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Summary
Soil salinization has been a longstanding threat for agriculture in California’s southern
Central Valley. Poor drainage and salinized deep and shallow groundwater prompted a switch
from locally pumped groundwater to less saline surface water starting in the late 1950s. Since
then, the Delta has been a major source of surface water for this region, with supplies channeled
through the California Aqueduct and the Delta-Mendota Canal. However, the initial decrease
in soil salinity resulting from surface water substitution was reversed, as shallow groundwater
elevated to the point that salinity in the root zone became a problem once again. The failure of
some drainage projects in the early 1980s and increased salinity of surface water in the Delta
have worsened the situation in recent decades. Today, net salt imports into the southern
Central Valley is on the order of half a million tons per year. Currently, water salinity in the
California Aqueduct and the Delta-Mendota Canal ranges between 300 and 350 mg/l of total
dissolved solids (TDS). Even modest reductions in the TDS may translate into substantial
improvements in crop yields, confined animal operations, and agricultural revenues in this
region.
This appendix provides preliminary estimates long-term revenue losses for irrigated
crops and confined animal operations in the southern Central Valley as a result of salt
accumulation in this region. We employ a modified version of the Statewide Agricultural
Production Model (SWAP) (Howitt et al., 2008). In previous Delta studies (Lund et al. 2007),
SWAP was used to quantify the effect of root zone salinization on the yields and agricultural
revenues in the Delta islands. In this application of SWAP, agricultural revenue losses for the
year 2030 were estimated in salinity-affected areas of the southern Central Valley. Data sources
include geo-referenced land use surveys from the Department of Water Resources, georeferenced shallow groundwater salinity maps, and crop production costs from UC Davis
extension. Changes in the salinity-affected areas are calculated by increasing the current saline
areas by the average growth rate over the past 30 years. Revenue losses for irrigated crops and
confined animal operations are related to a gradual reduction in non-saline area as a result of
salt accumulation (Figure S.1).
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S.1. Salinity-affected areas in the southern Central Valley
Notes: Electrical conductivity is for shallow groundwater, adapted from Howitt et al. (2008) and
Department of Water Resources (2001).

Changing the salinity of Delta exports would have a long-term economic effect on
agricultural revenues in this region. Cost function estimates show that costs increase at an
increasing rate with net salt accumulation. Under current conditions, with roughly 3.7 million
acre-feet (maf) per year of surface water delivered to southern Central Valley agriculture with at
least 300 mg/l of TDS, an equivalent of 1.5 million metric tons of dissolved solids is deposited
in the ground each year. Roughly a third of this load accumulates in groundwater (Schoups et
al., 2005), with the remainder draining into the San Joaquin River (Orlob, 1991). By 2030, the
estimated incremental revenue losses for irrigated agriculture due to this growth in saline areas
is in the range of $191 to $231 million per year (in 2008 $) (Figure S.2). When losses to confined
animal operations are included, the total revenue loss to agriculture from salinity imports
reaches $392 million per year on average, or between $341 and $439 million depending on the
extent to which the change in salinity-affected area is linked to the incoming salt load.
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S.2. Estimated revenue losses to irrigated agriculture and confined animal feeding operations
in the southern Central Valley from net salt imports
Source: Author calculations using SWAP model.

