend to be low, about $0.02 per “eyed” egg, and survivd raesinto
fisheries may be very low and il return revenues grester than the cost of propagation. Other fish, such
as coho or steelhead that require alonger period of time in fresh water (hatcheries) may cost as much as
$0.60 per released smolt. Surviva rates to fisheries are therefore an important consderetion in artificia
propagation management.
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Sdmon hatcheries were built in the Columbia River system to replace and/or increase natura

production. Some of these hatcheries were built as mitigation for specific interruptions (such as dams),
others were built for enhancement or economic development objectives. The operation of the mitigation
hatcheries may therefore be secondary to the cost considerations of artificial propagation, and the
congderation for these mitigation agreements seems to be the number of harvestable adults for any
specific areaor year.

The migration route of the sdmon species and subspecies dso varies. Fal chinook from the Columbia
River system tend to migrate north through waters off Canada and Alaska, while coho that spawn in the
lower Columbia River tend to migrate as far north as do fal chinook (Figure 2.1V.2). Steelhead are
ocean wanderers that range as far as Russan waters in the Western Pecific.

These wide-ranging migratory patterns have made salmon very susceptible to habitat changes and a
variety of predators. With technologica changes in marine transportation (boats and combustible
engines) and fishing gear (monofilament nets and line) man has become the most effective predator in
fresh aswedl as marine waters. The number of sdmon that were taken in high seas fisheries after World
War |1 became a concern to many countries. A genera understanding has been reached through
variousinternaiona agreements and conventions of a prohibition againgt directed sdmon fisheriesin the
open oceans or in the high seas (Nationa Research Council 1996, p.262). There has developed an
agreement againg retention of sdmon taken incidentaly in fishing for other species. Thereisaso a
generd agreement that those countries in whose waters saimon originate should receive the primary
benefit from these fish.

Samon harvested in any area are subjected to historica treaties or agreements. Such agreements may
or may not be valid for future harvest dlocations. The purpose of this chapter isto describe, in generd
form, some of the mgor treaties and agreements that affect the harvest of Columbia River Basin
produced anadromous fish. Higtorical harvest patterns and anticipated treaty obligationswill be used in
edtimating future harvest and therefore economic impacts (both regiona economic impacts and
estimated vaue impacts) of these harvests.

B. Treatiesand Agreements

There are ahogt of salmon tregties and agreements that affect sdmon of the Columbia River system.
These can be categorized as international understandings, such as the 1992 International North
Pecific Fisheries Commission (INPFC) Convention (Shepard and Argue, February 1998), the United
Nations Convention on the Law of the Sea (UNCLOS) which entered into force in November 1994,
the PST between the United States and Canada, harvest management agreement processes such as
the PFMC, agreements to rebuild the stocks such as the Northwest Power Act, court decisions that
have defined the obligations to Northwest Indian Tribes, and most recently federal mandates to
protect salmon stocks under the ESA. Figure 2.1V.3 depicts some historica regulatory jurisdictions
with partid authority over various stocks of saimon and steelhead production in the Columbia River.
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Figure 2.1V.2
Habitat and Range of Columbia River Basin Anadromous Fish

@ CRITFC 1995

Source:  WY-KAN-USH-MI WA-KISH-WIT (1995).
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Figure 2.1V.3
Regulatory Jurisdictions With Partial Authority Over Various Stocks of Salmon and
Steelhead Produced in the Columbia River and Washington Conservation Areas

International North Pacific
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The convention covers the — : ; 7 ————
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Pacific Salmon Treaty (PST)
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Each country should
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Source: NMFS (1984).
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Thefollowing is ashort discusson of some of the agreements, treeties, acts or mandates thet affect or
may affect the fish that are managed for harvest in any geographic region.

1. The Northwest Power Act of 1980

The waters of the Columbia River system were the basis of amassive program to develop the
Northwest. The Columbia River was “tamed” to provide subsidized dectricity, irrigation, and
navigation for industries and citizens of the west. Some of the cogts of this development program began
to beredlized in the 1960's and 1970's. Demand for cheap power was forecast, and sections of the
Pecific Northwest society believed that their historical share in sdlmon harvests was not being redlized.
The solution to these emerging issues was the Northwest Power Act of 1980.

“The Act was designed to solve a set of socid problems by technologica means..... Asdemand for
power grew during the 1970's, more power plants seemed necessary to utilities..... Indian tribesand
fishermen. ..were demanding that the damage to the Columbia s fish runs be repaired.... Congress
sought to accommodate them dl..... The clamsof Indian tribes posed another threet to the region’s
power supply and economy. After ther initia victories over fish harves, the tribes filed more cases.
Rulingsin the lower courts suggested thet the tribes might be awarded aright to enjoy a productive
natura system.” (Lee 1993, pp.31-32).

The Northwest Power Act had two principlesto prove: that energy conservation made good business
sense, and that the Columbia s sdmon runs could be salvaged while preserving the dams and their
economic benefits. Electric power consumers are obliged to find, through the Bonneville Power
Adminigration, a program to “protect, mitigate, and enhance fish and wildlife to the extent affected by
the development and operation of any hydro-dectric project of the Columbia River and its tributaries.”
(Lee 1993, p.40).

In 1986 the council.....set the responsibility of present-day rate payers at between 8 and 11 million
adult fish per year. Theloss of this many fish, above and beyond the remaining 2.5 million returning to
the river, could be ascribed to hydrodectric power generation...... The biologica capability of the
remaining habitat and technicdly feasible haichery stes may fdl wel below 8 million fish.” (Lee 1993,
p.40). “The Columbia River Basin Fish and Wildlife Program has “. . . interim god of doubling sdmon
populations over an unspecified time. .. Doubling populations while continuing to harvest & levels
smilar to those of recent years increases costs and biological risks; large scae reliance on hatcheriesis
unavoidable. ..” (Lee 1993, p.41).

“[ The] requirement to share the catch equally between Indian and non-Indian harvesters forced the
creation of anew st of inditutional mechanisms to regulate fisheries. The Columbia River Basin
program amed at rebuilding harvestable populations of sdmon - agod that requires hatcheries. The
Council continued, however, to defer to the authority of the fisheries management agencies and Indian
tribes on matters concerning harvests. Supplementation thus promises effective use of existing and new

1. Much of thissectionisfrom Lee (1993).
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hatchery capacity together with the hope of rebuilding wild stocks in their native streams and a
population levels that will permit harvest.” (Lee 1993, p.42).

The above discussion isincluded as a background to the NPPC’ s god to “double the sdlmon runs.”
For amore detailed discussion on the legd aspects of the Columbia River Basin Fish and Wildlife
Program, refer to WY -KAN-USH-MI WA-KISH-WIT (1995).

2. Pacific Salmon Treaty 1985

Because sdlmon have been intercepted in the high seas with gear such as large drift nets, a generd
agreement has been reached on the “area of origin concept” as it gpplies to anadromous fish stocks.
The principle is that the benefits of enhancement should accrue principdly to the nation that makes the
enhancement investment. Incentives are therefore created for each country to conserve and enhance
vauable sdmon stocks by establishing fishery regimes which will subgtantialy reduce the interception of
each nation’s stocks by the other nation.*

The concept is Smple, but bogs down in detail of what congtitutes a nation’ s waters. Does thisinclude
the three mile state waters or the 200 mile EEZ, or does the definition include only fresh water and river
estuaries?

Provisions of the 1985 PST between the United States and Canada require that “each Party shal
manage its fisheries and its salmon enhancement programs so as to. .. provide for each Party to receive
benefits equivaent to the production of sdlmon originating in itswaters.” (Article 111, paragraph 1b)
Recognizing thet it is not possible to fully diminate interceptions of sdmon by the two countries without
unacceptably disrupting traditiond fisheries of both countries, the Treaty neverthel ess seeksto ensure
that each country receives benefits equivalent to its own salmon production. The Treaty does not
specify exactly how the “equity principle’ isto be implemented, but rather leaves thistask to the Pecific
Samon Commission (PSC), implementing body of the Treaty.? By fishing off each other's sdimon
stocks for some agreed upon quota, both countries have overfished the stocks. Alaskais advocating an
“abundance based” fishery that takes into account the time that sdmon “graze” in their waters. Canada
maintains that a large share belongs to them based on the originating principle.

Asof April 1998 negotiations are underway between Canada and the United States on the sharing of
sdmon that may intermingle in each other'swaters. A recent historic sharing of sdmon produced from
the Columbia River syslem may provide an indication of Canadian sdmon harvests of Columbia River
system produced salmon.

For every ten coho and chinook salmon produced in Washington, Oregon and Idaho, six or more are
harvested in Canada. Conversaly, U.S. citizens of the Pecific Northwest harvest runs of sockeye and

1. Comments made during the negotiation of the United Nations Law of the Sea Convention. Taken from Shepard
and Argue (1988).

2. Taken from apaper prepared by U.S. participants for the Pacific Salmon Commission Workshop on Va uation
Methodol ogies, held on September 23-25, 1991 at Kah-Nee-Ta, Oregon.
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pink salmon which originatein Canada. Alaska fisheries aso intercept chinook salmon from the lower
Pacific Northwest and Fraser River (Canada) sockeye.

The central theme of the PST isthat harvests and interceptions of each other's sdmon may be
controlled, and that naturdly spawning sdmon could be protected while a the same time increasing the
abundance of hatchery produced sdmon. Two mgor problems have emerged that may affect the
success of the PST. Oneisthe issue of equity and what congtitutes “producing waters.” Alaska, as
part of the U.S. delegation, argues that fish that migrate through its waters are “grazing” on its resources,
and that the time the sdlmon spend in Alaskan waters should be counted as sdmon “originating” in these
waters. The second issue is the reliance on hatchery production. As ocean conditions have changed
due to factors such as El Nifio, sdmon ocean surviva has decreased to record historic lows.
Expectations of increased harvests driven by increased hatchery capacity have not materialized, resulting
in the carefully negotiated alocation agreements not being met.

The PSC determines the dlowable total salmon to be harvested by the U.S. and Canada. Mgjor
provisons of the PST that affect Columbia River stocks.

Southeast Alaska - Treaty quota of 263,000 chinook for the troll fishery

Northern British Columbia - Treaty quota of 263,000 chinook for the troll fishery
West Coast Vancouver Idand - Treaty quota of 360,000 chinook and 1.8 million coho
Georgia Strait Sport and Troll - Treaty quota of 275,000 chinook

The PSC's primary function isto control harvest. Concurrent with catch restraintsin PSC fisheries, the
management agencies are required to “pass through” any fish saved by the curtailed PSC fisheries so
that these fish would principaly accrue to the spawning grounds. This* pass through” agreement
requires certain restraints on the U.S. domestic fisheries not to intercept fish needed to rebuild the
spawning population of depressed sdlmon runsin locd rivers.

3. Pacific Fishery Management Council

The PFMC isthe primary agency that manages the harvests of sdmon in the waters off Washington,
Oregon and Cdifornia. The PFMC provides guidance to the U.S. Secretary of Commerce on the
management of fisheriesin waters off Washington, Oregon, and Cdifornia. All fisheries of the Columbia
River are established within the guidelines and condraints of the CRFMP, the ESA, and management
agreements negotiated between the partiesto U.S. v. Oregon.

The PFMC was established as one of eight regiona councilsin the U.S. that would regulate the fisheries
in waters off the shores of the U.S. according to principles and objectives of the Magnuson Act of

1976. Fisheries are managed according to established Fisheries Management Plans (FMPs) that may
be amended. A generd description of the existing and proposed renewed salmon management plans as
they relate to the Columbia River produced samon follows.
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a. Management Unit

Pecific Coast sdmon are managed by the PFMC in accordance with Section 11.0 of the Pacific Coast
Samon Plan asrevised in 1996. The management unit includes those stocks of sdmon of U.S. origin
that are harvested in the exclusive economic zone (EEZ) off the coasts of Washington, Oregon, and
Cdifornia. Exceptions are those stocks which are managed there by another management entity with
primary jurisdiction, (i.e. sockeye and pink salmon by the Fraser River Pand of the PSC in the Fraser
River Pand Area (U.S.) between 49°N and 48°N latitude. Chinook and coho sdlmon are the main
gpecies caught in the ocean sdlmon fisheries operating off \Washington, Oregon, and Cdifornia. The
catch of pink sdmon in odd-numbered yearsis dso significant. The management unit represents a coast
wide aggregate of sdlmon stocks which are further broken down by species into principal stock
components for ocean management purposes. The principa stock components represent a Stratification
by shared life-hitory traits, habit preference, and genetic amilarities to facilitate greater management
sengtivity to trends in regiona abundance and increase the protection of the genetic diversity found
within the coverage area. Table 2.1V.1 contains a complete listing of the principa stock componentsin
the Salmon FMP.

Active management condderation is given to each principa stock component which is either Sgnificantly
impacted by PFMC fisheries or listed under the ESA. The principa stock components which meet the
exploitation rate criteria, represent populations where ocean impacts can directly effect the achievement
of their management objectives. For listed principa stock components, the PFMC’ s annua harvest
management plans are devel oped to be consistent with guidance provided by the NMFS regarding
recovery plan objectives or proposed jeopardy standards. Principa stock components monitored as
the result of ESA action, denote populations where harvest impacts may be of increased significance
and need to be consdered during the course of developing annud harvest management plans.

Although the FMP s management approach is focused on greeter protection of natural stocks, hatchery
stocks are also important contributors to the ocean fisheries. Within some principa stock components,
hatchery stocks are an important management consideration and may be included as key stock or stock
groups. Where hatchery stocks are designated as key stock or stock groups, management
congderations for these stocks will be taken into account, but gpplication of overfishing requirements do
not extend to the hatchery stocks. A genera description of the basic management cong derations for
each principa stock component from the Columbia River is provided below.

Table 2.1V.1
Principal Stock Components in the PFMC Salmon FMP

CHINOOK COHO
Sacramento River Winter-Run Central California Coast
Central Valley Spring-Run Southern Oregon/Northern California Coast
Central Valley Fall/Late Fall-Run North/Central Oregon Coast

1.  Much of the material on the PFMC isfrom Review of Ocean Salmon Fisheriesfor Various Y ears, PFMC,
Portland, Oregon.

PART 2 CHAPTER IV PAGE 8

keo \npwfileOL\WWW\Iib\htm\OFFICES\PL\ER\STUDIES\L SRPUBLIC\DRAFT_FS_EIS\Final_Econ_Reportsinew_012700\WEB Files From Lonnie\Anadromous Fish Economics\afish.doc




Klamath River Columbia River

Southern Oregon/California Coast Southwest Washington
Oregon Coast Olympic Peninsula
Snake River Fall-Run Puget Sound

Snake River Spring/Summer-Run

Upper Columbia River Summer/Fall-Run
Upper Columbia River Spring-Run
Mid-Columbia River Spring-Run PINK
Lower Columbia River Puget Sound

Upper Willamette River
Washington Coast
Puget Sound

i. Columbia River - Coho

Coho salmon stocks originating from within the Columbia River represent this principa stock
component. The freshwater fauna of this principal stock component is digtinctive for its extensve
estuarine habitat. Ocean distribution for these populations includes Oregon, Washington, and British
Columbia coastal weters.

ii. Snake River Fall Run - Chinook

Populations of fall chinook returning to the Snake and Deschutes Rivers are included in this principa
stock component. These populations exhibit ocean-type life history traits, with a more southerly
migration pattern than the upper Columbia River populations. Tag recoveries occur from ocean
fisheries spanning from Cdliforniato Alaska. Ecologicdly, this region represents a high desert plain with
annud rainfal varying between 25 to 50 cm.

iii. Snake River Spring/Summer Run - Chinook

Included in this principa stock component are stream+-type chinook salmon populations from the upper
reaches of the Snake River Basin. These populations emigrate to the ocean as yearlings, mature at ages
four and five, and are rarely taken in ocean fisheries. Spawning occurs at elevations of above 1,000
meters in streams where winter snowpack isthe mgjor contributor to stream flows. Peak flows occur
with spring melt in May or June lagting only two to three months.

iv. Upper Columbia River Summer/Fall Run - Chinook

All ocean-type chinook populations spawning in areas between McNary Dam and Chief Joseph Dam
comprise this principa stock component. These populations generdly mature at an older age than
ocean-type chinook from the lower Columbia and Snake Rivers. This component exhibits a stronger
northerly distribution pattern than the Snake River populations, contributing predominantly to ocean
fisheriesin British Columbia and Alaska
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V. Upper Columbia River Spring Run - Chinook

This principa stock component comprises stream-type chinook salmon populations spawning above
Rock Idand Dam, primarily in theriver systems of the Wenatchee, Entiat and Methow. These
populations exhibit classca stream-type life history strategies: yearling smolt emigration with only rare
tag recoveriesin coadtd fisheries. Ecologicaly, these populations originate from drainages of the
eastern Cascades, relying on snow melt for peak spring flows. These waters tend to be cooler and less
turbid than the Snake and Y akima Rivers to the south. Spawning occurs at € evations between 500 and
1000 meters.

Vi. Mid-Columbia River Spring Run - Chinook

Included in this principa stock component are stream-type chinook salmon spawning in the Klickitat,
Deschutes, John Day, and Y akima Rivers. Stream-type life history traits are characterized by smolt
emigration as yearlings. The mgority of adults in this component spawn as 4-year-olds, with the
exception that return to the upper tributaries of the Y akima River which return as 5-year-olds. These
populations are genetically distinct from other stream-type populationsin the basin. Streamsin this
region drain desert areas east of the Cascade range and are ecologically differentiated from the colder,
less productive, glacid streams of the upper Columbia and from the generally higher eevation streams of
the Snake River.

Vii. Lower Columbia River - Chinook

All chinook salmon populations from the mouth of the Columbia River to the crest of the Cascade
Range, excluding populations above Willamette Fdls, are within this principa stock component. All of
these stocks are considered ocean-type. These populations tend to mature at ages three and four,
somewhat younger than the surrounding regions. Their ocean digtribution is northerly, but with little
contribution to the Alaska fishery.

viii.  Upper Willamette River - Chinook

This principa stock component includes the spring chinook populations above the Willamette Falls.
These populations have an unusud life history of sharing both the stream and ocean-type life history
trats. This component attains maturity in its fourth and fifth yeer of life, with dightly more four-year-old
fish. Ocean digtribution is congstent with an ocean-type life history, considerable tag recoveries occur
in the coadtd fisheries of British Columbiaand Alaska. Ecologicdly, the Willamette Valey experiences
aranshadow effect from Cascade Range which limits rainfal and produces pesak flowsin December
and January. The Willamette Fals offered a narrow tempora window for upriver migration, which may
have promoted isolation for the other Columbia River stocks.
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b. Management Congderations

Outlined below is a generd discussion of the management considerations associated with each primary
ocean management area. Within these areas thereis a presence of severa different principa stock
components requiring an integration of varying harvest objectives. For some of the principa stock
components, achievement of the specific harvest objectives associated with ocean fisheriesisdso
conditioned upon fulfilling federd trust obligations to Indian tribes with federaly reserved fishing rights
and inside non-Indian net and recreationa fisheries needs. Each year specific regulatory measures are
implemented that are intended to achieve a ba ance between the harvest objectives for the various
ocean and ingdefisheries. The following discussion identifies those components and ocean areas where
harvest objectives related to treaty obligations and indde fishery needs are of significance.

i South of Cape Falcon, Oregon Management Unit for Coho

Columbia River, Oregon and California coho are managed together within the framework of the Oregon
Production Index (OPI) since these fish are essentialy intermixed in the ocean fishery. These coho
contribute to ocean fisheries off the southern Washington coast as well asto fisheries off the coasts of
Oregon and northern California. Ocean fishery objectives for the OPI area address the following: (1)
conservation and recovery of Oregon and Cdifornia coastal coho; (2) the desire for viable fisheries
ingde the Columbia River; and (3) impacts on management objectives for other key stock or stock

groups.

The OF! is used as ameasure of the annual abundance of adult three-year-old coho salmon resulting
from production in the Columbia River and in Oregon and Cdifornia coadd basins. Theindex itsdf is
amply the combined number of adult coho that can be accounted for within the generd areafrom
Leadbetter Point, Washington to as far south as coho are found. Currently, it is the sum of (1) ocean
gport and troll fishery impacts in the ocean south of Leadbetter Point, Washington, regardless of origin;
(2) Oregon and Cdliforniacoastd hatchery returns; (3) the Columbia River in-river runs; (4) Oregon
coastd natura spawner escapement and (5) Oregon coastd ingde fishery impacts. Most of the
Cdifornia production is from hatcheries which provide avery smdl portion of the tota hatchery
production in the OPI area.

ii. North of Cape Falcon, Oregon Management Unit for Coho

Management of ocean fisheries for coho north of Cape Falcon is complicated by an overlap of OCN
gocksin the vicinity of the Columbia River mouth. Allowable harvestsin the area

between L eadbetter Point, Washington and Cape Falcon, Oregon will be determined by an annua
blend of OCN and Washington coho management congderations including:

Abundance of contributing stocks.

Stock specific management objectives.
Conaultation stlandards of the ESA.
Relative abundance of chinook and coho.
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Allocation consderations of concern to the PEMC.

Coho occurring north of Cape Facon, Oregon are comprised of a composite of coho stocks originating
in Oregon, Washington, and southern British Columbia. Ocean fisheries operaing in this area must
balance management congderations for stock specific management objectives for Southern
Oregon/Northern Cdifornia, Oregon Coast, Southwest Washington, Olympic Peninsula, and Puget
Sound.

iii. South of Horse Mountain Management Unit for Chinook

Within this area, congderable overlap of chinook originating in Centrd Vadley and northern Cdifornia
coadtal rivers occurs between Point Arena and Horse Mountain. Ocean commercia and recregtiond
fisheries are managed to address impacts on chinook stocks originating from the Centrd valey,
Cdifornia Coadt, Klamath River, Oregon Coast, and the Columbia River. With respect to Cdifornia
stocks, ocean commercia and recreationd fisheries operating in this area are managed to maximize
natural production consistent with meeting the U.S. obligation to Indian tribes with federaly recognized
fishing rights, and recreationd needsin inland aress.

