Potential economic impacts

of irrigation-water reductions estimated

for Sacra mento val Iey This article is drawn from a longer Agricultural Issues
Center report, “Economic Impacts of Irrigation Water

Hyunok Lee 1 Daniel Sumner 1  Richard Howitt Cuts in the Sacramento Valley.” The full report may be
- ordered for $12 from AIC by calling (530) 752-2320.

In the Sacramento Valley, irriga-
tion water is vital to agriculture
and agriculture is vital to local
economies. This study investi-
gates these relationships by ask-
ing: If surface irrigation water
were cut by 25%, what would be
the economic impacts on farmers
and on communities? The study
results indicate that the effects
would not be uniform across
crops and the eight counties in
the Sacramento Valley. In most re-
gions and for most crops, a cut in
irrigation water would cause a
modest acreage reduction of up to
3%. Overall crop-revenue losses
for core regions would total $8
million while the loss for the en-
tire Sacramento Valley would be
$11 million. About 80% of those
losses would take place in poorer
counties that depend most heavily
on agriculture, and particularly on
rice. However, in response to
surface-water reductions, farmers
and others would mitigate their
losses by making adjustments
such as conserving water, chang-
ing cropping patterns or imple-
menting new technologies. -

We all know that water is impor-

tant. In particular, water is an
essential input for farm production,
and California farmers have faced
some severe shortages. As water be-
comes more scarce, farmers act to
minimize their losses by adopting
water-conserving technologies, shift-
ing from more water-intensive crops
to less water-intensive crops, or in-
creasing their reliance on ground- = 44 r
water. These agricultural effects trans-  The authors constructed a model to estimate the economic impacts of a 25% cut in
late through the rest of the economy. surface irrigation water in the Sacramento Valley.

Jack Kelly Clark
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This paper analyzes the effects of
reduced irrigation water supply on the
economies of the Sacramento Valley
region. The specific economic vari-
ables examined are changes in acre al-
locations, farm revenues and general
economic health of the county, includ-
ing personal income and employment.
The study area includes Butte, Colusa,
Glenn, Sacramento, Sutter, Tehama,
Yolo and Yuba counties. All these
counties have large farming industries
and, except for Sacramento and Yolo
counties, agriculture is a dominant in-
dustry. The importance of agriculture
throughout the region underscores the
importance of irrigation water supply.

Reducing the supply of irrigation
water will be felt first at the farm. In
response to less available and prob-
ably more costly water, farmers alter
their production patterns by adjusting
their input use and output production.
Fewer acres cropped and lower farm
revenue reduce the region’s commer-
cial activities and overall county per-
sonal income. By calculating these
“multiplier effects,” we trace the im-
pact of potential irrigation water re-
ductions through to the broader re-
gional economy. Although some
calculated impacts, such as on crop
acreage and county revenue, are in the
single-digit percentages, such declines
can have broad economic implications
for an entire region.

Our analysis of a hypothetical
surface-water reduction utilizes an
economic simulation model based on
past behavior and profit-seeking by
farmers. We consider a scenario of an
arbitrarily chosen 25% cut in surface
irrigation water to which one response
is a 10% increase in groundwater use.
(Effects on groundwater recharge and
quality were not considered.) Finally,
the time period considered in our
model to adjust from one equilibrium
to another is regarded as an intermedi-
ate run with the length of 2 to 3 years.

Economy of Sacramento Valley

The eight Sacramento Valley coun-
ties contain almost 7% of the state’s
geographic area and 5% of its popula-
tion. The population is denser in the
two more urban counties, Yolo and
Sacramento. These counties also domi-

nate the region’s economy. Personal
income in Sacramento County ac-
counts for 70% of the Sacramento
Valley’s total personal income, $31 bil-
lion, and together with 10% for Butte
County and 9% for Yolo County, ac-
counts for almost 90% of the Valley’s
total personal income. (All our de-
scriptive statistics are, unless men-
tioned, in 1992 figures.) Colusa and
Glenn counties account for only 1%
each, the lowest share. (Personal in-
‘come of a county is the sum of wages
and salaries earned, and the value of
products produced by county residents.)
Wide variations in per capita per-
sonal income also exist between coun-
ties. Although per capita personal in-
comes of all eight counties are below
the state average of $21,348, Sacra-
mento and Yolo counties closely fol-
low the state level. The rest of the
counties fall between 60% and 90% of
the state’s average. In fact, Tehama
and Yuba counties are among the
poorest in California with per capita

personal incomes ranking 56th and
57th out of 58 counties.