A peripheral canal of 7,500 cfs, operated as a “dual facility” with some continued
through-Delta tons per year. This increase in surface water quality would reduce irrigated
agriculture’s contribution to total salt accumulation and drainage to the San Joaquin River. In
addition, the costs of canal construction and operations would increase the cost of agricultural
water, thereby lowering water demand. Each of these effects would reduce the volume of
drainage salt loads from irrigated agriculture.
Although these estimates are preliminary, they indicate substantial water quality effects
of export salinity on the agricultural economy of the southern Central Valley. Two assumptions
underlying these estimates are that drainage will be reduced in proportion to the reduction in
the salt load and that changes in the salinity-affected areas will change accordingly. If current
trends in the growth of shallow saline areas do not continue, or if the drainage volume and thus
the growth of salinity-affected areas are not reduced by a reduction in the salt load, the water
quality benefits from a peripheral canal will be reduced proportionally.pumping, could reduce
salt load intake from the Delta by 32 percent or 471,000
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Introduction
Historically, soil salinization has caused agricultural yield losses and crop shifts in once
prominent agricultural regions of the globe. Well documented cases of soil salinization exist
dating back to 1700 BC in ancient Mesopotamia, with modern examples including the Nile, in
Egypt (Ghassemi et al., 1995), Australia’s Murray-Darling Basin (O'Brien, 1984) the Danube in
Central Europe (Maianu, 1984), and several regions in the United States such as the Colorado
River Basin, the Brazos River in Texas and the southern Central Valley in California (KrichBrinton, 2004).
In ancient Mesopotamia, after 1700 BC, a shift in water supply from the Euphrates River
to the Tigris River is believed to have caused increased seepage, flooding, over-irrigation and
consequentially a rise in the groundwater table (Artzy and Hillel, 1988). Salt and silt
accumulation in the fertile Mesopotamian valley (as late as 1200 AD) were a major reason for
the decline of agricultural activity and settlement (Jacobsen and Adams, 1958). Powell (1985)
argued that a drainage system could have been put in place. But Artzy and Hillel (1988) claim
that geophysical conditions would have made artificial drainage difficult, even using current
technology.
Soil salinization is a long-term problem for the southern Central Valley. The Delta is a
major source of the salts contributing to this problem, which results in significant and growing
economic losses. As surface water delivered from the Delta evaporates or returns via the San
Joaquin River, much of the salt remains behind. Salinity concerns in this region date at least
from the late 1950s, when the California Department of Water Resources began monitoring
agricultural drainage. Studies such as the “Rainbow Report” and the Westside Agricultural
Drainage Economics Model (WADE) report (SJVDP 1990, 1989) were among the first to describe
quantitatively the issues and economic effects of drainage and salinity in the southern Central
Valley.
More recently, Howitt et al. (2008) developed a more comprehensive sector analysis of
the economic impact of inaction with respect to salinity and drainage in this region, using an
updated version of the Statewide Agricultural Production (SWAP) model (Howitt et al., 2001).
This application extends methods developed for the Delta Agricultural Production (DAP)
model (Appendix D of Lund et al., 2007) to the entire southern Central Valley. In this appendix,
we draw on this model to provide preliminary estimates of the economic effects of water export
salinity for agriculture south of the Sacramento-San Joaquin Delta. We also report estimates of
statewide employment and income effects of salinity in this region, using an integrated
economic model of the Central Valley.1
The WADE model differs from the SWAP approach used here in several ways. First, the
WADE model was based on a much more detailed definition of salinity regions, with soil
depths of different salinities. This added complexity made the WADE model difficult to solve
and resulted in no formal use of the model in the final Rainbow report. Second, the economic
component of the WADE model differs from the SWAP model in its representation of how
farmers adapt their cropping practices for salinity or water restrictions. The WADE model had a
1

Regional Economic Models, Inc. (REMI). See www.remi.com.
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specification that required that water and crop inputs be used in fixed ratios to crop acres, and
neither the yield nor the input use intensity responded to changes in scarcity or cost. This
assumption becomes less realistic as relative prices change and water becomes scarcer.
With recent water export quantities to southern Central Valley agriculture at roughly 3.7
maf per year (the volume delivered before the 2007 Wanger decision),2 roughly half a million
metric tons per year of dissolved salt accumulate in groundwater south of the Delta (Schoups, et
al., 2005).3 Assuming the change in the salinity-affected area is driven mostly by the change in
salt load, additional revenue losses for irrigated agriculture in the Central Valley due to this
salinity are estimated to reach an average of $211 million per year by 2030 (in 2008 $), as
compared to today’s losses. When losses to confined animal operations are included, the total
losses to agriculture from additional salinity accumulation range between $341 and $439 million
per year. These direct losses reduce statewide income by almost $800 million dollars per year.
These loss estimates are preliminary, but they indicate substantial water quality effects of export
salinity on the agricultural economy of the southern Central Valley.

