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Executive Summary 
 
1. Summary 
 
The central all-encompassing question put to the panel is whether the CALFED program has 
adopted an appropriate approach to modeling the CVP-SWP-Central Valley system. Is the 
general CALSIM modeling approach appropriate for predicting the performance of the general 
facilities and for use in allocation planning, assessing water supply reliabilities and for carrying 
out operational studies?  We believe the use of an optimization engine for simulating the 
hydrology and for making allocation decisions is an appropriate approach and is in fact the 
approach many serious efforts of this kind are using.  It is a substantial improvement of the 
previous modeling approaches and provides a basis for consensus among federal and state 
interests. The modeling approach addresses many of the complexities of the CVP-SWP system 
and its water management decisions.   
 
There exists a common tension between those who wish for greater detail and those who want 
less detail from the model.  This argues for a more comprehensive, modular and flexible 
approach than is now available.  In this report we suggest some ways this might be 
accomplished in the future.  We also propose some management procedures that could be 
considered to improve model and model application quality control and documentation.    The 
openness and availability of the model is admirable and very important given the numerous 
stakeholders who have interests in the management and allocation of water in the state.  To 
increase the public�s confidence in the many components and features of CALSIM II, we 
suggest that these components of CALSIM be subjected to careful technical peer review by 
appropriate experts and stakeholders. 
 
  
2. Background 
  
The California Department of Water Resources (DWR) and the U.S. Bureau of Reclamation 
(USBR) have developed a computer model called CALSIM II that simulates much of the water 
resources infrastructure in the Central Valley of California and the Delta region. This 
infrastructure is referred to as the CVP-SWP system.  In particular CALSIM II provides 
quantitative hydrologic-based information to those responsible for planning, managing and 
operating the State Water Project (SWP) and the federal Central Valley Project (CVP).  As the 
official model of those projects, CALSIM II is the default system model for any inter-regional 
or statewide analysis of water in the Central Valley of California.     
 
CALSIM II has a central role in the analysis of many CVP-SWP and related issues, some of 
which require capabilities beyond those included in the model.  California needs a large-scale 
relatively versatile inter-regional operations planning model and CALSIM II currently serves 
that purpose reasonably well.  As the primary State and Federal-sponsored model available for 
water operations and planning, CALSIM II is critical to the study of many technical and policy 
issues related to water supply reliability, environmental management and performance, water 
demands, economics, hydrology and climate, and regulatory compliance. 
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CALSIM II is a particular application of the California Water Resources Simulation Model 
called CALSIM.  It uses a mixed integer linear programming model solver to route water 
through a network over time.  Currently it uses monthly time steps.  Policies and priorities are 
implemented through the use of user-defined weights applied to the flows in the system 
(represented by arcs of the network). Simulation cycles at different temporal scales allow for 
successive implementation of constraints. The model can simulate the operation of relatively 
complex environmental water accounts and state and federal environmental regulations.  In our 
judgment CALSIM II represents a very impressive modeling effort on the part of all those 
involved with its development and application.    
 
The CALFED Science Program commissioned this external review panel (Appendix D) to 1) 
provide an independent analysis and evaluation of the strengths and weaknesses of CALSIM 
and CALSIM II, and 2) to offer suggestions on the appropriate uses of these modeling tools, on 
ways their use might complement or be complemented by other models, and on further 
development, quality assurance, and use in major water systems operations and planning in 
California.   
 
The panel received background documents (Appendix B), including a survey by the University 
of California at Davis of stakeholder responses to questions about CALSIM II.  We 
subsequently met for one and a half days in Sacramento for discussions and presentations 
(Appendix A) by CALFED, DWR and USBR staff.  The discussions concluded with a 
summary presentation by the panel outlining our tentative conclusions.    
 
The information we received and the shortness of our meetings with modeling staff precluded a 
thorough technical analysis of CALSIM II.   We believe such a technical review should be 
carried out.  Only then will users of CALSIM II have some assurance as to the appropriateness 
of its assumptions and to the quality (accuracy) of its results.   By necessity our review is more 
strategic.  It offers some suggestions for establishing a more complete technical peer review, 
for managing the CALSIM II applications and for ensuring greater quality control over the 
model and its input data, and for increasing the quality of the model, the precision of its results, 
and their documentation.    
 
In this review we were asked to address the following questions: 
 

1. Is CALSIM a reasonable modeling approach for current and proposed applications and 
problems? 

2. Do other modeling approaches show similar or greater promise and flexibility for such 
problems?  If so, how? 

3. What are the major comparative strengths and weaknesses of the current CALSIM 
approach and alternative approaches? 

4. What are major scientific, technical, and institutional limitations, uncertainties, and 
impediments for current and proposed applications of CALSIM? 

5. What model, software, and data developments, special studies or tests would be 
beneficial to improve CALSIM for current and proposed uses? 

6. How might CALSIM development and applications be managed and overseen to 
improve the quality assurance of model results for current and proposed applications? 
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7. What are your suggestions for long-term use, development, or replacement of the 
current suite of models and data available for the current and proposed uses of 
CALSIM? 

 
The following sections of this summary present our responses to these questions.  The main 
parts of this report and its appendices provide additional detail.    
 
 
3.  CALSIM Modeling Approach 
 
CALSIM II is a simulation model developed as a joint venture between the California 
Department of Water Resources (DWR) and the U.S. Bureau of Reclamation (USBR) to (i) 
provide a significant modernization and upgrading of the DWRSIM and PROSIM models 
developed and used by these organizations, (ii) develop a comprehensive modeling system that 
simultaneously addresses the current and future needs of both the SWP and CVP systems; and 
(iii) develop a generalized modeling system that could be applied in any river basin system, in 
contrast with the previous models that were less generalized and more specifically designed for 
the existing SWP and CVP systems.  In this respect, CALSIM II represents a state-of-the-art 
modeling system that is similar in general concept, while differing in specific details, to other 
data-driven river basin modeling systems such as ARSP, MODSIM, OASIS, REALM, 
RiverWare and WEAP.   
 
CALSIM uses linear programming to solve sets of equations that simulate water movement 
through the CVP-SWP system in accordance with various objectives and constraints. This is a 
modeling approach which has been used successful in California (Johnson et al., 1991).  In a 
complex system such as that being modeled, it is essential to have some mathematical 
representation of system flows that reflects all of the interconnections and constraints. Use of 
an optimization algorithm allows good decisions to be identified from among all possible and 
feasible decisions.  To the extent this simulates what actually occurs, it is a good modeling 
approach.  To the extent it optimizes when in reality no such optimization is implemented, it 
has the potential to produce inaccurate and overly optimistic outputs.   
 
Most successful applications of optimization that attempt to simulate the behavior of a system 
have calibrated their objective functions (i.e., set the weights that prioritize flows over time and 
space) so that the model results correspond to what actually happens or would happen under a 
particular hydrologic and demand scenario.  In these cases the model�s decisions correspond to 
those the operators would make, as often prescribed by rules that have been worked out in a 
legal/political process.  It does not appear that such a calibration of the objective function 
weights in CALSIM has yet been completed.  
 
4.  Other Modeling Approaches 
 
There are two aspects of modeling, the model structure and algorithms used, and the model 
software.  The use of linear optimization algorithms to solve simultaneous equations for 
simulating hydrology is a common way of avoiding a typically long list of procedural rules for 
simulating regional water systems. Such sets of procedures can be difficult to generate for 
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complex systems, and very different and new rule sets may be needed if structural or 
significant policy changes are to be investigated. In addition the performance of the system 
when simulated will be less than that which can be achieved in practice if a good set of rules is 
not provided. Optimization models are generally easier to reformulate when system changes 
are to be investigated.  However unless the optimization is calibrated in such a way as to 
actually resemble what takes place in practice it can produce an optimistic description of 
system performance. This is particularly true if the optimization model is allowed to have 
perfect foresight of future events that in practice would not be available to system operators.     
 
Large simulation models using optimization and procedural rules both need to have internal 
checks to ensure to the extent possible that errors in mass balances, for example, do not occur 
due to errors made when the model is being defined or created.   Such internal checking is not 
apparent to us in our admittedly brief review of CALSIM II.   Nor were calibration procedures 
well defined.     
 
