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1. INTRODUCTION

In principle, any changes in the benefits derived from the San Francisco Bay-Delta

Estuary that might result from the United States Environmental Protection Agency’s (EPA)

proposed standards would arise from the interaction of two types of complex processes:

hydrological/biological processes and biological/economic processes.

Hydrological/biological processes determine the response of biological measures, such

as the survival of juvenile salmon, to changes in controllable hydrological variables, such as

minimum streamflows, pulse flows, water diversions, water diversion screening, and water

export pumping, given constant conditions in the biological/economic processes. Models of

hydrological/biological processes have been developed by the Ur~ited States Fish and Wildlife

Service (USFWS), the California Department of Fish and Game (CDFG), the California

Department of Water Resources (CDWR), the United States Bureau of Reclamation (USBR),

and the National Marine Fisheries Service (NqVIFS), and by various consulting firms. These

models "map" hydrology into biology.

Over 200 species of fish, shrimp, and crabs are known to inhabit the Bay-Delta

Estuary (CDFG 1992). These species are classified variously as marine, anadromous,

estuarine, or freshwater. Marine species use the higher salinity areas of the Bay as nursery

areas. Anadromous species migrate through the estuary on their way to and from spawning

grounds in the inland rivers and streams. Estuarine species use the brackish-water portions of

the estuary as a nursery. Freshwater species occur mainly upstream of the estuary but interact

with it during at least one stage of their life cycle or during certain water year types.

C--110449
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During 1990, CDFG re-evaluated the relationship between species population

abundance and water year type for the 70 most abundant species of fish, shrimp, and crab.

They found that there was no clear relationship for 55.6% of these species. However, a

majority of the estuarine species were strongly more abundant in Wet water years. Thus,

water year type and associated water flows appear to be associated with environmental quality

conditions in the Bay-Delta. The EPA’s proposed Bay-Delta standards are based in part on

an emerging consensus in the scientific community that salinity within the Bay-Delta may be

an appropriate policy control variable for gaging Bay-Delta environmental quality until more

data become available to aid in the process of unraveling the complex hydrological!biological

relationships at work (San Francisco Estuary Project 1993). We assume that EPA’s proposed

regulations will focus on attaining target salinity levels at specified locations within the Bay-

Delta (San Francisco Estuary Project 1993). We expect that implementing these regulations

will result in increased salmon smolt survival and increased Net Delta Outflows of water.

For the purposes of this report, we use salmon smolt survival in the Bay-Delta and Net Delta

Outflow as policy control variables. Salmon smolt survival in the Bay-Delta is a critical

determinant of salmon population abundance (Dumas and Hanemann 1992). We assume that

the proposed regulations will result in salmon smolt survival levels in the Bay-Delta as

supplied by Palma Risler of the EPA. Management actions that improve salmon smolt

survival also are expected to improve conditions for several other estuarine-dependent species,

including several species currently listed, or potentially listable, as threatened or endangered.

However, we will majority of our analysis will focus on fall-run salmon, striped bass, starry

founder, and bay shrimp. Net Delta Outflow has been correlated with abundance indices for

2
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striped bass, starry flounder and bay shrimp. We assume that Net Delta Outflow will be

regulated under EPA’s proposed rules to achieve flows given by DWRSIM output data

supplied by Bruce Herbold of the EPA. We have chosen to consider the species listed above,

because (1) they appear to be affected by water quality conditions in the Bay-Delta and (2)

they have supported commercial or sport fisheries and/or have critically depressed

populations.

Biological/economic processes determine the interactions between biological variables,

such as fish population abunances, and a number of economic variables, such as fish harvest

levels and prices, profits and wages in fish processing and retailing industries, the number of

recreational fishing trips taken, etc. These processes affect, and are affected by, any

environmental or commercial regulations that might be in effect. Models of various aspects of

these processes have been developed by resource economists. These models "map" the

interactions between biology and economics.

Increasing the protection of the San Frmacisco Bay-Delta Estuary through improved

water quality standards may result in several distinct types of economic benefits. For ease of

discussion, and following standard economic practice, these benefits may be classified into

two types: use benefits and non-use benefits. Use benefits are associated with the commercial

or recreational use of resources, in our case the natural resources assoicated with the Bay-

Delta. Use benefits may be either consumptive, for example, hunting and commercial and

recreational fishing, or non-consumptive, for example, boating/water-skiing and wildlife

viewing. Non-use benefits involve no direct interaction between individuals and the natural

environment. Non-use benefits discussed in the economics literature include "existence

C--11 0451
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value," "bequest value," and "option value." Existence value refers to the value individuals

may place on knowing that an ecological system exists and remains healthy. Bequest value

arises from an individual’s desire to ensure that a natural resource will be available for future

generations to enjoy. Option value arises from an individual’s desire to protect a natural

resource in order to preserve the option of using it in the future.

Improving the health of the Bay-Delta Estuary might result in an additional type of

benefit known as a "de-listing" benefit. Species listed as "threatened" or "endangered" under

Federal or California law, either currently or in the future, might impose costly restrictions on

the management flexibility of Central Valley water managers. If EPA’s proposed regulations

result in the "de-listing" of currently listed species, or prevent the listing of additional species,

management flexibility wou!d be restored or maintained. The avoided loss of management

flexibility is the de-listing benefit. While difficult to quantify, the scale of efforts undertaken

by federal agencies, state and local governments, and private firms to avoid the severe

sanctions of the Endangered Species Act attest to the significance of de-listing benefits.

There is a relatively large amount of economic information available on commercial

consumptive use benefits, but much less is available on recreational consumptive use benefits,

and very little is available on non-consumptive use benefits or non-use benefits. This

distribution of the data is unfortunate, because a significant portion of the benefits resulting

from increases in wildlife populations and improved ecosystem health may well be

attributable to non-consumptive use and non-use benefit sources. Nonetheless, we will review

the existing information and make our best estimate of the benefits resulting from the

proposed Bay-Delta water quality standards.

4
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The benefits of EPA’s proposed standards must be measured against an appropriate

baseline in order to separate the benefits of EPA’s proposed standards, pet" se, from benefits

resulting from other factors that might influence the Bay-Delta system, such as the cessation

of droughts or E1 Nino events. We consider two baselines against which to compare the

estimated results of EPA’s proposed standards. The first baseline is defined as the annual

benefits derived from the Bay-Delta system following a long succession of Above Normal1

water years without implementation of EPA’s proposed standards. The second baseline is

defined as the annual benefits derived from the Bay-Delta system following a long succession

of Critically Dry1 water years without implementation of EPA’s proposed standards. We

compare the annual benefits under each baseline to the annual benefits derived from the Bay-

Delta system under the identical respective water year regime with implementation of EPA’s

proposed standards. For each water year regime, it is the difference between the annual

baseline benefits and the annual benefits under EPA’s proposed standards that is the

appropriate measure of the benefits resulting from EPA’s proposed standards.

Given models for each of the hydrology/biology and biology/economics processes, it is

the interaction of these processes that will determine the benefits of the proposed policy

(Figure 1.1). We organize our description of the interaction of these processes by species in

the following sections of this report. For each species, we first briefly review its life history.

We then proceed to consider the effects of various factors on species abundances in order to

establish the relative influence of the policy control variables used in this report. Next, we

estimate changes in species abundances resulting from EPA’s proposed standards. Finally,

~As defined by CDWR.

5
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we estimate the economic benefits expected to result from the estimated changes in species

abundances.
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2. COMMERCIAL FISHERY BENEFITS

2.1 Salmon Commercial Fishery

2.1.1 Life History, Population Trends, and the Effects of Bay-Delta Conditions

Five species of Pacific salmon have been found in California (Hallock and Fry, 1967).

While Chinook, or King Salmon (Oncorhynchus tshawytscha) is the most abundant species,

Chum Salmon (O. keta), Pink Salmon (O. gorbuscha), Sockeye Salmon (O. nerka), and Silver

Salmon (O. kisutch) can also be found. Chinook salmon account for most of the California

offshore commercial and recreational fishery catch, as well as most of the inland recreational

fishery catch. Coho salmon make up a small but significant portion of the catch in each of

the three fisheries. Pink salmon appear sporadically in only the offshore commercial fishery

(PFMC, 1993). Sockeye and Silver salmon are so rare that they do not show up in the catch

statistics. We exclude Pink, Sockeye, and Silver salmon from further analysis.

As anadromous fish, salmon live most of their adult lives at sea but return to inland

rivers and streams to spawn. Chinook salmon spawn principally in the Klamath River basin

in Northwestern California and in the Sacramento and San Joaquin River basins in the

California Central Valley. Chinook salmon spawning in the California Central Valley would

likely be affected by the proposed Bay-Delta standards. Because Coho salmon spawning is

insignificant in the Central Valley (Moyle, Williams and Wikramanayake, 1989), we assume

that changes in Bay-Delta environmental quality would not significantly change the Coho

stock, and so there would be no change in benefits attributable to changes in the Coho ~almon

stock. Thus, Coho salmon will be excluded from further analysis, and we now focus our
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attention on Califomia Chinook salmon (Figure 2.1).

There are four races of Chinook salmon native to California: fall run, late fall run,

winter run and spring run. "Run" is an abbreviation of "spawning run," and the runs are

named for the time of year during which the race swims upstream to spawn (Figure 2.2). In

1992, the total number of spawning adult Chinook salmon was distributed across the four runs

as shown in Table 2.1.

Focusing on the Sacramento and San Joaquin rivers of the Central Valley, from Table

2.1 we leam that the fall run alone currently accounts for 87% (84300/97100) of Central

Valley spawning. The Sacramento River portion of the fall run accounts for 85% of Central

Valley spawning. In the mid-1940’s Shasta dam cut off 50% of the salmon spawning habitat

in the Sacramento River basin, while Friant Dam essentially eliminated all salmon spawning

habitat in the San Joaquin River basin. Since that time, the San Joaquin River basin has not

contributed a large share of total Central Valley spawning (Table 2.2). Thus, in the following

description of the salmon life cycle ano its links to Central Valley water flows and

environmental quality in the Bay-Delta, we limit discussion to the Sacramento River fall run

Chinook Salmon population2.

2 The only anadromous fishery in the San Joaquin River is a fall run of chinook salmon to tributary streams; no
spawning occurs on the mainstem (CDWR 1993). Fall run populations in the Merced, Tuolumne, and Stanislaus
river tributaries are now at dangerously low levels. However, these low levels have occurred previously. For
example, the salmon runs on the Merced had dwindled to less than 100 fish per year in the early 1960s because of
diversion of water for irrigation when the Exchequer Dam was enlarged and its storage increased (Feinberg and
Morgan 1980). A .spawning channel and rearing ponds were constructed, six irrigation diversions were screened, and
a flow commitment of enough water to support a run of 2000 spawners was made. Since then, as many as 1000
salmon in a season have used the channel and several hundred thousand yearlings lmve been raised in the ponds and
released. Low spring flows, however, remain the limiting factor.

Adult salmon require the presence of home-stream water to guide them to their spawning grounds. Salmon
using the San Joaquin River are seriously affected by SWP and CVP operation, since at many times virtually all
San Joaquin River water is being exported. The population rebounded in the 1980’s in response to high flows.
There are currently no minimum flow requirements for the mainstem of the San Joaquin River. Minimum flows are

8
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We first describe the life history of naturally-spawned Sacramento River fall run

Chinook Salmon (refer to Table 2.3). This will be followed by a description of the life

history of hatchery-spawned Chinook Salmon. While the absolute number of adult fish

spawning in hatcheries has remained around 24,000 from 1988 to 1992, the number of adult

fish spawning naturally has declined from 197,000 in 1988 to 61,000 in 1992 (Tables 2.4 and

2.5). Thus, the relative number of fish spawning in hatcheries has increased from 12% to

26% over the past five years. While some of the shift toward hatchery fish is due to the

temporary effects of the recent drought on recent natural spawning, Cramer (1990) used

cohort reconstruction to estimate that "hatchery fish have comprised an average of 30% of the

fish spawning naturally throughout the basin [emphasis added]." Similarly, the Pacific

Fisheries Management Council (PFMC 1993) estimates that "a majority" of the fish spawning

"naturally" are actually descended from hatchery-spawned fish. These results imply that the

relative number of hatchery-influenced fish is in fact much larger than the number of fish that

are ~eleased by hatcheries each year. An increase in the relative number of hatchery-

influenced fish may weaken the genetic integrity of the fish stock (National Council on Gene

maintained on the Merced, Tuolumne, and Stanislaus tributaries below the dam on each. Jones & Stokes Associates
(1990) recently completed a study considering restoration of salmon runs on the San Joaquin River. Before the
completion of Friant Dam in 1945, the combined historic spring and fall runs of chinook salmon totaled about 45,000
fish on the upper San Joaquin River. The restoration effort would seek to reestablish a fall-run chinook salmon run
escapement of approximately 50,000 fish. The restoration effort would be restricted to fall-run chinook salmon. It
is considered impractical to reestablish a spring-run salmon population because it would require substantially higher
summer flows to sustain low water temperatures required by the spring-run. An estimated 38,000 of these would
be caught by sport anglers, leaving 12,000 fish for natural or artificial spawning. Approximately 1,500 of the 12,000
fish would be trapped at the top of the fish ladder on Mendota Dam for artificial spawning at San Joaquin Hatchery,
the remaining 10,500 salmon would be allowed to ascend the fish ladder on Mendota Dam and spawn naturally in
the upper San Joaquin River. Spawning is expected to occur throughout the upper San Joaquin River above Mendota
Pool, with concentrated activity in riffle habitat above Highway 41. However, there would be enough suitable
spawning habitat to accommodate only 5,000 [more with more gravel restoration work] of the estimated 10,500
spawning fish, and this small amount of habitat, together with low expected spawning success, is not expected to
sustain an annual fishery without hatchery supplementation.
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Resources, 1982; Hershberger, 1988; Hilbom, 1992; Moyle, 1992). If the proposed standards

result in increased survival of naturally spawning fish, either in spawning areas or during

emigration through the Delta, relative to that of hatchery-influenced fish, any resulting

strengthening of the genetic integrity of the salmon stock would be an added, although as yet

unquantifiable, benefit of the proposed standards.

Naturally spawning fall run Chinook Salmon begin life in late fall as small eggs

nestled in the gravel beneath the cool, shallow water of an inland stream. After incubating

for six to thirteen weeks, depending on temperature, the eggs hatch into yolk-sac fry, or

alevins. Alevins spend another two to four weeks, again depending on temperature, hiding

and growing in the gravel before they emerge as fry. Fry spend the next three months

feeding and growing, either as residents in their hatching reaches or as migrants in

downstream reaches, depending on flows and competition for resources from other fry.

Unusually large flows may flush fry as far downstream as the Delta or San Francisco Bay,

where rearing mortality is generally higher than for fry rearing in the hcadwater streams.

Both resident and migrating fry and smolts suffer mortality from a variety of factors

including starvation, predation, low water flows resulting in "dewatering" of incubation and

rearing gravel, high water flows resulting in "scouring" of incubation and rearing gravel, and

high water temperatures. Despite this plethora of potential sources of mortality, much of the

discussion of juvenile salmon mortality has focused on water flows. This is because water

flows are often related to the other sources of.juvenile mortality. Low flows leave salmon

eggs stranded above the water line where they desiccate; this is referred to as "dewatering"

mortality. Unusually high flows may flush salmon eggs from the protective gravel and break
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them; this is referred to as "scouring" mortality. Generally, moderately high water flows are

associated with reductions in several sources of mortality. Such flows result in (1) higher

turbidity, decreasing predation risk, (2) lower risk of both dewatering and scouring mortality,

(3) lower water temperatures, decreasing direct mortality associated with high water

temperatures. High water temperatures also have indirect adverse affects. As examples, high

water temperatures increase food requirements and thus increase the risk of starvation, and

high water temperatures are associated with increased risk of disease. However, in the past,

water temperature was associated with water flow, and so water flow sometimes served as an

index of the complex set of interacting factors affecting juvenile mortality. However, The

U.S. Bureau of Reclamation currently plans to install a water temperature control device on

Shasta Dam (USBR News Release, August 9, 1993). When this occurs, the link between

water temperature and water flow would be weakened to some extent in the river reaches
=

immediately below the dam, and one would need to devote more consideration to modeling

these factors .separately. In addition, several Central Valley water management agencies are

implementing "pulse flow" water releases at times critical to the salmon life cycle, for

example, when juvenile fish are migrating downstream. It is hoped that these pulse flow

releases will help benefit fish populations with a minimum of water use. Unfortunately,

consideration of the potential effects of pulse flows is beyond the scope of this analysis.

Toward the end of the rearing period (when the fish are about 70ram in length) fry

undergo the physiological transformation of "smoltification" that leaves them. better adapted to

survive in a more saline marine environment. After this process is complete, the fish are

known as smolts. Smolts soon migrate downstream through the Delta and San Francisco Bay
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and out into the ocean. Significant juvenile mortality occurs during migration through the

Delta. Many factors are thought to contribute to low Delta survival, including low water

flows, high water temperatures, diversion from the mainstem Sacramento River through the

Delta Cross-Channel at Walnut Grove into the interior of the Delta (Kjelson, Greene, and

Brandes, 1989; SWRCB-WRINT-USFWS-7, 1992), entrainment by the SWP and CVP water

export pumps (Figure 2.3), agricultural irrigation water diversions (Figure 2.4), water

pollution from agricultural return flows (Figure 2.5), and predation. During times of low

water flow, the period over which juvenile fish are exposed to these adverse conditions is

increased due to altered water flows in the Delta caused by SWP and CVP pumping. Most

falt-run chinook salmon juveniles migrate through the Delta from April through June (Table

2.6). Thus, conditions in the Delta during this three month period have a large impact on the

survival of the entire year class of juvenile salmon.

Once in the ocean, juvenile salmon grow free from fishing pressure for about one and

a half years but are subject to high natural mortality during this period. At about Age ’2 these

fish "recruit" to (become large enough to be caught by) the ocean fishery. Some Age 2 fish

are large enough to catch, but most are still too small for fishermen to legally keep.

Sub-legal sized fish are thrown back, but some are killed in the process; these fish are known

as "shakers." Age 2 fish may also succumb to natural mortality. A proportion of the

surviving Age 2 fish leave the ocean to spawn in inland dyers and streams.3 Age 2 fish

3 A relatively large proportion of the two-year-old salmon leaving the ocean are immature, male fish known as
"jacks." Although these fish swim upstream to spawn, they do not contribute to reproduction. An implication of
this is that if the age distribution of spawning salmon shifts to younger-aged fish, not only will reproduction be less
because younger fish are smaller and smaller female fish produce fewer eggs, but reproduction will also be less
because jacks will comprise a larger proportion of the spawning population.

12

C--110460
(3-110460



remaining in the ocean become Age 3 fish in the spring, just in time to greet the new fishing

season. Age 3, 4, and 5 fish may be similarly caught by the fishery, killed by natural

mortality, induced by instinct to spawn, or advanced to the next age class. Age 3 and older

fish, however, are not subject to shaker mortality.

Salmon eluding ocean fishing mortality and ocean natural mortality "escape" inland to

spawn. These fish spend three to five weeks swimming upriver and fighting against the

current until they reach either a fish hatchery intake ladder or a stream with suitable spawning

gravel. Fasting all the while, the migrating fish must avoid being side-tracked by dams and

caught by inland anglers. Once they reach adequate spawning sites, female salmon create

depressions in the spawning gravel, known as "redds," with their tails and deposit eggs inside.

Male salmon then fertilize the eggs. After spawning, the eggs are covered with gravel and

the adults soon die.

The incubating eggs, however, are not yet safe. There is the possibility that a

concurrently or subsequently spawning pair of fish may destroy the eggs while building a

redd of their own. This phenomenon is called "superimposition of redds" and is thought to be

a source of density-dependent mortality in the chinook salmon life cycle.

We now turn to a description of the life cycle of hatchery-raised salmon -- salmon that

are spawned artificially in a hatchery rather than naturally in the wild. The lifecycle of

hatchery salmon differs from that of wild salmon primarily in the inland phase; the life cycles

of the two types of salmon are similar in the ocean phase.

All hatchery salmon originally came from spawning wild salmon. Spawning wild

salmon are collected by hatchery managers or enter a hatchery themselves by climbing a fish
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ladder leading into the hatchery. Hatchery managers then collect the eggs from all of the

spawning wild fish. The eggs are then raised in the hatchery and become ."hatchery salmon."

Hatchery managers allow spawning fish to enter the hatchery until the hatchery reaches its

egg capacity. The eggs are then fertilized, incubated, hatched, and reared until the juvenile

fish are approximately smolt-sized. Fish raised in a hatchery exhibit much lower average

rearing mortality than do naturally-rearing fish. However, a disease outbreak can wipe-out

crowded hatchery stocks. Assuming hatchery fish survive the rearing period, they are then

released into an adjacent stream at the time natural fish are migrating downstream, or they are

trucked downstream to avoid the mortality associated with downstream migration. Of the

three major salmon hatcheries in the Sacramento River basin, Coleman Hatchery, Nimbus

He.tchery, and Feather River Hatchery, Coleman trucks up to 100% of its smolt releases to

points below Red Bluff Diversion Dam, Nimbus trucks up to 50% of its releases to points

below the Delta, and Feather up to 100% of its releases to points below the Delta. However,

fish trucked downstream are less likely to find their way back to the hatchery as adults than

are fish released directly into the neighboring stream. Trucked fish, as spawning adults, often

"stray" to other reaches of the river system to spawn. In this way fish of hatchery origin are

introduced into natural populations. There is some concern that this process might be

weakening the genetic integrity of natural populations (National Council on Gene Resources,

1982; Hershberger, 1988; Hilborn, 1992; Moyle, 1992).

The stages of the fall-run chinook salmon life cycle described in the preceding section

are captured in a model of the Sacramento Basin Fall-Run Chinook Salmon population

(Dumas and Hanemann, 1992). The model was constructed using the STELLA II® systems-
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analysis programming language and is based on a Fortran model of the Sacramento River

chinook salmon population developed by Biosystems Analysis (1989) and a STELLA® model

of the San Joaquin River chinook salmon population developed by EA Engineering (1991).

Our modeling efforts are constrained by the available data. While much is known

about the Sacramento River fall run chinook salmon population both inland and at sea, much

is still in question. Many key physical and biological parameters are not available for the

relevant locations or time periods. For those parameters that have been estimated; some are

not direct estimates but are derived from values for similar species or similar systems: some

are subject to variation, but the type of variation is unknown; and some are contested by

various interests. We have attempted to bring together the best estimates from many sources.

We rely heavily on the previous salmon modeling efforts of Dettmann and Kelley (1987b),

Kope (1987), Biosystems Analysis (1989), Kjelson, Greene, and Brandes (1989), Kelley,

Greene, and Mitchell (1990), Cramer (1990), and EA Engineering (1991). Figure 2.6 presents

a timeline of the important biological and management events addressed by the model. See

Appendix A for further description of the Dumas and Hanemann model.

We now turn to a brief summary of some simulation results from Dumas and

Hanemann’s model. These simulations focused on the effects of drought, and the potential

effects of global climate change, on the Sacramento fall-run chinook salmon population.

These simulations emphasize the importance of both upstream water flows and timing, and

salmon smolt survival in the Bay-Delta, to the salmon population. For further discussion, see

Hanemann and Dumas (1992).

The direct effects of a one year drought on the salmon population may continue to be
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felt for two to five years, due to the anadromous life cycle of chinook salmon. Smaller,

indirect effects on the salmon population, working through succeeding yearly spawning

cohorts, may last much longer. In our "four-year drought" simulations, the salmon population

level was reduced by 25% in the worst year, with reductions greater than 5% occurring in

eight years. These population reductions led to similar reductions in escapements and

catches. Most of these effects were felt in years following the end of the drought, due to lags

caused by the salmon life cycle. The population reductions were caused by moderate

decreases in spawning habitat due to smaller fall flows and large increases in mortality in the

Delta for juveniles migrating to the sea caused by smaller spring and summer flows. While

not significant in our simulations, we suspect that smaller winter flows could lead to

increased dewatering mortal,;.ty for eggs and juveniles under drought conditions.

2.1.2 Effects of Other Factors

The salmon population is in decline as a result of several factors. Historically,

mining wastes, dams and irrigation projects, and overfishing have led to large declines in the

salmon population. Various attempts have been made to mitigate the harmful effects resulting

from these sources. While the decline of some races of salmon was possibly slowed, the

1986-1992 drought exacerbated the continuing problems. Factors other than water flow,

water temperature, and water exports from the S.F. Bay-Delta affect the salmon population.

The following list contains some of the factors that have been identified:

(1) Continued spawning habitat loss
(2) Continued unscreened agricultural diversions
(3) Predation
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(4) Continued pollution4
(5) Continued over-fishing5

(6) Foreign catch during ocean migration

If these other factors are not controlled, the proposed regulations probably will not

generate the full potential environmental benefits.

2.1.3 Benefits

The economic benefits associated with an increase in the commercial harvest of the

Central Valley salmon stock would, in principle, come in three ultimate forms: changes in the

profits of f’trrns, changes in the wages of employees, and changes in consumers’ surplus.

Impacts on profits and wages might occur in each of several industrial sectors, which

Hanemann (1986) classifies as: the Salmon Harvesting Sector, the Salmon Processing Sector,

the Salmon Retail Sector, and Other Sectors. These effects might be felt by employees and

business owners living either inside or outside California. These effects may also be

classified as direct impacts, indirect impacts and induced impacts. An increase in the

California salmon harvest would increase the profits and wages of the salmon harvesting

sector. These are the direct impacts of a change in the California salmon harvest. Indirect

4 Saiki, et.al. (1992) investigated the effects of selenium in agricultural drainage of the fish in the San Joaquin
Valley. They report that "High concentrations of environmental selenium can adversely affect the reproduction,
growth, or survival of fish, and require public health advisories for humans who eat affected fish (p.380)." Further,
high concentrations of selenium were found in fish from canals and sloughs tributary to the San Joaquin River.
Although conclusive evidence of selenium toxicity to these fish is still lacking, the California Department of Health
Services has urged people to limit consumption of fish from this region. To the extent that the reallocation of water
from agriculture to the environment results in improved water quality through either a reduction in agricultural
drainage or a reduction in its toxicity, current damages to the environment from these sources would be reduced.

5 A short, historical review of overfishing and economic inefficiency in the California salmon fishery is’

presented in Appendix B.
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impacts are the increased profits and wages in other sectors of the economy (the salmon

processing sector, salmon retail sector, and other sectors) due to increased purchases by the

fish harvesting sector. Induced impacts are the further increases in profits and wages in all

sectors of the economy due to the general increase in purchases by households due to

increased income from the increased profits and wages associated with direct and indirect

impacts. We will consider direct, indirect and induced impacts in this report. Although

government tax revenues would also be affected by changes in salmon catch, we do not

consider tax revenue effects in our analysis and work with figures on a pre-tax basis.

Indirect and induced impacts may also affect wages, profits and consumers’ surplus

outside California. With regard to potential effects on employee wages, Hanemann (1986)

observes that "it is likely that the harvesting and processing of commercially caught

Sacramento river chinook salmon takes place mainly within California." Thus, we assume

that the effects on out-of-state employee wages in the salmon harvesting and processing

sectors are zero. However, within the retail sector there is probably some spillover to non-

California residents. With respect to the profits of business owners, Hanemann reasonably

speculates: "although detailed information on the ownership of firms in these sectors is not

readily available ....it is possible that.., the effects of a [change in] profits in the

harvesting and processing sectors are largely confined to [owners residing within] California."

Thus, we assume that there are no out-of-state owners of California firms in the salmon

Harvesting and Processing Sectors. However, there may be out-of-state effects in the Retail

Sector, and this possibility will be considered later.

Turning to potential effects on consumers’ surplus, we assume that these effects will
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be negligible for consumers residing both inside and outside California, because the California

Chinook salmon harvest represents a relatively small share of the potential total salmon

supply available to California consumers, which includes salmon from other states in the U.S.

and from other countries (i.e., the supply curve for salmon is horizontal at the retail level).

Thus, we expect that increased supplies of California Chinook salmon (1) would substitute for

salmon that is currently imported into the state, (2) would result in little effect on price, and

(3) would not result in any significant increase in consumer surplus as a result of non-price

factors, because California Chinook salmon is not yet sufficiently differentiated from

substitute products in terms of quality, etc. in the minds of most consumers.

In summary, we expect most of the economic effects of the estimated increase in the

commercial California Chinook salmon harvest to fall within the state of California. While

we do expect direct, indirect, and induced impacts on the California economy, we do not

expect significant changes in consumer surplus associated with salmon consumption. We now

move on to investigate the direct, indirect, and induced effects in more detail.

The Commercial Salmon Harvesting Sector

To put the California salmon harvest in perspective, we will first review some

statistics on U.S. fisheries. Total U.S. commercial fisheries landings amounted to 9,404

million pounds in 1990. Of this total, the various species of Pacific salmon totaled 733

million pounds, with Chinook salmon contributing 26 million pounds ~U.S. Dept. Commerce,

1992). Thus, although Pacific salmon represents approximately one-tenth of the U.S.

commercial fisheries landings, Chinook salmon comprises a relatively small share of the total

Pacific salmon landings. All of the Pacific salmon, including all of the Chinook salmon, was
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caught within the 200 mile Extended Economic Zone (EEZ) of the United States. Seventy-

nine percent of the Chinook salmon catch occurred within 3 miles of shore. Therefore, the

California Chinook salmon fishery is a near-shore fishery under U.S. regulation.

The total commercial harvest of chinook salmon landed at California ports has

averaged about 540,100 fish/yr over the period 1976-1985. However, not all of these chinook

originate from the Sacramento or San Joaquin Basins: some derive from the Klamath River

Basin, other North Coast Rivers, or rivers in Oregon.. Because salmon of various rivers of

origin are mixed when caught at sea, it is necessary to estimate the component of the total

California chinook salmon harvest composed of fish originating in the California Central

Valley. PFMC assumes that all salmon landed south of Point Arena (i.e. those landed at

Monterey and S.F. Bay) originate in the Central Valley. That assumption yields an estimated

commercial harvest of Central Valley chinook of about 263,500 fish/yr over the period 1976-

1985. Dettman, Kelly and Mitchell (1987) employ a different procedure based on the

assumptions that (a) 95% of the chinook landed at Monterey come from the Central Valley,

and (b) the ratio of chinook landed at Monterey and tagged as coming from the Central

Valley to the estimated total harvest of Central Valley chinook landed at Monterey can be

extrapolated to other ports along the California coast and in Oregon. This yields an estimated

commercial harvest of Central Vall.ey chinook averaging 351,400 fish/yr over the period

1976-1985, which is significantly higher than the PFMC estimate. However, both estimation

methods imply a roughly constant commercial harvest of Central Valley chinook over the 30

years preceding the recent drought.

The commercial harvesting sector is cu1"rently regulated by the Pacific Fishery
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Management Council (PFMC) (see Table 2.7 with reference to Figure 2.7) in coordination

with CDFG and NMFS. PFMC sets escapement targets for various salmon populations. The

current escapement target range for Sacramento fall-run chinook is 122,000-180,000 adult

spawners. PFMC then regulates the fishery by various means in an attempt to meet the

escapement target. As of mid-May, 1993, PFMC limits the commercial fishing season from

Point Arena south to the Mexican border to the period May 1 through August 7. However,

the region from Point Reyes to Point Arena is closed for all of June, and from Point Arena

north to Shelter Cove, PFMC’s plan allows fishing in August and September only. From

Shelter Cove to the Oregon border the plan allows fishing in September and October only.

Some of the more stringent regulations affecting Central Valley salmon fisheries are actually

intended to protect Klamath river salmon fisheries. However, because salmon from the two

river basins are mixed at sea, the fisheries of both basins are often affected by regulations

pertaining to only one basin or the other. In addition to PFMC limits on the salmon fishing

season, in 1979 the California legislature imposed a moratorium on the number of vessels

allowed to operate in the salmon fishery. The moratorium was subseqently relaxed with the

establishment of a Limited Entry Program. The Department of Commerce (1992) estimates

that there were 3,675 commercial fishing vessels (>5tons) and 2,921 commercial fishing boats

(<5tons) fishing for all fish species in California in 1990. Of these, PFMC (1992, Table D-4)

estimates that 2,115, or 32% of total fishing craft, landed salmon in 1990. Thus, changes in

California’s commercial salmon harvest would affect a large segment of California’s

commercial fishing craft.

The California commercial salmon troll fleet now exlSends about 50,000 days of effort
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per year (PFMC 1986). Fletcher and Johnston (1984) conducted an economic study of the

Crabber-Salmon Troller vessels operating from Eureka, California. These vessels are similar

to the vessels that fish exclusively for salmon. Fletcher and Johnston’s (1984) results,

presented in Table 2.8, show that the amount of .fishing effort measured in average days at

sea depends strongly on estimates of the stock size as measured by the expected catch.

Therefore, increases in expected catch resulting from increases in salmon abundance due to

EPA’s proposed regulations would likely result in increased fishing effort in addition to

increased catch-per-effort. Of course, fishing effort also depends on the price and expected

catch of substitute species, the prices of target and substitute species, weather conditions,

government regulations, and marketing restrictions.

PFMC (1992) data, presented in Figure 2.8, show that the total number of vessels in

the salmon fishery declined from 4,738 in 1980 to 2,115 in 1990, a decline of approximately

60%. The decline occurred in two steps, one from 1980 to 1984 and one from 1990 to 1992.

The first decline was probably caused by the combination of the 1981-1982 recession and the

low catches resulting from the 1983 E1 Nino. The second decline is probably the result of the

recent recession, the recent drought, and increased water exports from the Delta. The

majority of the California fleet consists of small vessels, each landing a small catch -- in

1985, only 6% of the vessels landed more than 6,000 lbs/vessel (King 1987). The recent

decline in the total number of craft in the fishery resulted in a small decrease in the

proportion of small (<= 32 ft. in length) boats in the industry but a small increase in the

proportion of vessels landing 90% of the catch. Thus, the effects of the recent decline in the

number of boats in the industry on industry structure are ambiguous; they do not seem to
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overwhelmingly favor either large or small commercial operators.

Troll fishing for chinook salmon is especially attractive to California’s commercial

fishery, industry groups say, because relatively little fishing gear is needed in troll fishing and

because salmon bring a high market price (Western Water 1992). "Trolling" is the only type

of commercial fishing technology permitted in California. Trolling involves relatively small

fishing boats operating close to shore pulling several long fishing lines, each with several

hooks (Figure 2.9). A drawback of this fishing method is that immature fish are often hooked

accidentally and must be shaken from the fishing lines, resulting in significant "shaker"

mortality.6 Another potential problem with the troll fishery is that it may have shifted the

age structure of the salmon population to younger-aged fish by selectively keeping the larger

fish. The size of California chinook harvested by the commercial fishery has declined

somewhat over the past 30 years. Cope and Slater (1957) found that the average weight of a

gill-net caught salmon was 22.23 pounds during 1947-1949, while PFMC (1986) reported that

the average weight of a commercially caught salmon in 1985 was 10 pounds. In addition,

younger, smaller fish mean fewer and/or smaller eggs, since older, larger female salmon lay

more and/or larger eggs (Hankin and McKelvey, 1985). Furthermore, the practice of trolling

over feeding grounds close to major fiver inlets, where fish of different natal streams are

mixed together, makes selective management of particular salmon stocks much more difficult.

The dockside value of total U.S. commercial fishery landings amounted to $3.5 billion

in 1990. Of this total, all species of Pacific salmon taken together were valued at $612

6 Crutchfield (1977) found that ocean trolling led to the mortality of sub-legal sized fish through shaker losses
and that even legal sized fish were probably caught at sub-optimal sizes. If left in the ocean for one or more
seasons, a sub-optimally-sized fish would gain more weight on average than it would suffer expected mortality,.
contributing more to catch.
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million (California’s share: $12 million), with Chinook salmon contributing $47.2 million

(California’s share: $11.4 million) (U.S. Dept. Commerce 1992). More recently, in 1991

Pacific salmon was the third most important species to U.S. commercial fisheries in terms of

value, and in 1992 Pacific salmon was the FIRST most important species in terms of value

(U.S Dept. of Commerce 1993). Thus, the Pacific salmon fishery is a highly valuable

component of the U.S. commercial fishery.