In December 2007, federal Judge Wanger ruled that changes were needed at the south Delta pumps to
reduce the entrainment of delta smelt, a species listed under the federal and state endangered species acts
(Natural Resources Defense Council, et al. v. Kempthorne, Findings of Fact and Conclusions of Law Re
Interim Remedies Re: Delta Smelt ESA Remand and Reconsultation, United States District Court, Eastern
District of California, 1:05-cv-1207 OWW GSA (2007). The Department of Water Resources (2007)
estimates that these changes could reduce State Water Project exports on average by 22 to 30 percent.
3 Shoups et al. (2005) confirmed previous estimates by Orlob (1991) showing a net salt accumulation of
half a million tons per year in the Southern Central Valley. This salt accumulates in dissolved form in
shallow and deep groundwater. As less groundwater is pumped for irrigation, the groundwater table
rises and starts affecting the root zone of the cultivated area.
2

2

1. Model and Data
The current update of the Statewide Agricultural Production Model (SWAP) for
California’s southern Central Valley follows the approach described in Appendix D in Lund et
al.(2007). In this application, the DAP model is extended south of the Delta to the southern
Central Valley following (Howitt, et al., 2008). Agricultural regions in the Central Valley are
defined as Central Valley Production Model or CVPM regions (see Figure I.1).

Figure I.1. California agricultural production regions in the Central Valley (CVPM regions)
Source: Howitt et al. (2008)
Notes: The numbers correspond to CVPM regions.

For this study, only the areas in CVPM regions 10, 14, 15, 19 and 21 (on the west side of
the southern Central Valley) are shown to be overlying saline groundwater, and are thus
considered to be affected by salinity (Figure I.2). Six potential salinity zones are defined in each
CVPM region. The first zone is the irrigated area unaffected by salinity (beige in Figure I.2). In
the remaining five zones (A through E), salinity in shallow groundwater ranges from zero to
more than 20,000 µS/cm.

3

Figure I.2. Salinity-affected CVPM regions south of the Sacramento-San Joaquin Delta
Source: Howitt, et al (2008) and Department of Water Resources (2001).

This study calibrates economic agricultural production functions using overlaying georeferenced data on land use with the distribution of soil salinity in the Central Valley measured
by electric conductivity (DWR 2001). Algorithms to estimate market-driven crop prices by 2030
(Howitt, et al., 2008) and agricultural land conversion (Landis and Reilly, 2002) also are
introduced. As a result, we can estimate crop production functions by salinity zone within each
CVPM region.

