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ABSTRACT

This chapter presents the results of o benedit-cost analysis of aliemalive wilter
alloeation policies for California’s Maono basin. Using an expanded bensfit-cost
framework thit incorparaies the public’s willingress to pay (WTP) for protecting
Mono Lake, the authors determined thet three of the seven like level aliernatives had
pasitive net economic benelits. The 6,390- M lake level ahernative, which would raise
the lake by 15 feet above its current level, was found 10 maximize net ECONOMEC
banefits; This conclusion was found to be relatively insensitive 1o the discounting of
fumers ecosystem protection benefits.
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INTRODUCTION

Meeting Californin's thirst for water bas never been more challenging for water
resoures agencies and wtilities, Recent court decisions affecting water rights under
the public trust doctrine, the enactment of new public laws that affect how
developed state and federal water is zilocated, and new water quality standards
proposed for the Sacramento/San Josgquin River Delta are dramatically changing
time-honored procedures for allocating water resources in the state, These changes
cast great uncertainty on the future availebility of water supplics,

Environmental values have moved to the forefront of these water policies, and
cconomisls are grappling with approprste ways (o incorporte these values into
traditional forms of economic analysis. This chepter presents the resulls of an
economic analysis of alternative allosation policies for water resources in Califor-
nia's Mono basin. The issue of amending waier riphts held by the City of Los
Angeles in California’s Mone basin has been ot the center of waler dghts law in
California for more than 10 years.

The primary objectives of the econemic analysis were to identify the lake level
alternatives that would gencrate positive net economic benefits (benefits = cosis)
and to determine the lake level alternative thet would maximize nel economic
benefits. These findings, combined with information on-environmental impacts of
the altemalives, assisted the state in selecting a policy that balances public trust
resources at Mono Lake,

BACKGROUND

In 1540, the City of Los Angeles (City) was granied permits by the State of
California allowing the appropriation of flows from four major tributary streams
to Mono Lake, which lies in an interior-drained basin east of the Siemra Nevada in
Mono County (Figure 1), The lake, because of its grea: geolopic age, is hypersaline
and supports a unique and very prodoctive invertebrate {alkali fly and shrimp)
population which in turmn supparts ennual migration and the nesting of millions of
hirds.

For more thas 50 years, the City has been diverting an inereasing portion of the
flows of the tibutary streams, which flow from the snowy east side of the Sietra
Mevada, By 1970, sweam diversions were nearly total, Since the mid-1970s,
diversions have averaped about 83,000 acre-feet per vear (affyr), which augmented
threefold the flows of the upper Owens River,

The City's exports have caused a 40-foot decline in lake surface elevation and a
25% reduction in lake surface area. As & result, the salinity and alkalinity of the
lake waters have increased. [n addition, falling lake levels have exposed land that
connects the shore o former islands. As & result, birds nesting on the islands have
lost their security from mainland predators. Adso, ripanan and freshwater habitats along
the tributary streams have been Ureversibly lost through ercsion, and oceasional
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Figure 1. Mono Basin and Los Angeles Agueduct Conveyance System

massive dust storms Bave been induced fromesalt efllorescence on __..,an_mn.“.”_ lake-
beds, Despite the environmental harm associated with lower Eﬁ HEF.&&EJ o
the lake have enjoyed one resultof the drap in lake mca.u.nm.r._ﬁcm:us.. the increasing
exposure of the lake’s fascinating complex of twfa formations, formed underwater

during periods of higher lake levels,
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In 1583, in response 10 a8 suil Diled by the Mational Audubon Sociew, the
California Supreme Court held that the public trust mandated reconsideration of
the City’s water rights in Mono basin. The court found that the Ciey's water rights
were granted without consideration of impacts on these resources and therefore that
the state or the court should reconsider the City's water rights, The court noted that
befare cantinued stream diversions could be approved, the effect of such diversion
on interests protected by the public trust should be considered and that harm to
those interests should be minimized or avoided it feasible.

The state identified a full range of water rights alternatives for evaluation in an
environmental impact report (Jones & Stokes Associates 1993a), Each alternative
represented n lake leve] tarpet and o projected volume of witer expon based on
assumed stream diversion rules. The altérnatives ranged from imposing no new
restrictions on diversions to ending all diversions. A numerncal monthly model of
the aqueduct systém (LAAMP) was developed that specified relationships between
avnilable water expons from Mone basin and the Ciy's water demand, other
supplies available 1o the aqueduet, and water conveyance and storage constraims
threughout the system and affected groundwater basins.

