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The Imperial Irrigation District and 
the Metropolitan Water District 
(MWD) of Southern California have 
recently concluded an agreement 
which is historic because of its 
long-term nature and the volume of 
water to be transfered. Imperial will 
transfer 106,110 acre-feet of water 
to M WD annually for 35 years in ex- 
change for M WD providing funds 
for Imperial conservation projects. 
The projects are40 be completed 
by 1994 and paid for by MWD over 
a 35-year period for a total cost of 
$222 million. The effective price of 
water to Metropolitan will be about 
$100 per acre-foot per year. 

Proposals for alternative uses for 
these funds could become a major 
source of conflict within the Impe- 
rial district. Three potential policies 
are examined in this article. At 
present, Imperial receives and con- 
trols the funds, but the district is 
contemplating ways to allow dis- 
trict landowners and farm opera- 
tors to receive funds directly. 

Water transfers have been pro- 
moted as voluntary transactions in 
which there can be no losers. But 
decision-making within water dis- 
tricts is collective in nature, and 
intra-district conflict may arise. In- 
dividual members of districts may 
have reason to oppose transfers, 
and aggregate benefits may not be 
realized. 

In California, competition for scarce water 
resources among urban and rural water 
users and among rural irrigation districts 
has had a long and colorful history. To- 
day, in the 1990s, water transfers from ag- 
ricultural to urban regions have been pro- 
posed as a possible solution to water 
shortages. Such “water transfers” can refer 
to water trades, water markets, water ex- 
changes, water banks, or any other idea to 
save, create, or allocate water by treating 
water as an economic good. 

Competition among users within the 
same district or between individual dis- 
trict members and the district entity itse€f 
has been a less visible topic. Water trans- 
fers may in- 
troduce new 
sources of 
conflict 
within a wa- 
ter district: 
What sources 
of water 
within the 
district will 
be available 
for transfer? 
And who 
within the 
district will 
benefit by the 
transfer? 

Water trades may raise the price of im- 
gation water; as a result, farmers may suf- 
fer a decline in net income from farm op- 
erations. To compensate them for the 
decline in net income, revenues earned 
from the transfer can be directly rebated to 
district members. Or, to lower the effective 
price of water, revenues can be invested in 
conservation, which may include district- 
level projects controlled by the district‘s 
management or farm-level projects under- 
taken by individual farmers. 

Here, we look at the farm-level eco- 
nomic effects of the water transfer be- 
tween the Imperial Irrigation District and 
the Metropolitan Water District of South- 
em California. We take on the point of 
view of an individual farmer within Impe- 
rial. The water district is comprised of 
members who are not homogeneous in na- 
ture and who may not all benefit from the 
water transfer. Those who perceive them- 

selves as incurring losses have reason to 
oppose the transfer. 

Water transfer agreement 
Two districts in Southem California 

have recently concluded a water transfer 
agkeement. The Imperial Irrigation District 
is a large irrigated agricultural area of 
500,000 gross acres near the border of 
Mexico. Imperial diverts 2.5 million acre- 
feet per year from the Colorado River. Im- 
perial farms contribute about one-half bil- 
lion dollars in gross income to the California 
farm economy. Field crops use 85% of the 
water and provide 55% of the value of 
farm output. Garden and permanent crops 

use 15% of the 
water and pro- 
vide the other 
45% of the value 
of farm output. 

The Metro- 
politan Water 
District of south- 
em California is 
a wholesaler of 
water to retail ur- 
ban water dis- 
tricts in Los An- 
geles, Orange, 
and San Diego 
counties. Total 

water use in the Metropolitan service area 
by 14 million customers is 3.7 million 
acre-feet. Up to 1.2 million acre-feetare 
diverted from the Colorado River. 

met in April 1984 to negotiate a water 
transfer. By September 1985, a tentative 
agreement was reached between the two 
boards of directors. Metropolitan would 
pay for district-level conservation facilities 
in Imperial, and Metropolitan would re- 
ceive in exchange the water that would be 
saved. The transfer volume was to be 
100,000 acre-feet per year for 35 years. The 
transfer price was to be $100 per acre-foot. 
The annual payment from Metropolitan to 
Imperial was to be $10 million, or $350 
million over the life of the contract. A se- 
ries of public meetings were held through- 
out Imperial to showcase the tentative 
contract. In the face of stiff opposition, the 
Imperial board formally voted not to ratify 
the agreement. 

