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California has suffered a four year drought that has imposed severe stress on the state’s 
water resources. Irrigators and urban users have both been affected by unprecedented water 
restrictions. How should California allocate water? The state has long-standing water 
allocation issues, as economic mechanisms historically have played little or no role in 
allocation. USAGE-TERM is a multi-regional CGE model that represents 12 key irrigation 
counties in California as separate economies. Water trading between irrigators would help 
California cope with drought. In particular, sales of water from annual crops grower to 
perennial producers may lower the costs of maintaining plantations, given the high fixed 
costs arising from the alternative action of drilling new wells. Diverting substantial volumes 
of irrigation water from plantations to urban users may not be consistent with welfare 
maximisation.  
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1. Introduction 
Californians expect the El Nino event of the winter of 2015-16 to bring to end the water-
related woes arising from four consecutive years of drought. This is optimistic, as one season 
of favorable rainfall cannot reverse generations of water squander. Historically, water 
management in California has been dominated by engineering solutions. Vast diversions of 
water to satisfy agricultural and urban needs are part of the folklore of the state and have 
played an integral part in the state’s economic development. A systemic failure to treat water 
as a scarce commodity has been exposed by drought. 
 
In this setting, few have been concerned by water allocation in years of plentiful water. But 
with worsening water scarcity, it has become a hot political issue. In the spring of 2015, 
Governor Brown ordered a 25 percent reduction in urban water use. This enraged some urban 
communities, as agriculture is the largest user of water: urban users typically account for 
between one fifth and one third of water usage, counting both household and industrial uses.  
 
Irrigators also suffered marked cuts in surface water allocations as the drought continued over 
four years. Large tracts of Californian farmland were in fallow in 2015. For irrigators of 
perennials, an absence of water will kill plantations, with the prospect that many years of 
future income are forfeited. Farmers of perennials in a typical year rely on groundwater for at 
least part of their water needs. Their response to drought has been to pump more groundwater 
with the decline in surface water availability. This has potentially adverse consequences: 
some wells in Central Valley have run dry (James 2015). With soaring prices from some 
commodities, notably almonds, some farmers have invested in new and ever-deeper bores to 
extract water.  
 
Economic instruments to allocate water have played little or no role. In response to the 
current water crisis, there are signs of economic responses. The usual rules that tie water 
usage to land ownership are, in some instances, being by-passed though not within a formal, 
legal framework. Rather, there have been some off-the-record diversions of water from 
annual cropping to supplying the needs of perennials. Livestock feed is being imported from 
other regions as diminished water availability reduces on-farm feed inputs. But without 
separation of land and water rights, water trading will not proceed in the volumes that would 
approximate economic efficiency. 

2. Modifying the USAGE-TERM database to depict the Californian drought 
The task of adapting USAGE-TERM to deal with drought required the construction of a new 
master database with separate representation of relevant regions. Before this task, two master 
databases had been developed for USAGE-TERM, one with over 500 sectors based on 70 
regions in which the largest states are divided into key sub-state regions, and another with 
120 sectors based on 436 congressional districts. In order to model the Californian drought, 
the 70 region master database was extended. The six sub-state regions of California (i.e., Los 
Angeles County, San Francisco City, Sacramento, Riverside, Orange County and Rest of 
California) were split into a further 12 regions. More specifically, the 45 counties that 
comprise the Rest of California region in the 70 region database were split so as to represent 
the counties of Butte, Colusa, Fresno, Glenn, Merced, Kern, Kings, Madera, San Joaquin, 
Stanislaus, Tulare and Yolo as separate bottom-up regions. The revised Rest of California 
region includes the remaining 33 counties.  
 
The revised 82 region master database was aggregated in the next step. Although the data are 
available to represent water accounts in all Californian counties with significant agriculture, 
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not all are represented individually in the aggregation. The aggregation represents the 12 
counties listed above separately, plus two composite regions, one covering the remainder of 
the state and the other the remainder of the nation (Figure 1). The aggregated database was 
updated to 2013.  
 

Figure 1: Bottom-up Californian regions in USAGE-TERM in this study 

 
3. Theoretical modifications to USAGE-TERM 

One of the key tasks in devising a model of agriculture is to reflect apparent factor mobility. 
A rule-of-thumb is that annual crops have greater flexibility than perennials, because a lack 
of water leads to fallowing in the case of annuals, and may lead to capital destruction (i.e., 
plantation death or removal) in the case of perennials. If market conditions are favorable, 
farmers may devote considerable resources to preserving plantations. It follows that there 
market pressures during times of drought for perennial producers to buy water from farmers 
of annual crops. Rigidities such as appurtenant water rights and the absence of mature water 
markets will constrain water trading, and prevent the marginal product of water being 
equalized across users as scarcity worsens. 
 
