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Introduction

T

he Kings Basin is a large groundwater basin
in the Central Valley of California. It is
primarily an agricultural area, which uses
both surface water and groundwater for irrigation
purposes. The Kings Basin has been operating
under overdraft conditions for many years,
resulting in signiﬁcant declines in groundwater
levels throughout the basin. The management of
the water resources has historically been limited to
independent operations by overlying local water
agencies and individual water users.
Recently, the local agencies have initiated a process
of regional cooperation with the intent of integrated
regional water management in the Kings Basin.
The expected beneﬁts of this regional cooperative
approach are: effective management of overdraft;
reduction of potential for conﬂicts and litigation;
and cost effectiveness of large regional projects
compared to multiple small local projects.
The regional cooperation started with a
Memorandum of Understanding (MOU) signed
by Alta Irrigation District (AID), Consolidated
Irrigation District (CID), Fresno Irrigation District
(FID), Kings River Conservation District (KRCD),
and California Department of Water Resources
(DWR) to participate in the CALFED Integrated
Storage Investigation (ISI) program. The purpose
of the MOU is to work cooperatively to formulate
additional mutually beneﬁcial conjunctive
management programs in the Upper Kings Basin.

whole. Hydrologic modeling will be an essential
component of the alternatives evaluation of the
IRWMP. It will provide the necessary scientiﬁc basis
for comparison of the impacts and beneﬁts of the
water management alternatives in the Kings Basin.
This white paper is written to serve the following
purposes:

 Introduce basic concepts of hydrologic
modeling and describe how an integrated
hydrologic model of the Kings Basin would be
developed;
 Increase awareness and understanding of
how a model can be used to beneﬁt the
Kings Basin water resources management;
and
 Answer frequently asked questions about
hydrologic modeling.

Upper Kings Basin Water
Forum Background

T

he Upper Kings Basin Water Forum was formed
in 2004 and consists of local water agencies,
irrigation districts, and stakeholders.
Participation in the Forum is voluntary and open
to all stakeholders within the region. A brief
description of the current Forum members is given
below.

Summary

A

n integrated hydrologic model that is capable
of representing the Kings Basin hydrology
and water management facilities will assist
the Forum in addressing important technical
and policy questions during development of the
IRWMP. An integrated hydrologic modeling tool will
support comparison of alternatives, determination
of project feasibility, evaluation of project beneﬁts
and impacts, cost allocation, procurement of permits
and project approvals, and selection and sizing
of facilities. An integrated hydrologic model will
bring long-term beneﬁts by providing an analysis
tool that can be improved over time as additional
data are obtained.

An integrated hydrologic model will
bring long-term beneﬁts by providing an
analysis tool that can be improved over
time as additional data are obtained.

The next steps in development of the Kings Basin
integrated hydrologic model are to work with
the Forum to establish modeling goals and
objectives, select an appropriate model, and begin
collecting the necessary data. Through the Forum,
local decision makers and the public will be
kept informed throughout the model development
process so that model results are trusted and
can be used to support important decisions and
management actions on water supply projects.

KRCD was founded in 1951 as a public agency
that supports water resources planning within the
service area. KRCD covers an area of approximately

Building upon the success of the ISI, the local
agencies and stakeholders formed the Upper Kings
Basin Water Forum (Forum) to coordinate the regional
effort. The Forum has identiﬁed the development
of an Integrated Regional Water Management Plan
(IRWMP) for the Kings Basin as the ﬁrst key step
towards successful regional cooperation. Figure 1 on
the next page shows the Kings Basin, the boundary
of the IRWMP area, and the irrigation districts
mentioned above.
The purpose of the IRWMP is to identify and deﬁne
different water management scenarios for the Kings
Basin and evaluate alternatives to determine the
best management strategies for the region as a

1

14

Calibrate Model (History Matching): Model calibration is a process
of matching the simulated data, such as groundwater levels, to
measured values. Calibration is achieved by changing the model
parameters within an acceptable range of possible values. A perfect
match between simulated and measured values is not possible due
to such things as incomplete input data ﬁles, measurement errors,
and simpliﬁcation of complex hydrologic processes. However, a
range of calibration targets or goals, such as a difference between
observed and simulated water levels (Figure 12), could be established
for each calibration point. When the simulated groundwater level is
within the speciﬁed calibration target in most of the wells, the model
is considered calibrated. The geographic distribution of the model
deviations from the observed data is important to determine the need
for more data and/or ﬁeld investigations.

1,240,000 acres in the central San Joaquin Valley,
including portions of Fresno, Kings, and Tulare
counties. KRCD consists of six divisions: Divisions
1 through 3 and Divisions 4 through 6 form the
Upper and Lower basins, respectively.
The water districts from the Upper Basin include
AID, CID, and FID. These Districts are working
together with other stakeholders in the region
through the Forum process.

Observed Water Level

Simulated Water Level

100,000

Observed Streamflow

Simulated Streamflow

An integrated hydrologic model of the Kings
Basin will serve as an analytical tool for evaluation
of impacts and beneﬁts of alternative water
management strategies.

The DWR is providing technical support and
facilitation services to the Forum.
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Calibration at a Well
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Perform Sensitivity Analysis: After calibration the model is further
tested to see which of the key variables have the greatest effect on how
well the model represents the physical system. Sensitivity analysis
is conducted to document the degree of uncertainty in the various
parts of the model and to help establish conﬁdence in the model input
data and the modeling results. The purpose is to test the areas where
assumptions were made and where the data was estimated when ﬁeld
observations or data were not available. Sensitivity analysis involves
changes to some of the important variables to observe how the
changes affect the calibrated model.
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A wide range of technical studies will be
conducted during the planning process. The
Forum process includes formation of work
groups to assist in various work elements. One
of the work groups will focus on technical analysis
and data to ensure the data collection, data
management, and technical analysis are conducted
correctly.