One obvious limitation of using linear optimization procedures is its inability to model 
accurately and efficiently some of the non-linear hydrologic and decision processes that occur 
in systems as complex as the CVP-SWP.  One approach to addressing this issue of model 
accuracy, and possibly for decreasing the computational time as well, is to link linear 
optimization models to non-linear simulation models in a way that permits the simulation to 
represent the hydrology in any spatial and temporal detail desired.  The optimization is used to 
determine what the decisions should be at every site where a water allocation, reservoir release, 
or other management decisions must be made. The time steps for simulation could be daily, or 
weekly or longer, depending on the needs of the user, but would likely be of shorter durations 
than the optimization time steps. After a predetermined number of simulation time steps, the 
optimization model would be run.   The initial state of the optimization should be set at the 
beginning of each optimization time step.  The optimization component should include 
multiple future time periods, with imperfect hydrologic and demand forecasts, but once solved 
only the current period�s solutions are implemented � i.e., these decision variable values are 
sent to the simulation component.  The decisions indicated for future periods are ignored.  
When appropriate, the initial state of the multi-period optimization model is updated and the 
model is again solved.  And so on.    Such a modeling approach may prove to be both more 
realistic, more accurate, and require less time, once developed.   We believe such an approach 
might be worth considering for future development.   
 
CALSIM II currently consists of a combination of software modules developed in several 
languages, including FORTRAN, Java and C.  Several of the modules require proprietary 
software packages in order to run CALSIM II (Lahey FORTRAN and XA Solver).  DWR and 
USBR staff have said that these components are being replaced by public domain software that 
can be obtained free of charge.   We agree with this decision.  Very good public domain 
software packages of optimization, visualization, file management, and data base support are 
currently available, and new ones will continually be produced.  Periodic updates should be 
anticipated as part of the business of maintaining the modeling system. 
 
Significant thought should be given to the sustainability of the CALSIM II software.  How will 
future programmers be able to maintain this software?  How will future software developments 
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be incorporated into the system?  Will the solver currently being developed by LBNL be 
adequate in terms of accuracy and computation speed?  Will other solvers need to be tested?  
Can the system accommodate these future developments without major modifications?  What 
reasonable modifications could be made now in anticipate of future developments? 
 
5.  Comparative Strengths and Weaknesses 
 
Many of the stakeholder perceived strengths and weaknesses of CALSIM and CALSIM II are 
very well identified in the survey report from the University of California at Davis (Ferreira, et 
al. 2003).  Our background materials and briefings covered various strengths and weaknesses, 
but without first hand experience, all we can do here is to summarize those that we have heard 
expressed by others.  
 
Here we provide a brief summary list.   
 
5.1   Some Prominent Strengths 
 
The strengths of CALSIM II are many.  Most are expressed in comparison to previous 
DWRSIM and PROSIM models DWR and USBR were using.   Some of these strengths 
include: 
 

•  Consensus model.  CALSIM II is the official joint modeling environment of the State 
DWR and USBR.  This includes a common schematic, hydrologic representation of the 
system, common set of facility capacities, and common representation of system 
operating policies.  This helps all parties improve representations, rather than compete 
over representations.  

 
•  Common effort.  The joint development of CALSIM II by USBR and DWR has 

provided more focused and effective use of resources and expertise than previous 
development of agency-specific models.  CALSIM II development has also involved 
other agencies and consulting expertise more than pervious models of this system. 

 
•  Data-driven model.  CALSIM II is a rather data-driven simulation model with an 

optimization engine.  This modeling approach provides: 
a. greater flexibility than its predecessors and traditional water resources 

simulation approaches. 
b. a promising framework for improving transparency, data, and model 

documentation, compared to other approaches. 
 

•  Public domain.  The model and data are substantially in the public domain, facilitating 
transparency and adaptability for California�s decentralized water system.   

 
•  Steady improvements.  Data improvements have been steadily pursued following the 

adoption of CALSIM II, although deficiencies remain. 
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•  Improved Delta water quality representation.  Although problems appear to remain, the 
model developers have made substantial gains in representing Delta water quality 
operating criteria and performance.   

 
•  Better groundwater representation.  Efforts to better include groundwater and non-

CVP-SWP project operations merit continuation and expansion. 
 

•  Benchmark Studies.  The development of documented benchmark studies have resulted 
in significant model improvements and aided in the development of comparative model 
applications.  Such exercises should be continued and improved. 

 
•  Long-term vision.  The vision of a more transparent and publicly available model that 

can be employed by those outside the major agencies is excellent.  This is a major 
change in direction, and achieving this vision will require adjustments over time.  
Often, these adjustments will be externally driven.  Externally-driven improvements are 
a price of success and evidence of success for an open, public, modeling policy. 

 
•   Important CALSIM II features:   

a. CALSIM II is able to simulate the operation of the complete CVP-SWP system 
in all areas that contribute flow to the Delta in monthly time-steps.  

b. CALSIM II is being applied to examine a diverse range of options including  
flood control, water conservation and supply, power generation, recreation, 
water transfers, groundwater banking, recycling, desalination, conjunctive use, 
the purchase of options and streamflow and water quality protection. 

c. CALSIM II has successfully been applied by both DWR and USBR to examine 
both structural and non-structural changes to the CVP-SWP system as well as to 
ascertain the risks involved with different potential operating scenarios and to quantify 
the impacts of proposed actions. 

d. CALSIM II can dynamically model operation of environmental water accounts. 
e. Demands may vary according to various levels of development (e.g. 2001, 

2020) and to hydrologic conditions. 
f. The regulatory environment under which the projects must operate can be 

simulated. 
g. CALSIM II can link to external modules as needed, e.g., to estimate the salinity 

at water quality stations within the Delta. 
 
 

5.2   Some prominent weaknesses 
 

As its strengths are many, so are its weaknesses. It seems worth saying, however, that no 
model can perfectly (meaning efficiently and effectively) serve all interests in a system as 
complex as the CVP-SWP.  Tradeoffs need to be made.  This can result in what some would 
call weaknesses.  Such weaknesses are often accepted to gain strengths in another ways.  
 
We heard that the CALSIM II model was too complex.  We also heard that it did not handle 
particular components of the system with sufficient detail.  And such is the dilemma of any 
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complex model, such as CALSIM II.  The model is clearly too complex, and not complex 
enough. The root of this difficulty is that when such a model is constructed, it is not clear what 
level of detail is needed, so the model must be made sufficiently complex to ensure it is 
complex enough.  And the complexity needed to address some issues will remain in the model 
when it is used to address other less complex issues, or the same issues at less complex 
locations. One approach to addressing this issue is to develop different linkable modules of 
CALSIM II having different complexities.  In this way the level of detail can be varied to be 
consistent the application or study at hand, and level of sophistication and resources available 
to the user. 
 
Other weaknesses model users would like addressed include:   
 

•  The model provides limited and inadequate coverage of non CVP or SWP water and of 
the California water system south of the Delta. 

•  The model assumes that facilities, land-use, water supply contracts and regulatory 
requirements are constant over this period, representing a fixed level of development 
rather than one that varies in response to hydrologic conditions or changes over time.  

•  Groundwater has only limited representation in CALSIM II.  
•  Groundwater resources are assumed infinite, i.e., there is no upper limit to groundwater 

pumping.    
•  The linear programming model considers only the current month, and hence CALSIM 

II operating rules are required to determine annual water allocations, to establish 
reservoir carryover storage targets, and to trigger transfers from north of Delta to south 
of Delta storage.    

•  Better quality control is needed both for the model and its current version and the input 
data.   Procedures for model calibration and verification are also needed.   Currently 
many users are not sure of the accuracy of the results.  A sensitivity and uncertainty 
prediction capability and analysis is needed.   

•  Need improved ways of altering the model�s geographic scope and resolution and its 
temporal resolution to better meet the needs of various analyses and studies. 

•  Need to improve the model�s comparative as well as absolute (or predictive) 
capabilities.   

•  CALSIM II needs better capabilities for analyzing economic, water quality, and 
groundwater issues.    

•  Need improved documentation explaining how the model works, its assumptions, its 
limitations, and its applicability to various planning and management issues.   

•  DWR and USBR have not provided a centralized source of support for CALSIM II.  
More training for CALSIM II is needed. There is a need for more people who can run 
CALSIM II.  There is a need for a well-publicized user group. A more extensive users� 
guide is needed.   

