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Introduction 
This submittal presents the results of an Economic Analysis of the South Delta 
Improvements Program (SDIP).  The Economic Analysis includes an evaluation of the 
following:  
 

• Regional Economics using the IMpact Analysis for PLANning model (IMPLAN)  
• Urban Economics using the Least Cost Planning Simulation Model (LCPSIM)  
• Agricultural Economics using the Central Valley Production Model (CVPM)    

 
This Technical Memorandum must be used in conjunction with the SDIP EIS/EIR, 
including the methodology and modeling technical appendices, to explain the overall 
assumptions for evaluating the Preferred Alternative in the EIS. 
 
Regional Economic Analysis 
 
Construction/Dredging and Long-Term Operation of Fish and Control Barriers – 
Socioeconomic Effects 
This Technical Memorandum describes an analysis of regional economic impacts and 
benefits resulting from the construction and operation and maintenance of operable 
control and fish barriers in the South Delta, and dredging operations of selected portions 
of South Delta channels.   
 
Local Economic Area 
With a population of 3.1 million people, the local economy is defined as San Joaquin, 
Alameda, and Contra Costa counties considered as one economic system.   
 
Methodology 
Developed from the analytical work by Wassily Leontief in the late 1930's, this study 
uses a branch of economics known as Input-Output analysis. The specific technique 
chosen is the widely accepted IMPLAN, a system of software and data. IMPLAN was 
originally developed by the U.S. Department of Agriculture’s Forest Service and is now 
maintained and marketed by the Minnesota IMPLAN Group, Inc. (MIG). 
   
Assumptions 
As with all economic models, assumptions are made to best describe the economic 
behavior of a given study.  In the case of the economic effects of the SDIP, it is assumed 
the duration of construction and dredging operations will be approximately 30 months.  

Construction of Barriers:  Materials and supplies will constitute 50 percent of total 
construction costs, and 6 percent of these materials and supplies will be purchased 
locally.  It is further assumed 60 percent of the 100 construction workers will 
originate from the local study area.  These assumptions were based on previous 
construction projects of a similar nature. 



 
 
South Delta Improvements Program  October 2005  
Environmental Impact Statement/Report  
 

6

Dredging Operations:  Fuel and related costs will constitute 10 percent of total 
dredging costs, and will be purchased from the local economy.  The dredging 
operations will employ 40 percent the workers from the local area.   

Results 
 
Impacts to the Local Area during Project Construction – Alternatives 2A, 3B, and 
4B 
 

Table 1. Estimated Construction Related Employment – Direct and 
Indirect/Induced Effects 

Employment 
Alternative Direct Indirect + Induced Total 

2A 100 30 130
3B 100 19 119
4B 80 8 88
 
The direct effect in Table 1 indicates the initial construction employees needed.  The 
indirect and induced effects show an increase in employment of other industries and 
businesses in the local economy.   
 

Table 2. Estimated Personal Income Resulting from Construction-Related 
Expenditures (2004 Dollars) – Direct and Indirect/Induced Effects  

Personal Income 
Alternative Direct Indirect + Induced Total 

2A $4,262,727 $1,583,892 $5,846,619
3B $2,750,743 $ 763,606 $3,514,349
4B $1,113,600 $ 307,799 $1,421,399
 
The dollar amount under the direct effect in Table 2 is a combination of local supply 
purchases and materials and the local payroll of the construction project.  The indirect 
and induced effects are the income generated from ancillary spending of the industries 
supporting the construction project as well as local businesses. 
 
Demand for Housing during Construction 
Of the 100 construction workers, 40 workers and their families will temporarily reside in 
the local area.  Assuming each worker is a family of three, the population will increase by 
120 people.  Therefore, it is assumed there will be an increase in demand for 
approximately 40 housing units during the construction project.  However, given more 
than 40,000 units are vacant at any one time, the increase in demand for the additional 40 
units represent only 0.1 percent of the vacant units. 
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Disruption of Local Businesses during Construction 
Disruption of local businesses due to construction of the barriers may occur at marinas 
located near construction sites.  This could result from increased travel time for boaters.  
It is assumed that boating opportunities and travel time to and from businesses and 
marinas would not be substantially impacted during the construction period.  The DWR 
would continue to provide a transportation system for boats around the construction sites 
similar to the system currently used for temporary barriers. 
 