ANALYTICAL FRAMEWORK

Benefit-cost analysis was selected ps the appropriate framewaork for the economic
analysis, We used a frnmework that focused on moneary values, which comple-
mented an analysis of environmental effects being presented in the environmental
impact report. The analytical frameweork was expanded to include estimates of
nonuse (or passive) values to the nonvisiting public associated with different levels
of environmental protection for Mono Lake.

Two key considerations of the benefit-cost analysis were the accounting stance
&nd planning horizon, The accounting stance {or boundary) used for the study was
the State of Califomia. This boundary was selected because it was believed that
state residents would incur most costs and benefits, with the possible exception of
same nonuse value, We selected a 20-year planning horizon for the study because
it allowed for consideration of the ¢ffects of variable hydrologic conditions (i.e..
different types of water years) on supply conditions of affected uses and the effects
of population growth.

COSTS AND BENEFITS ANALYZED

Water diverted from the tnbutary streams to Mono Lake supports beneficial uses
in the City and in the Mono and Inyo basins. Benefcial vses 1o the City are power
peneration from hydmelectric facilities along the Los Angeles Agueduct and
consumptive water use, Affected beneficial uses in Mono and [nyvo counties include
agricultural production and recrestion. We determined that economic impacts on
agricultoral production would be miner and therefore did not address them in the
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amalysis. An additional use of Mono basin water resources for which we estimated
value was maimaining the ceosystem of Mono Lake,

Water Supply Costs

Water supply costs include both direct and indireet costs, We defined Eﬂnn
impacts as predicted changes in the supply of waler delivered to the City via the
Los Angeles Aqueduct, We defined indirect impacts as effects on other water users
potentially affected by reductions in the City’s use of Mono basin water supplies.
These effects focused on potential increases in supply costs resulting from reduc-
tions in regional supplies available from the Metropolitan Water District of South-
ern California (MWD, the City's primary alternative supply.

Direct Cogls

The task of identifying direct water supply costs focused on estimating the
incremental costs that the City would incur to meet future water demands with
reduced water supplies from Mono basin. We analyzed predicted changes in water
deliveries over a 20-year analysis period in a cost simulation mecdel thot w_msaﬁ_.mn
the City's annual supply and demand conditiens for the City on o least-cast basis.
We constructed the 20-year period by randomly selecting 20 years out of the 50-year
historical record (1 940-1989) used for the hydrelogic anal vais. The number of dry,
normal, and wet vears was selected proportionate to the percentage of occurrences
of these water vear types in the S0-year peried.

The simulation model assumes that increasingly more expensive sources of water
will be used 1o meet demands. It includes water demand in the Los Angeles
Depantmentof Water and Power (LADWE) service area for the 20-year period from
1992 1o 2011 and expected supply sources available to meet these _nna,_mnnw, Water
supply sources are brought online on a least-cost basis (o meet Fn:."ﬁm.u g demand.

The primary compaonents of the simulation model are demand Eo__mﬂ_c:m. supply
and cost projections, and procedures for balancing annual supply with demand, _

Demand projections. We used the forecast of water demand from _..,}UHE@_ H
urban water management plan, which was considered 1o represent {he best estimate
of LADWE's future demanid. In the forecast, water use is projected 1o grow from
657,000 af in 1992 t0 759,000 af in 2011, an increase of & percent, During the same
period, the population served by LADWE is expected to rise by 30 percent, The
demand projections are based on historical average temperatures and mnnoﬂnnﬂﬁ
the effects of water conservation, population density, commereial and industrial
growth, pricing, and other miscellaneous factors that affect waler use (Los An m,&mm
Department of Water and Power 19%1), These demand projections remained
constant for all modeling scenarios. . .

Supply and cost projections. Supply sources in the simulation model En_.tnm
LADWE's three major historical sources and a fourth source, water reclamation,
which will become increasingly important in the future. The historical sources are
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Mono basin and Owens River basin water delivered through the Los Angeles
Aqueduct; local wells that draw groundwater from the San Fernandg, Sylmar,
central, and west coast basing; and MWD water, which primarily comes from the
Colorade River Aqueduct and the State Water Project.

We used the LAAME model to estimate the amount of water that would he
avoilable w the City from Mono basin and the Owens River basin. The costs
associated with obiaining water from the Los Angeles Aqueduct consist prirmarily
of fixed costs (348 million per year) associated with debt payments and mainie-
nance octivities. A variable cost of 520 per acre-foot also was included 1o pecount
for filtration costs,

Groundwater availability was estimated 1o increase from 112,000 af in 1992 o
up 1o 134,000 af by 2011, This increase in groundwater availability is attributahle
to expecied increases in the amount of water delivered to the San Fernando Valley
for municipal uses and eventually returned by natural percolation 1o the San
Fernando basin.