•  Improved capabilities are needed for real-time operations especially during droughts, 
gaming involving stakeholders during a simulation run, handling of evapotranspiration 
and agriculture demand changes over time, water transfers, Delta storage, carryover 
contract rights, refuge water demands and more up to date representation of Feather 
River, Stanislaus River, Upper American River, San Joaquin River and Yuba River 
operations.   
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•  Need an improved graphical user interface to facilitate input of model data, setting of 
model constraints and weights, operating the model, and displaying and post analysis of 
model results.   

•  Need to be able to change the model time period durations for improved accuracy of 
model results.   

 
 
6.   Limitations, Uncertainties, and Impediments 
 
6.1   Absolute Values or Comparative Results 
 
Modelers sometimes make a distinction between the use of a model for absolute versus 
comparative analyses.  In an absolute analysis one runs the model once to predict an outcome.  
In a comparative analysis, one runs the model twice, once as a baseline and the other with 
some specific change, in order to assess change in outcome due to the given change in model 
input configuration. The suggestion is that, while the model might not generate a highly 
reliable absolute prediction because of errors in model specification and/or estimation, 
nevertheless it might produce a reasonably reliable estimate of the relative change in outcome.  
The panel is somewhat skeptical of this notion because it relies on the assumption that the 
model errors which render an absolute forecast unreliable are sufficiently independent of, or 
orthogonal to, the change being modeled that they do not similarly affect the forecast of change 
in outcome; they mostly cancel out.  This feature of the model is something that would need to 
be documented rather than merely assumed.   
 
In our opinion CALSIM II has not yet been calibrated or validated for making absolute 
predictions values.  Yet it is apparent that there has been a distinct need by model users for 
absolute predictions.  In the absence of alternatives, users are adopting CALSIM II results as 
the best absolute prediction available and they are likely to continue to do so.  We recommend 
that model developers recognize the requirement for CALSIM II to provide absolute 
predictions.  To satisfy this new purpose, additional calibration of the model will be required to 
ensure that the output it produces is fit for this purpose. Regardless of how possible it is to 
match the model closely with observed behavior, statistics on the accuracy of the calibration 
run should be supplied to users to enable them to gauge the likely errors involved with using 
the model output. 
 
 
 
 
6.2   Sensitivity and Uncertainty Analyses  
 
Sensitivity analyses would be useful to identify which parameters and input data have major 
impacts on decisions and system performance criteria of concern.   Uncertainty analyses would 
help users of the model understand better the risks of various decisions and the confidence they 
can have in various predictions.    
 
6.3  Graphical User Interface 
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Having a graphical user interface would substantially aid those who use the model in managing 
both input and output data, and in controlling or managing model operations.   This model will 
not likely become as available to and as well understood by the public, to the extent desired by 
the model developers, until an effective menu-driven GUI has been created that can help create 
and draw from a database of system parameters and characteristics, and simulation results.    
.    
6.4   Documentation and Training 
 
When if ever is adequate documentation and training available?   Rarely, but we believe there 
is a serious need to improve the documentation as well as the training available for all those 
interested in using CALSIM II.   
 
 
7.   Options for Improving CALSIM  
 
7.1   CALSIM Model Software 
 
We encourage the developers of CALSIM to convert their present software to that which is 
publicly available and to develop a useful graphic based user interface that can facilitate the 
input, editing, and display of all the data that are input to and output from CALSIM II.  There 
are many options, some of which we have discussed with the model developers.    
 
The CALSIM package should be made more modular and capable of linking to other more 
complex models of components of the CVP-SWP system.  If the changes in code and modeling 
approach result in a quicker running model, it might be possible to link, when desired, modules 
that facilitate position analyses and other types of uncertainty analyses. A modular system 
would allow alternative representations of different components of the system. Thus different 
levels of spatial detail, or representations of the fundamental processes, would be allowed 
within the overall system representation and record of California hydrology.  This will allow 
the use of more general and streamlined models for use of preliminary investigation and 
general planning, as well as a more detailed representation of the system for final analyses and 
more detailed studies.   This would be very useful. 
 
 
 
 
7.2   Sensitivity and uncertainty analyses 
 
Both sensitivity analyses need to be performed, and procedures need to be developed to enable 
the estimation of measures of uncertainty associated with model output. Perhaps workshops 
focused on just these needs should be scheduled to better determine how best to meet these 
needs.  There are numerous procedures available that could be applied.   Appendix H contains 
some approaches for performing sensitivity and uncertainty analyses.         
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7.3  Model calibration 
 
There is a need to develop the model so that it is able to provide absolute estimates of key 
model outputs rather than limiting the use of the model to comparative studies.  One way to do 
this is to subject the model to a comprehensive calibration process where it is fine-tuned until it 
is able to reproduce the historical behavior of the system with sufficient accuracy to provide 
absolute results.  The calibration of the model should aim to test all the key outputs of model 
including water quality in the San Joaquin River and in the Delta.  It is necessary to test the 
monthly values of outputs for those outputs for which the monthly pattern is important. 
 
7.4   Other extensions and improvements 
 
•  The opportunity of improving the collection of data on the use of water (preferably broken 

down by irrigation district and water source) should be investigated. The use of 
groundwater should be included in this investigation. 

•  It would be useful to expand the geographic extent of the model so that it includes all the 
components of the linked water supply system, including both the San Joaquin and Tulare 
Lake Basins of the Central Valley.  The model should also account in some manner for 
imported supplies of water to users in southern California from the Colorado River. 

•  The linkage between surface water and groundwater would appear to be of critical 
importance and output that would enable the impact of surface water use on groundwater 
extractions would appear to be useful. 

•  Examination of the report �CALSIM II Simulation of Historical SWP/CVP Operations�, 
DWR (2003) indicates that the current formulation of CALSIM II: 
•  Overestimates water deliveries to SWP and CVP contractors, 
•  Determines carryover storage target values that differ from those the operators have 

determined in the past, and 
•  Operates the San Luis Reservoir at lower levels and fills it later in the season than 

operators have in the past. 
 
 
8.   Managing CALSIM Development and Applications 
 
The predicted impacts and other information derived from CALSIM II applied to the CVP and 
SWP can influence major investment decisions.   It is thus self evident that those who use the 
model results need to have some confidence as to their precision.  Is the science behind the 
information derived from CALSIM II been reviewed and judged correct?  Is the model 
software free from errors?  Are the assumptions made when performing the modeling the 
correct ones?  Are the model results accurately and fully reported?   In other words, just how 
much credence should decision makers place in the model output?   Users of the model results 
should be assured that they are credible and unbiased.   One way to help ensure this is to have 
the models, their associated software, and their applications under the control of some 
interagency organization that can oversee and provide quality control over model development, 
application and documentation.  They can also plan and implement needed peer reviews.   
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One possible means of facilitating the peer review processes and for maintaining control on the 
particular versions of CALSIM II and accompanying models used for CVP-SWP planning and 
management decisions is to create an interagency modeling consortium (IMC) consisting of 
DWR, USBR, and other stakeholder organization (including university) personnel if they are 
interested and want to participate.  This center would be responsible for maintaining a toolbox 
of �acceptable� models for use by the agencies and contractors.    The models placed in the 
toolbox should be peer reviewed with respect to their applicability and suitability for use in 
particular applications.  Those that are not peer reviewed should be considered for peer review.  
New models proposed for use in California should be peer reviewed with respect to their 
suitability, and for their strengths and limitations, before being placed in the toolbox.   The 
review should be of the theory underlying the model, the model�s software, the documentation 
of the model as well as of its software, the model�s functions and capabilities including those 
pertaining to model data input and output, the input data themselves, model calibration and 
verification, capabilities for sensitivity and uncertainty analyses, user control of all model 
operations including pre and post analyses (GUIs), spatial and temporal resolutions, and its 
limiting assumptions. 
 