Chinook salmon ex-vessel (i.e., dockside dressed) prices rose rapidly during the

1970s but levelled off during the 1980s due to increased competition from Alaskan salmon

and fresh "farm-reared" Norwegian imports (King I987). According to PFMC (1993), over

the past five years ex-vessel prices have averaged about $2.68/lb in real 1990 dollars. The

total ex-vessel value of the annual commercial harvest of Central Valley chinook in real 1990

dollars has ranged from an extraordinary high of $46 million in 1988 to an extraordinary low

of $4.1 million in 1992. This large variation in ex-vessel value results from large variation in

landings, while ex-vessel prices have remained relatively stable. Ex-vessel prices have

remained relatively stable, because ready substituies for California salmon exist in the form of

imported Alaskan, Canadian, and Norwegian salmon. Korson (1984) found that ex-vessel

prices did not increase in response to a 70% reduction in commercial landings in the 1983 E1

Nino year; this is evidence of the extent to which a world market for salmon breaks the link

between landings of California salmon and the price of salmon in California.

The average real gross value of the salmon catch per vessel has varied by a factor of

six over the past decade (Table 2.9). The variation in these values closely corresponds to

variation in estimates of fish stock size over these same years.
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In response to the lack of information on the potential effects of proposed fishery

management regulations on the fishing and seafood industries, King and Flagg (1984)

conducted surveys of fish harvesters and seafood processors in 1980. The survey collected

production, cost, and market data that was then used to construct an input-output model of the

California fishing industry. The model provided estimates of Employment, Income, and

Output multipliers for 20 California fish-harvesting sectors and nine California seafood-

processing sectors based on information from a U.S. Dept. of Interior input-output model of

the entire California economy (Table 2.10). In updated form, this information is still used in

policy discussions (Grader, 1992).

Tables 2.11-2.16 present revenue and cost data from King and Flagg (1984) for the

types of California fishing vessels that earned at least 10%. of their revenue from salmon.

Data for small and large salmon trollers are presented in Tables 11 and 12. Carter and Radtke

(1986) also present a budget for a large salmon troller (Table 2.17). Ueber (1993), notes that

since the 1960’s, salmon and he.rring catches have sustained the majority of these vessels.

But as salmon stocks have decreased over the last ten years, many vessels have found it not

worthwhile to utilize their salmon fishing permits (Table 2.18), and as herring stocks have

undergone a dramatic decline in the last two years, fishers find themselves without two of

their major "cash crops." However, some vessels catch significant numbers of other species,

indicating that some substitution may be possible between harvested species if regulations

were tightened for any particular species. Commercial troller Matson (1988) notes, "Many

commercial salmon fishermen harvest herring, crab, an other saltwater species when salmon

season is closed." Fletcher and Johnston (1984) conducted an economic study of "Crabber-

25

C--110473
(3-110473



Salmon Troller" vessels operating from Eureka, California. These vessels switch between

target species depending upon market prices and relative fish populations. A cost analysis for

a Eureka Crabber-Salmon Troller is presented in Table 2.19. Many of the low-volume

producers may in fact be recreational fishermen. According to King (1987) only 13% of

California salmon trollers earn all of their income from commercial fishing. Moreover, the

most active vessels earned more from other fishery revenues than from salmon fishing

revenues.

Because the salmon spawning run is seasonal, the commercial salmon harvest provides

only seasonal employment, "A tendency," notes Crutchfield (1977), "that has been greatly

augmented by management techniques designed to adjust for excess capacity by shortening

fishing periods and by restricting movement among fishing areas." However, Crutchfield also

found that, "An overwhelming majority of the capital and labour employed in the salmon

fishery is utilized off-season in other fishing occupations, in non-fishing work for the vessel

and crew, or shoreside work for crew members ....Underemployed fishermen are likely to

spend a good deal of time maintaining their idle vessels."

With regard to entry into the industry, Crutchfield concluded that the high profits

earned during "good" (high fish stock) years were sufficient to attract new entry but that exit

did not seem to occur during "bad’i (low fish stock) years. Perhaps this is due to the

possibilities for alternative employment of capital and labor during bad years, as mentioned in

the preceding paragraph.

Tables 2.20 and 2.21 present data from King and Flagg on total sales and input

purchases in 1982 for the two major salmon-harvesting vessel types. All large vessels

26

C--110474
C-110474



together generated about three times the revenue generated by all small vessels. Large and

medium-sized fish processors bought most of the harvesting sector’s output, with only very

small amounts being exported.

For the purposes of this report, we follow Hanemann (1986) in making the following

assumptions in our analysis. We assume that EPA’s proposed regulations will result in an

increase in salmon catch above the Decision 1485 baseline of between 30-50%, depending on

water year type, as estimated by the Dumas and Hanemann (1992) hydrological/biological

salmon population model (Table 2.22). We measure catch in numbers of salmon. We then

assume an average (dressed) salmon size of 10 pounds (Table 2.23). We assume an ex-vessel

price for salmon of $2.68 per dressed pound, the 1988-1992 average real price (Table 2.24).

We choose 1990 as a base year and convert nominal prices from other years into 1990 dollars

according to the price index used by PFMC (1993, Table D-22) presented in Table 2.25. We

assume that this estimated increase in harvest will not affect the ex-vessel price of chinook

salmon in California. This is consistent with Bird’s (1986) and DeVoretz and Salvanes’

(1993) analyses of the world salmon market (see Appendix D) and with the observed lack of

an effect of the 1983 E1 Nino on California salmon prices as reported by Korson (1984).

As a measure of the change in economic welfare in the harvest sector, we take the

increase in employee wages plus the increase in profits accruing to the owners of firms. This

measure of economic gain is calculated as the increase in firms" revenue, net of non-wage

costs, resulting from the change in the salmon catch. We assume that there are no non-

California employees or owners of California fish harvesting firms. In support of this

assumption, we note that PFMC (1993, Table D-16) data on the number of vessels owned by
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residents of other states landing salmon in California from 1978 to 1992 show that non-

residents land a very small proportion of the California harvest.

An issue to consider at this point is the appropriate measure of non-wage costs. King

and Flagg (1984) provide information on average non-wage costs for two classes of salmon

trollers, large and small. Non-wage average costs are 46.8% of revenue for large salmon

trollers (Table 2.12) and 61.8% of revenue for small salmon trollers (Table 2.11). Meyer

(1985) and Leidy et al. (1984) cite studies of marginal costs including wages for salmon

harvesters. These estimates of marginal costs range from 0% to 15%. Meyer uses a value of

10% and Leidy et al. recommend a value of 9%. The substantial fixed costs associated with

the purchase of fishing vessels drives the divergence between King and Flagg’s estimate of

average costs and Meyer and Leidy et al.’s measure of marginal costs. If the increase in the

salmon catch could be harvested without employing any additional vessels, then marginal cost

would be the appropriate cost measure. Even if it is necessary to employ additional vessels,

marginal’cost still would be the appropriate cost measure if significant overcapacity (idle

vessels) exists in the harvesting sector as a result of previous historical declines in the fish

stock. In fact, data from PFMC (1993) show that only 36% (1083) of the 2970 vessels with

permits to land salmon actually landed salmon in 1992 (Table 2.18), indicating that significant

overcapacity probably exists in the.salmon harvesting sector. However, if these "idle" vessels

were catching chinook salmon from other (non-Central Valley) stocks or alternative (though

lower-valued) species, as evidence presented above suggests, then the opportunity costs of

foregoing these catches would raise the true marginal cost of employing these "idle" ~’essels

in the salmon harvest sector. Thus, the estimates of marginal cost presented above may be

28

C--110476
(3-110476



understated. But, the estimates may be overstated, because they include wages. From an

economic welfare point of view, changes in wages are properly tallied as changes in

household income, not as changes in costs. If wages are incorrectly counted as costs, the gain

in economic welfare associated with an increase in the salmon catch would be underestimated.

However, if fishers were attracted away from alternative employment that had paid the same

wages, then the wage-including cost measures used by Meyer and by Leidy et al. would not

overstate costs. Given the complexity of the foregoing discussion and the limited data

available, we believe that a reasonable value for non-wage marginal costs would be 10% of

revenue. This is the assumption used in this report.

The Salmon Processing Sector

The fresh market salmon industry was well established in California by 1850 (Clark

1929). The first cannery opened in 1864 on the Sacramento River, and from 1873 to 1910. as

many as 21 canneries throughout California processed an average of 5 million pounds of

salmon each year (CDWR 1984). In the record year, 1882, the commercial catch on the

Sacramento River alone reached 12 million pounds, and 181,000 cases of canned salmon were

produced. The cannery fishermen caught fish in the rivers using gillnets, a method so

efficient that the fishery promptly collapsed, with the last two canneries closing in 1919

(Clark 1929).7 In fact, several other factors contributed to the demise of the canning industry

in California (Feinberg and Morgan 1980). Mining pollution fouled salmon spawning areas in

the rivers, further reducing fish stocks; new ocean salmon fisheries (whose higher-quality fish

was sold on the competing fi’esh market) were getting underway, spurred by the development

The salmon canning industry survives in Alas -ka and Canada.
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of the gasoline-powered boat engine in the early 1900’s; and a new salt-curing process

provided an alternative preservation technology. Today, over 90% of the U.S. canned salmon

pack originates in Alaska (U.S. Dept. Commerce 1992). Meyer (1985) finds that the canning

of California salmon is negligible. Since the closure of the California canneries, and with the

subsequent development of freezer technology, most of the salmon caught in California is

either sold fresh or processed as frozen fillets and steaks. Most of the California catch is sold

within the state (Feinberg and Morgan 1980). King and Flagg (1984) estimate that California

fish processors buy more salmon, in dollar terms, than any other seafood (not just fish) except

tuna and wettish, and most tuna is canned while most wettish is either canned or exported

(Table 2.27). Thus, salmon is a dominant product in California’s fresh/frozen seafood

processing market.

U.S. Department of Commerce (1992) records show that in 1990, there were 1,784

seafood processing plants in the U.S., employing 59,162 people. In California in the same

year, 145 plants employed 5,526 people. In 1990, there were 2,786 seafood wholesaling

establishments in the U.S., employing 13,065 people. In Califomia in the same year, 337

establishments employed 1,741 people. In 1990, NMFS (1990) listed 132 seafood dealers

handling salmon in California. See Table 2.28 for a breakdown by geographical location and

type of business (e.g., wholesaler, processor, importer, exporter, and broker). Most processing

plants are located at the larger harbors: Crescent City, Eureka, Fort Bragg, and San Francisco.

Importantly, most establishments on the list handle several types of seafood, although salmon

is one of the most profitable items. We believe this reflects diversification in the face of the

uncertain or seasonal harvests of many species. Note that listing in the NMFS publication is
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voluntary; not all seafood dealers are necessarily on the list. Also. NMFS, Long Beach, staff

(personal communication, June 1993) reported that the recent recession put many of these

firms out of business.

Until 1983, almost all of the salmon caught in California went directly from the

fishermen to the buyers representing the processing plants (Feinberg and Morgan 1980,

Korson 1984). Crutchfield (1977) concluded that the waterfront market structure for salmon

was oligopsonistic. Fishermen typically dealt with a limited number of buyers who

dominated purchases at the few ports accessible to the typical small salmon boat. In addition,

the high degree of uncertainty in salmon fishing led to considerable vertical integration.

Some vessels are actually owned by processing companies and manned by skippers and crews

subject to the buyers’ orders; others are financed by waterfront buyers with the implicit

understanding that the firm will have first call on the boat’s landings.

However, Ueber (1993) points out that California salmon marketing has undergone

several changes since the early 1980’s. First, Ueber doubts that the regional dockside demand

curve for salmon is downward-sloping; if salmon supply increased, he would not expect a

price change. Second, whereas 15 to 20 years ago about 99% of catch went to fish

processor/buyers, now many fishermen sell their catch at retail, directly to the public through

farmer’s markets or smoke houses,.cutting out the middlemen. Ueber estimates that 50% of

the catch is now going to these farmer’s markets, such as the one in Matin county and the

three in San Francisco. In fact, Ueber mentions that some harvesters are now working

cooperatively by pooling their catches and sending one member of the group to the farmers’

markets to sell the combined catch. Some fishers are now even smoking their own fish.
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Korson (1984) gives a possible explanation for this general change in salmon marketing. The

extremely low E1 Nino harvest of 1983 resulted in very low ex-vessel prices bid by

processors for California salmon. Apparently, processors either shut down or obtained more

certain supplies of salmon elsewhere. In any event, harvesters were pressured into searching

out new markets for their catch. Many began selling directly to restaurants and retail

farmers’ markets instead of processors. The number of California fishermen obtaining

licenses to sell salmon directly as wholesalers and retailers increased from 1500 in 1982 to

6000 in 1983.

CDFG collects data on the ex-vessel price of each salmon sold at dockside in

California by requiring the commercial salmon harvester to fill out a "fish ticket" for each

salmon sold and to submit the ticket to CDFG (Seger 1993). (CDFG also uses :he fish tickets

to gather other information about the fish that is useful for management purposes.) CDFG

then reports average ex-vessel prices to PFMC. We use the annual ex-vessel prices for

California chinook salmon published by PFMC to calculate the five-year average price of

around $2.68/lb used in this report. Ueber (1993) reports that the distribution of dockside, or

"ex-vessel," prices may range from $2 to $6 per pound of dressed salmon, with

retail/smoker/farmer’s market prices at the high end of this range. It appears that

retail/smoker/farmer’s markets pay a premium in order to get the highest quality fish and to

ensure supply. The buyer/processors pay prices at the lower end of the range and take the

lower quality, "surplus" fish. However, it is difficult to reconcile (1) Ueber’s market share

estimates of 50% processor and 50% farmers market/restaurant, (2) Ueber’s market price

estimates of $2 for processor salmon and $6 for farmers market/restaurant salmon, and (3)
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PFMC’s average price of $2.68/lb. Using Ueber’s estimates, the average price should be

about $4.00/lb. instead of $2.68/lb. Perhaps data collection errors cause PFMC’s price to be

an underestimate of the true average price. Perhaps Ueber is overestimating the processor

price and/or the farmers’ market/restaurant price, or perhaps Ueber is overestimating the

farmers’ market/restaurant market share.

Salmon that is purchased by buyer/processors is trucked to the processing plants where

the fish are washed and re-iced, having already been dressed and iced by the fishermen.

Since salmon are bought already dressed, they are one of the easiest fish to process. Most of

the salmon is refrigerated and sold immediately to restaurants, markets, or to a fish broker,

who may buy several loads of salmon to ship to Los Angeles, San Francisco, the Midwest, or

the East Coast Fresh, iced salmon has a shelf life of two to three weeks. The remainder of

the salmon catch is frozen, stored, and marketed after the commercial season ends, when no

fresh California salmon is available. Because the fishing season is short, the yearly catch is

concentrated into a few months, and processors run large volumes of fish through their plants

at once (Feinberg and Morgan 1980). Commercial freezers can store salmon for about a year.

Cold storage stocks are drawn down in the late fall, winter, and spring and built up in the

summer and early fall (Table 2.26). Although freezing and storing costs can increase the

market price of salmon, Wessels and Wilen (1993) found that holding costs are a relatively

small fraction of wholesale price in the Japanese salmon market and that they had a negligible

impact on Japanese processors’ storage decisions. At the end of 1990, 32,868,000 pounds of

dressed salmon were held in cold storage in the U.S.

Carter and Radtke (1986) present a representative budget for an Oregon fish processor
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(Table 2.29) and a schedule of the components of a processor’s contribution margin per

pound of raw fish input (Table 2.30). Total variable costs are approximately 8-times larger

than total fixed costs, with the raw fish input accounting for about 80% of total variable costs.

The contribution margin amounts to $0.97 per pound of raw fish input in 1990 dollars.

DeVoretz (1982) developed an econometric demand model for Canadian salmon at the

wholesale level and noted that results for United States salmon were similar. DeVoretz found

that (1) a price model explained salmon market adjustments better than a quantity model, (2)

elasticities of demand are greater than one and are greater for individual salmon species than

for salmon in general, (3) income elasticities are greater than one, and (4) canned tuna (rather

than chicken, beef, etc.) is the major substitute for canned salmon.

For the purposes of this report, we make the following assumptions in our analysis.

Although Hanemann (1986) cites King and Flagg’s analysis to support his assumption that

"virtually the entire catch of California salmon trollers is sold to California establishments in

the wholesale, processing, and distribution sector," the recent evidence from Ueber cited

above prompts us to make the assumption that approximately half of the Calitbrnia Central

Valley chinook salmon harvest will be marketed directly to consumers by the harvesting

sector itself, while the other half of the harvest is marketed through traditional processor

channels.

Although salmon are already dressed when sold at dockside, as salmon pass through

the processing sector there may be some "shrinkage" in the weight of the fish due to losses in

processing. Carter and Radtke (1986) estimate shrinkage at 2.5% of the ex-vessel raw

product. We follow Hanemann (1986) in assuming that this is negligible.
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We assume that the processing sector applies a mark-up to the ex-vessel price to

determine the wholesale price it will charge retailers. Hanemann cites Meyer (1985, p.15),

who cites a PFMC (1983) mark-up estimate of 90% for both Marin and Mendocino counties.

Leidy et. al. use a 65% mark-up derived from an Oregon State University (1978) study of

Humboldt County, CA. Carter and Radtke (1986) estimate a 44% markup for an Oregon

processor of troll-caught Chinook.

We now turn to estimates of processor costs. From information provided in King and

Flagg (1984), we estimate average processing costs excluding ~,ages to be 84.1%, 90.4%, and

79. lqo of wholesale revenues for small, medium, and large fish processing firms, respectively.

Meyer (1985) and Leidy et al. (1984) both cite studies by Penn (1980) and Barclay and

Morley (1980) suggesting that the marginal processing costs including ~’ages amount to

75.4% of wholesale revenues. For our analysis, we conservatively assume that marginal

processing costs excluding wages are equal to 75.4% of wholesale revenue.

We as,zume that California fish processors would utilize existing idle capacity to

process any increase in the catch of California salmon. Given the excess capacity in the

salmon processing industry due to shutdowns caused by the recent recession and to the

decline in salmon harvests, this is not an unwarranted assumption. However, if California

seafood processors were to find it necessary to increase investment in capacity or to reduce

the processing of other seafoods to accomodate an increase in salmon processing, then the net

increase in economic welfare derived from the processing sector would be smaller than our

estimates indicate.

Finally, we assume that these impacts affect California households, i.e. we assume that
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there are no out-of-state employees or owners of California fish processing firms.

The processors of California salmon may find it increasingly difficult to market their

seasonal salmon product to large fish buyers, such as those purchasing for national restaurant

chains. In a study of the New England market for fresh and frozen salmon, Anderson and

Bettencourt (1993) found that "buyers for ’expensive seafood restaurants’ prefer seasonal over

year-round salmon products, which is consistent with these restaurants’ desire to vary their

menu according to seasons, and with consumers’ perceptions of the appropriate times to eat

certain seafood products. ’Fish market’ buyers significantly prefer year-round to seasonal

salmon." Korson (1984) notes that Norwegian farmed salmon is supplied fresh on a year-

round basis to California markets and "competes directly in the high-quality, fresh-frozen troll

salmon market."

The Salmon Retail Sector

California salmon is sold fresh in farmers’ markets, retail fish stores, restaurants, and

institutions (e.g., military bases). U.S. annual per capita consumption of commercial fish and

shellfish has increased steadily over the past thirty years (U.S. Dept. Commerce, 1992). The

annual per capita consumption of fresh and frozen commercial fish and shellfish products

increased from 7.9 lbs. in 1980 to a peak of 10.7 lbs. in 1987. Similarly, annual per capita

consumption of canned commercia! fish and shellfish increased from 4.3 lbs. in 1980 to a

peak of 5.4 lbs. in 1986. Annual per capita consumption in 1990 amounted to 9.6 lbs. of

fresh and frozen fish and shellfish products and 5.1 lbs. of canned fish and shellfish products.

U.S. annual per capita consumption of canned salmon has remained relatively stable over the

past ten years at about 0.5 lbs. However, DeVoretz and Salvanes (1993) find a relatively
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large income elasticity for salmon on the world market (Appendix C). This supports earlier

results in the literature which found that salmon is a luxury good. Thus, world demand for

salmon may increase, both in the short run as the current recession subsides and in the long

run as purchasing power increases in the developing world.

We determine the retail price of California salmon by applying a markup factor to the

wholesale price. We follow Meyer (1985) by assuming an average retail markup of 106%

over the wholesale price. [Meyer’s estimate of the average retail markup is based on national

data in NMFS (1980). Meyer assumes that 14% of salmon are sold to retail fish stores, 82%

go to restaurants, and 4% go to institutions. The retail fish store markup for salmon over

wholesale price is 18%, the restaurant markup for fish in general is 123%, and the

institutional markup for fish in general is 66%. Forming a weighted average gives 106%.]

Given the availability of salmon from California North Coast rivers, from Oregon,

Washington, Alaska, and from Norwegian imports, it is not likely that moderate changes in

the commercial harvest of California Central Valley salmon would have a substantial impact

on retail prices. However, in the long run, if world demand for salmon increases as DeVoretz

and Salvanes (1993),this may lead to increased retail prices for salmon in general, and for

California salmon in particular, leading to higher future benefits from increased harvests of

California salmon.

We require an estimate of the marginal profit rate in the retail sector. Meyer (1985)

estimates that the average profit rate in the retail sector amounts to 20.9% of the value

increment.8 [Meyer’s estimate of the average before tax profit in the retail sector is based on

8 The value increment is defined as the difference between the wholesale price paid for salmon ,’rod the retail.

price received for salmon.
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national all-fishery data over the period 1972-1977 from NMFS (1980). Meyer calculates a

weighted average of profit margins in the fresh fish retail store, restaurant, and institutional

sectors.] We simply assume that the marginal profit rate is equal to Meyer’s estimate of the

average profit rate. To the extent that retail establishments substitute sales of California

salmon for sales of other fish or food products, our profit rate assumption would overestimate

the mac marginal profit rate, because the opportunity cost of the foregone sales of the other

fish or seafood products would not have been netted out. However, assuming that a retail

establishment is operating on the downward-sloping portion of its average cost curve, our

profit rate assumption would underestimate the marginal profit rate. These two effects would

be expected to cancel to some extent. Since California salmon are sold at retail almost

entirely within California, we assume that any increase in retail profits mainly accrues to firm

owners residing in California.

Because sales of California salmon comprise a relatively small share of total sales in

the fresh fish retail store, restaurant, and institutional sectors, we believe that any reasonable

increase in California salmon sales would result in little increase in employment in these

sectors. Thus, we assume that there would be no significant change in employee wages in the

salmon retailing sector as a result of an increase in California salmon retail sales.

Recently, the California Salmon Council has been promoting locally-caught salmon

with a ’California King Salmon’ logo, in silver and blue with a leaping salmon and a crown

(San Francisco Chronicle, May 19, 1993). This seal will appear on in-store signs, package

labels and restaurant table cards. To the extent that such efforts are successful in

differentiating California salmon fi’om other salmon, perhaps retailers will be able to raise the
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(PFMC 1993). Undoubtedly, some portion of these landings would be available for "export"

to Califomia markets if the price differential (net of transportation costs) between states

became significant..In summary,.California salmon landings make up a relatively small

proportion of all salmon consumed in California, and this is not expected to change in the

foreseeable future.

Turning to exports, in 1990 the U.S. exported 2.6 million pounds of salmon fillets,

steaks, or portions valued at $5.8 million, 308 million pounds of whole fresh and frozen

salmon worth $666 million and 49 million pounds of canned salmon worth $104 million.

Total U.S. fishery product exports were approximately $5.6 billion. Japan and France are the

leading importers of U.S. fillets, steaks, portions, and whole fresh and frozen salmon. The

U.K., Australia, Netherlands, and Canada are the leading importers of U.S. canned salmon.

In 1991, Alaskan plants accounted for 94% in quantity and 95% in value of the U.S. canned

salmon pack.

Since the 1976 implementation of the Fishery Conservation and Management Act

(FCMA), when foreign fishing vessels were excluded from the U.S. 200-mile EEZ at sea,

U.S. exports of fresh and frozen Pacific salmon to Japan have been rising rapidly (Johnston,

1988). (But see Wessells, 1990, and Wessells and Wilen, 1993, on the implications of recent

storage innovations and increased domestic catch of chum salmon in Japan.) However,

Pacific salmon now faces new competition in both domestic markets and traditional export

markets from farm-raised Atlantic salmon produced by several foreign countries, especially

Norway (Rogness and Lin, 1986). Although the relatively low price of Pacific salmon

improves its competitive position with respect to Atlantic farmed salmon, the seasonal
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availability of Pacific salmon is not as desirable to retailers as the year-round availability of

farm-raised Atlantic salmon. The supply of farmed Atlantic salmon is projected to increase

dramatically, and its anticipated reduction in price may make it more price competitive with

Pacific salmon in the future (Lin, et. al., 1989). Thus, any existing exports of seasonally-

available California salmon are expected to face increased price competition from farm-raised

Atlantic salmon available year-round. In summary, we expect that King and Flagg’s (1984)

finding that salmon exports from California processing establishments are negligible will

remain true for the foreseeable future.

Indirect and Induced Impacts

The economic welfare impacts of a change in the California Chinook salmon harvest

on the California salmon harvesting sector are termed the direct effects of the change in

harvest. Indirect effects are the ripple effects on all other sectors in the economy caused by

the increased output and increased input purchases of the harvesting sector. The indirect

effects on two sectors of the economy, the salmon processing and salmon retail sectors, have

been discussed above in detail. Induced effects are due to the increased spending by

households that results from the direct and indirect effects.

Input-output models enable estimation of indirect and induced impacts. Hanemann

(1986) mentions two relevant input-output models, King and Flagg’s (1984) California

Interindustry Fisheries Model and the 1976 California Input-Output Table (CDWR 1980).

Each of these models exhibits three inconsistencies with Hanemann’s modeling approach: (1)

each examines the effects of an exogenous change in final demand rather than an exogenous
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change in the output of a sector° (2) each does not consider out-of-state impacts and (3) each

makes use of average, rather than marginal, technology coefficients.

With respect to the first inconsistency, Hanemann (1986) shows that while the measure

of direct plus indirect impacts calculated by King and Flagg is "conceptually distinct from,

and larger than," the correct measure, the difference is negligible for the California harvesting

sector. Hanemann shows that the same is true for the appropriate measure of direct plus

indirect plus induced impacts.

With respect to the second inconsistency, Hanemann estimates that any indirect and

induced impacts on out-of-state economic welfare are "likely to be an order of magnitude

smaller than the corresponding impacts on California." Having already assumed that there are

zero direct out-of-state impacts and zero indirect out-of-state impacts associated with the

California salmon processing and retail sectors, Hanemann assumes that the indirect impacts

associated with all other sectors in the economy, and all induced impacts, on out-of-state

economic welfare are one-tenth of the respective California impacts.

With respect to the third inconsistency, Hanemann shows that using marginal, rather

than average, technology coefficients makes a difference in the estimated size of impacts.

Using marginal coefficients results in larger direct impacts on the salmon harvesting industry

and larger indirect impacts on the salmon processing and retailing industries. However’, we

use King and Shellhammer’s (1981) average technology coefficients to calculate the indirect

impacts on sectors other than the salmon processing and retailing sectors, because it would be

beyond the scope of this project to develop marginal coefficients for all sectors. Assuming

9 In this case, the salmon harvesting sector.
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these other, sectors are operating on the downward sloping portions of their average cost

curves, using average technology coefficients is conservative in the sense that it would

underestimate the benefits from an increase in the California chinook salmon harvest.

We will follow Hanemann in structuring our analysis of indirect and induced impacts

of a change in Central Valley chinook landings. Hanemann distinguishes between impacts

inside California and impacts outside California. With respect to impacts inside California,

Hanemann uses data from King and Shellhammer’s (1981) California Interindustries

Fisheries Model to develop an estimate of the indirect impact of a change in the Central

Valley chinook salmon harvest on all sectors in the California economy except the salmon

processing and salnwn retailing sectors (for which indirect impacts have been estimated

separately and in more detail). These indirect impacts within California amount to $0.1628

per dollar of revenue in the California salmon harvesting sector. Hanemann borrows from

King and Flagg (1984, Table 3-2) an estimate of the total induced impacts within California

of a change in the Central Valley chinook salmon harvest of $0.3932 per dollar of total direct

plus indirect impacts within California. Turning to indirect and induced impacts outside

California, Hanemann notes that there is little data available to guide the analysis and

suggests that such impacts would be at least an order of magnitude smaller than such impacts

within California. Thus, he assumes that the SUM of indirect and induced impacts outside

California amount to one-tenth of the sum of indirect impacts on sectors in the California

economy (other than salmon processing and retailingm) AND the induced impact on the

California economy.

1o Recall that we have assumed that there are zero indirect impacts outside of Calilbrnia in the sahnon"
processing and retailing sectors.

43

C--110490
(3-110490



Summary

Dumas and Hanemann (1992) have developed a California Sacramento Basin Fall-Run

Chinook Salmon Population Model. This model ignores non-fall-run salmon stocks in the

Sacramento Basin and all salmon stocks in the San Joaquin basin. However, each of these

stocks contributes only a small portion of the total salmon catch, thus an analysis focusing on

the Sacramento Basin fall-run should be sufficient to describe the major effects of changes in

the policy target. While catch proportions may change in the future (IF Delta protection

measures are successful), the analysis of such changes is beyond the scope of this report. We

use the salmon population model to calculate the equilibrium salmon commercial and

recreational harvest levels under several scenarios. For each of two year types, Above

Normal and Critically Dry, we calculate the equilibrium commercial and recreational chinook

salmon harvests under Decision 1485, Decision 1630, and the proposed EPA regulations and

operating rules.

A key parameter in the salmon population model is the percent survival of seaward-

migrating juvenile salmon smolts in the Sacramento/San Joaquin Delta. We obtained values

for salmon smolt survival in the Delta from SWRCB Decision 1630 (April 1993, Table D) for

the 1485 and 1630 rules scenarios and from Palma Rissler of the EPA for the EPA proposed

rules scenario. We assume that if EPA’s proposed (egulations are not sufficient to achieve

the target salmon smolt survival, then other actions (such as juggling the proportions of Net

Delta Outflow attributable to Delta inflow, diversions, and exports; temperature regulation;

construction of additional physical structules; etc,) would be taken by Delta managers to

achieve the target. We assume that headwater flows in salmon spawning areas are managed
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to achieve the levels corresponding to the normal and drought scenarios based on PROSIM

model output described in Dumas andHanemann (1992).

With respect to salmon hatcheries, we assume that EPA’s proposed rules would result

in no significant changes from the assumptions made in Dumas and Hanemann (1992)

regarding hatchery capacity and operations. The assumptions made in Dumas and Hanemann

are based on the recent historical record.

We let the salmon population model and the salmon smolt survival estimates describe

the hydrological/biological processes affecting salmon. The salmon population model output

consists of values for the annual escapement of California Sacramento basin fall-run Chinook

salmon, ocean catch of salmon, and inland catch of salmon. We delay further discussion of

the inland catch of salmon until Section 3 of this report. We have modified the ocean

module of the Dumas and Hanemann (1992) model to accommodate the following assumption

regarding ocean fishery regulation: we assume that PFMC sets an escapement target (we use a

round number of 150,000 adult salmon, taken from the middle of PFMC’s .1992 target

escapement range), and that the total ocean catch will then equal all immigrating fish in

excess of the escapement target. We assume that the escapement target is successfully

enforced such that it is always achieved. (The salmon stock is large enough to at least meet

the escapement target in all scenarios we consider.) The total ocean catch is partitioned into

the ocean commercial catch and the ocean recreational catch. PFMC has no formal

mechanism to allocate the California salmon harvest bet~veen the commercial fishery and the

recreational fishery (Coon 1993). In effect, PFMC adjusts the season length to acheive the

escapement target in response to realized fishing effort. We choose to partition total ocean
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catch between commercial ocean catch and recreational ocean catch in the following way.

We use the results of two regressions (described in Section 3.1.3 of this report) to determine

the responses of ocean recreational catch and ocean recreational trips to an index of salmon

abundance. We then assume that ocean recreational catch has priority over ocean commercial

catch such that:

Ocean Commercial Catch = Total Ocean Catch - Ocean Recreational Catch

We delay further consideration of the recreational catch to Section 3 of this report. Our

salmon population simulations indicate that the proposed regulations might result in an

increase in the commercial catch of Califomia Central Valley chinook salmon of between

90,000 and 130,000 fish.~1

We assume that a dressed salmon weighs 10 pounds. We assume that marginal

harvesting costs associated with any increase in the catch of California salmon would be less

than average harvesting costs due to excess capacity in the salmon harvesting sector (as

evidenced by the excess of vessels purchasing salmon harvesting permits over vessels actually

landing salmon) and the apparent ability of regional fish harvesters to substitute the more

highly-valued salmon for alternative target species relatively easily. We assume that the

marginal cost net of employee wages in the harvesting sector is 10% of ex-vessel pfce paid

by processors for salmon. We assume little change in the ex-vessel price of salmon due to

the availability of imported salmon. We assume that the ex-vessel price per pound of salmon

is $2.68. We assume that half of the salmon landed is sold by harvesters to processors and

~ Korson (1984) documents the effects of El Nitio on the California salmon industry in 1983. Commercial
ocean troll landings (in pounds dressed weigh0 in 1983 decreased 70% relative to landings in 1982. Such effects "
exemplify the exogenous, natural shocks that are not included in our determinkstic model but which could affect the.
California salmon harvest and modify the benefit esti~nates developed in this report.
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that half is marketed by-harvesters directly to consumers.

For salmon sold to processors, we assume that processors apply a 90% mark-up to the

ex-vessel price to obtain a wholesale price and that processor marginal cost net of employee

wages is 75.4% of the wholesale price. We assume that California salmon processors would

utilize excess capacity to process additional salmon. We expect little change in the wholesale

price of California salmon sold by processors to retailers, because California salmon is only a

small proportion of the world salmon market, which appears to be essentially competitive at

the present time and for the foreseeable future. We assume that California salmon retailers

would substitute California salmon for imported salmon, perhaps for quality (freshness)

reasons or perhaps due to partial success at differentiating California salmon from imported

salmon and comparable substitute fish species. However, we do not have sufficient evidence

to support the position that salmon retailers would be successful in charging higher prices for

California salmon. We assume that the retail sector applies a 106% mark-up to the wholesale

price to obtain a retail price, and we assume that average profit in the retail sector is a

weighted average of profits in the fishmarket, restaurant, and institutional sub-sectors, equal to

20.9% of retail price less wholesale cost. Turning to indirect impacts within California in all

sectors other than salmon processing and salmon retailing, we assume that these amount to

$0.1628 per dollar of sales in the harvesting sector. Induced impacts within California are

then $0.3932 per dollar of direct plus indirect impacts. We then assume that indirect plus

induced impacts outside California amount to one-tenth of the sum of the indirect impacts in

California in sectors other than salmon processing and retailing and the induced impacts

within California. A breakdown of these impact per fish for processor-marketed salmon is
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presented in Table. 2.31.

Tuming to salmon marketed directly to consumers by the harvesting sector, the

marginal costs of harvesting are as described above, and we assume that there are no

marketing costs for salmon marketed directly. Indirect impacts within California per pound

of salmon sold directly are assumed to equal those described above for "sectors other than

salmon processing and retailing." Induced impacts within California are assumed to equal

$0.3932 per dollar of the sum of direct-marketing revenue less marginal cost plus indirect

impacts in sectors other than salmon processing and retailing. Out of state impacts

associated with directly-marketed salmon are assumed to equal one-tenth the sum of the

indirect impacts in "sectors other than salmon processing and retailing" in California and the

induced impacts within California. A breakdown of these impacts per fish for directly-

marketed salmon is presented in Table 2.32.

Based on the assumption that about half of the increase in catch would be marketed by

harvesters to processors and about half would be marketed by harvesters directly to

consumers, the weighted-average increase in household income per California salmon comes

to $82.07/fish; this is the benefit value used for commercially-caught salmon in this report.