Iv. Horse Mountain to Humbug M ountain M anagement Unit for Chinook

Maor chinook stocks contributing to this area originate in streams located along the Southern
Oregon/Cdlifornia coasts as well as the Centrd Vdley. The primary chinook run in this arealis from the
Klamath River systlem, including its mgor tributary, the Trinity River. Ocean commercid and
recregtiond fisheries operating in this area are managed to maximize natura production of Klamath
River fdl and spring chinook congstent with meeting the U.S. obligations to Indian tribes with federdly
recognized fishing rights, and recreationa needs in inland areas. Ocean fisheries operaing in thisarea
must balance management cons derations for stock-specific management objectives for Klamath River,
Centrd Valley, Cdifornia Coast, Oregon Coast, and Columbia River chinook stocks.

V. Humbug M ountain to Cape Falcon Management Unit for Chinook

The mgor chinook stocks contributing to this area primarily originate in Oregon coadtd rivers located
north of Humbug Mountain, as well as from the Rogue, Klamath and Centrd Vdley sysems.
Allowable ocean harvests in this area are an annud blend of management congderations for impacts on
chinook stocks originating from the Centrd Valey, Cdifornia Coast, Klamath River, Oregon Coas,
Columbia River, and the Washington Coast.

Vi. Cape Falcon to United States’Canada Border Management Unit for Chinook

The mgority of the ocean chinook harvest in this area primarily originates from the Columbia River, with
additiond contributions from Oregon and Washington coastd areas. Bonneville Podl (tules) falsand
lower Columbia River (tules) fals and springs (Cowlitz), dl primarily of hatchery origin, comprisea
magjority of the ocean harvest between Cape Falcon, Oregon, and the U.S. - Canada border. Hatchery
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production escapement godss of these stocks are established according to long-range production
programs and/or mitigation requirements associated with displaced natura stocks. Allowable ocean
harvest in thisareais a blend of management congderations for impacts on chinook stocks originating
form the Oregon Coast, Columbia River, Washington Coast, and Puget Sound.

vii.  Pink Salmon Management Unit

Ocean pink sdlmon harvests occur off the Washington coast and are predominantly of Fraser River
origin. Fink sdmon of Puget Sound origin represent aminor portion of the ocean harvest dthough
ocean impacts can be sgnificant in relation to the termina return during years of very low abundance.
The Fraser River Pand of the PSC manages fisheries for pink sdlmon in the Fraser River Panel Area
(U.S) north of 48° N latitude to meet Fraser River naturd spawning escapement and U.S. - Canada
dlocation requirements. The PFMC manages pink sdlmon harvestsin that portion of the EEZ which is
not in the Fraser River Pandl Area (U.S.) waters consistent with Fraser River Pandl management intent.
Pink sdlmon management objectives must address meeting naturd spawning escapement objectives,
alowing ocean pink harvest within fixed congraints of coho and chinook harvest caps and providing for
treaty alocation requirements.

C. Recent YearsHarvests of Major Columbia River Stocks
I Lower Columbia River Spring Chinook

The 1997 minimum in-river run Size of lower river adult spring chinook is estimated at 45,500 fish,
improved over the 1996 return of 39,200 fish, but below the 1986-1990 average return of 131,500
fish. For 1997, the winter season commercid samon fishery was closed because of the very poor runs
of spring chinook that were projected to return to lower river areas. The early season mainstem lower
river recreational fishery was closed on March 11 to provide maximum protection for depressed lower
river spring chinook stocks.

ii. Upper Columbia River Spring and Summer Chinook

The 1997 in-river run size of adult spring chinook destined for areas above Bonneville Dam was
114,100 fish, over twice the 1996 return of 51,500, and over ten times the record low of 10,200 fishin
1995. Lower river fishery impacts on adult upriver spring chinook in 1997 were limited to incidenta
mortaity in commercid fisheries, and ceremonid and subsstence fisheries. The in-river harvest impact
rate on adult wild Snake River spring chinook was estimated at 7.3 percent in 1997, compared to 5.5
percent in 1996 and the 1986-1990 average impact rate of 10.7 percent.

Maor fisheries targeting summer chinook in the Columbia River have been diminated Snce 1964 due to
chronicaly depressed gtatus of this stock. 1n 1997, escapement of upriver spring chinook was
105,800, over twice the 1996 escapement of 48,700 and 92 percent of the interim goa of 115,000
adults. Escapement of upper Columbia River summer chinook was 27,600 adults, 78 percent above
the 1996 escapement of 15,500 adults, but still far below the goa of 80,000 - 90,000 adults. The

PART 2 CHAPTER IV PAGE 13

keo \npwfileOL\WWW\Iib\htm\OFFICES\PL\ER\STUDIES\L SRPUBLIC\DRAFT_FS_EIS\Final_Econ_Reportsinew_012700\WEB Files From Lonnie\Anadromous Fish Economics\afish.doc



1997 escapement of adult wild Snake River spring chinook at Lower Granite Dam was estimated at
1,400 fish, well below the 1986-1990 average return of 5,900 fish and the interim management god of
25,000 adults.

iii. Columbia River Fall Chinook

Higtoricdly, four stocks have contributed sgnificantly to the Columbia River fal chinook fisheries.
These include two lower river stocks, lower Columbia River Hatchery (LRH) tules and Columbia River
Wild (LRW) chinook, and two upper river stocks, Spring Creek Hatchery (SCH) tules and upriver
bright (URB) chinook.

Tota ocean escapement of al Columbia River fal chinook stocks was similar to the expected 1997
returns, with greater than expected returns of LRW stocks, but less than expected returns of the mid-
Columbia River bright stocks. Ocean fisheriesimpacting the Columbia River Chinook stocksin 1997
were restricted by U.S. and Canada managers in order to provide needed conservation measures to
protect and rebuild depressed chinook stocks. PFMC area and treaty Indian ocean chinook fisheries
north of Cape Falcon were restricted in 1997.

4, Columbia River Compact

The chalenges of sdmon harvest management in the 1960's and 1970's resulted in jurisdictiond
guiddines for future Columbia River produced sdmon harvests. The decisoninthe U.S. versus
Washington and Oregon provides for an equa sharing of harvestable salmon between treety and non-
treaty entities (ODFW, October 1998). Thejudicia decision defines equa harvest sharing as 50/50
(50 percent treaty and 50 percent non-treaty) of the upriver destined chinook available for harvest in the
ocean south of the Canadian border and in the mainstream of the Columbia River below Priest Rapids
Dam. The management entity is the Columbia River Compact and the CRFMP (ODFW/WDFW,
January 1998). The Columbia River Compact is the entity charged with congressiona and statutory
authority to adopt seasons and rules for Columbia River commercid fisheries. Member agencies are:

Oregon Department of Fish and Wildlife (ODFW)
Washington Department of Fish and Wildlife (WDFW)
Washington Fish and Wildlife Commisson (WFWC)

In addition, the Columbia River treaty tribes have authority to regulate tregty Indian fisheries. When
addressng commercia seasons for saimon, steelhead and sturgeon, the Compact must consider the
effect of the commercia fishery on escgpement treaty rights and sport fisheries, as well as the impact on
species listed under the ESA.

“The harvest dlocation provisons of this agreement apply only to the ocean fisheries south of the
WashingtoryBritish Columbia border and the mainstem fisheries as herein defined unless otherwise
expresdy indicated.” (ODFW 1998, p.5). Thefollowing are in-river management guidelines of the
CRFMP.
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a. Spring/Summer Chinook

Harvest of upriver spring chinook occurs primarily after mature fish return to freshwater. The ocean
harvest rates are less than anticipated (two percent) when the plan was drafted. The current assessment
isthat upriver spring chinook are not known to be harvested significantly in ocean fisheries, probably
due to timing and structure of fishing seasons.

The CRFMP provides that on runs between 50,000 and 112 percent of the Bonneville Dam
management god of 115,000, the mainstream harvest below Bonneville Dam is limited to 4.1 percent
and in no event should exceed 5.0 percent of the upriver run. Treaty platform, gillnet, and ceremonid
and subsistence (C& S) fisheriesin Zone 6 are limited to seven percent of the run.

Based on Coded Wire Tag (CWT) recoveries (McCal Hatchery), the ocean digtribution of Snake
River summer chinook may be smilar to that of goring chinook, and therefore not sgnificantly harvested
in the ocean.

The alowable non-Indian spring chinook harvest rates are described by amatrix (Table 2.1V.2a) that is
based on the Willamette return and either the aggregate upriver or Snake River wild return.’ Based on
the projected 1997 returns, a harvest rate of two percent was alowed on upriver spring chinook for
non-Indian fisheries under the Management Agreement. The Management Agreement provides that
non-Indian commerciad and recreationa impacts on summer chinook and sockeye (runs) will be
minimized to the degree possble, but shdl not exceed one percent of the run.

The treaty Indian spring chinook harvest matrix is based on the aggregate upriver return and the Snake
River wild return (Tables 2.1V.2b and 2.1V.2c). The Management Agreement states that treaty Indian
summer chinook catch shall not exceed five percent of the run and the treaty Indian catch of sockeyeis
linked to therun sze.

Table 2.IV.2a
Non-Indian Fisheries Spring Chinook Harvest Rate Matrix

Select the More Conservative of: Willamette Spring Chinook Run Size (thousands)
Aggregate Upriver Snake River Wild
Spring Chinook Return  Spring Chinook Return <50 50-75 75-100 >100
(thousands) (thousands)
<50 <5 1% 1% 1%
50-115 5-7.5 2% 2% <2.5%
50-115 7.5-10 2% 2% 3%
>115 >10 2% 2% <3%
<115 >10 - -- --
Note: "--" denotes further discussion by the Parties.

1. Much of the following material on spring chinook is taken from the ODFW/WDFW Joint Staff Report (January
1988).
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Source: ODFW/WDFW (January 1998).

Table 2.IV.2b Table 2.1V.2c
Treaty Indian Fisheries Spring Chinook Harvest Rate Treaty Indian Fisheries Sockeye Harvest Rate
Matrix Matrix
Select the More Conservative of: Aggregate Upriver Appropriate
Aggregate Snake River Sockeye Run Size Harvest Rate
Upriver Spring Wild Spring Appropriate >50,000 5%
Chinook Return  Chinook Return Harvest Rate 50,000-75,000 7%
(thousands) (thousands) >75,000 --
<50 <5 5%
50-115 5-10 7% Note: "--" denotes further discussion by the Parties.
<115 >10 CRFMP Source: ODFW/WDFW (January 1998).
(5% or 7%)
>115 NA --
Note: "--" denotes further discussion by the Parties.

Source: ODFW/WDFW (January 1998).

b. Fall Chinook

The upriver fal chinook run is managed under the terms of the CRFMP to consist of two stocks: the
Bonneville Pool Hatchery (BPH) and Upriver Bright Stock (URB) both hatchery and wild.

Ocean and in-river fisheries have experienced mgor changes as aresult of U.S. v. Oregon litigation,
enactment of the Magnuson Act, the U.S./Canada PST, and Endangered Species consderation. The
generd harvest management guidedine, over and above minimum escapement needs, is that 50 percent
of the adult chinook produced by mitigation funds should enter the Columbia River annudly.

“Treaty Indian and non-Indian fisheries shal share equaly (50 percent each) the upriver fal chinook
available for harvest in the Pecific Ocean south of the southwesterly projection of the United States-
Canada boundary between British Columbia and Washington, and in the mainstem Columbia River
below Priest Rapids Dam. Treety Indian and non-Indian fisheriesin Columbia River tributaries, other
than the mainstem Columbia River between McNary and Priest Rapids dams, shdl be excluded from
this alocation and shall be covered by the subbasin plans (ODFW 1998, p.29).

C. Steelhead

Upriver summer steelhead were once abundant in the Columbia River Basin and were harvested
commercialy along with other anadromous stocks. Between 1892 and 1896, combined runs of
summer and winter steelhead were estimated to range as high as 554,000 adults. Average annua catch
of summer steelhead during this period was estimated at 382,000 fish (TAC 1997). Habitat
degradation and overfishing caused substantia declines of runs during the late 1800's and early 1900's
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and continued into the mid 1900's. Commercia landing of steelhead by non-Indians was prohibited
beginning in 1975 (ODFW/WDFW 1998). Steelhead are presently managed under the Columbia
River Fish Management Plan (CRFMP) (TAC 1997).

Summer steelhead make up the bulk of the present teelhead runs. Summer steelhead are divided into
two groups, A and B, under the terms of the CRFMP. Group A steelhead originate in production areas
throughout the ColumbiaBasin. Group B adult stedhead originate only in the Clearwater and Samon
River drainagesin Idaho. The CRFMP limitstreaty Indian fall fisheriesto 15 percent of the wild A and
32 percent of thewild B run on wild runs less than 75,500 fish, as measured a Bonneville Dam.

The CRFMP contains no management or escapement gods for hatchery steelhead. According to the
CRFMP, the relative abundance of Group A and Group B steelhead isto be considered in setting
Seasons, 0 tributary fishing opportunities of the parties to the CRFMP are not precluded and tresty
Indian and non-Indian fisheries can harvest afair share of sdmon and stedlhead runs. Neither the treety
Indian nor non-Indian catches are to exceed 50 percent of the aggregate of harvestable steelhead
(hatchery plus natura/wild) in the mainstem and tributaries (TAC 1997, Tab 8, p.5).

5. Endangered Species Act and Allowable Harvest Consider ations

The purpose of the ESA is to provide a means whereby the ecosystems upon which endangered
species and threatened species depend, may be conserved to provide a program for the conservation of
such species, and to take steps as may appropriate to achieve the purposes of various international
tresties and conventions The ESA is a process for listing, protection and recovery of certain species,
subspecies, and distinct populations?

Alaska and West Coast sdmon fisheries impact the following Columbia River anadromous fish species
that are currently (September 1999) listed under the ESA:

Chinook

Snake River spring/summer (threstened);
Snake River fdl (threatened);

Lower Columbia River (threstened);
Upper Willamette River (threatened);
Upper Columbia River (threatened);

Coho
Lower Columbia River/Southwest Washington (candidate);

Chum
Columbia River (threatened);

1. Most of thissection isfrom WY -KAN-USH-MI WA-KISH-WIT, p. 4-10.
2. Much of thefollowing isfrom Review of Ocean Salmon Fisheriesfor Various Y ears, PFMC, Portland, Oregon.
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Sockeye
Snake River (endangered);

Steelhead

Upper Columbia River (endangered);
Lower Columbia River (threstened);
Snake River Basin (threatened);

Upper Willamette River (threatened); and
Middle Columbia River (threatened).

In addition, the recovery of severa other Oregon and Washington coast and Puget Sound chinook and
coho samon and steelhead species are listed.  Guidance for the management of these stocks will affect
future Columbia River anadromous fish fisheries.

Alaska and West Coast managed ocean fisheries have identifiable impacts on only Sacramento River
winter chinook, Snake River fal chinook, and the coho stocks. Based on the 1988-1993 average, the
tota mortdity of Snake River fal Chinook due to al ocean sdmon fisheriesis proportioned as. 26
percent for the West Coast fisheries, 12 percent for southeast Alaska and 62 percent for Canada.

NMFS issues biologica opinion for listed stocks that require fisheries management practices to meet
objectives to avoid jeopardizing the recovery of the listed stocks. For example, the objectives for the
stocks that have identifiable impacts from ocean fisheries are asfollows.

For Sacramento River winter chinook, achieve a 31 percent increase in the age three adult
cohort replacement rate relative to the 1989-1993 mean rate.

For Snake River fal chinook, barring an agreement among the parties to the PST to meet
conservation needs of chinook salmon, harvest impacts of ocean fisheriesin the West Coast and
Alaskafisheries, or of al ocean fisheries, cannot exceed 50 percent or 70 percent, respectively,
of the 1988-1993 average exploitation rate on age three and age four fish.

For Centrd Cdifornia, southern Oregon/northern Cdiforniaand OCN coho in 1998, limit
impacts on OCN coho from West Coast area fisheries to no more than 13 percent and prohibit
retention of coho in dl catch areas that sgnificantly impact listed coho. In addition, asa
surrogate for southern Oregor/northern Caifornia coho, limit impacts on Rogue/Klamath
hatchery coho to no more than 13 percent.

For Columbia River fisheries, there are NMFS BO that specify like management objectives.
The PFMC and the North Pecific Fishery Management Council (NPFMC), through the State of

Alaska, develop management plans to achieve the stock recovery plans. Similarly the Columbia River
fisheries are under a court order to have CRFMP consistent with stock recovery plans.
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The NMFS 1995 Federd Columbia River Power System (FCRPS) Biologica Opinion (NMFS 1995)
concluded that mgjor changes were needed to significantly increase sdmon surviva. NMFS cdled for a
detailed evaluation of aternative configurations and operations of the four federa hydroelectric projects
on the lower Snake River. The purpose of the evauation was to determine the likelihood that
drawdown (breaching) of these four dams, or some other dternative such as expansion of the juvenile
fish trangportation program, would result in the surviva and recovery of Snake River salmon and
gsedhead. The Corpsinitiated the eva uation with the Lower Snake River Juvenile Samonid Migration
Feasbility Study of which this study is one dement. The Corps in-turn requested that the NMFS
summarize available information on the potentid effects of the management options on anadromous
sdmon and stee head runs originating within the Snake River system. Because the effect of any
hydrosystem action would be embedded in the broader relationship between fish and their environment,
management actions were evauated by NMFS (1999) in the context of factors that might occur outside
the direct control of the hydrosystem (such as hatcheries output and changes in habitat, harvest, and
ocean conditions). The NMFS (1999) conclusions pertaining to the adequacy of PATH results have
been incorporated into this study.

C. Salmon Management Considerations

Because sdlmon range over alarge geographic area both in inland waters and in the ocean, production
and harvest management is very complex. As previoudy discussed, there are four generd principles or
agreements that give direction to production and harvest management. These four principles are
international agreements on salmon interceptions, the PST, PFMC Samon Management Plan, and the
Columbia River harvest agreements. In addition, the ESA redtricts the amount of wild saimon that may
be harvested directly or indirectly once a species or sub-species has been placed on the threatened or
endangered species lis. Any forecast of future saimon harvests from Columbia River production hasto
include some or dl of these considerations.
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CHAPTERYV. SURVIVAL RATESAND CONTRIBUTION TO FISHERIES
A. Historical Hatchery Survival Rates

The gtates in the Pacific Northwest and the federal government have funded hatchery sdlmon production
for more than 100 years. This activity has been continudly viewed as ardaively smple solution to
persstent problems of habitat loss and overfishing. From the earliest efforts well into the 1960's, most
production relied primarily on release of sdmon fry with agradud shift toward holding fish to fingerling
gzefor stocking. By the 1960's, hatchery programs began holding fish for rease as full term smolts.

Hatchery smolt production costs are only one component of the unit cost of a harvested adult. The unit
cost of production alows an evaluation of a hatchery to control costs and reflect one part of the
efficiency of an operation. However, smolts are not sold or caught, only harvestable adults. Therefore,
the number of adults surviving gives a better evaluation of individud hatcheries and of the hatchery
program in generd. The number of returning wild spawnersis aso crucid to the survivd of the species
and to contribution to any harvests. Since only limited informetion is available on surviva and harvest
rates of wild fish, this section discusses the information available through the hatchery program. Thereis
speculation that wild fish survive at higher rates. One study suggests that wild fal chinook in the lower
Columbia River survive "a an average rate that may be as high as 12 times greater than the average of
Columbia River hatchery stocks." (Mclsaac 1990).

Thereisno conggtent policy to include the differentid surviva rates of wild and hatchery fishin
production or harvest management of Columbia River produced sdimon. "Enhancement” studiesin the
1970's generdly focused on the engineering of hatchery ponds and assumed fairly high surviva ratesto
justify these projects (Table 2.V.1) (Kramer, Chin & Mayo, Inc., December 1976). Experience has
shown that surviva rates have been afraction of these assumed rates.

More recent scientific evidence about survivd rates of hatchery reared sdmon has given credibility to
arguments cautioning the role of hatcheries. "The rgpid decline of sdlmon runs throughout the Pecific
Northwest has galvanized attention in the last 15 years. . . Recent scientific research suggedts that
hatcheries may have contributed to the decline of sdmon runs." (Taylor 1996, abstract). "Yet atificia
production has been implemented on a scde that will continue to commit alarge percentage of the
region's restoration resources, alarge percentage of the available watersheds, and a large percentage of
the remaining stocks to a single, unproven technology. There may be merit to reconsdering these
practices.” (Scientific Review Team 1999).
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Table 2.V.1
Hatchery and Marine Survival Egg Take to Emerge

Survival Per  Marine Survival Weight at

Wash. Month From Release to Release
Heath Pond Gravel Spawn  Stream Reared Prior Return to Number/
Species Trays Trays Box Channel Improv. to Release Fishery Pound
Fall chinook 80% 80% 98% 1.0% 90
Resident 80% 80% 98% 10.0% 8
chinook
Spring 63% 63% 98% 3.0% 8
chinook
Coho 75% 80% 98% 5.0% 20
Chum 75% 95% 1.5% 300
75% 1.0% 1,200
33% 1.0% 1,350
Pink 80% 3.0% 1,830
33% 3.0% 1,830
Sockeye 60% 0.5% 1,500

Source: Kramer, Chin & Mayo, Inc. (December 1976).

The optimism of dependence on hatcheries:

"From asocid point of view, sdlmon enhancement isa highly desirable activity. . . From a
biologica point of view, sdmon enhancement isfeasble. Thereis potentid in the ocean for
growing more sdmon." (Larkin 1974, p.1434).

turned to caution:

". . . the continued needs for protection of environment and a broadly balanced enhancement
program with the appropriate amount of research and evauation, there are some necessary
changes in attitude concerning regulation. Under no circumstances should the permissible
harvest of any race of salmon be exceeded. Day-to-day regulation should be geared to salmon
biology, not human convenience” (Larkin 1979, p.98).