From the perspective of our study,
it is useful to know each county’s eco-
nomic reliance on agriculture. For this
measure, the sales value of farm prod-
ucts is calculated as a ratio of personal
income in that county. Colusa and
Glenn counties, with shares of 54%
and 46%, show the largest relative
scale of farm economy and Sacra-
mento County, with 1%, the lowest
share. The rest of the counties range
between 6% and 17%. In general, the
counties characterized by higher agri-
cultural shares in their personal in-
comes are the lower per capita per-
sonal income counties. Therefore, any
disruption of agricultural production
may have relatively greater impacts on
the economies of counties that rely
heavily on agriculture.

Crop production and irrigation

The Sacramento Valley is endowed
with natural water resources. The sur-

TABLE 1. Water use by source and overall water reduction under a 25% surface-water cut
and 10% maximum groundwater increase

Water use in 1992

Overall water

Source reduction under

Total water Groundwater Surface water hypothetical scenario®
1,000 aft 1,000 af % share 1,000 af % share %

Region 2: Far North 543 396 0.73 147 0.27 0.0

Region 3: Northwest 1,234 402 0.33 832 0.67 13.6

Region 4: Sacramento River 958 304 0.32 654 0.68 13.9

Region 5: Northeast 2,040 900 0.44 1,140 0.56 9.6

Region 6: Yolo-Solano 1,029 634 0.62 385 0.38 34

Region 7: Southeast 651 269 0.41 382 0.59 10.5

Region B: Sac—San Joaguin 1,124 943 0.84 181 0.16 0.0

*Numbers represent the impact of reducing surface water by 25% and increasing groundwater by 10%. For
regions 2 and 8, zero reduction is shown because 10% of groundwater is more than 25% of surface water.

tAcre-feet.

Source: DWR 1994, with reported aggregate numbers constructed by authors.

TABLE 2. Acreage response to a 25% cut in surface-water availability

Region2 Region3 Region4 Region5 Region6 Region7 Region8

Far North Northwest Sac. River Northeast Yolo-Solano Southeast Sac.-S.J.
Pasture -1.2 -27.2 -9.7 -0.05 -13.6 -6.9 0.5
Alfalfa hay 0t -4 -0.8 1.4 -2 -0.7 0.3
Sugarbeets -0.1 -1 -0.6 0 -0.6 -0.3 0
MNongrain field crops® -0.5 2.7 0.6 2.4 -1.9 0.1 0.3
Rice -0.4 -4 -3.1 -1.1 -2.2 -1.4 -0.1
Vegetables 0 -0.1 0.1 -0.1 0.04 0
Tomatoes —t -0.6 -0.2 0.2 -0.4 -0.1 0.01
Fruits, nuts -0.6 -0.3 -0.1 0 -0.2 -0.1 0
Small grainst — -0.6 6.3 8.5 -1.9 2.4 -0.4
Subtropical orchards§ 0 -0.2 - 0.01 - - -
Total -0.4 -3.1 0 -2.1 -2.5 0

*Nongrain field crops include field corn, dry beans, oilseeds and miscellaneous hays.
10" means no change; “—" means not relevant or no production.

$Small grains include wheat, barley, etc.
§Subtropical orchards include kiwifruit and olives.
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rounding mountains and its five major
rivers provide abundant water sup-
plies. With these natural advantages,
this area has developed major agricul-
tural industries. The Sacramento Val-
ley grows a wide variety of crops in-
cluding the two most important, rice
and orchard crops (almonds, walnuts,
stone fruits and olives), as well as
wheat, alfalfa hay and vegetables.