Several other estimates are presented in Tables 2.33 through 2.37. Our value is bracketed by

these other estimates. We expect .the salmon harvesting sector to receive a large proportion

of household income benefits of any increases in California salmon catch. We also expect

the salmon processing and retailing sectors to see some increases in household income

benefits associated with the portion of the increase in catch marketed by harvesters to

processors.
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2.2 Starry Flounder Commercial Fishery

2.2.1 Life History, Population Trends, and the Effects of Bay-Delta Conditions

Starry flounder (Platichthys stellatus) (Figure 2.10) occur naturally from Santa

Barbara, California northward to Alaska (CDFG 1992). As adults, starry flounder inhabit

offshore, shallow, coastal marine water. During late fall and winter, adult starry flounder

migrate to spawning areas. Spawning occurs principally near the moutl~s of rivers and

sloughs between November and February. The initially pelagic eggs and larvae settle to the

bottom about two months after hatching. Juvenile stan’y flounder appear to be estuarine-

dependent, and from March through June they seek out the fresh to brackish water of bays

and estuaries for use as nursery areas. Larvae appear to depend upon favorable ocean

currents and tides to aid their migration. The life cycle of starry flounder is presented in

Figure 2.11. Due to its relatively large size, the San Francisco Bay and Delta is thought to be

the most important nursery area for starry flounder in California. Larvae "rear" (feed and

grow) in the estuarine nursery areas for one to two years. Herbold et al. (1992) note that

"Starry flounder occur in San Francisco Bay in high numbers for all life stages." As they

mature, starry flounder move gradually to more saline waters. Most males mature by the end

of their second year of life. Most females mature later at age 3 or 4. Starry flounder exhibit

two areas of concentration within the Bay: (1) near Alcatraz island and (2) San Pablo Bay.

The population near Alcatraz island has declined to some extent but "the population in San

Pablo Bay has drastically declined... There may be two populations, an offshore one whose

young appear near the mouth of the Bay and a resident one which appears to breed and stay

year-round in the northern reaches of the Bay." (Herbold et al. 1992)
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Herbold, et al. (1992) note that "A sharp decline is apparent in the starry flounder

catch since 1983 (Figure 2.12); the last four years of the study are the four years of lowest

flounder abundance. The decline has been sharpest in San Pablo Bay, which from 1985 to

1988 yielded less than 10% of the starry flounder captured at the same stations in 1980 to

1984." Possible explanations for the decline include overfishing, unfavorable changes in Bay-

Delta conditions, and/or unfavorable changes in offshore ocean conditions (CDFG 1992). The

coincidence of the decline in the estuarine recreational catch and the increase in the offshore

commercial catch suggests that larger juvenile starry flounder began in the mid-1970’s to

migrate offshore earlier.

CDFG (1992) hypothesized that freshwater outflow (1) helps adult starry flounder find

spawning areas at the mouths of rivers and bays, (2) assists larvae and juveniles in locating

estuarine nursery areas, (3) improves larval and juvenile survival by increasing the area of

nursery habitat and by reducing its salinity. CDFG has developed two measures of the

abundance of juvenile starry flounder in the San Francisco Bay-Delta: the "young-of-the-year

(YOY) index" and the "one-year-old (ONEPPLUS) index." Since potential sampling bias

associated with the YOY index was discovered, efforts have focused on the ONEPLUS index.

CDFG has assumed that the ONEPLUS abundance index is directly related to the beneficial

effects of outflow.

To investigate the relationship between freshwater outflow and starry flounder

abundance, CDFG regressed the February-May ONEPLUS abundance index on March

through June Delta outflows from the previous year. The outflow period from March through

June (the period of larval and juvenile immigration to the estuary nursery) was judged the
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most critical. The results for this outflow period indicate a significant positive relationship (p

< 0.05) between the ONEPLUS abundance index and average March-June monthly outflow at

Chipps Island (Figure 2.13).

There is evidence that freshwater outflow affects starry flounder abundance by

determining the amount of nursery habitat available to juvenile starry flounder and by

determining the distribution of juvenile starry flounder within the nursery habitat (Figures

2.14 and 2.15). During low outflow years the preferred low-salinity nursery habitat

conditions are restricted to the West Delta and Suisun Bay. During high outflow years, the

low-salinity conditions reach down into San Pablo Bay, making available additional,

extensive, shallow mud-flat areas for use as nursery habitat. Other factors, such as ocean

conditions, are known to affect abundance as well. CDFG infers from Figures 2.14 and 2.15

that while only weaker year classes result from low outflow years, both stronger ~nd weaker

year classes may result from high outflow years. Thus, high freshwater outflow appears

necessary, but not sufficient, for stronger year classes of starry flounder.

Herbold, et al. (1992) conclude that "the future of starry flounders in the Bay appears

to be that they will cease to maintain a separate inland population and will.., only use the

Bay for a brief period as a nursery area for young of year ....Bottom-dwelling habits,

feeding on the benthos, and wide salinity tolerances may allow young [starry flounder] to

continue using the Bay [at least as a nursery area] despite most projected changes in physical

conditions."

2.2.2 Effects of Other Factors

As noted above, ocean conditions are known to affect the abundance of starry
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flounder. In addition, Herbold, et al. (1992) cite studies by Spies et al. (1988), Spies et al.

(1990), and Davis et al. (1991) finding that "the concentrations of toxic PCB’s [found in San

Pablo Bay] in adult starry flounder have been shown to be sufficient to reduce reproductive

Success."

2.2.3 Benefits

CDFG (1992) has developed a regression model that explains an abundance index of

1+ year-old starry flounder as a function of average March-June monthly net Delta outflow.

We use CDFG’s model together with flow data from CDWR’s DWRSIM hydrology model

output supplied by Bruce Herbold of EPA to describe the hydrological/biological processes

affecting starry flounder in the San Francisco Bay-Delta. There are two series of DWRSIM

flow data: the first constructed under assumptions consistent with SWRCB’s Decision 1485

and 7.1 MAF demand, the second constructed under assumptions consistent with EPA’s

proposed regulations to maintain the health of the San Francisco Bay-Delta and 7.1 MAF

demand.

Starry flounder are a moderately important part of the commercial fisheries of the

Pacific Northwest (CDFG 1992). Although they are a small component of the flatfish catch

(2 percent by weight), they rate second in price per pound at the dock. Commercial landings

of starry flounder in the San Francisco Bay Area between 1960 and 1991 have varied

between a maximum of 486,000 pounds in 1980 and a minimum of 40,000 pounds in 1990

(Figure 2.16). Offshore commercial landings increased in 1976 to relatively high levels.

These large landings were maintained until 1986, at which time landings declined to their

current low levels. The NMFS (personal communication, July 1993) provided recent
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information on catch its total value for the starry flounder fishery. In 1992, the total

California catch of starry flounder was 77,900 lbs. Of this total, 44,251 lbs., worth $19,544,

were landed in the San Francisco Bay area. We assume that these value estimates are based

on ex-vessel prices.

Mean monthly net Delta Outflow data (supplied by Bruce Herbold, EPA) for the

months relevant to calculating the abundance of starry flounder are presented in Tables 2.38-

2.40. The starry flounder LOG10 abundance index is calculated in Tables 2.41-2.42 for

various representative water year types under each of the rules standards under consideration.

Results of a regression of starry flounder commercial landings on starry flounder LOG10

abundance index are presented in Table 2.43, based on data presented in Table 2.44. From

the preceding information, estimates of starry flounder pounds landed for various

representative water year types under each of the standards considered in this report are

presented in Table 2.45. The available data on average price of commercially-caught starry

flounder is presented in Table 2.46. This information will be used in Section 4 or" this report,

where we will estimate the total benefits of EPA’s proposed rules.

Estimates of starry flounder commercial catch under each of the alternative scenarios

are presented in Tables 4.1 and 4.2. (Additional data on historical catches of starry flounder

are presented for comparison in Tables 2.47 and 2.48). Assuming vessels fishing for other

species could easily switch to high-valued starry flounder upon increases in the starry

flounder population, the only relevant costs would be marginal costs net of employee wages

which we assume are 10% of ex-vessel prices. We use an ex-vessel price averaged over the

past few years of $0.32 per pound. Benefits associated with estimated changes in the starry
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flounder commercial catch are presented in Tables 4.1 and 4.2.

As a link in the estuarine food web, the abundance of starry flounder affects other

estuarine species. Striped bass, marine mammals, and piscivorous birds are known to utilize

starry flounder as a food source. Thus, an increase in the abundance of stan’y flounder may

increase the populations of these other, interacting species and may thereby increase any

benefits associated with these other species (CDFG 1992).
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2.3 Bay Shrimp Commercial Fishery

2.3.1 Life History,. Population Trends, and the Effects of Bay-Delta Conditions

Several species of shrimp are found in San Francisco Bay, including Heptacarpus

cristatus, Palaemon macrodactylus, and several species of Bay Shrimp, Crangon spp. Of

these, Crangon franciscorum (Figure 2.17) was the most abundant shrimp species prior to

1987. The life-history of C. franciscorum, is presented in Figure 2.18. Commonly called

grass shrimp by anglers and bait sellers, these species of shrimp seldom exceed 70ram in total

length (Herbold, et. al., 1992). Herbold, et. al. (1992) plot recent otter trawl abundance index

data for C. franciscorum from Herrgesell (1990) in Figure 2.19.

CDFG (1992) developed a regression model for the shrimp Crangon franciscorum that

relates the abundance of both juveniles and adults to log average March through May Delta

outflow (Figure 2.20). CDFG reported that:

Strong positive relationships were found between March through May outflow
and both juvenile and the subsequent years mature shrimp. The March through
May period was chosen as the critical period for juvenile shrimp since this is
the period of time in which the juveniles are recruited into the estuarine
nursery areas and grow rapidly. Freshwate~r outflow affects C. franciscorum
throughout their life cycle. No other species of shrimp had a significant
relationship between abundance and outflow. [Most of the other shrimp
species are much less dependent on the estuary.] In years with low freshwater
outflow, juvenile C. franciscorum are concentrated in Suison Bay or the West
Delta, where there is much less shallow water habitat than in San Pablo Bay
[Figure 2.21 shows the relationship between habitat and outflow] .... The size
of [this area] is important to juvenile C. fi’anciscorum for several reasons,
including increased food and space, reduced inter- and intra-specific
competition, and reduced predation.

As additional evidence of the effects of flow on Bay shrimp, Herbold, et al. ~ 1992)

cite Herrgesell’s (1990) finding that "all three Crangon shrimps captured by the Bay Study
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show obvious responses to flow patterns... [although species other than C. franciscorum]

appear to respgnd more to Bay salinity." Herbold et al. also discuss regression results for C.

franciscorum very similar to those discussed above.

During the recent drought, the abundance of shrimp: increased in the South Bay,

increased in the Central Bay, decreased in San Pablo Bay and decreased in Suisun Bay.

Thus, during the recent drought, the abundance of shrimp increased in some areas.

"However, the shrimp biomass index during the drought.., was 55% less than the index in

high outflow years. This is because the species and size groups of shrimp that increased in

abundance during the drought were not as large as those that dominated the catch previous to

1987, when C. franciscorum was the most abundant species" (CDFG 1992).

2.3.2 Effects of Other Factors

Factors other than flow may affect the abundance of Bay shrimp. As Herbold, et al.

(1992) summarize:

The decreased food abundance in Suisun Bay in recent years may also have
played a role in reducing the abundance of C. franciscorum since it is the only
cranonid to be found in abundance that far upstream .... The interaction of
direct effects of outflow on shrimp abundance with the indirect effects of
outflow on their principal prey and predators could make it difficult to predict
their future abundance (Armor and Herrgesell 1985). However, to date, C.
franciscorum exhibits a straightforward response to outflow alone...

2.3.3 Benefits

CDFG (1992) has developed a regression model that explains an abundance index of

mature bay shrimp as a function of average March-May monthly net Delta outflow. We use

CDFG’s model together with flow data from CDWR’s DWRSIM hydrology model output

supplied by Bruce Herbold of EPA to describe the hydrological/biological processes ’,fffecting ¯
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bay shrimp in the San Francisco Bay-Delta. There are two series of DWRSIM flow data: the

first constructed under assumptions consistent with SWRCB’s Decision 1485 and 7.1 MAF

demand, the second constructed under assumptions consistent with EPA’s proposed

regulations to maintain the health of the San Francisco Bay-Delta and 7.1 MAF demand

We turn now to biological/economic processes. Currently, these shrimp are not used

as food due to the high labor cost of processing (Miller 1986) and because most U.S. citizens

prefer eating much larger shrimp (Herbold, et al. 1992). However, a large commercial fishery

for Bay shrimp thrived from the late 1800’s to the mid-1900’s (Table 2.49). During this

period, from 200 to 2000 tons of Bay shrimp were dried and exported to China each year, but

political upheaval there in the late 1930’s led to the abandonment of this fishery. In 1965 a

Bay fishery for shrimp was reestablished to provide bait for striped bass and sturgeon fishers

(Table 2.50). The bait fishery takes approximately 68 to 91 tons of shrimp each year from

the Bay (Siegfried 1989, cited in Herbold, et al., 1992). The NMFS (personal

communication, July 1993) provided the recent information on catch and value for the Bay

Shrimp fishery. In 1992, the total California catch of 109,806 lbs. of Bay Shrimp was worth

$394,124. Of this total, 107,367 lbs. worth $384,124 were landed in the San Francisco Bay

area. We assume that these value estimates are based on ex-vessel prices.

Mean monthly net Delta Outflow data (supplied by Bruce Herbold, EPA) for the

months relevant to calculating the abundance of bay shrimp are-presented in Table 2.51. The

bay shrimp abundance index is calculated in Table 2.52 for various representative water year

types under each of the rules standards under consideration. Results of a regression of bay

shrimp landings on bay shrimp abundance index are presented in Table 2.53, based on data
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presented in Table 2.54. From the preceding information, estimates of bay shrimp pounds

landed for various representative water year types under each of the standards considered in

this report are presented in Table 2.55. The available data on average price of commercially-

caught bay shrimp is presented in Table 2.56.

We are currently waiting for additional data from CDFG that will aid us in calculating

the benefits associated estimated changes in the bay shrimp population. This information will

be used in Section 4 of this report, where we will estimate the total benefits of EPA’s

proposed rules.

Increasing the abundance of Bay shrimp may also indirectly benefit other Bay-Delta

fisheries. Herbold, et. al. (1992) cite Ganssle’s (1966) finding that "[Bay shrimp] are

common food items for many fishes of the Bay and Delta, including: striped bass, American

shad, green and white sturgeon, white catfish, and Pacific tomcod."
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2.4 Pacific Herring.Commercial Fishery

2.4.1 Life History, Population Trends, and the Effects of Bay-Delta Conditions

Most Pacific herring (Clupea harengeus) (Figure 2.22) spawning in California occurs

in a very restricted area of San Francisco Bay near Tiburon Peninsula and Angel Island

(Spratt 1981, cited in Herbold et al. 1992). Pacific herring spend much of the first year of

their 10-12-year life cycle in the San Francisco Bay and Delta before migrating to sea.

Although the herring population in San Francisco Bay was "thriving" (Herbold et al. 1992) as

recently as 1991, CDFG marine biologist Frank Henry estimates that herring spawning

biomass has recently declined dramatically, from 46,000 tons during the 1991-92 season to

21,000 tons this season (National Fisherman, August 1993a). Reasons include the effects of

El Nino during the past two years and the seven-year California drought which severely

affected Delta outflows. "A resulting increase in salinity may have profoundly affected the

survival of young herring" (Frank Henry, CDFG, quoted in National Fisherman 1993a). Data

on new herring recruits this year suggest that the herring stock could rebound by 1995 (Frank

Henry, CDFG, quoted in National Fisherman 1993a).

2.4.2 Effects of Other Factors

See the paragraph above.

2.4.3 Benefits

San Francisco Bay supports 90% of the California fishery for Pacific herring roe

(eggs) for export to Japan. Up to 22% of the body weight of a mature female consists of 1"oe

(Hay and Fulton 1983, cited in Herbold et al. 1992). Approximately 400 boats fish for

herring roe under a limited-entry system established in 1977. Non-Californians hold 26% of
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the herring gillnet pexmits.. California landings reached a high of 11,000 tons in 1982.

"Throughout the ’80’_s, in fact, the fishery’s ex-vessel_value averaged over $1,000/ton for the

product and $10 million a year overall. During a typical spawning season, many boats in the

fleet grossed $75,000-$95,000 apiece ....buyers searched worldwide to replace Japanese and

Russian herring stocks that were declining, if not depleted ....but worldwide recession and

t.he availability of herring roe from Alaska and Canada has turned prices upside down"

(National Fisherman, 1993a).

As a result of the declines in stock and price, "CDFG has proposed shutting down the

1993-94 San Francisco Bay herring roe fishery as a result of the recent drought and the

subsequent loss of fresh water inflows into the bay as part of its recommendation for the

upcoming season" (National Fisherman, August 1993b). The price of freely-traded herring

fishing permits has fallen from $50,000 to $30,000 in the past couple of years.

We are not aware of any studies that establish a relationship between Delta out-t’lows

and the survival of young hen-ing. However, to the extent that the proposed regulations

improve conditions for the Pacific herring in San Francisco Bay, as yet unquantified benefits

in the form of increased catches in the commercial roe fishery would result. The magnitude

of these benefits would depend upon future Japanese demand ~nd competition from Alaskan

and Canadian herring roe fisheries. Additional benefits might accrue in the lb~ of the

enhanced stability, and thus reduced uncertainty, of the fishery.
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- ~:::.: .’=’3;.RECREATIONAL AND NON-USE BENEFITS

3.1 Salmon Recreational Fishery

3.1.1 Life History, Population Trends, and the Effects of Bay-Delta Conditions

See the description of salmon life history, population trends, and the effects of inland

water flow in Section 2.1.1 of this report.

3.1.2 Effects of Other Factors

Many of the effects of factors other than water on the salmon population are described

in Section 2.1.2 of this report. In addition, the effects of regulations and E1 Nino events on

the recreational fishery are described below.

The salmon recreational fishery consists of two parts, an ocean recreational fishery

composed of both charter (for hire) sport fishing boats and private sport fishing boats, and an

inland recreational fishery composed both of pier and shore anglers and private sport fishing

boats. Regulation of these two recreational fisheries (ocean and inland) will directly affect

the salmon population, and thus recreational catches and consumer surplus, but it will also

indirectly affect commercial catches when total (recreational plus commercial) catch is

constrained by a catch limit or an escapement target.

The ocean recreational fishery is regulated by PFMC and CDFG. A summary of

PFMC ocean recreational fishery regulations is presented in Table 3.1. PFMC regulates the

ocean recreational fishery by specifying a limited fishing season, setting an overall catch

quota, specifying a daily bag (catch) limit, specifying certain gear restrictions (barbless

hooks), and setting regulations for geographical areas of special concern. CDFG regulates the
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ocean recreational fishery, within state waters. CDFG regulations generally follow PFMC

regulations by specifying fishing seasons, daily bag limits, gear restrictions, and geographic

areas of spec!al concern. However, CDFG does not set overall season catch quotas but does

set minimum size limits for some. spec!esr...including a minimum size of 20 inches for salmon.

In addition, CDFG requires that anyone 16 years or older must purchase a sport fishing

license. Fish caught using this license may not be sold.

The inland recreational fishery is regulated by CDFG (CDFG, 1992-1994 California

Sport Fishing Regulations). First, anyone 16 years or older must purchase a valid sport

fishing license. Fish caught using this license may not be sold. For each salmon caught,

anglers must fill out a "punch card" specifying the month, day, area, and species caught and

send the card to CDFG. Inland waters are regulated by geographical area, each area having

its own fishing season, time of day for legal fishing, bag limit, and possible gear and bait

restrictions. We emphasize that any fishery benefits resulting from EPA’s proposed standards

will by mediated by any changes that might occur in fishery regulations. If fishing

regulations were to be relaxed, then the short-run benefits of any increases in fish populations

in terms of increased catches and increased consumer surplus might be larger, but the long-

run benefits in terms of a larger, more stable, and genetically secure fish stock might be

smaller. On the other hand, if fish!ng regulations were to be tightened, we might enjoy the

smaller short-run benefits but larger long-run benefits.

Korson (1984) documents the effects of E1 Nino on the California ocean recreational

salmon fishery in 1983. Charterboat trips dropped 25% in 1983, an E1 Nino year, compared

to 1982. Such effects exemplify the exogenous, natural shocks that are not included in our
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model but that would affect the California salmon harvest and would thus modify the benefit

estimates derived under our equilibrium assumptions.

3.1.3 Benefits

The recreational fishery for salmon can be divided into the ocean recreational fishery

and the inland recreational fishery. We first discuss participation and catch in the ocean

recreational fishery. Next, we turn to participation and catch in the inland recreational

fishery. Finally, we discuss estimates of the economic values associated with participation

and catch in recreational fishing.

Every five years, USFWS conducts a national survey of fishing, hunting and wildlife

associated recreation. The survey focuses on recreation by people aged 16 and over. The

results for California in 1985 are summarized in Table 3.7. The Mitchell and Wade (1991)

estimates are broadly consistent with these data, when one allows for the difference in age

coverage and the fact that Mitchell and Wade cover just freshwater recreation. USFWS data

show that non-residents account for about 5.3% of the 55.8 million days of fishing that were

estimated to occur in California in 1985. Apart from problems with the sample coverage and

survey methodology, the main limitation with these federal and state surveys of recreation by

Californians is that they don’t tell us where in the state the recreation took place--this is not

included in the surveys. In effect, they give us information by origin but not. simultaneously.

by destination. This is unfortunate for two reasons. First, without having origin-destination

info~-mation, one cannot estimate travel-cost models of recreation demand, which are used to

generate estimates of the consumer’s surplus per unit of l"ecreation activity. The absence of

such data has severely limited the number of activities for which estimates of use values in
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California are available. Second, because we don’t know where the recreational activities take

place, it is harder to trace the links between changes in water quality conditions and changes

in human uses of the estuary.

There is a variety of other less complete and more piecemeal information on water-

and wildlife-oriented recreation in California, some of which provides information on

participation by destination but generally not by origin. The main activities for which data are

available are saltwater fishing, recreation at beaches, freshwater reservoirs, and other public

facilities where the authorities collect attendance data.
=

Data on participation in saltwater sportfishing are collected by CDFG for party/charter

boat fishing and by NMFS for all fishing modes. NMFS systematically collected data on

West Coast fishing by origin (and, to a lesser extent by destination) each year from 1979 to

1990. These surveys were supplemented in 1985-86 in Northern California (and in 1989 in

Southern California) by some special surveys aimed at collecting additional economic

information. The Northern California Bay Area Sportfish Economic Study (BASES) covered

saltwater fishing during July 1985 through June 1986 by anglers residing in nineteen Central

and Northern California coastal counties. Unfortunately, the data from these various

sources--CDFG, the regular NMFS surveys and the BASES survey---do not match up very

well. Because of its relative completeness of coverage, we have chosen to focus on the

BASES survey, some of whose results are reproduced in Table 3.8. This shows that anglers

from these counties took almost 2.5 million saltwater fishing trips (which represents only a

subset of the fishing trips at saltwater sites in Northern California--and none of the

freshwater trips). Of these trips, about 919,630 (38%) were for salmon or striped bass,
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sometimes in combination with other species. The choices of target species suggest that the

vast majority of saltwater fishing trips by Northern California anglers take place in Northern

California waters--and this is confirmed by the regular NMFS surveys, which show very little

fishing in Southern California by Northern Californians, and vice versa.

Table 3.2 presents data on the ocean recreational salmon fishery collected by PFMC

(1993). The number of recreational angler trips per year dedicated to salmon fishing

fluctuates around 130,000, with annual catch for the fishery averaging 108,000 salmon.

There is no apparent trend in fishing success of approximately 0.84 fish caught per angler

trip. Since 1987, the number of charter sport fishing boats in Northern California has

averaged 130 boats. We are not aware of any data on the number of private sport fishing

boats in search of salmon, but this number is surely substantial. The abundance index data

will be described later.

We assume that fishery managers give ocean recreational catch priority over ocean

commercial catch and that ocean commercial catch is determined residually by:

Ocean Commercial Catch = Total Ocean Catch - Ocean Recreational Catch

This allows us to assume that ocean recreational catch is not constrained by ocean

commercial catch.

Focusing on the determinants of ocean recreational catch and angler trips, Andrews

and Wilen (1988) examined the responsiveness of these two variables to fishing success.

They estimated both an aggregate angler effort (number of anglers fishing) function and a

catch (or harvest) function. Aggregate angler effort is hypothesized to be a function of

expected success and an exogenous time trend, where expected success is measured as mean
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catch per angler day. Andrews and Wilen’s findings suggest that aggregate angler effort is

responsive to recent success. The elasticities for several ports of aggregate angler effort with

respect to changes in an index of stock abundance follow:

Port Elasticity % Tot. CA Trips
San Francisco 0.50 30.05
Sausalito 0.35 31.69
Emeryville 0.41 9.04
Berkeley 0.12 13.12

Andrews and Wilen further hypothesized that aggregate catch (or harvest) in a given

port in a given week is a function of aggregate angler effort and a fish abundance index.

Their findings suggest that catch is affected by aggregate angler effort with an elasticity > 1:

Port Elasticity % Tot. CA Trips
San Francisco 1.38 30.05
Sausalito 1.50 31.69
Emeryville 1.23 9.04
Berkeley 1.07 13.12

They note that harvest/angler elasticity is higher in the fisheries cl’ose to urban areas (e.g., San

Francisco, Sausalito, Emeryville, Berkeley) and speculate that "increasing marginal product

may be due to searching and information sharing behavior which is more efficient with more

numbers." Andrews and Wilen conclude:

In practice, management agencies allocate marginal increases in
abundance proportionately to targeted groups (sport and commercial fishermen).

¯.. current management practices.., estimate _the upcoming season’s
angler trips by ’dividing the number of fish available for harvest by the
(previous year’s) catch rate’ (PFMC 1986:19). This procedure (ignoring the
fact that it confuses causality among these relationships) appears to assume that
catch per unit effort is a constant and that we may, therefore, use this constant
to estimate this year’s [effort] if we simply divide it into this year’s
sportfishing allocation ....

¯.. this amounts to a belief that effort is proportional to abundance ....
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¯.. from our results.., we would predict effort to respond somewhat,
but less than proportional, to changes in abundance allocated to sportfishing..
. hence current management procedures overestimate both the economic gains
from abundance increases and the economic losses from abundance decreases.

In the spirit of Andrews and Wilen, we run two regressions to determine the responses of

ocean recreational catch and trips to an index of salmon abundance:

(1)    In(Trips) = 1.68474 + 0.49363*In(Abundance Index)
(1.34) (2.51)

N = 22 yearly observations (1970-1992)
R2adj. = 0.20
probF = 0.02

(2) ln(CatchlTrips) = -2.1884 + 0,94063*In(Trips) + 0.3602*In(Abundance Index)
(-2.21) (5.57)      (2.11)

N = 22 yearly observations (1970-1992)
R2adj. = 0.74
probF = 0.000

where

Trips = The annual sum of charter boat and private boat angler trips for San
Francisco and Monterey. (units = thousands of trips)

Abundance Index = The annual sum of California Central Valley chinook
salmon spawning escapement, the ocean commercial catch of chinook salmon
landed at San Francisco, and Monterey, and the ocean recreational catch of
chinook salmon landed at San Francisco and Monterey. (units = thousands of
fish)

Catch = The annual ocean recreational catch of chinook salmon landed at San
Francisco and Monterey. (units = thousands of fish)

We present our estimates of equilibrium ocean recreational salmon fishery catch and trips for

each scenario in Table 3.3, along with the equilibrium salmon ocean abundance indices used

in their calculation. Note that while Andrews and Wilen analysis uses weekly data and

generates short-run, or weekly, elasticities, our analysis uses annual data and generates long-
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run, or seasonal, elasticities. In contrast to the .usual case, where short-run elasticites are

smaller than long-run elasticities, here we would expect short-run elasticities to be larger than

long-run elasticities. We expect this because the short-run, weekly elasticities would pick up

not only changes in season-average effort and catch but also any reallocations of effort and

catch within a fishing season. Nevertheless, there is little difference between our estimates

and those of Andrew and Wilen.

Inland salmon catch is composed entirely of recreational catch; by law there is no

inland commercial catch of salmon. We assume that a fiver reach-specific fraction of the

salmon passing through or spawning in each reach is caught by anglers. We avoid the

problem of determining how this fraction would change with escapement or catch by relying

on an assumption of constant escapement. Constant escapement follows from our

assumptions regarding the management of the ocean fishery.

PFMC (1993) reports 28,200 salmon as the estimated inland recreational salmon catch

in the Sacramento River basin for 1992. An estimated 487,500 angler hours were expended

in pursuit of these salmon. Using Loomis and Ise’s (1992) estimate of 3.5 angler hours per

day user fishing trip and assuming that the vast majority of fishing trips are day trips, we

calculated the estimated number of fishing trips in 1992 as 487,500/3.5 = 139,286 angler

trips. From Table 3.3, we see that the estimate of the equilibrium inland recreational salmon

catch from the model of Dumas and Hanemann (assuming a fixed escapement target

management strategy for the ocean fisheries, and assuming catch rates in each river reach

remain constant at recent, estimated levels given in Dumas and Hanemann) is 21,900 salmon

annually, 22.3% less than the estimated catch in 1992. Using an elasticity of inland
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recreational fishing trips per capita with respect to total catch of 0.328 as per Loomis and Ise

(1992), and assuming population remains constant at about the 1992 level, we calculate that

the equilibrium number of inland recreational salmon fishing trips is 0.328*22.3% = 7.33%

less than the number of trips taken in 1992. Thus, the equilibrium number of inland

recreational salmon fishing trips is 139,286"(1-0.0733) = 129,076 annually.

We turn now from data on participation in the recreational fisheries to data on the

economic values associated with these activities. In our analysis we choose to focus on the

increase in recreational fishing value associated with an increase in salmon abundance,

because this value is most readily (although not easily) quantified with the available data.

Almost certainly, there exist other values associated with the level of the salmon population

that would increase with an increase in the population, including existence and bequest

values. However, we do not believe that there exist adequate data to reliably quantify such

values at this time. For the purpose of measuring the recreational fishing value of a fishing

trip or of catch to an angler, a key distinction exists between an angler’s expenditure and an

angler’s consumer surplus. It is the consumers surplus--and not the expenditure--which

measures the recreational fishing value of a fishing trip or fish caught to an angler. We will

review the available data on both angler expenditure and angler consumer surplus. For the

purpose of measuring the overall impact on society’s welfare--for producers as well as

anglers--it is the change in angler’s consumer surplus plus the change in society’s personal

income that should be measured. Thus, what is relevant from society’s point of view is not

total expenditure per trip, but rather the personal income component of expenditure.

Unfortunately, however, the personal income component of expenditure is not separately
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identified in the data that are currently available. We will present arguments for why EPA’s

proposed standards will likely not result in significant changes in society’s personal income.

Available expenditure data for a range of recreation activities are summarized in Table

314. After adjusting the figures in Table 3.4 for inflation, these expenditures range from an

average of around $10/trip for beach use to around $90/trip and more for charter boat fishing

and hunting.

The King and Flagg input-output analysis of California fisheries did not consider

California’s recreational fisheries. Carter and Radtke (1986) compare the relative coastal

community value in Oregon of commercially caught salmon to that of recreationally caught

salmon.

Tables 3.5 and 3.6 present Carter and Radtke’s estimates of ocean charter boat costs

per fishing day and angler expenditures per fishing day. Assuming California’s recreational

fishery is similar, we see that fixed costs for moorage, insurance, booking commission,

license, fees, and taxes account for approximately 24% of total costs. This does not include

the capital expenditure, interest, and depreciation components of fixed costs, which,

unfortunately, are not given. Twenty-one percent of gross revenues remain to cover these

missing elements of fixed costs. Crew wages and skipper salary comprise 36% of total costs.

From Table 3.6 we see that daily angler expenditures depend on whether the angler

provides his own boat or takes a charter boat trip. An angler taking a charter boat trip spends

about 30% more per day. The entire difference in expenditure is estimated to go to the

charter boat operator.
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Expenditure on goods complementary to a fishing trip is significant; 16-24% of total

angler expenditure is made in restaurants, and 15-20% is made for lodging. While these

expenditures would probably increase in the Bay-Delta region if additional recreational fishing

trips were made, there would probably be little net increase in such expenditures at the state

level, because fewer expenditures would be made on alternative recreational activities

elsewhere in the state. However, local or regional shifts in expenditure might be significant.

Another potential source of such geographic shifts in expenditure is the regulatory allocation

of the catch between the inland recreational fishery and the ocean fisheries. With inland

sport fishermen taking up to 50% of the immigrating salmon in some river reaches, ocean

fishermen complain that too few fish survive to spawn. Inland fishermen say that commercial

fishermen get more than their fair share. Shifts in the allocation of the catch between these

two user groups would be another source of local or regional shifts in expenditure by

fishermen on complementary goods like food and lodging.

With regard to estimates of the consumer’s surplus associated with recreational fishing

trips, these can be estimated using either the travel cost method or the contingent valuation

method.~2 Both methods require the collection of special data and for the most part,

unfortunately, such data have not been collected in California. Perhaps the main exception is

saltwater sport fishing, where NMFS supplemented its regular surveys with special surveys in

1985 and 1986 in Northern California (and in 1989 in Southern-California) aimed at

collecting additional economic information. The Northern California survey focused

~2 For discussions of the travel cost ~nethod see, for ex,’unple, Fletcher, et al. (1989), McConnell (1985), and
Smith (1989). For discussions of the contingent valuation method see, for example, Carson (1991), Carson and.
Martin (1991), Mitchell and Carson (1989), and Bumess et al. (1991).
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specifically on anglers fishing for striped bass and salmon; the data were analyzed by Huppert

(1986,1989) and Huppert & Thompson (1987). Using the travel cost method, they estimated

the consumer’s surplus per boat fishing trip for salmon and striped bass was about $61/trip.

These figures are highly consistent with other estimates based on similar data for other years

in Califomia and elsewhere along the Pacific coast, which generally fall in therange of $60-

90 per trip. Both from the demand model and from a separate contingent valuation question,

they estimated how much anglers would be willing to pay to avoid a 50% reduction in the

catch of salmon and striped bass and, conversely, how much they would be willing to pay to

obtain a 100% increase in the catch of salmon and striped bass. The current average catch

was about 8 fish per year, or 1.35 fish per trip, so that these changes would translate on

average into a reduction of 4 fish or gain of 8 fish caught per year. The travel cost estimates

were about $100 per angler to avoid the loss and $163 per angler to secure the gain--these

translate crudely into a value of $25 per fish lost or $20 per fish gained. The contingent

valuation estimates were lower--S32 per angler to avoid the loss ($8/t’ish) or about $45 per

angler to secure the gain ($5/fish). In 1980, CDWR conducted a survey of anglers along the

Sacramento River. These data were subsequently analyzed by Loomis and Ise (1992), who

obtained an estimated average consumer’s surplus of about $17/trip. There are a few

scattered data sets from creel surve.ys conducted in the Sierras by CDFG in the early 1980’s:

one such data set for the Feather River was analyzed by Cooper and Loomis (1990), who

obtained an estimate of average consumer’s surplus of about $24/trip. In all of these cases.

these data are of limited geographic coverage and poor quality; in particular, they are not

capable of providing a reliable accounting of how substitutability among alternative sites
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might affect consumer’s surplus values.

In this report, we value the consumer surplus from ocean recreational fishing trips for

salmon at $6 l/trip and from inland recreational fishing trips for salmon at $20/trip. Benefits

associated with estimated changes in the number of recreational fishing trips are presented in

Table 4.1 for an Above Normal water year and Table 4.2 for a Critically Dry water year.