The Kings River Water Association (KRWA) is
a primary stakeholder as the water master for
the Kings River. It is composed of 28 members,
including 13 public water districts and 15 mutual
water companies. Other stakeholders include the
cities and counties that rely on the groundwater
basin; environmental, industry, or trade
organizations; and citizens groups.

Most hydrologic models are calibrated for local groundwater levels,
basin-wide groundwater levels, stream ﬂows (Figure 13),
or water budgets.
40

The Forum will be working to evaluate
strategies to better manage the available water
supply and meet long-term agricultural,
municipal, and environmental water demands.
The Forum will develop an Integrated
Regional Water Management Plan (IRWMP).
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Figure 1
Kings Basin and IRWMP Boundary
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What is a model?

A

model is a mathematical representation of the physical
hydrologic process in a region. The model of the Kings Basin will
allow for analysis of the individual parts of the hydrologic cycle and of
the integrated groundwater and surface water system.
Figure 2, below, shows the physical processes that would be represented
in a Kings Basin integrated hydrologic model. An integrated hydrologic
model can be used by the Forum to evaluate the state of the
groundwater and surface water resources under both present and
future land and water use conditions, and to evaluate a range of
future water supply project scenarios. There are a wide variety of
numerical models that can be used to evaluate relevant components of
the hydrologic cycle and human inﬂuence on the system. Models are
available to evaluate agricultural water delivery systems, municipal
supply pipeline networks, reservoir operations, rainfall, stream ﬂow,
groundwater levels, and water quality conditions. For purposes of
the Kings Basin IRWMP, an integrated model will be developed
to support the program goals and objectives and to address speciﬁc
questions identiﬁed by the Forum.

There are a wide
variety of numerical
models that can be used
to evaluate relevant
components of the
hydrologic cycle and
influence on the system.

Figure 9
Sample Study Area
(Glenn County)

Evapotranspiration (Ea)
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An important step in developing a numerical model is to develop the
model grid network and divide the study area into smaller cells or
elements. An example of the hydrologic study area from Stony Creek
in the Sacramento Valley and the corresponding model grid is shown
below (Figures 9 and 10). The model grid could be ﬁner in the areas of
interest, such as pumping centers, and coarser at other locations.

Agriculture

Precipitation (P)

Urban

Figure 10
Model Representation of Sample
Study Area (Glenn County)

The major data input items for a hydrologic model are hydrologic,
geologic, land and water use, and aquifer parameters (Figure 11).
Some of the input ﬁles could be very large and time-consuming to
prepare; however, recent graphical user interfaces have simpliﬁed the
data development process and post-processing of the model results.
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Figure 2
Major Components of the
Hydrologic System
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Figure 11
Input/Output Data of a Model
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A conceptual model is a simpliﬁed view of the complex hydrologic
system being modeled. It includes a limited number of simpliﬁed
geologic layers (Figure 7) that represent the complex geology of the
basin. The complex hydrologic processes are simpliﬁed into fewer
and simpler ones. The location, type, and ﬂow rates at the model
boundary are also included in the conceptual model. A hydrologic
budget depicting the rates and volumes of the hydrologic components
is usually included in the conceptual model. When completed, the
conceptual model (Figure 8) will be used as a blueprint for building
the integrated hydrologic model.
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Sample Geologic Cross Section (Glenn County)
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Sample Conceptual Model

Once a conceptual model is developed and the hydrologic processes
to be included in the model are ﬁnalized, a model that is capable of
evaluating the system is selected. There are several public domain
and copyrighted model codes available in the market that can be
used to evaluate many of the hydrologic processes. The IGSM model
is one that has been used extensively in the Central Valley and other
California locations.
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he purpose of the Kings Basin integrated hydrologic model is
to support planning and decision making and to reduce the
uncertainty when evaluating alternative strategies. A model
can be a consensus building tool if properly included in the planning
process because it requires careful review of the existing data and
information and an explicit review of planning assumptions, goals, and
objectives. The usefulness of a model is measured by how well it
provides timely, useful, and understandable information that reduces
the risk and uncertainty in making decisions about public and private
investments in water projects.

A

n integrated hydrologic model of the Kings Basin will include
the major components of the hydrologic cycle as shown in
Figure 3 on the next page. A comprehensive integrated hydrologic
model includes several major processes: movement of groundwater;
interaction between the river, canals and groundwater system;
operation of the reservoirs and canal systems; and calculation of
current and future municipal and agricultural pumping. Decisions on
the speciﬁc features of the model would be based on available data,
modeling needs, and modeling goals and objectives.
Conjunctive use of surface water and groundwater supplies and
storage has been successfully used to manage water in the Kings Basin
and in similar areas where there are regular drought and ﬂood cycles
and great variation in annual water supply availability. An integrated
hydrologic model of the Kings Basin would represent normal, wet,
and dry conditions and how water demands can be reliably met with
groundwater and surface water. Since the planning area is so reliant
on delivery of surface water to meet agricultural needs, the model
will evaluate the application of irrigation water and the contribution
to groundwater recharge as part of the overall water budget.