Groundwater was assumed 10 cost 590 per sere-foot without treatment, which
includes the rebate obtained for participating in MWD's groundwater program.
Treatment costs were expected to add 353 per acre-foot in 1992, increasing 10 3246
per acre-foot by 2011, Treatment costs [or intermediate years were derived by
interpalation,

The City's demand for MWD water ranged from 280,000 f 1o 300,000 af during
the 20-vear period. These estimates represent the upper limit of MWD water
assumed 1o be available to LADWP although LADWE's preferential rights 1o
MWD water exceed this amount. Costs for wreated MWD water are expected 10
increase from $322 per acre-foot in 1992 1o 3680 per acre-foot in 2000 and $800
per acre-foot by 2010,

We estimated that water available from reclamation projects would increase from
4,900 af in 1992 10 119,000 af by 2011, The costs of 21 sepirate projects, ranging
in cost from 3346 per scre-foot to $620 per acre-foot, were used in the analysis.

Balancing procedures. The simulation model sequentially steps through esch
year of the 20-year analysis period 1o equate supply and demand (Figure 23, First,
we estimated the availability of base resources, which include resources owned by
LADWE and those thet LADWP proposes to acquite over the next 20 vears. These
include Los Angeles Aqueduct water, groundwater, and reclamation prjects.

Base resources are selected in order of least cost to most cost, Afler each resource
is selected, cumulative resource costs are calculated and total resource sopply is
compared 1o demand. If the total supply equals or excecds demand, the model adds
any surplus from the marginal supply source to the future-year groundwater credit
before it moves to the next year. After oll years have been completed, total costs
are sumnmed #nd the modeling results are caleulated,

The model moves to step two if total annual supply is less than total demand after
all base resources have been selected. In step two, the model examines whether any
groundwater credits are available. If groundwater credit is available for pumping,
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Figure 2. Simulation Model for Estimating Water Supply Costs
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then groundwater is pumped until supply equals demand or until the credit l[imit is
reached, The model does not allow a negative credit; that is, LADWEPis not allowed
to pump more than the credit amount, After the groundwater credit is used up, no
pcditional groundwater can be pumped, Aller groundwater is pumped, the credit
amount is adjusted and the costs of groundwater pumping are estimated.

IT supply equals demand afier pumping, total costs are estimated, the credit limit
15 adjusted 10 account for the eredit usage, and the model moves 1o the next year.
If & supply shorifall s1ill exisis, the model moves to step three.

In the thicd step, nonbase resources are selected inorder of least cosi lo most cost
until supply equals demand. Nonbase resources pre supplied primarily from MWD
but also include up 1o 6,000 affye of water that is diverted for irmgation from the
upper Owens River and its tributaries under LADWP leases. Afier cach nonbase
resource is selected, totel supply costs are cstimated,

1T a supply shortfall still exists after all nonbase resources are selected, the model
estimates the costs of that shonfall, using the shomage costs of LADWE water
developed by the Mayvor's Blue Ribbon Commities on Water Rates (1992), These
costs, which were approved by the committee and its technical panel, range from
51,272 to 82,635, depending on the amount of shonage.

Table [ shows the snnualized cost over the 20-year analysis period for the
alternative water allocation policies. The costs are relative 10 & base condition,
which represents the estimated cost of water supply o the City if the state tock no
Turther action o restrict diversions from Mono basin,

Indirect Costs

We also estimated the indirect cosis 1o olbier water agencies thay would result if
the City consumed increased amounts of less expensive regional supplies provided
by MWD, These costs (Table 1) were approximated by subtracting the projected
20-vear average cost of MWD water (563%) from the estimated aversge cost of
reclaimed water (3800), which was used as the least-cost altemative for water
agencies needing replacement of lower cost MWD water supplies.

Power Generalion Cosls

The City's need for electncity is served by a combination of resources, including
the hydroelecire generating facilitics located along the Los Angeles Aqueduct. The
amount of water diverted through these hydroelectric facilities directly affects the
amount of capacity and energy available w the City,

We estimated power peneration costs 1o the City by calculating changes in power
owiput for each hydroelectric plant along the Los Angeles Agqueduct. We applied
efficiency values 1o the amounts of water predicted by LAAMP for each alternative,
We then uwsed the ELFIN model, a lesst-cost production optimization model
developed by the Environmental Defense Fund, 10 estimate incremental (el costs
associated with meeting power demands,