B. Oregon and Columbia River Hatchery Survival Rates
1 Oregon Hatcheries (Lewis 1995 and Lewis 1996)

Sadmon produced in Oregon's hatcheries migrate to their feeding groundsin the Pacific. Coho sdmon
return after two years and chinook after three to five years. Surviva from smolt to adult during their
migration depends on many factors, from the size of the smolt at release, to inland habitat qudity, ocean
conditions, and fishing mortdity. Totd surviva from smolt to harvest is estimated by using data from
coded-wire-tags (CWT). Survivd reports for hatchery produced coho and chinook are shown in Table
2V.2, Table2.V.3, Table 2.V.4, and Appendix 2.E.
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Table 2.V.2

Weighted Average Percent Survival of Coho Salmon Stocks Tagged for Stock Assessment /1

Brood Years

Overall
Average
Percent
Survival

Percent Survival Range

1977-1993
1980-1993
1980-1993

Stock Group
COLUMBIA RIVER COHO SALMON
Sandy River a
Big Creek a
Bonneville Hatchery a
Klaskanine River a

Umatilla River
Wahkeena Pond
Yakima River
Tualatin River

1981-1993
1985-1993
1982-1992
1986-1993
1991-1993

COASTAL RIVERS COHO SALMON

Rogue River b 1977-1993
Coos River bd 1984-1993
Nehalem River bdf 1977-1993
North Umpqua bdf 1980-1993
River

Trask River cdf 1977-1993
Eel Lake 1980-1992
Smith River 1976-86,1990-91
Coquille River cef 1980-1993
SouthUmpqua R. cef 1982-1993
Alsea River cef 1975-1993
East Fork Trask R. 1983-1992
Salmon River ce 1976-1993
Siletz River e 1977-1993

Siuslaw River

Notes: 1.

1986,1990-93

3.19
2.82
2.48
2.95
1.30
1.45
0.62
0.02

3.03
2.35
1.62
1.85

1.45
1.55
1.14
1.23
1.15
1.94
1.11
1.06
0.98
0.21

sampled in the Columbia River.

2. Survival (1984-1993 total survival) is not significantly different for stock groups followed by the

same letter.

0.09 (1990) to 8.98 (1985)
0.21 (1990) to 8.12 (1986)
0.42 (1992) to 6.92 (1986)
0.32 (1992) to 7.80 (1985)
0.02 (1993) to 4.52 (1986)

0.00 (1985-87) to 7.17 (1983)

0.05 (1991) to 1.99 (1988)
0.00 (1993) to 0.04 (1991)

0.38 (1990) to 9.01 (1978)
0.22 (1993) to 7.88 (1985)
0.37 (1992) to 6.22 (1985)
0.16 (1993) to 4.46 (1984)

0.46 (1991) to 3.57 (1986)
0.00 (1992) to 4.22 (1980)
0.15 (1978) to 2.93 (1984)
0.00 (1993) to 3.60 (1986)
0.08 (1992) to 4.10 (1985)
0.24 (1993) to 5.90 (1978)
0.33 (1984) to 2.31 (1986)
0.25 (1992) to 2.64 (1976)
0.09 (1992) to 2.72 (1980)
0.00 (1993) to 0.43 (1986)

3. Does not include data from all ten years.

Source: Lewis (1997).

1984-1993
1993 Brood Brood Years
Year Percent Average
Survival Ocean Total
0.32 1.53 3.24
0.75 1.30 2.63
0.86 0.96 2.42
0.51 1.18 2.41
0.02 0.65/3 1.30/3
-- 0.25/3 0.88/3
0.08 0.38/3 0.62/3
0.00 0.01/3 0.02/3
4.04 0.55 2.59
0.22 1.22 2.35
0.67 1.08 1.90
0.16 1.22 1.56
0.52 0.89 1.51
-- 0.73/3 1.39/3
-- 1.23/3 1.34/3
0.00 0.60 1.20
0.16 1.13 1.19
0.24 0.72 1.13
- 0.72/3 1.03/3
0.40 0.22 0.49
0.11 0.30 0.42
0.00 0.16/3 0.21/3

Percent survival includes both freshwater and ocean recoveries. Freshwater fisheries are only
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Table 2.V.3

Weighted Average Percent Survival of Chinook Salmon Stocks Tagged for Stock Assessment /1

Overall
Average
Percent
Stock Group Brood Years  Survival Percent Survival Range
FALL CHINOOK SALMON
Rogue River 1977-86, 1.73 0.02 (1979) to 8.07 (1983)
1988-89, 1991
Rogue River a 1982-1991 2.11 0.50(1991) to 4.83 (1982)
Columbia R.
release
Salmon River a 1976-80, 1.62 0.27 (1991) to 3.18 (1990)
1982-91
Elk River a 1977-1991 1.21 0.19 (1982) to 4.81 (1983)
Chetco River a 1977-1991 1.38 0.08 (1988) to 3.20 (1985)
Coquille River 1983-88, 1.01 0.04 (1991) to 4.06 (1985)
1990-91
Coos River 1983-85, 0.68 0.22 (1983) to 2.55 (1985)
1987-91
Pistol River 1988-89, 1991 0.59 0.24 (1988) to 0.78 (1989)
Alsea River 1978-81, 0.45 0.05 (1981) to 0.75 (1978)
1984-86, 1991
Trask River b 1982-1991 0.46 0.21 (1989) to 0.84 (1984)
Winchuck River 1988-89, 1991 0.36 0.10(1988) to 0.74 (1991)
Nestucca River 1977-81, 1991 0.60 0.08 (1991) to 1.19 (1980)
South Umpqua 1985, 1987-91 0.06 0.00(1990-91) to 0.19 (1987)
River
SPRING CHINOOK SALMON
Rogue River c 1980-1991 2.23 0.47 (1988) to 5.19 (1983)
North Umpqua d 1976-1991 1.28 0.03 (1991) to 4.75 (1983)
River
Coquille River 1983, 1985, 0.74 0.02 (1991) to 1.79 (1983)
1988-91
Trask River d 1977-1991 0.43  0.05(1991) t0 0.92 (1977)
Wilson River 1990-1991 0.24 0.08 (1991) to 0.39 (1990)
Nestucca River 1977-83, 1991 0.32 0.01 (1982) to 1.06 (1977)
South Umpqua 1989-1991 0.00 0.00 (1989 & 91) to 0.01 (1990)
River
WINTER CHINOOK SALMON
Trask River 1986-88, 0.24 0.03 (1987) to 0.45 (1986)
1990-91
Notes: 1.

sampled for the Columbia River and Salmon River stock groups.
2. Survival (1982-1991 total survival) is not significantly different for stock groups followed by the

same letter.

3. Does not include data from all ten years.

Source: Lewis (1997).

1982-1991
1991 Brood Brood Years
Year Percent Average
Survival Ocean Total
0.13 2.19/3 2.42/3
0.50 1.26 2.11
0.27 0.60 1.73
0.56 1.01 1.41
0.49 1.22 1.39
0.04 0.86/3 1.01/3
0.61 0.41/3 0.68/3
0.74 0.49/3 0.59/3
0.20 0.34/3 0.50/3
0.24 0.29 0.46
0.74 0.32/3 0.36/3
0.08 0.04/3 0.08/3
0.00 0.06/3 0.06/3
3.54 1.14 2.42
0.03 1.23 1.30
0.02 0.67/3 1.74/3
0.05 0.23 0.39
0.08 0.15/3 0.24/3
0.11 0.03/3 0.05/3
0.00 0.00/3 0.00/3
0.19 0.16/3 0.24/3

Percent survival includes both freshwater and ocean recoveries. Freshwater fisheries are only
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Table 2.V.4

Weighted Average Percent Survival of Selected Columbia River Chinook Salmon Stocks /1

Overall 1984-1990
Average 1990 Brood Brood Years
Percent Year Percent Average
Stock Group Brood Years  Survival Percent Survival Range Survival Ocean  Total
FALL CHINOOK SALMON
CEDC (Rogue 1984-87,1989 2.63  0.36(1986) to 7.56 (1984) 2.63
Stock)
CEDC (Tule Stock) 1980-1987 0.29  0.04(1987)to 1.68 (1984) 0.48
Klaskanine (Tule) 1977-81, 0.14 0.01 (1987) to 0.41 (1977) 0.08
1986-88
Big Cr. (Rogue) 1982-1990 2.28  0.71(1990) to 4.84 (1982) 0.71 1.89
Big Cr. (Tule) 1976-81, 0.28  0.05(1987) to 1.02 (1979) 0.07 0.12
1986-90
Bonneville (Tule) 1976-84, 0.41  0.02(1987) to 2.76 (1984) 0.10 0.57
1986-90
Bonneville (URB) 1977-1990 1.31  0.13(1988) to 3.53 (1984) 0.15 1.17
Stayton Pond (Tule)  1976-1990 0.57  0.09 (1986) to 3.41 (1984) 0.15 0.69
SPRING CHINOOK SALMON
Round Butte 1975-1990 0.84  0.04(1976) to 1.93 (1986) 0.27 1.28
West Fork Hood 1986-1990 0.13 0.01 (1990) to 0.33 (1986) 0.01 0.13
River
Willamette 1974-75, 77- 1.15 0.24 (1975) to 2.36 (1978) 0.31 0.98
80, 84-90
McKenzie 1978-81, 0.81  0.05(1990) to 1.61 (1981) 0.05 0.81
1984-90
South Santiam 1975-78, 84- 0.62  0.20(1990) to 1.38 (1985) 0.20 0.77
85, 87-90
Marion Forks 1974-77, 79- 0.76 0.01 (1974) to 1.82 (1986) 0.08 1.06
80, 82-90
Clackamas 1984-1990 0.50 0.07 (1985) to 1.17 (1988) 0.25 0.50
CEDC (SF 1988-1990 0.01  0.00(1990) to 0.04 (1989) 0.00 0.01
Klaskanine)
CEDC (Youngs 1988-1990 0.20  0.05(1990) to 0.44 (1988) 0.05 0.20
Bay)
Notes: 1. Percent survival includes both freshwater and ocean recoveries.
2. Does not include data from all seven years.
Source: Lewis (1995).
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Survivd rates vary agreat dedl. For example, Oregon coasta coho adult ocean surviva rates of three
to Six percent were common in the late 1960's through the mid 1970's. Since then, surviva has only
been 1.5 percent or less. In the Columbia River, the coho surviva was above four percent during the
1980's and seems to have dropped to less than one half percent since 1990.

2. Columbia River Hatcheries (Pastor 1996, 1997)

In addition to the Oregon reports on surviva rates, the Bonneville Power Adminigtration funds the
collection of surviva rate and catch rate information on Columbia River Basin produced sdmon. These
are generdly cdled the "missing production groups' reports or the IHOT reports. The Columbia River
Basin hatchery releases may be segregated into five generd areas from the lower Columbia River to the
Snake River (Appendix 2.E). The best estimates of surviva rates that represent the last 20 to 30 years
of production for these areas, utilizing the Pastor (1995, 1996), Garrison et a. (1995), and Fuss et d.
(1994) datafor these areas, are shown in Table 2.V.5, Figures 2.V.1 and 2.V.2, and Appendix 2.E.

These should be considered representative survival rates for species released at various areas of the
Columbia River Basin and what may be expected under fairly good freshwater and ocean survival. One
year variation may misrepresent average expected survival rates over time. Care has to be taken when
using averages, medians, or perhaps even representative rates. Surviva rates should be used in the
context of what may be expected during the years of interest (Figure 2.V..3).
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Figure 2.V.1

Weighted Average Percent Survival of Columbia River Coho Salmon Stocks Tagged for Stock Assessment
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Figure 2.Vv.2
Weighted Average Percent Survival of Fall Chinook Salmon Stocks Tagged for Stock Assessment
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Source: Lewis (1997).
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Areas of Releases and Representative Recent (30 Year Average)
Survival Rates of Hatchery Fish in the Columbia River Basin

Table 2.V.5

Species and Average Survival Rates (Percent)

Area of Release Spring Chinook Fall Chinook Coho Steelhead
Willamette 0.97 -- 1.20 0.40
Lower Columbia 0.97 0.32 2.50 0.40
Middle Columbia River 0.37 0.60 1.20 0.70
Upper Columbia River 0.37 0.60 1.20 0.70
Snake River 0.37 0.60 - 0.70

Note: The size of the coho is about 12 smolts per pound, while spring chinook averaged about nine per
pound. About 10 percent of the fall chinook are released as smolts that average about 15 per
pound. These "large" smolts survive at rates from one percent to 1.75 percent rate. The smaller
smolts, which are about 60 percent of smolt releases from the Columbia River system, survive at

about a 0.30 percent rate.

Source: Pastor (1995, 1996), Smith (1998), Appendix 2.E, and Study.

Figure 2.V.3

Columbia River Fall Chinook, Grays River Hatchery
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Source: Fuss (1994).
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CHAPTER VI. PERSPECTIVE ON THE HISTORICAL ECONOMIC VALUE OF
COLUMBIA RIVER ANADROMOUSFISH HARVESTS

A. Commercial and Recreational Fisheriesfor All Marine and Anadromous Fish Species
Along the West Coast of North America

1 Share of Regional Economic Impacts (RED Benefits) From Anadromous Fish Runs
Compared to All Commercial and Recreational Fishing

Improved harvesting and processing technology expanded harvests of sdmon and other marine species
aong the west coast of North America. The lure of natura resources, including fish, provided
investment capital and human resources. Persond income generated from harvesting marine resources
may dtill be very important to individuals and coastal communities. However, as a percentage of tota
persond income generated, commercia fishing isasmdl part of total economies. Asleisuretime has
increased, the persond income generated from recreationd fishing is becoming a more important
component of total persond income from fishing in many coastal communities.

Samon produced in the Columbia River Basin are directly and indirectly harvested throughout the west
coast of North America. Commercid and recreationd fishing generated an annual totd of about $7.5
billion in regiona economic impacts (RED benefits) in 1994 (Table 2.VI.1 and Figure 2.VI1.1). Atan
average full time equivaent job of $25,000 per year earnings, thisis equd to about 300,000 jobs (Table
2\V1.2 and Figure 2.V1.2). Thefisheries off Alaska waters generate the most persona income, about
73 percent of thetotd or about $5.4 billion.

Groundfish harvesting and processing contribute more than haf of totd regiond economic impeacts
(RED benefits) from marine resources along the west coast of North America, or about $4 billion.
Commercia salmon fishing, especidly in Alaska, generates about 22 percent or about $1.7 billion.

Recrestiond fishing for sdmon and steelhead generated about $0.8 billion in regiona economic impacts
(RED benefits). Of this amount, recreationd fishing in Alaska and British Columbia contributed about
25 percent (four percent in Alaskaand 21 percent in British Columbia), while recregtiond fishing in
Washington, Oregon, and California generated about 15 percent each.

Commercid samon fishing generates about $1.7 billion of persona income and supports about 67,000
jobs. Most persona income, about 72 percent or $1.2 hillion, is generated by salmon harvested in
waters off Alaska. The commercid salmon industry in Oregon and Cdifornia generates less than one
percent of the totd persona income from salmon harvests on the west coast of North America (Table
2.VI.1). Recregtiond angling generates about $750 million in persona income. Mogt of this persond
income and jobsisfairly evenly distributed among the regions from British Columbiato Cdifornia
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Representative Annual Harvests of Major Marine Resources in Recent Years and Resulting

Table 2.VI.1

Estimated Regional Economic Impacts (RED Benefits) Along the West Coast of North America

Regional
Pounds or Economic
Angler Days Impacts Percent

Alaska Salmon 800,000 1,207,000 22%
Shellfish 126,500 425,000 8%
Hening 150,000 150,000 )
Groundfish 4,040,000 3,400,000 63%
Recreational (salmon/steelhead only) 1,925 205,000 2%
Total Economic Contribution 5,118,425 5,387,000 2%

British Columbia Salmon 150,000 353,100 3B%
Shellfish 25,000 55,500 6%
Hening 65,000 70,500 8%
Groundfish 325,000 258,000 28%
Recreational (salmon/steelhead only) 5,970 191,000 21%
Total Economic Contribution 570,970 928,100 12%

Washington Salmon 34,000 69,600 18%
Shellfish 35,000 80,000 20%
Tuna 5,000 8,000 2%
Groundfish 165,150 100,750 26%
Recreational (salmon/steelhead only) 4,180 134,000 A%
Total Economic Contribution 243,330 392,350 5%

Oregon Salmon 5,000 17,100 2%
Shellfish 35,000 66,900 17%
Tuna 5,000 8,000 2%
Groundfish 300,150 175,750 46%
Recreational (salmon/steelhead only) 3,660 116,600 30%
Total Economic Contribution 348,810 384,350 5%

California Salmon 5,000 18,300 %
Shellfish 45,000 75,500 19%
Tuna 100,000 70,000 17%
Herring etc. 110,000 66,000 16%
Groundfish 60,000 72,000 18%
Recreational (salmon/steelhead only) 1,930 103,000 25%
Total Economic Contribution 321,930 404,800 5%

Idaho Recreational (steelhead only) 300 8,800 100%
Total Economic Contribution 300 8,800 0%

Total Salmon 994,000 1,665,100 22%
Shellfish 266,500 702,900 Do
Herring, tuna, etc. 435,000 372,500 %
Groundfish 4,890,300 4,006,500 53%
Recreational (salmon/steelhead only) 17,965 758,400 10%
Total Economic Contribution 6,603,765 7,505,400 100%
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Table 2.VI.1 (continued)

Notes: 1. RED benefits expressed in thousands of 1994 U.S. dollars.

2. A recent study by Reading (1999) analyzed the regional economic impacts for trip and
equipment expenditures from the 1992-1993 steelhead fishery in Idaho and a hypothetical
salmon fishery. The results are not comparable due to differences in methods and data. For
example, the table shows only personal income generated by trip expenditure effects, while
Reading (1999) expresses impacts as business sales and includes equipment expenditures.

3. Data and Regional Economic Impact Models
Data of harvests and recreational angling trips are taken from three basic sources. These are:

Pacific Fishing Magazine, "Annual Stats Pack," Seattle, Washington
Pacific States Marine Fisheries Commission, "Annual Reports," Gladstone, Oregon
National Survey of Fishing, Hunting, and Wildlife-Associated Recreation (Alaska,
Washington, Oregon, California, and Idaho), U.S. Department of the Interior, U.S. Fish
and Wildlife Services, 1991
The basic model for estimating the economic contribution is the Fisheries Economic
Assessment Model (FEAM), originally developed by Hans Radtke and William Jensen for the
West Coast Fisheries Development Foundation and now used by agencies such as the PFMC
and ODFW. For an explanation, please refer to:
The Research Group, Oregon Angler Survey and Economic Impact Analysis, prepared
for ODFW, June 1991
Hans Radtke and Shannon Davis, The Economics of Ocean Fishery Management in
Oregon, prepared by prepared for Oregon Coastal Zone Management Association, Inc.,
1994
- Review of Ocean Salmon Fisheries (annual reports), PFMC, Portland, Oregon
Source: Radtke (May 1997).

Figure 2.VI.1
Regional Economic Impacts (RED Benefits) of Marine Harvests
Along the West Coast of North America by Region

Alaska $5.387
billion
73%

Total Economic

British Columbia Contribution = $7.5 billion

$0.928 billion

12% Idaho $0.008
Washington billion
$0.390 billion 0%

5% Oregon $0.384 California $0.405
billion billion
5% 5%

Note: Shares are representative of recent years' harvests.
Source: Radtke (May 1997).
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Table 2.VI.2
Regional Economic Impacts (RED Benefits) and Jobs
From Fishing Along the West Coast of North America

Regional Economic

Area Percent of Total Impacts Jobs
Alaska 73% 5.4 216,000
British Columbia 12% 0.9 36,000
Washington 5% 0.4 16,000
Oregon 5% 0.4 16,000
California 5% 0.4 16,000
Idaho 0% 0.008 352

Total 100% 7.5 300,352

Notes: 1. RED benefits expressed as personal income per year in billions of 1994 U.S. dollars.
2. Job estimates assume $25,000 average earnings per job.
Source: Radtke (May 1997).

Figure 2.VI.2
Fishing Industry Jobs Supported by Commercial Fishing and Recreational Angling

Recreational
Angling 33,000
11%

Salmon 66,600
22%

Shellfish 27,000
9%

Other 12,000
4%

[ Total Jobs = 300,352

Groundfish
162,000
54%
Note: Job shares are representative of harvests in 1994.
Source: Radtke (May 1997).
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Although fishing is very important for some coastl communities on the west coast of North America,
commercid marine fishing including recreationd angling for sdmon and stelhead generates about less
than one percent of total personal income (Table 2.V1.3). In 1997, totd personad income generated in
the West Coast states of the United States and British Columbia, Canadatotaled $1.182 trillion. Inthe
Pecific Northwest ates of Oregon and Washington, commercia fishing and recrestiond fishing for
samon and steelhead make up 0.3 to 0.5 percent of al persona income generated in these Sates.

2. Commercial and Recreational Anadromous Fish Harvest Trends

Samon harvests on the west coast of North America have remained steady or have increased overall
since 1988. Mogt of thisincrease has occurred in Alaska (Figure 2.V1.3). Sockeye and pinks
consistently are harvested at about 300,000 mt per year (Figure 2.V1.4). Tota chinook harvests have
declined subgtantidly from 1988 to 1996, while overdl coho harvests have remained stable over this
period. Declining sdimon runs on the West Coast are Site specific and have occurred in areas of
increased economic development and species that rely heavily on hatcheries. Ocean productivity cycles
have adso had a derogatory effect on sdlmon runsin the waters of the west coast of North America.

B. Regional Economic Impacts (RED Benefits) From Anadromous Fish Runs
1. Higtorical Columbia River Anadromous Fish Runs

Higtoricdly, dl sdmon were wild fish produced in the natura stream environment. The NPPC
concluded that up to 16 million fish run Sze is the most reasonable estimate of Columbia River historic
runs (NPPC, March 1986). A 50 percent harvest rate of these runs (mostly summer and spring
chinook) could have supported a one hdf billion dollar industry (Table 2.V1.4) (Radtke and Davis,
January 1996).