The IGSM model is one that
has been used extensively in
the Central Valley and other
California locations.
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Figure 3
Components of the
Integrated Hydrologic Model
of the Kings Basin
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What are the anticipated beneﬁts of a model for the Kings Basin?

M

• Helping answer Kings Basin–speciﬁc

• Supporting economic and environmental

Build Model: Model development is a very data-intensive process
and requires many time series and physical characteristics data.

As a predictive tool, a model
allows for evaluation of
likely future conditions
and for comparison of
alternative strategies.

Some of the anticipated beneﬁts of an integrated model include:

• Developing a shared database with

aggregated data from a wide range of
sources and formats;

• Evaluating and reviewing historical data
and making decisions on data quality
and usefulness;

• Improving the understanding of basin
operations and water budget;

• Creating a consensus on water supply
and overdraft problems;

• Testing a wide range of planning

Determine Modeling Need: The ﬁrst step in model development
is to determine the level and type of model needed. When solving
a water resources problem or developing future plans for a basin,
water resources professionals should determine the cost and beneﬁt
of developing a model for their hydrologic system of interest.
Availability of the required data is an important factor in the decision.
An integrated hydrological model is recommended for developing a
successful IRWMP for the Kings Basin.
Deﬁne Objectives and Select Model: It is necessary to deﬁne the
modeling objectives once the level and type of model is established.
An outline of modeling goals and objectives should be developed to
address the questions related to the water resources problems being
analyzed. Evaluation of alternative conjunctive use management
strategies is an example of a modeling objective for the Kings Basin.
Based on the local hydrologic system and the modeling objectives,
a model that is capable of evaluating the system and providing the
necessary answers should be selected. Several complex hydrologic
processes of the Kings Basin should be included in the model. The
major processes for the Kings Basin include groundwater ﬂow, surface
ﬂow, unsaturated ﬂow, stream-aquifer interaction, reservoir operation,
and land and water use analysis. The Integrated Groundwater and
Surface water Model (IGSM) is a powerful hydrologic model that is
capable of simulating the above physical processes.

odels are used as both descriptive and predictive tools. As a
descriptive tool, the model will help establish the nature and
extent of the water supply problem through evaluation of the water
budget, overdraft, and the relationships between surface water and
groundwater supply and demand. As a predictive tool, a model
allows for evaluation of likely future conditions and for comparison of
alternative strategies.

5

D

evelopment of an integrated hydrologic model is a complex
process and involves several steps (Figure 6). The steps of model
development, from determining the need for model development to
utilizing the developed model, are explained below.

Irrigation Water

Groundwater
System

assumptions;

How is a model developed?

• Comparing alternatives and analyzing a
wide range of “what-if” scenarios;

questions on technical and policy issues;

analysis and comparing impacts and
beneﬁts;

• Improving the defensibility and technical
credibility of the analysis results; and

• Supporting evaluation of regional water

quality issues resulting from anticipated
future growth.

Model development is a very
data-intensive process and
requires many time series
and physical characteristics
data.

Typical data needed for the development of an integrated hydrologic model:

•
•
•
•

Precipitation
Groundwater level
Groundwater pumping
Aquifer conditions

• Geology
• Stream ﬂow
• Stream level

• Surface water diversions
• Reservoir operating rules
• Land use
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What geographic area will be covered in the model?

Three key uses of the model would be:
Short-Term Planning/Operations:

• Estimate system operations using short-term,

predictive runs
• Develop monitoring programs for
water measurement
• Document project benefits

Systems Behavior Study:
• Enhance the understanding of the
physical systems response characteristics
• Formulate alternative management
scenarios

Long-Term Planning for the IRWMP:
• Assess the hydrologic responses to
different planning scenarios
• Evaluate environmental impacts

What is the next step?

T

o ensure the success of modeling efforts, it is necessary to work
with the Forum members to establish clear modeling
goals and objectives. This will include discussion with technical and
management representatives in the Technical Analysis and Data Work
Group, the Planning Committee, and the IRWMP team. A modeling
objective speciﬁes a desirable utility or function of the model.
Interviews and meetings are required to obtain a comprehensive and
accurate understanding of issues, concerns, questions, and needs for
development and use of an integrated hydrologic model for the Kings
Basin. Modeling objectives and associated criteria determine the
required features and capabilities of the model. These results will then
guide model selection and the model development strategy.

Modeling objectives and
associated criteria determine

ﬂow system characteristics and behavior
in the Kings River area and local
sub-areas of interest;

• Evaluate recharge capabilities;
• Evaluate surface water systems operations,
stream-aquifer interactions, and unlined
canal-aquifer interactions;

• Provide quantitative answers to various

questions on the groundwater and surface
water system characteristics and responses;

9

s currently conceived, the Kings Basin integrated hydrologic
model would be developed for the area overlying the Kings
groundwater basin as identiﬁed in the DWR Bulletin 118 and
surrounding related areas based on hydrology, hydrogeology, and
water supply facilities. This area is shown in Figure 4. It will include
all of the Upper Basin (AID, FID, and CID) and Lower Basin areas
between the Kings River and the San Joaquin River. The detailed
extent of the model boundaries have not yet been determined and
will be established after further review of the data and input from
the Technical Analysis and Data Work Group.
The model will provide a 3-dimensional representation of the
groundwater basin. This is important because the water bearing
materials are found in aquifer layers separated by clay. Aquifers are
deﬁned as the geologic deposits that are capable of yielding water to
wells. Each aquifer has different characteristics and an appropriate
combination of layers should be included in the model to provide
capabilities for analysis of regional and local scale projects.

the required features and
capabilities of the model.