1992 dollars)
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The ELFIN model calculates encrgy production, costs, and emissions associated
with serving a given level of electrical lond. We firstestimated the amount of energy
and cepacity available from the Los Angeles Aqueduct hydroeléciric generating
Facilities for a given level of assumed water diversions using relattonships between
waler Mow, engrgy, and capacity availability; we developed these relationships from
historical information provided by LADWE. Then we used the generation informa-
tion to develop input data representing the Los Angeles Aqueduct fecilities for the
ELFIN madel. Finally, we performed a series of ELFIN simulations, with each
simulation representing a different level of energy production and capacity avail-
ahility [rom the aqueduet,

The major inputs to the ELFIN model are the overall level and pattem of encrgy
demands end the operating cost and performance eharacteristics of gencrating units
(including thermal, hydroclectric, and pumped storage facilities). The model deter-
mines the least-cost manner of operating the generating units within any given
month, season, or year o maximize overall system reliability. Generating resources
are disparched 1o serve load in order of increasing incremental cperating cost;
however, generating units with poneconomic constraints (such as run-of-river
hydroelectric generation orunit-minimum generation requirements) are dispatched
first.

We estimated the level and pattern of encrzy demands for LADWE and the
operating costs and performance charecteristics of LADWPs generating unils over
a 20-year gnalysis pericd. For thie 1992-2009 period, we used data Nles developed
by the California Enargy Commission for the 1990 Electricity Report; for 2000 and
2011, we estimated dota using escalation trends for the S-year penod of 2005-20049,

Table | shows estimates of annualized costs assecinted with replacing low-cost
hydroclectric energy from the oqueduct with encegy from higher-cost generation
sources. The costs are relalive to a base condition, which represents the cost of
power to meest the City's demand if the state ook no further action 1o restrict
diversions from Mono basin,

Recreation Benefits

The key recreation areas affecied in the Mone basin are Mono: Lake, its four
diverted tnbutary streams, end Grant Lake, which is areservoir on Rush Creek, one
of the diverted streams (Figure 1), Outside the Mono basin, the upper Owens River
and Crowley Lake in the Inyo basin are hydrologically connected to the tributaries
through the system of water conveyance facilities that make vp the Los Angeles
Aqueduct system. Becouse of the hydrologic connections between the basins,
reductions in out-of-basin diversions from the Mono Loke tributaries peneeally
mean more water for in-basin resources but less water for upper Owens River and
Crowley Lake. .

The analysis of recreation benefits focused on estimating the change in ne
benefits ar these recrearion areas under the different water allocation policies, We
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conducted ansite surveys of visitors at all recreation arcas except the ;nun_,ﬂ_._._n:w
River to ablain data for estimating changes in net benefits, We used the contingent
valumion method (£ VM) 1o collect data on visitors' maximum willingness 10 pay
(WTP) for water resouree conditions, such as instream flow or reservoir levels,
associated with the alternative water allocation policies.

Mana Lake

We conducted surveys of 297 Mono Lake visitors insummer and fall 1992, when
the lake level was approximately 6,375 feet above sea level. We asked survey
participants whether they would be willing to pey for a Mono Lake protection
program in which the funds would be used 1o purchase water to maintain orincrease
the lake level. We used photo simulations of the lake at different lake levels (6,372,
6,375, 6,390, and 6,410 feer above sea level) and descriptions of environmental
conditions, including abundance of fish and wildlife resources and frequency of
severe dust storms, in the surveys.

We selected lake levels Tor the survey that would encompass the approximite
range of lake level alternatives being considered by the state, Although, because of
budpet consiraints, it was impossible to ask participants about all the lake level
alternatives, we also asked about two intermediate lake levels. We used results from
the survey 1o estimate values for the other aliematives.

We nu_._E_Enn_ the henefits of the lake level altematives identified in the survey
hy estimating bivariate logit equations from the survey data. The dependent variable
in the logit equation is the “yes" or “no” response to the WTF question, and .._.F.
independent varighle is specific dollar amounts (34A) for a lake level alternative,
The estimated logit equation can be specified as follows:

FA-U,
Pr | response is “yes”] = (1 + exp - | (1)

where SA is the dollar amount presented to the respondent, [ is the location
parameter correspanding te both the mean and the median willingness 1o pay, and
Bis a seale parameter, The parameters [ and 8 are estimated by maximum likelihood
based on the survey responses, with a separate value of  for each lake level,

Table 2 shaws the resulting parameiers estimated from the survey data, Using
[hese estimates, we caleulated 1, the annual willingness to pay, which also is shown
in Table 2,

We estimated total recreation benefits by multiplying the average WTP per visitor
(Table 1) by the estimated number of visitors to Mono Lake in 1992, which was
51,592, These values are shown in Table 3. To estimate the benefits for the 6,377-01
and 6.383-T1 aliernatives, we interpolated values from the 6,375-ft and 6,390-ft

alternatives.
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Table 2. Logit Equations and Median Willingness-to-Pay
Estimates for Recreation Benefits