Base Water Flow and Salinity Conditions
For base conditions we assume that, on average, 3.7 million acre-feet of water are
imported to agricultural areas from the Delta-Mendota Canal and the California Aqueduct, with
an average salinity of about 300 mg/l measured by TDS. We project that current conditions will
gradually increase the area affected by a salinized shallow groundwater table. These
projections are based on a regression equation fitted to data over a subset of the area affected by
salinity (417,000 acres) in Shoups (2004). Given the historical rates of change, we expect that by
2030 the salinity-affected area will increase by 12 to 15 percent. This growth rate is applied to
the entire area shown in Figure I.2.
For simplicity, we calculate all costs on an annual basis as they will occur in the year
2030 (in 2008 dollars). It follows that salinity costs will increase slowly from the base year (2008)
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to 2030. In reality the changing cropping patterns will result in higher revenue losses towards
the end of the time period.
Salinity in shallow groundwater and the root zone are closely correlated (Schoups, et
al., 2005). Here we assume that the total saline area within each CVPM region grows by 13
percent by 2030. The share of acres transferred from the non-saline zone to the saline zones (A
through E) within each CVPM region is shown in Table I.1. Figure I.3 depicts a hypothetical
change in the saline zone areas of Figure I.2. The largest changes occur at lower levels of
salinity (Zones A and B), with smaller increases in the zones with higher salinity (C, D and E).
Changing the distribution of the non-saline acres transferred to the saline zones (third column
of Table I.1) did not significantly change the results of this analysis, as agricultural losses are
driven mainly by the conversion of areas from non-saline to saline conditions. Changes in crop
production are reflected in changes in the relative acreages of different crops grown. In general,
the lower-valued crops are more salt-tolerant. In the higher salinity regions, some land is taken
out of production. The model is calibrated to the actual regional cropping patterns as reflected
in the DWR crop surveys. The mathematical programming approach followed here was
validated in Howitt et al. (2008). We checked the analytical programming model using
statistical methods in which the change in salinity is related to the change in the probability of a
particular crop being grown on a given soil type. Results of both programming and statistical
methods were very similar.
According to these results, if 100 acres from a non-saline area are converted to saline
area, 50 of those acres will be relocated to the zone with 0-2000 µS/cm (Zone A), 30 will go to
Zone B, and so on. This procedure was undertaken for 3, 7, 10, 13 and 15 percent changes in the
salinity-affected areas. This parameterization can be used to explore the gradual effect of salt
accumulation, assuming the salt load drives the change in the saline and non-saline areas.
Thirteen percent is a mid-range projection of the accumulated increase in saline area expected
by year 2030 under current conditions, including Delta surface water quality (Howitt, et al.,
2008, Schoups, 2004).
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Table I.1. Conversion of non-saline area to saline zones as a result of salt accumulation by
2030
Zone

A
B
C
D
E

Salinity level
(EC in shallow
groundwater (µS/cm))
0-2000
2000-4000
4000-10000
10000-20000
above 20000

Share of non-saline
acres transferred to
the saline zone (%)
50
30
10
10
0

Source: Adapted from Howitt, et al., 2008.
Notes: Model assumes that 13 percent of non-saline acreage in each CVPM region becomes saline
(entering zones A through E) by 2030. Electrical conductivity, a measure of a material’s ability to conduct
electricity is often used as a measure of salinity in water. Often, total dissolved solids (TDS) are assumed
proportional to the electrical conductivity by a factor of 0.64. Thus 1 mS/cm corresponds to 640 mg/l of
total dissolved solids.

Figure I.3. Conceptual expected percent change in area of the saline and non-saline zones
within a CVPM region
The mathematical programming model used for this study (Howitt et al., 2008) estimates
calibrated production functions per crop group and saline or non-saline area within each CVPM
region in the study area (Figure I.2). The production functions calibrate to observed values of
land, water and labor. Here, market driven crop prices by 2030 are the same for all areas
within a CVPM region, although it is assumed production costs vary slightly across saline
zones. Differential yields for saline and non-saline areas were estimated in Howitt et al. (2008)
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by adapting the yield reduction model of Van Genuchten and Hoffman (1984). The ratio of the
salinity in the saturated soil region to the root zone region was calibrated at 2.0. Losses in crop
revenues for agriculture south of the Delta occur as a result of overall reduced yields, as
salinity-affected areas with lower yields encroach on the higher-yielding, less saline agricultural
lands. Thus agricultural crop revenue losses depend to a great extent on the increase in the area
of salinity-affected locations within each CVPM region.
The estimates of areas that go out of production due to salinity include lands that are
planned to be retired through programs proposed by Westlands Water District and the US
Bureau of Reclamation (USBR 2002). Since these saline areas are already included in our
analysis, the planned retirements should not change the overall estimates of affected acreage
and economic losses due to increased salinity.
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2. Preliminary Results
We use this model to examine changes in agricultural revenues resulting from salinity
exported from the Delta, which decreases crop yields and constrains confined animal
operations. We also explore changes in salinity costs when a peripheral canal is introduced,
operated as a dual facility with continued through-Delta pumping (keeping total agricultural
deliveries constant). These are preliminary results, and many other aspects of salinity and
salinity management should be explored.

