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PREFACE

This report is aout possible economic consequences related to changes in anadromous fish harvests
from dternative hydrosystem actions being consdered for the four lower Snake River dams. While
there is substantid 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 additiond information. A
bibliography is provided for this purpose. A more thorough analyss was used to model the economic
consequences of the dternative hydrosystem actions for the four lower Snake River. Therisk and
uncertainty chapter deds with how changes in modding assumptions and data may affect modd results.
Severd factorsthat contribute to the andysis modd input and results sengtivity are discussed. The
explanaions of risk and uncertainty are not an exhaudtive 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
Terry Morlan, Economist, NPPC

Elliot Rosenberg, Regiona Economist, 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 basis of assumptions in unpredictable ways and lead to
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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 responsibility 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. 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.
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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
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Source: Study.
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Figure 1

Annualized Economic Values (NED Benefits) by Anadromous Fish Species for Each Project Action

Notes: 1.

2.

3.

4.
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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.

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.

ABSTRACT
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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 sales to harvest opportunities.
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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.

CHAPTERI PAGE 1
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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

The study purpose, gpproach, and report outlineis given in Chapter I. The changing patterns of the
Columbia River Basin sdmon and steelhead production and harvesting are discussed in Chapter I1.
Sdmon and stedhead are migratory and know no jurisdictional bounds. Their migration routes carry
them from far inland in the Columbia River Basin to as far as Alaska and south to Cdifornia Higtoric
and international agreements on their harvests have been reached and are continudly negotiated. A
brief overview of these agreementsis provided in Chapter 111. A discussion of fisheries economic
evauation methods used in this studly is presented in Chapter V. Samon and stedhead typicaly
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. Survival 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 to provide abasis for the economic evauations.
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
Chapter V1. Chapter VII contains the potentiad economic values for four cases of Columbia River
Basin anadromous fish production and harvest management policies. A discussion of therisk
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uncertainties in modeling outcomes due to the data and moddling assumptions is included as Chapter
VIII.
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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

CHAPTERII PAGE 1

keo N:\karen\WEB Files From Lonnie\Anadromous Fish Economics\Anadromous Fish Chapter.doc



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 III. SALMON MANAGEMENT ON THE U.S. WEST COAST
A. | nter national Under andings 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
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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 M ethods

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
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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 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.
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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 dlocation 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 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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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.

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 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.

CHAPTERVI PAGE 1

keo N:\karen\WEB Files From Lonnie\Anadromous Fish Economics\Anadromous Fish Chapter.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.

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.

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,
Source: Stu

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 $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

Notes: 1. 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.

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.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 $343.14 $761.36 $37.13 $319.21  $709.59 $468.72 $967.27 $1,602.86

Subtotal Inriver $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
Subtotal Commercial ~ $472.13 $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

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. 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.2c
Economic Values (NED Benefits) for Summer Steelhead
by Project Action Using “Likely” Modeling Results
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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 as situations 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 1. $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 Il $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 Il $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%

Snake River

7% Upper
Columbia
11%

Chinook
Spr./Sum. 4%
Fall 77%

Coho 16%

Steelhead 3%

Lower

Columbia
60% Middle
Columbia
18%

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

Ocean
Oregon
10%

Ocean
Inland Washington
) 18%
Columbia

River

46%

Treaty 16%
Non-Tr. 23%
Hatch. Sales 15%

Ocean
British
Columbia
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
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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

$20 - @ Analysis Results
$18 +—{ @ Without Hatchery Utilization
With 100% S.Steel and S/S Chin., 50% F.Chin.

$16 T
$14
$12
$10
$8
$6

Annual Average Equivalent Value

$2

$0 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.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
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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

Snake Upper Middle Lower Weighted
River Columbia Columbia Columbia Willamette Average
Coho
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
I. 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.

CHAPTERVIII PAGE 13

keo N:\karen\WEB Files From Lonnie\Anadromous Fish Economics\Anadromous Fish Chapter.doc



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
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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.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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Notes: 1.

2.

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

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

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, mode 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 andysts 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 anaysis for 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 Sze 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 commercid 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 astriba 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
triba).

Coordination with the recreation and tourism andys's. The analysisfor generd recreetion
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 success rates are steady state (do not vary with increasing run sizes) 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 andyss and
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 analyss used in this report contains ca culated 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
congstent 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 andyss.

Treaty harvest rights. This report's harvest forecast distributional assumptions for ocean and
inriver treety commercia fisheries includes ceremonia and subsistence (C&S) harvests.
There is 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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