Following Dixon et al. (2011, 2012), agricultural land is divided into irrigable land and dry 
land. Irrigable land is used for either irrigated agriculture or dry-land farming. Dry land can 
only be used for dry-land farming. As water availability falls, either an irrigated industry 
switches to other irrigated activities or to dry-land activity. In order to reflect flexibility in 
production possibilities, farm factors including land, owner-operator inputs and mobile 
capital move between different farm activities following a CET functional form. For 
example, an increase in capital rental in one activity relative to the average of all farm 
activities will induce a movement of mobile capital towards that activity. 
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Figure 2: Production function for farm industries 

 
 
Figure 2 shows the production function used in farm industries. The top shows farm outputs 
as being formed from a Leontief or constant proportions combination of intermediate inputs 
and primary factors. The theory of intermediate input demands mainly follows that of a 
standard CGE model (Dixon et al., 1982).  
 
The main difference between the functional form used here and that in TERM-H2O (Dixon et 
al. 2011; 2012) is that the Hay & forage sectors are intermediate inputs into livestock 
production, rather than a substitute for irrigated land. This implies that if livestock producers 
in California suffer cuts in water availability, they will substitute from on-farm Hay & forage 
to similar inputs from other regions. A single farm may include several industries, Hay & 
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forage and livestock among them. The on-farm use of Hay & forage is treated as a marketed 
input in the present theory, regardless of whether the source is on-farm or external. 
 
Land & operator inputs are substitutable with mobile capital and labor in forming a primary 
factor CES composite. The land & operator formation differs from earlier theory (Dixon et 
al., 1982). It is a CES composite nest of specific capital (i.e., livestock herds or perennial 
plantations), operator labor and total land.  
 
Land in turn is a CES composite of irrigable land (i.e., land that may be irrigated but is not at 
present), irrigated land and dry-land. Irrigated land is a Leontief composite of un-watered 
irrigable land and water. This means that subject to a given water-using technology, the 
volume of water applied per unit of irrigable land is constant for a particular crop. The 
implication of this constraint is that if water availability falls, irrigable land moves to an un-
watered state. The three types of land are highly mobile in dry-land production, with a CES 
parameter of 10.0. In the case of irrigation industries, watered irrigable land accounts for all 
of the total land input. 

4. Water trading 
On the assumption that the CGE database reflects a typical year, we assume that water is not 
scarce in the initial database. Therefore, we impose an arbitrarily low unit value on water 
(i.e., $50 per acre-foot). Our interest is in how much water prices increase as scarcity 
worsens. Since we wish to examine the impacts of hypothetical water trading, following 
Dixon et al. (2011; 2012), the model includes theory that enables water trading either 
between irrigators within a region or between irrigators in a group of regions.  
 
In practice, in response to drought in California, farmers have had limited opportunities to 
sell water to other users. Since the average product of water in production of some crops is 
only a few hundred dollars per acre-foot, rising water scarcity will induce producers of crops 
with low average products of water either to switch to different irrigation activities or, 
assuming water is tradable between farmers, to sell their water to willing buyers. USDA data 
provide us with a set of initial conditions for irrigation water use.1 Optimal allocations within 
USAGE-TERM will change as water scarcity worsens and as the marginal product of water 
rises. Modelled water trading volumes are likely to be much higher than those observed in 
actual response to drought, due to institutional constraints on water trading. 

5. Groundwater, surface water and rainfall 
The theory of USAGE-TERM includes two sources of water, namely irrigation water and 
rainfall. There is no theory explaining the volume of irrigation water available in each region, 
nor is there a distinction between surface water and groundwater. USAGE-TERM determines 
how a given volume of water is distributed between users.  
 