Kings Basin integrated hydrologic modeling objectives could be:

• Gain a better understanding of groundwater

A

• Provide a measure of meeting the IRWMP’s
goals and objectives;

• Compare alternatives and evaluate impacts
of potential projects; and

• Evaluate the distribution of potential beneﬁts

CID

General Model Area

AID

Figure 4
General Model Area

Who will develop the model?

T

he model will be developed by the Forum with technical
assistance from DWR and its consultant Water Resources
& Information Management Engineering, Inc. (WRIME). The
development effort will be coordinated with the Technical Analysis
and Data Work Group of the Forum. The Technical Analysis
and Data Work Group includes local engineers and scientists from
member districts to assist in data collection, review of model input
data and results, and advise the Planning and Steering Committee
and Forum on model development.

• Analyze the groundwater and surface

water system responses to different pumping
and recharge programs in the Kings River
area;

FID

Water Resources & Information
Management Engineering, Inc.

How long will it take to develop the model?

I

t takes about 12 to 18 months to develop a representative regional
model that is calibrated and ready to be utilized in the analysis
of alternatives. This amount of time is required because the model
development process is very data and labor intensive. In addition,
stakeholder involvement and buy-in, which are two important aspects
of the model development process, often require a substantial amount
of time.

Twelve to 18 months is
required to develop a
representative regional
model.

and costs of a project.
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What types of questions can be addressed?

F

Is a hydrological model needed for IRWMP development?

I

orum members will be asking a wide range of questions as
the IRWMP is developed.

The types of questions that a model can address include:

• What is the historical overdraft?
• What is the water budget for various
sub-areas?

• How much groundwater ﬂows between
sub-areas?

• How much streamﬂow currently leaving the
basin could be captured?

• What are the effects of urban land use
conversions?

• What are the impacts to groundwater

from various levels of development or
changes to general plans?

• What are the cumulative impacts from all
proposed projects within the region?

• What beneﬁts might be received from

conjunctive use and additional artiﬁcial
recharge?

What kind of management scenarios or projects can be analyzed?

T

he Kings Basin integrated hydrologic model is an ideal
analytical tool to analyze the hydrologic effects of various capital
facility improvement projects.
Capital facility improvements may include:

• Groundwater spreading and recharge;
• Operation of canals or conveyance;
• Use of treated surface water for drinking
water in lieu of municipal groundwater
pumping;

• Use of treated or reclaimed water for

irrigation in lieu of groundwater pumping;
and

• Reservoir construction or re-operation of
existing storage.

Alternative management scenarios that
can be modeled include:

• Variable future hydrologic conditions;
• Range of water conservation assumptions;

t can be argued that a hydrologic model is not needed for the
development of an IRWMP. However, this generalized view may
not be applicable in the case of the Kings Basin, where groundwater
overdraft is signiﬁcant, widespread, and long-standing. As a result,
alternative water management strategies need to be formulated with
a higher degree of certainty to ensure success for all member agencies
and stakeholders of the Forum. An integrated hydrologic model of the
Kings Basin will provide a sound scientiﬁc basis for the development
and analysis of alternative water management scenarios, which in
turn will reduce disagreements among stakeholders. In addition,
integration of the model development process into the planning
process, and involvement of the public and decision makers, will help
prevent the model from being perceived as a ”black box”.
An integrated hydrologic model can be used to determine the
optimal combination of physical and operational parameters that
best meet the goals of the IRWMP stakeholders. The model can also
be used to assess potential environmental and third-party impacts
resulting from potential projects. For example, the integrated
hydrologic model can be combined with economic and ﬁnancial
analysis tools and used to analyze the relative costs and beneﬁts
associated with different levels of public investment in capital projects.
This level of technical and economic analysis is helpful in obtaining
public support to fund new water supply projects.

make the planning
process and decisions
more supportable and
understandable.

An integrated hydrologic
model can be used to
determine the optimal
combination of physical and
operational parameters that
best meet the goals of the
IRWMP stakeholders.

Modeling of IRWMP alternatives will also improve the technical
credibility of the analysis and increase the legal defensibility of
any environmental analysis required pursuant to the California
Environmental Quality Act (CEQA) and other state and federal
statutes (e.g., National Environmental Policy Act, Clean Water Act, and
State and Federal Endangered Species Acts) that may be part of the
approval process for new water supply projects.
An integrated hydrologic model can be used for a range of analyses as
shown in Figure 5.

• Redistribution of pumping or changes to

Short-term planning/
operations

•
•
•
•

Estimated operations
Predictive model runs
Monitoring
Adaptive management

Long-term planning

•
•

Baseline
Alternatives

System
behavior study

•
•

Response functions
Alternative formulation

pumping regimes;

• Alternative development, land use, and
demand conditions; and

Accepted
calibrated model

• Water supply reliability and drought
response plans.

Figure 5
Model Utilization Pathways
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Model results will help
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Is a hydrological model needed for IRWMP development?

I

orum members will be asking a wide range of questions as
the IRWMP is developed.

The types of questions that a model can address include:

• What is the historical overdraft?
• What is the water budget for various
sub-areas?

• How much groundwater ﬂows between
sub-areas?

• How much streamﬂow currently leaving the
basin could be captured?

• What are the effects of urban land use
conversions?

• What are the impacts to groundwater
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changes to general plans?

• What are the cumulative impacts from all
proposed projects within the region?