Impacts to the Local Area during Dredging Operations 
 

Table 3. Estimates of Direct and Indirect/Induced Effects in Dredging-Related 
Employment 
Employment 

Direct Indirect + Induced Total 
40 40 80 

                
The direct effect in Table 3 indicates initial employees needed for dredging operations.  
The indirect and induced effects show an increase in employment of other industries and 
businesses in the local economy.   
 

Table 4. Personal Income Resulting from Dredging-Related Expenditures (2004 
Dollars) - Estimated Direct and Indirect/Induced Effects 

Personal Income 
Direct Indirect + Induced Total 

$2,688,000 $530,093 $3,218,093 
                
The dollar amount under the direct effect in Table 4 is the combination of local purchases 
of fuel and equipment servicing, and the local payroll of the workers.  Indirect and 
induced effects are the income generated from ancillary spending of the industries 
supporting dredging operations and local businesses. 
 
Demand for Housing during Dredging Operations 
Of the 40 dredging workers, 24 workers and their families will temporarily reside in the 
local area.  Assuming each worker is a family of three, the population will increase by 72 
people during dredging operations.  Therefore, it is assumed there will be an increase in 
demand for approximately 24 housing units.  However, given more than 40,000 units are 
vacant at any one time, the temporary increase in demand for the additional 24 units 
represent only 0.06 percent of the vacant units. 
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Impacts on Local Area during Project Operation – Alternatives 2A, 3B, and 4B 
 

Table 5. Permanent Increase in Employment and Income during Project Operations 
Employment 

Alternative Direct Indirect +Induced Total 
2A 5 2 7
3B 4 2 6
4B 2 1 3

 
Table 6. Estimated Direct and Indirect/Induced Effects in Personal Income 

Resulting from Operation-Related Expenditures 
Personal Income 

Alternative Direct Indirect + Induced Total 
2A $300,000 $ 85,000 $385,000
3B $240,000 $ 68,000 $308,000
4B $120,000 $ 34,000 $154,000

 
Demand for Housing during Project Operation 
No impact on the availability of housing within the study area, nor increase in the 
demand for housing, is expected as a result of operating the barriers as barrier operators 
would be hired from the local area. 
 
Disruption of Local Businesses during Project Operation 
Because boating opportunities within the affected waterways will be maintained, little 
change in business activity generated by boating or water-dependent recreation is 
expected. 
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Development of the SDIP – Urban and Agricultural Economic 
Benefits 
 
Methodology 
The economic analysis is based on estimated water deliveries from CALSIM modeling 
studies.  The modeling studies specify deliveries in the 73 years of historical hydrology 
under the without project and with project scenarios.   
 
Urban and agricultural water supply reliability benefits were estimated using a 
methodology developed by the Department of Water Resources (DWR).  This 
methodology inputs CALSIM water deliveries into existing economic models, DWR’s 
LCPSIM and the CVPM, respectively, to evaluate a project’s potential urban and 
agricultural economic benefits.  All economic benefits reported in this document are 
annual averages. 
 
The majority of urban benefits reported in this Technical Memorandum were estimated 
using the LCPSIM (version LCP55b).  The LCPSIM was developed by the DWR and is 
currently under going a peer review process.  Figure 1 shows the areas modeled by 
LCPSIM.   
 
 
  

Figure: 1  Urban Areas Modeled by LCPSIM

SF Bay Region

South Coast Region
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LCPSIM Overview 
The LCPSIM was developed to assess the economic benefits and costs of increasing 
water service reliability to urban areas by evaluating the economic consequences of the 
yearly changes in demands and availability of water supplies.  LCPSIM measures water 
service reliability benefits by estimating the ability of shortage management 
(contingency) measures to mitigate regional costs and losses associated with a shortage.  
 