Theinternd combustion engine has contributed to changes in the harvesting of sdmon thet originate in
the ColumbiaRiver. Asearly as 1910 trollers ventured out in the open ocean off Washington and
Oregon in order to harvest sddmon over alonger period of the year. Much of the fisheries that harvest
Columbia River produced sdlmon now take place in ocean fisheries (troll as well as net) from southeast
Alaskato Northern California

The salmon that swim in the river today differ fundamentaly from those of the aborigind Columbia. The
pre-European development salmon runs were predominantly spring and summer chinook on their way
to spawn in the upper reaches of the Columbia River system. As compensation for the loss of wild
sdmonid production, many artificid propagation hatcheries were built throughout the Columbia River
Basin. Artificid production now accounts for about two thirds to three quarters of al fish returning to
the Columbia River system (WDFW and ODFW, August 1996). Past production and management
policies that were designed to be based on hatchery operation may not be meeting expectations of
producing fish for harvest and may be incompatible with protecting existing wild stocks.
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Table 2.VI.3

Share of Regional Economic Impacts (RED Benefits) From Commercial
and Recreational Salmon Fishing on the West Coast of North America

Personal Income From

Total Commercial and Personal Income From
Personal Recreational Fishing Recreational Fishing
State or Province Income Amount Share Amount Share
California 866 0.4 0.05% 0.12 0.01%
Oregon 80 0.4 0.50% 0.13 0.20%
Washington 152 0.4 0.30% 0.20 0.10%
British Columbia 68 0.9 1.30% 0.54 0.80%
Alaska 16 5.4 /2 33.80% 1.4 8.80%
Total 1,182 7.5 0.60% 2.4 0.20%
Notes: 1. Personal income in billions of 1994 U.S. dollars.
2. Much of the personal income is generated in waters off Alaska but flows to the State of
Washington, especially the Seattle area.
Source: Study and Werner (1998).
Figure 2.VI.3
Average Commercial Salmon Harvest by Region on the West Coast of North America
1988-1996
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Figure 2.VI1.4
Average Commercial Salmon Harvest by Species on the West Coast of North America
1988-1996
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Table 2.VI.4
Estimated Historic, Pre-Development Salmon and Steelhead Run Size of the Columbia River System and
Resulting Annual Potential Ex-Vessel Revenues, Regional Economic Impacts, and Jobs

1993 1994 1995

1996

Estimated Total

Ex-Vessel Regional Full Time
Total Average Revenues at Regional  Economic Impact Equivalent
Number  Weight Per Total 50% Harvest  Economic  at 50% Harvest Annual Jobs at
of Fish Fish in Pounds Rate Impacts Per Rate $20,000 per
Species (thousands) Pounds (thousands) Price  (thousands) Poundin $ (thousands) Year - Range
Spring chinook 2,300 20 46,000 3.25 74,750 5.75 132,250 6,613
Summer chinook 4,600 20 92,000 3.25 149,500 5.75 264,500 13,225
Fall chinook 2,300 20 46,000 1.00 23,000 2.20 50,600 2,530
Coho 1,780 9.0 16,020 1.00 8,010 2.20 17,622 881
Sockeye 2,600 35 9,100 2.00 9,100 3.75 17,063 853
Chum 1,392 12 16,704 0.60 5,011 1.75 14,616 731
Steelhead 1,348 8.5 11,458 0.60 3,437 1.75 10,026 501
Total 16,320 237,282 272,808 506,677 25,334
Notes: 1.  Total number of fish from NPPC (1986), pp.18-19.
2. Price is representative 1994 dollars. These represent recent years prices for salmon harvested in the Columbia
River. In the world salmon market, regional salmon production should be considered a commodity. Spring and
summer chinook having timing and quality characteristics that command attractive prices.
3. Ex-vessel revenues at 50 percent harvest rate in most years with healthy stocks is considered a sustainable
harvest rate.
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4.  Regional economic impacts (RED benefits) expressed as personal income.
Source: Radtke (May 1997).
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Mogt of the fish returning to the mouth of the river today are coho or “tule” chinook released at lower
Columbia hatcheries. The origin of salmon stocks in pre-devel opment runs was about 77 percent
Upper River to 23 percent Lower River, whereas the origin of the 1977-1981 salmon runs was 58
percent Lower River and 42 percent Upper River (Figures 2.111.4aand 2.111.4b) (Lee 1993, p.25).

NMFS hasimposed a“cap” on hatchery production of 197 million fingerling and smolt annual releases
(Table 2.111.2) (U.S. Department of Commerce, March 1995). Hatchery production has been about
130 million fingerlings and smolts in recent years (Smith 1998).

Unless there are fundamental changes to Columbia River production, it has to be assumed that any
dramatic increases in adult salmon returns will result from improved hatchery practices and downriver
and ocean survival. Improvements to hatchery practices may alow natura production to be
"supplemented” with artificia propagation practices that are integrated into the functioning of the entire
ecosystem.  Increases in returns from wild origin anadromous fish, such as through freshweter habitat
improvements, will assst but not lead to restoration of historica fisheries or to the NPPC "doubling of
runs' level.

2. Example Regional Economic Impacts (RED Benefits) From Salmon Fishing on Coastal
Communities

The changing nature of sdmon harvests and their regiona economic impact may best be illustrated by
showing the effects on a coasta community, such as Agstoria, Oregon. During the late 1880's and early
1920's, the sdmon gillnet fishery in the Columbia River pumped a substantid amount of incomeinto the
Adoriaarea. At today's prices (reflecting 1998 price levels), these runs contributed as much as $260
million in regiona economic impacts (RED benefits) into this area (Figure 2.VV1.5 and Appendix 2.C).
This would support about 10,000 to 13,000 jobs. During these early years of development, sddmon
was the mogt important sector in the areal's economy. Persond income received by residents dong the
lower Columbia River in the years between 1987 and 1992 averaged about $29 million (PFMC,
February 1997) from commercid gillnet and recreationad sdmon fishing. However, since 1993,
because of very poor surviva rates of hatchery fish, the persona income generated from salmon
fisheriesin the lower Columbia River has declined to about $2 million (Table 2.V1.5). Tota persona
income in the Agtoria area (Clatsop County) was $684 million in 1996 (Oregon Employment
Department 1998). All commerdid fishing generated an estimated $70 million." Commerdd fishing is
about 10 percent of the loca area, while sdmon fishing in the Columbia River at the present time
generates about 0.2 percent of the persond incomeinthisarea Thisisasmdl share of what may have
been generated with historic saimon runs.

1. Estimates made by Hans Radtke, Economist, with Fisheries Economic Assessirent Model (FEAM), February
1998.
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Figure 2.VI.5

Historical Columbia River Estimated Regional Economic Impacts (RED Benefits)
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Sources: Landing data are from NPPC (1986), fish size and ex-vessel price are from ODFW (1995), and
regional economic impacts (RED benefits) per pound in 1994 U.S. dollars are from Radtke (May

1997).

Table 2.VL.5

Regional Economic Impacts (RED Benefits) From Commercial Salmon
Gillnet and Recreational Lower Columbia Fisheries from 1987 to 1996

Years
1987-1992
Average 1993 1994 1995 1996

Commercial gillnet 23,101 2,092 2,019 956 1,389
Lower Columbia recreational 6,332 4,879 3,036 379 999

Total 29,433 6,971 5,055 1,335 2,388
Note: RED benefits expressed as personal income in thousands of 1996 U.S. dollars.
Source: Radtke (May 1997).
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3. Change to Anadromous Fish Hatchery Based Production

The hatchery sdlmon smolt production cap as proposed in March 1995 by the NMFS, at representative
mid-1980's smolt to adult surviva rates, may generate about $74 million in regiona economic impacts
(RED benefits) from hatchery smolt releases. Another $9 million could be expected from wild sdmon
harvests for atotal of $83 million. In order to have eight million adult fish harvested (the historic
harvests) out of the hatchery and wild fish smolt production (246 million smoalt totd), the smoalt to adult
surviva rates would have to be about three percent overdl. The 1980's surviva rates of hatchery fall
chinook releases (mgority of releases) were 0.3 percent in good ocean conditions and are about 0.03
percent a the present. Therefore, by changing to hatchery based production, the Columbia River
system will not be able to again generate the $200 million to $500 million of persond income it once
generated. This, of course, may change if the wild fish resource were to be returned to its historic levels
by remedying habitat dterations and hydrosystem problems.

4, Changeto Ocean Mixed Stock Fisheries

Higtoricdly, harvesters waited until adults returned to the Columbia River to harvest sdlmon. Today,
sdmon produced in the Columbia River system are harvested from Cdiforniato Alaska by trolling gear
and by nets set to harvest other species of sdmon, and are caught incidentally in other ocean fisheries.

In recent years, the Columbia River economy only received a portion of the persona income generated
by each salmon hatched and reared in the Columbia River system. For example, out of 100 released
fdl chinook smalts, the Columbia River area economies may receive $7.30 of persond income out of a
total of $22.05 generated (Table 2.V1.6). From both hatchery and wild origin smolt production during
the 1980's, the Columbia River communities may only receive about 46 percent of the of the regiona
economic impacts (Figure 2.V1.6).

About haf of the Columbia hatchery smolt releases are presently fal chinook. Maost of these sdmon
will be harvested in other geographic areas, not in the Columbia River. Thisisadirect result of the
growth of the ocean troll mixed stock specie fishery and a hatchery production program that produced
fal chinook salmon that moved close to the Washington shore on their return to the Columbia River.
Therefore, hatchery practices have resulted in a shift of persona income generated from the Columbia
system to other geographic aress.
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Table 2.VI.6
Estimated Regional Economic Impacts (RED Benefits) From the Columbia River
Hatchery System Produced Salmon by Species and Geographic Regions

Hatchery
Survival Smolt

Species Rate Releases
Coho 2.72% 35,325,745
Spring/summer chinook 0.69% 27,392,626
Fall chinook 0.49% 113,802,184
Steelhead 1.38% 20,042,061
Total 196,562,616

Notes: 1.

100 released smolts.

Columbia River Other Region

Region Hatchery Hatchery Total Hatchery
Impacts Impacts Impacts
22.56 54.39 76.95
19.77 10.17 29.95
7.30 14.75 22.05
59.05 0.36 59.41
17.06 19.77 36.83

Regional economic impacts (RED benefits) expressed as personal income in 1998 dollars per

2. Analysis assumes representative 1980's survival rates and hatchery production.

3. The table includes all spring chinook releases. These survival rates and area of catch may
represent the Willamette stocks more than the upper Columbia and Snake. Upper Columbia
and Snake in recent years have not survived at these rates nor have they been harvested in the

open ocean.
Source: Study.

Figure 2.VI.6
Shares of Columbia River Basin Anadromous Fish Production and Geographic Regions
Receiving Regional Economic Impacts (RED Benefits) From the Production

Watershed Production
(Millions of Hatchery and Wild Origin Smolts)
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Notes: 1. Wild and hatchery origin smolt production is representative of the 1980's.
2. The regional economic impacts for the inland Columbia River region include inriver treaty and
non-treaty commercial fisheries, inriver recreational fisheries, and hatchery return sales.

Source: NMFS (1995) and Study.
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PART 3

ECONOMIC EVALUATION OF CHANGED
ANADROMOUS FISH HARVESTS DUE TO LOWER
SNAKE RIVER DAMS HYDROSYSTEM ACTIONS

CHAPTER |. INTRODUCTION

The U.S. Army Corps of Engineers (Corps) has initiated a study to examine the engineering, economic,
socid, and biologica effects of dternative hydrosystem actions for operating the four Corps dams on
the lower Snake River for improved sdlmon migration. The four dams are Lower Granite, Little Goose,
Lower Monumentd, and |ce Harbor located in southeast corner of the State of Washington. This
report only provides information about one aspect of the effects of the dternative hydrosystem actions.
The report describes the economic evauation expressed as regiona economic impacts, or the Regiond
Economic Development (RED) accounting stance used by the Corps, and net economic vaues, or the
Nationd Economic Development (NED) accounting stance used by the Corps, from changes to
harvests of anadromous fish originating in the Snake River Basin due to dternative hydrosystem actions.
Discusson isdso offered in this report for the economic vaues from harvesting anadromous fish
produced in the entire Columbia River Basin. The other Corps reports for economic, socid, and
biologicd effects are referenced as needed.

The dternatives being considered are:

Maintain the exigting system of juvenile fish bypass systems, juvenile fish trangportation, spill
for fish a the dams, and release of water from storage dams to augment river flows and ad
juvenile fish migration. Thisindudes improvements such as extended length guidance
screens in the juvenile fish bypass systlems to guide a greater percentage of fish away from
turbine intakes and into the bypass system. This hydrosystem action is referred to as base
caseor Action AL

Construct mgor improvements to the dams and maximize the juvenile fish trangportation
system. Oneimprovement possibility is surface-oriented juvenile fish bypass sysemsto
provide a potentialy more efficient and less stressful means for diverting juvenile fish before
they dive down toward the turbine intake area. Other possible mgor system improvements
are turbine modifications to reduce injury to fish that go through the turbines; gas abatement
measures to dlow more spill with less gas supersaturation; and fish guidance improvements.
The hydrosystem action for maximizing juvenile fish trangportation without the surface-
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oriented bypass system is referred to as Action A2. Including surface-oriented
improvementsis Action A3.

Draw down, or breach, the four lower Snake River damsto return to naturd river level.
Thiswould entail removing the earthen portion at each of the dams to create a channel
around the dams and provide a 140 mile free flowing Stretch of river. Power production at
the dams would cease, and there would be no commercid navigation on the lower Snake
River. It isassumed the breaching aternative would take eight years to implement. The
breaching dternative is referred to as Action A4.

This report is organized in four parts for the convenience of the reader. Part 1 contains an abstract, the
executive summary, the risks and uncertainties in results for changing andys's assumptions, and
references cited in dl parts.

Part 2 contains background information about historical anadromous fish runs and harvestsin the
Columbia River Basin. Theinformation should prove especidly hdpful in understanding the complexity
of Columbia River anadromous fish harvest management. A discussion of fisheries economic evauation
methods used in this study is aso presented in Part 2.

Commercid and recregtiond fishing for Columbia River Basin anadromous fish stocks generates a
sgnificant amount of persond income and has nationd benefits. These economic vaue estimates for
changed harvests due to aternative lower Snake River dams hydrosystem actions are presented in Part
3. The Part 3 discusson of economic vauesincludes al modeled stocks for dl fisheries. Since the
economic andysis for generd recreation and tourism includes recregtiond inriver anadromous fish
fisheries, there will be overlapping economic vaues attributed to the recreationa user group in the
Columbia River mainstem and Snake River tributary geographic areas. The economic vaues from the
generd recreationa and tourism andysis will be usad to represent the economic vaue for thisfishery.
However, to make the discussion about the economic consequences of anadromous fish complete, the
recrestiond inriver fishery has been incdluded.*

This report aso describes the potentia economic value to the Pacific Northwest region and to the nation
that may result from four cases of anadromous fish production and harvest management policies. The
broader overview of what net economic vaue and contributions to regiona persona income and jobs
may result from the four casesis presented in Part 4. Part 4 descriptions may be viewed aswhat is at
risk if the Columbia River Basin anadromous fish surviva rates, and therefore harvestable fish runs, are
not improved.

The economic andysis for the dternative hydrosystem actions evaluates dl mgor anadromous fish
stocks originating in the Snake River Basin. The mgor anadromous fish stocks are defined to be

1. Theeconomic evaluation for this fishery has used methods that are different from the assessment of general
recreation and tourism, so the reader is cautioned that comparison between the two analyses should not be
made. The economic value of thisfishery compared to other user groups and geographic areas should be
relatively proportional.
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gpring/summer and fdl chinook sdlmon (Oncor hynchus tshawytscha) and summer steelhead (O.
mykiss). Other anadromous fish, such as shad (Alosa sapidissima), surgeon (Aci penser
transmontanus and A. medirostris), coho sdmon (O. kisutch), sockeye sdmon (O. nerka), etc.,
would not have fisheries Sgnificantly changed by the hydrosystem actions. All utilization of both wild
and hatchery originating stocks was considered. This includes commercial and recregtiond harvests, as
well as sdes of hatchery egg, carcass, and surplusfish. The economic anayss for the entire Columbia
River Basin adds coho salmon and winter steelhead to the Snake River list of mgor anadromous fish
stocks.
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CHAPTERIlI. METHODSUSED TO FORECAST HARVESTS
A. PATH Results

The possible effects from dternative hydrosystem actions on the Snake River anadromous fish stocks
examined in this report only includes the causation factors consdered in an externd modeling process.
Readers are directed to the many publications from the committee based process called PATH for
understanding forecasts of harvests and returning spawners related to the hydrosystem actions. The
Nationd Marine Fisheries Service (NMFS) (1999) provides abiological evauation of PATH resultsto
estimate the recovery probabilities of ESA listed stocks.

The PATH process intended to identify, address, and (to the maximum extent possible) resolve
uncertainties in the fundamenta biological issues surrounding recovery of endangered spring/summer
chinook, fall chinook, and summer steelhead stocks in the Columbia River Basin. The PATH modded
the survival of some of the Snake River wild spring and summer chinook stocks and fal chinook stocks
to determine the effects of the hydrosystem actions.

The objectives of PATH wereto:

determine the overdl leve of support for key aternative hypotheses from existing
information and propose other hypotheses and/or modd improvements that are more
consistent with these data (retrogpective anayses);

assess the ability to digtinguish among competing hypotheses from future information, and
advise inditutions on research, monitoring, and adaptive management experiments that
would maximize learning; and

advise regulatory agencies on management actions to restore endangered salmon stocks to
sdf-sugtaining levels of abundance (prospective and decison anayses).

PATH developed a quantitative decison andyss framework for soring/summer chinook and a
preliminary framework for fall chinook. The process dso developed a quaitative analysis for summer
seelhead using comparisons of the likely effects of actions on spring/summer chinook as aguide to the
probable response of summer stedlhead. The PATH decison andysis focused on the probability to
which dternative hydrosystem actions contributed to preventing extinction and aiding recovery of stocks
ether listed or proposed for listing.

It was necessary to expand the PATH results to represent al Snake River stocks as well as perform the
economic evauation. Information contained in PATH resultsis limited to seven index stocks for Snake
River soring/summer chinook, a comprehensve review of Snake River fal chinook, and a narretive
description about how smolt-to-adult survival rates between Snake River spring/summer chinook and
seclhead are corrdated. For spring/summer chinook and fal chinook, the information includes numbers
of fish harvested in the ocean, river mainstem, and tributaries, harvest rates for ocean and mainstem
based on ocean escapement; harvest rates for tributaries based on Lower Granite (LWG) Dam
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escgpement; and, numbers of spawners. Results are reported in five year increments starting with Y ear
5, i.e. five years after an improvement isimplemented.

Uncertainty information is also contained in released PATH results” Numbers of fish and harvest rates
arereported at 10", 25™, 50", 75™, and 90" percentile modd runs. Each set of percentiles has severa
scenarios. Spring/summer chinook has a set for "unweighted upper bound,” “unweighted lower bound,”
"equa weights" and "four expert weighing schemes.” Fdl chinook has a"base case" "consarvative
case"" and "liberal case" Table 3.11.1 describes the PATH results sdlected for the point estimates used
in the economic andysis.

To generate the hydrosystems management actions effects on dl Snake River originating anadromous
fish, study assumptions were used for certain life-cycle modding factors that were

in addition to those included in the PATH process. A generdized life-cycle representation for Snake
River sdmonidsis shown on Figure 3.11.1. The reasonsthat further anaytica work was required
include:

PATH results did not include Y ear O information for any of the reported stocks. Itis
necessary to know the change in present conditions to the first forecast year in order to
estimate changesin stocks that are not accounted for in PATH reaults.

PATH results for spring/summer chinook need to be expanded from the reported seven
index wild stocks to dl wild stocks.

Hatchery production needs to be added to PATH results for spring/summer chinook
and fal chinook wild stocks.

Summer stedlhead hatchery and wild production are not included in PATH results.

1. ThePATH analysesdirectly incorporated potential effects of key uncertainties. Each action was analyzed
across arange of assumptions reflecting alternative biological considerations, survival responses, and variations
in future climate effects. Asaresult, the projected effects of any given action on Snake River salmon runs
generated by the PATH analyses were not simple point estimates. Summary statistics were used to compile
across the large number of model runs necessary to capture possible combinations of key assumptionsin a
balanced way. In addition to expressing projectionsin terms of numbers of fish, PATH also summarized results
in the context of the relative probability of exceeding survival and recovery criteria. Projected numbers of fish
and harvest were summarized in terms of a standard set of fractions or percentiles of the total number of
combinations run for each action (10th, 25th, 50th, 75th and 90th percentiles). For example, if the harvest
reported at the 25th percentile was 100 fish, that means that of 25% of the model runs for that particular action
resulted in aharvest of 100 fish or less. If, for that same action, the harvest reported at the 75th percentile was
500, that means that 75% of the runs for that action resulted in a projected harvest of 500 or less. Other summary
statistics were also used to characterize the results. For example, runs averaged across assumption sets that
gaverelatively optimistic projections (‘best case' or 'unweighted upper bounds') or relatively pessimistic
projections (‘worst case' or ‘unweighted lower bounds'). For any given action the difference between these two
perspectives gives a good indication of the effects of uncertainty. For spring/summer chinook results were also
summarized after weighting key assumptions based on the opinions solicited from a scientific review panel
(Personal communication Tom Cooney, July 1999).
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Table 3.11.1
Release Dates and Scenarios Selected From PATH Results Used in the Economic Analysis

Actions PATH Results' Release Dates and Scenarios Assumptions
Identifier Improvements Spring/Summer Chinook /1 Fall Chinook /2
Al Current operations under Results released October 1998 Same as fall chinook A2

1995 Biological opinion

A2 Al plus maximize Results released October 1998 Results released November 1998
transportation w/o
surface bypass
collectors

A3 A2, but also use surface Results released November 1998  Results released November 1998
bypass collectors

A4 Natural river drawdown of Results released October 1998 Results released November 1998
four Snake River dams

Notes: 1. "Likely" point estimates for spring/summer chinook harvest and spawner estimates are based
on the PATH results "equal weight" scenario, median percentile outputs. Fall chinook harvest
and spawner estimates are based on the PATH "base case" scenario, 50th percentile outputs.
A range from "low" to "high" estimates were based on the 25" and 75" percentiles, respectively.

2. Summer steelhead harvests and spawner estimates are based on ratio changes to spring and
summer chinook stocks.

Source: Study.

The assumptions used to expand PATH results should not be considered an attempt to develop a
separate life-cycle model. Wherever possible, PATH modeling factors were reused as proportionsin
the expangon methods. The assumptions for the life-cycle modeing factors by species are shown in
Table 3.11.2.