• What beneﬁts might be received from

conjunctive use and additional artiﬁcial
recharge?

What kind of management scenarios or projects can be analyzed?

T

he Kings Basin integrated hydrologic model is an ideal
analytical tool to analyze the hydrologic effects of various capital
facility improvement projects.
Capital facility improvements may include:

• Groundwater spreading and recharge;
• Operation of canals or conveyance;
• Use of treated surface water for drinking
water in lieu of municipal groundwater
pumping;

• Use of treated or reclaimed water for

irrigation in lieu of groundwater pumping;
and

• Reservoir construction or re-operation of
existing storage.

Alternative management scenarios that
can be modeled include:

• Variable future hydrologic conditions;
• Range of water conservation assumptions;

t can be argued that a hydrologic model is not needed for the
development of an IRWMP. However, this generalized view may
not be applicable in the case of the Kings Basin, where groundwater
overdraft is signiﬁcant, widespread, and long-standing. As a result,
alternative water management strategies need to be formulated with
a higher degree of certainty to ensure success for all member agencies
and stakeholders of the Forum. An integrated hydrologic model of the
Kings Basin will provide a sound scientiﬁc basis for the development
and analysis of alternative water management scenarios, which in
turn will reduce disagreements among stakeholders. In addition,
integration of the model development process into the planning
process, and involvement of the public and decision makers, will help
prevent the model from being perceived as a ”black box”.
An integrated hydrologic model can be used to determine the
optimal combination of physical and operational parameters that
best meet the goals of the IRWMP stakeholders. The model can also
be used to assess potential environmental and third-party impacts
resulting from potential projects. For example, the integrated
hydrologic model can be combined with economic and ﬁnancial
analysis tools and used to analyze the relative costs and beneﬁts
associated with different levels of public investment in capital projects.
This level of technical and economic analysis is helpful in obtaining
public support to fund new water supply projects.

make the planning
process and decisions
more supportable and
understandable.

An integrated hydrologic
model can be used to
determine the optimal
combination of physical and
operational parameters that
best meet the goals of the
IRWMP stakeholders.

Modeling of IRWMP alternatives will also improve the technical
credibility of the analysis and increase the legal defensibility of
any environmental analysis required pursuant to the California
Environmental Quality Act (CEQA) and other state and federal
statutes (e.g., National Environmental Policy Act, Clean Water Act, and
State and Federal Endangered Species Acts) that may be part of the
approval process for new water supply projects.
An integrated hydrologic model can be used for a range of analyses as
shown in Figure 5.

• Redistribution of pumping or changes to

Short-term planning/
operations

•
•
•
•

Estimated operations
Predictive model runs
Monitoring
Adaptive management

Long-term planning

•
•

Baseline
Alternatives

System
behavior study

•
•

Response functions
Alternative formulation

pumping regimes;

• Alternative development, land use, and
demand conditions; and

Accepted
calibrated model

• Water supply reliability and drought
response plans.
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What geographic area will be covered in the model?

Three key uses of the model would be:
Short-Term Planning/Operations:

• Estimate system operations using short-term,

predictive runs
• Develop monitoring programs for
water measurement
• Document project benefits

Systems Behavior Study:
• Enhance the understanding of the
physical systems response characteristics
• Formulate alternative management
scenarios

Long-Term Planning for the IRWMP:
• Assess the hydrologic responses to
different planning scenarios
• Evaluate environmental impacts

What is the next step?

T

o ensure the success of modeling efforts, it is necessary to work
with the Forum members to establish clear modeling
goals and objectives. This will include discussion with technical and
management representatives in the Technical Analysis and Data Work
Group, the Planning Committee, and the IRWMP team. A modeling
objective speciﬁes a desirable utility or function of the model.
Interviews and meetings are required to obtain a comprehensive and
accurate understanding of issues, concerns, questions, and needs for
development and use of an integrated hydrologic model for the Kings
Basin. Modeling objectives and associated criteria determine the
required features and capabilities of the model. These results will then
guide model selection and the model development strategy.

Modeling objectives and
associated criteria determine

ﬂow system characteristics and behavior
in the Kings River area and local
sub-areas of interest;

• Evaluate recharge capabilities;
• Evaluate surface water systems operations,
stream-aquifer interactions, and unlined
canal-aquifer interactions;

• Provide quantitative answers to various

questions on the groundwater and surface
water system characteristics and responses;
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s currently conceived, the Kings Basin integrated hydrologic
model would be developed for the area overlying the Kings
groundwater basin as identiﬁed in the DWR Bulletin 118 and
surrounding related areas based on hydrology, hydrogeology, and
water supply facilities. This area is shown in Figure 4. It will include
all of the Upper Basin (AID, FID, and CID) and Lower Basin areas
between the Kings River and the San Joaquin River. The detailed
extent of the model boundaries have not yet been determined and
will be established after further review of the data and input from
the Technical Analysis and Data Work Group.
The model will provide a 3-dimensional representation of the
groundwater basin. This is important because the water bearing
materials are found in aquifer layers separated by clay. Aquifers are
deﬁned as the geologic deposits that are capable of yielding water to
wells. Each aquifer has different characteristics and an appropriate
combination of layers should be included in the model to provide
capabilities for analysis of regional and local scale projects.

the required features and
capabilities of the model.

Kings Basin integrated hydrologic modeling objectives could be:

• Gain a better understanding of groundwater

A

• Provide a measure of meeting the IRWMP’s
goals and objectives;

• Compare alternatives and evaluate impacts
of potential projects; and

• Evaluate the distribution of potential beneﬁts

CID

General Model Area

AID

Figure 4
General Model Area

Who will develop the model?