3.2 Striped Bass Recreational Fishery

3.2.1 Life Histo~, Population Trends, and the Effects of Ba~/-Delta Conditions

Callahan, Fisher, and Templeton (1989) conducted a review of striped bass (Roccus

saxatilis) (Figure 3.1) biology and population trends in California. We present the following

excerpts from their much longer work:

The adult striped bass is a large fish, ranging up to forty or more pounds, with
the average catch around six to ten pounds (Albert, 1987) .... Striped bass are
voracious predatory fish that, as Raney (1952) summarizes, will eat ’practically
every marine form found in the San Francisco Bay area.’ That includes crabs,
clams, and every kind of fish of a suitable size .... Hedgepeth and Mortensen
(1987) mention that the most common prey of adult bass are shad and young
striped bass .... Males are mature at 2 to 3 years and about 10 inches in
length while females mature later at 4 or 5 years and around 16 to 18 inches
(Raney, p.34). They grow to be more than 4 feet long and over 40 pounds.
The adult bass follow an annual cycle of migration (Chadwick, 1967). They
spend the summer feeding in San Francisco Bay and the nearby areas of the
Pacific Ocean. Apparently, the cold California current keeps these bass from
undertaking the extensive ocean migrations that have been seen in Atlantic
Coast striped bass. In the fall they begin to migrate into fresh water, with
many of the adults passing .through the San Pablo Bay-Carquinez Strait areas
and then spending the winter in the Delta (but not all - adult bass do not
necessarily spawn every year). In the winter they are present in the Delta (as
shown by net surveys) but are relatively inactive, and they are seldom caught
by fishermen. In the spring, as water in the inflowing Sacramento and San
Joaquin Rivers warms up, the bass swim upstream to spawn. In the
Sacramento River the peak of spawning occurs around 100 miles up river. The
spawning run up the San Joaquin River is blocked by salinity in the river from
agricultural return flows, so the spawning is limited to the lower reaches that
receive fresh water due to cross-Delta flows of Sacramento River water drawn
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toward the export pumps at Tracy (Radtke and Turner, 1967). Most spawning
in the San Joaquin River occurs in the broad channels between Antioch and
Venice Island (see Figures 3.2 and 3.3 for a depiction of the Delta and
spawning migration). After spawning, the adults return to the salt waters of
San Francisco Bay and the ocean.

The fecundity of female striped bass ranges from around 250,000 eggs
per newly mature female to over 1 million eggs from an 8-year or older bass
(Wang, 1986)...Estimated annual production in the San Francisco Bay system
is in the order of several hundred billion eggs. The eggs are nonadhesive and
slightly more dense than water, so the eggs and newly hatched larvae drift
downstream with the bottom currents. Where they reach the entrapment zone,
they accumulate. The eggs generally hatch in two days, and the infant bass are
about 3 millimeters long. After hatching, the larvae depend on yolk sac
absorption until they reach about 6 millimeters in length. They then begin
feeding on the smaller zooplankton. Their mobility is limited at this stage, so
survival is dependent on the presence of adequate food nearby. Later on, as
the larvae grow, they tend to prey on Neomysis. But at this early stage,
Neomysis may prey on the larval bass (Wang). The combination of spawning
habits and hydrology leads to two major striped bass nursery areas -- the
western Delta and Suisun Bay.

Evidence presented by CDFG (1992a, 1992c, 1992g, 1992h) in testimony before the

SWRCB indicates that after nearly a century of population stability at around 3 million adult

bass, the striped bass population began to decline 15 to 20 years ago. Mark-recapture

estimates of the Sacramento-San Joaquin Estuary adult striped bass population have declined

from around 1,600,000 in the first half of the 1970’s, to around 1,000,000 from the late

1970’s and throughout the 1980’s (CDFG 1992a). In 1990, the adult striped bass population

fell below 600,000, a level less than one-third the historical average (Figure 3.4) (CDFG

1992c). "Estimates of the abundance of 3-year old fish, which are the youngest and most

numerous component of the adult population, have been declining and were at record lows in

1990" (Figure 3.5) (CDFG 1992a). Although. striped bass abundance indices seemed to

rebound in 1991, "1991 estimates are not as reliable because.., they are based on an
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inadequate recapture sample of only two tags.., a... reasonable conclusion is that the 1991

population is at about the same level as the 1990 population" (CDFG 1992a). Three distinct

population indices have shown this decline: Petersen mark-recapture indices, catch per effort

indices, and the young-of-the-year index.

The extensive data bas~ on the striped bass population indicates that the adult

population has declined primarily due to three factors: reduced Delta outflow, increased

Delta exports, and fewer eggs available to replenish the population (SWRCB 1993). CDFG

(1992a) believes that "there has been an increase in death rate (decrease in the survival rate)

predominately during the first year of life and caused mainly by increased losses of fish

entrained in water exports by the State and Federal Water Projects... The relationship

between young striped bass abundance, outflows and water diversion rates from 1959 to 1976

¯.. is the basis for the striped bass outflow standards and water export limitations mandated

in Decision 1485." However, since 1977, although survival between the egg stage and the

38-mm stage has not declined, the 38-mm young striped bass abundance index has

consistently fallen below expectations. The decreased abundance at the 38-ram stage is

thought to be the result of fewer eggs entering the system. CDFG contends that there are

fewer eggs, because there are fewer adults, and that there are fewer adults, because striped

bass survival has decreased betwee.n the 38-mm stage and the stage at which striped bass

recruit to the reproductive population, which occurs at age 3. CDFG further contends that

survival has decreased between the 38-mm stage and recruitment at age 3, because a greater

proportion of these fish are being entrained in water export pumps in the Delta. CDFG cites

as evidence the substantially increased losses of fish that occurred at the pumps when exports
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increased due to initiation of the State Water Project and the San Luis Project during the

1970’s.

The SWRCB (1993) summarized the predicted effects of its (now shelved) Decision

1630 regulations on the striped bass population, as analyzed by CDFG’s striped bass

population model, as follows:

CDFG striped bass model predicts that the [SWRCB Decision 1630] standards
should stop the decline of striped bass and maintain the wild population at
approximately 730,000 adults if transfers do not occur (D-1630-P). The wild
population could fall to 710,000 adults if transfers are maximized (D-1630-T).
[Although] the CDFG model relationship is based on data from more than
twenty years .... only a few data points are included which correspond to the
levels of exports recently seen, and which are expected to be present in many
wetter years in the future. The accuracy of the predictions of the CDFG model
at the extreme end of its range is limited. [These model results], like all model
results, should be viewed with appropriate caution.

The present adult abundance may continue to decline for the next several years
because the effects of the last three years of drought (1990-1992) have not yet
been reflected in the adult population statistics .... The YOY index, however,
should increase in response to the proposed standards [whether or not water
transfers occur] because transfers will occur after July and the YOY index is
usually set by that timeJ3

CDFG’s YOY indices have lost a large degree of explanatory power in the years since

the major drought of 1976-77. Several explanations have been offered for the change. The

simplest one is that the adult population had declined sufficiently to cause a reduction in the

production of eggs. Hanemann and Fisher (1992) use a modified version of the STRIPER

simulation model, as developed by Professor Lou Botsford and his associates at the University

~3 The CDFG’s young-of-the-year (YOY) index is an annual index of the production of young striped bass. The
YOY actually consists of two parts: the Suisun Bay index (SYOY) aud the Delta index (D¥OY). The CDFG has"
calculated the YOY indices for 30 years.
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of Califomia, Davis, to look at the relationships between water flow parameters and the

production of striped bass. Hanemann and Fisher hypothesize that changes in water flows

have reduced the adult striped bass population to the point where egg production has declined,

and that this explains the changes in the YOY index since 1976-77. Hanemann and Fisher

model the S¥OY and the DYOY separately. The data support the notion that quite different

flow parameters affect these two sub-indices. The SYOY appears to be related to the level of

outflow in the spring from the Delta into Suisun Bay, whereas the DYOY appears to be

related to the level of water exports from the Delta to the major canal systems. CDFG has

tended to favor increased outflow over decreased exports as a means of promoting the

production of striped bass, since the production of SYOY has been a more reliable indicator

in recent years than has DYOY.

Hanemann and Fisher’s simulation results suggest that a reduction in exports will have

a greater impact on the overall level of the striped bass population. However, this result is

sensitive to the estimated relationship between the YOY indices and the population of adult

bass 3 or 4 years later.

3.2.2 Effects of Other Factors

The first possible alternative factor to water flows, diversions, and exports as a cause

of the decline in the striped bass population is recreational fishing pressure. The striped bass

recreational fishery may be divided into the ocean recreational fishery and the inland

recreational fishery. We will focus on the inland recreational fishery, because that is where

the large majority of striped bass are taken. There is no commercial fishery for striped bass.
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The striped bass recreational fishery catch has ranged from a high of perhaps 800,000

in the early 1960’s to between 100,000 to 200,000 since the late 1970’s (CDFG 1992a).

CDFG angler surveys indicate that about 1.5 million angler days of fishing effort were

expended fishing for striped bass in the early 1970’s. Such information from CDFG is not

available for recent years. ReSults from the BASES study, conducted from July 1985 through

June 1986, indicate that Northern Californians made 456,907 trips to fish for striped bass,

either exclusively or in combination with other target species (Thompson and Huppert 1987).

Approximately 7% of these trips were made in charter boats, 60% were made in private

boats, and the remaining 33% were shore fishing trips. The total number of trips is probably

a lower bound, berause additional fishing for striped bass occurs in freshwater areas and

because fishers from out of state were not included in the survey.

CDFG (1987a, p. 12) calculated estimates of striped bass recreational fishery harvest

rates derived from tagging studies conducted from 1958 to 1985. The estimated harvest rates

fluctuated between 10% and 25% per year, with years of low harvest rates often occurring

during yeats of high estimated natural mortality and vice versa. CDFG reports that recent

tagging programs estimate the striped bass recreational fishery harvest rate (adult striped bass

caught/total adult striped bass population) at 9-13% (Delisle 1993).

Both the inland and the ocean recreational fishery for striped bass are regulated by

CDFG (1993). First, anyone 16 years or older must purchase asport fishing license. Fish

caught using this license may not be sold. Inland waters are regulated by geographical area.

each area having its own fishing season, time of day for legal fishing, bag limit, and possible

gear and bait restrictions. Currently, there is no season restriction on fishing for striped bass,
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however, there is a bag limit of 2 per day and a minimum size limit of 18 inches. In

addition, in the ocean fishery, striped bass may not be taken with any type of powered fishing

gear. We emphasize that any fishery benefits resulting from EPA’s proposed standards will

be mediated by any changes that might occur in fishery regulations. If fishing regulations

were to be relaxed, then the short-run benefits of any increases in fish populations in terms of

increased catches and increased consumer surplus might be larger, but the long-run benefits in

terms of a larger, more stable, and genetically secure fish stock might be smaller. On the

other hand, if fishing regulations were to be tightened, we might enjoy the smaller short-run

benefits but larger long-run benefits.

Other alternative factors have been investigated as possible causes of the decline in the

striped bass population. The primary candidates are food availability and pollution. With

respect to food availability, CDFG (1992a) reports: "We have used several approaches to

evaluate whether or not the survival rate has declined [due to a decline in food availability]..

¯ there has not been a persistent unexplained decline in this rate." Further, "The food

explanation for the dependence of YOY on flows is discounted by the lack of starving larvae"

(CDFG 1992h). Turning to pollution, CDFG reports (1992a): "Due to restrictions on rice

field water management, the amounts of herbicides and insecticides discharged to the

Sacramento River have decreased substantially as a result of the Department of Pesticide

Regulation Program ....One would expect to see a substantial recent rebound in the young

striped bass abundance index, particularly in 1992. Yet, the 1991 index of 5.5 was the fourth

lowest of record and consistent with expectations based on CDFG’s model... Evidence in

support of the pesticide hypothesis is not compelling..." However, CDFG’s "findings do
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not discount toxicity as a potential source of ’background’ striped bass mortality." In

summary, CDFG (1992a) states: "We do not want to imply that other factors such as toxicity

or illegal fishing are not potentially significant... The evidence, however, is that effects of

these other factors have not changed in the persistent manner required to account for the

major downward trend in striped bass abundance."

As a final note, Hanemann and Fisher (1992) note that hatchery production of striped

bass is in its early stages. CDFG estimates that currently approximately 13% of the striped

bass recreational catch is of hatchery origin (Delisle 1993). However, we are unaware of any

studies investigating the potential effects of hatchery production on striped bass population

abundance or its interaction with water management activities. Thus, at this time, the

potential effects of this factor are unknown and not included in our analysis.

3.2.3 Benefits

We begin with a short excerpt from Callahan, Fisher, and Templeton (1989) on the

history of the striped bass fishery in the San Francisco Bay area:

The striped bass was introduced to the Bay in 1879, and an important
commercial fishery developed in a surprisingly short time. From 1890 to 1915,
the annual catch was around 1 million pounds. The catch gradually fell off to
about half that amount by 1935 when the commercial fishery was ended in
order to protect the striped bass for sport fishing (Smith and Kato 1979). By
the 1960’s, most striped bass fishing had shifted to north San Francisco Bay.
Raney (1952) considered that the population had stabilized, at least through the
late 1940’s. The annual sport catch now ranges from 100,000 to 400,000 bass.

There is currently no commercial fishery for striped bass, and very little information is

available about sportfishing for striped bass. Focusing on the recreational fishery tbr striped

bass, in addition to the information presented in Section 3.1.3 that also applies to striped bass,
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we use the results of sensitivity analyses performed on striped bass population models

developed by CDFG (reproduced in Table 3.9) to estimate the population of striped bass

adults resulting from estimated changes in Net Delta Outflow for several water year types

under the alternative water quality standards (Table 3.10) with exports held constant and an

assumed Decision 1485 baseline population of adult striped bass of 1 million. The results are

presented in Table 3.11. These results will be used in Section 4 of this report, where we will

estimate the total benefits of EPA’s proposed standards.

In our analysis we use the results of CDFG’s striped bass population model (CDFG

1992c) to estimate the change in the striped bass population associated with the changes in

Net Delta Outflows expected to result from EPA’s proposed standards. We take 1 million

striped bass as our baseline population, because this figure approximates the striped bass

population level from the late 1970’s through the late 1980’s, and because this is one of the

baseline figures considered in CDFG study. ,Although this number is larger than the recent

population estimates of around 600,000, we believe that it more closely matches the long-

term "average" striped bass population under average D1485 conditions. We believe that the

recent low population estimates are due to the recent extended drought and that when the

drought is over the population would return to around 1 million under D1485 conditions.

We take 500,000 as our conservative estimate of the annual number of fishing trips

taken for striped bass, either exclusively as a target species or in combination with other

target species. We base this estimate on the results of the 1985 BASES survey of saltwater

fishing in Northern California analyzed by Thompson and Huppert (1987). We are not aware

of any more recent data on this key variable. Thompson and Huppert estimate that fishers
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made 456,907 saltwater fishing trips for striped bass both exclusively and in combination with

other target species in 1985. Adjusting this estimate for population growth and the significant

amount of freshwater striped bass fishing that occurs during the striped bass spawning run up

the Sacramento River (Stevens 1993), we arrive as 500,000 trips as a reasonable baseline

estimate.

The only data supplied to us concerning the differential effects of EPA’s proposed

standards in contrast with the D1485 standards are changes in water flows. We find that the

percent increase in average Net Delta Outflow in April through July associated with EPA’s

proposed standards would be zero in a Wet water year (using 1963 as a representative Wet

water year)14 and approximately 50% in a Critically Dry water year (using 1976 as a

representative Critically Dry water year)15 (Table3.9). We use the data on changes in

average Net Delta Outflow in April through July together with the results of a sensitivity

analysis of CDFG’s striped bass population model (Table 3.10) to estimate the change in the

striped bass poPulation resulting from EPA’s proposed standards (Table 3.11). This

procedure implicitly holds constant both the level of average Net Delta Outflow in August .

through December and the level of exports from the Delta. From the background information

on striped bass ecology reviewed in Section 3.2 of this report, it seems apparent that changes

in Delta exports are an important determinant of striped bass abundance. Unfortunately, we

~4 We use 1963 as our representative wet water year because the DWRSIM flow data supplied by EPA gives
flow values under Decision 1485 conditious that closely approximate the wet water year baseline flow used in
CDFG’s striped bass model sensitivity analysis.

~ We use 1976 as our representative critically dry water year because the DWRSIM flow data supplied by EPA
gives flow values under Decision 1485 conditions that closely approximate the critically dry water year baseline flow.
used in CDFG’s striped bass model sensitivity analysis.
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have no data on the differential effects of EPA’s proposed standards on Delta exports. If

EPA’s proposed standards would result in significant changes in Delta exports, then the

differential effects on the striped bass population might be significantly different from our

estimates.

Turning to economic valuation of the estimated increase in the striped bass population,

although some of the information presented in Section 3.1.3 on the salmon recreational

fishery also applies to striped bass, in general we find less data available for the striped bass

recreational fishery. Most importantly, we do not have the data required to estimate the

response of striped bass fishing effort (i.e., number of trips) to changes in the striped bass

population index, as we did for the salmon recreational fishery. Because of this increased

uncertainty, we develop two estimates of the value of the estimated increase in the striped

bass population, a value at the lower end of the range of reasonable estimates and a v.alue at

the upper end.

3.2.3.1 Low Value Scenario

In developing our lower value estimate, we first assume that the estimated marginal

change (~10%) in striped bass abundance would have little effect on the number of fishing

trips made in the Sacramento-San Joaquin Delta and San Francisco Bay. We next assume

that the estimated marginal change .in abundance would have little effect on the average

"catchability" of striped bass. While it is known that the number of recreational fishing trips

varies with "fishing success" (expected number of fish caught), and that fishing success

depends upon the level of the striped bass population and its spatial concentration, the point

in the spawning cycle, and natural factors such as the turbidity of the water (Stevens 1993),
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we have no quantitative way to estimate the size of these relationships directly at this time.

In addition, there are at least two possible reasons why the change in the number of fishing

trips might be small with a marginal change in the striped bass population, (1) much of the

consumer surplus associated with a fishing trip resides in relaxation and/or socializing and

does not depend on small changes in the number of fish actually caught and (2) other fish

species would be sought and caught in the absence of striped bass. Instead, given our

estimate of the change in striped bass abundance, we estimate the change in striped bass

recreational fishing catch as 11% of the change in abundance. The 11% figure is the

midpoint of the 9%-13% range of recent CDFG striped bass recreational fishery harvest rate

estimates. We specify a constant harvest rate by assuming (1) that the number of trips does

not change and (2) that the average "catchability" of a striped bass does not change with a

change in the population level (at least over the range of population changes that we are

considering here). The estimated small change in striped bass abundance (up to +10.1%, see

Table 3.11) and the relatively small harvest rate (11%) result in the small change in

recreational fishing catch (up to +10.1%) reported in Tables 4.1 and 4.2.

Using both the travel cost method and the contingent valuation method to analyze data

collected in the BASES survey, Huppert (1989) and Thompson and Huppert (1987) found that

the willingness to pay for an increase in the catch of salmon and/or striped bass ranged from

$5/fish (contingent valuation method) to $20/fish (travel cost method). Assuming that a

significant portion of each of these value estimates should be allocated to the more highIy

prized salmon, and wishing to be conservative in our estimation, we choose $5/fish as the

increase in consumer surplus associated with catching one more striped bass on a fishing trip.
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In principle, the increase in economic value associated with recreational fishing trips

for striped bass in the presence of an increased striped bass population is the sum of two

parts: (1) the increase in society’s personal income resulting from the increase in expenditures

made on an increased number of striped bass fishing trips and (2) the increase in consumer

surplus derived from striped bass fishing trips. Because we have assumed no change in the

number of trips in this scenario, there would be no change from the baseline in the personal

income components of economic value. However, because fishers value fishing trips more if

they are able to catch more striped bass, there would be an increase above the baseline in the

consumer surplus component of economic value.

Estimates of striped bass catch and associated consumer surplus value under each of

the alternative water year scenarios are presented in Tables 4.1 and 4.2. The estimated small

change in striped bass catch together with the relatively small economic value per striped bass

and the assumption of no change in the number of trips results in the small economic value

attributed to the change in the striped bass abundance associated with EPA’s proposed

standards under the low value estimate scenario.

Significant differences in Delta exports from those assumed in CDFG striped bass

population model baseline scenarios might significantly alter the estimates of the change in

the striped bass population and thus alter the estimates of economic value. Significant

existence, bequest, or "preemptive delisting" benefits might also significantly alter the

economic value estimates.

3.2.3.2 High Value Scenario

In contrast to the Low Value Scenario, we now assume that the number of striped bass
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fishing trips is affected by the estimated change in the striped bass population to result from

EPA’s proposed standards, and we assume a relatively high value for the consumer surplus

associated with a striped bass fishing trip.

Assuming that striped bass fishers respond to changes in the estimated striped bass

population when planning sport fishing trips for striped bass in ways similar to those of

salmon fishers with respect to the salmon abundance index, we use our estimate of the

elasticity of ocean recreational fishing trips for salmon with respect to changes in the salmon

abundance index, elasticity -- 0.49363, to describe the percent change in striped bass fishing

trips due to a one percent change in the estimated striped bass population.

We value the consumer surplus resulting from any change in the number of trips using

a figure of $61/trip as estimated by Thompson and Huppert (1987) for Northern California

saltwater sport fishing for salmon and striped bass. The true value for fishing exclusively for

striped bass is probably lower, because striped bass are less highly valued than salmon and

the $61/trip consumer surplus estimate applies to some "average" fishing trip for striped bass

and salmon. Furthermore, the $61/trip consumer surplus estimate is for saltwater fishing,

whereas fishing for striped bass occurs in both fresh and saltwater. The evidence presented

by Loomis and Cooper (1990) and Loomis and Ise (1992) suggests that the consumer surplus

per freshwater fishing trip might be somewhat lower, around $20/trip.

Given the estimated percent change in the striped bass population, we use the elasticity

estimate of 0.49363 to find the percent change in the number of striped bass fishing trips.

Because the estimated percent change in the striped bass population is zero in a Wet water

year, we estimate no change in trips during Wet water years. For Critically Dry water years,
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we estimate a percent change in trips of 0.49363 * 10.1% = 4.985663%. These additional

trips are then assigned a consumer surplus value of $61/trip. We then assume that the

increase in the personal income components of economic value arising from the increase in

the number of striped bass fishing trips is roughly balanced by a decrease in society’s

personal income resulting from a decrease in expenditure on alternative recreational activities

(for example, trout fishing). While regional shifts in expenditure and personal income might

occur (for example, shifts from the mountains to the Bay-Delta), we expect little change in

net personal income statewide as a result in of changes in the number of striped bass fishing

trips.

Estimates of striped bass fishing trips and associated consumer surplus value under

each of the alternative water year scenarios are presented in Tables 4.1 and 4.2. The

estimates of additional trips and consumer surplus for the Critically Dry water year are

probably overestimates, because the baseline number of trips would probably be lower than

the value used here in a Critically Dry water year.

Significant differences in Delta exports from those assumed in CDFG striped bass

population model baseline scenarios might significantly alter the estimates of the change in

the striped bass population and thus alter the estimates of economic value. Significant

existence, bequest, or "preemptive delisting" benefits might also significantly alter the

economic value estimates.

3.3 Sturgeon Recreational Fishery

3.3.1 Life History, Population Trends, and the Effects of Bay-Delta Conditions

Two species of sturgeon are found in the Sacramento-San Joaquin estuary: the White
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Sturgeon (Acipenser transmontanus) and the Green Sturgeon (Acipenser medirostris).

White Sturgeon

White sturgeon (Figure 3.6) spend most of their lives in the Sacramento-San Joaquin

Estuary. White sturgeon may live more than 100 years and grow as large as 1,300 pounds.

White sturgeon spawn in the Sacramento and San Joaquin rivers, and juveniles rear in the

rivers and the Delta, being found farther downstream the greater the flow. CDFG (1992j) has

found a strong correlation between an index of year class strength and mean April-July Delta

outflow (Figu~:e 3.7). The index of year class strength has declined to very low levels in the

past five years (Figure 3.8). "High flows may improve young sturgeon survival by

transporting larvae to areas of greater food availability, by dispersing larvae over a wide area

of the rivers and estuary to take advantage of all available habitat, by quickly moving larvae

downstream of any influence of water diversions in the delta, or by enhancing productivity in

the nursery area by increasing the nutrient supply. In addition, adults may experience a

stronger attraction to upstream spawning areas in high flow years and spawn in greater

numbers" (CDFG 1992j).

Green Sturgeon

Green sturgeon are much less abundant than white sturgeon, forty to one-hundred-and-

sixty times less abundant according to CDFG tagging studies. Because green sturgeon are

less abundant, less is known about this species, but "it is believed to be declining in

abundance (P.Foley, UC Davis)" (Herbold, et al. 1992). It is also known tha-t green sturgeon

spawn in the Sacramento River and that juveniles rear in the Delta for four to six years

CDFG (1992j).
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3.3.2 Effects of Other Factors

White Sturgeon

White sturgeon mature relatively late and may spawn rather infrequently. Thus, they

are classic case of a species susceptible to overfishing. Fishing regulations have been

tightened in a effort to avoid this potential problem.

Green Sturgeon

Unknown.

3.3.3 Benefits

White Sturgeon

White sturgeon is now an important sport fish. The sport fishing harvest increased

rapidly in the 1980’s as the populations of other sport fish declined and better techniques for

taking sturgeon were developed. The sport harvest exceeded 10,000 fish annually in the mid-

1980’s, but has declined over the past five years (CDFG 1992j). The proposed regulations

may increase the consumer surplus benefits derived from the sturgeon sport fishery through

increasing the currently depressed stock of white sturgeon. We are unable to quantify such

benefits at this time. To the extent that the proposed regulations increase Delta outflow or

stabilize it at a sufficient level, special actions to protect white sturgeon in the future may not

be necessary, provided that the regulation of fishing effort is effective. Avoiding the need for

future special actions to protect white sturgeon may be an additional, though unquantified,

benefit of the proposed regulations.

Green Sturgeon

Though only a minor component of the sport fishery, to the extent that the proposed
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regulations improve Delta conditions for the green sturgeon, they may eliminate the potential

future need for special actions to protect green sturgeon, and this may be an additional,

though unquantified, benefit of the proposed regulations.

3.4 American Shad Recreational Fishery

3.4.1 Life History, Population Trends, and the Effects of Bay-Delta Conditions

American shad (Alosa sapidissima) (Figure 3.9) were introduced to California in 1871.

Most American shad spawn in the mainstem channels of the Sacramento River and its

tributaries in late May and June. Many, but not all, of the adults die after spawning.

Juveniles rapidly migrate downstream to the Delta, where most juvenile mortality occurs.

Most juveniles leave the Delta in late summer. Herbold et al. (1992) discuss the relationship

of Delta outflows to American shad survival:

Stevens and Miller (1983) describe the apparent increase in
American shad recruitment in wetter years. Recent data confirm
the earlier study. Lower catches of American shad have
generally occurred during drought periods... The mechanism
most likely to explain the linkage of American shad abundance
with outflow is that temperatures over 20 C are known to
produce high mortality in young shad... This effect is likely..
¯ within the Delta or upstream... However, increased
entrainment during dry years probably also contributed to the
decline.

3.4.2 Effects of Other Factors

The effects of factors other than the recreational fishery itself are unknown.

3.4.3 Benefits

A commercial fishery for American shad existed in Suisun Bay and the Delta until
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1957 (Miller 1986). American shad supports an important recreational fishery upstream of

the Delta. Estimates of fishing effort for American shad in the early 1970’s include 38,000

angler days in the Delta, 35,000 angler days in the Feather River, between 65,000 and 80,000

angler days in the American River, and between 10,000 and 20,000 angler days in the Yuba

River (Miller 1986). The total of these estimates is probably a lower bound on fishing effort

for American shad since it does not include an estimate of fishing effort on the mainstem

Sacramento River and because fishing effort in general for most species has increased since

then.

To the extent that the proposed regulations improve conditions for American shad

juveniles in the Delta, as yet unquantified benefits in the form of increased catches and

consumer surplus in the recreational fishery could result.

3.5 White Catfish Recreational Fishery

3.5.1 Life History, Population Trends, and the Effects of Bay-Delta Conditions

White catfish (Ictalurus catus) (Figure 3.10) is an introduced species which has

become "one of the most commonly caught fish in the Delta" (CDFG 1992i). Mark-recapture

studies estimated the abundance of white catfish larger than seven inches at 5.5 million fish

around 1980. Since then, data indicate that the abundance of white catfish has declined

severely. Because white catfish spawning areas are in the south and east Delta, and because

the screening efficiencies for export pumps located in the south Delta are relatively low for

white catfish, "it seems reasonable to hypothesize that.., losses to water exports have caused

the decline in white catfish abundance. The [abundance of] catfish is inversely associated
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with the increasing trend in water exports." (CDFG 1992i).

3.5.2 Effects of Other Factors

Other than the recreational fishery itself, unknown.

3.5.3 Benefits

In 1980, it was estimated that anglers harvested 18% of the white catfish population

larger than seven inches, or approximately one million white catfish annually (Schaffter

1987). We are not aware of any other information on the white catfish recreational fishery.

To the extent that the proposed regulations decrease water exports or otherwise improve

conditions for white catfish in the Delta, increased white catfish populations and the as yet

unquantified, associated angler consumer surplus would be counted as additional benefits.

3.6 Starry Flounder Recreational Fishery

3.6.1 Life History, Population Trends, and the Effects of Bay-Delta Conditions

See Section 2.2.1.

3.6.2 Effects of Other Factors

See Section 2.2.2.

3.6.3 Benefits

Reports of starry flounder fishing in San Pablo Bay date back to the 1800’s (CDFG

1992e). Starry flounder were one of the fish species most commonly caught from the

Berkeley and San Francisco Municipal piers between 1957 and 1961, however, data t¥om

Commercial Passenger Fishing Vessel logs over the period 1964 to 1990 reveal that most of

the recreational catch occurs in San Pablo and Suisun Bays. Start3’ flounder were once the
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most common flatfish species in San Pablo Bay and were very common as recently as the

early 1970’s. Large incidental catches of starry flounder were made in the late 1960’s and

early 1970’s by recreational fishermen seeking the popular sturgeon. Beginning in 1976,

stan’y flounder catch and catch per angler hour dropped rapidly, while total angler hours

remained fairly constant at around 10,000 annually (Figure 3.11). However, according to

CDFG data, starry flounder were still the most common flatfish species taken by sportsmen in

northern California in 1980. More recently, Herbold et al. (1992) report that "[Starry flounder]

adults in the Bay support a popular sport fishery," and CDFG (1992e) notes that starry

flounder are "excellent eating."

3.7 Other Use Benefits

At the statewide level, we have only rudimentary information on participation in

various wildlife- and water-oriented outdoor recreation activities in California. The two

primary sources of data are surveys conducted for the California Department of Parks &

Recreation (CDPR) and the National Survey of Fishing, Hunting 8,: Wildlife Associated

Recreation conducted for USFWS.

In 1980 and 1987, CDPR arranged for telephone surveys to be conducted on a small,

statewide sample of California households. The surveys cover participation in all recreational

activities, indoor and outdoor, by all residents of the California. The two surveys used

somewhat different methodologies, and the results are unfortunately not fully, comparable.

Some data from the 1980 survey are presented in Table 3.12, which shows estimates of

current recreation activity in 1980 combined with projections for the year 2000. Fishing,

93

C--110540
C-110540



swimming, beach recreation, hunting, boating and nature appreciation accounted for 400.6

million days of recreation in 1980, or about 18.7% of the total recreation activity, and are

projected to account for 518.2 million days, or about 18.8% of the total, in 2000. The data

show that freshwater sportfishing accounts for more than thrice as many days as saltwater

fishing, but the proportions are reversed for freshwater and ocean swimming.

Some of the 1987 survey data dealing with freshwater recreation have recently been

analyzed by Mitchell and Wade (1991). For the entire state population, they estimate that, in

1986, there were 216 million days of freshwater-related recreation, including 57 million days

of freshwater fishing, 54 million days of powerboating/skiing, 45 million days of freshwater

swimming, and 60 million days of picnicking. "~hese figures are generally higher than the

CDPR estimates in Table 3.12 -- more so than can be accounted for by the increase in

population between 1980 and 1986. Mitchell and Wade suggest that the 1980 CDPR survey

may be underestimating recreation in Southern California. Table 3.13 presents some data on

participation in freshwater recreation at various sites in California in 1985, involving activities

such as picnicking, swimming, boating and fishing. In 1985, there were about 11.6 million

visiter days at CVP reservoirs in Northern and Central California, and 6.6 million visiter days

at SWP reservoirs, mainly in Northern and Central California. There also were 9.4 million

visiter days at either federal and local government reservoirs. In addition, there were

approximately 7.7 million visiter days of recreation in the Delta (this estimate is derived from

a DWR Delta Recreation Survey, adjusted downwards to account for errors in the estimated

number of people per car). Mannesto estimates that about 3.9 million of these visits were for

sportfishing in the Delta.
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Table 3.14 presents similar data on recreational activities along the Sacramento River,

upstream of the Delta, in 1980. Overall, it is estimated that there were about 4.8 million

hours of recreational activity of which about 1.89 million hours were spent on sport fishing,

by boat or from the shore. In terms of visitors-days, the total recreational activity translates

into about 1.3 million user days of freshwater recreation along the Sacramento River. In

addition, according to the same DWR source, there were about 1.7 million user days of

recreation along the lower American River in 1980. Another set of data, this time on rafting

on the California rivers in 1983, is shown in Table 3.15. According to this data, the lower

American River accounted for almost half of the million visiter days recorded at the Northern

location included in the list.

Every five years, USFWS conducts a national survey of fishing, hunting and wildlife

associated recreation. The survey focuses on recreation by people aged 16 and over. The

results for California in 1985 are summarized in Table 3.7. The Mitchell and Wade (1991)

estimates are broadly consistent with these data, when one allows for the difference in age

coverage and the fact that Mitchell and Wade cover just freshwater recreation. Table 3.16

shows that Californians engaged in 28.6 million days of nonconsumptive wildlife-related

recreation -- i.e., recreation involving a trip of at least one mile from the home for the

primary purpose of observing, photographing, or feeding fish and wildlife (this excludes

participation in such activities around the home or while on trips taken for other purposes, as

well as other outdoor activities).

In addition to rivers and lakes, wetland areas in Northern and Central California

provide significant opportunities for hunting and non-consumptive wildlife recreation. Total

95

C-11o542 -
C-110542



public use of the wetland areas listed in Table 3.17 was estimated to be about 421,000 days

per year, of which about 177,000 days were for hunting and the rest for wildlife viewing.

Similar, non-consumptive wildlife recreational activities occur at a variety of other locations

in the Bay Area. The San Francisco Estuary Project reports that, in 1988, shoreline parks of

the East Bay Regional Park District attracted over 160,000 bird watchers and that about

19,200 hours are spent annually on bird watching trips organized by the ten National

Audubon Society chapters within the Bay Area. It notes, also, that over 119,000 individuals

participated in wildlife observation in 1989-1990 at the San Francisco Bay Wildlife Refuges

and nearly 10,000 individuals engaged in sightseeing and native studies at Grizzly Island

Wildlife Area in 1989 (San Francisco Estuary Project 1992).

A study on birdwatching was conducted by Cooper and Loomis (1991) in the fall of

1987 based on a mall survey of random sample of California households, members of which

were asked whether they had made recreational trips to view birds, the details of the most

recent trip, and a contingent valuation question about possible future trips. At the current

level of an average of 28 birds viewed per trip, the consumer’s surplus was estimated to be

about $37 per trip. This increases to $45 per trip when the number of birds viewed rises by

50% to 42 birds. When the number of birds doubles to 56 birds per trip, the consumer’s

surplus increases to $47 per trip.

For most other recreational activities, however, the data on consumers’s surplus per

trip is more limited. There are some data covering boating and other water-based recreation

at reservoirs and freshwater lakes, which have been analyzed by Wade et al. (1989) and

Spectrum Economics (1991); these generate estimates of consumer’s surplus per trip of about
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$30-40, but there are some severe problems with the data (much of it is made-up by the

Department of Parks and Recreation) as well as some questions about the modelling

methodology. These estimates of consumer’s surplus per trip are summarized in Table 3.18.