The starting point in modifying USAGE-TERM is USDA data. From these data, we obtain 
the number of acres of farmland used for different types of crops, primarily in California. 
Data were collected for other states and the exercise could be repeated for a different 
watershed region. USDA also provides estimates of irrigation water required for each crop, 
usually at the state level. Rainfall accounts for a share of total water requirements. However, 
average rainfall varies between counties, from as high as 40 inches in Butte County to as low 
as 8 inches in Kings County. We must assign different rainfall contributions when calculating 

                                                 
1 See http://quickstats.nass.usda.gov/. 
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the different irrigation water requirements by region for a given crop. Table 1 shows average 
annual rainfall and the author’s estimate of effective rainfall. This latter figure is relevant 
when calculating irrigation water requirements. For example, if an irrigation crop requires 4 
feet of water per annum in California and the effective rainfall is 12 inches, then irrigation 
water must supply 3 feet of water. 
 
There may be more detailed data available on effective rainfall by region. It may also vary by 
type of crop. USDA data on water requirements are statewide rather than by county. Such 
data reveal that Arizona, for example, has higher irrigation water requirements on average for 
a given crop than California. We might expect different overall water requirements in 
different regions of California for a given crop, given differences in rainfall and evaporation 
across regions. Improved data, should they emerge, can be added to the data-generation 
programs used in devising USAGE-TERM so as to improve the model’s database. 
 
An important theme prominent during drought is that of water-saving technological change. 
When water is abundant, there is little economic motivation to use water more efficiently. 
Water saving per unit of output in USAGE-TERM is depicted in two ways. First, as is shown 
in Figure 2, water is substitutable with primary inputs. This implies that if the relative price of 
water increases many-fold, as is the usual case during drought, less water and more primary 
inputs will be used per unit of output (endogenous water saving). The second way of 
ascribing changes in water requirements is exogenously. Research may lead to a particular 
watering regime that reduces the volume required without impacting on yields for a given 
crop. This could be represented within the model as a shock to water-saving technological 
change. 

Table 1: Annual rainfall contribution by county 
 Average 

(inches) 
Effective  
(inches) 

ButteCA 40 25 
ColusaCA 18 10 
FresnoCA 13 7 
GlennCA 23 13 
MercedCA 12 6 
KernCA 7 1 
KingsCA 8 2 
TulareCA 11 5 
YoloCA 32 17 
SanJoaquinCA 18 10 
StanislausCA 13 7 
MaderaCA 12 6 
RoCalif 23 13 
Source: http://www.usclimatedata.com (accessed 21 July 2015). Effective rainfall based on author’s judgment. 

USDA data on crop acreage are multiplied by water requirements to provide estimates of 
acre-feet of water used. The volume of irrigation water used for each crop type is then 
calculated as the total volume used minus the volume contributed by effective rainfall. 

6. Reducing California’s Irrigation Water Availability by 40 Percent 
This scenario is a stylized version of drought. It does not account for differences in water 
availability between regions. It does not consider increased extractions of groundwater in 
response to reduced surface water availability or the increased costs of pumping. The issue of 
groundwater was less troublesome in Wittwer and Griffith (2011) when they modeled 
drought in Australia’s Murray-Darling Basin, as groundwater accounts for a relatively small 
share of irrigation water used in the basin. Water trading is permitted between irrigated 
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sectors within a region. Trading is also permitted between Kings County and Kern County in 
this setting. This therefore is a hypothetical exercise in order to examine the possible impacts 
of water trading in response to drought. 
 
Our a priori expectation based on the theory of this version of USAGE-TERM is that a 
worsening of water scarcity will induce substitution among irrigators away from water 
(embedded in total land and land & operator in Figure 2) towards primary factors. This means 
that the percentage decrease in output will be smaller than the percentage decrease in water 
applied. In the case of the Other fruit & nuts sector, the average reduction in water intensity 
per unit of output across the 12 counties is 17 percent: total water usage falls by 30 percent 
with a 13 percent reduction in output.  Since we do not assume any reduction in average 
rainfall in this scenario, the cut in irrigation water used of 40 percent (net sales of water to 
other irrigators are zero, Table 3) is larger than the percentage cut in total water used.2 A 
short-run setting is depicted, in which capital is fixed in quantity, although mobile farm 
capital can move between different farm activities. Real wages are fixed in the short term 
setting. 
 
The marginal impact of water trading is to alleviate reductions in farm output arising from 
worsening water scarcity. A cut in water allocations of 40 percent may reduce farm output by 
between 10 and 20 percent without water trading, after accounting for substitution away from 
water. In this scenario, farm output across the 12 counties drops by only 5.4 percent. 
However, there is a substantial increase in purchases of Hay & forage inputs from interstate 
by the livestock sectors in the 12 counties. The change in output therefore underestimates the 
impact of drought on value-added. 
 