Rice. Rice accounts far almost 30%
of the crop acreage and provides 25%
of total crop revenue in the Sacra-
mento Valley. Except for Tehama and
Sacramento counties, the Valley is one
of the nation’s major rice-producing
areas with more than 90% of
California’s rice land. The rice crop is
the single largest irrigation water user
in the state, and also the most intense
user on a per-acre basis. Rice uses 6.7
acre-feet while some crops such as
grapes use as little as 1.3 acre-feet
(DWR 1994).

Orchards. Orchards account for
22% of all crop acreage in the Valley.
The economic significance of orchard
crops is substantial in all counties. The
farm revenue share of orchard crops
ranges from 91% in Tehama County to
16% in Yolo County, with an overall
44% share in the Sacramento Valley.

Vegetables. Vegetables, which
supply 18% of the Sacramento Valley’s
crop revenue, are economically impor-
tant in Colusa, Yolo and Sutter coun-
ties. Yolo County, the most important
vegetable producer in the Valley, re-
ceives more than 50% of county crop
revenue from vegetable production,
primarily from processing tomatoes.

Agriculture in the Sacramento
Valley is relatively more irrigation-
intensive compared with the rest of
the state’s farmland, accounting for
about 30% of the state’s entire agricul-
tural water use over roughly 23% of its
total irrigated crop area. Irrigation wa-
ter is supplied to the Sacramento Val-
ley mainly from five sources (listed in
descending order, by volume):

& Groundwater supplies almost half
of the irrigation water in the Sacra-
mento Valley.

m Local surface supplies, including
natural rainfall and captured run-
off, are the second largest source.

m CVP settle-
ment and ex-
change water
goes to those who
hold pre-1914 wa-
ter rights and have a
project water supply
arising from settlement

agreements.
m State Water Project water
comes from California’s state-
owned and -operated water
project.
B Central Valley Project (CVP) water
is delivered under federal contracts.

To identify the water sources in the
Valley, we use seven hydrologic re-
gions, as defined by the California De-
partment of Water Resources (DWR)
(fig. 1). (The water data are available
only by region.) Groundwater and lo-
cal supplies are the major sources for
almost all regions. The CVP and state
project deliveries are relatively less
important, except for region 5, which
receives all its water supply from this
state source. These five supply sources
are further combined into two broadly
defined sources, surface water and
groundwater (table 1). These sources
supply 51% and 49%, respectively, of
the Sacramento Valley’s irrigation
water.

Modeling water cuts

Our model of a 25% cut in surface
water first alters the way farm re-
sources are allocated among compet-
ing crops. Importantly, cropland is re-
allocated and irrigation water is
redistributed in order to minimize the
reduction in profits. To investigate
these links, we adopted the Central

D Central Valley: 21 CVPM regions

|:| Sacramento Valley regions

Fig. 1. The Central Valley Project
Model (CVPM) was developed by
the California Department of Wa-
ter Resources. The Sacramento
Valley includes seven of the

21 CVPM regions.

Valley Project Model (CVPM) that was
initially developed by DWR for such
analyses (Bureau of Reclamation 1997;
DWR 1994).

This model is based on an optimiza-
tion technique known as positive
mathematical programming (PMP).
The most important aspect of the PMP
technique is that it allows marginal
conditions to vary while average con-
ditions calibrate to the base-year data.
In other words, PMP uses the ob-
served acreage allocation to derive a
net revenue relationship that has a de-
creasing return per acre as the crop
acreage expands in a given region.
This decreasing return calculation is
based on what we know from experi-
ence to be actual returns in this region.
Decreasing crop profitability is mostly
caused by the decreasing availability
of quality land. The model assumes
that farmers are fully aware of land ef-
fects and that they allocate crops to
maximize expected profits from a
farm. This changing profitability is
contrasted to other optimization mod-
els that assume a fixed profitability
(Howitt 1995). The model used for our
analysis consists of an objective func-
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Orchards account for about one-fifth of the
crop acreage in the Sacramento Valley, but
are not expected to cause major revenue
losses following an irrigation water cut.

tion, resource constraints and an irri-
gation technology equation.