Imperial and Metropolitan officials first 
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Negotiations were later re- 
opened and a final agreement 
was reached and signed in De- 
cember 1989. The new agree- 
ment allows Imperial more flex- 
ibility in the choice of conserva- 
tion projects. The volume of 
water to be conserved and made 
available is 106,110 acre-feet per 
year for 35 years. The payments 
are estimated in 1988 dollars to 
be $98 million over 5 years for ir- 
rigation system improvements 
and on-farm water management 
in Imperial, $23 million to offset 
indirect costs of the project, $10 
million for operation and main- 
tenance and an additional $2.6 
million a year for 35 years for 
maintenance, operations, and li- 
ability costs. The project is to be 
completed in 1994 at a total cost 
to MWD over 35 years of $222 
million (according to MWD engi- 
neer Jan Matusak). The transfer 
represents the first major new water sup- 
ply for MWD in 25 years. 

Federal legislation has also been passed 
that gives Metropolitan the authority to fi- 
nance and construct additional projects in 
Imperial. Senate Bill 795 became public 
law in October 1988. No profits for Impe- 
rial are required by the legislation. The 
federal legislation mirrors the California 
water doctrine of physical solution. If a 
claimant maintains that long-established 
methods of using water by a second claim- 
ant are wasteful, then the claimant may 
look for some physical solution at his own 
expense that preserves existing water 
rights. The claimant in this case would be 
Metropolitan claiming that Imperial had 
been wasteful. The federal legislation in- 
cludes the safeguard that Imperial can ob- 
tain use of the conserved water, if needed, 
or even exercise the right to be the sole 
participating contractor for the project. 

imperial farmers 
A survey of Imperial farmers was con- 

ducted and programming models were 
constructed to simulate how individual 
farmers within Imperial may respond to 
the water transfer. 

A representative survey of Imperial 
farmers was conducted with in-person in- 
terviews by two-member teams. A strati- 
fied random sample was employed so that 
the farms selected were ordered roughly 
by size. Data collected included crop acre- 
age, water use, average production costs, 
and average net income. Of the 31 opera- 
tors in the completed survey, 26 grew 
wheat, 21 cotton, 26 alfalfa hay, 17 
sugarbeets, and 11 garden and permanent 
crops. The farmers surveyed operated on 
58,780 gross acres of land and used 

320,200 acre-feet of water or about 12% of 
the land and water used annually by agri- 
culture in the district. 

The survey was taken several years 
ago, and changes in the crop mix have oc- 
curred in the intervening years. Cotton has 
almost disappeared from the Imperial dis- 
trict due to the development of resistance 
by cotton pests to pesticides. 

Gross incomes in Imperial range from 
$70 per acre-foot for alfalfa to $2,400 per 
acre-foot for garden crops. The average 
gross income from farm operations was 
$240 per acre-foot; average net income was 
$50 per acre-foot. Most of the higher-risk, 
higher-income garden and permanent 
crops were grown on rented land. Farm 
size, farm water'use, and percentages of 
acres owned and acres in garden and per- 
manent crops are shown for each survey 
farm in table 1. 

Farm production is characterized by 
decreasing marginal physical product and 
increasing risk as output levels increase. 
Individual farm access to irrigation water 
is not restricted and is allocated solely by 
price. We assume that the behavior of the 
farm operators, as observed in the survey, 
is the optimal behavior, and that mar@ 
net income from the last acre-foot of water 
applied on each farm is zero. Average cost 
data and observed output quantities were 
used to construct marginal cost functions 
and profit functions for each of the 31 sur- 
vey farms. Profit functions then were de- 
veloped into farm-level quadratic pro- 
gramming models for each survey farm. 

Policy responses 
We can use farm-level models to esti- 

mate the price elasticities of demand for 

Workers install automated, non-leaking alumi- 
num gates in place of older wooden structures, 
a conservation project funded by the recent 
water transfer agreement between IID and 
MWD. 

irrigation water. Elasticities measure the 
responsiveness of changes in demand for 
irrigation water to changes in the price of 
water. Price elasticities indicate the degree 
to which policies based on changes in price 
may be effective in managing demand. 

The price of water in the survey was 
$7.50 per acre-foot. The elasticities were 
estimated at -0.32 over the price range 
from $7.50 to $15, -0.53 from $15 to $22.50, 
and -0.63 from $22.50 to $30. A negative 
price elasticity indicates that demand for 
irrigation water by farmers will decrease, 
given an increase in the price of water. The 
elasticities obtained from the farm-level 
models are consistent with elasticities 
from models constructed from regional 
data. Results indicate that the availability 
of water associated with water markets 
could be substantial because higher prices 
are increasingly effective in reducing de- 
mand. 

We have identified for Imperial three 
district policy responses that are available 
to implement the water transfer. Each 
policy is characterized by the post-transfer 
supply of irrigation water, the price for 
water charged by Imperial, and the aggre- 
gate demand for water by farm operators. 
The policies are labeled expanding the re- 
source, negotiated certificates, and main- 
taining the resource. 