Table 2: Macroeconomic impacts on 12 counties and terms-of-trade impacts, full intra-
regional water trading  

(% change from base case) 
12 counties Macro results Terms-of-trade by region 

 Real consumption -0.97 ButteCA 0.0 
Real investment -0.04 ColusaCA 2.2 
Real GDP -0.78 FresnoCA -0.1 
Employment -0.51 GlennCA -0.9 
Real wage 0 MercedCA -1.0 
GDP deflator -0.80 KernCA -0.2 
CPI -0.62 KingsCA 0.3 

  
TulareCA 0.5 

  
YoloCA -0.1 

  
SanJoaquinCA 0.1 

  
StanislausCA -0.6 

  
MaderaCA -0.3 

Source: USAGE-TERM simulations. 
 
In Table 2, we see that real GDP across the 12 counties has fallen by 0.81 percent relative to 
a base case with usual irrigation water allocations. Real consumption by households has 
fallen by 1 percent, a larger percentage than the real GDP loss due to a decline in the terms-
of-trade across the region. The one county with a substantial terms-of-trade gain is Colusa. 
This is because livestock production is relatively small in Colusa. Most of the other 
Californian counties rely on imports of Hay & forage to maintain livestock production, the 
price of which rises as scarcity worsens. This has a negative impact on regional terms-of-

                                                 
2 During a prolonged drought, the early years tend to include a reduction in the rainfall contribution and a lesser reduction 

in the irrigation water availability. Water managers, based on the Australian experience (see Wittwer and Griffith 2012, 
Table 7.5), tend to impose more severe cuts in the later years of drought and maintain reduced allocations in the first 
recovery year. 
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trade. Kings County has a water trading terms-of-trade gain of 0.9 percent, which more than 
offsets a merchandise terms-of-trade loss of 0.6 percent in the county, resulting in an overall 
gain in the terms-of-trade of 0.3 percent.  

Table 3: Net Sales of Water  
(thousands of acre-feet) 
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ButteCA 3 -35 -8 0 -10 0 0 50 0 0 146 
ColusaCA 6 0 -17 -6 -2 0 0 29 -11 0 130 
FresnoCA 117 -248 47 23 -29 98 63 0 -70 0 405 
GlennCA 21 -65 -10 -2 -3 0 0 59 0 0 208 
MercedCA 180 -176 -17 -7 -17 40 3 6 -12 0 383 
KernCA 114 -274 47 -3 -66 48 16 0 -11 -129 387 
KingsCA 144 -46 7 -7 -5 69 0 0 -32 129 387 
TulareCA 148 -42 5 -1 -97 6 -17 0 0 0 169 
YoloCA 36 -18 -1 -14 -5 0 -3 18 -13 0 165 
SanJoaquinCA 95 -93 35 1 -48 0 17 6 -14 0 343 
StanislausCA 91 -96 5 10 -6 0 5 0 -8 0 713 
MaderaCA 34 -104 27 3 0 2 41 0 -3 0 528 
Total 988 -1197 120 -3 -288 263 125 168 -174 0 290 
Source: USAGE-TERM simulations. 
 
Water trading results in a movement of water towards crops with a higher average product of 
water. In each region that has almond production, the industry imports water from other farm 
sectors. Vegetables have a relatively high average product of water, but in Fresno and 
Stanislaus counties, water purchases by almonds dominate, so that vegetables are a net seller 
rather than buyer of water in these counties.  
 
This hypothetical scenario includes a volume of water trading that is likely to exceed actual 
water trading volumes in response to drought. Therefore, we may move closer to a depiction 
of the actual marginal impact of drought by restricting water trading.  
 
In a second version of the scenario in which 40 percent of irrigation water availability is cut 
in each region, water trading is restricted in so far as there are no sales of water from Hay & 
forage to other irrigators in Fresno, Glenn, Merced or Stanislaus counties, the four largest 
almond-producing regions.  
 
The restriction on trading results in a substantial terms-of-trade gain for the 12 counties. The 
terms-of-trade gain across the 12 counties varies from 0.2 percent in Yolo to 2.5 percent in 
Glenn. Among the 12 counties, almonds account for the largest share of GDP in Glenn 
County. Now, real consumption is 0.3 percent below the base case, compared with 0.97 
percent below in the unrestricted intra-county trading scenario. At the same time, real GDP 
falls by 1.07 percent, compared with a fall of 0.81 percent in the unrestricted water trading 
scenario. Employment in this scenario falls by 0.64 percent, or around 12,000 jobs in the 12 
counties, compared with a fall of 0.51 percent or around 9,500 jobs in the unconstrained 
water trading scenario. 
 