Revenues from Crops and Confined Animal Feeding Operations
If current conditions persist, saline land will increase by 12 to 15 percent by 2030,
resulting in agricultural revenue losses from reduced crop production in the southern Central
Valley in the range of $191 to $231 million per year (Howitt, et al., 2008). This cost does not
include losses or gains from land conversion and changing crop prices by 2030.4 A more
conservative scenario, with only 7 percent loss of non-saline area, yields a yearly average loss of
$78 million per year in crop revenues in 2030 (Figure I.4). Higher losses would occur if more
than 13 percent of non-saline acreage were lost. These losses to irrigated crops assume land
area change will be driven mostly by the salt load on the water used for irrigation south of the
Delta.
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Figure I.4. Yearly crop revenue losses for salinized CVPM regions in the Central Valley in
2030
Source: Author estimates, using the SWAP model.
Changes in land and crop demands are based on other models which estimate the effect of changes in
the population and income on crop demand and the conversion of irrigated land to urban use.
4
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Confined animal feeding operations (CAFO) in the Central Valley also experience
revenue losses from increased saline area (Howitt, et al., 2008). Our model assumes that CAFOs
meet nutrient disposal requirements in the most cost-effective way by applying effluent to field
crops. The area of field crops limits effluent disposal by CAFOs in the Central Valley. Thus a
reduction in acreage of field crops due to increases in salinity-affected areas also reduces the
size of the CAFO industry. The reduction in the area of field crops occurs by shifts in cropping
patterns as well as by land being retired. Howitt et al. (2008) estimated losses of $182 million
per year with a 13 percent reduction in non-saline land (Figure I.5). The linkage of CAFOs and
irrigated crops overestimates the impact of salinity changes to the extent that saline areas that
are unsuitable for field crop production can be used to grow crops such as switch grass or
similar varieties that have a biomass value, are salt tolerant and sequester phosphate and
nitrogen.
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Figure I.5. Yearly confined animal feeding operations revenue losses for salinized CVPM
regions in the Central Valley in 2030
Source: Author calculations using the SWAP model.