T

he model will be developed by the Forum with technical
assistance from DWR and its consultant Water Resources
& Information Management Engineering, Inc. (WRIME). The
development effort will be coordinated with the Technical Analysis
and Data Work Group of the Forum. The Technical Analysis
and Data Work Group includes local engineers and scientists from
member districts to assist in data collection, review of model input
data and results, and advise the Planning and Steering Committee
and Forum on model development.

• Analyze the groundwater and surface

water system responses to different pumping
and recharge programs in the Kings River
area;

FID

Water Resources & Information
Management Engineering, Inc.

How long will it take to develop the model?

I

t takes about 12 to 18 months to develop a representative regional
model that is calibrated and ready to be utilized in the analysis
of alternatives. This amount of time is required because the model
development process is very data and labor intensive. In addition,
stakeholder involvement and buy-in, which are two important aspects
of the model development process, often require a substantial amount
of time.

Twelve to 18 months is
required to develop a
representative regional
model.

and costs of a project.
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Figure 3
Components of the
Integrated Hydrologic Model
of the Kings Basin
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Figure 6
Steps of Model Development
Groundwater
Pumping

Surface Water
Diversion

Baseflow/Stream
Seepage Loss

Stream System

What are the anticipated beneﬁts of a model for the Kings Basin?

M

• Helping answer Kings Basin–speciﬁc

• Supporting economic and environmental

Build Model: Model development is a very data-intensive process
and requires many time series and physical characteristics data.

As a predictive tool, a model
allows for evaluation of
likely future conditions
and for comparison of
alternative strategies.

Some of the anticipated beneﬁts of an integrated model include:

• Developing a shared database with

aggregated data from a wide range of
sources and formats;

• Evaluating and reviewing historical data
and making decisions on data quality
and usefulness;

• Improving the understanding of basin
operations and water budget;

• Creating a consensus on water supply
and overdraft problems;

• Testing a wide range of planning

Determine Modeling Need: The ﬁrst step in model development
is to determine the level and type of model needed. When solving
a water resources problem or developing future plans for a basin,
water resources professionals should determine the cost and beneﬁt
of developing a model for their hydrologic system of interest.
Availability of the required data is an important factor in the decision.
An integrated hydrological model is recommended for developing a
successful IRWMP for the Kings Basin.
Deﬁne Objectives and Select Model: It is necessary to deﬁne the
modeling objectives once the level and type of model is established.
An outline of modeling goals and objectives should be developed to
address the questions related to the water resources problems being
analyzed. Evaluation of alternative conjunctive use management
strategies is an example of a modeling objective for the Kings Basin.
Based on the local hydrologic system and the modeling objectives,
a model that is capable of evaluating the system and providing the
necessary answers should be selected. Several complex hydrologic
processes of the Kings Basin should be included in the model. The
major processes for the Kings Basin include groundwater ﬂow, surface
ﬂow, unsaturated ﬂow, stream-aquifer interaction, reservoir operation,
and land and water use analysis. The Integrated Groundwater and
Surface water Model (IGSM) is a powerful hydrologic model that is
capable of simulating the above physical processes.

odels are used as both descriptive and predictive tools. As a
descriptive tool, the model will help establish the nature and
extent of the water supply problem through evaluation of the water
budget, overdraft, and the relationships between surface water and
groundwater supply and demand. As a predictive tool, a model
allows for evaluation of likely future conditions and for comparison of
alternative strategies.
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D

evelopment of an integrated hydrologic model is a complex
process and involves several steps (Figure 6). The steps of model
development, from determining the need for model development to
utilizing the developed model, are explained below.

Irrigation Water

Groundwater
System

assumptions;

How is a model developed?

• Comparing alternatives and analyzing a
wide range of “what-if” scenarios;

questions on technical and policy issues;

analysis and comparing impacts and
beneﬁts;

• Improving the defensibility and technical
credibility of the analysis results; and

• Supporting evaluation of regional water

quality issues resulting from anticipated
future growth.

Model development is a very
data-intensive process and
requires many time series
and physical characteristics
data.

Typical data needed for the development of an integrated hydrologic model:

•
•
•
•

Precipitation
Groundwater level
Groundwater pumping
Aquifer conditions

• Geology
• Stream ﬂow
• Stream level

• Surface water diversions
• Reservoir operating rules
• Land use

10

A conceptual model is a simpliﬁed view of the complex hydrologic
system being modeled. It includes a limited number of simpliﬁed
geologic layers (Figure 7) that represent the complex geology of the
basin. The complex hydrologic processes are simpliﬁed into fewer
and simpler ones. The location, type, and ﬂow rates at the model
boundary are also included in the conceptual model. A hydrologic
budget depicting the rates and volumes of the hydrologic components
is usually included in the conceptual model. When completed, the
conceptual model (Figure 8) will be used as a blueprint for building
the integrated hydrologic model.
1,000
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DEPOSITS
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What is the purpose of a model?
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0
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SCFIGSM Layer 1

10
Distance (miles)

SCFIGSM Layer 2

Figure 7
Sample Geologic Cross Section (Glenn County)