The objective function maximizes
the sum of net producer revenue and
net consumer benefits. Net revenue is
defined as total sales revenue minus
irrigation costs and other variable
costs. Resource constraints consist of
two sets, constraints on total irrigation
water available and constraints on to-
tal cropland available. A variety of
crops are aggregated into 10 categories
(table 2). Because of their dominance
and economic importance, individual
crops such as rice and tomatoes are
separated out as individual categories.

Water transfers. The model allows
water transfers within a region, but al-
lows no transfer across the region
boundary. These regions are relatively
homogeneous, but may include sev-
eral water districts and parts of more

than one county.
In reality, water is
in general not
fully transferable
within a local re-
gion and may be
partly transferable
across regional
boundaries. While
our two assump-
tions on transfer-
ability may be off-
setting, we think
the economic im-
pacts may be un-
derestimated
slightly due to our
configuration of a
region that encom-
passes many water
districts. Water
trading is also an
important as-
sumption.
Zilberman et al.
(1994) examined
the economic im-
pact of water cuts
in the Central Val-
ley under the sce-
nario of water
trading and
showed that the
economic loss due to a water cut can
be reduced more than 50%.

Efficiency improvements. The
analysis allows for the fact that farm-
ers can adjust to a water shortage by
increasing efficiency of their irrigation
systems but only at a significant cost.
Irrigation systems in the Sacramento
Valley have been steadily improved in
recent years, and the model assumes
that additional gains are possible and
would be made if water were even
more scarce. In our model, farmers re-
spond to the water cut by adjusting
irrigation-systems costs and associated
applied water or irrigation efficiency.
However, these two water-associated
inputs are related through a technical
constraint, a constant elasticity of sub-
stitution isoquant that governs the
trade-offs between system costs and
water efficiency. Subject to this con-
straint, farmers choose water-related
inputs (along with other inputs) to
maximize their profits.
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Prices. Output and input prices are
treated as constants. Possible price ef-
fects of changes in crop output result-
ing from the 25% cut in water supply
are not included (they are expected to
be quite small). For example, even
though the study area produces much
of the national output of japonica rice,
projected effects on global and local
rice prices are expected to be small be-
cause supply shifts are limited to only
1% or 2%. The consequence of the con-
stant price assumption in our applica-
tion is that net consumer effects are
quite small.

CVPM regions. The CVPM is based
on geographical units, called CVPM
regions, that are configured by DWR
in accordance with water distribution
channels and the construction of
DWR'’s water data. The Sacramento
Valley includes:

m Region 2, Far North (mostly
Tehama County).

m Region 3, Northwest (mostly Glenn
and Colusa counties).

® Region 4, Sacramento River (mostly
the river areas of Colusa and Sutter
counties).

m Region 5, Northeast (Butte and
Sutter counties and part of Yuba
County).

m Region 6, Yolo-Solano (Yolo and
Solano counties).

m Region 7, Southeast (northern Sac-
ramento County and southwest
Placer and Yuba counties).

m Region 8: Sacramento—San Joaquin
(most of Sacramento County and
northern San Joaquin County).

Scenario. In our model, we hypoth-
esize the following water-reduction sce-
nario. Surface water (including CVP,
state and local water) is reduced by
25%, but this reduction is accompa-
nied by an increase in groundwater
use by a maximum of 10% from 1992
levels. We chose 1992 as a base year
because (1) cuts in irrigation water
represent policy options that may be
more likely considered and adopted
during the drought periods, and (2)
1992 represents the most recent
drought year. One reaction to a surface-
water cut may initially be increased
use of groundwater. However, avail-



ability of groundwater for further
pumping is limited. In order to reflect
this situation, the scenario allows the
additional supply of groundwater but
is limited to a maximum of 10%. We
believe our 10% assumption is reason-
able, but it may exclude the situation
that prevails under a severe extended
drought (table 1). To reflect the sensi-
tivity of the model results to the differ-
ent reference periods, our original re-
search (Lee et al. 1999) considers an
alternative base period. Altering the
base period causes no major changes
in results.