 
9.   Future Use, Development, or Replacement of CALSIM   
 
9.1   A coupled optimization simulation approach 
 
Given a system as complex as the SWP/CVP system, it seems to us it might make sense to 
consider the development of a more detailed simulation �engine� and couple it to an 
optimization or management �engine�.  The simulation component can more accurately model 
hydrologic processes.  For example it can include the deterministic non-linear routing of flows 
and their quality constituents through the system on a smaller time step (e.g., daily) and hence 
much more realistically or accurately, than can linear optimization using longer time steps, 
even with all the known tricks for linearizing separable (single variable) non-linear functions 
and �if-then-else� statements. The simulation engine itself may require a simultaneous equation 
solver, especially for the Delta.  But the simulation engine needs to know what to do, i.e., what 
decisions to make.  Periodic use of the optimization, say once a week or even less frequently if 
conditions are relatively constant, for determining the decisions to be simulated, e.g., the water 
allocation and reservoir release decisions, eliminates much of the maze of rules that otherwise 
would be required and which developers of CALSIM II are avoiding through the use of 
optimization.  Each time the optimization or management �engine� is run it is first updated with 
the current state of the system as determined from the more precise simulation �engine�. The 
optimization component would include multiple time periods only to the extent that the current 
period�s solution is not affected by the time horizon in the optimization.  The other time period 
solutions are ignored. This coupled optimization-simulation approach has the potential to be 
both more accurate as well as quicker to execute.  In our opinion it is worth considering for 
future development.      
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9.2   Models as hypotheses  
 
CALSIM II is really about the future, not the past.  Benchmarking studies can help establish 
the credibility of the model and provide estimates of its accuracy by comparing its performance 
to actual historical operations. A concern is how well the model reproduces historical 
operations, not whether it is valid or invalid on some absolute scale of perfection. But the real 
issue is how well CALSIM can predict what might happen in the future with sets of 
hydrological and meteorological conditions that have not yet been experienced, and may be 
significantly different from the past if climate variability and climate change are considered.  In 
these cases the ability of the model to forecast what will happen depends both upon its ability 
to describe what would happen should a particular system operating policy, priorities and water 
demands be adopted. In this sense CALSIM II modeling studies should be thought of as the 
exploration of a hypothesis that particular policies and priorities have been adopted. Our ability 
to predict the future has generally been poor, but it is the obligation of agencies such as DWR 
and USBR to attempt to ensure that should water demands, water supplies, and water policies 
evolve as one would expect, society is prepared for the consequences. And that would seem to 
be what CALSIM II is about. 
 
9.3   Future Model Development and Use 
 
From the list of perceived weaknesses above, there are clearly many opportunities for further 
refinement of CALSIM II.   Rather than attempt to meet all needs using only one model, 
namely CALSIM II, it seems preferable to improve its adaptability to various levels of detail 
through its ability to link to other models when additional detail in a particular region or for a 
particular feature is desired. For example, the monthly time step used by CALSIM II is 
sufficient for many studies. Yet some seasonal (multi-month) decision making is needed in 
CALSIM II to reflect decisions made by the SWP and CVP as to what Table A and other 
allocations to honor in full. On the other hand, it is clear that many water quality and 
ecosystem management decisions would profit from more detailed weekly or daily time steps. 
However, such shorted time-step models will need the guidance of a longer time-step model.  
As discussed earlier, models with shorter time scales can require increased spatial resolution, 
both of which lead to increased model complexity and a strong argument for model modularity.     
 
Additional potential applications of CALSIM II include operational planning using gaming, or 
the involvement of potential decision makers during the simulation runs via a well developed 
graphical user interface, and to improve the capability of modeling water quality, energy 
production,  conjunctive groundwater and surface water interactions and use, to mention a few.   
 
There will always be a need to perform alternative �what if� policy analyses where a relatively 
fast model that also provides some capability for uncertainty analyses is required.   Perhaps 
CALSIM II will never be able to serve this need, and if so another more simplified modeling 
approach could be developed to fill that need.  This simpler screening tool would be calibrated 
to produce results comparable to those of CALSIM II or observed data.   Is this possible?   We 
can not be certain but feel the idea should be seriously considered.   
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Caveat 
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CALSIM model managers and California�s water community to take our assessments and 
suggestions for what they are, arrived at based on our own experiences and some limited 
exposure to those who know much more about CALSIM and CALSIM II than we do.   
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1.  CALSIM Compared to Other Modeling Approaches 
 
Management of complex systems such as coordination of the California State Water Project 
(SWP) and the Federal Central Valley Project (CVP) requires effective decision support tools 
for simulating and analyzing system components in a fully integrated manner.  The classic 
definition of a decision support system (DSS) provided by Sprague and Carlson (1982) is "an 
interactive computer-based support system that helps decision makers utilize data and models 
to solve unstructured problems."   
 
A DSS integrates the following interactive subsystems: (i) dialog generation and management 
subsystem (DGMS) for managing the interface between the user and the system; (ii) data base 
management subsystem (DBMS); and (iii) model base management subsystem (MBMS). 
 
CALSIM II is a DSS developed as a joint venture between the California Department of Water 
Resources (DWR) and the U.S. Bureau of Reclamation (Bureau) to (i) provide a significant 
modernization and upgrading of the previous models DWRSIM and PROSIM employed by 
these organizations, (ii) develop a comprehensive modeling system that simultaneously 
addresses the current and future needs of both the SWP and CVP; and (iii) develop a 
generalized modeling system that could be applied in any river basin system, in contrast with 
the previous models that were less generalized and more specifically designed for the SWP and 
CVP.  In this respect, CALSIM II represents a state-of-the-art modeling system that is similar 
in general concept, while differing in specific details, to other river basin modeling systems 
such as AQUATOOL (Valencia Polytechnic University, Spain), ARSP (Acres Reservoir 
Simulation Program) (Boss International, 2003), IRAS (Interactive River-Aquifer Simulation) 
(Loucks, et al. 1996), MIKE BASIN (Danish Hydrologic Institute, 2002), MODSIM (Labadie 
and Larson, 2000), OASIS (Randall, et al., 1997), RAISON (Young, et al. 2000), ResSim (U.S. 
Army Corps of Engineers, Hydrologic Engineering Center), Ribasim (River BAsin SIMulation 
Model) (Delft Hydraulics, Netherlands), REALM (REsource ALlocation Model) (James, 
2003), RiverWare (Zagona, et al. 1998), WaterWare (Jamieson and Fedra, 1996), and WEAP 
(Water Evaluation and Planning System, 2003) (Hansen, 1994).  All of these can be 
categorized as decision support systems since all three subsystems of a DSS are embodied 
within them.   
 
A distinguishing feature of several of these modeling systems is the use of optimization on a 
period by period basis (not fully dynamic) to �simulate� the allocation of water under various 
prioritization schemes, such as water rights, without the presumption of perfect foreknowledge 
of future hydrology and other uncertain information.  This is a valid approach since use of 
optimization overcomes the disadvantage of employing numerous, unwieldy prescriptive rules 
governing water allocation.  Systems employing optimization in this manner include: ARSP, 
MODSIM, OASIS, REALM, RiverWare, and WEAP and are therefore more akin to CALSIM 
II.  ARSP, MODSIM, REALM and Ribasim are further distinguished by use of specialized 
minimum cost network flow optimization algorithms, although of these only MODSIM 
includes iterative structures using an imbedded scripting language for including non-network 
�side constraints� in the optimization.  The other modeling systems are essentially limited to a 



  

   17

pure network structure that does not allow inclusion of all the complex, non-network type 
constraints necessary to model the complex CVP-SWP system.   
 
It may be useful to compare this use of optimization with some other uses that have appeared 
in the modeling literature. One use of optimization is purely for computational convenience; in 
this case optimization is employed as a numerical method for obtaining the solution of a series 
of simultaneous (often linear) equations.  This approach, which was used in the first generation 
of computational economic models about forty years ago, exploited the fact that some existing 
computational algorithms for solving optimization problems were faster than those for solving 
large systems of simultaneous equations. A second use of optimization applies when the 
solution of the system of equations characterizing a water balance has multiple possible 
solutions; this is essentially the case described above, where optimization is being used 
primarily to identify a unique solution for a system of equations.  Both of these uses of 
optimization are primarily descriptive rather than prescriptive (also referred to as positive vs. 
normative) in intent: the goal is to model how a system, characterized by a set of equations, 
operates.  To the extent that the real�world managers of the system do optimize some objective 
function, the aim is to mimic their behavior by setting up and solving a similar optimization.  
But, the goal is to model what they actually do, not to advise them what they ought to do. The 
third use of optimization adopts an explicitly prescriptive goal and sets out to ascertain what 
managers ought to do if they wished to optimize some objective function (e.g. maximize 
economic efficiency).  While this is certainly a legitimate analytical exercise, it should be kept 
conceptually distinct from the use of optimization in a purely descriptive context. 
 