First, engineering data on the costs of 
conservation were used to determine the 
effects on the post-transfer water supply 
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available to the survey farmers under each 
district policy. Next, the farm-level models 
were used to determine the aggregate de- 
mand for water by survey farmers. The 
appropriate price of water to be charged 
by Imperial under each policy is the price 
that equates aggregate demand with the 
post-transfer supply. Then, we determined 
for each survey farm the production im- 
pacts and income effects under each policy 
response. Net farm income is derived from 
three sources. The farm-level models esti- 
mate net income from farm operations as a 
function of the price of water. Each farm 
operator is also assigned a share of the wa- 
ter district's operating costs and revenues. 
Each farm operator, depending on the 
policy response, may also share in the 
transfer revenue. Aggregate supply results 
and the price of water, for each policy re- 
sponse, are shown in table 2. Aggregate 
benefits to survey farmers under each 
policy are shown in table 3. 

is to invest all transfer revenues into dis- 
trict-level conservation projects. Projects 
available to expand the resource include 
spill systems, canal seepage control, regu- 
latory reservoirs, and lining the main di- 
version canal from the Colorado River. 

Expanding the resource. One policy 

Conservation costs range from $16 to $212 
per acre-foot per year each year for saved 
water. 

The share of the transfer from the sur- 
vey farms is 12,500 acre-feet. Diversions 
from the Colorado River for the survey 
farmers are reduced by 4%, from 358,000 
to 345,500 acre-feet. But the efficiency of 
the water delivery system may be in- 
creased by conservation so that deliveries 
to the farm gate actually expand. Current 
rate of delivery losses in Imperial, based 
on engineering studies, is 11 % of diver- 
sions. Conservation can potentially reduce 
delivery losses to 4% of diversions. The 
net effect is that deliveries may increase by 
3%, from 320,200 to 333,000 acre-feet. The 
effective price of water, as shown in table 
2, drops to $5.35 per acre-foot. 

Expanding the resource is the policy 
advocated by the Imperial board of direc- 
tors. District plans do not involve any type 
of compensation or distribution of the 
transfer revenues directly to farmers. Ag- 
gregate net gain for the survey farmers 
compared with the pretransfer case is only 
$82,000. Net gain under this policy is 
about $6 per acre-foot of traded water or 
about $2,600 per farm. Costs of conserva- 
tion are much greater than the marginal 
value of crop production. 

Negotiated certificates. Rodney 
Smith has proposed in the Journal of Policy 
Analysis and Management (1989) a version 
of water rights he labels "negotiated cer- 
tificates." (See p. 8.) Farmers are provided 
direct incentives to idle land or shift their 
crop mix. Water saved from these actions 
is used to fulfill the transfer contract. The 
Smith plan is consistent with current irri- 
gation law, retains marginal cost pricing 
of water, and provides an economic ra- 
tionale for the distribution of compensa- 
tion. 

First, district water rights are appor- 
tioned among district members on the ba- 
sis of assessed valuation of land excluding 
improvements. Each player is awarded 
one certificate for each acre-foot of that 
player's share of water rights. 

Next, the water district needs to ac- 
quire enough certificates to fulfill the 
terms of the transfer. Each member of the 
district makes a tender offer to the district 
for the number of certificates that player is 
willing to give up. The compensation to 
the member will be a proportional share of 
the transfer revenue. If more shares are 
tendered than needed, the acceptance of 
shares will be pro-rated. The payment is in 
cash directly to members. 

There is no investment in conservation 
under this policy. Deliveries are reduced 
from 320,200 to 309,000 acre-feet. The wa- 
ter price rises from $7.50 to $8.90 per acre- 
foot. Net income of survey farmers is in- 
creased by $1.234 million. Net gain is 

about $99 per acre-foot of traded water or 
$39,800 per farm. 

Maintaining the resource. The third 
policy is to invest only some transfer rev- 
enues into conservation projects. The goal 
is to maintain net water deliveries to sur- 
vey farmers at the pretransfer level of 
320,200 acre-feet. Lower diversions due to 
the water transfer are offset by higher de- 
livery efficiency due to conservation. The 
trade reduces water diversions from 
358,000 to 345,500 acre-feet. About one- 
fourth of transfer revenues are invested to 
reduce delivery losses to 25,300 acre-feet. 
Remaining revenues are paid directly to 
farmers. 