3.8 Non-use Benefits

General Non-use Benefits

The Bay-Delta estuary provides habitat for many individual species of fish and

wildlife and supports a diverse ecosystem. EPA’s proposed water quality regulations may

improve the health of this ecosystem. Improved environmental quality may be valued in

itself by individuals, apart from any values associated with the use of natural resources. As

outlined in the introduction to this report, individuals may have several motivations for the

value they place on protecting and improving the quality of environmental resources,

including existence value, bequest value and option value.

Unlike the use values discussed in the previous sections of this report, nonuse values

cannot be measured by travel cost or similar revealed preference methods -- they can only be

measured by the contingent valuation (CV) method. In the last few years two significant CV

studies have been conducted on aquatic resources in California. The first is a statewide

mail/telephone survey conducted by Jones & Stokes Associates, Inc. for the Interagency San

Joaquin Drainage Program in 1989 (Jones & Stokes Associates,-Inc., 1990; Hanemann.

Loomis and Kanninen, 1991). This survey asked respondents about their willingness to pay

(WTP) for five environmental programs in the San Joaquin Valley. The first two programs

related to wetlands habitat in the San Joaquin Valley. One program would maintain wetlands
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habitat at current conditions; without this action, wetlands acreage in the San Joaquin Valley

would decrease further. The other program would go beyond maintenance to improve

wetlands habitat above current levels. The next two programs relate to the exposure of

wildlife to contaminated agricultural drainage waters stored in evaporation ponds at various

locations throughout the Valley. The first of these two programs would prevent any increase

in the exposure of wildlife to contamination, thus maintaining current conditions, and the

second program would improve conditions by reducing wildlife exposure to contaminated

waters. The fifth program dealt with restoring water flows in the upper San Joaquin River

below Friant Dam; these flows affect salmon and other fish in the river and wildlife and

vegetation along the river banks. All of the programs were fully .described before respondents

were asked their willingness to pay for them individually and in combination.

The format for eliciting the valuation information was a voter referendum, and the

payment vehicle was additional taxes. For example, the question pertaining to the wetlands

maintenance program read as follows: "If the wetlands habitat and wildlife maintenance

program were the only program you had an opportunity to vote on, and this maintenance

program cost every household in California $x each year in additional taxes, would you vote

for it?" The interviewer then followed up with "What if the cost were $y ?" A similar

wording sequence was used with the other programs. The survey was administered to 803

households in California and 201 households in the adjacent states of Oregon and

Washington. The overall response rate was 60%, with most of the nonresponses occurring

before subjects knew about the subject matter of the survey. The results, based on a

statistical analysis of the responses, ate shown in Table 3.19. This presents point estimates of
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median annual WTP for a household with typical demographic variables in California and out

of state, together with a 90% confidence interval for the California household. It should be

noted that these values are not directly additive across programs: WTP for combinations of

programs is typically smaller than the sum of the WTPs for the individual programs
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considered separately (Hoehn and Loomis 1993).

The second CV study was also performed by Jones and Stokes, this time as part of the

environmental impact report (EIR) for the SWRCB decision on Los Angeles’ water rights in

the Mono Lake Basin (Jones & Stokes Associates 1993a). This was a mail/telephone survey

in which respondents were told that the state of California was considering ways to balance

the water inflow needs of the Mono Lake ecosystem with the needs of water users in other

areas of the state that currently receive water diverted from the Mono Lake watershed.

Limiting the amount of water being diverted would cause less water to be available for those

water users in other areas of the state. The state is considering alternative water sources to

replace any reductions in water currently diverted from Mono Lake. Water from alternative

sources would cost additional money, and the SWRCB would like to know if citizens are

willing to pay it. Respondents were told that, if no action is taken now, the lake level will

drop by three feet over the next 10 years. Three possible programs were then described.

Program A would maintain the lake at its current level. Program B would raise the lake by

15 feet over what it is now, by limiting the amount of water diverted from tributary streams.

It would take about 25 years for this higher lake level to be reached, and the results would be

to increase the size of the lake by 30%, restore historic nesting sites for gulls, moderately

increase habitat for ducks and geese, moderately reduce dust storms, but also adversely affect

scenic tufa towers, submerging the smaller tufa towers and causing between 5 and 20% of the

larger towers to fall. Program C would put even greater limitations on water being diverted

from the tributary streams, and would raise the level of the lake by 35 feet above cun’ent

levels. It would take about 75 years for the lake to reach this level; when it did, the lake’s
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size would increase by 45%. In addition to restoring some historic nesting sites for gulls, this

would greatly increase habitat for ducks and geese. However, it would greatly reduce nesting

habitat for snowy plovers, a bird that is a candidate for the threatened or endangered species

list, and it would put most of the tufa towers under water.

After the three programs had been described, respondents were asked a referendum

type question on whether they would vote for a program given the estimate of its cost in

higher annual taxes, similar to the WTP question used in the San Joaquin Valley Drainage

Program study. The survey was administered to a random sample of 600 households

statewide, with an overall response rate of 72%. Most of the nonresponses occurred before

the subject matter of the survey had been revealed. The results are shown in Table 3.20.

Many respondents were opposed to Program C, because they felt that the higher lake level

had more adverse effects than beneficial ones, but they were generally highly supportive of

Programs A and B. The statewide aggregate value is based on the estimate of population

median WTP applied to the approximately 9.28 million English-speaking households in

California. At this time, confidence intervals have not been computed for the point estimates

of median WTP because of the complexity of the statistical calculation, but the difference

between the values associated with Programs A and B has been shown to be statistically

significant.

The results in Table 3.20 were used in the Mono Lake EIR to identify the

recommended program alternative. In addition to these nonuse values, there also were some

recreational benefits associated with raising the level of Mono Lake which were included in

the analysis. On the cost side, higher lake levels meant increased costs for water supply and
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lost hydropower revenues. The EIR analysis is reproduced in Figure 3.20. Lake level 6,372’

corresponds to the long-run outcome if there is no reduction in diversions from tributary

streams; lake level 6,377’ corresponds to Program A; lake level 6,390’ corresponds to

Program B; and lake level 6,410’ corresponds to Program C. The benefits for lake level

6,383.5’ are based on a linear extrapolation of nonuse values between Programs A and B. On

the basis of these estimates, the EIR recommends lake level 6,390’ as the preferred program

alternative. [Los Angeles Department of Water & Power has challenged this conclusion,

rejecting not the CV estimates per se, but rather the linear extrapolation between Programs A

and 13; LADWP prefers a nonlinear extrapolation. LADWP also argues that the water supply

and hydropower costs are higher than estimated in the EIR, and that net benefits are

maximized at lake levels 6,377’ or 6,383.5’. The SWRCB is expected to announce its

decision in April 1994.]

De-listing Benefits

"De-listing" benefits describe the increased management flexibility and decreased

management costs associated with either removing a species from a list of officially

designated threatened or endangered species, or preventing its listing. Listing of a species

associated with a river, stream, or estuary may severely restrict water management and

adjacent agricultural activities. De-listing benefits have not been quantified but are surely

significant, as evidenced by the considerable sums certain interest groups have expended in

recent years to weaken the provisionsof existing endangered species legislation. The

proposed regulations could be seen as a relatively low-cost, preemptive strike to prevent the

listing of several California Central Valley and Delta species as threatened or endangered and
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thus avoid the associated management inflexibility and cost.

According to Moyle (1992a) there is only one formally listed endangered species that

uses the estuary: winter run chinook salmon. Other fishes that are being considered for

formal listing or that may qualify for it soon are: spring-run chinook salmon, delta smelt,

longfin smelt, splittail, and green sturgeon. The green sturgeon was discussed earlier under

recreational fisheries. The remaining species on Moyle’s list, and the late-fall-run Chinook

salmon, will be briefly described here. The proposed regulations may potentially produce

"de-listing" benefits with respect to these species.

Sacramento Winter-Run Chinook Salmon

The construction of Shasta Dam has increased the numbers of winter run chinook

(Moyle 1976). Controlled releases allow adequate flows at low enough temperatures for eggs

to survive during the summer months. The winter run begins to travel upstream during the

winter months and spawns in mid-April through July. The eggs then hatch in late August.

Dick Daniel of CDFG commented on the unique characteristics of the winter run in a recent

issue of Northwest Energy News (1993):

If you’ve ever seen a fall-run salmon after its spawning run, it’s all beat up.
But not the winter run. Somehow they’ve adapted to the rigors of migrating
upstream and return in excellent physical condition. It’s important to the long-
term survival of chinook to keep the winter run around .... The main problem
we’re seeing with the winter run salmon is high water temperatures in the
summer and early fall. That’s a function of Shasta Dam and how it’s operated.

Dave Vogel, formerly with USFWS, commented in the same newsletter that twenty years ago

the average winter run was approximately 80,000 fish. In 1969, a record high 117,808 winter

chinook salmon were counted in the Sacramento River. However, in 1990 fewer than 500
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winter-run salmon returned to spawn. In 1991, the count was 191, a decline of more than 99

percent in the twenty-two years since the high in 1969 (see Table 3.21). Spawning

escapement of Sacramento.winter chinook salmon in 1992 was estimated at 1100 adults, well

above the 1991 escapement, but less than 5 percent of the 1971-1975 average of 22,500 fish

(PFMC 1993).

In November 1985, California and Nevada chapters of the American Fisheries Society

petitioned NMFS to declare the winter run a threatened species. State and federal fish and

water agencies developed the "Ten-Point Recovery Plan," but implementation was slow. The

winter run was declared an endangered species by the state of California in May 1989

(Western Water 1990). NMFS announced its intention to list the fish as threatened in August

1989 and did so in November 1990. Listing the winter run as a threatened species led to the

creation of a NMFS team to develop an alternative recovery plan. By Fall 1992, the NMFS

team had met only once. A draft plan is expected by July 1993.

Sacramento Spring-Run Chinook Salmon

The spring run has greatly decreased in abundance since the water projects were built

in California (National Council on Gene Resources 1982). Dams which check the natural

water flows have increased the water temperature in the San Joaquin River, where spring-run

chinook were formerly abundant, and have created a barrier to fish trying to reach the cooler

headwaters. The spring run enters freshwater in the spring when melted snow swells the

rivers; there they remain for 3 to 6 months until they spawn in the fall. Dave Vogel,

formerly with USFWS, commented in a recent issue of Northwest Energy News (1993) that

the spring run numbered in the hundreds as of 1990. We present an excerpt from Moyle
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(1992a):

The distinctive [spring] run of [chinook] salmon was once the most abundant
salmon in California. They were nearly eliminated from the state by the
construction of Shasta, Friant, and other dams which denied them access to
upstream holding and spawning areas. Less than 1,000 wild spring-run chinook
remain -- primarily in Deer and Mill Creeks, Tehama County. Conditions in
the estuary -- a relatively small cause of the total decline of this run compared
to upstream effects -- may be major factors contributing to their continuing
decline. One of the most vulnerable stages of their life history is when the
smolts are passing through the estuary in December through May. Adults
move through the estuary mainly in March through July although the wild fish
are probably moving through mainly in April. Because of their continuing
decline (present wild populations are less’ than 0.5% of the historic runs),
spring-run chinook should be listed as an endangered species in California. A
key factor in their recovery will be to have adequate delta outflows during the
smolt outmigration period, to reduce their vulnerability to entrainment and to
Delta predators.

Sacramento Late Fall-Run Chinook Salmon

The late fall run is a small run limited to the Sacramento River and a few of its

tributaries. Migration upstream begins in November, spawning occurs from January through

April, and the fry move downstream during the late spring and summer months (National

Council on Gene Resources 1982).

Delta Smelt

The Delta Smelt (Figure 3.12) (Hypomesus transpacificus) is listed by USFWS as a

federal threatened species and by CDFG as a state endangered species. Delta smelt are small

(up to 5 inches in length), fast-growing, short-lived fish found only in the Sacramento-San

Joaquin Estuary. Most adults die in the early spring after spawning. Spawning occurs from

late winter to early summer of the first year. Sometime after hatching larvae begin to float

and drift with water currents, becoming concentrated in the beneficial entrapment zone. The
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position and extent of this entrapment zone is affected by water flow and diversions in the

Delta.

CDFG (1992d) estimates that there has been a dramatic decline of the delta smelt

population and low population levels since 1983 (Figure 3.13). CDFG has identified several

factors potentially responsible for the delta smelt decline:

A. Decline in zooplankton food supply.
B. Low spawning stock levels.
C. Entrainment in water diversions.
D. Non-optimal water flows.
E. Toxic substances.
F. Genetic dilution.
G. Competition and predation.

A comprehensive study begun in January 1992 will attempt to determine the

relationship and significance of each of these factors to the delta smelt population. To the

extent that the proposed regulations improve conditions for the Delta smelt, as yet

unquantified benefits in the form of "de-listing" a threatened/endangered species would result.

Additional benefits might accrue in the form of increased watei"management flexibility

associated with de-listing.

Lon~fin Smelt

Longfin smelt (Figure 3.14) (Spirinchus thaleichthys) are found from San Francisco

Bay to Prince William Sound, Alaska, with the largest California population found in San

Francisco Bay. In most years longfin smelt spend their entire lives in the Bay (Figure 3.15).

Longfin smelt are harvested commercially in and around San Francisco Bay as part of the

smelt bait fishery. Total catch of all smelt species in this bait fishery ranged between 20,000

and 40,000 pounds annually (CDFG Division of Marine Resources, unpublished data).
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CDFG’s (1992e) annual abundance index of longfin smelt has varied widely over the past 25

years, but very low index values have persisted over the past five years (Figure 3.16).

"Although longfin smelt populations were known to be affected by tYeshwater inflow to the

estuary (Stevens and Miller 1983), there has been little concern for their persistence in the

estuary as they have been regarded as abundant and widely distributed, with additional

populations in other California estuaries (Moyle 1976; Monaco et al. 1990)" (Herbold et al.

1992). CDFG has found significant positive relationships between log~o average February

through May monthly Delta outflow and log10 Fall MWT Survey Longfin Smelt Abundance

Index (Figure 3.17). CDFG (1992e) believes that increased outflows result in beneficial

increased larval dispersal and nursery habitat volume. Herbold et al. (1992) note that,

although there are some differences in the life histories and strategies of Delta smelt and

Longfin smelt, "both spawn in river channels at the eastern-most end of the San Francisco

Bay complex ....If changes in flow in the spawning ground are the mechanism by which the

Delta smelt populations have suffered decimation, then the same pattern can be expected in

longfin smelt populations."

To the extent that the proposed regulations improve conditions for the Longfin smelt,

as yet unquantified small benefits in the form of increased catches in the commercial bait

fisheries would result. Additional non-use benefits might accrue in the form of enhanced

biological population stability.

Splittail

The splittail (Figure 3.18) (Pogonichthys macrolepidotus) is a large minnow reaching

over 14 inches in length that historically was found in the California Central Valley, from
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Redding to Fresno. Today, the distribution of the splittail is limited to the lower reaches of

the Sacramento and San Joaquin rivers and the S.F. Bay-Delta, and the abundance is much

lower than in the past. CDFG (1992f) considers the splittail a species of special concern and

Moyle et al. (1989) find that management may be required to prevent its eventual extinction.

CDFG (19920 presents the results of a regression of a splittail abundance index on

Delta outflow during March through May, the primary spawning months for splittail (Figure

3.19). The regression indicates that the index of splittail abundance increases with Delta

outflow. To the extent that the proposed regulations increase Delta outflow or stabilize it at a

sufficient level, special actions to protect splittail may not be necessary. Avoiding the need

for special actions to protect splittail may be an additional, though unquantified, benefit of the

proposed regulations.
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4.0 SUMMARY AND CONCLUSIONS

The San Francisco Bay and Delta is a hydrological, biological and economic

crossroads of the state of California. Many interest groups are affected by the health of the

Bay-Delta and the ways in which it is managed. This report highlights those groups who

might benefit from EPA’s proposed regulations to improve the quality of this valuable natural

resource, including those who make their living in the region’s fisheries and the many

residents who enjoy recreational activities associated with the Bay-Delta. We also consider

those who may not directly interact with the estuary, but who might nonetheless value

improvements in its health. Of course, ethical or moral arguments might support additional

value to being placed on maintaining a healthy Bay-Delta, but this is beyond the scope of this

work.

We estimate the benefits of EPA’s proposed regulations under two hydrological

scenarios, an Above Normal water year and a Critically Dry water year. Because relatively

more information is available on values associated with commercial and recreational fishing,

much of our analysis centers on fishing values. Over 200 species of fish, shrimp and crabs

are "known to inhabit the San Francisco Bay-Delta. We have chosen to focus on a few fish

species that are important either for the commercial or recreational benefits they convey or for

the potential management costs they might impose as threatened or endangered species. We

have presented evidence that many of these Bay-Delta fish populations are seriously

depressed. We use changes in the populations of these, Bay-Delta fish species as indices of

Bay-Delta environmental improvement. Many factors have contributed to the declines of
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Bay-Delta fish populations, including mining gravel wastes, habitat lost behind dams, over-

fishing, pollution, introduced species, declining water quality, water diversions for agriculture

and urban use, E1 Nino events, and droughts. While hatcheries may have helped stabilize

some fish populations, we now realize that they may pose long-run risks to the genetic

integrity of some fish stocks. It is certainly difficult to sort out the individual effects of these

many, interrelated factors, yet much research has been done, and the weight of the evidence

now points to water flow, water quality, and water exports from the Bay-Delta as major

determinants of the health of the ecosystem. We consider two policy control variables, (1)

salmon smolt survival in the Bay-Delta and (2) Net Delta Outflow. We assume that EPA’s

proposed regulations will result in changes in the levels of the two control variables. Our

analysis relates estimated changes in the control variables to changes in species populations.

We then estimate the value of these changes in species populations to commercial and

recreational fisherpeople. Although changes in non-use values associated with Bay-Delta

improvements may be significant, we believe that sufficient data do not currently exist to

quantify these changes. The estimated quantifiable benefits under each hydrological scenario

are gathered from the preceding sections of this report and presented together for ease of

comparison in Tables 4.1 and 4.2. Our estimates of the quantifiable benefits of EPA’s

proposed standards are on the order of $10 million under each of the hydrological scenarios.

The proposed standards appear to benefit commercial fisheries more in Above Normal water

years than in Critically Dry water years, because a given increase in salmon smolt survival

results in a larger increase in benefits with a larger baseline salmon population. The proposed

standards appear to benefit recreational fisheries more in Critically Dry years than in Above

110

C--110557
(3-110557



Normal or Wet years, because the striped bass population is assumed to depend in part on Net

Delta Outflow, and Net Delta Outflow is estimated to increase by about 50% in Critically Dry

years while changing only imperceptibly in Above Normal or Wet years.

Throughout this report we have tried to be conservative in our estimates of the

benefits of EPA’s proposed regulations, and we believe that the benefits estimates given are

toward the low end of the range of reasonable values. In evaluating the quantitative benefits

estimates given in Tables 4.1 and 4.2, two points should be kept in mind. First, the values

reflect the increase in benefits due to EPA’s proposed standards in comparison with the

baseline scenarios. Our baseline scenarios are very conservative in the sense that we assume

that many of the recent declines in species populations are due to the recent drought, and that

these declines would reverse themselves at the end of the drought without EPA’s proposed

regulations. If in fact this were not the case, we would be grossly underestimating the

benefits of the proposed standards. Second, we have used conservative assumptions in our

economic analyses. For example, we have assumed (1) a relatively small set of affected

species, (2) the ready availability of substitute products and recreational opportunities, and (3)

valuations of recreational fishing trips and catch near the low end of estimates reported in the

economics literature.

Given the conservative baseline scenarios and the conservative assumptions used in

our analyses, we estimate that EPA’s proposed standards would result in a moderate increase

in quantifiable benefits over the baseline level of quantifiable benefits under each hydrological

scenario. However, this conclusion must be qualified by the fact that adequate data do not

exist to quantify some categories of probable benefits. Indeed, several benefit categories in
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Tables 4.1 and 4.2 are listed simply as "positive but unquantifiable." Thus, the benefit

estimates given in this report are most likely near the low end of the range of reasonable

benefit estimates; the true benefits are likely higher than the estimates reported here. While

significant uncertainty surrounds much of the information used in this study, we believe that

the analysis is successful in establishing benefits estimates that would be useful in the public

policy arena.
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6.0 APPENDICES

APPENDIX A - THE DUMAS AND HANEMANN (1992) SALMON POPULATION MODEL

Our model is a spatially and temporally explicit deterministic system of difference equations. The
model discriminates spatially between specific portions, or "reaches," of the Sacramento River system, the San
Francisco Bay and Delta, and the ocean. The San Joaquin River and its tributaries are not considered. Temporal
effects are captured by using a weekly time step. We choose a weekly time step for two reasons. First, because
it is a compromise between (1) the need for a small time step to capture the density-dependent spawning
mechanism and (2) the convenience of a large time step for running simulations. Second, a weekly time step is
compatible with EA Engineering’s (1991) San Joaquin salmon model. Any given simulation scenario may
consist of many years, each year consisting of 52 weeks.

The model is a compartment-type model consisting of stock variables, flow variables, and linear and
non-linear difference equations defining the relationships between the variables over time. Stock variables
describe a quantity of interest. The principal stock variables in our model are the numbers of salmon by age in
the ocean and the numbers of eggs by river reach inland. Because our model uses long-term average streamflow
data, our stocks should be interpreted as expected, or average, quantities, and so results denominated in fractions
of fish, for example, are reasonable. Flow variables describe changes in stock variables. Flow variables include
the various rates of growth, mortality, escapement, fecundity, etc. that affect fish and egg stocks, as well as
variables such as streamflows, gravel quality, and hatchery operations that affect those rates. Other factors that
may affect flow variables are not explicitly included in the model, yet many of these factors are correlated with
streamflow. By emphasizing the effects of streamflow in our model structure, we hope to partially account for
the effects of any correlated factors.

The model is deterministic, because it contains no random variables. All parameters are assumed
constant except streamflows and functions of streamflows, where streamflows are given information. We use
difference equations instead of differential equations in our model, because many of the mechanisms we consider
involve discrete quantities (i.e., numbers of fish or eggs) and discontinuous processes (i.e., the trucking of
hatchery smolts to San Francisco Bay for release). In addition, STELLA II® easily handles a difference
equation framework. Future research may focus on the random, or stochastic, nature of some of these
parameters.

Another aspect of inodel structure is the linearity or non-linearity of the equations that relate the stock
and flow variables together. Non-linearity can lead to classic density-dependent biological relationships. For
example, in this model it is hypothesized that the process of "superimposition" leads to density-dependent salmon
spawning. Other non-linear relationships exist in the inland module of the model. However, since we are not
aware of any verified density-dependent mechanisms at work on chinook salmon in the ocean, our ocean module
is described entirely by linear relationships.

The concerted action of many mechanisms determines the net behavior of the salmon population. In
keeping with our objective of focusing on the effects of changing flow regimes, we would like our model to
have a high level of resolution with respect to those aspects of the salmon life cycle most influenced by changing
streamflows. However, other aspects of the salmon life history can be modeled with less resolution, using
coarser relationships and average or equilibrium values for key variables. We strive for an intermediate level of
model complexity, somewhere between the precedent models of Biosystems Analysis (1989) and Kelley, Greene,
and Mitchell (1990). The Biosystems model addresses a multitude of mechanisms, being very generalized yet
cumbersome. The Kelley, Greene, and Mitchell (1990) model uses a coarse stock-recruitment mechanism to
model spawning, possessing less resolution in this critical flow-dependent life history ph~tse than we would prefer
given our modeling objectives. See the full Dmnas and Hanemann (1992) report for further description of this
model.
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APPENDIX B - ECONOMIC INEFFICIENCY IN THE CALIFORNIA SALMON FISHERY

Problems with overfishing and low profitability have plagued the California salmon industry throughout
its history, resulting in a extended series of regulatory actions. Indeed, the f’trst season closure occurred in 1880,
when commercial fishing in the Sacramento River and San Francisco Bay was prohibited in August and on
Saturdays (Clark 1929). Seine-net fishing was prohibited in 1924 (Clark 1929), and gillnet fishing was finally
outlawed in 1956. But before these relatively efficient harvesting methods were banned, Crutclifield (1977)
noted that many of the purse seine and gill net fishermen were forced by competition and limited regulation to
operate much farther from the river mouths than they would have under sole ownership of the resource, leading
to profit dissipation. Because the various stocks of salmon are more mixed farther out to sea, this also made
biological management of the fish more difficult. This problem was institutionalized in 1957, when, in an
attempt to reduce overfishing, all commercial fishing by boat inside San Francisco Bay was eliminated by
legislation. Since 1957, the commercial salmon industry has been supported by the ocean troll fishery (Feinberg
and Morgan 1980).

These regulations sought to reduce overfishing by reducing the efficiency of the harvest. Crutchfield
(1977) commented that because regulatory agencies had lacked the authority to control entry to the fishery, they
were forced to manage stocks through directly or indirectly reducing gear efficiency, leading to lower fishing
profits. Further, as overfishing depletes the fish stock, individual vessel effort must increase to maintain catch.
But because marginal costs generally increase with individual vessel effort in this industry, profits decline even
as effort increases (Feinberg and Morgan 1980).

Most fishery managers and many salmon fishermen see the need to limit fishing effort and generally
support such programs. CDFG estimates that aggregate fishing effort for salmon in California almost tripled
between 1965 and 1980 (Feinberg and Morgan 1980). In 1976, a ftrst step toward limiting entry was taken when
the Fishery Conservation and Management Act (FCMA) banned foreign factory ships from the 200-mile
Exclusive Economic Zone (Matson 1988) off the California coast. The Act also established the Pacific Fishery
Management Council (PFMC) to recommend fishery management plans for commercial fisheries, in cooperation
with CDFG, to the U.S. Secretary of Commerce for approval. The plans may recommend limited fishing
seasons, gear restrictions, area closures, and entry limits. However, the plan must consider how rest_rictious
would affect the social and economic well-being of those who use the fishery. In addition, commercial fishing
licenses are required by CDFG (Feinberg and Morgan 1980).

The sport fishery is currently regulated by both federal and state agencies (Feinberg and Morgan 1980).
In addition to respecting any federal regulations resulting from the FCMA, sport fishermen must obtain a license
from CDFG. Recreational fishing is permitted on most inland rivers and is regulated in most cases by specifying
restricted fishing seasons and a maximum allowable catch per day (creel limit).

Commercial and sport fishing have been limited as one part of an overall strategy to increase salmon
stocks, especially federally and state-listed threatened or endangered sub-stocks. Changes in the timing of water
releases from dams necessary for the recovery of threatened or endangered Sub-stocks may be harming the larger
fall-run sub-stocks on which fishermen depend (Western Water 1992).

Based on the King and Flagg economic analysis of the industry and an assumed industry objective of
profit maximization, King at first recommended that California’s commercial fishery be composed entirely of a
smaller number of large vessels. Alternatively, more efficient trap and net-based fishing methods are available,
and studies have documented their potential profitability,~6 but squabbles between interest groups concerning the

~6 Crutchfield and Pontecorvo (1969), present descriptions of alternative sahnon fishing technologies ~Figurc 3.).
These are surmnarized below, along with references to their potential comparative cfficicncies.

Trappin~ - Fish traps placed in rivers to catch salmon migrating upstream are the most efficient harvest
method (Figure 4.). Though initial capital costs would be high, average costs would be the lowest. However,
fishermen have successfully lobbied to have traps banned. Crntchfield (1977) notes, "Although fish gaps are in many
areas the most efficient method of harvesting salmon, their use is so politically unacceptable... [I will] coufine.
discussion to other gear."
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distribution of the potential gains from using alternative fishing techniques have prevented their adoption. The
fishermen responded to King’s recommendation of fewer, larger vessels by arguing that using more, smaller
vessels reduced fishing efficiency and in effect allowed greater sustainable fishing employment. Apparently, the
fishermen made their point well; King reversed his recommendation. However, the fishermen again objected,
saying that there was a place for some large vessel, low cost harvesting in the industry, but that maximizing
profits was not the sole industry objective (Grader, 1992). Apparently, fishing as "a way of life" conveys
valuable non-market benefits to commercial fishermen, and commercial fishing trade associations weigh these
non-market benefits against overall industry profitability when formulating policy recommendations. Indeed,
commercial troller Matson (1988) gives arguments based on equity and a conservation ethic in support of the
inefficiency of trolling technology:

Large, powerful boats with nets are capable of quickly cleaning out the fish resources of the
Pacific Ocean’s narrow continental shelf. Salmon are especially vulnerable to overfishing
because of the ease with which nets can harvest them... [the troll industry believes] trolling
to be the best method of harvesting salmon. Here’s why: (i) trolling is inefficient - the chances
of overfishing with troll gear are slim [because of the technological inefficiency of using] hook
and line, and small boats, (ii) ocean harvested fish are of higher quality than river harvested
fish and (iii) harvest opportunity is spread over dozens of communities along the coast and
thousands of fishermen.

Purse Seini.ng - Relatively large seagoing fishing boats surround schooling fish with a net d~at is drawn
together at the bottom and then hauled aboard the ship.

Gill Netting - Medium-sized boats place a large drifting net across the path of migrating fish, entangle the
fish by the gills, and then retrieve the net and fish. Fry (1962) estimated the potential profit an efficient limited entry
gill net fishery of 50 two-man boats operating in the lower Sacramento River straits. Fry found that by avoiding
overcapitalization, geographic races by trollers, crowding over the fishing areas, and the mortality of immature fish
associated with trolling, the same average catch could be achieved with an economic profit an order of magnitude"
larger than total costs! (However, these nets are notorious for killing non-target species.)
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APPENDIX C - REVIEW OF ANALYSES OF THE WORLD MARKET FOR SALMON

Bird (1986) estimated an dynamic model of aggregate world Pacific salmon demand at dockside over
the period 1958 -1982¯ In Bird’s model, the equilibrium world price of salmon depends upon world salmon
landings, OECD consumer expenditures, and the price of a substitute. In Bird’s paper, the U.S. ex-vessel price
of Pacific salmon is taken as the representative market price.

The ex-vessel market for Pacific salmon can be viewed, subject to two reservations, as
a market in competitive equilibrium. The first reservation is that on occasion price reacts
slowly to excess supply and demand; this is allowed for by incorporating lags in the model. In
the world market, with its long marketing and distribution channels, lags in the transmission of
both supply and demand influences should be expected. Second, there was a potential market
disequilibrium in the latter half of the 1970’s due to the extension of fishing limits to 200
miles. This had its major effect on Japanese fishing efforts in Alaskan waters¯ Data problems
preclude this from being considered in the current paper ....

A number of econometric studies of salmon demand equations have been reported in
the literature. These have differed according to salmon species, product form, geographical
market, level in the marketing chain (wholesale/retail), specification of the model, and period of
estimation .... Little consensus emerges from this literature .... One common conclusion in
the literature is that price-dependent demand models perform substantially better than quantity-
dependent models. Bird estimates a single price-dependent demand equation. It is explicitly
assumed that landings of salmon are exogenous, and determined principally by biological and
oceanographic factors ....

The market price is competitively determined, adjusting to equate quantity demanded
with the actual quantity landed. Bird investigated several candidate substitute prices: the U.S.
ex-vessel price of albacore tuna, and composite indices for the U.S. real price of meat, poultry,
and fish. The best fit was obtained with tuna as the substitute ....

A dynamic model was specified as frrst differences in the variables. The static model
is the special case where the short-run flexibilities are constrained to equal their long-run
values. Ultimately, the price of salmon and of substitutes are determined together in a larger
simultaneous model. Estimating a single price equation for salmon, with substitutes included as
an explanatory variable, thus implies some endogeneity bias. Given the small size of the
salmon market relative to that for other foodstuffs, such bias is unlikely to affect seriously the
current results.

Implied Lower-Bound Elasticities

Short Run
Own Price -2.15 (s.e. = 1.02)
Substitute Price 0.22 (s.e. = 0.57)
Income 10.29 (s.e. = 9.18)

Lon,~ Run
Own Price -0.88 (s.e. = 0.27)
Substitute Price 0.81 (s.e. = 0.37)
Income 0.33 (s.e. = 0.20)

¯.. For both income and own price, the main feature is the difference between the
very elastic short-run responses (10.29 and -2.15, respectively) and the less elastic long-run
responses (0.33 and -0.88). Short-run income elasticity (10.29) appears high, but the estimate
has a large standard error, three of the four elasticity estimates .reported by Devoretz (who did
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not distinguish short- and long-run responses) lie between the short and long-run estimates
reported here. The large short-run elasticities are broadly consistent with salmon’s status as a
luxury commodity. The less elastic long-run response appears to confirm the importance of
habit as a determinant of food consumption patterns over the longer period. The surprisingly
high long-run cross-elasticity with respect to the substitute (0.81) should also be noted. This
possibly reflects the extent to which salmon competes with tuna in the canned fish sector for
lower-income groups. It could also simply reflect the fact that fish prices have moved together
under some other influence during the sample period .... Atlantic salmon are excluded from
the empirical analysis in the absence of reliable price data. However, in recent years quantities
of farmed Atlantic salmon have increased substantially. Consequently, if it were desired to use
the model to forecast salmon prices into the future, the output of Atlantic salmon would have to
be taken into account.

DeVoretz and Salvanes (1993) investigated market structure in the rapidly expanding market for farmed
Atlantic salmon, which by 1988 made up 20% of the world total salmon market by weight. While Norway holds
a large share (50%+) of this sub-market, Scotland, Chile, Ireland, Japan, and Canada have entered the industry.
DeVoretz and Salvanes find that fresh and frozen Coho and Chinook salmon compete directly with Atlantic
farmed salmon and that Canada and The United States supply the dominant shares of Coho and Chinook salmon.
However, a quantity-dependent model seems to describe the production of the farmed Atlantic salmon market
segment better than the price-dependent model that has been found to describe the supply of wild-caught Coho
and Chinook salmon. The reason seems to be that salmon farmers time their harvests to coincide with the
seasonal drop in wild-caught Pacific salmon supply. Thus, price discrimination by season may occur. But
seasonal price discrimination does not occur when Pacific salmon is available; i.e., own price elasticities were
higher when wild caught U.S. and Canadian salmon were available. In any event, Devoretz and Salvanes
conclude that world price appears to be predetermined. This is supported by the relatively high own-price
elasticities estimated by Devoretz and Salvanes using both ordinary least squares (OLS) and two-stage least
squares (2SLS) presented below:

Mode Own-Price Cross-Price Income
Specification Elasticity Elasticity Elasticity
OLS -2.38 0.95 2.11
2SLS -2A7 1.12 2.14
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Figure 2.1

Chinook salmon, adults typically 75 cm
(from Moyle 1976)
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Source: SWRCB. 1991. Rep. No. 91-16WR.

Timing of life history stages for the four races of
Chinook salmon in the Sacramento River Basin

(After USFWS, 29, 5, Figure 2)
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Figure 2.3 1
Source: SWRCB. 1991. Rep. No. 91-16WR.

Mean monthly salvage of Chinook salmon at the State Water Project
fish protective facility, 1968 - 1986 (From DFG, 17, Appendix, Table 4)
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Figure 2.5
Source: SWRCB. 1991. Rep. No. 91-16WR.



Figure 2.6 !

MODEL TIMELINE

Week Month Event

2 dan

4 Jan Mean tim~ of hatching.
5 Jan
6 Feb
7 Feb Mean t~me of alevin emergence.
8 Feb
9 Feb

10 Mar
11 Mar Mean time fry/smolts begin dow~migmt~on.
12 Mar
13 Mar
14 Apt
15 Apr
16 Apr
17 Apr
18 Apr Fish ’Birthday’ at sea.
19 May Ocean fishing begins.
20 May
21 M~y
22 May Mean ~me smolLs pass out to sea.
23 Jun
24 Jun
25 Jun
26 Jun
27 Ju!
28 Jul
29 Jul
30 Jul
31 Jul
32 Aug
33 Aug
34 Aug
35 Aug
36 Sep
37 Sep
38 Sep
39 ,Sep
40 Oct

41 Oct
42 Oct Mean time of escapement.
43 Oct
44 Oct Ocean fishing ends.
45 Nov
46 Nov _
47 Nov Me~J~ time o,f spawning.
48 Nov Mean time egg incubation begins.
49 Dec
50 Dec
51 Dec
52 Dec
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Figm’~ 2.7

Significant features of the western coast of the United States.
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Figure 2.8
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All commercial salmon catches in California ate from [.TOileTS moving at a speed of about two
knots. Four to six lines, each ~.vith about six or more hook~ are hung at different depths and
held in place by sinkers. The heavier sinkers, on the .front lines, pull the lines down as deep as
350 feet and help keep the lines untangled. (Illustration {tom Major Commercial Fisheries
of California, California Sea Grant Marine Advisory Program.)
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Figure 2.10

Starry flounder, juveniles usually
less than 12 cm, adults to 90 cm (from
Eschmeyer et al. 1983).