ResourceProgram u 8 Megizn WTF
Mano Lake
6,375 feat {Program A) 64.57 47.44 SE4.57vear
(14.08) {308
6,390 feet {Frogram B) 69,54 4744 569,54/ vear
112,501 13681
5,410 feet (Pragram C} 19,59 4744 £109.59 vear
|60 (3.6
Tributaries
40-cls program 17.64 29,25 51764/ vear
16.335] 14.67)
20- 1o B5-Cfs program 1647 2238 S16.47 vear
(3.200 1297
Grant Lake
Frogram 2 467 3.00 £4.67/day
[0.6:a) (0.44)
Cropwley Lake
Program 2 £4.96 3087 0496 year
{1415 19.79)

Tribwlaries

We conducted surveys of 197 vigitors (10 the Mone Lake tributenes during
surmumer and fal]l 1992, Using o seres of praphs that depicted average monthly
streamflows, we asked survey participants whether they would be willing to pay
into a trust fund that would be used to secure water for increasing streamflows in
the iibutarics.

Table 2. Annual Recreation Benefits (in thousands of 1992 dollars)

Lake Level Alterrative
o Mo
Respurnce Restriction  £,372-f 83774 6,383 63904 6,410-f  Diversion
Mana Lake (3,163.00 537.0 12530 2506.00 33250 15924 11,9920
Tributaries 3.3 [0.6] 3.2 51 5.6 A6 5B
Grant Lake 107.5 185:3] 199.2) 111181 243 (136.4) J65.4
Crawley Lake it (887 0.0 (266.1) (2660 (3548 (3548
Upper Cwens 224 163 42,3y (1057 (3300} (¥7EG) (V77
River
et Effect 12,9472 787 147 0XF5 0 B0 13308 1,B309
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We asked survey participants about two flow programs. The first program would
maintain flows during the spring and summer months (April through September)
at an average of about 40 cubic feet per second (efs). The second program involved
more varizble flows, moging from 20 cfs in early summer, increasing to 85 cfs in
July, and then decreasing 1o approximately 40 efs by October, (The average flow
condition maintained in recent years was approximately 20 cfs.) We believed that
these two flow programs encompassed the likely range of flows of the waler
allocation policies.

Using a process similar to the one we used {or making estimates at Eonn r.&?
we estimated the benefits of the two flow programs from bivariate logit equations
that were estimuted from the survey date. Table 2 shows the estimated parameters
in the logit equation and the median WTP per visitor for these two streamilow
DIOETAMIS,

To estimate total bencfits for each water allocation policy, we first calculated the
average benefit of a 1-foot ehange in cfs. This calculation was necessary aﬂmﬂ:mn
the average flow conditions of the lake level alternatives were substantially En:mq
{76126 cfs) than those used in the surveys; therefore, an average benefit “mult-
plier™ was needed, ]

The benefit multiplier was then used to estimaete the change in benefits, which
resulied from implementing the different water allocation policies. We 5.& the
difference in average cfs between the base condition and each of the aliernatives Lo
estimate the net change in benefits, For calculating the benefits of changes in cfs
hetween 20 cofs and 60 cfs, we used the average value per change in cfs (30.88)
derived from the 40-cfs program. For changes between 60 cfs and 100 cfs, we used
o value that wis 505 of the value for changes between 20 and 60 efs. We used this
scaling to be conservative regarding the benefits of changes in streamiflows that
were higher than those under our survey altematives. No values were nssigned for
flows above 100 cfs,

Total WTP for cach alternative was then estimated by applying the average value
per visitor for the relevant increase in average streamilows o the estimated number
of visiters 1o the lower portion of the tributarics in 1992, which was 227, ,th.m 3
shows the estimated 1otal WTP for cech of the alternative water allocation policies.

Grant Lake

We conducted surveys of 99 visitors to Grant Lake during summer 1952, We
ssked survey participants whether they would be willing to pay higher parking fees
oF an access fee (most Jake access is uncontrolled) for lake levels that would be
higher than planned for 1992, . )

Wi asked survey participants about their WTP for two reservoir water level
programs, The first program would maintiin stable reservoir levels throughout the
spring and summer months (April through September) with lake _ms”m_m between 20
foet and 25 feet above the current 1992 plan, The second program involved more
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variable reservoir levels (similar to the cemrent plan) and lake levels ranging from
12 feet 1o 25 feet above the current plan, We used a series of graphs in the surveys
that depicted the average monthly reservoir levels and descriptions of expected
reservoir conditions, including the fishery and marina access conditions.