The prices of almonds, grapes and other fruit and nuts are between 5 and 15 percent higher in 
the constrained water trading scenario than the unconstrained trading scenario. The price hike 
is due to a higher water price. Comparing tables 2 and 4, in most counties the price of water 
is much higher. In Merced County, for example, the trading price is $383 per acre-foot if Hay 
& forage water is moved to other uses, compared with $1180 per acre-foot if it is not. In 
reality, backdoor water trades and on-farm switches are likely to start with water being 
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diverted from Hay & forage production to other uses. Comparing full trading with the 
removal of Hay & forage from the set of outputs with water trading possibilities illustrates 
the marginal impact of more comprehensive water trading. 

Table 4: Macroeconomic impacts on 12 counties and terms-of-trade impacts, restricted 
intra-regional water trading  

(% change from base case) 

12 counties Macro results Terms-of-trade by region 
 

Water trading price 
$/ac-ft 

Real consumption -0.30 ButteCA 1.1 140 
Real investment -0.04 ColusaCA 2.4 130 
Real GDP -1.07 FresnoCA 1.3 600 
Employment -0.64 GlennCA 2.5 255 
Real wage 0 MercedCA 2.1 1080 
GDP deflator 0.59 KernCA 0.7 388 
CPI -0.22 KingsCA 1.3 388 

  
TulareCA 0.8 165 

  
YoloCA 0.2 161 

  
SanJoaquinCA 0.6 347 

  
StanislausCA 1.0 1121 

  
MaderaCA 2.2 606 

Source: USAGE-TERM simulations. 
 
In the case of almonds, a combination of the Californian drought, rapid growth in global 
demand and a temporarily weaker US dollar contributed to a more than doubling of the 
observed price between late 2010 and late 2014 (Figure 3). The drought-related price spike in 
late 2014 may have been exacerbated by the absence of a futures market for almonds. An 
insight from the modeling is that a liberalization of water trading would move more water 
into almond production and alleviate drought-induced farm output price pressures. 

Figure 3: Almond price (c/lb), Jan 2008 to July 2015 

 
Source: http://www.economagic.com/em-cgi/data.exe/blswp/WPU01190102 (accessed 21 
August 2015). 

7. Reducing California’s surface water usage by 40 percent and pumping to reduce 
the shortfall to 10 percent 
In a normal year, groundwater accounts for about one-third of California’s water 
requirements (Chappelle et al. 2015). Groundwater in theory should act as a buffer resource, 
with drawings rising during drought. Howitt et al. (2015) estimate that surface water usage 
fell by 8.7 million acre-feet and groundwater extractions increased by 6.2 million acre-feet 
relative in 2015 in California relative to a normal year, implying reduced water usage of 2.5 
million acre-feet.  
 
In this scenario, we attempt to replicate the water availability conditions reported by Howitt 
et al. (2015). However, we also need to account for rainfall deficits. Rainfall shocks in the 
scenario are based estimates of rainfall deficits shown in Table 5 for July 2014 to June 2015. 
The shortfall of 2.5 million acre-feet is allocated among counties in proportion to annual crop 
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water requirements of a normal year. The other shocks imposed in the scenario were to depict 
increased pumping costs arising from the extraction of an addition 6.2 million acre-feet of 
water. At $100 per acre-foot (Howitt et al., 2015), these additional costs total $620 million. In 
order to depict limited water trading possibilities, Hay & forage and Other agriculture water 
in each region are not transferable to other agricultural activities. 

Table 5: Effective rainfall deficit by county 
 Average effective 

rain (inches) 

Effective July 
2014-June 2015  

(inches) 

Deficit  
(inches) 

Irrigation cuts  
(‘000 acre-feet) 

ButteCA 25 10 15 41 
ColusaCA 10 9 1 79 
FresnoCA 7 4 3 263 
GlennCA 13 10 3 54 
MercedCA 6 2 4 142 
KernCA 6 1 5 182 
KingsCA 2 2 0 136 
TulareCA 5 1 4 117 
YoloCA 17 6 11 51 
SanJoaquinCA 10 3 7 116 
StanislausCA 7 3 4 94 
MaderaCA 6 1 5 33 
Rest of Calif. 13 5 8 1191 
Source: http://www.usclimate.com (accessed 28 August 2015). 
 