1.1   Advantages of Optimization-Driven Simulation 
 
For large, complex, integrated systems, simulation models that optimize operation and 
allocation of water within each time-step by operational priorities have become the major 
simulation approach.  Models of similar approach include ACRES (Acres Engineering), 
AQUATOOL (Spain), MODSIM (Colorado State U.), OASIS (Hydrologics, Inc.), WASP 
(Australia), and WEAP (Tellus Institute).  Priority-based simulation models with optimization 
engines have become widespread in part because: 
 

•  The models are simpler to develop, comprehend, and modify. 
•  Their software is easier to upgrade, since the data set describing the system and its 

operating policies is substantially separate from the software code. 
•  Data are easier to update and modify, since changes require little or no software changes. 
•  Priority-based operations are a common basis for water rights and operating policies. 
•  Priority-based operations are relatively easy to explain. 

 
The major exception to this technological trend in simulation modeling is to use more 
traditional procedural operating rules in simulation models with a graphical user interface for 
primarily flood control operations (HEC-RESSIM) or for exploratory study of large systems or 
detailed management of relatively small systems (Stella-type models). 
 
Similar to several of these systems, CALSIM II allows specification of objectives and 
constraints in strategic planning and operations without the need for reprogramming of 
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complex models. The CALSIM II authors developed the English-like WRESL (Water 
Resources Engineering Simulation Language) as an intuitive means of defining the objective 
function and constraints for a mixed-integer linear programming model, similar to the OCL 
(Operational Control Language) used in OASIS and the Policy Editor employed in RiverWare.  
In MODSIM, the optimization model is formulated directly through the graphical user 
interface with no need for a modeling language, but with supplemental features of the 
optimization defined through the PERL scripting language.  WRESL allows planners and 
operators to specify targets, objectives, guidelines, constraints, and their associated priorities, 
in ways familiar to them.  WRESL provides simple text file output that is converted to 
FORTRAN 90 code by a parser-interpreter program, whereas PERL is fully embedded in the 
network optimization code.  Both modeling systems are data centered, meaning that model 
operation is controlled solely by user specification of input data rather than hidden rules or 
hard-wired data structures. 
 
CALSIM II, OASIS, RiverWare and MODSIM are similar in that all use a high level language 
with syntax and logical operators; are written to simple text files which are subsequently 
parsed and interpreted; use rule-based or IF-THEN-ELSE conditional structures; are designed 
to be easy for planners and operators to use without the need for reprogramming; allow 
adaptive and conditional rules which are dependent on current system state variable 
information; include constructs for assigning targets, guidelines and constraints, along with 
their associated priorities; and include a goal seeking capability.  CALSIM employs a mixed 
integer linear programming solver for repeated period by period solution that is less efficient 
computationally than the network solver employed in MODSIM, ARSP, REALM and 
Ribasim.   
 
Unfortunately, unlike these aforementioned modeling systems, CALSIM lacks a 
comprehensive graphical user interface for constructing and editing the river basin system 
topology.  CALSIM II would be greatly enhanced if, similar to RiverWare, IRAS, and 
MODSIM, objects representing features of the basin such as reservoirs, canals, and river 
reaches, could be created on the palette of a graphical user interface by simply clicking and 
dragging various icons for the objects to the display.  The objects are instances of various 
classes that share certain common characteristics, and each object contains its own physical 
process methods and associated data.  We believe that complaints concerning the complexity 
of using CALSIM II would be greatly reduced with development of such an object-oriented 
graphical user interface.  
 

2.  Comparative Strengths and Weaknesses 

2.1   Some Prominent Strengths 
 
CALSIM II has important strengths as a general inter-regional operations planning model, 
particularly compared with available alternatives and its predecessors.  The primary strengths 
include: 
 
•  Coordination of Federal and State Interests   A unique aspect of CALSIM II is the high 

degree of cooperation between Federal (i.e., U.S. Bureau of Reclamation) and State (i.e., 
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California Department of Water Resources) interests in its development.  This kind of 
cooperation is rare, and in fact this may be the only such example of such coordination for 
a system of this scale and complexity.  Although it is clear that DWR staff have taken the 
greatest degree of responsibility in the planning, development, coding, testing and 
application of CALSIM II, it is also clear that USBR staff have also played an important 
role.  CALSIM II can provide a showcase for other states as to what can be accomplished 
with Federal and State cooperation for river basin management. 

 
•  Consensus model.  CALSIM II is the official joint modeling environment of the State and 

USBR.  This includes a common schematic, hydrologic representation of the system, 
common set of facility capacities, and common representation of system operating policies.  
This saves a lot of unproductive bickering and helps all parties improve representations, 
rather than compete over representations. 

 
•  Common effort.  The joint development of CALSIM II by USBR and DWR has provided 

more focused and effective use of resources and expertise than previous development of 
agency-specific models.  CALSIM II development has also involved other agencies and 
consulting expertise more than pervious models of this system. 

 
•  Data-driven model.  CALSIM II is a rather data-driven simulation model with an 

optimization engine.  This modeling approach provides: 
 

a. much greater flexibility than its predecessors and traditional water resources 
simulation approaches. 

b. a promising framework for improving transparency, data, and model 
documentation, compared to other approaches. 

 
•  Public domain.  The model and data are substantially in the public domain, facilitating 

transparency and adaptability for California�s decentralized water system.  Ongoing 
software development efforts will improve CALSIM in this regard. 

 
•  Steady improvements.  Data improvements have been steadily pursued following the 

adoption of CALSIM II, although deficiencies remain widespread. 
 
•  Improved Delta water quality representation.  Although problems appear to remain, the 

model developers have made substantial gains in representing Delta water quality operating 
criteria and performance.   

 
•  Better groundwater representation.  Efforts to better include groundwater and non-CVP-

SWP project operations are good efforts in the right direction, and merit continuation and 
expansion. 

 
•  Benchmark Studies.  The development of documented benchmark studies seems to have 

resulted in significant model improvements and aided in the development of comparative 
model applications.  Such exercises should be continued and improved. 
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•  Long-term vision.  The vision of a more transparent and publicly available model that can 
be employed by those outside the major agencies is excellent.  This is a major change in 
direction, and achieving this vision will require adjustments over time.  Often, these 
adjustments will be externally driven.  Externally-driven improvements are a price of 
success and evidence of success for modeling policy that is open and public. 

 
Few, if any, modeling organizations in the country have consistently done as good a job on 
model development and application for such a large, complex, and controversial system as the 
modeling group which developed CALSIM II.  They are to be commended for their work to 
take California water modeling beyond past �closed shop� practices in favor of the 
development and dissemination of modeling capabilities that are more relevant to California�s 
current water management problems.  Most areas and suggestions for improvement noted 
below are meant to aid the model developers in moving further and faster in the direction they 
are already heading. 
 
2.2   Some Prominent Weaknesses 
 
The strengths and weaknesses of CALSIM II are not only technical (software, data, and 
methods), but also are institutional regarding how this model has been developed and 
employed.  The administrative setting and objectives of model development and application are 
important, and difficult to manage.  Alas, the management/policy problems of a system change 
frequently, while data and modeling capability change more slowly, and effective 
administrative structures change very slowly, if at all. 
 
•  Inadequate data development and management are principal shortcomings of CALSIM II.  