Model responses to reductions

In our model, each region responds
to the surface-water cut in an optimal
way depending on its water situation
and pattern of agriculture. In general,
there are three ways that a farmer can
respond. First, the farmer can alter the
crop mix, toward a higher proportion
of less water-intensive crops or higher
value crops. Second, the farmer can
apply less water. Third, the farmer can
make an investment in technology that
improves water efficiency (indicated
by positive water-systems costs).
These responses are all aimed at mini-
mizing the reduction in farm net in-
come resulting from the irrigation wa-
ter cut. Our model allows all three
options and finds a combination of re-
sponses that minimizes the net income
loss (Bureau of Reclamation 1997).

Table 2 presents our model results
on the changes in acreage under the
25% water-cut scenario. Some effects
are dramatic. In the Northwest region,
irrigated pastureland falls by 27%.
There are also cases where acreage in-
creases. In most regions and for most
crops, a cut in irrigation water causes
an acreage reduction of up to 3%.
However, this rate of reduction seems
to be relatively modest, given the
13.6% water cut (table 1). Farmers are,
therefore, likely to respond to a water
cut mainly by adjusting their cropping
patterns, rather than retiring acreage.
Among all crops, pastureland has the
largest proportional acreage cut. Crops
such as vegetables and orchard crops,
with high value per unit of water, ex-
perience little acreage reduction. Fur-
thermore, increases in area planted

tend to occur more often with field
crops and small grains that require
relatively little water. These adjust-
ments are consistent with profit maxi-
mization. When there is a constraint
placed on input, in this case water,
production tends to shift from more
water-intensive crops to less water-
intensive crops.

Our model also allows for an ad-
justment of irrigation systems. As sur-
face water becomes scarce, farmers im-
prove irrigation systems, increase
water efficiency and apply less irriga-
tion water (table 3).

For most crops, the optimal input
mix is higher systems costs with lower
water applications. Among all crops,
rice shows the largest proportional in-
crease in water-systems costs, simulta-
neously with the substantial cut in ap-
plied water per acre. The impact of the
surface-water reduction depends on
the region’s groundwater availability.
As expected, improvement in irriga-

tion systems is more pronounced in re-
gions 3, 4, 5 and 7 where surface water
is a more important source than
groundwater, while smaller adjust-
ments are realized in regions that rely
more heavily on groundwater. The Far
North and Sacramento-5San Joaquin
regions rely heavily on groundwater
in their irrigation water supplies (table
1). This implies that the effect of the
25% surface-water cut in these regions
is relatively small and we may expect
smaller impacts on agriculture than in
other regions (table 3).

We do not present regional farm-
revenue for effects by crop here, but
the major revenue loss in most coun-
ties occurs with rice; the Northwest re-
gion loses $4.2 million of rice revenue,
and regions 4, 5 and 6 also experience
large losses. As expected, vegetable,
fruit and nut revenues are harmed the
least by the surface-water cut across
regions, and in some cases revenues
actually increased for these crops.

TABLE 3. Percent changes in water-related variables in response to a 25% cut
in surface-water availability*