To measure the economic cost of changes from current conditions, we estimated a cost
function of revenue losses for irrigated agriculture and confined animal operations versus net
annual salt accumulation. We assume that a yearly net tonnage of accumulated salt of 499
thousand tons per year corresponds to a 13 percent increase in salinity-affected land area
(Howitt, et al., 2008, Schoups, 2004). In the absence of evidence to the contrary, we assume that
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the buildup in saline areas is a linear function of salt accumulation in the region. However, the
relationship between saline area and crop losses shown in Figure I.4 is not linear, given the
effects of salinity on crop yields. We also assume that the relationship between the area of field
crops available for animal waste disposal and the operation of the CAFO industry is linear.
Figure I.5 shows the cost of the reduced ability to dispose of animal waste. The cost is
represented by an exponential function that provides the best fit to the data. The sum of the
yearly crop and CAFO costs is fitted to a third degree polynomial cost function. A plot of the
fitted cost function, evaluated for five levels of yearly net salt accumulation tonnages, appears
in Figure I.6. Combined revenue losses for both confined animal operations and irrigated
agriculture for the base case, at 13 percent salinity, ranges between $341 and $440 million per
year above current levels (Figure I.6).
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Figure I.6. Estimated revenue losses to irrigated agriculture and confined animal feeding
operations from net salt accumulation
In Figure I.6 the lower horizontal axis shows net salt imports (following Shoups et
al.,2005 and Orlob, 1991), and the upper horizontal axis presents a scale for TDS in Delta water
exports, assumed to be linearly related to salt accumulation. The vertical axis displays revenue
losses in millions of dollars per year in 2030. The two plots show irrigated agricultural revenue
losses (dashed line) and the sum of irrigated agriculture and confined animal operations
revenue losses (solid line).
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As noted above, irrigated agricultural revenue losses are expected to be approximately
$211 million per annum by year 2030 under current Delta water export conditions, with salinity
(measured as TDS) of 300 mg/l. If TDS is decreased by 150 mg/l – to the level of salinity in the
Sacramento River upstream of the Delta (upper horizontal axis Figure I.6) - crop revenue loss
would decrease to $71 million per year. Total revenue losses (both for confined animal feeding
operations and irrigated agriculture) would decrease from $392 to $151 million per year.
Looking at likely ranges, this change in surface water source would generate savings on the
order of $210 to $270 million per year. This decrease in TDS implies reduction of more than 160
thousand tons of net salt accumulation (lower horizontal axis, Figure I.6).
With current patterns of salt accumulation, average annual salinity costs are roughly
$1.31 million per mg/l by 2030, with marginal annual salinity costs close to $1.81 million per
mg/l, for 3.7 maf of annual deliveries. This translates into an average cost of $0.35 per mg/l
and a marginal cost of $0.45 per mg/l per acre-foot of agricultural water delivered to the
southern Central Valley. While these are preliminary cost estimates, they indicate the
importance of export salinity for southern Central Valley agriculture. For example, by 2030, a
150 mg/l reduction in salinity of water exported to the region could result in a savings of $65
per acre-foot of water delivered.
Figure I.7 puts salinity costs for crops and CAFO into a time context for 200 and 300
mg/l of TDS in the California Aqueduct and the Delta Mendota Canal (where the 200 mg/l
example could represent a blending of water from a peripheral canal and continued throughDelta exports). At 300 mg/l, saline area increases by 0.5 percent per year (upper horizontal
axis); when salinity is reduced to 200 mg/l , this rate slows to about 0.33 percent per year. With
this slower pace of salt accumulation, the total losses for crops and CAFO of $392 million per
year would be postponed from 2030 to 2043, 13 years later.
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Figure I.7. Estimated timescale for annual salinity costs at 200 and 300 mg/l of TDS in Central
Valley surface water