Assumptions about the effectiveness of regional long-term and shortage contingency 
options that can be employed to enhance reliability are incorporated into LCPSIM along 
with estimates of their costs. One of the primary objectives of LCPSIM is to develop an 
"economically efficient" regional water management plan.  Figure 2 shows the major 
model logic flows. 
 
 

 
Figure 2.  

LCPSIM Logic 
 



 
 
South Delta Improvements Program  October 2005  
Environmental Impact Statement/Report  
 

12

In LCPSIM, a priority-based objective, mass balance-constrained linear programming 
solution is used to simulate regional water management operations on a yearly time-step 
including the operation of surface and groundwater carryover storage capacity assumed 
available to the region.  Economic losses due to shortage events are based on a residential 
water user loss function. The cost of adding regional long-term water management 
measures is determined using a quadratic-programming algorithm. Quadratic 
programming is also used to simulate water market purchases during shortage events, 
solving for the least-cost combination of shortage-related economic losses, and the cost 
of transferred water.  
 
Demand hardening - the increase in the size of the economic losses associated with 
specific shortage events - is related to the level of use of regional long-term conservation 
measures. The least-cost combination of economic risk, regional long-term water 
management facilities and programs, and contingency water transfers is identified in the 
model for each alternative water management plan evaluated.  Figure 3 provides details 
of the inputs.  For further information on LCPSIM, see IDSEA, 2004.   
 

 
Figure 3.  

LCPSIM Data and Parameters 
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Urban Benefits 
LCPSIM was run for the San Francisco Bay Region and the South Coast Region for each 
project alternative.  Demands were based on 2020 levels of development.  The LCPSIM 
was run with deliveries expected in the base case scenario to determine the least-cost 
combination of shortage-related costs and losses and the investment and operation costs 
of long-term water management options.  LCPSIM was run again with the deliveries 
expected from each of the project alternatives.  The least-cost solution of each alternative 
was compared to the base case.    
 
Table 1 provides a summary of the results indexed to 2004 dollars.  The ‘Avoided 
Loss/Cost” values indicate the benefits of each alternative compared to the base case.  
Since the operational criteria are the same for alternatives 2b, 3b and 4b the benefits are 
identical.   
 

Table 1. Summary of LCPSIM Results  
 

 
San Francisco Region Economic Urban Benefits 

 
Study Alternatives   

study 2a study 2b study 2c study 3b study 4b 
Average Incremental Average Period Available Supply 
(TAF) 6.6 1.3 5.4 1.3 1.3 
Average Incremental Average Period Delivered Supply 
(TAF) 0.5 -1.0 -0.8 -1.0 -1.0 
Average Incremental Average Period Unallocated Urban 
Supply (TAF) 6.1 2.3 6.2 2.3 2.3 
Average Incremental Dry Period Available Supply  (TAF) 2.8 1.2 2.6 1.2 1.2 
Average Incremental Dry Period Delivered Supply (TAF) 1.8 -0.4 0.6 -0.4 -0.4 
Average Incremental Dry Period Unallocated Urban Supply 
(TAF) 1.0 1.6 2.0 1.6 1.6 
Avoided Loss/Cost ($1,000)   $383 -$16 $142 -$16 -$16 