There has not been a sufficiently systematic, transparent, and accessible approach to the 
development and use of hydrologic, water demand, capacity, and operational data for 
CALSIM II.  This problem extends beyond inadequate documentation and has led to 
controversy, confusion, and inefficiency in application of CALSIM II.   

a. Inadequate data management steepens the unavoidably difficult learning curve 
inherent for a complex system.  Data have mostly been considered a �back room� 
activity of a few experienced experts.  Retirement, promotion, or departure of these 
experts has left many gaps in knowledge and created difficulties for re-developing 
data for newer policy and planning problems. 

b. The administration of data development is fragmented, disintegrated, and lacks a 
coherent technical or administrative framework.  Data required by CALSIM II are 
developed by several administrative units, without systematic technical vision or 
quality control for modeling purposes.  Within DWR, different groups develop 
hydrologic and water demand data under different Deputy Directors, without 
effective coordination.  This division must be overcome for a coherent data and 
analytical framework to be developed and implemented. 

c. In many cases it appears that water use and other hydrologic data inputs to 
CALSIM II are based on data collection and analyses that took place during the 
1960s when DWRSIM and PROSIM were being constructed.  It is important to 
ensure that data used for CALSIM II are up-to-date and consistent with the best 
current information 
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•  The expertise and insights of many in local agencies, system operators, and consulting 

firms have not been prominent in the development of CALSIM II.  For such a system with 
many hundreds of local experts, this is somewhat unavoidable, especially early in model 
development.   Periodic re-examinations of how each area in CALSIM II is represented, in 
consultation with local agency and consulting experts, might overcome these technical 
shortcomings, and create and maintain a broader technical, user, and credibility base for 
CALSIM II.  Active involvement of local agencies in CALSIM II development and 
applications would be much easier with better data management, and would be rewarded 
with a broader base of CALSIM II expertise and enhanced model credibility. 

 
•  Compared to the current CALSIM II, any central operations planning model for California 

water management should be: 
a. Expanded in geographic scope to include major non-CVP-SWP areas, especially the 

Tulare Basin, the Colorado River, and southern California.  Operations and 
demands in these regions seem increasingly important for CVP and SWP 
operations, and are important for the integrated operations of California�s major 
local and regional water management agencies. 

b. Expanded in management scope to include local management options such as water 
conservation, reuse, water transfers, groundwater and conjunctive use management, 
etc.  These additional water management options are important for local, regional, 
and statewide water policy, planning, and management efforts and can have 
significant effects on CVP and SWP water demands. 

c. Made regionally modular, so smaller regional models can be run independently and 
tested locally, with boundary conditions consistent with the larger model.   

d. Made modular in terms of hydrologic, water management, and water demand 
processes, allowing better development, comparison, and updating of hydrologic 
and water demand process models.  Agricultural, urban, environmental, and other 
water demands should be represented more directly, and explicitly.  Groundwater 
should be represented and operated more explicitly.  Land use based local 
hydrology and water demand approaches might be implemented in such 
standardized modules.   

e. Subject to a systematic model and data testing regime and continuous quality 
improvement program.  As the problems of California water change, different and 
greater demands will be placed on analytical capability, requiring an essentially 
continuous testing, re-testing, and improvement of data and models.  This might 
parallel a continuous review of local representations and data involving local 
agency and consulting experts. 

f. Financed on a broader base, by more than the CVP and SWP projects.  Increasing 
use of CALSIM II is being made by local, regional, State, and Federal agencies 
interested in developing bilateral or multi-lateral water transfers or projects, which 
incidentally involve the CVP and SWP.  To develop inter-regional modeling 
capability needed to integrate these activities at local, regional, and inter-regional 
scales, more sustained funding and involvement from local and regional agencies is 
needed.  In effect, local and regional agencies have been �free riders� on CALSIM 
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II�s analytical capabilities, and it is not necessarily a good bargain for them.  
Everyone should benefit from broader technical and financial participation. 

g. Capable of analyzing a wide range of scenarios.  More capability is needed to 
examine various long-term scenarios with respect to hydrologic, water demand, and 
operational uncertainties in the future.  There also needs to be a better capacity to 
accommodate other approaches to representing hydrologic uncertainty and 
variability besides simply simulating 70-plus years of record. 

 
•  Input data and its development.  Important aspects of CALSIM II rest upon the 

representations of other models of Delta hydrodynamics and water quality, water demands, 
and groundwater.  The credibility of CALSIM II also rests on testing these models that 
send important data/representations to CALSIM II, and documenting them adequately.  
These models include: 

a. CU Model and SIMETAW: The consumptive use model and the newer SIMETAW 
model, used to develop hydrologic inputs and estimate return flows, also require 
testing and more explicit documentation.  The underlying data for these models also 
need more systematic, standardized, and transparent treatment. 

b. DSM2: Representation of the Sacramento-San Joaquin Delta will always be important 
and prone to controversy, given the prominent importance of Delta flows and water 
quality for the operation and planning of California�s water system.  The difficulties 
of representing the Delta in operations and planning models are compounded by the 
tidal nature of the Delta, which usually implies a need for shorter time-steps.  
Representation of Delta water quality constraints currently falls heavily on an ANN 
method within CALSIM II.  This ANN is calibrated (trained) based on a 
hydrodynamics model, DSM2.  Thus, controversies regarding Delta representation in 
CALSIM II are likely to lead to questions of the adequacy of DSM2.  The 
transparency and testing procedures valuable for establishing the credibility and 
limitations of a Central Valley operations model would also seem to apply to DSM2, 
or any other Delta hydrodynamics-water quality model.  Tests of methods used to 
represent small-time step phenomena with larger time-steps (e.g., �partial month 
standards�) should be tested in a forum that would give the approach credibility and 
where its limits could be developed, discussed, and documented.   

c. CVPM/CALAG/LCPSIM/IWR-MAIN: Representations of water demands in 
CALSIM II rely heavily on other models, particularly CVPM and eventually CALAG 
for agricultural water demands and LCPSIM and eventually IWR-MAIN for urban 
water demands.  Thus, these models also will attract attention, and will probably 
require the same types of testing, transparency, and documentation suggested for 
DSM2 and CALSIM II.  Many water contractors of the CVP and SWP also have 
internal water sources (groundwater, water conservation, and water reuse) and side 
contracts with other agencies to supply water that can increase or decrease (at 
different times) their water demands from the CVP and SWP contracts and from the 
demands estimated from CALAG and IWR-MAIN types of models.   

d. IGSM /CVGSM: Water users in California rely on groundwater as a water source and 
as the major source of over-year drought storage.  Groundwater is also being 
increasingly used and looked-towards as a source of storage as part of conjunctive use 
schemes, and water transfer and market schemes.  Thus, representation of 
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groundwater in the system is important, and probably should be expanded 
considerably.  The representation of groundwater quantities, storage, and recharge 
and pumping capability will also attract attention from interested and critical parties.  
Thus, the IGSM/CVGSM modeling efforts of DWR and USBR should include the 
same types of transparency, documentation, and testing suggested for CALSIM II.  

e. Agricultural demands:   Agricultural demands in the model are estimated by an 
external modeling system (CU model).  Staff noted that the estimation methods being 
used are include out of date information on agricultural cropping patterns and 
irrigation technology, both of which result in inaccurate estimates of agricultural 
water demands.  This estimation process needs to be revised and updated to include 
current information on an ongoing basis.  The methodology needs to be improved to 
include economic factors in the estimation of cropping decisions and water demands. 
In many case, the preferred spatial scale for the economic modeling of agricultural 
water demand is going to be the individual irrigation district rather than very broad 
areas containing multiple quite heterogeneous districts. 

 
•  CALSIM II is currently awkward to apply for broader State and CVP-SWP policy 

questions.  Practically, the time needed to complete analyses is too long and CALSIM II 
does not explicitly represent many of the management options which policy makers are 
interested in investigating, evaluating, and orchestrating.   

 
•  More CALSIM II modelers are needed.  Many water managers and policy makers across 

California look to CALSIM II for many purposes, and there is near-universal consensus 
that the application of CALSIM II is currently limited by a dearth of knowledgeable 
modelers.  Current training by DWR and USBR on CALSIM software is useful, but clearly 
insufficient.  To be a functioning and credible CALSIM II modeler one must understand 
both CALSIM software and the operational complexities of the system (which probably no 
one can know in its entirety).  Improved model and data documentation is also essential 
here. 

 
•  Stakeholders and policy makers are poorly guided in how to interpret CALSIM II results.  

Not only must CALSIM II become more responsive to current planning and policy 
concerns and management options, but current policy makers must receive some education 
in the benefits and limits of such modeling for their purposes.  This is a very difficult 
problem that will often involve the role assigned to modeling and model results within 
larger politically-driven policy making processes.   