Table 6: Macroeconomic impacts on 12 counties and terms-of-trade impacts, 
“observed” scenario  

(% change from base case) 

12 counties Macro results Terms-of-trade by region 
 

Water trading price 
$/ac-ft 

Real consumption -0.51 ButteCA 2.9 278 
Real investment -0.04 ColusaCA 0.7 107 
Real GDP -0.83 FresnoCA 0.3 337 
Employment -0.37 GlennCA 0.1 119 
Real wage 0 MercedCA 2.1 571 
GDP deflator 0.04 KernCA 0.4 259 
CPI -0.30 KingsCA 0.4 259 

  
TulareCA 0.8 361 

  
YoloCA 0.2 490 

  
SanJoaquinCA 0.5 452 

  
StanislausCA -0.2 690 

  
MaderaCA 1.0 713 

Source: USAGE-TERM simulations. 
 
The macroeconomic impacts of this scenario are shown in Table 6. Compared with the first 
scenario shown in Table 2, the real GDP outcome is similar (-0.83 percent compared with -
0.78) but the aggregate consumption impact is smaller (-0.51 v. -0.97 percent) and the 
employment outcome better (-0.37 v. -0.51 percent) in the 12 counties.  
 
However, there are costs associated with groundwater extractions that are not included in this 
scenario. First, additional groundwater extractions have required substantial investments in 
new or deeper wells. To model the welfare impacts of these additional investments, it would 
be preferable to use a dynamic model that accounts for changes in net foreign liabilities in the 
longer term. Only the marginal pumping costs are included in the scenario. The other cost not 
modelled is the impact on sustainability: the more existing groundwater is pumped, the higher 
will be the costs of further extractions as water levels fall. Groundwater pumping is causing 
land subsidence, with potential and actual damage to property and the environment. 

8. The Need for Water Reforms in California 
There is little institutional support for water trading between farmers in California. However, 
given the wide difference in the average product of water of different crop types, and the 
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tendency for perennial crops to have higher average products, we expect that perennial crop 
producers are desperate to obtain water when allocations are cut. Some producers have 
chosen to sink new wells at $100,000 each (Walker 2015). Others have used back door deals 
with farmers of annual crops to obtain water. Without institutional support, the volume of 
such trades remains unknown.  
 
One of the key findings from modeling of the Californian drought is that diverting water from 
perennial crops to urban uses, beyond minimal necessary quantities for basic needs, is 
unlikely to be welfare enhancing. Microeconomic theory does not support the notion that 
equalizing the price of water between rural and urban users in different regions is efficient. 
This is because water trading so as to equalize prices will widen the gap between rentals on 
other factors. For example, if fixed factors include urban capital, farm capital and farm land, 
increasing the amount of water available for urban uses at the expense of farm uses is likely 
to have a small positive impact on urban capital rentals but a large negative impact on farm 
capital and land rentals.  
 
Regional impacts from USAGE-TERM modeling indicate that unconstrained trading between 
farmers in each region minimizes job losses across the Central Valley and California overall. 
As water trading is constrained within the model by preventing some farm activities from 
trading water, trade volumes shrink and perennial producers (at least those with access to 
water) benefit from higher than otherwise output prices. These price increases in turn elevate 
regional terms-of-trade and thereby raise regional real aggregate consumption. However, they 
do so at the expense of regional and state employment. That is, the gains to producers are at 
the expense of equity; these gains are concentrated among farmers, with job losses worsening 
as output prices rise in response to water scarcity. Even among farmers, there are likely to be 
substantial winners, namely those who maintain access to water and benefit from higher 
output prices, and substantial losers. The latter will include almond farmers whose plantations 
have died due to deficient water availability. 
 
We can use the finding that restricted water trading is worse for employment, at the same 
time as raising regional terms-of-trade to the benefit of farmers rather than households, to 
infer the impacts of diverting water from rural to urban users. Some diversion may have clear 
social benefits. During the prolonged millennium drought in Australia, rural-urban water 
trading between the Murray-Darling Basin and Melbourne should have obviated the need for 
a desalination plant. Unfortunately, the state government of the time chose to construct a 
pipeline for rural-urban water movements at the same time as planning a desalination plant, 
which has proven to be expensive (Cook 2014). Some rural-urban water trading may be 
advantageous during drought.  
 