 
South Coast Region Economic Urban Benefits 

 
Study Alternatives 

  study 
2a 

study 
2b 

study 
2c 

study 
3b 

study 
4b 

Average Incremental Average Period Available Supply 
(TAF) 43.6 7.0 43.2 7.0 7.0 
Average Incremental Average Period Delivered Supply 
(TAF) 35.7 1.6 26.3 1.6 1.6 
Average Incremental Average Period Unallocated Urban 
Supply (TAF) 7.9 5.4 16.9 5.4 5.4 
Average Incremental Dry Period Available Supply  (TAF) 34.7 9.9 28.4 9.9 9.9 
Average Incremental Dry Period Delivered Supply (TAF) 34.6 8.9 27.1 8.9 8.9 
Average Incremental Dry Period Unallocated Urban Supply 
(TAF) 0.1 1.0 1.3 1.0 1.0 
Avoided Loss/Cost ($1,000) $8,918 -$9,222 $5,559  -$9,222 -$9,222 
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Benefits to the central coast region were estimated based on the LCPSIM results 
developed for the South Coast Region.  It was assumed that the South Coast Region ratio 
of available water supply to delivered water supply would be applicable to the central 
coast.  The San Joaquin Valley urban benefits are based on foregone groundwater 
conjunctive use operations.  The cost of these operations is an estimated $140 per acre-
foot.   
 
It was also assumed that SWP delivery cost is $30 per acre-foot.  Both costs were 
obtained from the IDSEA, 2004.  The cost difference of $110 indicates the minimum 
price per acre foot local urban water users would be willing to pay for additional SWP 
water (assuming that without the project, local water users will need to expand local 
conjunctive use activities).  Table 2 summarizes the urban benefits.  
 
 

Table 2. Summary of Urban Water Supply Economic Benefits   
(2004 dollars) 

 
($1,000) 

  
Study 2A Study 2B Study 2C Study 3B Study 4B 

SF Bay Region $349 -$15 $129 -$15 -$15 
South Coast Region $8,117 -$8,393 $5,060 -$8,393 -$8,393 
Central Coast Region $157 $0 $99 $0 $0 
San Joaquin Valley $116 -$15 $122 -$15 -$15 

Total   $8,739 -$8,423 $5,410 -$8,423 -$8,423 
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Agricultural Economic Analysis 
Increased water supply reliability for agriculture will improve the profitability of farmers 
by allowing them to increase their planted acreage and/or reduce groundwater pumping.   
The CVPM was used to estimate the change in agricultural profitability provided by the 
water supply reliability of the SDIP.  
 
CVPM Overview  
The CVPM is a regional model of irrigated agricultural production and economics that 
simulates the decisions of agricultural producers (farmers) in the Central Valley of 
California. The model assumes that farmers maximize profit subject to resource, 
technical, and market constraints. Farmers sell and buy in competitive markets, and no 
one farmer can affect or control the price of any commodity. To obtain a market solution, 
the model’s objective function maximizes the sum of producers’ surplus (net income) and 
consumers’ surplus (net value of the agricultural products to consumers) subject to the 
following relationships and restrictions: 
 

1) Linear, increasing marginal cost functions estimated using the technique of 
positive mathematical programming. These functions incorporate acreage 
response elasticities that relate changes in crop acreage to changes in expected 
returns and other information. 

 
2) Commodity demand functions that relate market price to the total quantity 

produced.  
 

3) Irrigation technology tradeoff functions that describe the tradeoff between applied 
water and irrigation technology. 

 
4) A variety of constraints involving land and water availability and other legal, 

physical, and economic limitations. 
 
The model selects those crops, water supplies, and irrigation technology that maximize 
profit subject to these equations and constraints. Profit is revenue minus costs.  From 
number 1 above, cost per acre increases as production increases.  Revenue is irrigated 
acreage, times crop yield per acre, times crop price.  
 
From number 2 above, crop price and revenue per acre decline as production increases. 
Relation number 3 affects costs and water use through the selection of the least-cost 
irrigation technology. Relation number 4 ensures that the model incorporates real-world 
hydrologic, economic, technical, and institutional constraints.  The model includes 22 
crop production regions in the Central Valley and 26 categories of crops.  A map of the 
regions appears as Figure 4.  Descriptions of each of the regions and crop types are 
provided in Tables 3 and 4, respectively.   
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Figure 4. 
Agricultural Areas Modeled by CVPM 
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Table 3.  
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 Table 4. 
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Agricultural Benefits 
For this report, the marginal values generated from a previous CVPM modeling study 
were used to develop the agricultural economic benefits.  These marginal values were 
obtained from DWR and are based on a 2020 benchmark CALFED Water Management 
Strategy study.  Table 5 shows the results of this study.   The numbers in this table 
indicate by water year type the change in economic value a region can expect to receive 
from an additional acre foot of water delivered to the farm headgate. 
 