Nongrain Fruits Sub-
Alfalfa Sugar- field Vege- and Small tropical
Pasture hay beets crops Rice tables Tomatoes nuts grains orchards
Appl. water -1.1 -1.3 0.5 0.8 = =12 0.4 — 1.1 -1.4 -1
Region 2 IS cost 21 26 -1 1.7 6 -1 — 2.4 e | 2.4
Far North  Water effi.t 1.1 1.3 -0.5 0.9 12 -04 — : [ | 1.4 11
W-rel costs -0.3 -0.2 -0.2 02 -06 -03 — 3.2 0.9
Appl. water -45 -10.3 -6.5 -74 -109 -96 -7.2 -9 -6.6 -8.8
Region 3 IS cost 9.4 239 1641 158 643 282 20.4 24 29.6 24.1
Northwest Water effi. 4.7 11.4 7 8 123 10.6 7.7 9.8 7 9.7
W-rel costs  -0.7 0.9 58 4 3 11.6 5.8 10.1 19.7 11.2
Appl. water -21.9 -22.4 -13.1 -15 -15.4 -19.7 -146 -16 -5.4 —_
Region 4 IS cost 64.4 67.4 41.4 41 976 744 52.9 512 232 —_—
Sac. River Water effi. 28 28.8 15.1 17.7 18.2 245 i i 19 5.7 —_
W-rel costs 17.9 243 264 22.7 85 484 30.1 344 184 —
Appl. water -18 -179 -10.7 -11.9 -154 -157 -116 -146 03 -14
Region 5 IS cost 485 487 304 202 976 533 38.1 45 -1 43.7
Northeast Water effi. 21.9 21.8 11.8 13.5 182 185 13.1 171 -0.3 16.3
W-rel costs 10.4 14.5 17.9 14.5 6 324 19.7 285 -0.8 28.9
Appl. water -3.5 -6 -3.8 43 -6 -5.5 -4.2 -52 -5 —
Region 6 IS cost 7.1 12.9 8.6 85 325 148 10.9 127 21.5 —
Yolo-Solano Water effi. 3.6 6.4 4 4.5 6.4 58 4.3 55 53 —
W-rel costs -1.2 1 2.1 1.1 -2.9 4.7 1.9 4 134 —
Appl. water -9.2 -10.1 -6 -7 -11.2 0.5 -6.3 -59 -45 —_
Region 7 IS cost 206 234 15 149 621 -1 19.2 16.4 17.1 —
Southeast Water effi. 10.1 11.3 6.4 76 126 -05 6.8 63 47 —
W-rel costs 1 2.9 7.6 6.1 05 -03 22 11 12.5 —
Appl. water -0.1 0.1 0 0 0.2 0.4 0 0 -0.3 -
Region 8 IS cost 0.2 0.1 0 0 -1 -1 0 0 0.9 —_
Sac-S.J.  Water effi. 0.1 0.1 0 0 -0.2 0.4 0 0 0.3 —
W-rel costs  -0.1 0 0 0 0.1 0.3 0 0 0.5 —

*For each region, the values reported are % changes in applied water (appl. water), irrigation-systems costs
(IS cost), water efficiency (water effi.) and water-related costs (w-rel costs).
tMeasured as a ratio of evapotranspiration to applied water per acre.
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Across our core area, regions 2
through 5, the major losses were seen
in rice, field crops and pastureland.

Overall crop-revenue losses for
these core regions amount to $8 mil-
lion while the loss for the entire Sacra-
mento Valley is $11 million. More than
three-quarters of total revenue losses
occur in rice. The loss in farm revenue
is mitigated by the adjustments farm-
ers and others make in response to
surface-water reductions. Importantly,
water is moved to its highest valued
use and water-use efficiency is im-
proved to maximize net farm revenue.
The result is a smaller percentage de-
cline in farm revenue than the 25% cut
in surface water. Finally, it is worth
noting that farmland values are closely
tied to net revenue changes from pro-
duction. Even though further discus-
sion on farmland value is beyond our
scope, with relatively active land mar-
kets, land prices should move together
in proportion to changes in the net in-
come stream.

Economic impacts

We now broaden our focus from
the agricultural sector to the overall
economy by examining how the de-
clines in farm revenue may trigger a
further decline in revenue in the Sacra-
mento Valley. We quantitatively
evaluate the effects of a cut in irriga-

tion water on the overall local (county)
revenue as well as the effects on the lo-
cal job market using income and job
multipliers.

The economic assessment is made
at the county level by first allocating
regional agricultural effects across
counties. The conversion from region
to county is based on crop acreage,
with a region’s acreage being distrib-
uted among the counties of which it is
comprised. We developed conversion
acreage formulas from region to
county based on acreage data collected
by California Agricultural Statistics
Service, other crop maps, and county
agricultural commissioner reports.
(Actual conversion formulas are pro-
vided in Lee et al. 1999.)