C--110595
C-110595



~ .--,, ,--- .--. ,.. .-. .m,. ~ ~ ~ m~m am am ammmm m

Source: CDFG. 1992e.

Starry Flounder (Platichthys stellatus)

Marine Brackish Fresh

Larval Transformation
( ADULTS I ...... ~- (YOUNG JUV_ENILE~

o
~ Spawn

Immigration

I

/ Winter Late Winter-Spring
Spring-Summer-Fall

° 1- 0 + JUVENILES"’ [MATURE 2 + - 3 .+l
Winter-Spring

-. Emigration ~ "

~’~ ~ ~" "~ " - - - " " ~’i + JUVENILES,

.,...,,,, ( 2 + JUVENILES I

Starry flounder life cycle.



1200-

000-      ~

800 ......

200          ~

80 81 82 83 84 85 86 87 88

I~ South ~ Central ~ San Pablo ~ Suisun    I

Catch of starry flounder through time, I980-I988 (data from otter trawls of the
Bay study)

Source: Herbold, et al. 1992.

C--1 1 0597
C-110597



Source: CDFG. 1992e.                                                                           :~"°"

Log(Index + 1) = -2.482 + 0.826 Log(March-June Outflow)
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Figure 2.17

Crangon franciscorum (from Smith
and Carlton 1975)
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Figure 2.19
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Abundance indices of 5 species of shrimp in otter trawls of the Bay Study 1980-
1989 (data from Herrgesell 1990).

Source: Herbold, et al. 1992.
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Figure 2.20
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Figure 2.22

Pacific herring, usually 20-30
ram. (from Moyle 1976)
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Figure 3.1 ,
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The striped bass, as shown in Raney (~952), p. 5. The striped bass
is a large fish, ranging up to forty or more pounds, with the average catch

around six to ten pounds (Albert, 1987).
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Figure 3.2
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Figure 3.5 ,
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Figure 3.6~;

White sturgeon, maximum l~r~gth
today about 3m (from Moyle 1976).
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Trend in white sturgeon year class indices for the
Sacramento-San Joaquin Estuary developed from trawl
catches by the San Francisco Bay Outflow Study.

Source: CDFG. 1992j.
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Figure 3.9

American shad, adults to 70
cm, juveniles in the Delta are less than 20
cm (from Moyle 1976).
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Figure 3.10

~m eatlh~ With the most bullhead.

like body shape of any California cat-
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ealch in the upper reaches of the

Source: San Francisco Examiner. 1993.
Special Reprint, Bay in Peril.
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Figure 3.12

Delta smelt, adults usually 7-8 cm.
(from Moyle 1976)
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Figure 3.13 Trends in delta smelt as indexed by seven independent surveys (updated from Stevens, et.al.,
1990, Figure 4).

Source: CDFG. 1992d.
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Figure 3.14

Longfin smelt, adults usually 9-10
cm. (from Moyle 1976)
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Longfin Smelt Winter
(Spirinchus thaleichthys)

ADULTS
(two years old)

e Spawning
Delta

~ Fall - ~.~ Winter -
"" Winter ~< ~eo~ ~ ~..~ \ Spring

JUVENILES     Growth - Dispersal       LARVAE

Delta to South Bay~~’~     ..    ~ Delta to Central Bay

~oo. ,~ Summer - Fall

Lo~gfin Smelt Life Cycle.

9                                       Source: CDFG. 1992e.                                                         "
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Longfin smelt annual abundance in CDFG Striped Bass Fall Midwater Trawl
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5.5
Log Index = -2.841 + 1.443Log(February-May Outflow)
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Log(Average Feb-May Monthly Outflow)

Relationship between the logl0 of the average February through May outflow
at Chipps Island in cubic feet per second and the log~0 of the CDFG Striped
Bass Fall Midwater Trawl lonqfin smelt abundance index.

Source: CDFG. 1992e.
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Figure 3.18~

Splittail (Pogonichthys macrolepidotus)
Adults to 14 inches.
Source: Audubon Society (1983).

C--110624
(3-110624



SPLITTAIL ABUNDANCE VS OUTFLOW
1967- 1990
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Association between splittail abundance and Delta
outflow during the primary spawning months. Numbers

,o next to data points indicate years.

~ Source: CDFG. 1992f.



Figure 3.20

M~rgh~d ~conomic Costs and Benefits of ~e .Mt~-nadvcs
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6,372 Ft 6,377 Ft 6,383.5 Ft 6,390 Ft 6,410 Ft

~ke Level Alternative

Marginal Economic Costs and Benefits of the Alternatives

Lake Level Marginal Marginal Ratio of
Alternative Benefits= Costsb Benefits to Costs

No Restrictionc ......
6,372 Ft                 659.8 19.1 34.5
6,377 Ft 22.0 6.5 3.4
6,383.5 Ft 87.7 11.4 3.3
6,:390 Ft 20.4 4.8 4.:3

6,410 Ft --87.4 9.2 N/A

a Includes recreation benefits and Mono Lake preservation values.
b Includes LADWP water supply and power generation costs.
c Used as reference for calculating marginal costs and benefits for the 6,372-ft Alternative.

N/A =, Not applicable.

Source: Jones & Stokes Associates. 1993. Environmental impact report for the

review of Mono Basin water rights of the City of Los Augeles. Draft.
(JSA 90-171.) Sacramento, CA. Prepared for California State Water
Resources Control Board, Division of Water Rights. Sacramento, CA.
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Table 2.1

DISTRIBUTION OF 1992 CALIFORNIA CHINOOK SALMON SPAWNING RUN
(PFMC 1993, Tables B-1,B-2,B-3,B-6,B-7)

Fall Run
Klamath River Basin 18,884
Sacramento River 82,800
San Joaquin River 1,500

Late Fall Run
Sacramento River 9,400

Winter Run
Sacramento River 1,100

Spring Run
Sacramento River 2,300
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Table 2.2

Annual estimates of adult chinook spawning
escapement in the San Joaquin Rivq~ and in the
Central Valley from 1957 to 1986.~"

Year San Joaquin Central Valley

1957 8.5 88.4
1958 39.6 234.7
1959 28.3 369.4
1960 53.1 416.6
1961 2.0 229.4
1962 I.? 189.2
1963 1.3 262.3
1964 7.8 266.9
1965 6.7 169.8
1966 6.4 184.4
1967 20.9 131.2
1968 7.0 173.4
1969 50.7 311.8
1970 30 177.0
1971 40 177.9
1972 12 -~ 91.0
1973 6.5 205.5
1974 3.7 191.7
1975 5.8 145.8
1976 3.5 157.8
1977 .6 134.6
1978 2.3 125.3
1979 4.0 152.0
1980 5;0 130.0
1981 14.0 156.0
1982 14.0 141.0

1985 60.9 273.0
1986 16.1 214.2

adult escapement estimates between 1957 to 1969 was
Dettman per. comm., Don Kelley and Associates,
between 1970 to 1984 were from PFMC, 1986, estimates

and 1985 from Bob Reavis, CDFG per. comm.
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Source: SWRCB. 1991. Rep. No. 91-16WR.

Chinook Salmon Envi :onmentsI Requirements and Life History Stages

Life Stage Location Duration (race) Flow Water Quality Other
~ Adull Pacilic Ocean ¯ July-Dec (lall) Adequate Ilow Temperalure

Migral~on Bay-Della to OcI-Mar (La~e-Fall) of home stream Chinook Mlgrallon Range
upslream water to locate Optimum: 49-57,5~F

Jan-June (winler) spawning grounds Dissolved Oxygen
mid Mar-Aug (spdng) and cover redds >6 mg/I

Spawning Upper reaches Ocl-mld Jan (lall) Stable Ilow without Temperature Clean gravel ¯

(,.)
el all major Jan~Apt (late fall) extreme flucluallon Chlnook Gen’l Spawning Range subslrate
rivers and Apt-mid July (winter) sufficient to cover Lower Threshold: 42"F with good

~ . slreams In Aug-Nov (spring) and aerate redds Upper Threshold: 58"F clrculalion

’=’~i Sacramento- ’ Dissolved Oxygen through todd
San Joaquln ~.7 mg/I
River Basins

~ below dams

03 Incuballon Spawning Oct-Apt (tall) same as above same as above same as above

I’~ (Egg-Alevin) 0rounds Jan-Jul (late lall)
~ (see above) May-Oct (winter)

mid Aug-mid Jan (spring) " "

Rearing Upstream, Dec-Mar (fall) Stable flow to Temporalure Diet el aquatic
(Fry-Jun,~enlle) Delta, and Apt-Aug (late lall), prevent stranding Chinook Optimum Range and t~rresltial

upper estuary mid Aug-Nov (winter) Can tolerate Lower Lethal: 32~’F Insects,
late Nov-Jan (spdng) greater flows and Upper Lethal: 79"F crustaceans

velocities as they Preterred Range: 45-58°F
malure and move Dissolved Oxygen
Into deeper water ;~6 mg/I

Smell Downstream to Apt-June (tall) Tolerate higher same as above [.)lel ot .Ne__o.m_zs!.s
Migration Bay-Delta Aug-Jan (lale fall) flows lyplcal of (Waler Quality ~ Corophlum,

Estuary Io Nov-late Apt (winter) spring snow melt data from and aquatic and
Pacific Ocean Feb-Apr (spring) or rainy season. Bell 1973) lerreslrial

Helps move smells Insecls
downslteam (SWRCB,433,133)

,o



Table 2.4 f "

Annual adult natural fall-run chinook salmon spawning escapements.
~RCB. 1987. Exhibit USWFS-31. Appendix 25. p.160.
Annual adult natural fall-run chinook salmon spawning escapements.
PFMS. 1993. Revi~ of 1992 Ocean Sa!ra~ Fisheries. Table B-I. p. B-I.

(in ~ of fish)
Year Year Sacramento San JoaquinT~ntral Valley
1965 1965 163.1 6.7 169.8
1966 1966 178.0 6.4 184.4
1967 1967 110.3 20.9 131.2
1968 1968 166.4 7.0 173.4
1969 1969 261.1 50.7 311.8
1970 1970 147.0 30.0 177.0
1971 1971 137.9 40.0 177.9
1972 1972 79.0 12.0 91.0
1973 1973 ]99.0 6.5 205.5
1974 1974 188.0 3.7 191.7
197 5 197 5 140.0 5.8 145.8
1976 1976 154.3 3.5 157.8
1977 1977 19.9.8 0~6 130.4
1978 1978 123.0 2.3 125.3
1979 1979 148.0 4.0 152.0
1980 1980 125.0 5.0 130.0
1981 1981 142.0 15.9 157.9
1982 1982 130.5 14.0 144.5
1983 1983 90.1 kl.l 101.2
1984 1984 117.2 40.8 158.0
1985 1985 209.0 72.6 281.6
1986 1986 212.4 23.2 235.6
1987 1987 150.4 15.8 166.2
1988 1988 197.0 20.7 217.7
1989 1989 120.4 3.2 123.6
1990 1990 84.9 0.9 85.8.
1991 1991 86.7 0.6 87.3
1992 1992 61.4 I.I 62.5
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Table 2.5

Annual adult hatchery fall-run chinook salmon spawning es~ts.

PFbI2. 1993. Review of 1992 Ocean Salmon Fisheries.
Table B-2. p. B-2. ..
(Table B-2 a!so has break-down by hatchery and numbers of jacks)

Values for Total fr~n 1965-1969 fr~n Dettman and Kell~y, 1987, p.34.
(in th~sards of fish)

Year Sacramento San JoaquinC~ntral Valley
1965
1966
1967
1968
1969
1970 13.2 0.3 13.5
1971 11.7 1.0 22.7
1972 8.4 0.2 8.6
1973 21.0 0.6 21.6
1974 12.9 1.0 13.9
1975 22.6 0.8 13.4
1976 10.4 0.6 II.0--"
1977 17.9 0.4 18.3
1978 11.1 0.5 11.6
1979 15.3 0.6 15.9
1980 25.3 0.6 25.9
1981 30.8 0.6 31.4
1982 30.7 2.0 32.7
1983 17.9 1.9 39.8
1984 37.8 1.7 39.5
1985 26.0 1.3 27.3
1986 22.6 0.8 23.4
1987 21.2 0.6 21.8
1988 26.7 0.4 27.1
1989 25.9 0.i 26.0
1990 22.4 . 0.i 22.5
1991 24.7 0.3 25.0
1992 21.4 0.4 21.8
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Table 2.6

Distribution (percent) of total midwater trawl catch of
chinook smolts by month at Chipps Island from 1978 to
1991.

Yea[            A_~ril         Mav         June

1978                 27              40             33

1979                 19              52            29

1980                 14              34             52

1981                34              50            16

1982           18         49        33

1983                 19              49       ~k 32

1984          Ii        66       23

1985           26         63        ii

1986                 37              55              8

1987                 44              54              2

1988                 27              70              3

1989                29             62             9

1990                31              56            12

1991                14             72            12

x (1978-1991)       26                         54                      20

Source: USFWS. 1992. SWRCB Ex. No. WRINT-USFWS-9.
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Table 2.7     ,,

Source: PFMC 1993

Summary of troll salmon fishing regulations for 1992

Season                   Quota
Management Area              Dates       Species    chinook    Coho
Pt. Arena to                 8/1-8/7    All             e          d
Pt. Reyes                     8/8-9/30 Not Coho      e         NA

Pt. Reyes to                  5/1-5/10 Not Coho    i0,000     NA
Pt. San Pedro               8/8-9/30 Not Coho    i0,000    .NA

8/1-8/7 All          e        d

Other Restrictions:

i) No more than 6 lines per boat.

d/    For the entire area south of Cape Falcon, the preseason impact
quota (catch plus hook-and-release mortality) was 60,000 coho. The
catch quota for this impact was 57,000 coho. A 70% subarea impact
ceiling within the overall impact allowed a catch on no more than
40,000 coho south of Cascade Head. A 17% subarea impact ceiling
allowed a harvest of no more than i0,000 coho south of Pt. Arena.

e/    The Secretary of Commerce established an 8,000 chinook quota, for
the Aug. portion of the fishery between Pt. Arena and Pt. San Pedro.
The unharvested portion of the chinook quota for the May fishery
between Pt. Raeyes and Pt. San Pedro was transferred to the August
fisheries to provide an overall quota of 21,500 chinook in August.

C--110633
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-~ Table 2.8 i

AVERAGE DAYS AT SEA BY VESSEL SIZE AND EXPECTED CATCH
(Fletcher and Johnston, 1984)

EXPECTED CATCH
VESSEL SIZE               Poor      Averaqe      Good
Sm.(35-ft.) Vessel        25          45          60
Md.(45-ft.) Vessel       25         50         75
Lg.(55-ft.) Vessel         0         40         75
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Table 2.9     ~

COMMERCIALTROLLING INDUSTRY (PFMC 1992)

AVE. REAL
VALUE PER

YEAR VESSEL
1977 6477
1978 4252
1979 7534
1980 4425
1981 5346
1982 6846
1983 1893
1984 3908
1985 6133
1986 6772
1987 12182
1988 18258
1989 5744
1990 5908
1991 5096
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(3-110635



....~ Table 2.10
SECTORS OF TIlE 1982

CALIFORNIA INTERINDUSTR¥ FISHERIES MODEL

(Source: King and Flagg. 1984)
Fish Harvesting Sectors _~_.

Sector Sector
Number Title Number      Title

I Groundfish Trawlers, North Ii Salmon-Albacore
2 Groundfish Trawlers, South 12 Long-Liners ~
3 Shrimp Trawlers 13 Hook & Line
4 Tuna Purse-Seiners 14 Black Cod Pots
5 Wetfish Seiners 15 Crab/Lobster, North
6 Herring Gillnetters 16 Crab/Lobster, South
7 Other Gillnetters 17 Baitboats
8 Small SaLmon Trollers 18 Jigboats
9 Large Salmon Trollers 19 Diveboats

I0 Salmon-Crabbers 20 Harpoon Billfish.

Fish Processing Sectors (21-29) "
Sector Sector
Number Title Number      Title I

21 Fish Whsl., Proc., Dist., Small 26 Seafood Restaurants
22 Fish Whsl., Proc., Dist., Medium 27 Other Eat & Drink ,
23 Fish Whsl., Proc., Dist., Large 28 Seafood Markets
24 Fish Import/Export Brokers 29 Other Food & Kindred
25 Tuna Canners Products

Non-Fishery Sectors (30-64)
Sector Sector
Number Title Number Title

30 Forestry & Other Fishing 48 Textiles
31 Forestry/Fish Services 49 Appare!
32 Petfood 50 Paper
33 Animal & Marine Fats 51 Printing
34 Ship & Boat 52 Chemical
35 Motor Freight 53 Petroleum
36 Agricultural 54 Rubber & Plastics
37 Mining 55 Leather
38 Construction 56 Telephone & Public Utilities
39 Lum6er 57 Wholesale Traders
40 Furniture 58 Retail Traders
41 Glass, Stone, Qlay 59 Insurance
42 Metal 60 Finance
43 Non-Electric Machines 61 Services
44 Electric Equipment 62 Federal Government
45 Transportation Equipment 63 State & Local Governments
46 Instruments 64 Scrap Industries
47 Miscellaneous Mfg. Goods

Primary Sectors ~65-66).
Sector
Number Title

65    California Households
66    Imports/Exports

C--110636
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Table 2.11
,~LL SALMON TROLLEI:~

DESCRIPTION OF THE ~EET

Pr~ar~ ~: T~oll and a f~ ~le a~ line ’

Secondar~ ~: No~ pots and traps

~esse~ ~: Less than or equal to 32 foet
Value of c~Ech: S~lmon greater th~n zoro; g~e~ter ~h~n any other sp~i~s

II. SU~YOFVESSEL REVENUES
1 2 3 4 5 6 7 8 9

% Revenues Average Revenues Standard Deviation Minimum Maximum
# Vessels by Vessels based on: of Vessel Revenues % of % of
Reportin~ Sable Reporting All Vessels . All Vessels Total Total

Species Catch > 0 Revenues Catch > 0 Vessels Reporting Vessels Harvesting Revenues Revenues

Crustaceans 2 2162 O. 40 30 1081 178 39 34.78 46.05
Flatfish 4 980 0.18 14 245 68 164 2.90 37.63
Wetflsh 1 215 0.04 3 215 25 0 33.86 33.86
Sable/Rock 11 7826 1.44 109 711 648 1523 0.13 47.49
Shacks/Rays/Skates 1 440 0.08 6 440 $I 0 27.59 27.59
Salmon 72 516551 94.81 7174 7174 17390 17390 30.11 100.00
Tuna 5 12880 2.36 179 2576 848 2043 I. 39 21.05
~d 8 3801 O. 70 53 475 199 394 O. 91 55.94

TOTAL 72 544855 I00. O0 7567 7567 - 17727 17727 I00.00 I00. O0

III. SUGARY OF VESSEL COSTS
10 11 12 13 14 15 16 17 18

Total Average Vessel Cost Standard Deviation Minimum Maximum
# Vessels Expenses by % of based on: of Vessel Costs % of % of

Cost Reporting Vessels Total All Vessels All Vessels Total Total
Category Cost > 0 Reporting Expenses Vessels Reporting Vessels Reporting Costs Costs

Dockage 58 70222 11.91 1018 1211 3898 4224 O.SB 72.09
Interest 11 8234 1.40 119 749 318 403 1.71 24.04
Depreciation 28 87332 14.81 1266 3119 2466 3034 7.97 58.68
Capital Expenditure 34 99241 16.83 1438 2919 2579 3030 5.06 80.32
Insurance 19 15853 2.69 230 834 519 688 1.34 90.00
Taxes 32 20421 3.46 296 636 1252 1778 0.07 25.26
Other Fixed 13 11298 1.92 164 B69 508 669 4.13 30.77

(gear, etc)
Total Fixed 66 312599 53.00 4530 4736 6179 6240 0.29 94.86

Fuel 67 75494 12.80 1094 1127 1699 1714 1.35 62.62
Repairs & 61 103119 17.48 1494 16~0 2016 2065 1.50 81.93

Maintenance
Crewshares & Wages 18 37148 6.30 538 2064 1715 2850 1.58 57.11
Other Variable 37 61461 10.42 891 1661 1731 2075 1.00 100.00

(ice,bait,etc)
Total Variable 69 277222 47.00 4018 4018 3994 3994 5.14 100.00

TOTAL 69 589820 100.00 8548 8~B 85B7 8587 100.00 100.00

Source: 1980 CIF Survey; Sector 8
California vessels only; updated to 1982 using input and product price adjustments.



Table 2.12
, LARGE SALMON TROLLERS

(n = 124)
I. OESCRIPTION OF THE FLEET

Primary gear:    Troll and a few pole and line

Secondary gear:" Not pots and traps
Vessel length: Greater than 32 feet
Value of catch: Salmon greater than zero; greater than any other species

II. SUMMARY OF VESSEL REVENUES
I           2            3           4           5            6           7           8           9

% Revenues    Average Revenues     Standard Oeviation    Minimum    Maximum
# Vessels             by Vessels        based on:         of Vessel Revenues      % of       % of

Reporting Sample    Reporting     All       Vesseis      All      Vessels    Total      Total
Species       Catch > 0 Revenues Catch > 0 Vessels    Reporting .Vessels Harvesting Revenues Revenue~

Crustaceans           2          4480      0.21         36         2240         316      1120        7.67      21.05
Flatflsh             5        2555      0.12       21          511        140      488       0.57      20.00
Wetfish             12       77437      3.62      624        6453       2395 . 4656       0,03      41.67
Sabie/Rock            36        79068      3.70       638         2196        1980      31?6        1.10      74.07
Sharks/Rays/Skates    3           352      0.02         3          117          24       104        1.85       9.48
Salmon              124      1692248     79.14     13647        13647      48037     48037       25,30     100.00
Billfish            2       26650     1.25      215       13325      2326    12675       1,76     40.45
Tuna                  43       240140     11.23      1937         5585        3845      4719        1.05      48.98
Cod                 8        4217     0.20       34         527       207      633       0.06     15.45

Other                1        11200      0.52       90       11200       1002         0      25.48     25.48

TOTAL                                  124              2138347         100,00           17245                  17245              48766           48766              100,00           100.00

III. SUMMARY OF VESSEL COSTS
10 11 12 13 14 15 16 1? 18

Total Average Vessel Cost Standard Deviation Minimum Maxim~

# Vessels Expenses by % of based on: of Vessel Costs ~ of ~ of.
Cost Reporting Vessels Total All Vessels All Vessels Total Total

Category Cost > 0 Reporting Expenses Vessels Reporting Vessels Reporting Costs Costs

Dockage 99 80990 3.71 66~ BIB 502 432 0,44 61.20
Interest 34 184425 8.44 1524 5424 4567 7285 1,43 51.30

Depreciation 50 217952 9.98 1801 4359 3275 3849 3.12 76.~5
Capital Expenditure 67 450650 20.63 3724 6726 10278 13061 0.83 81.94

Insurance 49 130557 5.98 1079 2664 2047 2474 1.32 37.S0

Taxes 66 55154 2.52 456 836 1158 1463 0.10 55.77

Other Fixed 32 47385 2.17 392 1481 1178 1906 Io41 27.71
(gear,etc)

Total Fixed 119 1167261 53.44 9647 9809 1 4364 14429 0,62 95.32

Fuel 121 252360 11.55 2086 2088 2459 2459 0,70 IO0.GO

Repairs & 113 313657 14.36 2592 2776 3688 3749 1.04 91.~g

Maintenance
Crewshares & Wages 48 219001 10.03 1810 4563 4583 6355 0,71 68.50

Other Variable 77 232080 10.62 1918 3014 4999 5998 1,00 91.44

(ice,bait.etc)
Total Variable 121 1017095 46.56 8406 8406 11366 11366 4,68 100, C0

TOTAL 121 2184355 100.00 18053 18053 22010 22010 I00.00 100.~0

Source: 1980 CIF Survey; Sector 9
California vessel~ only; updated to 1982 using input and product price adjustments.
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Table 2.13
CRg8 - LOESTER, t-’ORTH

I., OE5CRIPTION OF THE FLEET

.Pr~mar~ or secondary £ear: Pots and traps

Primar~ gear: Not gi1_tnet
Home port: From Santa Barbara - north
Va_tue of catch: Crustaceans greater than any other species

iI. SUDIRARYOFVESSEL REVENUES
I 2 3 4 S 6 7 8       9

¯
% Revenues Average Revenues Standard Deviation Minimu~ Maxlmu~

# Vessels by Vessels based on: of Vessel Revenues % of % of
Reporting Sample Reporting All Vessels All Vessels Total Total

Species Catch > 0 Revenues Catch > 0 Ves~_is Reporting VeSsels .Harvesting Revenues Revenues

Crustaceans 34 161 0558 74.19 47369 47369 49400 ~9400 31.25 100. O0
Mo13usks I 18 O. O0 I 18 3 0 O. 04 O. 04
Flatfish 3 68968 3. I B 2028 22989 8137 16386 O. 28 21.50
Wetf£sh I 10800 O. 50 318 10800 1825 0 22.32 22.32
Sable/Rock 7 4276 O. 20 126 611 510 984 O. OS 2.05
Sharks/Rays/Skates I 5009 O. 23 147 5009 84 6 0 7.32 7.32
Salmon 29 368297 16.97 10832 12700 10503 10277 0:. 02 49.37
Tuna I 0 100878 4.65 2967 10088 5670 6123 3.57 26.70
~od I 2000 O. 09 59 2000 338 0 12~ 35 12.35

TOTAL 34 2170804 100. O0 63847 63847 -: 54084 54084 100. O0 100. O0

III. SLIQMARY OF VESSEL C0STS
10 11 12 13 14 15 16 17 18

Total Average Vessel Cost Standard Deviation MinLmum Maximum
# Vessels Expenses by % of based on: of Vessel Costs % of % of

Cost Reporting Vessels Total All Vessels All Vessels .Total. Total
Category Cost > 0 Reporting Expenses Vessels Reporting Vessels Reporting Costs Costs

D~ckage 27 18586 I. 91 547 688 466 420 O. 40 100. O0
Interest 11 56970 5.86 1676 5179 3527 4507 O. 65 31.25
Depreciation -13 71940 .7.40 2116 5534 3183 2754 7.83 47.85
Capital Expenditure 14 101564 1~.44 2987 7255 6544 8547 4.66 40.77
Insurance 21 77699 7.99 2285 3700 2620 2424 3.17 24.07
Taxes 19 39565 4.07 1164 2082 1746 1882 O. 23 29.60
Other Fixed 12 32652 3.36 960 2721 1818 2138 I. 94 47.05

(gear,etc)
Total Fixed 33 398975 41.02 11735 12090 11154 11130 3.45 100.00

-’uel 32 116021 11.93 3412 3626 3770 3785 I. 70 96.55
Repairs & 31 139203 14.31 4094 44°-43 5817 5944 2.12 100.00

Maintenance
Crewshares & Wages 24 251599 25.87 7400 10483 12672 13970 3.98 72.87
Other Variable 21 66783 6.87 1964 3180 2319 2201 2.60 30.91

(ice,halt, etc)
Total Variable 33 573605 58.98 16871 17382 18856 18906 23.~6 100.00

TOTAL 34 972580 100. O0 28605 28605 25385 25385 100. O0 100. O0

Source: 1980 CIF Survey; Sector 15                       :
California vessels only; updated to 1982 using input and product price adjustments.
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Table 2.14

BALMON - ALBACORE
(n = 30)

I. DESCRIPTION OF THE FLEET

~ 9ear:    Troll
Secondary 9ear: Not pots and traps
Value of catch: a) Salmon greater than zero

b) Tuna greater than zero and greater than any other species except salmon

II. SL~ARY OF VESSEL REVENUES
I 2 3 4 5 6 7 8       9

~ Revenues Average Revenues Standard Deviation Minimum Maximum
# Vessels by Vessels based on: of.Vessel Revenues % of % of
Reporting Sample Reporting All Vessels ~ii Vessels Total Total

Species Catch > 0 Revenues Catch > 0 Vessels Reporting Vessels ~Harvestlng Revenues Revenues

Crustaceans 3 1604 0.14 53 535 181 267 0.91 4.74
Flatfish I 8 0.00 0 8 I 0 0.03 0.03
Wetflsh 2 43800 3.89 1460 21900 5967 9300 125.91 29.65
~able/Rock 4 10390 0.92 346 2598 1518 3382 0.94 17.34
Salmon 30 332190 29.48 11073 11073 7983 7983 3.65 55.56
Tu~a 30 738802 65.57 24627 24627 16461 16461 ’29.72 95.41

TOTAL 30 1126794 100.00 37560 37560 24403 24403 100.00 100.00

III. SUMMARY OF VESSEL COSTS
10          11           12          13          14          15          16          17          18

Tota!                   Average Vessel Cost Standard Deviation    Minimum    Maximum
# Vessels Expenses by    % of           based on:          of Vessel Costs        % of       % of

Cost          Reporting Vessels     Total       All      Vessels      All      Vessels     Total      Tota!

Category       Cost > 0 Reporting Expenses Vessels Reporting Vessels Reporting    Co~ts      Costs

Dockage               26        29699      3.27      1024          1142       1051       1047.        0.33      16.34
Interest               14         53765       5.92       1854          3840        3527       4250         0.42      29.45
Depreciation          18       109784     12.08      3786         6099       3460      2276         5.33      64.10
Capital Expenditure 18        98685     10.86      3403         5483       7105      8362        2.49      70.21
Insurance             21        80687      8.88      2782         3842       2246      1702        3.81      36.86
Taxes                 18        33609      3.70      1159          1867       2222      2575        0.08      11.61
Other Fixed          10        15447      1.70       533         1545        820       622       1.80       8.59

(gear,etc)
Total Fixed          29      421680     46.40     14541        14541       9504      9504       26.00     85.24

Fuel               29      169347    18.64     5840        5840      2775     2775       7.14     42.72
Repairs &            28      120364     13.25      4150        4299      3320      32B3       1.65     43.08

Maintenance
Crewshares & Wages 15       123603     13.60      4262         8240       8202      9864        1.90      43.03

Other Variable       18        73755      8.12      2543         4098       2402      1710        2.70      22.52
(ice,bait,etc)

Total Variable       29       487066     53.60     16795        16795      12919     12919       14.76      74.00

TOTAL                 29       908746    100.00     31336        31336      19429     19429      100.00     100.00

Source: 1980 CIF Survey; Sector 11
California vessels only; updated to 1982 using input and product price adjustments.

C--110640-
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Table 2.15
HERRING GILLNZTTERS

(n = 24)
I. I~SCRIPTION OF THE FLEET

Plimar~ ~ea~; Gillnet

Home op_~: From Monterey - north

Value of catch-" Herring (wetfish) greater than any other species

IT. SUMMARY OF VESSEL REVENUES
I 2 3 4 5 6 7 8           9

% Revenues Average Revenues Standard Deviation Minimum Maximum
# Vessels by Vessels based on: of Vessel Revenues % of % of
Reporting Sample Reporting All Vessels All VesseLs Total i Total

Species Catch > 0 Revenues Catch > 0 Vessels Reporting Vessels Hazvesting Revenues Revenues

~zustaceans 7 49568 4.~7 2065 7081 6955 11416 0.14, 32.94
~ollusks I 70400 6.35 2933 70400 14068 0 24.24 24.24
Flat fish I 3500 O. 32 146 3500 699 0 3.27 3.27
~etfish 24 591960 53.38 24665 24665 22335 22335 31.37 100. O0
Sable/Rock 5 477 O. 04 20 95 51 74 O. 13 1.29
~had<s/Rays/Ska tes I 13200 I. 19 550 13200 2638 0 12.32 12.32

i ~almon 22 222848 20.10 9285 10129 6761 6428 3.14 46.67
Tuna 11 56459 5.09 2352 5133 3509 3550 O. 07 27.85
~od 2 100SO0 9.06 4188 50250 19979 49750 4.14 34.44

TOTAL 24 1108912 100. O0 46205 46205 55372 55372 100. O0 100. O0

Ill. SUMMARY OF VESSEL COSTS
10 11 12 13 14 15 16 17 18

Total Average Vessel Cost Standard Deviation Minimum Maximum
# Vessels Expenses by % of based on: of Vessel Costs % of % of

Cost Reporting Vessels Total All Vessels All Vessels Total Total
Category Cost > 0 Reporting Expenses Vessels Reporting Vessels Reporting Costs Costs

~ Dockage 17 16616 I. 07 722 977 868 878 O. 43 18.87
Interest 10 58058 3.73 2524 5806 4705 5645 2.31 24.60
Depreciation 13 75954 4.88 3302 5843 3860 3393 1.01 29.60
Capital Expenditure 14 140388 9.02 6104 I0028 12452 14676 2.75 63.04
Insurance 12 38156 2.45 1659 3180 2075 1849 O. 70 ~ 9.37
Taxes 18 40278 2.59 1751 2238 2348 2441 O. 04 22.63
Other Fixed 9 23414 1.50 1018 2602 1453 1129 2.16 37.74

(gear, etc)
Total Fixed 22 392864 25.23 17081 17857 17876 17895 7.80 84.91

Fuel 23 124343 7.99 5406 5406 13695 13695 O. 83 100.00
Repairs & 22 150457 9.66 6542 6839 12358 12555 2.25 50.63

Maintenance _
Clewshares & Wages 20 833937 53.55 36258 41697 122433 130429 O. 54 75.99
Other Variable 15 55584 3.57 2417 3706 3699 4026 1.08 33.56

(~ce,bait, etc)
Total Variable 23 1164317 74.77 50622 50622 147170 147170 15.09 100.00

TOTAL 23 1557181 100. O0 67704 67704 157641 157641 100. O0 100. O0

Source: 1980 CIF Survey; Sector 6
California vessels on~y; updated to 1982 using input and pcoduct price adjustments.

C--11 0641
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Table 2.16

OIVEBOATS

Io DE8CRIPTION OF THE FLEET

Prlmar~[ eg_~.~: Scuba or hooka

If. SL@~ARY 0£ VESSEL REVENUES
". I 2 3 4 5 6 7     ,,     8           9

% Reven~,~s Average Revenues Standard Oeviatlon Minlm~n Maximun

# Ves~is by Vessels based o~: of Vessel Revenues % of % of

Reporting Sa,ple R~ortlng All Vessels All Vessels Tot~l Total
Species Catch > 0 Revenues Catch > 0 Vessels Reporting Vessels Harvesting Revenues Revenues

~ustaceans 1 3360 0.25 102 3360 5~ 0 17.63 17.63
~0!luske 31 289528 21.68 8774 9340 1 M77 I 0~3 2.33 I OO. O0
~atflsh 3 7105 O. 53 215 2368 835 1600 4.37 36.80
~ks/Rays/Skates 2 6600 O. 49 200 3300 833 11 O0 23.08 23.13
~ 4 421050 31.53 12759 10S 2~x3 71991 181714 0.44 97.67
w!Irish 2 53632 4.02 1625 26816 6417 1960 43.03 73.12
I~ 3 14800 I. 11 448 4933 1623 2620 8.39 44.44
~th~r 15 ~3~-~489. 40.39 16348 35966 33901 42695 11.54 100. O0

T̄AL 33 1335564 100. O0 40472 40472 76360 76360 100. O0 100. O0

III. SL[qMARY OF VESSEL COSTS

10 11 12 13 14 15 16 17 18
Total Average Vessel Cost Standard Deviation Minimum M~ximum

# Vessels Expenses by % of based on: of Vessel Costs % of % of
Cost Reporting Vessels Total All Vessels All Vessels Tota! Total

Category Cost > 0 Reporting Expenses Vessels Reporting Vessels Reporting Costs C~sts

i ~ckage 24 32351 4.02 1011 1348 2049 2268 I. 04 37.85
~terest 13 36560 4.54 1143 2812 1695 1541 I. 72 22.31
~reciation 17 63204 7.85 1975 3718 2624 2546 2.07 42.28

i~pltal Expenditure 15 83518 10.37 2610 5568 5684 7242 3.47 75.00
~urance 15 20216 2.51 632 1348 986 1054 O. 92 9.65
laxes 17 14799 I. 84 462 871 750 839 O. 09 10. 81
~ther Fixed 6 8346 1.04 261 1391 783 1302 O. 45 26.87

(gear, etc)
10tal Fixed 32 258993 32.15 8094 8094 7822 7822 2.50 79.62

~el 32 155834 19.35 4870 4870 3736 3736 7.36 90.91
~palrs & 30 95387 11.84 2981 31B0 3647 3682 1.51 67.44
Maintenance

~ewshares & Wages 21 226869 28.17 7090 10803 11703 12984 5.24 66.91
~her Variable 21 68412 8.49 2138 3258 2696 2725 0.87 54.37

(ice,halt, etc)
10tal Variable 32 546502 67.85 1707B 17078 14210 14210 20.38 97.50

!OIAL 32 805495 100.00 25172 25172 18415 18415 I00.00 I00.00

~urce: 1980 CIF ,Survey; Sector 19
California vessels only; updated to 1982 using input and product price adjustments.