Economic Effects of Salinity Changes from Different Sizes of Peripheral
Canal
Using an upstream peripheral canal intake on the Sacramento River would reduce the
average salinity of water exported to the southern Central Valley. This section summarizes the
aggregate economic effects of changes in salinity due to different peripheral canal
configurations on southern Central Valley agriculture. The analysis draws on results from
hydrodynamic modeling of dual facilities presented in Appendix C. These modeling scenarios,
simulated for water supply and daily export and operational conditions that occurred over the
period 1981-2000, constrain the use of a peripheral canal by requiring minimum environmental
flows on the Sacramento River. This operational constraint leads to reduced exports from the
canal when there are insufficient excess flows on the Sacramento River, with the balance of
daily export levels met by through-Delta pumping. As a result, there are decreasing returns to
peripheral canal capacity, as described in Appendix C. Over the 1981-2000 simulation period,
annual total water exports from the Delta averaged 4.9 maf, somewhat lower than more recent
levels of roughly 6 maf per year.
The results of changes in average daily salt load measured in tons are shown in Figure
I.8. Since the frequency of using all available canal capacity decreases for larger canal sizes, a
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decreasing marginal reduction in salt load with increased peripheral canal capacity is to be
expected. However, a canal size of 7,500 cfs could accommodate an average export volume of
2.9 maf out of a total 4.9 MAF. If historic allocations continue, a total of 3.7 MAF would be used
for agriculture. Without a canal, the salt load imported from the Delta averages 1.5 million
tons/year. A 7,500 cfs canal, operated to meet historic export levels and maintain Sacramento
River flows, could reduce the total Delta salt load to the southern Central Valley by 32 percent,
or over 471,000 tons per year. If we assume that the San Joaquin River continues to remove a
salt load of 1 million tons/year – as it does currently - a peripheral canal of this capacity would
significantly reduce the net effect of imported salt from the Delta. In addition, if the improved
irrigation quality reduces the drainage load, the salt load in the San Joaquin River would be
reduced. A decrease in the demand for irrigation water could also occur as a result of quality
improvement costs (e.g., the cost of building and operating a canal), translated into a higher
priced-water. Reduced need for salt drainage due to water quality improvements and reduced
demand for irrigation water would ultimately reduce the contribution of agriculture to salt
loads into the San Joaquin River. This reduction in the imported salt load will have less effect on
areas in the Tulare basin, which does not drain into the San Joaquin River system.
We used an integrated economic model of the Central Valley, REMI, to estimate the
economic effect of this reduction in soil salinization on statewide income and employment
(Figure I.9 and Figure I.10).5 The REMI model integrates input-output, computable general
equilibrium, econometric and economic geography methods (REMI, 2008). REMI provides
demands, consumption, investment, government expenditure, exports and imports, and output
feedback from intermediate input productivity. REMI is a model of the full economy in the
Central Valley and the state, and takes into account the linkages between income and
employment in different sectors. However, because the input-output model does not change
the production technology in response to production changes, it may overstate long term
economic losses from salinity accumulation.
Using REMI, the direct cost saving to residents and industries in the Central Valley from
lowering salinity by some 471,000 tons/year with a 7500 cfs peripheral canal reaches $519
million per year in 2030 (Howitt, et al., 2008) .6 When the effect of this direct cost reduction is
run through a statewide economic model, overall statewide income increases by $739 to $952
million dollars per year. Furthermore, as shown in Figure I.10, salt reduction from a 7,500 cfs
canal also could save 22,000 jobs, as a result of an increased demand for labor. As discussed in
Appendix C and chapter 4 of the main report, without a canal, the salinity loads imported to the
southern Central Valley will increase substantially as sea level rises over the coming century,
making the potential savings from a canal even greater.

Regional Economic Models, Inc., http://www.remi.com.
Of this total, 68% corresponds to foregone agricultural revenue losses from irrigated crop agriculture
and combined animal feeding operations. The remainder is savings for residential, industrial, crop
processing, and animal processing operations.
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Figure I.8. Daily salt exports for different sizes of peripheral canal, operated as a dual facility
Source: Appendix C (Fleenor et al., 2008)
Notes: Salinity levels result from model runs assuming specific constraints on peripheral canal
operations; other operational rules could significantly alter these results.
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Figure I.9. Salinity reduction savings by size of peripheral canal in year 2030
Source: Author calculations, using REMI and salinity estimates from Appendix C (Fleenor et al., 2008)
Notes: Salinity levels assume specific constraints on peripheral canal operations; other operational rules
could alter these results.