Revenue effects include revenue
generated (or foregone) over the entire
local economy due to agricultural rev-
enue changes that are measured at the
farm-gate level. This includes revenue
from packing and shipping, broker-
age, and retail activities as well as
farm-input-industry activities. Multi-
plier effects differ across crops, de-
pending on the extent of postharvest
activities and whether or not the prod-
uct is processed. For example, fresh
produce such as fruits and vegetables
has relatively large income multipliers
compared to feed grains such as corn
and wheat, because fresh produce re-

TABLE 4. County revenue effects of a 25% surface-water cut

quires additional local packing and
shipping. Activities that take place
outside the county are not included in
our multiplier impacts. For example,
economic activity generated from crop
output in another county is not shown
in the revenue totals used here. This
suggests that the overall multiplier ef-
fect in the Sacramento Valley is likely
to be larger than our estimates.

We used income multipliers devel-
oped by Goldman at UC Berkeley
(Carter and Goldman 1992). The multi-
pliers are specific to crops and coun-
ties, and take into account various off-
farm activities for each crop category
as well as the scale of other activities
in each county. They range from 1.2 to
2.5, meaning that a $1.00 change in
farm-gate revenue results in a $1.20 to
$2.50 revenue change in the overall
county economy. Fruits have the high-
est multiplier among all crop catego-
ries. Sacramento County tends to
have the highest multipliers across
almost all crop categories, which
may be due to its large economy as
compared to other counties and the
fact that many farm-related activities
occur there.

As expected, aggregate county rev-
enue effects are generally negative
(table 4). Under all scenarios, the
smallest revenue loss occurs in
Tehama County, and the largest oc-
curs in Colusa
County, which alone
makes up almost 32%

Butte Colusa Glenn Sacramento Sutter Tehama Yolo Yuba TOTAL of the total revenue
e L L loss for the Sacra-
Pasture 56 -40 -300 -30 -134 7 262 16 687 ~ mento Valley. Glenn
35* -30 220 -18 -90 5 177 12 and Yolo counties also
Alfalfa hay 32 -180 -167 76 7 -16 -663 14 -897 : :
50~ 158 123 45 p 12 448 o experience substantial
Sugarbeets 0 -71 -38 -3 -22 0 -83 0 -217 revenue losses. Rev-
0 -48 -27 -2 =14 0 -54 0 enues from water-
MNongrain field crops 48 =112 -238 -34 357 -30 -646 22 -633 . .
28 -76 -165 -20 229 -23 -425 16 Intensive crops such
Rice -1,516  -4,879 -3,067 -126 -2,051 -3 -754 -660 -13,056 as rice, pasture and al-
-837 3,360 2,100 -63 1,291 ¥2 -465 -457 falfa, are reduced by a
Vegetables 1 -27 — | 57 0 -47 ~- 17 b ial ,
1 -16 = 1 32 0 -30 = substantia margm..
Tomatoes - -143 - 1 -30 — -466 — -628 Revenue from rice
- -87 — 5 -17 — -295 —
T he most,
Fruits, nuts 192 -69 -65 9 9 60 -75 36 g7  dec eases the mos
a0 .39 -39 4 5 37 -45 29 accountlng for almost
Small grains 277 383 -52 57 701 -21 -334 99 1110 90% of total revenue
199 317 -41 39 522 16 -252 69 . .
Subtropical orchards 2 — -6 — 1 -3 — 1 -5 losses. This OC.CurS m
1 e o4 s ol 2 e | part because rice
Total -908 -5,138 -3,933 -41 -1105 -6 -3330 -472 -14,933 tends to be particu_
-464  -3,475 2,719 -11 -619 13 2191 -328

larly dependent on

*Nonbold numbers are revenue changes at the farm-gate level that induced the county-level changes.
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cause it is the most important crop in
most counties. Rice revenues have the
largest share of revenue in Butte,
Colusa, Glenn, Sutter and Yuba coun-
ties. However, the 90% share is a very
high ratio given that rice contributes
only 16% of total crop revenue in the
Sacramento Valley. This implies that a
reduction in surface irrigation water
affects rice production much more se-
verely than other crops, and the eco-
nomic impact would be greater in
counties that have more intense rice
production (table 4).