The water price is maintained at $7.50 
per acre-foot. Aggregate net income of the 
survey farmers increases by $941,000. Net 
gain under this policy is about $75 per 
acre-foot of traded water or $30,400 per 
farm. 
Rejected policy 

The gain in aggregate net benefits un- 
der the policy of negotiated certificates 
may approach 10% of aggregate net farm 
income. Yet action, such as idling land, has 
been rejected by the Imperial board as 
only a last resort to fulfilling the transfer 
contract. We look at how individual farm- 
ers may respond to the water transfer poli- 
cies and whether the farmers' collective 
choice of the policy response is consistent 
with the board's preference. 

The policy response most preferred by 
an individual farmer is that policy among 
the four that yields the most net benefits to 
that farmer. The least preferred is the 
policy that yields the least net benefits. For 
each survey farm, we determine net farm 
income under each policy and compare 
the results to determine the preferred 
policy. 

The policy of expanding the resource, 
as shown in table 3, is the most beneficial 
for the 11 farm operators who rent smaller 
tracts of land and grow mostly lower-risk 
field crops. As a group, they own only 5% 
of the land they operate and devote only 
9% of that land to garden and permanent 
crops. The policy of negotiated certificates 
is most beneficial for the 11 farmers who 
own about 83% of the land they operate 
but devote only 5% of the land to garden 
and permanent crops. The policy of main- 
taining the resource is the most beneficial 
for the nine farm operators who rent 
larger tracts of land and who include in 
their crop mix higher-risk and higher-in- 
come garden crops. 

Benefits from trade under negotiated 
certificates (the Smith policy) are distrib- 
uted much less evenly than under the 
other two policy responses. (For additional 
discussion, see (See p. 8.) As shown in 
table 3,17 survey farmers, more than half 
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IIDs Imperial Dam has a water-purifying function, cleansing the Colorado River water of silt. 

of the members surveyed, would incur a 
loss from the water transfer under the 
Smith policy and would be worse off com- 
pared with their pretransfer situation. The 
Smith policy has a bias towards landown- 
ers and against renters. Landowners will 
receive direct compensation because the 
trade benefits are distributed based on 
land values. Operators who rent land will 
receive no direct compensation and will be 
penalized through higher water prices. 
Conservation-oriented policies are accept- 
able to renters because farm operators can 
benefit from less expensive irrigation water. 

In the short run, losses under the Smith 
policy provide a reason for renter-opera- 
tors to oppose water transfers. In the long 

run, the magnitude of the losses may be 
offset by downward adjustments in land 
rental rates due to market factors or by 
shifts away from water to other farm in- 
puts such as labor or capital. In any case, 
there is no provision for renter-operators 
to share in the transfer revenues or to 
have a reason to actively support water 
transfers. 

Conclusions 
The concept of combining water trans- 

fers with direct farm-level incentives was 
not adopted with the Imperial-Metropoli- 
tan trade. Attempts to develop direct 
farm-level incentives were initiated in 
1991 with consideration in the California 

Legislature of Assembly Bill 2090. The bill 
would allow farmers to individually nego- 
tiate to sell water outside of district 
boundaries. 

This study shows that direct farm-level 
incentives, although complicated and dif- 
ficult to implement, are needed to increase 
the aggregate benefits from water trans- 
fers. Based on direct incentives, we may 
envision that the number of certificates 
tendered would be many multiples of the 
number needed. The Imperial transfer is to 
be 106,110 acre-feet per year at about $100 
per acre-foot. The regional model of Impe- 
rial implies that a transfer price as low as 
$25 would encourage farmers in Imperial 
to tender certificates for 1 million acre-feet. 
The Smith plan, if ever it were tried, 
would provide a solid test of claims by 
water policy reformers that desire and po- 
tential exist for much larger water trans- 
fers than are being discussed. 

The study also uncovers reasons for 
substantial opposition to the Smith plan. 
We used farm-level survey data to provide 
a richer base of information than an aggre- 
gate model using regional data. The aggre- 
gate models ignore that water districts are 
composed of members with different cir- 
cumstances and preferences. More than 
half of the farm operators would be worse 
off under the Smith plan than if the water 
market were not implemented. Districts 
may need to implement sharing rules to 
lessen the conflict between landowners 
and renters. 

In the face of AB 2090, the challenge to 
district management is twofold. The dis- 
tricts will want to encourage landowners 
to maintain collective rather than indi- 
vidual bargaining positions, to maximize 
aggregate transfer revenues. At the same 
time, the districts must consider imposing 
sharing rules on landowners, to lessen op- 
position within the district from renters. 

Policies oriented towards district-level 
use of the transfer revenues are easier to 
implement, so that direct farm-level incen- 
tives may not evolve. The collective choice 
to invest all transfer revenues into district- 
level conservation projects implies that the 
water district may be unable to take full 
advantage of the potential benefits to be 
earned from water transfers. 
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