The: benefits of the higher reservoir levels were caleulated from bivariae logit
equations estimated from the survey data. Table 2 shows the estimated puramelers
in the logit equation and the median WTP calculated from the equation.

To estimate total recreation benefits for cach water allocation policy, we first
calculated the average benefit per 1-foot change in reservoir level, This calculation
was necessary because we nceded 10 extrapolate survey results to the altemative
water allocation policies, which did not match the scenarios described in the survey.
We then used an estimate of the benefit per acre-foot o caleulate the benefits of
implementing the alternative water allocation policies, relying on the difference in
average reservoir levels between the base condition and each aliernative Lo caleulate
benefits.

Toral WTP for each alternative was then estimated by applying an average value
per visitor day o the estimated number of annual visitor days predicted for each
alternative water allocation policy. Table 3 shows the estimated total WTP for the
alternative water allocation policies,

Crawley Lake

We conducted surveys of 271 visitors to Crowley Lake, located in the Inyo basin,
during fall 1991 and summer 1992, We asked survey participams whether they
waould be willing to pay higher parking fees or an access fee (most lake access is
uncontrolied) for lake levels that would be higher than planned for 1952,

We asked survey participants about their WTP for a water level program differsnt
from what was planned. We developed three altemative water level programs and
used a split sample approach so that cach participent wos asked about only one
program to minimize confusion, The first program would maintain stable reservoir
levels throughout the summer manths (May through September) with [ake levels
approximaiely & feet above the current plan, The second program that we asked
about was to maintain the current plan instead of letring lake levels drap approii-
mately 10 feet, The third program consisted of generally higher but mare variahle
reservoir levels with levels ranging from 3 feet to 10 feet higher during most of the
season but becoming slightly lower in late September, We used a series of graphs
that depicted the average monthly reservair levels and descriptions of reservoir
conditions, including fishery, mering access, and waterskiing conditions.

We calculated the benefits of implementing the differont reservair programs from
bivariate logit equations estimated from the survey data. Table 2 shows the
estimated parameters from the logit equation and the medien WTP that was
calculated from the equation,
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To estimale total recreation benefits for each water allocation policy, we first
caleulated the average benefit per 1-foot change in reservoir level. This caleulation
was necessary becouse we needed 1o exirapolate resulls from the survey o the
alternative water allocation policics, which did not match the scenarios deseribed
in the survey. We then used the benefit per acre-foot 1o n,ﬂmamﬁ the benrefits E.
implementing the alternative waler atlocation policies, relying on E_n difference in
average reservoir levels between the base condition and eachalternative 1o calculate
benefits. )

Tatal WTP for each alternative was then estimated by applying the average value
per visitor 1o the esiimated number of visitors in 1992, which was 10,923, Table 3

shows the estimated 1otal WTP for each water alloeation policy.

Uipper Owens River

We sstimated the net benefits of the alternative water allocation policies for the
upper Owens River by applying the average vnunmm per n_.._.mamn in cfs __.w_u..mmu
derived from the teibutary streams analysis to the difference in overage (median)
streamflows hetween the base condition and the aliematives, ,_._.uE benefits were
then estimated by multiplying the per-visitor benefit by the estimated number of

visitors in 1992, which was 1,848 (Table 3.
Nanuse Benefits of Ecosystem Protection

Mono Lake's natural environment has been identified as a E,u:n. lrust resource
that the state has responsibility 1o protect for the enjoyment of its citizens. m..nnﬁwn
have different motivations for wanting to protect Mono rmwm. Hu..mnﬁﬁuc: g in
current recreation activities, such as bird watching and mﬁmaﬁunmu is one motiva-
tion that was addressed previously. Preserving the area for potential future use 1s
dnother, A third motivation is associated simply with knowing that the resources at
Mono Lake are protecied. A fourth motivation s to protect Em._nm Lake for H.__.:_n__.n
penerations to enjoy. These use and nonuse values, logether with any nn_E:._mH_&
wilues, constitute what hes been referred to as the “total economic value” of o
resource (Randall and Stoll 1983; Loomis, Peterson, and mn_ﬂ.m Em&_