B. Life-Cycle Modding Factors
1. Smolt-to-Adult Return Rates

Higtoricad information is available on the surviva of hatchery reared sdmon and stedlhead releases and
some test wild reared anadromous fish. For this study, a survivd rate is defined to be hatchery releases
divided by adults that subsequently show up in fisheries or hatchery returns® Anaogous surviva rate
for wild origin fish is the retio of downstream migrating smolts and harvests plus spawner escgpement.
The smolt-to-adult return rates (SAR) used for the economic andyss differ somewhat from rates used
in the smulation modeling conducted by PATH. The definition change was needed to aign expressons
of wild adult returns with

1. Because recent hatchery practices mostly have released fish at smolt age, the survival rates are referenced in this
study as smolt-to-adult survival rates or SAR.
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Figure 3.11.1
Straight-Line Representation of a Generalized Life-Cycle for Snake River Salmonids
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Source: NMFS (1999).
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Table 3.11.2

Additional Biological Assumptions Needed to Expand PATH
Results for Use in the Anadromous Fish Economic Analysis

Life-Cycle/
Modeling Factors

Spring/Summer Chinook

Smolt downstream passage Nan

mortality
Ocean incidental mortality  Nan
Ocean harvest Nan

Run size total - wild

For Year 0, 1986-95 average from Table 2, Tab 1 and 2,
TAC (1997). Future years calculated at the same
percentage change as PATH results for index stock's
ocean escapement. PATH results ocean escapement
calculated using mainstem harvest divided by mainstem
harvest rates.

Run size total - hatchery

Nan

Total adults - wild

Mainstem harvest + tributary harvest + pre-spawning
mortality after LWG + spawners

Total adults - hatchery

For Year 0, hatchery smolt production goals in 1998
from Smith (1998) times SAR recent year averages in
various CWT Missing Production Group Annual Reports
(Fuss et al. 1994 and Garrison et al. 1995). For future
years, hatchery production held constant and hatchery
SAR same changes as wild SAR.

Mainstem harvest - wild

For Year 0, same proportion as PATH results index
stocks. For future years, PATH results expanded to
represent total production.

Mainstem harvest -
hatchery

Proportion of PATH results for mainstem harvest to total
wild adults.

Tributary harvest - wild

PATH results expanded to represent total production.

Tributary harvest - hatchery

Proportion of PATH results for index stock's tributary
harvest to total wild adults

Upstream passage mortality

Nan

LWG Dam escapement -
wild

(tributary harvest + spawners) = 0.9. The 10% LWG
prespawning mortality factor is from Marmorek (personal
communication 1999).

LWG Dam escapement -
hatchery

Nan

Pre-spawning mortality -
wild

10% of LWG escapement

Female fraction fecundity -
wild and hatchery

Female fraction 50% and fecundity 3,500

Smolt capacity and egg
survival rates - wild

Smolt carrying capacity and density dependent egg-
smolt survival rate

Smolt capacity and egg
survival rates - hatchery

67% fecundity
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Note: 1. Nan - No assumption needed; SAR - smolt-to-adult survival rate; CWT - coded wire tag; LWG
Dam - Lower Granite Dam.
2. Fecundity is the number of fertilized eggs that can be attributed to a spawning pair.
Source: Study.
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Life-Cycle/
Modeling Factors

Table 3.11.2 (cont.)

Fall Chinook

Summer Steelhead

Smolt downstream passage Nan Nan
mortality

Ocean incidental mortality  Nan Nan
Ocean harvest PATH results Nan

Run size total - wild

For Year 0, 1986-95 average from Table 9, Tab
3, TAC (1997).

For Year 0, 1986-95 average (length method) for
A and B runs Tables 12 and 13, Tab 8, TAC
(1997). Future years, 37% s/s chinook SAR
changes.

Run size total - hatchery

Nan

Nan

Total adults - wild

Total harvest + spawners + hatchery
supplements. Pre-spawning mortality assumed
to be zero.

Mainstem harvest + tributary harvest + pre-
spawning mortality after LWG + spawners

Total adults - hatchery

For Year 0, hatchery smolt production goals in
1998 from Smith (1998) times SAR recent year
averages in various CWT Missing Production
Group Annual Reports (Fuss et al. 1994 and
Garrison et al. 1995). For future years,
hatchery production held constant and SAR
same changes as wild SAR.

For Year 0, hatchery smolt production goals in
1998 from Smith (1998) times SAR recent year
averages in various CWT Missing Production
Group Annual Reports (Fuss et al. 1994 and
Garrison et al. 1995). For future years,
hatchery production held constant and SAR
same changes as 37% wild spring/summer
chinook SAR.

Mainstem harvest - wild

For Year O, Table 9, Tab 3, TAC (1997). For
future years, PATH results.

Table 12 and 13, Tab 8, TAC (1997).

Mainstem harvest -
hatchery

Proportion of PATH results for mainstem harvest
to total wild adults.

Table 12 and 13, Tab 8, TAC (1997).

Tributary harvest - wild

PATH results

Table Ald, Tab 8, TAC (1997).

Tributary harvest - hatchery

Nan

Table Ald, Tab 8, TAC (1997).

Upstream passage mortality

Nan

Nan

LWG Dam escapement -
wild

Tributary harvest + spawners + supplements,
i.e., zero assumed pre-spawning mortality.

For Year 0, 1986-95 average (length method) for
A and B runs, Table 12, Tab 8, TAC (1997).
Future years calculated as same percentage
change as PATH results calculated LWG
escapement

LWG Dam escapement -
hatchery

Nan

Nan

Pre-spawning mortality -
wild

Zero assumed pre-spawning mortality.

10% of LWG escapement

Female fraction fecundity -
wild and hatchery

Female fraction 50% and fecundity 3,500

Female fraction 50% and fecundity 2,500

Smolt capacity and egg
survival rates - wild

Smolt carrying capacity and density dependent
egg-smolt survival rate varying from 15% in Year
510 2% in Year 25+

Varying from 15% in Year 5 to 2% in Year 25+

Smolt capacity and egg
survival rates - hatchery

67% fecundity

67% fecundity
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Note: 1. Nan - No assumption needed; SAR - smolt-to-adult survival rate; CWT - coded wire tag; LWG
Dam - Lower Granite Dam.
2. Fecundity is the number of fertilized eggs that can be attributed to a spawning pair.
Source: Study.
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that reported in other publications for hatchery adult returns. This report's economic andyss SAR
definition for wild componentsis similar to the SAR2 used by Petrosky and Schaller (1998).

Hatchery SAR are from CWT Missing Production Group Annua Reports by Fuss et d. (1994) and
Garrison et d. (1995). These reports describe adult returns as harvest plus returns-to-hatchery.
Anaogous reporting for wild origin stocks would be harvest plus escapement past LWG Dam divided
by wild smolt production. Interms of PATH results (using the example of spring/summer chinook), the
SAR number is ocean harvest + mainstem harvest + ((Spawners + tributary harvest) + 0.9). The factor
0.9 meansthereis a 10 percent pre-spawning mortality after LWG Dam escapement (Marmorek
1999). The SAR denominator is spawners times a femae fraction times fecundity times egg-to-smolt
aurviva. The egg-to-smolt surviva rate relaionship was densty dependent. A typical spawner-
recruitment anadysis is dependent upon age-composition of returning adults. Because PATH results
were only reported at five year intervals, an indicator SAR was caculated based on wild returns from a
previous five year smolt production.

2. Assumptionsfor Year 0 Harvests, Spawners, and Smolt-to-Adult Survival Rates
a. Year 0 Harvests and Spawners

As previoudy mentioned, the PATH results did not provide starting year information for the forecasts of
fish harvests or spawners. PATH forecasts were in five year increments, starting with Year 5 and
ending with Year 100. The PATH results dso did not include SAR's, or fishery user group harvest
dlocations. Usng Beamesderfer (1997) and TAC (1997) for the period 1986 to 1995, the study
estimate for the spawner share of PATH index spring/summer stocks is 52 percent of al wild stocks. It
is assumed this spawner share aso represents the harvest share. For fal chinook, the Year 5, Action
Alisusad for Year O gtarting points for dl actions (Krasnow 1999).

b. Year 0 Smolt-to-Adult Survival Rates

A darting point was needed to determine changes to witnessed SAR's, and to determine relationships of
the wild stocks anadlyzed by PATH to al stocks. The 1986 to 1995 ten year average was adopted to
providethe Year 0 SAR information. This average hasthe following SAR's for hatchery stocks. 0.25
percent for spring/summer chinook, 0.6 percent for fal chinook, and 0.8 percent for summer steelhead.
Thebeginning SAR's for wild stocks were determined using a spawner-recruit function and Year 5 and
Year 10 PATH information.! Because the PATH information resulted in an extremely high rate of
changein SAR's during the early forecast years, supplementa fish were introduced into the modd to
modify the spawner-recruit rdationships. Thisisaplausble explanation, because there are presently
test programs for out-planting first generation hatchery rearings a early ages rather than releasing smolts

1. Insufficient information existed to develop an age structure, life cycle model to calculate aSAR. Instead, PATH
index wild origin stocks adult to previous five year smolt production indicator was calculated. The movement of
the Y ear 0 hatchery rate was then tied to the PATH index stock rate. Readers are directed to Williamset al.
(1998), Petrosky and Shaller (1998), and Shaller (1999) for a more rigorous treatment of Snake River stock survival
rate discussions.
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a migrating ages. The previous chapter explained the species-by-species life cycle modeling
assumptions used to pattern the wild non-index stocks and al hatchery stocks after PATH stocks.
Figure 3.11.2 shows the results from the modeling assumptions on SAR's over the project life.

3. Summer Steelhead Assumptions

The PATH process did not develop harvest and spawner impact information, but did provide a
comparative analyss between summer stedhead and spring/summer chinook. The analysis concluded
actions that benefit spring/summer chinook are likely to benefit seelhead aswell. The discussion of
seehead SAR'sin the FY98 PATH report (pp. 173-179) satesthat ... the incremental smolt-to-adult
surviva change to bring recent surviva levels up to the mean hitoricd level islessfor Snake River
steehead than for Snake River soring/summer chinook sdmon. This suggests that a set of management
actions that results in an adequate likelihood of surviva and recovery for Snake River spring/summer
chinook islikely to do the same for Snake River sedheed if the action has a smilar incrementd effect
on surviva of each species” The reative decline for summer steelhead has been proportionately less
than the decline for spring/summer chinook. It would be reasonable to presume that the response to
actions that address the factors for decline would be proportionately less (to the same degree as during
the decline) for summer steelhead than for spring/summer chinook. It was therefore assumed that the
SAR response for steelhead would be reduced relative to that for spring chinook by a proportionaity
congtant reflecting the relative historica decline. The current best estimates of the ratios of recent SAR's
to higoricd SAR'sare 11.2x for spring/summer chinook and 4.1x for steelhead (Cooney 1999). Using
those ratios, the proportiona change in stedlhead SAR's is about 0.37 times the change in
oring/summer SAR's.

4, Egg-to-Smolt Survival Rate

The PATH process assumes a spawner-recruit relationship under which the egg-to-smolt component of
aurviva is projected to be higher when spawner numbers are low (Petrosky and Shdler in PATH
1996). Thisiscondstent with many studies about salmon population dynamics and fish speciesin
generd. Severd relationships have typicaly been used where fish recruitment is a function of spawning
biomass (Bjernda 1986). While Shdler et d. (1999) hasidentified function parameters for some
individua Snake River sdmon stocks, there was insufficient information to specify a rdationship across
al stocks. None of the studiesitemized the components of surviva necessary to determine the egg-to-
smolt component of the life-cycle. For thisreport's anadysis, atheoretica quadratic curve wasfit to
spawner abundance whereby ahigher ratein Y ear O dropped to two percent in Year 25. The curve
fitting relationship results in an approximately constant rate at two percent for Y ear 25 through 100.
The rate accounts for smolt surviva to the start of migration and does not include downstream mortaity
dueto interdam losses. Therateisonly applicable to the freshwater

PART 3 CHAPTERII PAGE 10

keo \npwfileOL\WWW\Iib\htm\OFFICES\PL\ER\STUDIES\L SRPUBLIC\DRAFT_FS_EIS\Final_Econ_Reportsinew_012700\WEB Files From Lonnie\Anadromous Fish Economics\afish.doc



Figure 3.11.2
Snake River Wild Origin Fish Smolt-to-Adult Survival Rate
Indicators by Hydrosystem Actions During Project Period
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Notes: 1. The Y-axis maximums are different for each species.

2. Smolt-to-adult rates are referenced as indicators because they are not based on age structures. The
indicator rates are spawners, prespawning mortality, and harvest divided by smolts produced five
years previous expressed as a percent. Smolts are calculated using a density dependent egg-to-
smolt relationship and the number of spawners five years previous.

3. Summer steelhead rates are based on changes to spring/summer chinook changes.
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Source: Study.
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phases of the life-cycle. The maximum and minimum vaues for the cdlibration are from Reeves (1993),
Petrosky and Shaller (in PATH 1996), and others.

C. Harvest Rates and Fisheries Distributional Assumptions

The economic eva uation depends on the user group and geographic area accomplishing the harvedts.
Table 3.11.3 shows the 1986 to 1995 average inriver harvest shares, based on run size measured at
ocean escgpement. The inriver and ocean user group digtributions used in the modeling are shown in
Table 3.11.4. These tables need to be carefully interpreted if compared, because of the basis of the
shares. Treaty rights are for 50 percent of the harvestable fish, regardless of the geographic area.
Treaty harvests have consgtently fallen below this share for composte (wild and hatchery) Snake River
summer steelhead. To provide for aredigtic trangtion to this distribution, a 25 year trend was used.
This means that summer steelhead recreationa mainstem (about 10,000 fish) and tributary harvest
(about 40,000 fish) are held rdatively congtant during the 25 year trangtion period. After the trandtion
period, both tresty and recreationa harvests grow proportionally.

Tributary harvest of soring and summer chinook salmon was introduced as afishery by PATH reaults.
This recregtiond fishery has been absent since the 1970'sin Idaho. The PATH harvest rates for this
fishery, for example, are about 6.5 percent run size at ocean escapement after 20 years, for Action A4.
Theinriver recreationd mainstem fishery is 29.5 percent.

D. Runs Size and Harvest Forecast Results

Run sizes can be measured at ocean escapement or at other geographic locations. The major
anadromous fish stock’ swild origin run size measured a escapement past the upper most dam on the
lower Snake River over arecent historica period (1964-1996) and forecasts over the first 50 years of
project life for each hydrosystem action are shown in Figures 3.11.3athrough 3.11.3d. The forecast for
wild and hatchery run sizes, as well as harvests, are shown in Appendix 3.A. The historica and forecast
run Szes mean ocean and inriver harvests as well as other river passage mortalities have been accounted
for intherun sze. The forecasts show rapid recovery during early project period and minor fluctuations
inlater years. The fluctuations, as explained by PATH documentation, are due to ocean regime shifts.
The forecasted wild origin run sizes are less than about one third pre-dam historicd levels.

The forecast of harvests over the project period by actionsis shown in Figure 3.11.4. Theforecast is
enveloped around point estimates based on PATH results variability.

The fishery caled commercid treaty includes both the treety gillnet and ceremonia and subsstence
(C&S) harvest, because PATH results did not distinguish these fisheries. The Columbia River Fish
Management Plan (CRFMP) has specific harvest ratesfor C&S. For example, the C& S entitlement is
10,000 spring and summer chinook or fish of equivaent quality. During years of very low abundance,
dates have provided tribes hatchery surplus fish from both within the Columbia River Basin and outsde
the Basin to atain thisminimum. The C& S harvest from Indian platform and gillnet fisheries was about
5,000 spring and summer
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Table 3.11.3

Snake River Anadromous Fish Inriver Harvests and Harvest Rates for 10-year Average, 1986-1995

Existing Inriver Harvest and Harvest Rates

Mainstem Tributary
Ocean Commercial Non-Treaty Recreational Treaty Indian LWG Escapement Recreational
Species/Stock Escapement Number Rate Number Rate Number Rate Number Rate Number Rate
Snake River
Fall Chinook
Wwild 1,813 - - - - 419  23.1% 381 21.0% - -
Hatchery 4,458 - - - - 1,108 24.9% 1,679 37.7% - -
Total 6,271 803 12.8% 159 2.5% 1527 24.3% 2,060 32.8% - -
Spring Chinook
wild 8,657 - - - - 561 6.5% 5,126 59.2% - -
Hatchery 19,865 -- - -- - 1,363 6.9% 12,234 61.6% - -
Total 28,522 506 1.8% 364 1.3% 1,924 6.7% 17,360 60.9% - -
Summer Chinook
Wwild 3,073 0 0.0% - -- 78 2.5% 2,294 74.6% - -
Hatchery 2,856 0 0.0% - - 89 3.1% 1,972 69.0% - -
Total 5,929 0 0.0% 3 0.0% 167 2.8% 4,265 71.9% - -
Summer Steelhead
Wwild 21,187 0 0.0% 0 0.0% 4,115 19.4% 16,225 76.6% 0 0.0%
Hatchery 105,598 0 0.0% 10,733 10.2% 25972 24.6% 72,795 68.9% 40,248  38.1%
Total 126,785 0 0.0% 9,846 7.8% 29,636 23.4% 89,020 70.2% 40,248 31.7%
Notes: 1. Averages are based on 1986 through 1995 period.
2. Harvest rates based on ocean escapement.
3. Upriver refers to mainstem escapement from the lower Columbia River into either the Upper Columbia River
or the Snake River.
4. All references to specific tables and tabs are found in TAC 1997.
5. Recreational mainstem and tributary harvest are assumed to be illegal and zero for wild fall chinook, spring chinook,
and summer chinook after 1990 and for summer steelhead after 1984.
6. Fall chinook
a. Total fall chinook harvest from commercial, recreational, and treaty user groups is from Table 8 Tab 3.
The assumption is made that catch in zone 6 is treaty.
b. Ocean and LWG escapement is from Tables 8 and 9 Tab 3.
c. Treaty harvest of wild fall chinook is from Table 9 Tab 3. Hatchery is the residual of total and wild.
7. Spring chinook
a. Total ocean escapement is the total upriver run size times the proportion of Snake River spring chinook
from Tables 1 and 2 Tab 1.
b. Wild ocean escapement and LWG escapement are from Tables 2 and 3 Tab 1.
c. Hatchery ocean escapement is the residual between total and wild.
d. Hatchery LWG escapement is from Table 3 Tab 1.
e. Total commercial and total recreational Snake River harvests are estimated using upriver spring chinook
mainstem harvest by user group and applying the proportion of mainstem escapement to Snake River.
f.  Treaty harvest of wild mainstem Snake River spring chinook is from Table 2 Tab 1. It is assumed that harvest
in zone 6 are treaty harvest only. Total harvest is estimated using harvest of upriver spring chinook and
proportion to Snake River spring chinook. Treaty harvest of hatchery spring chinook is the residual
of total and wild.
8. Summer chinook
a. Wild ocean escapement and LWG escapement is from Table 2 Tab 2.
b. Hatchery ocean escapement and LWG escapement is from Table 3 Tab 2.
c. Total recreational mainstem harvest of summer chinook is estimated from harvest of upriver summer chinook
and proportion Snake River summer chinook.
d. Non-treaty commercial harvest in zones 1-5 for wild and hatchery summer chinook is zero. Table 1 Tab 2.
Incidental non-retention excluded.
e. Treaty harvest of wild summer chinook is from Table 2 Tab 2. This assumes zone 6 harvest is treaty only.
f. Treaty harvest of hatchery summer chinook is from Table 3 Tab 2. This assumes zone 6 harvest is treaty only.
9. Summer steelhead
a. Non-treaty commercial harvest is assumed to be zero.
b. LWG escapement is from Tables 12 through 15 Tab 8. Lower Granite counts of group A and B were summed
(based on the length method).
c. Total tributary harvest is from Tables Alc and Ald.
d. Wild and hatchery ocean escapement is from Tables 12 through 15 Tab 8. Lower Granite with no mainstem fishery
counts of group A and B were summed (based on the length method). This provides a minimum run size.
e. Mainstem harvest rates are assumed to equal mainstem harvest rates for total upriver summer steelhead stocks.
Tab 8 Table 4.
Source: TAC 1997.
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Table 3.11.4
Assumptions for Anadromous Fish User Group Distributions by Species and Geographic Area

Anadromous Species

Chinook Summer
Geographic Area/User Group Spring/Summer Fall Steelhead
Ocean Harvest
Alaska
a) Commercial 0.000% 11.663% 0.000%
b) Sport 0.000% 0.002% 0.000%
British Columbia
a) Commercial 0.000% 48.506% 0.000%
b) Sport 0.000% 3.880% 0.000%
Subtotal Alaska/B.C. 0.000% 64.051% 0.000%
Washington ocean
a) Commercial 0.000% 19.027% 0.000%
b) Sport 0.000% 8.456% 0.000%
Washington Puget Sound
a) Commercial 0.000% 0.002% 0.000%
b) Sport 0.000% 0.002% 0.000%
Oregon
a) Commercial 0.000% 6.343% 0.000%
b) Sport 0.000% 2.115% 0.000%
California
a) Commercial 0.000% 0.002% 0.000%
b) Sport 0.000% 0.002% 0.000%
Subtotal WOC Ocean 0.000% 35.949% 0.000%
Subtotal Ocean 0.000% 100.000% 0.000%
In-river Harvest
Treaty Year O 50.000% 62.219% 37.200%
Year 5 50.000% 62.219% 39.760%
Year 10 50.000% 62.219% 42.320%
Year 15 50.000% 62.219% 44.880%
Year 20 50.000% 62.219% 47.440%
Year 25-100 50.000% 62.219% 50.000%
Non-treaty
Mainstem (less treaty) (less treaty)
a) Freshwater sport 77.000% 2.874% 100.000%
b) Commercial non-Treaty 17.000% 34.491% 0.000%
c¢) Other in-river 6.000% 0.416% 0.000%
Tributary
a) Freshwater sport 100.000% 0.000% 100.000%
Returns to Hatcheries
Requirement to Carcass 100.000% 100.000% 100.000%
Surplus
a) Carcass and egg sales 50.000% 50.000% 50.000%
b) Food fish 50.000% 50.000% 50.000%

Notes: 1. Expressed as percent of fish harvested by the geographical fisheries.

2. See text narrative on survival rates and contribution to fisheries for explanation of
distributional assumptions.

3. Results assume 50% for treaty harvest and zero ocean harvests for spring/summer
chinook and summer steelhead.

4. Treaty harvest percent of fish is based on all inriver harvestable fish (mainstem and
tributary). It is assumed that all treaty harvest are in the mainstem.