Beyond a certain point, however, it is likely that the costs to urban households of higher food 
prices will outweigh the benefit obtained from increased urban water volumes. The Central 
Valley is a sufficiently important producer of some farm outputs as to influence global prices. 
In effect, increasing the volume of water diverted from farm uses will reduce the volume of 
virtual water imports by households from farmers. Reducing water for farm uses so as to 
lessen the restrictions imposed on urban users is likely to raise food prices and may worsen 
job losses. 
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Almonds became a temporary scapegoat for California’s water woes.3 This came at a time, 
early in April 2015, when California’s Governor Brown announced compulsory urban water 
restrictions within the intention of reducing overall urban water usage by 25 percent (James 
2015). A common perception is that almonds require more water than other tree crops. USDA 
data (see footnote 1) indicate that the number of feet of water required by almonds does not 
stand out from other crops. The perception may arise from the weight of produce per unit 
area arising from almond production. However, almonds have a higher value per unit weight 
than most other tree crops. The high average value product of water used in almond 
production ought to result in almond’s share of total water used increasing as total water 
availability diminishes.  
 
A major concern in the Central Valley is the dominance of perennial crops, including 
almonds, in farm production. Perennials require water every year and therefore are less 
flexible than annual crops, production of which can be suspended until drought conditions 
end. Groundwater ought to guarantee water supply. Ideally, groundwater supplies should be 
recharged or at worst not drawn down during years of normal rainfall. There is nothing new 
about proposals to improve management of California’s groundwater. Howitt and M’Marete 
(1991) proposed a groundwater bank with the objective of lowering the costs of pumping 
groundwater during drought years. The authors noted that the incentives to manage 
groundwater were absent. As an example, it would be socially optimal for a new well to 
pump water only during times of exceptional water scarcity. But once a well has been 
constructed, the owner is likely to seek a return on the investment through pumping in normal 
or even wetter years, instead of viewing the well as a form of insurance.  
 
Improved management of groundwater is unlikely to occur until all extractions are metered. 
The development of transparent water markets would place a value on water according to 
seasonal and market conditions, and thereby contribute to better water management. 

9. Conclusion 
There is no shame in almond production. At a time of rising global demand, almond 
production in California has been highly profitable for farmers with access to water. A 
disappointment is that opportunities for blueprints on water reform, that combine economic 
efficiency with the prospect of sustainability, are being by-passed. Hiltzik (2015) portrayed 
an agreement signed off at the Federal level for the Westlands region of Fresno County as 
more of a brown-print, in which irrigators will be guaranteed water regardless of seasonal 
availability. Others were not as sure that a given water volume would be guaranteed in the 
agreement (Boxall 2015). Moreover, the debt write-off is in exchange for transferring liability 
for environmental damage from the Federal level to irrigators in the region. Technological 
change may make a contribution in alleviating environmental damage, though 
environmentalists are concerned, given that the region is notoriously litigious, with the 
possibility that resources will be diverted to legal battles rather than technological solutions. 
 
It is the case in drought that although large cities may suffer water restrictions, often 
accompanied by considerable publicity, it is often regional communities off of the main water 
grids whose water supplies are most vulnerable to drought. Symptomatic of the historical 
failure of water allocation in California is that low income, water-saving users in Apple 
Valley are paying fines for “excessive” water use at the same time as Bel Air residents 100 

                                                 
3 The Huffington Post provided a light-hearted review of the short-lived “almond shaming campaign at 

http://www.huffingtonpost.com/2015/04/16/in-memoriam-demonizing-almonds_n_7082966.html (accessed 7 August 2015). 
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miles to the west continue profligate water consumption without penalty (Lovitt 2015). Such 
inequitable, inefficient outcomes arise in part from an absence of pricing mechanisms to 
allocate water volumes but also may be partly a consequence of regions not being connected 
to a larger water grid. Indeed, some towns within California have one part of town connected 
to a water grid and the remainder of town reliant on groundwater, which may have been 
exhausted. This inequitable circumstance imposes hardship on those not connected to a water 
grid. There is much greater shame in this inequity than there will ever be in almond 
production. 
 
Young (2015) has drawn on experience with water reforms in Australia to propose a blueprint 
for irrigation areas in the United States. Part of the Australian experience is that water 
reforms are less likely to proceed when higher rainfall patterns return for several years. 
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