 
•  Non-interpretation of model results is not helpful.  Several recent DWR reports based on 

CALSIM II results have been considerable improvements over past practices in terms of 
presenting model results, discussion of the model, and examination of model performance 
in a historical context.  However, often the studies have not contained the kind of written 
discussion and interpretation of results that would demonstrate that the authors have 
thought about the results and drawn conclusions in a realistic and self-critical manner.  This 
detracts from the perceived credibility of the work and makes the study less informative for 
readers (most of who surely do not have the modeling background of the authors).   
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•  Some needs exist to improve CALSIM software.  These are well-known to the model 
developers and include: 

a.     Elimination of the need for the FORTRAN compiler,  
b. A public-domain mixed integer-linear programming (MIP) solver,  
c.    A graphical user interface, including ties to databases and GIS display if possible,  
d. Post-processing tools for users to help new users and broader application and scrutiny 

of CALSIM II results,  
d. Version control software and system (also a problem for model administration), 
e. Better data and database management software and protocols (this has great data 

management and administration implications), 
f. An ability to more systematically set objective function weights, 
g. More automated input and output data checking is needed to improve productivity in 

model application and quality control of modeling output.  This would also facilitate 
use of CALSIM II by a broader range of modelers, 

h. Ability to access and employ sensitivity analysis information coming from the MIP 
solver to identify possible multiple optima and identify binding constraints and 
slacks, 

i. A debug version of the code where water can be added or subtracted at any location 
and time (at a great penalty) to quickly identify locations and times of model 
infeasibilities.  (Prof. J. Lund has had great success with this approach to correcting 
infeasibilities in the CALVIN model of California for a network flow algorithm.), 

j. Time-step issues should be explored and evaluated comparatively.  There are major 
drawbacks to shortening time-steps system-wide (run-time, data development, 
interpretability of results, etc.), but short time-step components within the model or 
other approaches might adequately represent short-period aspects of the system for 
many purposes. 

 
There will be some who argue that CALSIM II is and should remain a model of only the CVP 
and SWP system.  While this would be simpler administratively and financially, it seems 
technically and politically untenable.  California�s water system is being asked to operate in an 
increasingly integrated manner across local and regional scales, with multiple local water 
demands, supplies, and aquifers being coordinated with the operations of major aqueduct and 
storage infrastructure.  Any model of the CVP and SWP systems must be responsive to this 
operational integration, either implicitly through better parameterization of local supplies and 
demands, or explicitly by widening the geographic and functional scope of the model. 
 
 
3.   Limitations, Uncertainties, and Impediments 

3.1   Removal of Unnecessary Ties to DWRSIM and PROSIM 
 
Much of the spatial detail employed in CALSIM II is a carryover from the previous DWRSIM 
model.  This is particularly evident in the coarse delineation of watersheds and sub-areas, 
which may no longer be relevant for future applications of CALSIM II.  It is recommended that 
all unnecessary ties to the previous DWRSIM and PROSIM models be removed in further 
development of CALSIM II. 
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3.2   Relative vs. Absolute Predictions 
 
As noted in the Executive Summary, we are skeptical of the usefulness of the distinction 
between comparative and absolute predictions.  To declare that CALSIM II is intended for 
comparative predictions and should not be used for absolute predictions is not a helpful or 
desirable strategy.  Rather than embracing this limited view of what CALSIM II can be 
expected to accomplish, we recommend that model developers recognize the requirement for 
CALSIM II to provide absolute values. To satisfy this purpose, additional calibration of the 
model will be required to ensure that it provides a reasonably reliable depiction of how the 
California water system operates.  In addition, data on model accuracy and the outcome of the 
calibration runs should be made available so that users can gauge the likely errors involved in 
using the model for their own particular purposes.  Some methods for doing this and 
performing sensitivity and uncertainty analyses are contained in Appendix H.    
 
Model uses should realize that model calibration and validation exercises can illustrate only 
how well the model can reproduce historical decisions and system behavior. Our ability to 
predict future policy decisions and the emergency responses to water shortages is clearly 
limited, thus decreasing the absolute precision of any model�s predicted values of various 
system performance measures.  Thus it is useful to distinguish between the ability of the model 
to reproduce correctly the physical operations of the water systems in California (which should 
be good), its ability to reproduce and anticipate decisions by the agricultural sector that 
determine the quantities of water the consume, and its ability to mimic historical and current 
water operation decisions by the CVP, SWP and other water management agencies. 
 
In general, it appears that the developers of CALSIM II do not have a clear idea of how to 
define the scope of CALSIM II use and many of the applications are evolving in a reactionary 
manner.  Model developers should identify clearly the desired uses for CALSIM II and then 
determine acceptable approaches for satisfying those desires.  Developers should seek to 
improve data accuracy and overcome unrealistic assumptions to improve confidence in model 
results.     
 
3.3   Hydropower 
 
CALSIM II is currently greatly lacking in hydropower computations, which is an important of 
the federal CVP system.  This should include risk-based power capacity evaluation, and 
possible incorporate the ISM (indexed sequential hydrologic modeling) method that the Bureau 
has used for many years in hydropower capacity analysis.  Also, hydropower should not simply 
be an after-the-fact calculation, but explicitly included in the system objectives.  
 
3.4   Daily operations 
 
A great challenge awaits the developers as they attempt to adapt CALSIM II to daily 
operations.  These challenges are primarily related to the impacts of routing on distribution of 
flows and scheduling of reservoir releases.  Under the current period-by-period optimization 
structure over daily time increments, without appropriate consideration of routing there is the 
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danger that the model will allow diversion of upstream flows to lower priority users, resulting 
in injury to higher priority downstream users in the following days where travel times exceed 1 
day.  The proper inclusion of routing in the daily operations requires some kind of look-ahead 
capability in CALSIM II, which is currently lacking.  In addition, scheduling of reservoir 
releases on a daily basis creates difficult timing issues in order to minimize unnecessary 
downstream spills or shortages caused by routing and attenuation of upstream reservoir 
releases.  Another complexity in moving into daily operations is that reservoir discharges now 
become head-dependent, whereas this can usually be ignored on a monthly time scale.  This 
means that the maximum reservoir release in any day will be dependent on the head, and 
should be based on the average head over the day, which introduces the potential for time 
consuming iterative processes to deal with nonlinear relationships in discharge-head curves for 
any reservoir. 
 
3.5   Groundwater model 
 
Groundwater has only limited representation in CALSIM II. This resource is modeled as a 
series of inter-connected lumped-parameter basins. Groundwater pumping, recharge from 
irrigation, stream-aquifer interaction and inter-basin flow are calculated dynamically by the 
model. 
 
The purpose of the multi-cell groundwater model is to better represent groundwater levels in the 
vicinity of the streams to better estimate stream gains and losses to aquifers.   
 
In the Sacramento Valley floor, groundwater is explicitly modeled in CALSIM II using a 
multiple-cell approach based on DSA boundaries.  For the Sacramento Valley, there are a total 
of 14 groundwater cells.   
 
Currently no multi-cell model has been developed for the San Joaquin Valley. Instead stream-
aquifer interaction is estimated from historical stream gage data. These flows are fixed and are 
not dynamically varied according to stream flows or groundwater elevation.  
 
The approach to modeling groundwater in CALSIM II, a lumped-parameter �tank� model 
seems to be a reasonable approach.  However, few details of this implementation were 
provided to the review panel, that it is not possible to assess its accuracy or reliability.  Details 
of the calibration and verification activities performed to date should be carried out and 
reported for the groundwater tank model.  The effect of using large size tanks should be 
assessed and the level of uncertainty in computed results reported.  In addition, the effect of 
these uncertainties on CALSIM II calculations should also be assessed.  The San Joaquin 
valley aquifers are not well represented in the tank model, but it is in the CVGSWM.  The San 
Joaquin valley groundwater should also be modeled in CALSIM II. 
 
Groundwater availability from aquifers is poorly represented in the model.  This results from 
the fact that aquifers in the northern part of the state (Sacramento Valley) have not been 
investigated regarding storage and recharge characteristics.  Thus, in the model, upper bounds 
on potential pumping from aquifers are undefined.  This does not represent reality, since, if 
CALSIM II is used for statewide planning, it would allow pumping of vast quantities of water 
for export to southern parts of the state, something which agency staff claim is unrealistic.  
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Realistic upper bounds to pumping from any of the aquifers represented in the model need to 
be developed and implemented. 
 