5. Non-treaty mainstem harvest for spring/summer chinook and summer steelhead,
represent the distribution of the remaining mainstem harvestable fish by user group.

6. Non-treaty harvest for fall chinook represent shares of total inriver harvest.

Source: Study.
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Figure 3.11.3a
Historical and Project Year Wild Origin Stock Run Counts at Snake River Uppermost Dam, Action Al
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Note:  Adult wild salmon and steelhead counts at the uppermost dam on the Snake River below Lewiston
(Ice Harbor Dam 1964-68, Lower Monument Dam 1969, Little Goose Dam 1970-74, Lower Granite
Dam 1970-74).

Source: Study and Idaho Department of Fish and Game (IDFG) (1998).

Figure 3.11.3b
Historical and Project Year Wild Origin Stock Run Counts at Snake River Uppermost Dam, Action A2
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Note:  Adult wild salmon and steelhead counts at the uppermost dam on the Snake River below Lewiston
(Ice Harbor Dam 1964-68, Lower Monument Dam 1969, Little Goose Dam 1970-74, Lower Granite
Dam 1970-74).

Source: Study and IDFG (1998).
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Figure 3.11.3c
Historical and Project Year Wild Origin Stock Run Counts
at Snake River Uppermost Dam, Action A3

1N
(@]
o

< Historical Pt Project Years >

@
o
1

Sum Steel
—x—S/S Chinook
—+— Fall Chinook

(o2}
o
|

N
o
1

N
o
1

1964 1969 1974 1979 1984 1989 1994 1 6 11 16 21 26 31 36 41 46

Salmon and Steelhead Counts (thousands)

Note:  Adult wild salmon and steelhead counts at the uppermost dam on the Snake River below Lewiston
(Ice Harbor Dam 1964-68, Lower Monument Dam 1969, Little Goose Dam 1970-74, Lower Granite
Dam 1970-74).

Source: Study and IDFG (1998).

Figure 3.11.3d
Historical and Project Year Wild Origin Stock Run Counts
at Snake River Uppermost Dam, Action A4
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Note:  Adult wild salmon and steelhead counts at the uppermost dam on the Snake River below Lewiston
(Ice Harbor Dam 1964-68, Lower Monument Dam 1969, Little Goose Dam 1970-74, Lower Granite
Dam 1970-74).

Source: Study and IDFG (1998).
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Figure 3.11.4
Harvest Forecast for Snake River Stocks Over Project Period
by Action for "Low," "Likely," and "High" Modeling Results
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Notes: 1. Harvests include all ocean, mainstem, and tributary fisheries for all species.
2. The envelop (shaded area) around the point estimates (boxes) corresponds to PATH results for
"high" (75th percentile) and "low" (25th percentile) modeling outputs. The point estimates are
"likely" (50th percentile) modeling results.
3. The analysis is based on PATH results for fall chinook based on base case scenarios and
spring and summer chinook based on equal weights scenario.
Source: Study.
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chinook during the 1988 to 1995 time period (TAC 1997). During this same period, C& S harvest of
summer steelhead was about 6,000 fish. The proportion of Snake River stocks contributing to the
C& S harvests was accounted for in the commercid treaty fishery distributiona assumptions.
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CHAPTERIII. ECONOMIC VALUESOF THE HARVESTS
A. Economic Value Assumptions

The economic evauation of changed anadromous fish stocks due to hydrosystem actions relies on
available methods and data. The PATH provided information for some wild index stocks which were
expanded to represent al stocks using abbreviated life cycle modeling procedures. Historica harvest
digtribution patterns were used as a base and then modified for future expected management regimes.
For example, inriver tribal harvests are now less than treaty rights for 50 percent of harvestable summer
steelhead stocks. Future distributional alocations were modified to attain a 50 percent share within 25
years.

The forecast of fish avallable for harvest in the ocean and in-river is didtributed to user groups within
congraints of internationa understandings and Columbia River tribal treety agreements. The benefitsto
regiona economies and the nation were then calculated using the forecasted harvests. Table 3.111.1
shows the economic modeling assumptions used to ca culate economic vaues using forecasted
commercidly harvested fish and recreationd angler days.

Catch per unit effort (CPUE) to determine angler days used recent period catch rates. Ocean
recregtional composite rates are one day per fish, Columbia River mainstem is two days per fish, and
Snake River tributary is 5.88 days per fish. CPUE isinfluenced by fishing motivationa factors and
fishery management techniques. For example, dl recreationd stedlhead fishing is sdective for hatchery
origin fish. If future wild origin abundance levels dlow retention, then the CPUE (expressed as days per
fish) will decrease. Modeling assumptions for CPUE incorporated increasing tributary success rates
(expressed as fish per day) with increasing harvests.

The anadromous fish forecasting analyss resulted in alarge share of summer stedhead destined to the
Snake River watershed escaping fisheries and returning to hatcheries as surplus. The default use of this
aurplusisfor food fish, egg, and carcass sdes. There may be fishery management opportunities to
convert these sdles to harvest opportunities. Changing fish forecasting assumptions to redize this
opportunity is described in the risk and uncertainty chapter.

B. Net Economic Values (NED Benéefits)

The changed economic vaue (NED benefits) measured by annud average equivaent values (AAEV)
over aproject life of 100 years between base case and other hydrosystem actions using the most
current Corps discount rate (6 7/8 percent) ranges between $1.67 million and $4.87 million in 1998
dollars (Table 3.111.2). If azero percent discount rate is used for vauing future generation benefits, then
the changed vaues (NED AAEV benefits) may be as high as $8.65 million for one of the actions.
Action A4 has the highest changed values.
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Table 3.11I.1

Regional Economic Impact (RED Benefits) and Net Economic
Value (NED Benefits) Assumptions by Species and Fishery

Spring/Summer Chinook

Ocean
Alaska
British Columbia
Washington ocean
Washington Puget Sound
Oregon
California
Columbia Basin inland
Mainstem
Tributary
Other
Food fish
Carcass and egg sales

Fall Chinook

Ocean
Alaska
British Columbia
Washington ocean
Washington Puget Sound
Oregon
California
Columbia Basin inland
Mainstem
Tributary
Other
Food fish
Carcass and egg sales

Summer Steelhead

Ocean
Alaska
British Columbia
Washington ocean
Washington Puget Sound
Oregon
California
Columbia Basin inland
Mainstem
Tributary
Other
Food fish
Carcass and egg sales

Regional Economic Impacts

Net Economic Value

Commercial Recreational Commercial Recreational
69.15 33.83
69.99 34.30
48.31 23.68
41.22 21.19
42.05 21.65
53.80 22.33
98.59 60.00 49.95 51.43
60.00 63.23
0.00 0.00
49.12 26.87
2.00 0.00
69.15 60.00 33.83 51.43
69.99 60.00 34.30 51.43
48.31 60.00 23.68 51.43
41.22 60.00 21.19 51.43
42.05 60.00 21.65 51.43
53.80 60.00 22.53 51.43
41.22 60.00 23.53 51.43
0.00 0.00
29.75 18.25
2.00 1.23
22.28 11.44
16.89 60.00 9.99 52.85
60.00 63.23
14.21 8.73
2.00 1.23

Notes: 1. Average 1998 dollars per fish (commercial fisheries) and angler day (recreational fisheries).
2. Carcass sales assume $0.10 per pound for whole body dressed weight.
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Source: Study.
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Table 3.111.2
Changed Annualized Economic Value (NED Benefits) Between Base
Case and Other Hydrosystem Actions for Various Discount Rates

Discount Rates
Hydrosystem 0% 4 6/8% 6 7/8%
Actions Amount Order Amount Order Amount Order

Annual Average Equivalent Value (Year 0 to Year 100)

A2 less Al $0.97 2 $1.56 3 $1.67 3
A3 less Al $0.86 3 $1.59 2 $1.73 2
A4 less Al $8.65 1 $5.81 1 $4.87 1

Notes: 1. NED benefits measured by annual average equivalent values over a 100 year project life in
millions of 1998 dollars.
2. Evaluation is for all modeled anadromous fish species and includes harvests and hatchery
surplus utilization. The evaluation excludes the economic values for inriver recreational fishing.
3. The analysis is based on PATH results' "base case" scenario for fall chinook and "equal
weights" scenario for spring/summer chinook using median percentile output.
4, See text for explanation of hydrosystem action descriptions.
Source: Study.

Table 3.111.3 shows the annudized economic vaue (NED AAEV benefits) range by fisheries for three
discount rates. The "high" modeling results are interesting in that Action A1 for some fisheriesis greater
than other proposed project actions.

Annualized economic values (NED AAEV benefits) generated per year by speciesfor wild and
hatchery origin fish over the life of the project for each hydrosystem action are shown in Figures 3.111.2a
through 3.111.2c. The user groups share of economic values (NED benefits) are shown in Figures
3.I11.3athrough 3.111.3d. For Action A3 3 year, the Columbia River treaty commercid fishery creates
the highest benefit share for fall chinook (24 percent), while the inriver recregtiona fishery crestes the
highest share for spring/summer chinook (61 percent). Theinriver recregtiond fishery generates the
highest benefits for summer steelhead (95 percent).

C. Regional Economic I mpacts (RED Benefits)

Theregiond economic impacts (RED benefits) are between $11 and $22 million (persona income,
1998 dollars) per year or 285 to 600 jobs per year after the first ten years (Table 3.111.4). The order of
which actions generate the highest regiona economic impacts (Action A4) does not change after 10
years.
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Table 3.1ll.3a
Ranges of Annualized Economic Value (NED Benefits) by Fishery For Each
Hydrosystem Action Using “Low”, “Likely”, and “High” Modeling Results

Al A2 A3 A4
Anadromous Fish Low Likely High Low Likely High Low Likely High Low Likely High
Commercial
Ocean
Alaska $6.15 $12.72 $26.35 $6.15 $12.72 $26.35 $6.85 $14.56 $30.54 $31.99 $69.48 $136.12
British Columbia $25.93 $53.66 $111.09 $25.93 $53.66 $111.09 $28.90 $61.41 $128.77  $134.89  $292.97 $573.99
WA Ocean $7.02 $14.53 $30.08 $7.02 $14.53 $30.08 $7.83 $16.63 $34.87 $36.53 $79.34 $155.44
WA Puget Sound $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.01 $0.01
Oregon $2.14 $4.43 $9.17 $2.14 $4.43 $9.17 $2.39 $5.07 $10.63 $11.13 $24.18 $47.38
California $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.01 $0.02
Subtotal Ocean $41.24 $85.34 $176.70 $41.24 $85.34 $176.70 $45.97 $97.68  $204.82  $214.55  $465.99 $912.95
Inriver
Non-treaty $21.50 $45.76 $96.49 $23.09 $51.36 $110.14 $24.26 $52.75  $113.84  $120.47 $223.36 $409.35
Treaty Indian $293.52 $702.77 $2,003.61 $323.81  $795.22 $2,062.65 $323.18 $789.90 $1,992.09 $564.64 $1,287.11 $2,771.28

Hatchery Returns $8.77 $137.06 $522.24 $28.98  $198.78 $613.34 $25.47 $188.48  $567.35  $206.31  $480.92 $990.32
Subtotal Inriver $323.79 $885.59 $2,622.34  $375.88 $1,045.36 $2,786.14 $372.92 $1,031.12 $2,673.27  $891.43 $1,991.39 $4,170.95
Subtotal Commercial ~ $365.02 $970.93 $2,799.04  $417.12 $1,130.70 $2,962.84 $418.89 $1,128.80 $2,878.09 $1,105.97 $2,457.38 $5,083.90

Recreational

Ocean
Alaska $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
British Columbia $3.11 $6.44 $13.32 $3.11 $6.44 $13.32 $3.47 $7.37 $15.44 $16.18 $35.14 $68.84
WA Ocean $6.78 $14.03 $29.04 $6.78 $14.03 $29.04 $7.55 $16.05 $33.66 $35.26 $76.58 $150.04
WA Puget Sound $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
Oregon $1.70 $3.51 $7.26 $1.70 $3.51 $7.26 $1.89 $4.02 $8.42 $8.82 $19.15 $37.53
California $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
Subtotal Ocean $11.59 $23.98 $49.65 $11.59 $23.98 $49.65 $12.92 $27.44 $57.55 $60.28 $130.93 $256.51

Inriver
Mainstem $845.77 $1,799.03 $4,953.40 $909.49 $1,989.36 $4,951.16 $900.82 $1,973.13 $4,769.80 $1,071.64 $2,423.65 $5,224.66
Tributary $6,196.61 $10,798.75 $38,901.81 $6,728.14 $12,121.18 $38,169.53 $6,703.46 $12,196.96 $36,744.24 $6,988.05 $13,447.44 $37,630.20

Subtotal Inriver $7,042.37 $12,597.78 $43,855.20 $7,637.64 $14,110.54 $43,120.69 $7,604.28 $14,170.09 $41,514.04 $8,059.68 $15,871.09 $42,854.86
Subtotal Recreational $7,053.96 $12,621.76 $43,904.85 $7,649.22 $14,134.52 $43,170.34 $7,617.19 $14,197.53 $41,571.59 $8,119.97 $16,002.02 $43,111.37

Total Commercial
and Recreational $7,418.98 $13,592.69 $46,703.89 $8,066.34 $15,265.22 $46,133.18 $8,036.08 $15,326.34 $44,449.68 $9,225.94 $18,459.40 $48,195.27

Notes: 1. NED benefits measured by annual average equivalent values over a 100 year project life using 6 7/8% discount rate in thousands of 1998 dollars.

Evaluation is for all modeled anadromous fish species and includes harvests and hatchery surplus utilization. The evaluation excludes the economic values for
inriver recreational fishing.

PATH results fall chinook Action Al is the same as Action A2. Fall chinook is the only significantly harvested species in ocean fisheries.

“Low”, “likely,” and “high” modeling results correspond to PATH results for 25th, 50th, 75th percentile outputs, respectively.

The analysis is based on PATH results' "base case" scenario for fall chinook and "equal weights" scenario for spring/summer chinook.

Total and subtotals may not equal sum of values due to rounding.

n

o0k w
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Source: Study.
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Anadromous Fish

Table 3.111.3b

Ranges of Annualized Economic Value (NED Benefits) by Fishery For Each
Hydrosystem Action Using “Low”, “Likely”, and “High” Modeling Results

Commercial

Ocean
Alaska
British Columbia
WA Ocean
WA Puget Sound
Oregon
California
Subtotal Ocean
Inriver
Non-treaty
Treaty Indian
Hatchery Returns
Subtotal Inriver
Subtotal Commercial

Recreational

Ocean
Alaska
British Columbia
WA Ocean
WA Puget Sound
Oregon
California
Subtotal Ocean
Inriver
Mainstem
Tributary
Subtotal Inriver

Al A2 A3 A4
Low Likely High Low Likely High Low Likely High Low Likely High
$6.42  $13.71  $28.66 $6.42  $1371  $28.66 $7.33  $15.94  $33.65  $39.67  $84.82  $163.84
$27.07  $57.80  $120.87  $27.07  $57.80  $120.87  $3091  $67.22 $141.87 $167.30 $357.68  $690.88
$7.33  $1565  $32.73 $7.33  $1565  $32.73 $837  $1820  $38.42  $4530  $96.86  $187.10
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.01 $0.02
$2.23 $4.77 $9.98 $2.23 $4.77 $9.98 $2.55 $555  $11.71  $1381  $2952  $57.03
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.01 $0.02
$4305  $91.93  $192.24  $43.05  $91.93  $192.24  $4916  $106.91 $22566 $266.09 $568.91 $1,098.88
$2338  $5257  $110.98  $25.38  $59.30  $127.02  $27.08  $61.25 $13253 $155.22 $287.02  $514.37

$309.67  $821.38 $2,175.04  $341.58  $92020 $2,246.11  $341.37  $911.40 $2,177.94 $677.23 $1,601.70 $3,238.98
$7.26  $167.65 $556.91  $30.41 $237.63  $658.06  $27.33  $223.90 $609.53 $269.56  $605.58 $1,154.79

$340.31 _ $1,041.60 $2,842.92  $397.36 $1,217.13 $3,031.18 _ $395.77 $1,196.55 $2,920.00 $1,102.01 $2,494.30 $4,908.14
$383.36 $1,13353 $3,035.17 $44042 $1,309.06 $3,22343  $44492 $1,303.46 $3,14566 $1,368.10 $3,063.21 $6,007.02
$0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
$3.25 $6.93  $14.50 $3.25 $6.93  $14.50 $3.71 $8.06  $17.02  $2007  $4290  $82.86
$7.08  $1511  $31.59 $7.08  $1511  $3159 $8.08  $17.57  $37.08  $43.73  $9349  $180.59
$0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
$1.77 $3.78 $7.90 $1.77 $3.78 $7.90 $2.02 $4.39 $9.28  $10.94  $2338  $45.17
$0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
$12.10  $25.83  $54.01  $12.10  $25.83  $5401  $13.81  $30.04  $63.40  $74.76 $159.84  $308.75
$858.60 $2,067.46 $5308.03  $922.64 $2,264.33 $5320.22  $912.65 $2,239.11 $5143.21 $1,165.63 $2,891.09 $5,791.10
$5,297.50 $10,474.48 $35,545.99 $5,756.90 $11,667.06 $34,745.96 $5,736.57 $11,720.12 $33,502.27 $6,146.17 $13,399.67 $34,905.09

$6,156.10

$12,541.95 $40,854.01 $6,679.54 $13,931.39 $40,066.18

$6,649.22 $13,959.23 $38,645.48 $7,311.79 $16,290.77 $40,696.19

Subtotal Recreational $6,168.20 $12,567.78 $40,908.03 $6,691.64 $13,957.22 $40,120.19

Total Commercial
and Recreational

Notes:

1

n

o 0k w

$6,663.03 $13,989.27 $38,708.88 $7,386.56 $16,450.61 $41,004.95

$6,551.55 $13,701.30 $43,943.20 $7,132.05 $15,266.28 $43,343.62

inriver recreational fishing.

$7,107.96 $15,292.73 $41,854.54 $8,754.66 $19,513.82 $47,011.97

NED benefits measured by annual average equivalent values over a 100 year project life using 4 6/8% discount rate in thousands of 1998 dollars.
Evaluation is for all modeled anadromous fish species and includes harvests and hatchery surplus utilization. The evaluation excludes the economic values for

PATH results fall chinook Action Al is the same as Action A2. Fall chinook is the only significantly harvested species in ocean fisheries.
“Low”, “likely,” and “high” modeling results correspond to PATH results for 25th, 50th, 75th percentile outputs, respectively.

The analysis is based on PATH results' "base case" scenario for fall chinook and "equal weights" scenario for spring/summer chinook.
Total and subtotals may not equal sum of values due to rounding.

PART 3

CHAPTER I

PAGE 7

keo \npwfileOL\WWW\Iib\htm\OFFICES\PL\ER\STUDIES\L SRPUBLIC\DRAFT_FS_EIS\Final_Econ_Reportsinew_012700\WEB Files From Lonnie\Anadromous Fish Economics\afish.doc



Source: Study.
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Anadromous Fish

Table 3.111.3c

Ranges of Annualized Economic Value (NED Benefits) by Fishery For Each
Hydrosystem Action Using “Low”, “Likely”, and “High” Modeling Results

Commercial

Ocean
Alaska
British Columbia
WA Ocean
WA Puget Sound
Oregon
California
Subtotal Ocean
Inriver
Non-treaty
Treaty Indian
Hatchery Returns
Subtotal Inriver
Subtotal Commercial

Recreational

Ocean
Alaska
British Columbia
WA Ocean
WA Puget Sound
Oregon
California
Subtotal Ocean
Inriver
Mainstem
Tributary
Subtotal Inriver

Al A2 A3 A4
Low Likely High Low Likely High Low Likely High Low Likely High
$7.83  $16.97  $35.34 $7.83  $1697  $3534 $9.35  $20.41  $42.62  $61.71 $12669  $235.99
$3300  $71.55 $149.01  $33.00  $7155  $149.01  $39.43  $86.08 $179.70 $260.20 $53422  $995.10
$8.94  $19.38  $40.35 $8.94  $1938  $4035  $1068  $23.31  $48.66  $70.47  $14467  $269.48
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.01 $0.01 $0.03
$2.72 $5.91  $12.30 $2.72 $5.91  $12.30 $3.25 $7.10  $14.83  $21.48  $4409  $82.14
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.01 $0.01 $0.03
$5248  $113.81  $237.00  $52.48 $11381  $237.00  $62.72  $136.91 $28582 $413.87 $849.71 $1,582.76
$30.77  $74.27  $152.91  $33.77  $8338  $174.65  $37.31  $87.20 $186.39 $263.24 $47950  $817.23

$381.49 $1,190.57 $2,663.95 $414.35 $1,291.15 $2,756.41  $416.17 $1,272.42 $2,708.91 $1,071.46 $2,616.35 $4,671.95
$7.40  $255.19  $635.86  $37.97 $343.14  $761.36  $37.13  $319.21  $709.59  $468.72  $967.27 $1,602.86

$419.65 $1,520.04 $3,452.72  $486.10 $1,717.67 $3,692.42  $490.61 $1,678.83 $3,604.88 $1,803.42 $4,063.12 $7,092.04
$47213 $1,633.85 $3,689.72 $538.58 $1,831.48 $3,929.42  $553.33 $1,815.74 $3,890.71 $2,217.29 $4,912.82 $8,674.80
$0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.01 $0.01 $0.02 $0.03 $0.06
$3.96 $858  $17.87 $3.96 $858  $17.87 $473  $1032  $21.55  $31.21  $64.07  $119.35
$8.63  $18.70  $38.95 $8.63  $1870  $3895  $1031  $22.50  $46.97  $68.02  $139.64  $260.11
$0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.01 $0.01 $0.02 $0.03 $0.06
$2.16 $4.68 $9.74 $2.16 $4.68 $9.74 $2.58 $5.63  $11.75  $17.01  $3493  $65.06
$0.00 $0.00 $0.01 $0.00 $0.00 $0.01 $0.00 $0.01 $0.01 $0.02 $0.03 $0.06
$1475  $31.98  $66.59  $14.75  $31.98  $6659  $17.62  $38.47  $80.31 $116.28 $238.74  $444.71
$945.85 $2,914.82 $6,328.99 $1,002.23 $3,096.92 $6,384.08  $988.97 $3,044.45 $6,247.28 $1,539.33 $4,411.10 $7,484.29
$3,347.93  $9,492.06 $24,026.08 $3,546.98 $10,082.92 $23,395.71 $3,523.85 $10,032.77 $22,840.03 $4,367.79 $13,164.31 $25,840.52

$4,293.78

$12,406.88 $30,355.07 $4,549.21 $13,179.84 $29,779.79

$4,512.81 $13,077.22 $29,087.31

$5,907.12 $17,575.42 $33,324.81

Subtotal Recreational $4,308.52

Total Commercial
and Recreational

Notes:

1

N

o 0k w

$12,438.86 $30,421.66 $4,563.96 $13,211.82 $29,846.38

$4,530.44 $13,115.69 $29,167.62

$6,023.41 $17,814.16 $33,769.51

$4,780.66

inriver recreational fishing.