 
 

Table 5. Agricultural Benefits – Marginal Values 

 
 
 
The 73 hydrologic years were grouped into three water year types, dry, average and wet.  
The agricultural benefits were developed as annual averages by weighting by year type 
frequency the product of the net marginal value and regional change in deliveries for each 
year type.  The net marginal values are the marginal value minus delivery costs.  The 
delivery costs, obtained from DWR, were estimated to range from $8 to $36 (1997 
dollars), depending on region.    
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The following assumptions and decision criteria were made for the agricultural analysis:  
 

• The potential sources for agricultural water include: (1) CVP contract supply,    
(2) CVP water rights and exchange supply, (3) SWP contract supply, (4) SWP 
interruptible supply, (5) local surface water, and (6) local groundwater. 

• Wet year marginal values were used to value interruptible SWP deliveries. 
• No analysis was performed to determine the economic value to the agricultural 

sector of water transferred from agriculture to urban.  The value to the urban 
sector was modeled. 

• In the base case, unallocated contract SWP urban deliveries are allocated to San 
Joaquin Valley SWP and CVP agricultural contractors in proportion to their 
deliveries under their respective contracts.  

• The additional unallocated contract SWP urban deliveries produced by the project 
are used to augment CVP agricultural contract deliveries. 

 
Table 6 summarizes the benefits to agriculture for CVPM regions south of the Delta.   

 
Table 6. Summary of South of Delta Agricultural Benefits 

(2004 dollars) 
($1,000) 

CVPM Region Water 
Project* Study 2a Study 2b Study 2c Study 3b Study 4b 

Region 9 CVP $0 $0 $0 $0 $0 
CVP $1,858 $56 $258 $56 $56 Region 10 
SWP $6 $1 $6 $1 $1 

Region 11 CVP $0 $0 $0 $0 $0 
Region 12 CVP $0 $0 $0 $0 $0 
Region 13 CVP -$23 $12 $30 $12 $12 
Region 14 CVP $4,115 $279 $673 $279 $279 

CVP $99 $4 $13 $4 $4 Region 15 
SWP $474 $130 $409 $130 $130 

Region 16 CVP $0 $0 $1 $0 $0 
Region 17 CVP $11 $14 $18 $14 $14 

CVP $340 $456 $561 $456 $456 Region 18 
SWP $2 $0 $2 $0 $0 
CVP -$1 $0 $1 $0 $0  

Region 19 
  SWP $467 $33 $506 $33 $33 

CVP $47 $79 $96 $79 $79 Region 20 
SWP $26 $3 $27 $3 $3 
CVP -$3 $2 $5 $2 $2 Region 21 
SWP $2,117 $589 $1,817 $589 $589 

Total   $9,533 $1,658 $4,423 $1,658 $1,658 

* The SWP numbers include the economic value of interruptible water deliveries.  
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Table 7. Summary of Agricultural Economic Benefits by Water Project*            
(2004 dollars) 

 ($1,000) 

 
Study 2A Study 2B Study 2C Study 3B Study 4B 

CVP $6,442 $902 $1,657 $902 $902 

SWP** $3,091 $756 $2,766 $756 $756 

Total  $9,533 $1,658 $4,423 $1,658 1,658 
*   Includes urban supplies reallocated from South Coast Region urban use to San Joaquin Valley   agricultural use.   
** The SWP numbers include the economic value of interruptible water deliveries. 
 

 
 

Table 8. Summary of Agricultural and Urban Water Supply Economic Benefits 
(2004 dollars) 

($1,000) 
  

Study 2A Study 2B Study 2C Study 3B Study 4B 
Urban $8,739 -$8,423 $5,410 -$8,423 -$8,423 
Ag $9,533 $1,658 $4,423 $1,658 $1,658 

Total  $18,272 -$6,765 $9,833 -$6,765 -$6,765 
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