From an aggregate salt mass balance perspective, even a moderately sized canal can
generate substantial economic benefits. Adjusting the annual salt load shown in Figure I.8 for
the average proportion of export water conveyed to the southern Central Valley, we estimate
that gross import of salinity into this region’s agricultural areas averages 1.5 million tons per
year under current conditions, and from Shoups et al. (2005) and Orlob (1991) we conclude that
the net import of salinity averages 499,000 tons per year. From Figure I.8 we see that a 7,500 cfs
canal reduces the salt load by 471,000 tons per year. The effect on the accumulation of salt in
the valley will depend on the extent to which improved surface water quality from the Delta
changes the San Joaquin river salt load. At one extreme, the San Joaquin River salt load could
be managed to its current permissible level. In this case, the full net reduction in imported salt
would result in a greatly reduced rate of salt accumulation in southern Central Valley soils. At
the other end of the spectrum, the reduction in imported salt may only reduce the current rate
of accumulation in the soils by one third, with the balance directly reducing saline runoff into
the San Joaquin River. Thus on a very simple mass balance basis, a 7500 cfs canal might enable
the southern Central Valley (or at least large areas within the region) to achieve steady state in
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terms of net salinity imports. The salt load that results from mobilization of salt from
subsurface marine layers (e.g. the Corcoran Clay) would remain mostly unchanged by
improvement in imported water quality, unless the improvement reduced leaching fractions
that salinize deep groundwater. Although this salinization process is slower, it may pose an
additional challenge to future uses of deep groundwater (Shoups et al. 2005).
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Figure I.10. Jobs saved by peripheral canal size in year 2030
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3. Model Limitations and Further Work
Limitations of the model arise from data availability and model specification. Estimated
revenue losses are driven by changes in the acreage of saline-affected zones, with the
assumption that less saline regions will tend to have higher crop yields. SWAP was calibrated
to observed land use in each saline zone; nevertheless, the cropping pattern for each saline zone
was preserved as its area changed. In practice, cropping patterns might shift with large
increases in a particular zone, particularly for crops in which California has a large market
share. Calibration to observed values of land use in salinity-affected areas may introduce a bias
in revenue losses. As yields decline in salinity-affected areas, costs also need to decline if farms
are to continue earning positive net revenues. In the modeling work, this issue was addressed
by reducing costs in proportion to yield reductions in the saline zones. If farmers are not able to
reduce production costs to this extent, the revenue losses would be higher than those reported
here.
Another caveat in this preliminary cost estimation is the relationship between TDS, net
salt accumulation tonnage, and non-saline land area reduction. It was assumed these three
parameters have a linear relationship, but this is probably not the case. If the non-saline area is
reduced at a lower rate than the TDS and the net salt accumulation tonnage, our estimates of
revenue losses may be overstated. Furthermore, it is assumed that the salinity-affected areas
grow in proportion to the current net imported salt loads south of the Delta. Estimated gains
from a peripheral canal would be lower if net salt accumulation in groundwater is more
sensitive to processes other than salt loads in the imported water. As more information
becomes available, it will be useful to incorporate these types of details into salinity modeling
work. On the same grounds, more research regarding water and salt balance south of the Delta
is needed, in particular the relationship between irrigation water quality and salt accumulation
in the shallow groundwater and the deep aquifer. This would allow better estimates of the
tradeoffs between water quantity and quality in this region.
We are also aware that the analysis of the effect of a peripheral canal on the salt load
being imported into the valley is based on historic export levels and standard operations over a
20 year interval. Changes in operations could result in quite different levels of salinity, possibly
reducing the exported salt load yet further and also reducing agricultural drainage overall.
Finally, better surface water quality may ultimately influence crop selection in favor of
higher-value, less salt-tolerant crops. This adaptation could increase slightly the estimated
gains from a peripheral canal.
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Conclusions
Changing the salinity of Delta exports has a long-term economic effect on agricultural
revenues in the southern Central Valley. The cost functions based on revenue losses for
irrigated agriculture and confined animal operations are convex, with costs increasing at an
increasing rate with net salt accumulation. Revenue losses for continued water exports at 300
mg/l TDS – the current level of salinity at the South Delta pumps - will range between $341 and
$440 million per year by 2030. Modest improvements in salinity of exported water can
substantially reduce long-term agricultural revenue losses. The regional economic savings
would exceed these direct effects.
Preliminary work with a water quality model demonstrates that even a small 2,000 cfs
peripheral facility supplementing through-Delta pumping as a dual conveyance for both
agricultural and urban users can reduce exported salts from the current Delta by nearly 20
percent; larger capacity canals would increase the benefits to agriculture, because most of the
water and quality benefits of a very small canal would likely go to the urban sector.
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