SCFIGSM Layer 3

15
SCFIGSM Layer 4

20
Underlying Marine Deposits

GW Pumping
Precipitation

SW Diversions

Consumptive Use
Direct Runoff

Infiltration

River Gains

Boundary and
Tributary Inflow

River/Canal Recharge

Deep
Percolation

Boundary and
Tributary Outflow

Figure 8
Sample Conceptual Model

Once a conceptual model is developed and the hydrologic processes
to be included in the model are ﬁnalized, a model that is capable of
evaluating the system is selected. There are several public domain
and copyrighted model codes available in the market that can be
used to evaluate many of the hydrologic processes. The IGSM model
is one that has been used extensively in the Central Valley and other
California locations.
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he purpose of the Kings Basin integrated hydrologic model is
to support planning and decision making and to reduce the
uncertainty when evaluating alternative strategies. A model
can be a consensus building tool if properly included in the planning
process because it requires careful review of the existing data and
information and an explicit review of planning assumptions, goals, and
objectives. The usefulness of a model is measured by how well it
provides timely, useful, and understandable information that reduces
the risk and uncertainty in making decisions about public and private
investments in water projects.

A

n integrated hydrologic model of the Kings Basin will include
the major components of the hydrologic cycle as shown in
Figure 3 on the next page. A comprehensive integrated hydrologic
model includes several major processes: movement of groundwater;
interaction between the river, canals and groundwater system;
operation of the reservoirs and canal systems; and calculation of
current and future municipal and agricultural pumping. Decisions on
the speciﬁc features of the model would be based on available data,
modeling needs, and modeling goals and objectives.
Conjunctive use of surface water and groundwater supplies and
storage has been successfully used to manage water in the Kings Basin
and in similar areas where there are regular drought and ﬂood cycles
and great variation in annual water supply availability. An integrated
hydrologic model of the Kings Basin would represent normal, wet,
and dry conditions and how water demands can be reliably met with
groundwater and surface water. Since the planning area is so reliant
on delivery of surface water to meet agricultural needs, the model
will evaluate the application of irrigation water and the contribution
to groundwater recharge as part of the overall water budget.

The IGSM model is one that
has been used extensively in
the Central Valley and other
California locations.

4

What is a model?

A

model is a mathematical representation of the physical
hydrologic process in a region. The model of the Kings Basin will
allow for analysis of the individual parts of the hydrologic cycle and of
the integrated groundwater and surface water system.
Figure 2, below, shows the physical processes that would be represented
in a Kings Basin integrated hydrologic model. An integrated hydrologic
model can be used by the Forum to evaluate the state of the
groundwater and surface water resources under both present and
future land and water use conditions, and to evaluate a range of
future water supply project scenarios. There are a wide variety of
numerical models that can be used to evaluate relevant components of
the hydrologic cycle and human inﬂuence on the system. Models are
available to evaluate agricultural water delivery systems, municipal
supply pipeline networks, reservoir operations, rainfall, stream ﬂow,
groundwater levels, and water quality conditions. For purposes of
the Kings Basin IRWMP, an integrated model will be developed
to support the program goals and objectives and to address speciﬁc
questions identiﬁed by the Forum.

There are a wide
variety of numerical
models that can be used
to evaluate relevant
components of the
hydrologic cycle and
influence on the system.

Figure 9
Sample Study Area
(Glenn County)

Evapotranspiration (Ea)

(A w)

An important step in developing a numerical model is to develop the
model grid network and divide the study area into smaller cells or
elements. An example of the hydrologic study area from Stony Creek
in the Sacramento Valley and the corresponding model grid is shown
below (Figures 9 and 10). The model grid could be ﬁner in the areas of
interest, such as pumping centers, and coarser at other locations.

Agriculture

Precipitation (P)

Urban

Figure 10
Model Representation of Sample
Study Area (Glenn County)

The major data input items for a hydrologic model are hydrologic,
geologic, land and water use, and aquifer parameters (Figure 11).
Some of the input ﬁles could be very large and time-consuming to
prepare; however, recent graphical user interfaces have simpliﬁed the
data development process and post-processing of the model results.

Diversion
Return Flow
Runoff (Qd)

Geologic Data

Hydrologic Data

Land and Water Use

Infiltration (I f )

Stream
Soil Zone

Stream

Unsaturated
Zone
Water
Table

Soil Zone

Parameter Data

Deep Percolation (Dp)
Unsaturated
Zone
Water
Table Recharge

Numerical
Model

Saturated Aquifer

Figure 2
Major Components of the
Hydrologic System

3

Groundwater
Levels

Streamflow

Water
Budgets

Figure 11
Input/Output Data of a Model
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Calibrate Model (History Matching): Model calibration is a process
of matching the simulated data, such as groundwater levels, to
measured values. Calibration is achieved by changing the model
parameters within an acceptable range of possible values. A perfect
match between simulated and measured values is not possible due
to such things as incomplete input data ﬁles, measurement errors,
and simpliﬁcation of complex hydrologic processes. However, a
range of calibration targets or goals, such as a difference between
observed and simulated water levels (Figure 12), could be established
for each calibration point. When the simulated groundwater level is
within the speciﬁed calibration target in most of the wells, the model
is considered calibrated. The geographic distribution of the model
deviations from the observed data is important to determine the need
for more data and/or ﬁeld investigations.

1,240,000 acres in the central San Joaquin Valley,
including portions of Fresno, Kings, and Tulare
counties. KRCD consists of six divisions: Divisions
1 through 3 and Divisions 4 through 6 form the
Upper and Lower basins, respectively.
The water districts from the Upper Basin include
AID, CID, and FID. These Districts are working
together with other stakeholders in the region
through the Forum process.