We estimated the nonuse berefits of ecosystem protection using CVM. u__ﬂn
surveyed 600 California households in June 1992. The mﬁqnw..s.,.o:.ﬁh contacting
howseholds initially by telephone @ mn____a:uﬁmnmﬁmn._e.._._ mnnu_nm.mcﬂ_nw _..:E“nn.m_m
to willing participents, including & pamphlet nnmnw.__znm and visu glly depicting
Mono Lake under three alternative lake level conditions (elevations m.m”,_._.u. 6,390,
and 6,410 feet, which are referred to os Programs A, B, and C, amﬂnn:..._n_w“_“ and
conducting a follow-up interview by telephone to elicit the respondents ﬁ_,._.m. for
the different lake level and resource conditions at Mono Lake, The survey guestions
were structured in the form of 1 voter referendum. mamvuamnnmm were asked whether
they would pay specified amounts for state-sponsored honds if the revenuees would
be used o purchase additional water supplies for Mono Lake.
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Following the methodology described in Hanemann (1984) and Hanemann,
Loomis, and Kanninen (1%91), we analyzed the responses 1o the discrele-choice
contingent valuation data using a statistical model derved from an underlying
utility maximization medel, For this applicaiion, in which we were vitluing several
take level programs, we extended the standerd discrete-response model 1o allow for
the possibility of a nonzero correlation in the values that respondents place on the
various programs. We refer 1o this model as the comrelated discrete-response model,

The correlated diserete-response model was applied to the daws for Proprams A
and B. Similar 1o the conventional discrete-choice model, the starting point for the
correlated discrete-response model is an underlying (indircct) wiility function
associated with each of the outcomes, which we index with the subscript & lhe
default no-action level is labeled ¢ = 0, the improvement associated with Program
Ads labeled £ = 1, and the improvement associated with Program E is labeled r =
2. We employ the following Box-Cox formulation for the indirect utility function:

U=o,+p % +g ¢=0,1,2 2
where yis the respondents” income; &, 3, and & are parameters to be estimated with
o> (r=1,2) and § > 0; and g is 2 stochastic term reflecting the random
component of the respondents” preferences for outeome =0, 1,2, This formulation
nests other models commonly used in the literature, including the linear model,
carrespanding ok = 1, which generates the response probability formula (1) above,
The Box-Cox model also can be regarded as a form of CES utifity function in
income end lake level.

Definea) = (o, — ), b= (W), and 1, ={E —gg). Let W, dencte the réspondents’
WTP for raising the level of Mono Lake from the no-action level to level 1= 1 ar
2. It follows from (2} thar the formula for W5

H
ST - o | (3
F R e S S, 1 Y =19
W=y _”u_ g =12
Because it depends on 1, which is a random vardable, WTF is itself 2 random

variable, If the median of T, Is zero, then

|
Ea__g_:fuw-_mﬂlw“_m (=12 )

We assume that the random variables (1, 1),) are jointly normally distributed with
mean zero, variances of and a3, and correlation p. From the CV responses, one
obtaing maximum likelihood estimates of ay/a, aufay, &Gy, By, p, and L. These
estimates were obtained using a likelihood maximum routine in GAUSS. Further
details of the statistical model and the estimation are found in Jones & Stokes
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Table 4. Medel Cosflicient Estimates for Analyzing Mono Laks Ecosystem
Protection Benefits

Parameter Coefficient Estimale Standard Error Estimared t-Stalistic
Aand B

FH”.““_.___ 0.965 113 B.56
(3aa] 0129 Q.048 £,80
azlol [Bal (L.06E 1271
bfoa (0.249 D.025 9.96
) 0.871 RN ] B3.15
_...” 0,853 Lo 36.65

“.q”."mn“.._....a E 0137 0003 L.66
béa 0.135 0.070 1.91
= 0.B97 0.063 14.20

Associates [1993b). The coefficient estimates and asympiotic standard errors and
-5tatisl wn in Table 4, :
q unm_”_qm"ﬂma%ﬁ”” of computing the median __.a,_.m:.:._".:.au.n takes ralios o nmc__m_._.wmm
ayb= (o Mib/a, )] and a,/b = [{a,/g;)/(blg,)]. Using an income level of 535,000,
which is the median for the sample of respondents (and close (o the 1990 gensus),
we estimated the median WTP of the sample 10 be wmmu.m for Program A u._..__n
$110.68 for Program B. After accounting for sampling biases from nsn.E%Mm
gon-English-speaking houscholds and nonresponding houscholds, we estimat
the median WTP of the population of California residents at 58 1.50 and 391,16 for
Ji Acand B, respectively,
h uww“w mﬂm._uma_ msm_mm?ﬂq&m hmﬁﬁm_ﬁ 1o the VM survey shows that most of the
respondents regarded Program C (lake eleverion of 6,410 feet above sea _Enm.___ as
inferior to both Program A (lake elevation 6,375 feet) and Program B (lake ¢levation
£.390 feet), For this reason, we analyzed Program C separately from the other two
nﬁﬂmﬂﬂmza C, we employed the conventional, a@:!n&onuana._”E._?E..EHV
discrele-response model described in Hanemann, Loomis, and Kanninen (1991).
However, instead of the linear-logistic model employed there, we used Enmna.nu.u
formulumtion combined with normal distribution (i.e., u...u.c_.._n-wa_._:nnn _u,._u_u.:
modely. Using maximum likelihoed, the coefficient estimates are shown in
.ﬂm.w_:_.nh*:.._ﬁmﬁ WTP for the sample, estimated using the standard E:HEF and _:M
sample median income, is $26.21. The median E.mﬁ for the population, n&n__.._ﬁ.m
psing the formula that accounts for nonresponding households, is Hﬂa.au.um
estimate is consistent with the results of the survey. Many Hr"_.ﬁ.n.ﬁnn:a regarded a
lake level of 6,410 feet as undesirable and therefore were willing 10 pay :_an if
anything, to maintain the lake at this level. Survey respondents were informed that