C--110642
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Table 2.17

Budget for Salmon Troller.

Type of Vessel: 42 foot troller
Market value $24,000a
1 crew and skipperb

Gross revenue $35,000
12% loan or investment return

Percentage of
Net Cash Flow         Total Revenues

$
Revenue                                  $ 35,000

Less Expenses :
Variable Expenses :

Repair work                        1,440                         0.0410
Gear replacement                 2,400                       0.0684
Fuel and lubricants             3,590                       0.1026
Food and supplies                1,795                         0.0513
Ice and bait                        360                      0.0103
Dues and fees                       240                       0.0068
Transportation                      880 .                      0.0252
Miscellaneous                       880                       0.2520
Crew shares (39% of gross)b 13,650                         0.3900

Total Variable Costs        25,235                         0.7208

Contribution Margin
Fixed Expenses :

Insurance                            480                       0. 0137
Moorage                               720                       0. 0205
Interest expensea                2,875                         0.0821
Depreciationa
Licenses                             360                      0. 0103
Miscellaneous                          25                        0. 0007

Total Fixed Expenses        4,460                       ¯ 0.1273

Net Return                                  5,305                          0. 1519

a It is assumed that the total amount of the purchase price of the boat is borrowed~ if the boat owner’s money
is used, this is considered a return on his or her investment. Depreciation is frequently viewed as the value
of principal payments~ depreciation of boat and equ.-pment is taken over a 10-year period. Market value of the
boat may also include market va~’ue of boat license or flshlnE contract.

b Crew share formula and the number of crew will vary from boat to boat and from fishery to flshery~ the shares
vary from a percentaEe of Eross revenues to formulas that may include deductions for food, fuel, employment tax,
etc. The payment to the skipper is part of crew shares| the skipper may also be the boat o~ner.

Source: Carter and Radkte. 1986.

C--110643
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Table 2.18

Salmon Commercial ~shing Permit Utilization
Source: PFMC. 1993. Table D-4.

Vessels Vessels Percent Vessels
Year With Permi~ L~nding Salmon Landing Salmon
1982 5964 4013 67
1983 4617 3223 70
1984 4180 2569 61
1985 3869 2308 60
1986 3753 2582 69
1987 3533 2442 69
1988 3493 2571 74
1989 3464 2534 73
1990 3372 2115 63
1991 3242 1769 55
1992 2970 1083 36

C--110644
C-110644



Table 2.19

Esti~sted Ow~ershlp and Operating Costs for Representative Eureka
Crabber-Troller Vessels in ~he Crsb~ Salmon, and Albacore Fisheriesa

35 f0ot° 45 footo 55

Harket value:
Vessel and attached gear $75~0OO $140~000 $180~000
Crab pots @ $80/pot ~ 20__~t~_O00 ~ 32t000

Tots1 Value $8]~000 $160~000

Fixed costsc
Insurance liabilityd $ 4,550 $ 4~800 $
Depreciation (20 years--not including 3,750 7~O00

crab po~s)e

Property tax 250 ~O0 500
~oorsge 500 600 900
Annual ~ainte~ance coatsf 3,~OO ~3U~ 5,000
Annual gear cost8 2,000 3.000 4,000
Transportation 3~000 3~000 3~000
Misc. (utilltles~ legsl~ accountln~,

storage~ etc.) ~,500 2,000 2~000
$18,550 $ 25,100

Variable ~os~s (per
Crab flshlnE

Vessel repair $ 15 $ ~      $ 20
Gear repair 60 80
Fuel (@ l.lO/Eal) 27 55 88
Galley 5 I0 I0
Ba$~h 50 75

$ ~51      $    238

Salsa
Vessel repair $ ~ $ I8 $ 20
Gear repair 5 5
Fuel (~ 1.10/gal) 33 ~4 55
Galley ~5 25 25
Ba~t and ~ce 35 55 75

103 147 ~80

Albacore
Vessel repair $ 15 ~ 18 $ 20
Gear repair 2 2 2
Fuel (~ 1.10/gal) 66 88
Galley 15 25 25
Bai~ and ice 25 I0 i0

123 143 16~

abased ou interviews conducted ~th operators in the Eureka fisheries during the
su~er and fall of 1980.

bFor a description of e~ch representative size configuration see ~he footnotes
in Table 2.

CFtxed costs are incurred by re~atnlng in business regardless of actual number
of days fished or total landings. - -

dAc~ual insurance cost is h!ghly dependen~ on vessel construction. A steel hull
vessel u~sy run 2-1/2 ~o 3-1/2 ~rcen~ of ~he Insured value while a ~l~larly
equipped vessel ~h a vooden hull ~y co~ 5 Co 6 percen~ of wlue.

eThe a~ual cos~ incurred by ~he opera,or depend~ on ~he ~rke~ for u~ed
fishing vessels ~nd ~ua~ alan ~ ~dJu~ed for the effects of inflation. The
20-year figure used hers ls an es~l~e of ~he useful llfe and is
de~e~lned by ~ax

f~lnce~nce co~ ls us~lly considered a variable cos~, bu~ ~ny of ~he ~or
expense l~e~ such as hull ~ln~e~nce. ~ln~lug. e~c., are lncurred regardless
of actual flshlng ~i~. Due ~o ~he fo~ of ~hls repor~ ~hese
cos~s are lncluded under fixed

g~uch gear is replaced or repalred annually. Elgh~y-fiv~ percen~ of
Is in r~placing crab ~s and o~her crab gear. Ten percen~ and 5 ~rcen~.
respec~tvely, are allocated to ~almon and ~lbacore gear.

hCr~b ~ costs vary greatly over ~he ~e~o~ ~nd a~ong vessels depending on ~he
b~l~ u~ed.

C--110645
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Table 2.20 ~

HARVESTING SECTOR SALES_($ millions, 1982)
King and Flagg (1984)

SMALL LARGE
SALMON SALMON

BUYER                                       TROLLERS TROLLERS

Sm. Fish Proc.,Whsl.,Dist.     0.06       0.20
Md. Fish Proc.,Whsl.,Dist.     0.54       1.72
Lg. Fish Proc.,Whsl.,Dist.     1.13        3.62
Import/Export Brokers           0.00        0.02
Tuna Canners                      0.02       0.71
Direct Export                       0.00        0.01

TOTALS                            1.75       6.28

Table 2.21,

HARVESTING SECTOR INPUT PURCHASES ($ millions, 1982)
King and Flagg (1984)

SMALL LARGE
SALMON SALMON

SUPPLIER                 TROLLERS TROLLERS

Ship and Boat               0.27       0.74
Metal                        0.i0       0.24
Non-electric Machines     0.03        0.07
Electric Equipment         0 00        0.01
Instruments                  0 01        0.02
Misc. Mfg. Goods           0 01        0.02
Petroleum                    0 06       0.21
Public Utilities          0 06       0.i0
Wholesale Goods             0 08        0.23
Retail Goods                 0 ii        0.32
Finance                      0 03       0.32
Households                   0 61        3.32
Imports                       0 22        0.63

TOTALS                        1.60        6.24

C--110646
C-110646



Table 2.221

Ocean
Commercial

Standard Water Year Catch

1485 Above Normal 289312
1630 Above Normal 359677
EPA Above Norma! 410113

1485 Criticslly [lay 207369
1630 Criticslly I~y 276614
EPA c~itic~lly [zy 306398

C--1106~7
C-110647



Table 2.23~

California monthly troll chinook a:ld coho average dressed weights (poundsl by area of landing.

Year Apr. May Junc July Aug. Scpt. Seasona/ May June July Aug. Sept. Seasona/

CIlINOOK                                                                               COIl()
San Fral~cisco

1971-1975 8.7 9.7 11.4 11.9 11.1 11.3 10.7 5.2 6.5 8.7 8.9 8.9 7.4
1976-1980 8.5 8.8 9.9 10.8 11.4 I 1.6 9.9 4.2 5.0 6.8 ~.8 7.7 5.2

1981 8.6 9.8 11.3 11.3 9.9 10.4 4.0 6.7 7.0 5.6 10.2 6.4
1982 7.5 9.0 I0.1 10.4 ll.0 11.2 9.9 .4.4 5.6 6.6 7.2 7.9 6.2
1983 6.1 6.3 6.9 7.5 8.5 8.3 7.1 5.5 3.8 4.6 5.1 4.3 4.6
1984 - 8 0 8.5 9.2 8.8 8.6 8.9 - 6.9 7.9 7.6 8.7 7.6
1985 - 11.0 12.8 14.2 13.0 12.0 12.4 - 6.9 7.8 9.0 8.0 7.2
1986 - 8.3 8.8 t).4 I 1.0 13.6 9.1 5.4 012 t~.6 5.5 6.0
1987 1(I. 1 11.4 11.3 12.3 I 1.5 10.9 - 5.7 5.9 - 5.8
1988 - 9.5 11.9 11.7 13.5 12.5 11.2 6.4 7.2 7.6 7.1 6.9

1989 - 9.1 10.0 1 i .7 11.9 11.2 1(I.(I - 5.7 5.9 t~.l 5.8 5.8
1990 - 9.1 9.1 10.5 13.5 11.9 9.5 - 5.0 5.-1 t~.4 6.5 5.2

1991 - 9.2 10.4 10.8 11.8 10.8 10.4 - 5.3 5.9 ~.4 - 5.5
1992 b/ 8.2 8.7 q.l 11.(1 12.3 10.6 - 4.2 5.1 4.9 - 4.6

1971-1975 ~L2 1(I.5 11.2 11.2 12.7 1(I.9 11.0 418 6.7 8.5 10.1 I3.3 6.0
1976-1980 8.5 tL2 9.3 10.9 13.2 10.0 9.9 4.4 4.9 6.7 7.2 5.6 5.1

1981 7.2 9.3 8.5 11.8 8.7 8.0 5.0 4.(I 6.9 5.5 10.0 5.7
1982 8.3 tLl 10.1 1(I.8 10.8 11.9 9.7 6.7 5.5 5.8 8.7 10.4 6.9
1983 �~.3 6.4 7.(I 7.9 8.4 9.5 7.1 4.4 3.9 5.0 5.9 5.3 4.2
1984 7.8 8.3 9.8 9.5 8.6 8.4 - 6.7 7.9 111.7 - 7.0

1985 12.5 13.2 14.~1 16.1 12.0 13.1 3.2 6.4 5.2 ’).0 8.0 5.4
1986 - 8.8 9.7 1(1. I 11.5 11.0 9.4 - 5.0 7.4 ~).8 8.0 6.3
I987 - 11.6 I2.3 12.3 11.I I 1.4 11.9 - 5.6 5.6 - 5.2 5.6

1988 - I0.1 12.5 15.(I 16.6 12.5 12.3 - 5.8 5.1 ~.1 - 5.8

1989 - 11.1 11.9 12.4 12.4 12.1 11.7 - 6.1 5.8 ~).7 6.2 6.1

1990 9.8 1(}.2" 11.3 9.7 11.8 1(}.3 - 5.3 6.4 (,.3 6.3 5.6

1991 - 9.7 14.2 13.0 12.1 13.0 12.6 - 5.2 6.0 ().6 - 5.4

19�~2b/ 8.9 9.6 9.6 12.4 I 0.1 9.4 - . 4.7 4.0 4.5 - 4.6

Tota! ~tatcwit|c
1971-1975 8.8 9.2 10.7 10.4 II.3 11.1 10.2 4.5 5.7 7.3 8.8 8.1 6.1

1976-1980 8.4 8.5 9.2 10.3 10.7 10.5 9.5 3.5 4.5 6.5 7.0 7.1 4.9
1981 - 8.0 I0.1 10.3 I0.0 9.7 9.4 3.8 4.6 6.0 ().7 7.1 5.7
1982 7.9 8.8 I0.0 10.2 10.7 10.4 9.7 4.9 5.-1 6.0 6.6 6.8 6.0

1983 6.2 6.5 7.4 7.7 8.3 -8.4 7.3 5.0 4.3 4.4 5.0 4.8 4.4

1984 - 7.5 8.5 9.1 8.8 9.3 8.7 - 6.8 7.7 7.2 8.6 7.4
1985 - 11.6 13..0 12.5 13.0 12.2 12.4 3.2 7.9 7.3 7.9 8.0 7.5
1986 ~ 8.6 8.8 8.9 10.3 11.6 9.0 - 5.0 6.0 ~.4 6.1 5.5
1987 - 10.I 10.4 10.3 I0.7 10.5 10.3 - 5.4 5.8 - 6.4 5.6
1988 - 9.7 11.3 11.3 12.9 11.0 11.0 - 5.8 6.6 7.4 6.2 6.3
1989 ~ 9.7 10.7 10.7 10.4 10.9 10.3 - 5.1 5.7 5.9 5.9 5.5
1990 - 9.4 9.5 10.4 11.3 10.1 9.7 - 4.9 5.4 6.2 5.6 5.1
1991 ~ 9.5 11.9 11.6 11.2 10.4 I1.0 - 5.3 5.9 6.4 6.2 5.6
1992b/ ~ 8.7 9.4 9.4 I1.I 12.1 10.1 - 4.3 5.1 4.8 - 4.6

Season average includes minor catches fo~ Od.where appropriate.
P~cltmt~.~r).

Source: PF~C. 1993.

C--110648
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Table 2.24

California California
Chinook Price Chinook

Nominal $ Index Real $’
Year (Per Dressed Pound) (1.990=100) (Per Dressed .P, ound)
1980 2.27 63.5 3.57
1981 2.25 69.8 3.22
1982 2.55 74.2 3.44
1983 2.09 77.3 2.70
1984 2.67 80.6 3.31
1985 2.56 83.6 3.06
1986 2.01 85.8 2.34
1’987 2.78 88.6 3.14
1988 2.86 91.6 3.12
1989 2.39 96 2.49
1990 2.77 1 O0 2.77
1991 2.58 104.3 2.47
1992 2.73 107.8 2.53

Ave. 1988-1992:2.68

Price Index based on GDP Price Deflator.as per PFMC (1993).

C--110649
C-110649



INDICES

PFMC 1993
PRICE INDEX PRICE INDEX

YEAR (1992 = 100) (1990 = 100)
1971 30.4 32.8
1972 31.9 34.4
1973 33.9 36.5
1974 36.9 39.8
1975 40.4 43.5
1976 43 46.3
1977 45.9 49.5
1978 49.5 53.3
1979 53.8 58.0
1980 58.9 63.5
1981 64.8 69.8
1982 68.9 74.2
1983 71.7 77.3
1984 74.8 80.6
1985 77.6 83.6
1986 79.6 85.8
1987 82.2 88.6
1988 85 91.6
1989 89.1 96.0
1990 92.8 100.0
1991 96.8 104.3
1992 100 107.8

Gross Domestic Product Price Deflator.

£T~[C. ~[993. "£ab].e ])-22.

C--110650
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Table 2.26 !

U.S. Salmon cold storage holdings (round, dressed) in 1981 through

1983 (thousands of pounds)

Month                        1981                   1982                    1983

January                            24,242                  17,819                     40,953

February                          18,240                  12,396                     32,881

March                          12,585                 9,676.                 26,959

April                                   9,361                      6,409                       20,324

May                               7,893                  6,072                   12,968

June                                 7,762                    7,493                     10,265

July                                      15,784                      32,236                         23,007

August                               36,604                   62,131                      49,663

Sep tembe r                     38,156                68,368                  50,754

October                           33,962                  63,~19                     45,369

November                        29,657                58,515                   46,048

December                         22,314                 48,943                    38,362

Source: Department of Commerce, NOAA, Nation~l Marine Fisheries Service,

Survey of cold storage holdings, National Fishery Statistics Program

in 1981, 1982, and 1983.

C--11 0651
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D~LLAR VALUE OF 1982 FISH PURCHASES BY CALIFORNIA FISH PROCESSORS
CIF SPECIES "USE" TABLE

21 22 23 24 25 26-29
Fish,Whsl Fish,Whsl Fish,Whsl Fish Other
Proc,Dist Proc,Dist Proc,Dist I~/Exp Tuna Fish

Species S~ali Medlu.~ Large Brokers Canners Buyers    Total

Crustaceans 476,600 4,190,600 i 8,833,500 0 0 0 13,500,700
Mollusks 257,400 2,263,200 4,770,400 83,300 0 0 7,374,300
Flatfish 348,200 3,D61,400 6,453,100 0 0 0 9,862,700
Wetfish 0 0 0 11,425,900 12,786,700 0 24,212,600 ~-~
Sable/Rock 563,700 4,869,300 10,268,500 1,292,500 0 0 16,984,000
Sharks/Rays/Skates 102,200 898,500 1,893,900 0 0 0 2,894,600
Salmon 704,800 6,197,500 13,083,800 0 0 0 19,966,100
8111fish 179,200 1,575,800 3,321,600 0 0 0 5,07601~0
Tuna 0 549,800 378,700 0 121,245,700 0 122,174,2U0 ......
Cod 26,5~0 232,700 490,500 0 0 0 749,700
Bass 4,700 42,000 88,700 0 0 0 135,400
Perch 7,200 62,900 132,600 0 0 0 202,600
Other 211,000 1,935,800 4,041,800 0 0 0 6,188,700

TOTAL 2,871,300 25,879,300 53,737,200 12,B01,700 134,032,400 0 229,322,100

This table show~ the 1982 doller value of California fish purchases by

various types of fish buyers. Raadlng down a coIu~n shows the dollar
value of purchases of each species group by a given type of fish buyer.

Reading across a row shows the dollar valve of a given species group
purchased by each type of fish buyer.

Source: King and Flagg. 19-84.



Table 2.28

CALIFORNIA SALMON DEALERS -- 1990

(Source: Southwest Region Seafood Dealers Guide -- 1990 Edition.
1990. NMFS-Admin.Rep.-SWR-90-02. 93pp.)

Note: A "i" in a column indicates that the dealer is involved in transactions
described by the column heading.

WHOL PRO- IM-    EX-
SALMON DEALER CITY SALER CESSO PORTE PORTE BROKE

1 ANDERSON SEAFOODS INC. ANAHEIM 1 ~
2 NATIONAL BROKERAGE OF C.A. INCANAHEIM 1

3 SEAFOOD CORNER APPLE VALLEY 1
4 FISH BROTHERS ARCATA 1
5 BERKELEY BOWL SEAFOOD BERKELEY 1
6 MONTEREY FISH MARKET MONTEREY PARK 1

7 SEABREEZE (ENTERPRISES) MARKETBERKELEY 1
8 PHIL YUDOVIN & SONS INC. BEVERLY HILLS --i
9 BUGATTO ENTERPRISES INC. BODEGA BAY 1

I0 MASONS MARINA INC. BODEGA BAY 1
ii WILSON’S CRAB SHACK BODEGA BAY 1
12 EDWARD A ANDO BUELLTON 1 1
13 DAY-LEE FOODS INC. CAMPBELL 1
14 ATLANTIC FISH CO. CASTRO VALLEY 1
15 PENNON SEAFOODS OF C.A. INC. CITY OF INDUSTRY 1

16 MILLIE’S CRAB SHACK CLEARLAKE OAKS 1
17 INGARDIA BROS. PRODUCE INC. COSTA MESA 1
18 UNDERSEAS SEAFOOD CO. INC. COSTA MESA 1
19 MODESTO FOOD DISTRIBUTORS INC.DALY CITY 1
20 JON’S FISH MARKET DANA POINT 1 1
21 LAS OLAS FISH MARKET & CAFE DEL MAR 1 1
22 PEMBERTON FISH EL GRANADA 1 1 1
23 PILLAR POINT FISHERMANS ASSOC EL GRANADA 1
24 PRINCETON SEAFOOD CO. EL GRANADA 1
25 THREE CAPTAINS SEA PRODUCTS EL GRANADA 1
26 FORTUNE FOODS ESCONDIDO 1
27 FERNBRIDGE COLD STORAGE FERNBRIDGE 1
28 EUREKA FISHERIES INC. FIELDS LANDING 1 1
29 BRADLEY FISH CO. FORT BRAGG 1
30 CAITO FISHERIES INC. FORT BRAGG 1 1

31 J & S DISTRIBUTING, QUAL. MEATFDRT. BRAGG 1
32 OCEAN FRESH SEA FOOD PRODUCTS FORT BRAGG 1 1 1
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33 SEA PAL FORT BRAGG
34 DEEP WATER DELIVERIES LAGUNA BEACH
35 MIKE SILVER BROKERS LOMITA
36 KANSAS PACKING CO. INC. LONG BEACH
37 LONG BEACH SEAFOOD CO. LONG BEACH
38 SMOKEY BBQ FISH CO. LONG BEACH
39 CAVIAR AND FINE FOODS INC. LOS ANGELES
40 EY SEAFOOD CO. LOS ANGELES
41 FISH WAREHOUSE CORP. LOS ANGELES
42 FRESH ENDEAVORS LOS ANGELES
43 HOLLY SEAFOOD CO. ]
44 HOMARUS INC. LO~ ANGELES
45 INT’L MARINE PRODUCTS INC. LOS ANGELES
46 INT’L SEAFOOD VENTURES LOS ANGELES
~7 LOS ANGELES SMOKING & CURING C~XgS ANGELES

48 MARUGEN SEA FOOD CO. LOS ANGELES
49 MONARCH SEAFOOD, INC. LOS ANGELES
50 MORINAGA & CO. LOS ANGELES
51 PACIFIC CAL. FISH CO. INC. LOS ANGELES
52 PACIFIC SEA PRODUCTS INC. LOS ANGELES
53 PRIVATE SECTOR FOODS INC. LOS ANGELES
54 REEL SEAFOOD CO. INC. LOS ANGELES
55 SEA & FARM FOODS INC. LOS ANGELES
56 SHELTER ISLAND SEAFOOD INC. LOS ANGELES
57 SHOWA MARINE INC. LOS ANGELES
58 SUNSET SHRIMP INC. LOS ANGELES
59 U.S. NIPPON MEATS INC. LOS ANGELES
60 PROVIDENCE SEAFOOD MARSHALL
61 ANGEL DELIGHTS MARTINEZ
62 ABALONETTI INC. MONTEREY
63 CONSOLIDATED FACTORS MONTEREY
64 SEA HARVEST MONTEREY
65 JOHN B. DOUGHERTY MORRO BAY
66 MORRO BAY SEAFOODS MORRO BAY
67 MOSS LANDING OYSTER BAY INC. MOSS LANDING
68 OMEGA THREE SEAFOODS INC. NAPA
69 NALBANDIAN & SONS INC. NORTH HOLLYWO
70 CHARLES P. KEARNEY & CO. OAKLAND

71 GREAT ATLANTIC LOBSTER, CO. OAKLAND

72 PRODUCERS SEAFOOD OAKLAND
73 VER BRUGGE FOODS INC. OAKLAND

74 VIKING FOODS CO. INC. OAKLAND
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75 RAMBOW WORMS ORANGEVALE 1 1

76 RICHARD W. DEIBERT & ASSO. INCORINDA 1
77 BLAGGS INC. OROVILLE 1

78 TIDAL WAVE SEAFOOD OXNARD 1 1
79 CACTUS COVE SEAFOODS INC. PALM DESERT 1

80 MARK’S FISH CO. PETALUMA 1
81 BUZ’S CRAB INC. REDDING 1
82 JOHN TEIXERIA FISH CO. REDWOOD CITY 1

83 SEA FARMER REDWOOD CITY 1 1
84 CHESAPEAKE FISH CO. SAN DIEGO 1 1
85 GHIO SEAFOOD PRODUCTS SAN DIEGO 1 ~ 1
86 MAR CAL SEAFOOD INC. SAN DIEGO 1 1 1
87 A. PALADINI SEAFOOD CO. SAN FRANCISCO 1 1
88 ALIOTO FISH CO. INC. SAN FRANCISCO 1 1
89 ALL SEAS WHOLESALE INC. SAN FRANCISCO 1
90 ANCHOR SHELLFISH SAN FRANCISCO 1
91 CAL-NESIA TRADING CO. SAN FRANCISCO 1 1 1
92 GULFSPRAY SEAFOOD SAN FRANCISCO 1 1 1

.93 H U G CO., GOURMET FOODS INC. SAN FRANCISCO 1
94 L. FRISCIA FISH CO. INC. SAN FRANCISCO 1
95 MORGAN FISH SAN FRANCISCO 1
96 PACIFIC FISH & POULTRY CORP. SAN FRANCISCO 1 1
97 PARAMOUNT OCEAN PRODUCTS INC. SAN FRANCISCO 1 1
98 TEMA INC. SAN FRANCISCO 1 1 1 1
99 TOSHOKU LOS ANGELES INC. SAN FRANCISCO 1 1
i00 WATAHAN NOHARA INT’L INC. SAN FRANCISCO 1 1 1 1
I01 WEST COAST SEAFOOD CO. SAN FRANCISCO 1
102 LUCAS MEAT CO. INC. SAN JOSE 1
103 DUPONT MARKET INC. SAN LEANDRO 1 1
104 PACIFICA INT’L EXPORT CO. INC.SAN LEANDRO 1 1

105 KIKU ENTERPRISES INC SAN MATEO 1 1 1
106 MONTEREY SEAFOODS SAN PEDRO 1
107 STANDARD SEAFOOD SAN PEDRO 1
108 DOMENICO INGRADE SAN RAFAEL 1
109 NORWEGIAN SEAFOOD INC. SAN RAFAEL 1 1
IIOKANALOA INPORTS SANTA BARBARA 1 1
IIi SOVEREIGN SEAFOODS INC. SANTA BARBARA 1 1
112 T.J. HINES & CO. LTD. SANTA BARBARA 1 1 1 1

113 BOB MORRELL ENTERPRISES SANTA CRUZ 1 1
114 DOMINICK FISH & POULTRY SANTA CRUZ 1
115 ACME FOOD SPECIALTIES INC. SANTA FE SPRING 1 1 1

116LONG BEACH ENTERPRISES INC. SANTA FE SPRING 1 1 1
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117 THE EDWARD FINEMAN CO. INC.     SANTA FE SPRING 1
118 SPECIAL FOODS INT’L. INC.        SANTA MONICA        1                 1        1
119 ATLANTIC TRADING CO. INC.         SAUSALITO                                   1                   1
120 JERRY’S YACHT SERVICE                SAUSALITO              1
121V.W.H. COMPANY LTD.                    SOUTH EL MONTE                          1         1         1
122 BARKLEY MEAT CO.                         SOUTH LAKE TAH     1                    1
123MARINE FISHERIES                         STOCKTON                1
124RANUIOS ENTREE PRODUCTS CO.     TWAIN HARTE         1
125 CAL    PACIFICA                        VENTURA               1
126KAL KAN FOODS INC.                  VERNON                         1
127 NIKABAR INC.                           VERNON                1
128 PURCELL INT’L                            WALNUT CREEK                  1        1
129 PELICANS LANDING RESTAURANT    WHITETHORN          1
130 SEACLIFF SEAFOODS INC.            WILMINGTON          1
131 SHAMROCK SEAFOODS INC.            WILMINGTON          1       1
132MAGNISEA FISHERIES INC.           WOODLAND HILLS    1                 1       1
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Table 2.29,
Representative Budget for Fish Processor.

Taxable             Net Cash
Income                 Flow

Revenue~                                      $10,061,077         $10,061,077

Less Expenses:

Variable Expenses
Raw Product Cost (a)               $6,961,057         $6,961,057
Processing Labor                   $1,493,677         $1,493,677
Packaging & Gen. Costs (b)         $288,633            $288,633
Other Variable Expenses                    $0                   $0
Bad Debt Expense                         $50,305              $50,305
Total Variable Expenses          $8,793,672         $8,793,672

Contribution Margin                    $1,267,405         $1,267,405

Fixed Expenses
Administrative Salaries (c)          $330,000           $330,000
Maintenance and Repair                 $75,000            $75,000
Utilities                                      $45,000              $45,000

Telephone                                     $40,000              $40,000
Insurance                                     $25,000              $25,000
Taxes                                          $25,000 --          $25,000
Supplies                               $30,000           $30,000
Miscellaneous                              $30,000             $30,000

Depreciation                              $350,000                    $0
Interest Expense (d)                    $420,000            $420,000
Total Fixed Expenses                 $1,370,000         $1,020,000

Operating Income                          ($102,595)           $247,405

Note: Business is assumed to be mixed, large-size fish processor,
with 120-200 employees and a market value of $3,500,000.

(a) Includes fish tax.

(b) Includes general costs of processing, such as equipment rentals,
can costs, and chemical additives. Costs of packaging are normally
borne by the buyer.

(c) Total personnel = ii.

(d) Assume 12 percent interest and I0 year depreciation --
actual may be more or less.

Source: Carter and Radtke. 1986.
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Pr:ce and Cost Structure for West Coast Salmon Processor.

Variable Sales Contribution
Landed Yield of Raw    Processing    Other Bad Cost of Price of Hargin of

Price of Processed Product Labor Processing Debt Processed Processed Processed
Raw Product Product Cost Cost Costs Expense Product Product Product

.~pecies Fishery ($) % ($) ($) ($) ($) ($) ($) ($)
Coho troll 1.51 97.2 1.54872 0.15 0.02 0.01180 1.7"305 2.]6 0.6295
Chinook troll 2.48 97.5 2.54359 0.15 0.02 0.01780 2.7314 3.56 0.8286
Pink troll 0.65 97.5 0.66667 0.15 0.02 0.00625 0.8~29 1.25 0.4071
Coho gitlnet 0.8] 80.0 1.05750 0.25 0.02 0.01075 1.]18] 2.15 0.8318
Chinook giltnet 1.04 80.0 1.30000 0.25 0.02 0.01450 1.58/,5 2.90 1.]155
Tute Chinook gitlnet 0.]1 80.0 0.38750 0.25 0.02 0.00450 0.6620 0.90 0.2]80
Spring Chinook gittnet ].00 80.0 ].75000 0.25 0.02 0.02]75 4.04]8 4.75 0.7063
P~nk gittnet 0.45 80.0 0.56250 0.25 0.02 0.00500 0.8375 0.10 0.1625
Sockeye gittnet 1.14 80.0 1.42500 0.25 0.02 0.01150 ~.7065 2.30 0.59]5

"Source: Carter and R~dtke. 1986.
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Table 2.31

Dumas (1993)

Best Estimate of Annual Household Income Impact per Fish Increase in Annual
Commercial Catch of Central Valley Chinook Salmon Marketed Directly Through

Farmers’ Markets and to Consumers.

Type of Inside Outside

, Impact Description California California Total
A Direct Impact - Harvesting Sector $57.32 $0.00 $57.32- to
B Indirect Impact - Processing Sector $0.00 $0.00 $0.00
C Indirect Impact - Retail Sector $0.00 $0.00 $0.00
D Indirect Impact - Sectors Other Than Processing and Retail$4.36 $0.44 $4.80 I
E Induced Impact - All Sectors $24.25 $2.43 $26.68

Total $85.93 $2.87 $88.80

Assumes an Ex-vessel Price of $2.68/lb. and an Average Dressed Fish Weight of 10 lbs.
Prices in 1990 dollars.



Table 2.32

Dumas (1993)

Best Estimate of Annual Household Income Impact per Fish Increase in Annual
Commercial Catch of Central Valley Chinook Salmon Marketed Through Processors

Type of Inside Outside
Impact Description California California Total
A Direct Impact - Harvesting Sector $24.12 $0.00 $24.12
B Indirect Impact - Processing Sector $12.52 $0.00 $12.52
C Indirect Impact - Retail Sector $11.29 $0.00 $11.29
D Indirect Impact - Sectors Other Than Processing and Retail$4.36 $0.44 $4.80
E Induced Impact - All Sectors $20.56 $2.06 $22.62

Total $72.85 $2.50 $75.35

Assumes an Ex-vessel Price of $2.68/lb. and an Average Dressed Fish Weight of 10 lbs.
Prices in 1990 dollars.



Table 2.33

Hanemann (1986)

Conservative Estimate of the Increase in Household Income Associated With a One Fish Increase
in the Commercial Catch of Sacramento River Chinook

Type of Inside Outside
Impact Description California California Total to
A Direct Impact - Harvesting Sector $24.11 $0.00 $24.11 to
B Indirect Impact - Processing Sector $12.55 $0.00 $12.55 ~

C Indirect Impact - Retail Sector $0.00 $0.00 $0.00 "-
D Indirect Impact - Sectors Other Than Processing and Retail$3.76 $0.00 $3.76 I
E Induced Impact - All Sectors $15.86 $0.00 $15.86 o

Total $56.28 $0.00 $56.28

Compared with Table 2.34, Table 2.33 assumes zero retail sector impacts, zero indirect and induced
impacts outside California, and reduced indirect and induced impacts inside California.
Assumes an Ex-vesseI Price of $2.68/lb. and an Average Dressed Fish Weight of 10 lbs.
Prices in 1990 dollars.



Table 2.34

Hanemann (1986)

Average Estimate of the Increase in Household Income Associated With a One Fish Increase
in the Commercial Catch of Sacramento River Chinook

Type of Inside Outside ~
Impact Description California California Total ~

A Direct Impact - Harvesting Sector $24.11 $0.00 $24.11 ~
B Indirect Impact - Processing Sector $12.55 $0.00 $I2.55 ~

C Indirect Impact - Retail Sector $11.29 $0.00 $11.29 "-
D Indirect Impact - Sectors Other Than Processing and Retail$4.37 $0.45 $4.82
E Induced Impact- All Sectors $20.56 $2.06 $22.62 o

Total $72.88 $2.51 $75.39

Assumes an Ex-vessel Price of $2.68/lb. and an Average Dressed Fish Weight of 10 lbs.
Prices in 1990 dollars.



Table 2.35

Leidy et al. (1984)

Estimate of the Economic Gain Associated With a One Fish Increase
in the Commercial Catch of Sacramento River Chinook

Type of Inside Outside ~
Impact Description CaliforniaCalifomia Total to

A Direct Impact - Harvesting Sector $24.39 $0.00 $24.39 to
B Indirect Impact - Processing Sector $8.25 $0.00 $8.25 ~

$0.00 $0.00 $0.00 "-
"Net Community Value" $44.19 $0.00 $44.19 , ~

$0.00 $0.00 $0.00 o
Total $76.83 $0.00 $76.83

Assumes an Ex-vessel Price of $2.68/lb.
Prices in 1990 dollars.



Table 2.36

King and Flagg (1984)

Estimate of the Increase in California Household Income Associated With a One Fish Increase
in the Commercial Catch of Sacramento River Chinook

Type of Inside Outside ,~
Impact Description CalifomiaCalifornia Total ’to

A Direct Impact - Harvesting Sector $13.45 $0.00 $13.45
B, C, 13 Combined Indirect Impacts - Processing, Retail, and Other$4.92 $0.00 $4.92

E Induced Impact - All Sectors $7.22 $0.00 $7.22 "-

I

Total $25.59 $0.00 $25.59

Assumes an Ex-vessel Price of $2.68/lb. and an Average Dressed Fish Weight of 10 lbs.
Prices in 1990 dollars.