Observed Water Level

Simulated Water Level

100,000

Observed Streamflow

Simulated Streamflow

An integrated hydrologic model of the Kings
Basin will serve as an analytical tool for evaluation
of impacts and beneﬁts of alternative water
management strategies.

The DWR is providing technical support and
facilitation services to the Forum.
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Calibration at a Well
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Perform Sensitivity Analysis: After calibration the model is further
tested to see which of the key variables have the greatest effect on how
well the model represents the physical system. Sensitivity analysis
is conducted to document the degree of uncertainty in the various
parts of the model and to help establish conﬁdence in the model input
data and the modeling results. The purpose is to test the areas where
assumptions were made and where the data was estimated when ﬁeld
observations or data were not available. Sensitivity analysis involves
changes to some of the important variables to observe how the
changes affect the calibrated model.
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A wide range of technical studies will be
conducted during the planning process. The
Forum process includes formation of work
groups to assist in various work elements. One
of the work groups will focus on technical analysis
and data to ensure the data collection, data
management, and technical analysis are conducted
correctly.

The Kings River Water Association (KRWA) is
a primary stakeholder as the water master for
the Kings River. It is composed of 28 members,
including 13 public water districts and 15 mutual
water companies. Other stakeholders include the
cities and counties that rely on the groundwater
basin; environmental, industry, or trade
organizations; and citizens groups.

Most hydrologic models are calibrated for local groundwater levels,
basin-wide groundwater levels, stream ﬂows (Figure 13),
or water budgets.
40

The Forum will be working to evaluate
strategies to better manage the available water
supply and meet long-term agricultural,
municipal, and environmental water demands.
The Forum will develop an Integrated
Regional Water Management Plan (IRWMP).

Kings Basin
IRWMP Boundary
KRCD Division
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Figure 1
Kings Basin and IRWMP Boundary
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Introduction

T

he Kings Basin is a large groundwater basin
in the Central Valley of California. It is
primarily an agricultural area, which uses
both surface water and groundwater for irrigation
purposes. The Kings Basin has been operating
under overdraft conditions for many years,
resulting in signiﬁcant declines in groundwater
levels throughout the basin. The management of
the water resources has historically been limited to
independent operations by overlying local water
agencies and individual water users.
Recently, the local agencies have initiated a process
of regional cooperation with the intent of integrated
regional water management in the Kings Basin.
The expected beneﬁts of this regional cooperative
approach are: effective management of overdraft;
reduction of potential for conﬂicts and litigation;
and cost effectiveness of large regional projects
compared to multiple small local projects.
The regional cooperation started with a
Memorandum of Understanding (MOU) signed
by Alta Irrigation District (AID), Consolidated
Irrigation District (CID), Fresno Irrigation District
(FID), Kings River Conservation District (KRCD),
and California Department of Water Resources
(DWR) to participate in the CALFED Integrated
Storage Investigation (ISI) program. The purpose
of the MOU is to work cooperatively to formulate
additional mutually beneﬁcial conjunctive
management programs in the Upper Kings Basin.

whole. Hydrologic modeling will be an essential
component of the alternatives evaluation of the
IRWMP. It will provide the necessary scientiﬁc basis
for comparison of the impacts and beneﬁts of the
water management alternatives in the Kings Basin.
This white paper is written to serve the following
purposes:

 Introduce basic concepts of hydrologic
modeling and describe how an integrated
hydrologic model of the Kings Basin would be
developed;
 Increase awareness and understanding of
how a model can be used to beneﬁt the
Kings Basin water resources management;
and
 Answer frequently asked questions about
hydrologic modeling.

Upper Kings Basin Water
Forum Background

T

he Upper Kings Basin Water Forum was formed
in 2004 and consists of local water agencies,
irrigation districts, and stakeholders.
Participation in the Forum is voluntary and open
to all stakeholders within the region. A brief
description of the current Forum members is given
below.

Summary

A

n integrated hydrologic model that is capable
of representing the Kings Basin hydrology
and water management facilities will assist
the Forum in addressing important technical
and policy questions during development of the
IRWMP. An integrated hydrologic modeling tool will
support comparison of alternatives, determination
of project feasibility, evaluation of project beneﬁts
and impacts, cost allocation, procurement of permits
and project approvals, and selection and sizing
of facilities. An integrated hydrologic model will
bring long-term beneﬁts by providing an analysis
tool that can be improved over time as additional
data are obtained.

An integrated hydrologic model will
bring long-term beneﬁts by providing an
analysis tool that can be improved over
time as additional data are obtained.

The next steps in development of the Kings Basin
integrated hydrologic model are to work with
the Forum to establish modeling goals and
objectives, select an appropriate model, and begin
collecting the necessary data. Through the Forum,
local decision makers and the public will be
kept informed throughout the model development
process so that model results are trusted and
can be used to support important decisions and
management actions on water supply projects.

KRCD was founded in 1951 as a public agency
that supports water resources planning within the
service area. KRCD covers an area of approximately

Building upon the success of the ISI, the local
agencies and stakeholders formed the Upper Kings
Basin Water Forum (Forum) to coordinate the regional
effort. The Forum has identiﬁed the development
of an Integrated Regional Water Management Plan
(IRWMP) for the Kings Basin as the ﬁrst key step
towards successful regional cooperation. Figure 1 on
the next page shows the Kings Basin, the boundary
of the IRWMP area, and the irrigation districts
mentioned above.
The purpose of the IRWMP is to identify and deﬁne
different water management scenarios for the Kings
Basin and evaluate alternatives to determine the
best management strategies for the region as a
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