28 THOMAS WEGGE, W. MICHAEL HANEMANMN, and JOHN LOOMIS

establishing this high lake level would submerge or topple most wia formations
and n_nm.cd.{ habitat for the snowy plover, a candidate species for state and &._E_.i_.w
protection. h
H_u estimate the total benefits of the aliernative water allocation policies, we used
estimales for the three programs described in the survey to estimate benefits for the
other policics. We used the WTP estimate for Program A (6,375 feet) 10 estimate
the benefit of maintaining that level and therefore avoiding a fall 10 subsiantiall
lower levels, To estimate the benefits of increasing the lake to Jevels m_nz.___lhm: & m.wm
feet and 6,390 feet, we used the incremental benefit of incressing the lake m.a_n
n_.mﬁ feet 10 6,390 feat (39.26) to estimate the marginal value of a 1-foo! change
in lake level, We then applied this incremental value per 1-faot change ($0.62) 10
the relevant change in elevation to estimate 1 value for each alternative .uf.m.u_n I
shows these values, o

COMPARING COSTS AND BENEFITS

Table 1 compares estimates of annualized costs and benefits for the seven lake level
alternatives. All values reporied are relative to the base condition, Three of the lake
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Figure 3. Marginal Economic Costs and Benefits of the Alternatives
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level alternatives have positive net economic benefits, and four have negative
economic benefits, The no-restriction aliernative, which would continue diver-
sions as they occurred before 1989, would decreese water and power generation
costs but also would reduce recreation benefits and result in a subsiantial loss

in ecosystem protection values, Compared to the base condition, all other

alternatives involve higher lake levels that increase weter and power supply

costs for the City.
The marginal benefis and costs associated with moving from one alternative to

another are shown in Figure 3. These marginal values can be used to identify the
alternative that maximizes net economic benefits. As shown in Figure 3, marginal
benefits exceed the marginal costs for all alternatives up to and including the
§,350-t alternative; consequently, net economic benefits are maximized by that
alternative, Because the marginal benefits for the 6,390-0 alternative are several
times greater than its marginal cost, the marginal benefits could be reduced
substantially and the alternative would still be optimal from the standpoint of
maximizing net ecenomic benefits (i.e., the marginal benefit curve would sill Tie
above the marginal cost curve),
The “robustness™ of these results is imporiant becavse a substantial degree of
uncertainty is pssociated with projecting costs and benefits over a 20-year period.
This uncerlainty is likely to be especially important for the estimate of Mone
Lake ccosystem protection benefits. Although the survey explicitly asks about
WTP higher taxes for each yeer over the next 20 years, respondents often have
difficulty projecting their WTP far into the future because preferences can
change,
The unceriainty could be sddressed by differentially discounting the ecosystem
protection values; however, as shown in Table 5, these values could be discounted
substantially without affecting the conclusion that the 6,390-ft aliemative is pre-

ferred from a net economic benefits perspective.

Tahie 5. Sansitivity of Marginal Benefits of the 6,390-Ft Altornative to Discounting
of Ecosystem Protection Benefits
(in millions of 1992 dollars)

Dhzcount Rate
Lake Level 0% 5% 0% 15%
b, 3830t 5630 541.2 529.5 5216
£, 3%0-ft $85.9 §56.2 $40.2 §30.9
Marginal Benelits 5238 515.0 5107 %62

Naoler For compasison porposes, undiscounded margl nal costs are $5.6 million
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CONCLUSIONS

This analysis shows one approach to incorporating market and environmental
values of water allocation decisions into cconomic analysis. An expanded benefit-
costanalysis framework was found uselul for identifying aliernatives with positive
net economic benefits and for identifying the altermative thal is optimal from a
perspective of maximizing net economic benefits. The approach relics on express-
ing costs and bencfits in monetary terms; important other factors, such as equity,
legal, and political considerztions, are notl considered. This tvpe of analysis,
however, does |ead to decisions consistent with welfare cconomics theory,
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