The major rice-growing counties of
Colusa and Glenn are the hardest hit.
However, Yolo County is not among
the major rice-producing counties but
its total revenue losses are almost as
high as in Glenn County. This is be-
cause Yolo County has high total crop
revenue compared to other counties.
Unlike other counties, Yolo County’s
losses are spread among various
crops. Lee et al. (1999) demonstrate
that effects are much larger where the
percentage water cut is from a “nor-
mal” year base and when ground-
water substitution does not occur. In
the most extreme scenario, the water
cut would cost $46 million in total rev-
enue and more than 300 jobs across the
eight counties. Again the losses are
largest in Colusa and Glenn counties.
The largest revenue loss in Colusa
County among all scenarios is more
than 5% of the county personal
income.

To illustrate what the revenue
losses mean more broadly, the total
revenue effect for each county is calcu-
lated as a percentage of the county
personal income (data not showr).
Colusa County is the hardest hit, not
only by losing the largest amount of
revenue, but also by losing the largest
percentage (1.6%) of personal income.
The next hardest hit was Glenn
County (1.08%). These two counties
have the lowest personal income
among all Sacramento Valley counties,
as well as the highest economic reli-
ance on agriculture. (The ratios of
the value of agricultural production
to county personal income are 0.54
for Colusa County and 0.46 for
Glenn County.) For the remaining
counties, total revenue effects are

less than 1% of
county personal
income.

Agriculture, water
and economies

Each of the coun-
ties we examined

has a large agricul-
tural industry. Ex-
cept for Sacramento
and Yolo counties,
farming itself —
primarily irrigated
agriculture — is the

dominant contribu-
tor to the local
economy. The im-
portance of agricul-
ture as a primary
industry in this re-
gion underscores
the importance of
irrigation water
supply. Results of
this study indicate
at least three gen-
eral conclusions.

Adjustments that
occur within the agri-
cultural production
system in response to
reduced water supply
are crucial. These
adjustments are
generally found by (1) substituting
away from intensive water use by
adopting more efficient irrigation tech-
nologies, and (2) switching to crops
that use less water or earn more dol-
lars per unit of water. Our results
show that farmers tend to switch away
from water-intensive crops such as
rice, pastureland or alfalfa to less
water-intensive crops such as small
grains.

A reduction in water supply results in
relatively greater economic impacts on
those counties that are more dependent on
agriculture. As expected, revenue
losses are highest in absolute and rela-
tive terms for those counties with
more agricultural output. Colusa
County is one of the most reliant on
agriculture in its economy (and on irri-
gation from surface-water sources);
therefore, its economy loses the largest
overall amount of revenue as well as

Yolo County receives more than half of its
crop revenue from vegetables, primarily
processing tomatoes, above. Orchard
crops such as stone fruits, olives, walnuts
and almonds, below, are among the most
important crops in the Sacramento Valley.
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Growers would adjust to a loss of irriga-
tion water by adopting more efficient tech-
nologies and switching to less water-
intensive crops.

the largest percentage of personal in-
come, exceeding $5 million per year,
or about 1.6%. The next hardest hit is
Glenn County, at about 1% of county
personal income; Glenn County is next
to Colusa County in its reliance on ag-
riculture in its economy.

Counties that depend heavily on agri-
culture for their economic livelihoods are
also the poorest in the Sacramento Valley.
All of the counties that have large agri-
cultural industries tend to have lowest
per capita personal incomes. This sug-
gests that the counties with the least
economic resources would be hardest
hit if the water supply were reduced.

H. Lee is Research Economist, D. Sumner
and R. Howitt are Professors, Department
of Agricultural and Resource Economics,
UC Davis.
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