$14,072.71 $34,111.38 $5,102.54 $15,043.31 $33,775.80

$5,083.76 $14,931.43 $33,058.33 $8,240.70 $22,726.98 $42,444.31

NED benefits measured by annual average equivalent values over a 100 year project life using 0% discount rate in thousands of 1998 dollars.
Evaluation is for all modeled anadromous fish species and includes harvests and hatchery surplus utilization. The evaluation excludes the economic values for

PATH results fall chinook Action Al is the same as Action A2. Fall chinook is the only significantly harvested species in ocean fisheries.
“Low”, “likely,” and “high” modeling results correspond to PATH results for 25th, 50th, 75th percentile outputs, respectively.

The analysis is based on PATH results' "base case" scenario for fall chinook and "equal weights" scenario for spring/summer chinook.
Total and subtotals may not equal sum of values due to rounding.
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Source: Study.
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Figure 3.111.1
Annualized Economic Values (NED Benefits) by Anadromous Fish Species for Each Project Action

$20,000 1 O Spring/Summer Chinook
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2 1% 2%
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% $10,000
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©
>
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Notes: 1. NED benefits measured by annual average equivalent values over a 100 year project life using 6
7/8% discount rate in thousands of 1998 dollars.
2. Evaluation is for all modeled anadromous fish species and includes harvests and hatchery surplus
utilization.
3. PATH results fall chinook Action Al is the same as Action A2. Fall chinook is the only significantly
harvested species in ocean fisheries.
4. The analysis is based on PATH results' "base case" scenario for fall chinook and "equal weights"
scenario for spring/summer chinook using "likely" (50th percentile) modeling output.
Source: Study.
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Figure 3.11l.2a
Economic Values (NED Benefits) for Spring/Summer Chinook
by Project Action Using “Likely” Modeling Results
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Note: 1. Recreationalinriver fisheries are excluded from the analysis.
2. NED benefits are based on PATH results fall chinook "base case" and spring/summer chinook
"equal weights".
Source: Study.
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Figure 3.111.2b
Economic Values (NED Benefits) for Fall Chinook
by Project Action Using “Likely” Modeling Results
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Note: 1. Recreational inriver fisheries are excluded from the analysis.
2. NED benefits are based on PATH results fall chinook "base case" and spring/summer chinook
"equal weights".
Source: Study.
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Figure 3.1ll.2c
Economic Values (NED Benefits) for Summer Steelhead
by Project Action Using “Likely” Modeling Results
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Note: 1. Recreational inriver fisheries are excluded from the analysis.
2. NED benefits are based on PATH results fall chinook "base case" and spring/summer chinook
"equal weights".
Source: Study.
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Figure 3.1ll.3a
Annualized Economic Values (NED AAEV Benefits) by Species and Fishery User Group
Using “Likely” Modeling Results for Action Al

Fall chinook
Carcass
NED AAEV CR Tribal 10¢
$219.8 0
24%

Surplus

BC Sport
9% 39
CR Gillnet WA Sport
Commercial 6%
13%
OR Sport
OR Commercial 204
2% .
WA Commercial MS Sport
0, 0,
% AK Commercial 4%
BC Commercial 6%
24%
Spring/Summer Chinook
NED AAEV
$545.9 Surplus
9%
MS Sport
29%
CRZ;;baI Trib Sport
0 33%
CR Gillnet
Commercial
3%
Summer Steelhead
NED AAEV
$12,827.0
MS Sport
13%
CR 'I‘;rlbal Trib Sport
4% 83%

Notes:1. NED AAEV benefits are over a 100 year project life using 6 7/8% discount rate in thousands of 1998
dollars.
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2. Percentages may not sum to 100% due to omissions of very small fishery values.
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Figure 3.111.3b
Annualized Economic Values (NED AAEV Benefits) by Species and Fishery User Group
Using “Likely” Modeling Results for Action A2

Fall chinook
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25% 0
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3%
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$14,309.5
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4% 83%

Notes:1. NED AAEV benefits are over a 100 year project life using 6 7/8% discount rate in thousands of 1998
dollars.
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2. Percentages may not sum to 100% due to omissions of very small fishery values.
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Figure 3.111.3c
Annualized Economic Values (NED AAEV Benefits) by Species and Fishery User Group
Using “Likely” Modeling Results for Action A3
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Notes:1. NED AAEV benefits are over a 100 year project life using 6 7/8% discount rate in thousands of 1998
dollars.
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2. Percentages may not sum to 100% due to omissions of very small fishery values.
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Figure 3.111.3d
Annualized Economic Values (NED Benefits) by Species and Fishery User Group
Using “Likely” Modeling Results for Action A4

Fall chinook
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Notes:1. NED AAEV benefits are over a 100 year project life using 6 7/8% discount rate in thousands of 1998
dollars.
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2. Percentages may not sum to 100% due to omissions of very small fishery values.
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Economic Value (RED Benefits) Measured by Personal Income, Sales, and Jobs for Each
Hydrosystem Action During Selected Years Using "Likely" Modeling Results

Total Harvest and Hatchery Utilization

Table 3.111.4

Hydrosystem Personal
Actions Income Sales Jobs Order
Year 5
Al $10.37 $32.21 281 4
A2 $11.38 $35.35 308 1
A3 $11.01 $34.21 298 2
A4 $10.84 $33.66 293 3
Year 10
Al $10.52 $32.69 285 4
A2 $16.64 $51.68 450 3
A3 $17.89 $55.56 484 2
A4 $19.84 $61.62 537 1
Year 25
Al $14.88 $46.23 403 4
A2 $16.13 $50.11 436 2
A3 $15.80 $49.09 428 3
A4 $25.79 $80.12 698 1
Year 50
Al $15.18 $47.15 411 4
A2 $15.64 $48.60 423 2
A3 $15.55 $48.32 421 3
A4 $28.36 $88.08 767 1
Year 100
Al $15.81 $49.10 428 4
A2 $16.75 $52.04 453 2
A3 $16.42 $51.01 444 3
A4 $28.68 $89.11 776 1

Notes: 1. RED benefits expressed as personal income and sales are in millions of 1998 dollars and jobs

are full and part-time employment.

2. Based on PATH results' scenarios "base case" for fall chinook and “"equal weights" for
spring/summer chinook using "likely" (50th percentile) modeling results.

Source: Study.
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PART 4

POTENTIAL ECONOMIC VALUES FOR FOUR CASES
OF COLUMBIA RIVER BASIN ANADROMOUS FISH
PRODUCTION AND HARVEST MANAGEMENT
POLICIES

CHAPTER I. INTRODUCTION

The U.S. Army Corps of Engineers (Corps) has initiated a study to examine the engineering, economic,
socid, and biologicd effects of dternative hydrosystem actions for operating the four Corps dams on
the lower Snake River for improved sdmon migration. The four dams are Lower Granite, Little Goose,
Lower Monumenta, and |ce Harbor located in southeast corner of the State of Washington. This
report only provides information about one aspect of the effects of the dternative hydrosystem actions.
The report describes the economic evauation expressed as regiona economic impacts, or the Regiona
Economic Development (RED) accounting stance used by the Corps, and net economic values, or the
Nationa Economic Development (NED) accounting stance used by the Corps, from changes to
harvests of anadromous fish originating in the Snake River Basin due to dternative hydrosystem actions.
Discusson isdso offered in this report for the economic vaues from harvesting anadromous fish
produced in the entire Columbia River Basin. The other Corps reports for economic, socid, and
biologicdl effects are referenced as needed.

This report is organized in four parts for the convenience of the reader. Part 1 contains an abstract, the
executive summary, the risks and uncertainties in results for changing andys's assumptions, and
references cited in dl parts.

Part 2 contains background informeation about historica anadromous fish runs and harvestsin the
Columbia River Basin. Theinformation should prove especidly hdpful in understanding the complexity
of Columbia River anadromous fish harvest management. A discussion of fisheries economic evauation
methods used in this study is aso presented in Part 2.

Commercid and recregtiond fishing for Columbia River Basin anadromous fish stocks generates a
sgnificant amount of persond income and has nationd benefits. These economic vaue estimates for
changed harvests due to aternative lower Snake River dams hydrosystem actions are presented in Part
3.

This report aso describes the potentia economic value to the Pacific Northwest region and to the nation
that may result from four cases of anadromous fish production and harvest management policies. The
broader overview of what net economic vaue (NED benefits) and contributions to regiond persona
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income and jobs may result from the four casesis presented in Part 4. Part 4 descriptions may be
viewed aswhat is a risk if the Columbia River Basin anadromous fish surviva rates, and therefore
harvestable fish runs, are not improved.

The economic andysis for the dternative hydrosystem actions evauates al mgor anadromous fish
stocks originating in the Snake River Basin. The mgor anadromous fish stocks are defined to be
soring/summer and fdl chinook sdlmon (Oncor hynchus tshawytscha) and summer steelhead (O.
mykiss). Other anadromous fish, such as shad (Alosa sapidissima), surgeon (Aci penser
transmontanus and A. medirostris), coho sdmon (O. kisutch), sockeye sdmon (O. nerka), etc.,
would not have fisheries Sgnificantly changed by the hydrosystem actions. All utilization of both wild
and hatchery originating stocks was considered. This includes commercial and recregtiond harvests, as
well as sdes of hatchery egg, carcass, and surplusfish. The economic analyss for the entire Columbia
River Basin adds coho salmon and winter steelhead to the Snake River list of mgor anadromous fish
stocks.
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CHAPTERIlI. METHODSUSED TO DETERMINE COLUMBIA RIVER BASIN
ANADROMOUSFISH HARVESTS

A. Representative Survival Rate Estimates Used to Forecast Columbia River Basin
Harvest

For dmost al species and stocks, Columbia River anadromous fish surviva rates have steadily
decreased since the mid 1980's. There are many theories about the decrease, from hatchery practices
to ocean conditions. For this study, the expected surviva of wild runsin the Snake River sysemis
taken from PATH results. For evauation of the production from the Columbia River Basin, as
described under four cases of Columbia River anadromous fish production and harvest management
policies, representative surviva rates for three periods are used: the past 30 years, the 1980's, and the
early 1990's. Table4.11.1 showsthe surviva rates by area and species. For example, based on the
Nationd Marine Fisheries Service (NMFS) cap releases of 197 million smolt releases, atota of 1.59
million smolts may survive to adults from hatchery releases (Table 4.11.2).

B. Hatchery and Wild Smolt Production

For hatchery origin fish, at least two spawners (one mae and one femae) are required for future egg
and smoalt production. Each coho salmon and steelhead female spawner produces about 2,500 eggs,
while chinook produce 3,500 or more eggs. Hatchery egg-to-smolt surviva tends to be about 80
percent. In order to provide some flexibility in haichery spawner requirements, three future returning
Spawners per spawning pair are used in caculations of this report. Other fish returning to the hatchery
are assumed available for sale as fresh, frozen, or processed product. Totd surviva from smolt-to-
adult will determine the amount available for harvest and those returning to the hatchery.

For wild origin figh, the assumption is wild spring/summer chinook and steelhead contribute an additiona
30 percent to the tota sdlmon runs of the Columbia River Basin, while wild fal chinook contribute about
50 percent of the run.* For coho, the wild to hatchery rate is about five percent.

For coho and stedlhead, at surviva rates of 0.01, about 25 adults will have survived from a pair of
spawners (three spawners are used in thisanadysis to dlow for egg to smolt mortality and other
unforeseen factors). Therefore, 12 percent of adults are required for hatchery purposes. At 0.005, this
increases to 24 percent, etc. For chinook, the requirement at 0.01 survival is 8.6 percent and 17
percent at 0.005 percent. The hatchery origin and wild origin smolt production is shown in Appendix
4.A.

1. Theceiling may be viewed as alimit to present hatchery releases, using present hatchery management practices.
Supplementation practices based on species specific, habitat based practices may increase wild stock
production. These same practices, that alter the water resources of the Columbia River Basin, may also increase
the survival rates of hatchery based production.
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of Production and Harvest Management Policy in the Columbia River Basin

Coho
I. NMFS Cap (1970's-1990's Actual)
Il. 80's Actual Runs
lll. Run Doubling Objective
IV. Early 90's Runs

Spring/Summer Chinook
I. NMFS Cap (1970's-1990's Actual)
Il. 80's Actual Runs
Ill. Run Doubling Objective
IV. Early 90's Runs

Fall Chinook
I. NMFS Cap (1970's-1990's Actual)
II. 80's Actual Runs
lll. Run Doubling Objective
IV. Early 90's Runs

Steelhead
I. NMFS Cap (1970's-1990's Actual)
II. 80's Actual Runs
[ll. Run Doubling Objective
IV. Early 90's Runs

Notes: 1. Rates expressed as representative percents of hatchery reared smolts released divided by
adults contributing to fisheries plus adults returning to hatcheries. Survival rates are best
estimates based on information provided by the "Annual Coded Wire Program - Missing
Production Groups" annual reports (Fuss et al. 1994 and Garrison et al. 1995).

Table 4.11.1
Smolt-to-Adult Survival Rate Assumptions by Area and Species Used For Four Cases

Snake Upper Middle Lower Weighted
River Columbia Columbia Columbia Willamette Average
NA 1.20% 1.20% 2.50% 1.20% 2.33%
NA 1.49% 1.49% 2.90% 1.49% 2.72%
NA 2.98% 2.98% 5.80% 2.98% 5.43%
NA 0.15% 0.15% 1.00% 0.40% 0.90%
0.37% 0.37% 0.37% 0.97% 0.97% 0.65%
0.39% 0.39% 0.39% 1.01% 1.02% 0.69%
0.79% 0.79% 0.79% 2.03% 2.04% 1.37%
0.10% 0.10% 0.10% 0.35% 0.35% 0.22%
0.60% 0.60% 0.60% 0.32% NA 0.41%
0.73% 0.73% 0.73% 0.38% NA 0.49%
1.45% 1.45% 1.45% 0.77% NA 0.99%
0.40% 0.40% 0.40% 0.25% NA 0.30%
0.70% 0.70% 0.70% 0.40% 0.40% 0.62%
1.56% 1.56% 1.56% 0.89% 0.89% 1.38%
3.11% 3.11% 3.11% 1.78% 1.78% 2.76%
0.50% 0.50% 0.50% 0.20% 0.20% 0.42%

2. Survival rate assumptions for the "Run Doubling Objective" case are the survival rates that would
be required to meet the objectives.

Source: Study.
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Table 4.11.2
Estimated Total Released Hatchery Smolts Based on NMFS
Cap of 197 Million and Representative 1990's Survival Rates

Fall Chinook

Area of Release Number of Smolts

Estimated Survival Rate

Adult Survival

Snake 612,797
Upper Columbia 12,329,885
Lower Columbia 76,857,203
Middle Columbia 24,002,299
Willamette -
Total 113,802,184

0.60
0.60
0.32
0.60

Spring/Summer Chinook

3,677
73,979
245,943
144,014

467,613

Area of Release Number of Smolts

Estimated Survival Rate

Adult Survival

Snake 2,342,791 0.37 8,668
Upper Columbia 5,990,957 0.37 22,167
Lower Columbia 5,253,481 0.97 50,959
Middle Columbia 6,264,260 0.37 23,178
Willamette 7,541,137 0.97 73,149
Total 27,392,626 178,120
Coho
Area of Release Number of Smolts Estimated Survival Rate Adult Survival
Snhake - 1.20 -
Upper Columbia 843,373 1.20 10,120
Lower Columbia 30,742,613 2.50 768,565
Middle Columbia 2,462,651 1.20 29,552
Willamette 1,277,108 1.20 15,325
Total 35,325,745 823,563
Steelhead
Area of Release Number of Smolts Estimated Survival Rate Adult Survival
Snake 12,900,795 0.70 90,306
Upper Columbia 1,363,636 0.70 9,545
Lower Columbia 3,775,119 0.40 15,100
Middle Columbia 536,886 0.70 3,758
Willamette 1,465,625 0.40 5,863
Total 20,042,061 124,572
Total 196,562,616 1,593,868

Source: Smith (1998) and Study.
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C. Digtribution to Fisheries

There are three basic digtribution patterns of Columbia River Basin produced sdmon: north turning fish
(fdl chinook), south turning fish (coho), and some that tend to migrate in ether direction (some of the
above). Steelhead tend to scatter and migrate as far as Russian waters. Harvest rates by geographic
area depend on migration patterns, as well as higtoric fishing patterns, and on internationa and historic
treaties and management policies. The same reports used in calculating surviva rates are used to

ca culate geographic and user group harvests. The distributiona assumptions by species are included in
Appendix 4.B. The digtributiond assumptions are that future harvests will reflect recent historical
catches. These assumptions, however, depend on present U.S. - Canada and treaty triba alocations.
Columbia River treaty alocation represents the amount that may be harvested by treaty fisheries after
harvests north of the U.S./Canada border and hatchery requirements are met. In the case of
spring/summer chinook, only the "doubling of the runs' case will return sufficient returning fish to dlow a
50 percent take by treaty fisheries. Within these components, historical and expected allocations are
calculated.

D. Economic Values

The economic vaues per fish assumptions used in the andyss are shown in Appendix 4.C. The
economic vaues are itemized by commercid and recregtiond fisheries and the areawhere fish are
harvested. The gppendix information also shows recregtiond effort per fish assumptions used to
cdculate angler days. Two important economic assumptions are that hatchery surplusis utilized in the
commercid sector and that wild and hatchery fish survive and are harvested a smilar rates. A
discussion of the importance of these assumptionsisincluded in the risk and uncertainty section.
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CHAPTERIIlI. POTENTIAL ECONOMIC VALUES
A. Background

The four lower Snake River dams were planned in the 1950's for economic development reasons. The
planning evaluation in 1951 pointed to "technicd difficulties involved in maintaining thet large portion of
the Columbia salmon resources produced in the Snake River if Ice Harbor and the other three lower
Snake River dams are congtructed at the present time." (McKernon 1951). The evaluation estimated
that about 135,000 fal and spring chinook salmon spawn in the Snake River and its tributaries each
year, 2,000 silver [coho] salmon, and 65,000 steelhead trout. From these, some 200,000 adults,
goproximately 12 million pounds, are landed annudly. "Between one haf and one billion saimon and
steelhead eggs are deposited in the Snake River drainage each year. Our problem would be a hatchery
or hatcheries capable of spawning, hatching, and rearing this colossal number of fingerlings. . . Further,
the races involved are among the most difficult to rear in ahaichery.” (McKernon 1951).

The four dams were built and problems have developed in maintaining wild origin anadromous fish
production. In the most recent five year average (1991 to 1995), the escapement past the upper most
of the four dams (Lower Granite Dam) was about 16,000 fall and spring chinook (40 percent wild
origin), 83,000 summer stedhead (15 percent wild origin), and coho salmon are now extinct. This
escapement contributed to about 62,000 adult harvests.

In the 1980's, the concern for decreasing Columbia River Basin sdlmon runs was the basis for the
NPPC'sinterim god of doubling sdmon populations. The overdl effect of hatchery fish on the surviva
of certain anadromous species has led to the NMFS placing a cap on the total hatchery releasesin the
Columbia River System. Because hatchery and wild fish cannot dways be separated during harvesting,
hatchery production and harvest management directly affect the existing wild salmon runs. In recent
years, for every two wild spawners from the Snake River system, about 1.2 spawners return in
subsequent cycles (Smith 1998). The low rate of returning wild spawners has raised concerns about
maintaining and recovering any wild salmon species in the Snake River system. Strategies for recovery
may be habitat based, hatchery based, or a combination of both. However, a strategy based on
artificid propagation with no increase in natura production would, over time, result in higher annua
hatchery costs (Smith 1999).

In order to estimate the total potential economic value of saimon produced in the entire Columbia River
Basin, four policy cases are assumed. These are the production of the 1980's, a doubling of these
levels, and a NMFS cap on the amount and species released from hatcheries in the Columbia River
Basin. A caseisasoincluded that includes the low survivd rates of the 1990's. Two of these cases
may be viewed as goals or policies that have been presented. The other two, the 1980's and 1990's
cases, reflect recent actual conditions.

The ability to harvest sdlmon has an important economic value to people of the Pacific Northwest and to
the nation. Historically, sdlmon have been apart of the economy and culture of the people of the Pecific
Northwest. To the Indians living dong the Columbia River, sdmon were their lifeblood, essentid to

their subsistence, their culture, and their religion. Samon today aso play an important part in the lives of
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most citizens of the Pacific Northwest. These values can be defined as option or existence values.
These may be consderable, but are not included in these evauations. The fishing vauesin this section
only estimate commercia and recreationd economic vaue of what may show up in economies. The
economic vaue of non-use (option or existence vaue) placed on these fish runs may be much higher
than the vaues that can be shown as contributing to economies.

B. Potential Regional Economic Impacts (RED Benefits)

The regiond economic impact (RED benefits) results may be viewed as the value of what may be logt to
the region if surviva rates are not increased. The potentid regiona economic impacts (RED benefits) of
harvestable fish under the first three cases ranges from $83 million under the NMFS cep case to $233
million per year (Table 4.111.1 and Appendix 4.E). The latter assumes that "doubling of the runs' may
be achieved. The fourth case includes the survivd rates that are being experienced in the 1990's. At
these low survivd rates, with present hatchery smolt releases, the regiona economic impacts (RED
benefits) throughout the region would total $38 million per year. The hatchery surplus utilization is an
important assumption for spring/summer chinook and steelhead, where up to 30 percent of the regiona
economic impacts (RED benefits) may be derived from commercid utilization of surplus hatchery fish.