Table 2.37

Meyer (1985)

Estimate of the Economic Gain Associated With a One Fish Increase
in the Commercial Catch of Sacramento River Chinook

Type of Inside Outside ~
Impact Description California California Total ~
A Direct Impact - Harvesting Sector $24.11 $0.00 $24.11 ~
B Indirect Impact - Processing Sector $12.55 $0.00 $12.55 ~

C Indirect Impact - Retail Sector $11.29 $0.00 $11.29 "-
"State Income Impact" $53.60 $0.00 $53.60 I

Total $101.55 $0.00 $101.55

Assumes an Ex-vessel Price of $2.68/lb. and an Average Dressed Fish Weight of 10 lbs.
Prices in 1990 dollars.



Table 2.38.

1485 Standard Mean Monthly Net Delta Outflow (cfs)
Water Example

Year Type Year Mar A~r May June Jul Aug
Wet (1975) 86927 15670 29406 21048 8488
Above Norm. (1978) 64064 38117 20477 13999 10002
Critioally ll~ (1976) 6063 5348 4505 3877 6023

Table 2.39!

1630 Standard Mean Monthly Net Delta Outflow (cfs)
Water Example

Year Type Year Mar Apr May June J!l Auq
Wet (1975) 86745 23365 31021 21293 10002
Above Norm. (1978) 61653 43007 22880 12303 7693
Critic~lly Ery (1976) 10821 8987 9116 4918 4622

Table 2.40~

EPA Standard Mean Monthly Net Delta Outflow (cfs)
Water Example

Year Type Year Mar Apt May June Jul Au~
Wet (1975) 86927 17700 29406 21048 8488
Above Norm. (1978) 64064 38117 21300 13999 10002
Criticslly E~y (1976) 13300 12200 4900 6600 6023

Table 2.41

Logl0 [Mean(Mar-Jun monthly Delta Outflow) ]

Water Example Standard
Year T~a~me Year 1485 1630      EPA

Wet (1975) 4.582776 4.60859 4.588499
Above Norm. (1978) 4.533572 4.543581 4.53618
Criti~ally Ery (1976) 3.694452 3.927396 3.966142

Table 2.42

Starry Flounder LOG10 (Abundance Index)

Water Example Standard
Year T~ge Year 1485 1630 EPA

Wet (1975) 1.303 1.325 1.308
Above Norm. (1978) 1.263 1.271 1.265
Criticslly Ery (1976) 0.570 0.762 0.794
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Table

Regression of Starry Flounder Pounds Landed on LOG10 (Abundance Index)

~gressi~n ~atistics

M~itiple R 0.768463
R Square 0.590536
Adjusted R Sq 0.549589
Standard Erroz 104857.6
Observat ions 12

Analysis of Variance
df of Squares an Square F~ificanceF

Regression 1 1.59E+II 1.59E+II 14.42216 0.003499
Residual i0 I.IE+II I.IE+I0
Total ii 2.69E+II

Ccefficier~_sndardError t S~ti~ic P-value Lower 95% Upper 95%

Inter~t 4469.428    68604.34 0.065148 0.949225 -148391    157329.4
~bund. Index 218581.8 57557.11 3.797651 0.002955 90336.57 346827.1

Table 2.44

~ Flcunder

LOG10
abundance

water index    pounds

year year+l year+l
1979 1.342 486048
1980 1.580 405494
1981 0.778 282529
1982 1.991 374128
1983 1.681 368223
1984 1.146 342992
1985 1.255 201509
1986 0.903 103522
1987 0.778 116678
1988 0.000 74367
1989 0.477 40336
1990 0.903 63453
1991
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Table 2.45

Starry Flounder Estin~ted Pounds Landed

Water Example Standard
Year Type Year 1485 1630 EPA

Wet (1975) 289363 294024 290396
Above Norm. (1978) 280479 282286 280950
Critic~lly [ry (]_976) 128977 171035 178031

Table 2.46:

nominal price
tctal cbllars index     dollars

year pounds dollars per lb. 1990=100 ~erlb.
1982 1500 799 0.532667 74.2 0.395239

1983 62850 19411 0.308846 77.3 0.238738

1984 337239 104373 0.309493 80.6 0.249451

1985 241173 82684 0.342841 83.6 0.286615

1986 161738 60702 0.375311 85.8 0.322017

1992 44251 19544 0.441662 107.8 0.476112
ave.= 0.328029
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Table 2.47’,

STARRY FLOUNDER

CDFG. Fish Bulletin. 1970.
The California Madne Catch for 1968
and Hi~odcal Review 1916-1968.
Table 15. Yeady Landings in Pounds - Flaffish.
Data for Starry Flounder.

Date Pounds Date Pounds
1916 453916 1942 370125
1917 1151876 1943 505399
1918 818835 1944 366520
1919 435731 1945 337543
1920 481587 1946 509448
1921 293656 1947 527072
1922 539220 1948 405251
1923 508961 1949 356374
1924 379770 1950 913765
1925 594420 1951 1128892’
1926 667711 1952 597477
1927 590064 1953 502526
1928 399880 1954 500550
1929 580752 1955 650180
1930 391096 1956 375400
1931 169806 1957 504461
1932 543806 1958 471202
1933 457998 1959 1046926
1934 537164 1960 259038
1935 656113 1961 315337
1936 621186 1962 338192
1937 974770 1963 521310
1938 542812 1964 420986
1939 739311 1965 378389
1940 804089 1966 380628
1941 601577 1967 870707

1968 856157
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Table 2.48i

STARRY FLOUNDER

CDFG. Fish Bulletins. Table 15.

Year Pounds Value Notes
1960 100190 4999 gen. flounder
1961 88538 4595 gen. flounder
1962 147652 7811 gen. flounder
1963 259178 14514 gen. flounder
1964 NA NA
1965 223533 11985 gen. flounder
1966 218828 15144 gen. flounder
1967 440328 30299 gen. flounder
1968 248693 16725 gen. flounder
1969 181276 11871 gen. flounder
1970 128048 8948 gen. flounder
1971 120308 8542 gen. flounder
1972 311238 23092 gen. flounder
1973 105972 9093 gen. flounder
1974 NA NA
1975 254657 28717 gen. flounder
1976 369680 45273 gen. flounder
1977 461288 70478 misc. flounder
1978 455917 84322 misc. flounder
1979 355623 88397 misc. flounder
1980 486048 123447 misc. flounder
1981 405494 114829 misc. flounder
1982 1500 799 ~arryflounder
1983 62850 19411 ~arryflounder
1984 337239 104373 ~arryflounder
1985 241173 82684 ~arryflounder
1986 161738 60702 ~arryflounder
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Table 2.49

BAY SHRIMP

CDFG. Fish Bulletins. Table 15; and
CDFG. Fish Bulletin. 1970.
The California Marine Catch for 1968 --
and Historical Review 1916-1968.
Table 19. Yeady Landings in Pounds - Crustaceans.
Data for Bay Shdmp.

Date Pounds Value Date Pounds Value
1916 411847 NA 1952 913908 NA
1917 605004 NA 1953 732308 51774
1918 722178 NA 1954 744768 52804
1919 747023 NA 1955 682731 NA
1920 817091 NA 1956 718968 NA
1921 907467 NA 1957 192814 20651
1922 990349 NA 1958 45955 6089
1923 1113358 NA 1959 35011 5455
1924 1551086 NA 1960 1580 205
1925 1460234 NA 1961 2050 267
1926 1431511 NA 1962 1075 _140
1927 1697365 NA 1963 1225 368
1928 2280871 NA 1964 NA NA
1929 3054748 NA 1965 10765 2153
1930 2687831 NA 1966 4165 856
1931 1684763 NA 1967 19771 4296
1932 2681807 NA 1968 10465 2491
1933 2087952 NA 1969 8041 1633
1934 1783663 NA 1970 2276 1084
1935 3445091 NA 1971 1899 966
1936 2240849 NA 1972 NL NL
1937 1108761 NA 1973 NL NL
1938 1847926 NA 1974 NA NA
1939 1175979 NA 1975 3637 2833
1940 1080190 NA 1976 NL NL
1941 952152 NA 1977 NL NL
1942 800958 NA 1978 NL NL
1943 253215 NA 1979 NL NL
1944 291974 NA 1980 NL NL
1945 382147 NA 1981 NL NL
1946 432145 NA . 1982 NL NL
1947 841086 50381 1983 NL NL
1948 926707 NA 1984 NL NL
1949 800441 NA 1985 NL NL
1950 913181 NA 1986 NL NL
1951 931323 NA

NA = Data Not Available for this date.
NL = Species Not Listed in this Bulletin.
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Table 2.50

BAY SHRIMP

CDFG. Fish Bulletins.
Table 23.
Inshore Bait Landings by Area Pounds and Value
Sacramento, San Francisco, Monterey
Data for Bay Shrimp.

Date Pounds Value
1963 NA NA
1964 NA NA
1965 6695 5862
1966 26119 25331
1967 37586 42669
1968 47201 47146
1969 61040 73559
1970 63485 73778
1971 57822 81861
1972 73067 115856
1973 62308 115543
1974 NA NA
1975 96071 180070
1976 98789 184061

Note: Inshore bait fishery statistics began in 1963.
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Table 2.511

Mean(Mar-May monthly Delta Outflow ]

Water Example Standard
Year T!pe Year 1485 1630 EPA

Wet (1975) 44001 47044 44678
Above Norm. (1978) 40886 42513 41160
Criticslly ~ (1976) 5305 9641 10133

Table 2.52

Bay Shrimp Abundance Index

Water Example Standard
Year T~e Year 1485 1630 EPA

Wet (1975) 1622 1737 1648
Above Norm. (1978) 1505 1566 1515
Criticslly Ery (1976) 167 330 349
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Table 2~3

Data for this table has not arrived.
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Table 2.54,

by ~arir~
abundance

water index     pounds
year year +i year +i
1979 649
1980 1399
1981 519
1982 3291
1983 6550
1984 1147
1985 311
1986 2150
1987 876
1988 401
1989 574
1990
1991

C--110675
(3-110675



Table 2.55

Data for this table has not arrived.
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Table 2.56

Data for this table has not arrived.
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Table 3.1!

Summary of recreational salmon fLshing regulations for 1992:
Source: PFMC (1993).                                 .

Management Area Da~s ~ Chinook Coho
Pt. Arena to 2/29-11/1 All 39,400 c
Pt. San Pedro

Other Restrictions:
1) Daily limit of 2 salmon.
2) Barbless hooks required north of Pt. Conception.
3) Conservation Zone 3 (near mouth of San Francisco Bay) closed Febr. 29 - Apr. 3 and open June
1-29.

c/ Overall recreational catch between Cape Falcon and the U.S.-Mexican border limited by a
preseason catch quota of 172,000 coho. Only the area north of Humbug Mt. closes upon projected
attainment of the quota. An emergency rule decreased the recreational quota by a preseason transfer
of 5,000 coho to the commercial fishery.
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Table 3~2

Data on Ocean Recreational Chinook Salmon Fishery.

Tdps Catch Catch Abundance Index Charter
Year (thousands) (thousandsl) perTdp (thousands) Boats
1970 138.9 111.1 0.80 528.4 NA
1971 195.5 166.3 0.85 507.6 NA
1972 167.8 187.6 1.12 517.0 NA
1973 183.7 180.9 0.98 830.5 NA
1974 168.2 141.6 0.84 629.9 NA
1975 121.3 92.7 0.76 486.3 NA
1976 110.9 68.6 0.62 475.3 NA
1977 116.1 76.6 0.66 489.1 NA
1978 102.7 65.9 0.64 493.8 NA
1979 114.1 108.5 0.95 510.5 NA
1980 95.7 77.1 0.81 527.3 NA
1981 83.5 73.8 0.88 553.0 NA
1982 113 122.5 1.08 718.1 NA
1983 69.8 53 0.76 352.2 NA
1984 78.3 78.7 1.01 497.9 NA
1985 111.1 121.8 1.10 643.0 NA
1986 137.9 114.8 0.83 876.3 NA
1987 156.1 152.8 0.98 787.6 123
1988 148 130.4 0.88 1205.7 114
1989 150.7 130.9 0.87 644.3 135
1990 156.1 112.6 0.72 557.1 125
1991 121 62.1 0.51 429.0 160
1992 96.7 65.2 0.67 308.4 121

Average 127.70 108.50 0.84 589.93 129.67

Trips = The sum of charter boat and private skiff salmon f’~shir,~] angler
trips originating in San Francisco and Monterey.

Catch = Ocean recreational catch of chinook salmon landed at San
Francisco and Monterey.

Catch per Trip = Catch / Tdps

Abundance Index = The sum of California Central Valley chinook salmon
spawning escapement, ocean commercial catch of chinook salmon
landed at San Francisco and Monterey, and ocean recreational catch of
chinook salmon landed at San Francisco and Monterey.

Charter Boats = Number of Cal’.domia charter boats participating in the
ocean recreational fishery originating in San Francisco and Monterey.

Sources: PFMC. 1993. and CDFG unpublished data.
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Table 3.3

SALMON ESCAPEMENT, COMMERCIAL AND RECREATIONAL CATCHES, AND OCEAN AND INLAND ANGLER TRIPS

Ocean Ocean Ocean Inland Ocean Inland

Commercial Recreational Tctal Recreational Abundance Recreational Recreational
Standard Water Year Escapement Catch Catch Catch Catch Index

1485 Above Normal 150000 289312 97400 3~6912 21900 536712 119993 129076
1630 Above Normal 150000 359677 109596 469273 21900 619273 128775 129076
EPA Above Normal 150000 410113 118132 528245 21900 678245 134689 129076

1485 Critic~LlyEry 150000 207369 82691 290060 21900 440060 108790 129076
1630 Critic~lly[~y 150000 276614 95159 371773 21900 521773 118332 129076
EPA Critic~LlyI3[y 150000 306398 100395 406793 I, 21900 556793 122188 129076



Table 3.4 :

Expenditure per Tdp for Vadous Recreational Activities in California

Nominal
Expenditure Year of

Activity Per Tdp Study
1. Northern California Party/Charter Boat Fishery $72 1986

Northern California Private/Rental Boat Fishery $48 1986
Northern California Shoreline Fishery $26 1986

2. Picnicking $13 1984
Nature Appreciation $13 1984
Ocean/Beach Use $8 1984
Boating $34 1984

3. Fishing, Freshwater/Saltwater $32 1980
Hunting $65 1980

4. Deer Hunting $30 1987

Sources:
1. Thompson and Huppert (1987)
2. Califomia Department of Parks and Recreation (1984)
3. USP-’WS (1980)
4. Loomis er al. (1981)
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Table 3.5 !

Charter Boat Operator Expenses per Passenger Day

1985 $’s Percent
Expenditure Categor~ Per Passenger Da~, of Total

Crew Wages $1.56 5.0%
Imputed Skipper Sala[y $9.78 31.3%
Fuel $2.94 9.4%
Moorage $0.44 1.4%
Maintenance and Repair $2.28 7.3%
Insurance $1.28 4.1%
Booking Commission and Fees $3.41 10.9%
Other $0.53 1.7%
Taxes, Fees, License, Etc. $2.35 7.5%
Residual Gross (Profit and/or Interest Payments) $6.69 21.4%

Total $31.26 100.0%

Source: Based on Crutchfield and Schelle (1979).
Note: Data adjusted to 1985 $’s using GNP pdce deflator.
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Table 3.6 ;

Destination Expendenditures of Ocean Recreational Salmon Fisher.

Charter boat           Private boat
Angler                  Angler

Restaurants                         10.83                10.83
Groceries                          5.26                 5.26
Camping,etc.                         3.02                   3.02
Lodging                           5.94                 5.94
Boat/motor rental fees          NA                     0.22
Boat landing fees                 NA                     1.87
Gas for boat                       NA                   14.48
Charter boat fees                 31.26                 NA
Miscellaneous                      4.30                  4.30

Total                           60.61                45.92

Source: Based on Crutchfield and Schelle (1979).
Note:    Data are adjusted to 1985 dollars using the GNP price
deflator.
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Table 3.7

PARTICIPATION BY U.S. POPULATION 16 YRS & OLDER IN FISHING AND
HUNTING IN CALIFORNIA, 1985

(Number in thousands; dollars in millions)

CALIFORNIA NON-RESIDENTS
RESIDENTS

NUMBER OF PERSONS PARTICIPATING

FISHING 3,531 219

HUNTING 603 29

PERCENTAGE OF ADULT POPULATION PARTICIPATING

FISHING 17.5%

HUNTING 3.0%

DAYS OF PARTICIPATION IN ACTIVITY

FISHING 55,534 3,114

HUNTING 9,211 1,636

TRIP-RELATED EXPENDITURES

FISHING $1,164.3 $70.8

HUNTING $229.3 $9.5

EQUIPMENT AND OTHER NON-TRIP EXPENDITURES

FISHING $1,056.6

HUNTING $524.0

SOURCE: USFWS, 1985 NATIONAL SURVEY OF FISHING, HUNTING & WILDLIFE-
ASSOCIATED RECREATION, November 1988.
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Table 3.8 i

SALTWATER RECREATIONAL FISHING BY BAY AREA ANGLERS 1985-1986

(Number of trips)

FISHING MODE

SHORE PARTY PRIVATE TOTAL
TARGET SPECIESMODES BOAT BOAT

Salmon 11,967 13~,,518 316,291 462,776
Striped bass 95,289 10,645 127,710 233,644
Striped bass/other 54,688 21,303 147,272 223,263
Rockfish 104,926 160,603 130,352 395,881
Rockfish/other 28,363 1,889 0 30,252
Other 214,827 56,718 344,308 615,853

No target 355,706 32,603 120,906 489,215

TOTAL 845,766 418,279 1,186,839 2,450,88-4

SOURCE: C.J. Thompson and D. Huppert, Results of the Bay Area Sportfish Economic Study ’
NOAA-TM-NMFS-SWFC-78, August 1987.
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Table 3.9

Mean of Av~n~age April-July Net Delta Outflows (cfs)
Under Various Hydrological Conditions

CDFG DWRSIM DWRSIM Percent Increase
Water Example Striped Bass Model Decision 1485 EPA Standards of EPA Standards Flow

. Year Type Year Baseline Flow Flow Flow above Decision 1485 Flow
Wet 1963 34,700 33,499 33,499 0%

Critically Dry 1976 4,700 4,938 7,431 +50.5%

Sources: CDFG baseline flow data provided by David Kohlhorst of CDFG.
DWRSIM flow data provided by Brace Herbold of EPA.



I Table 3.10!

Results of sensitivity of output variable (sustained adults) toI in values of each variable while theproportional changes input other input
variables are held constant. Values in the table are percentage change in
sustained adults.

Chanqe in the Input Variable

i Input
Condition           Variable        +10% -i0~     +20% -20~    +50% -50%

I 1 million adults Initial Adults     2.4 -2.4      4.9 -4.8     11.9 -ii.0
Critical year       Outflow:Apr-Jul 2.5 -2.9      4.8 -6.3     i0.i -21.1

Aug-Dec 0.3 -0.3      0.5 -0.5      1.4 -1.4

I Export: Apr-Jul -0.9    0.9     -1.8    1.8     -4.4    4.4
Aug-Mar -2.2    2.2     -4.3    4.3    -10.8 10.8

1 million adults    Initial Adults     2.5 -2.4      4.9 -4.8     11.9 -ii.i

I Wet              Outflow:Apr-Jul ,0.7 -0.8      1.2 -1.9      2.2 -7.5year
Aug-Dec 1.5 -1.5      3.0 -3.0      7.5 -7.5

Export: Apr-Jul -3.4    3.4 - -6.8    6.8    -17.1 17.1

I Aug-Mar -4.3    4.3     -8.6    8.6    -21.6 21.6

1.7 million adults Initial Adults     2.2 -2.4       4.3 -5.1       9.3 -13.4

i Dry year              Outflow:Apr-Jul    1.4 -1.7      2.7 -3.6      5.7 -12.4
Aug-Dec    0.6 -0.6       i.I -i.i      2.9 -2.9

Export: Apr-Jul -0.3    0.3     -0.7    0.7     -1.7    1.7
Aug-Mar -0.7    0.7     -1.5    1.5     -3.7    3.7

1.7 million adults Initial Adults     2.2 -2.4      4.3 -5.1      9.3 -13.4
Wet year             Outflow:Apr-Jul    0.4 -0.6      0.8 -1.3      1.5 -5.1

I Aug-Dec    1.0 -i.0      2.0 -2.0      5.1 -5.1
Export: Apr-Jul -1.3    1.3     -2.6    2,6     -6.6    6.6

Aug-Mar -1.8    1.8     -3.6    3.6     -9.1    9.1

Source: CDFG. 1992c.
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Table 3.11 i

Estimated Effect of EPA Standards on Adult Striped Bass Population
Under Two Water Year Types

Using Results from CDFG’s Striped Bass Population Model

Example Decision 1485 EPA Percent
Water Year Type Year Standards Standards Change

Wet 1963 1 million 1 million 0.0%
Critically Dry 1976 1 million 1.101 million 10.1%

Source: CDFG. 1992.
SWRCB Headngs Exh. No. WRINT-CDFG-3. Table 16.
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Table 3.12

RECREATION ACTIVITY IN CALIFORNIA 1980 & 2(JO0, "BY REGION OF ORIGIN (Thousands of days)

SAN ~OAQUIN MONTEREY, SAN FRANCISCO SACRAMENTO NORTHERN SOUTHERN STATE TOTAL
VALLEY SMSAs SANTA CRUZ BAY AREA SMSA NON-METRO CALIFORNIA

ACTIVITY SMSAs COUNTIES

1980 2000 1980 2000 1980 2000 1980 2000 1980 2000 1980 2000 1980 2000

FISHING
Lake/stream 3,445 4,729 1,162 1,942 13,347 17,012 2,544 3,948 1,874 2,480 15,787 20,429 38,159 50,540
Saltwater 749 1,059 249 402 2,903 3,433 510 799 394 503 6,783 8,980 11,588 15,176
Other 270 346 83 129 903 1,060 185 269 147 178 2,427 2,943 4,015 4,925

SWIMMING/BEACH
Freshwater swimming 2,315 5,427 798 1,292 8,923 11,759 1,536 2,450 1,136 1,482 12,219 14,109 26,927 36,519
Ocean swimming,surf’mg 1,837 2,368 619 898 6,577 7,587 1,230 1,728 918 1,072 76,178 95,698 87,359 109,351
Beach 4,781 6,818 1,645 2,556 18,220 22,980 3,205 5,017 2,477 3,167 76,428 94,864 106,756 135,402

HUNTING
Big gmaae 154 229 38 89 584 771 151 169 79 104 354 412 1,360 1,774
Small game 581 641 196 249 1,915 1,894 401 449 305 293 1,833 1,824 5,231 5,350
Waterfowl 239 306 88 119 g40 890 160 219 118 14"1 257 281 1,702 1,956

BOATING 3,470 5,426 1,255 2,027 13,284 17,285 2,281 3,793 1,674 2,328 25,118 34,012 47,082 64,871

NATURE 5,330 7,832 1,860 2,947 21,527 28,101 3,748 6,030 2,946 3,856 35,049 43,478 70,460 92,244
APPRECIATION

ALL OTHER 118,429 162,319 37,107 60,050 407,777 499,228 76,949 114,929 59,432 72,496 1,043,967 1,330,170 1,743,661 2,239,192
ACTIVITIES

TOTAL--ALL 141,600 197,500 45,100 72,700 496,8000 612,000 92,900 139,800 71,500 .88,100 1,296,4001,647,200 2,144,300 2,757,300
ACTIVITIES

SOURCE: Center for Continuing Study of the California Economy, Recreation Activity in California, Volume 1, Appendix E, Palo Alto CA, June 1982



¯ ’ :-" ¯ Ta.bl~ 3.13’,

Freshwater Recreation at Selected Site~ in California, 1985

Thousand of Visits

US Army Corps of Engineers Lakes. 3,912

BOR Central Valley Project Lakes 11,590

State Water Project Lakes 6,585

Other Government Agency Lakes 6,492

Delta (estimated) 7,746

Total 36,325

Source: Wade et al., Recreation Benefits for California Reservoirs, Spectrum Economics, April
1989
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Table 3.14

ESTIMATED TOTAL HOURS OF RECREATIONAL ACTIVITY ON THE SACRAMENTO RIVER, 19~0

REACH WATER PLEASURE RAFTING CANOEING’ CAMPING RELAXING SWIMMING/ PICNICK- BOAT SHQRE OTHER AC- TOTAL ALL
SKIING BOATING BUGING BEACH USE ING FISItlNG FISttlNG TIVITIES ACTIVITIES

Keswiek Dam to North 2,000 42,000 16,000 5,000 150,000 31,000 25,000 23,000 36,000 117.000 405.000
Street Bridge

N. Street Bridge Io 2,000 4,500 23,500 34,500 59,000 10,000 53,000 62,000 4%000 30,000 323,003
Jellys Ferry Bridge

Jellys Ferry Brdige to 4,000 33,000 17,500 12,500 21,000 95,000 19,500 33,000 34.000 25.000 71,000 348.000
Red Bluff Diversion
Dam

RBDD to Woodson 3,000 3’500 10,500 46,500 60,000 27,000 42,000 gS,000 47,000 26,000 347,003
Bridge

Woodson Bridge to 300 1,000 2,500 100 500 1,200 15,000 2,000 1,400 23.000
Hamilton City Bridge

Hamilton City Bridge 100 3,000 94,600 3,000 3,000 26,000 10,000 8,000 22,000 42.000 I05,900 223,000
to Sidds Landing

Sidds Landing to 100 700 3,000 9,000 600 1,400 5,300 43,000 15,000 5.900 81.000
Hamilton Bend

Hamilton Bend to 2,500 11,000 3,000 2,500 54,000 29,000 31,000 11,000 145,000 34,000 15,000 335,000
Merldim Bridge

Meridian Bridge to 6,000 20,000 1,300 1,000 9,000 6,000 30,000 80,000 .46,000 7,000 205,003
Eldorado Bend

Eldorado Bend to 14,000 59,000 600 3,500 40,000 32,000 74,500 500 60,000 130,000 16,500 430,000
Mouth fo Feather River

Feather R to Discovery 20.000 90.000 200 500 I 1,000 30,000 45,000 12,000 135,000 45,000 11,500 400,000

Discovery P~,rk to 7,000 118,000 2,000 300 7,000 280,000 112,000 103,000 122,000 105,000 85,700 940.000

Miller Park

Miller Park to 13,000 132,000 800 200 17,000 32,000 40,000 1,000 289,000 199,000 16,800 740.000

Paintertville Bridge,
b~lo* Courtland

TOTAL 66,700 . 474.000 174,000 85,000 248,700 800,900 436,500 288,500 1,115,000 775,000 509,700 4.800.000

Sourc*: DWR Sacramento River Recreation Survery- 1980, Sacramento, August 1982



Table3.15

:.’~

.,RAPTING ON SOME POPULAR CALIFORNIA RIVERS, 1983

(Visitor Days)

RIVER ANNUAL RAFTING
USE

So Fork American River 100,003
Lower American River 460,000
East Fork Carson River 7,000
Kern River 20,000
Kings River 1-8,000
Klamath River 15,000
Merced River 14,000
Russian River 100,000
Sacramento River 125,000
Smith River 7,000
Trinity River 33,000
Truckee River 106,000
Tuolumne River 6,000

TOTAL 1,011,000

Source: Planning & Conservation League, cited DWR 160-93
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Table 3.16i

PARTICIPATION BY CALIFORNIANS 16 YRS & OLDER IN NONCONSUMPTIVE
WILDLIFE-RELATED RECREATION, 1985

(Numbers in thousands; dollars in millions)

NUMBER OF ADULT CALIFORNIANS PARTICIPATING’ 13,090

PERCENT OF ADULT CALIFORNIANS PARTICIPATING 64.9%

DAYS OF PARTICIPATION IN ACTIVITY 28,647

TRIP-RELATED EXPENDITURES $544.6

EQUIPMENT AND OTHER NON-TRIP EXPENDITURES $1,230.5

SOURCE: USFWS, 1985 NATIONAL SURVEY OF FISHING, HUNTING & WILDLIFE-
ASSOCIATED RECREATION, November 1988.
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Table 3.17

Annual Visitation at Wetland Refuges in Califomia

Current Average
Area Public Use

Facility (acres) (days)

Sacramento River Basin

Modoe NWR 6,203 14,300
Sacramento NWR 10,776 39,900
Gray Lodge WMA 8,400 141,250
Delvan NWR 5,583 8,800
Sutter NWR 2,394 3,600
Colusa NWR 4,042 7,200

San Joaquin River Basin

NWR 4,620 3,000
San Luis NWR 7,430 38,000
Merced WMA 2,562 2,250
Grassland RCD 52,000 95,000
Volta WMA 3,000 5,500
Los Banos WMA 3,208 23,500
Mendota WMA 10,740 34,380

Tulare Lake Basin

Pixley NWR 4,350 50
Kern NWR 10,628 4,400

Source: US Department of Interior, Bureau of Reclamation, Mid-Pacific Region Draft Report on
Refuge Water Supply Investigation Volume 1, August 1987.
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Table 3.18!

Estimated Consumer Surplus per Trip for
Various California Recreational Activities

Nominal
Consumer Surplus Dollars

Activ, it), Per Tdp Measured in Year
1. Beach Recreation $12 1992
2. Boating at Lakes $30-35 1990
3. Delta Boating $32 1987
4. Waterfowl Hunting $23 1989
5. Fishing on Sacramento River $17 1980
6. Fishing on Feather River $24 1982
7. Birdwatching $37 1987
8. Charter Boat Fishing for Salmon $61 1987

Sources:
1. Dombusch (1985).
2. Spectrum Economics (1991).
3. Mannesto (1989).
4. Cooper (1990).
5. Loomis and Ise (1993).
6. Cooper and Loomis (1990).
7. Cooper and Loomis (1991).
8. Huppert (1989).
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Table 3.19

Annual WTP for Individual Programs in
San Joaquin Valley Drainage Program Study

90% Aggregate Value=
Median Value Confidence (millions of

Program/Subgroup Per Household Interval dollars)

Wetland Maintenance
California households $153 123-188 $1,506
Non-California households 92 na 246

Wetland Improvement
California households $250 235-268 $2,460
Non-California households 158 na 422

Contamination Maintenance
California households $187 177-199 $1,839
Non-California households 92 na 246

Contamination Improvement
California households $306 289-331 $3,013
Non-California households 128 na 342

Salmon Improvement
California households $182 171-193 $1,788
Outside California 102 na 272

aAggregate value estimates based on median WTP and 9,842,000 households in California
and 2,669,000 households in Oregon, Washington, and Nevada

Source: Jones and Stokes (1990).
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Table 3.20

Annual Willingness to Pay to Protect Mono Lake

Sample Population Aggregate
Median Median Statewide

WTP/h’hold WTP/household Value ($M/yr)
($/yr) ($/yr)

Program A $96 82 $759.7

Program B $111 91 $845.6

Program C $26 0 0

Source: Jones and Stokes, 1993o,.
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Table 3.111

Estimated Winter Run Chinook Salmon Past Red Bluff Diversion Dam
(Source: CDFG)

1967 57306
1968 84414
1969 117808
1970 40409
1971 53089
1972 37133
1973 24079
1974 21897
1975 23430
1976 35096
1977 17214
1978 24862
1979 2364
1980 1156
1981 20041
1982 1242
1983 1831
1984 2663
1985 3962
1986 2422
1987 1997
1988 2094
1989 533
1990 441
1991 191
1992 1180
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Table 4.1

Above Normal Water Year / Wet Water Year
Estimated Annual Catches and Benefits

1990 $’s

Decision 1485 Proposed EPA
Type of Benefit Standard Standard Difference Units

COMMERCIAL FISHERIES

Salmon - Ocean Commercial Catch 289,312 410,113 120,801 Fish
Salmon - Value Ocean Commercial Catch $23,743,836 $33,657,974 $9,914,138 Personal Income

Starry Flounder- Ocean Commercial Catch 280,479 280,950 471 Pounds
Starry Flounder - Value Ocean Commercial Catch $80,778 $80,914 $136 Personal Income

Bay Shdmp N/A N/A +

Pacific Herdng N/A N/A +

RECREATIONAL FISHERIES

,Salmon - Ocean Recreational Trips 119,993 134,689 14,696 Angler Tdps
Salmon - Value Ocean Recreational Tdps $7,319,573 $8,216,029 $896,456 Consumer Surplus

Salmon- Inland Recreational Tdps 129,076 129,076 0 Angler Tdps
Salmon - Value Inland Recreational Trips $2,581,520 $2,581,520 $0 Consumer Surplus

Striped Bass- Low Value Scenario
Striped Bass - Inland Recreational Catch 110,000 110,000 0 Fish
Stdped Bass - Value Inland Recreational Catch $550,000 $550,000 $0 Consumer Surplus

Stdped Bass - High Value Scenario
Stdped Bass - Inland Recreational Tdps 500,000 500,000 0 Angler Tdps
Stdped Bass - Value Inland Recreational Trips $30,500,000 $30,500,000 $0 Consumer Surplus

Sturgeon N/A N/A +

American Shad N/A N/A +

White Catfish N/A N/A +

OTHER RECREATIONAL USE VALUES (a) N/A N/A +

NON-USE VALUES (b) N/A N/A +

Totals (with Low Value Stdped Bass Scenario) $34,275,707 $45,086,437 $10,810,730 Personal Income
Totals (with High Value Stdped Bass Scenario) $64,225,707 $75,036,437 $10,810,730 plus Consumer Surplus

N/A = Information not available in appropriate form.
+ = Positive but not quantifiable.
a = Including wildlife viewing, hunting, and other water-enhanced activities.
b = Including existence, bequest, and option values.
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Table 4.2

Critically Dry Water Year
Estimated Annual Catches and Benefits

1990 $’s

Decision 1485 Proposed EPA
Type of Benefit Standard Standard Difference Units

COMMERCIAL FISHERIES

Salmon - Ocean Commercial Catch 207,369 306,398 99,029 Fish
Salmon - Value Ocean Commercial Catch $17,018,774 $25,146,084 $8,127,310 Personal Income

Starry Flounder- Ocean Commercial Catch 128,977 178,031 49,054 Pounds
Starry Flounder- Value Ocean Commercial Catch $37,145 $51,273 $14,128 Personal Income

Bay Shdmp N/A N/A +

Pacific Herdng N/A N/A +

RECREATIONAL FISHERIES

Salmon - Ocean Recreational Tdps 108,790 122,188 13,398 Angler Trips
Salmon - Value Ocean Recreational Trips $6,636,190 $7,453,468 $817,278 Consumer Surplus

Salmon - Inland Recreational Trips 129,076 129,076 0 Angler Tdps
Salmon - Value Inland Recreational Tdps $2,581,520 $2,581,520 $0 Consumer Surplus

Striped Bass - Low Value Scenado
Striped Bass - Inland Recreational Catch 110,000 121,110 11,110 Fish
Stdped Bass - Value Inland Recreational Catch $550,000 $605,550 $55,550 Consumer Surplus

Stdped Bass - High Value Scenado
Striped Bass - Inland Recreational Trips 500,000 524,928 24,928 Angler Trips
Striped Bass - Value Inland Recreational Trips $30,500,000 $32,020,608 $1,520,608 Consumer Surplus

Sturgeon N/A N/A +

Amedcan Shad N/A N/A +

White Catfish N/A N/A +

OTHER RECREATIONAL USE VALUES (a) N/A N/A +

NON-USE VALUES (b) N/A N/A +

Totals (with Low Value Stdped Bass Scenario) $26,823,629 $35,837,895 $9,014,266 Personal Income
Totals (with High Value Stdped Bass Scenario) $56,773,629 $67,252,953 $10,479,324 plus Consumer Surplus

N/A = Information not available in appropriate form.
+ = Positive but not quantifiable.
a = Including wildlife viewing, hunting, and other water-enhanced activities.
b = Including existence, bequest, and option values.
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Figure 1.1 I

HYDROLOGY ~ BIOLOGY ECONOMICS
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