Potential economic contribution by geographic area for the four casesis displayed graphicaly in Figure
4.111.1. The sze of the portrayed fish is proportionally correct to the economic contribution. Fall
chinook, even though they survive at lower rates, are released a greater volumes (about 60 percent of
the tota); the average adult harvested is dso larger than the other species.

Most coho are produced in the lower Columbia and have historically been harvested off the coasts of
Washington and Oregon. Lower Columbia gillnetters and recreationa anglers have dso harvested a
portion of these runs. Spring/summer chinook from the upper Columbia and Snake River are caught
only incidentally in ocean fisheries, while lower Columbia and Willamette River produced fish have
historicaly contributed substantidly to the AlaskalB.C. commercid fisheries, aswdll asthe inland
commercia and recreetiond fisheries. Fal chinook is the economic producer for the Pacific Northwest
regional economy. Alaskaand Canada harvesters receive about 30 percent of the total income from
harvesting these fish produced in the Columbia Basin. Fall chinook is aso the mgor producer of
income for the triba fisheriesin the Columbia. Fal chinook production in-river makes up dmost 50
percent of al persona income generated by these production cases. Steelhead are not harvested
commercidly in the Pacific Northwest, except by tribd treaty fisheries.

Recent policy gods, such as "doubling of the runs" may result in restored salmon runs contributing
sgnificant income to the region and the nation. The burden of these reductions would be felt from
Alaskato Cdifornia aong the Peacific coast and as far as Idaho in the
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Table 4.111.1
Regional Economic Impacts (RED Benefits) of Columbia River Basin Produced Salmon/Steelhead by
Geographic Areas For Four Cases of Production and Harvest Management Policies

I. NMFS Il. 1980's 11l. "Doubling IV. Early
Cap % Average % of Runs" % 1990's %
Species: Coho
Alaska 172, 0.0% 2000 0.0% 399  0.0% 57 0.0%
British Columbia 931,431 38% 1,082,468 3.8% 2,164,937 3.7% 304,729 4.2%
Washington ocean 7,932,510 325% 9,312,546 32.5% 19,074,457 32.6% 2,337,418 32.2%
Washington Puget Sound 31,107 0.1% 36,337  0.1% 74,329  0.1% 9,520/ 0.1%
Oregon 7,870,260 32.3% 9,229,961 32.3% 18,900,175 32.3% 2,337,581 32.2%
California 477,110 2.0% 564,282 2.0% 1,158,039  2.0% 132,474, 1.8%
Columbia Basin inland
Freshwater sport
Mainstem 2,449,256 10.0% 2,863,341 10.0% 5,858,368 10.0% 745,099/ 10.3%
Tributary 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Gillnet 3,413,032 14.0% 3,992,654 14.0% 8,170,337 14.0% 1,033,242 14.3%
Tribal 277,742, 1.1% 353,124 1.2% 737,882  1.3% 5842 0.1%
Other 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Hatchery
Hatchery surplus market 794,035  3.3% 933,697 3.3% 1,913,269 3.3% 231,010 32%
Hatchery carcass 222,248  0.9% 245,642  0.9% 409,725  0.7% 112,881  1.6%
Total with hatchery surplus utilization 24,398,902 100.0% 28,614,251 100.0% 58,461,917 100.0% 7,249,852 100.0%
Total without hatchery surplus utilization | 23,382,619 27,434,912 56,138,923 6,905,961
Species: Spring/Summer Chinook
Alaska 1,247,437 11.2% 1,311,767 11.2% 2,623,533  7.8% 411,745 13.6%
British Columbia 1,764,542 159% 1,856,639 15.8% 3,713,277 11.0% 573,534/ 18.9%
Washington ocean 532,560 4.8% 560,304 4.8% 1,120,608 3.3% 173,517 57%
Washington Puget Sound 19,825 0.2% 20,993  0.2% 41,985 0.1% 5370/ 0.2%
Oregon 220,303 2.0% 231,830 2.0% 463,660 1.4% 71,370 2.4%
California 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Columbia Basin inland
Freshwater sport
Mainstem 2,127,562 19.2% 2,234,885 19.1% 8,990,462 26.6% 721,616, 23.8%
Tributary 0 0.0% 0 0.0% 1,506,898 4.5% 0 0.0%
Gillnet 1,747,970 15.8% 1,836,144 15.7% 4,497,649 13.3% 592,868/ 19.5%
Tribal 248,507  2.2% 269,032 2.3% 6,261,798 18.5% 538 0.0%
Other 0 0.0% 0  0.0% 0 0.0% 0  00%
Hatchery
Hatchery surplus market 2,992,786 27.0% 3,200,379 27.3% 4,359,440 12.9% 404,233 13.3%
Hatchery carcass 188,940 1.7% 197,393  1.7% 244586  0.7% 79,518 2.6%
Total with hatchery surplus utilization 11,090,431 100.0% 11,719,364 100.0% 33,823,897 100.0%, 3,034,310 100.0%
Total without hatchery surplus utilization 7,908,705 8,321,593 29,219,871 2,550,559
Species: Fall Chinook
Alaska 2,352,286, 58% 2,838,088 5.7% 5,676,176/ 5.2% 1,420,898  6.0%
British Columbia 16,060,162 39.9% 19,328,072 38.5% 38,656,145 35.4% 10,176,525 43.0%
Washington ocean 7,298,685 18.1% 9,473,119 18.9% 22,542,414 20.7% 4,141,848 17.5%
Washington Puget Sound 224 0.0% 284 0.0% 629  0.0% 112 0.0%
Oregon 1,328,284  33% 1,718,309 3.4% 4,051,936 3.7% 742,102  3.1%
California 162,083  0.4% 211,709  0.4% 512,469 0.5% 94,719  04%
Columbia Basin inland
Freshwater sport
Mainstem 2,612,493 65% 3,396,348 6.8% 8,117,941 7.4% 1,493,872 6.3%
Tributary 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Gillnet 4,423,246, 11.0% 5,688,803 11.3% 13,198,355 12.1% 2,403,171 10.2%
Tribal 4,815,713 12.0% 6,094,991 12.1% 13,495,301 12.4% 2,414,571 10.2%
Other 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Hatchery
Hatchery surplus market 757,659 1.9% 977,090 1.9% 2,284,273 2.1% 417,071  1.8%
Hatchery carcass 441,114 1.1% 455,866  0.9% 543,743  0.5% 371,269 1.6%
Total with hatchery surplus utilization 40,251,950 100.0% _ 50,182,678 100.0% 109,079,381 100.0%_ 23,676,157 100.0%
Total without hatchery surplus utilization | 39,053,176 48,749,723 106,251,365 22,887,817
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Table 4.111.1 (continued)

I. NMFS Il. 1980's 11l. "Doubling IV. Early
Cap % Average % of Runs" % 1990's %
Species: Summer/Winter Steelhead
Alaska 3,203 0.0% 7,116  0.0% 14,233 0.0% 1910 0.1%
British Columbia 39,650 0.6% 88,084 0.5% 176,168  0.6% 23,645  0.6%
Washington ocean 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Washington Puget Sound 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Oregon 3,203, 0.0% 7,116 0.0% 14,233 0.0% 19100 0.1%
California 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Columbia Basin inland
Freshwater sport
Mainstem 2,706,779 38.4% 6,292,245 37.0% 11,874,912 37.2% 1,177,319/ 32.1%
Tributary 3,268,905 46.4% 8,098,924 47.6% 14,069,114 44.1% 1,882,489 51.3%
Gillnet 0 0.0% 0  0.0% 0 0.0% 0 00%
Tribal 408,976/ 5.8% 1,013,265 6.0% 2,640,304 8.3% 235,520/ 6.4%
Other 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Hatchery
Hatchery surplus market 481,041 6.8% 1,256,747 7.4% 2,667,466 8.4% 251,351 6.8%
Hatchery carcass 136,420 1.9% 245,598 1.4% 444,151 1.4% 95,744 2.6%
Total with hatchery surplus utilization 7,048,177 100.0% 17,009,095 100.0% 31,900,579 100.0% 3,669,889 100.0%
Total without hatchery surplus utilization 6,430,716 15,506,750 28,788,962 3,322,794
Species: Total
Alaska 3,603,098 4.4% 4,157,171 3.9% 8,314,341 3.6% 1,834,611 4.9%
British Columbia 18,795,784 22.7% 22,355,263 20.8% 44,710,527 19.2% 11,078,433 29.4%
Washington ocean 15,763,754 19.0% 19,345,968 18.0% 42,737,479 18.3% 6,652,783 17.7%
Washington Puget Sound 51,156 0.1% 57,613 0.1% 116,942  0.1% 15,003  0.0%
Oregon 9,422,051 11.4% 11,187,216 10.4% 23,430,004 10.0% 3,152,962 8.4%
California 639,193 0.8% 775,990 0.7% 1,670,508 0.7% 227,192) 0.6%
Columbia Basin inland
Freshwater sport
Mainstem 9,896,090 12.0% 14,786,818 13.8% 34,841,683 14.9% 4,137,906 11.0%
Tributary 3,268,905 3.9% 8,098,924 7.5% 15576,012 6.7% 1,882,489 5.0%
Gillnet 9,584,247 11.6% 11,517,601 10.7% 25,866,341 11.1% 4,029,281 10.7%
Tribal 5,750,938 6.9% 7,730,413 7.2% 23,135,284 9.9% 2,656,472 7.1%
Other 0 0.0% 0  0.0% 0 0.0% 0 00%
Hatchery
Hatchery surplus market 5,025,522 6.1%| 6,367,912 5.9% 11,224,449 4.8% 1,303,665 3.5%
Hatchery carcass 988,722] 1.2% 1,144,498 1.1% 1,642,204 0.7% 659,412 1.8%
Total with hatchery surplus utilization 82,789,460 100.0% | 107,525,388 100.0% 233,265,774 100.0%_ 37,630,209 100.0%
Total without hatchery surplus utilization | 76,775,216 100,012,977 220,399,121 35,667,132
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Figure 4.111.1
Regional Economic Impacts (RED Benefits) in West Coast Geographic Areas Attributable to Columbia River
Produced Salmon (Hatchery and Wild) Under Four Cases of Production and Harvest Management Policies

Total Personal Income
I NMFS Cap
Total Smolts | 1l 1980's Average
Released Il "Doubling of Runs"
(millions) IV Early 1990's
Coho
N . 37.18 l. $24.40
Collir&ma River Tribal 3718 I $28.61
37.18 MIl. $58.46
4 30.91 V. $7.25
%
Columbia River Other
24%
Hatchery Sales Oth? {(;;Aoreas
4%
Spring/Summer Chinook
39.13 l. $11.09
39.13 Il $11.72
Columbia River Tribal 39.13 Il $33.82
2% 36.78 IV.  $3.03
&
‘|
Columbia River Other
35% Hatchery Sales Other Areas
29% 34%
Fall Chinook
227.60 l. $40.25
Columbia River Tribal 227.60 I $50.18
12% 227.60 . $109.08
200.22 V. $23.68
Columbia River Other
17% Hatchery Sales Other Areas
y 68%
3%
Steelhead
28.63 l. $7.05
28.63 Il $17.01
Columbia River Tribal 28.63 Il $31.90
6% : 25.15 IV.  $3.67
14 - M Other Areas
1%
Columbia River Other
85% Hatchery Sales
9%
l. $82.79
Total II. $107.53
.  $233.27
\VA $37.63
Note: 1. RED benefits are expressed as personal income in millions of 1998 dollars.
2. Columbia River other includes inriver commercial and recreational fisheries.
Source: Study.
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Columbia River Basin. The conseguence of not recovering naturd runs in the Columbia River Basin
raises the possihility of diminating much of the harvesting of sdlmon produced in the Columbia River
Basin within its migration route.

C. Potential Net Economic Value (NED Benefits)

The potentid net economic vaue (NED benefits) results may be viewed as the value of what may be
logt to the nation if surviva rates are not increased. The potential net economic value (NED benefits) of
harvestable fish under the firgt three cases ranges from $55 million per year under the NMFS cap case
to $160 million per year (Table 4.111.2 and Appendix 4.C). Thelatter assumes that "doubling of the
runs' may be achieved. The fourth caseincludesthe survivd rates that are being experienced in the
1990's. At theselow surviva rates, with present hatchery smolt releases, the net economic vaue (NED
benefits) throughout the region would tota $25 million per yeer.
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Table 4.111.2
Net Economic Values (NED Benefits) of Columbia River Basin Produced Salmon/Steelhead by Geographic
Areas For Four Cases of Production and Harvest Management Policies

I. NMFS Il. 1980's 111. "Doubling IV. Early
Cap % Average % of Runs" % 1990's %
Species: Coho
Alaska 83 0.0% 9% 0.0% 191 0.0% 27, 0.0%
British Columbia 540,796  2.9% 628,473 29% 1,256,945 2.8% 176,966  3.2%
Washington ocean 6,721,240 36.0% 7,890,826 36.0%  16,162,563| 36.1% 1,979,963 35.7%
Washington Puget Sound 24,311  0.1% 28,398  0.1% 58,090 0.1% 7440 0.1%
Oregon 6,164,564 33.0% 7,230,071 33.0% 14,805,269 33.0% 1,830,011 33.0%
Callifornia 332,134 1.8% 392,980 1.8% 806,574  1.8% 91,904 1.7%
Columbia Basin inland
Freshwater sport
Mainstem 2,099,420 11.2% 2,454,360 11.2% 5,021,598 11.2% 638,674 11.5%
Tributary 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Gillnet 2,025,291 10.8% 2,369,238 10.8% 4,848,273 10.8% 613,125 11.0%
Tribal 164,812, 0.9% 209,544  1.0% 437,859  1.0% 3,467 0.1%
Other 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Hatchery
Hatchery surplus market 484,135, 2.6% 569,289 26% 1,166,549 2.6% 140,850 2.5%
Hatchery carcass 136,683 0.7% 151,070 0.7% 251,981  0.6% 69,422  1.3%
Total with hatchery surplus utilization 18,693,469 100.0% 21,924,345 100.0% 44,815,892 100.0% 5,551,848 100.0%
Total without hatchery surplus utilization 18,072,651 21,203,986 43,397,362 5,341,576
Species: Spring/Summer Chinook
Alaska 614,193  9.3% 645,862 9.3% 1,291,725  6.0% 202,764 11.0%
British Columbia 912,298 13.8% 959,920/ 13.8% 1,919,839 8.9% 296,476 16.1%
Washington ocean 317,075 4.8% 333,680 4.8% 667,359  3.1% 102,611  5.6%
Washington Puget Sound 11,286, 0.2% 11,942 0.2% 23,884 0.1% 3,132  0.2%
Oregon 157,763  2.4% 166,018  2.4% 332,036, 1.5% 51,109 2.8%
California 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Columbia Basin inland
Freshwater sport
Mainstem 1,823,675 27.6% 1,915,669 27.5% 7,706,325 35.8% 618,546 33.5%
Tributary 0 0.0% 0 0.0% 1,588,019 7.4% 0 0.0%
Gillnet 885,598 13.4% 930,271/ 13.3% 2,278,706 10.6% 300,373/ 16.3%
Tribal 125,905 1.9% 136,303, 2.0% 3,172,500 14.7% 273, 0.0%
Other 0  0.0% 0 0.0% 0  0.0% 0 0.0%
Hatchery
Hatchery surplus market 1,637,137 24.8% 1,750,696 25.1% 2,384,735 11.1% 221,127 12.0%
Hatchery carcass 116,198 1.8% 121,396  1.7% 150,420 0.7% 48904 2.7%
Total with hatchery surplus utilization 6,601,128 100.0% 6,971,756 100.0% 21,515,547 100.0%, 1,845,313 100.0%
Total without hatchery surplus utilization 4,847,793 5,099,664 18,980,393 1,575,283
Species: Fall Chinook
Alaska 1,151,779 4.9% 1,389,651/ 4.7% 2,779,301 4.3% 695,708  5.0%
British Columbia 8,390,928 35.6% 10,097,472 34.2% 20,194,944 31.2% 5,325,036 38.6%
Washington ocean 4,855,956, 20.6% 6,305,358 21.4% 15,021,931 23.2% 2,761,199 20.0%
Washington Puget Sound 161 0.0% 204  0.0% 451  0.0% 81 0.0%
Oregon 830,436, 3.5% 1,074,277 36% 2,533,249 3.9% 463,958 3.4%
California 80,873 0.3% 105,632,  0.4% 255,687  0.4% 47,257  0.3%
Columbia Basin inland
Freshwater sport
Mainstem 2,239,342 9.5% 2,911,236, 9.9% 6,958,429 10.8% 1,280,497 9.3%
Tributary 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Gillnet 2,524,963 10.7% 3,247,393 11.0% 7,534,141 11.6% 1,371,825 9.9%
Tribal 2,748,999 11.7% 3,479,261 11.8% 7,703,649 11.9% 1,378,332 10.0%
Other 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Hatchery
Hatchery surplus market 464,783  2.0% 599,391 2.0% 1,401,277 2.2% 255,850 1.9%
Hatchery carcass 271,285 1.2% 280,357 1.0% 334,402  0.5% 228,331 1.7%
Total with hatchery surplus utilization 23,559,504 100.0%_ 29,490,233 100.0% _ 64,717,461 100.0%, 13,808,075 100.0%
Total without hatchery surplus utilization 22,823,436 28,610,485 62,981,782 13,323,894
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Table 4.111.2 (continued)

I. NMFS Il. 1980's I1l. "Doubling IV. Early
Cap % Average % of Runs" % 1990's %
Species: Summer/Winter Steelhead
Alaska 2,822  0.0% 6,268  0.0% 12,537/ 0.0% 1,683 0.0%
British Columbia 20,359 0.3% 45228  0.3% 90,456/ 0.3% 12,141 0.4%
Washington ocean 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Washington Puget Sound 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Oregon 2,822  0.0% 6,268  0.0% 12,537/ 0.0% 1,683 0.0%
California 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Columbia Basin inland
Freshwater sport
Mainstem 2,384,221 36.8% 5,542,419 35.4% 10,459,818 36.2% 1,037,022 30.6%
Tributary 3,444,881 53.2% 8,534,916 54.5% 14,826,501 51.3% 1,983,830 58.5%
Gillnet 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Tribal 241,899  3.7% 599,320/ 3.8% 1,561,672 5.4% 139,304, 4.1%
Other 0 0.0% 0 0.0% 0  0.0% 0  0.0%
Hatchery
Hatchery surplus market 295,531  4.6% 772,090 4.9%| 1,638,774 57% 154,419 46%
Hatchery carcass 83,898 1.3% 151,043 1.0% 273,153 0.9% 58,882 1.7%
Total with hatchery surplus utilization 6,476,431 100.0% 15,657,552 100.0% 28,875,447 100.0% 3,388,964 100.0%
Total without hatchery surplus utilization 6,097,002 14,734,419 26,963,520 3,175,662
Species: Total
Alaska 1,768,876, 3.2% 2,041,877 2.8% 4,083,754 2.6% 900,183 3.7%
British Columbia 9,864,380 17.8% 11,731,092 15.8% 23,462,185 14.7% 5,810,619 23.6%
Washington ocean 11,894,271 21.5% 14,529,864 19.6% 31,851,853 19.9% 4,843,772 19.7%
Washington Puget Sound 35,758 0.1% 40,544 0.1% 82,425 0.1% 10,653  0.0%
Oregon 7,155,585 12.9% 8,476,635 11.4% 17,683,090 11.1% 2,346,761 9.5%
California 413,007  0.7% 498,612/ 0.7% 1,062,261 0.7% 139,161 0.6%
Columbia Basin inland
Freshwater sport
Mainstem 8,546,659 15.4% 12,823,684 17.3% 30,146,169 18.9% 3,574,738 14.5%
Tributary 3,444,881 6.2% 8,534,916 11.5% 16,414,520 10.3% 1,983,830, 8.1%
Gillnet 5,435,852 9.8% 6,546,902, 8.8% 14,661,119 9.2% 2,285,322 9.3%
Tribal 3,281,614 59% 4,424,429 6.0% 12,875,680 8.1% 1,521,376, 6.2%
Other 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Hatchery
Hatchery surplus market 2,881,585 5.2% 3,691,466 5.0% 6,591,335 4.1% 772,246 3.1%
Hatchery carcass 608,064 1.1% 703,866, 1.0%| 1,009,956 0.6% 405,538 1.6%
Total with hatchery surplus utilization 55,330,532 100.0%_ 74,043,887 100.0% 159,924,347 100.0% 24,594,200 100.0%
Total without hatchery surplus utilization ' 51,840,882 69,648,554 152,323,057 23,416,415
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Figure 4.111.2
Net Economic Value (NED Benefits) in West Coast Geographic Areas Attributable to Columbia River Produced
Salmon (Hatchery and Wild) Under Four Cases of Production and Harvest Management Policies

Net Economic Value
I NMFS Cap
Total Smolts | 1l 1980's Average
Released 1l "Doubling of Runs”
(millions) IV Early 1990's
Coho
37.18 l $18.69
Columbia River Tribal 37.18 II. $21.92
1% 37.18 1Il. $44.82
30.91 V. $5.55
Columbia River Other
2% Hatchery Sales Other Areas
74%
3%
Spring/Summer Chinook
39.13 . $6.60
39.13 1. $6.97
Colurpbia River Tribal 39.13 1L $21.52
2% o 3678 | V. $185
A
Columbia River Other
41%
Hatchery Sales Other Areas
27% 31%
Fall Chinook
227.60 . $23.56
Columbia River Tribal 227.60 I $29.49
12% 227.60 1Il. $64.72
200.22 V. $13.81
Columbia River Other
20% Hatchery Sales Other Areas
y 65%
3%
Steelhead
28.63 l. $6.48
28.63 1. $15.66
Columbia River Tribal ;2‘152 :'\'/ $§22g
0, . . .
el
Other Areas
<1%
Columbia River Other
90% Hatchery Sales
6%
. $55.33
Total 1. $74.04
. $159.92
V. $24.59
Note: 1. NED benefits expressed in millions of 1998 dollars.
2. Columbia River other includes inriver commercial and recreational fisheries.
Source: Study.
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