In addition, historical groundwater pumping is used to estimate local groundwater sources in 
the model.  However, the information on the historical pumping is very limited, causing these 
pumping rates to be very uncertain.  Better pumping information is needed and an analysis of 
the effect of this uncertainty on model results needs to be conducted.   
 
In general, the level of representation of groundwater in CALSIM II is not reasonable from the 
point of view of the reviewers.  This is due to several factors, perhaps the most important being 
the lack of information presented to the reviewers for their assessment.  Another factor is the 
lack of data collected and analyzed by the State of California to properly account for 
groundwater resources in the Central Valley.  These data are critical to an understanding of the 
availability of water in the state and the operation of the major water systems that supply water 
to agriculture and small municipalities in the Central Valley.  Assumptions of unlimited 
groundwater resources in the Sacramento Valley are unfounded and unbelievable.  Efforts 
should be taken to make reasonable estimates of these resources. 
 
There are other approaches that provide reasonably accurate estimates of river-aquifer 
interactions and groundwater basin response, while not sacrificing computer time.  The 
response function approach is a good example, whereby the CVGSM model is used to develop 
kernel functions describing this response.  A similar approach is described in Fredericks, et al. 
(1998).  These kernels may require readjustment as head conditions change in the basin, but 
they provide a more accurate prediction tool and are easily incorporated in the MIP model 
since they apply a linear superposition assumption and retain the linearity of the constraints in 
the model.  A dynamically linked CALSIM-CVGSM configuration is not necessary for 
reasonably accurate solutions.  If computer run time for CALSIM II is considered excessive 
now, it could only considerably worsen if this type of linkage is incorporated.  

 
Soil moisture is not dealt with in a realistic manner and needs to be improved in applications 
where the model output might be sensitive to these assumptions.   
 
3.6   Dynamic Variation of Priority Weights 
 
A severe restriction in CALSIM II is the inability to dynamically vary the weights used to 
prioritize flow allocation in the system.  It should not only be possible to dynamically vary 
these weights, but this variation should be conditional on the current system state, however that 
state (or states) is defined.  In addition to dynamic variation of weights, more explanation is 
needed of the reservoir operating rules and how these rules are incorporated into CALSIM II.  
The description of operating rules used in the system is not very clear.  For example, what 
kinds of hedging or shortage rules are used to mitigate the effects of drought?  
 
3.7   Expanding Scope of CALSIM II 
 
CALSIM II is a considerable advance on earlier models in that it fully incorporates both the 
State Water Project run by the Department of Water Resources and the Central Valley Project 
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operated by the Bureau of Reclamation. However to be able to examine the full range of 
Californian water issues, it would be desirable that all components of the linked system should 
be incorporated in the model including the Friant system, the larger Tulare Basin,  and southern 
California and its links to the Colorado River. Also because of the very important linkage 
between surface water and groundwater use, improvements should be made in this area 
particularly with regard to how that linkage affects demand for surface water and how access to 
groundwater reduces the economic impact of surface water restrictions. 
 
When expanding the geographical scope of the model to include non CVP-SWP areas, as well 
as Southern California, a hierarchical, decomposition approach would allow development of 
separate models for these areas that can then be linked together through iterative processes.  
Otherwise, the CALSIM II model can become extremely unwieldy.  Again, integration can still 
be achieved through appropriate iterative interaction between the regional models.  In the same 
vein, it is also unnecessary to explicitly integrate water quality and detailed water 
demand/consumptive use models into the model structure.  Iterative schemes involving 
successive estimation of water quality and other parameters can produce comparable accuracy 
at reduced computer run times, while reducing the complexity of the model. 
 
The replacement of DSM2 with a neural network is consistent with reinforcement or machine 
learning methods which are increasingly being used to replace complex, computationally time 
consuming models employed in decision support systems.  The complex models are only used 
to provide the data sets used for training the neural network.  Current research at Colorado 
State University and elsewhere is using neural networks for groundwater surface water 
interaction and return flow computation to replace computationally expensive groundwater 
models. 
 
3.8   Key Model Outputs 
 
In the past, the primary purpose behind the development of CALSIM II and its predecessors 
has been the examination of the reliability of water supplied to the State Water and the Central 
Valley Projects. However it is clear that there is now a demand for a model that will provide a 
wider range of outputs including: 
•  Water supply reliability for all water users 
•  Demand for water by existing users 
•  Outflows to Delta 
•  Use of groundwater and the rate of depletion of aquifers 
•  Water quality in the Delta and in the San Joaquin River 
•  Indicators of ecological health in particular with regard to key fish species 
•  The value of hydroelectric generation. 
 
Although the modules in the CALSIM II package currently address many of these areas, the 
recognition that all these outputs are important may necessitate some further model 
development and a greater degree of testing and calibration of these parameters. 
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3.9   Modeling Allocation, Accounting and Operating Rules 
 
CALSIM II uses a system of weights and constraints to define the water allocation process and 
the operating rules for storage reservoirs. Unfortunately these do not accurately reflect how 
operators of the state and federal water projects behave in managing their complex systems. 
Ideally, CALSIM should both reflect how the operators behave and be accepted by them as a 
useful tool when considering their management alternatives.  The failure to achieve this limits 
the usefulness of CALSIM to investigate the specific operating or accounting rules that are of 
interest to those operators.  For example, CALSIM II was not used to test changes to the 
accounting and allocation rules that have recently been proposed by the Department of Water 
Resources and the US Bureau of Reclamation because the rules that were changed do not exist 
in CALSIM II. 
 
 
 
4.   Options for Improving CALSIM  
 
4.1   Optimization Model and Run Times 
 
Many of the complaints regarding using of CALSIM II relate to long run times, which is not 
conducive to sensitivity or uncertainty analyses.  Since CALSIM II employs a mixed integer 
linear programming (MIP) solver, the usual sensitivity information available in linear 
programming solvers, such as dual variables and right-hand-side ranging, are not available.  
The problem is that small changes in right-hand-side constants or objective coefficients (i.e., 
weights on water allocation priorities) can produce large abrupt changes in model solutions.  In 
this case, dual variables do not provide useful information for MIP problems. Sensitivity 
analysis can only be conducted through trial and error processes involving incremental 
adjustment of important weights, coefficients, and uncertain data inputs with subsequent 
repetitive execution of the model.  In light of this, it is crucial that the MIP solver employed in 
CALSIM II is upgraded.  Significant advances have been made in MIP solvers, as described by 
Bixby, et al. (2000), which are not reflected in the current XA solver utilized in CALSIM II.  
There have been many recent improvements to the branch and bound method which should be 
incorporated, and the LP solver itself can be improved with better sparse matrix analysis.  As 
planned by the CALSIM II developers, removal of the need for use of the FORTRAN 90 
compiler will also improve run times when changes in optimization model structure are 
required.     

4.2   Confidence in the model 
 
The usefulness of a computer model in water resource management is only as good as the 
confidence that the stakeholders have in the accuracy and reliability of the model and the trust 
that they have in the modelers. There are several factors that affect that confidence and a 
number of ways that confidence can be improved. 
 
 



  

   30

•  Documentation 
 
Producing documentation of models requires considerable resources to do properly and 
ongoing resources to maintain especially when model development is continuing. Typically 
documentation of any water resource model is poorly done. However, where there are external 
model users, as is the case with CALSIM II, it is important. The survey conducted by Ferreira 
et al (2003) indicated that many users of the model thought that documentation of CALSIM II 
was poor. 
 

•  Seminars  
 
In the Murray-Darling Basin, seminars with key users and interest groups in which the 
operation of the model is described and discussed have proved to be useful in increasing 
confidence in models. The practicality of this approach will depend on the number and location 
of the prospective participants and the resources available to support the process. 
 

•  Data 
 
A model can only be as good as the data that is used to develop and calibrate it. The agreement 
over an acceptable set of hydrologic data that occurred during the development of CALSIM II 
is a considerable advance.  However, there appears to be a need to improve the collection and 
use of data on water diversions and return flows. Because of the close links between the 
surface water use and groundwater use there also is a need to have better information on the 
use of groundwater.  
 
The models used to calculate the Local Water Supplies in the Depletion Study Areas depend on 
estimates of surface water use, crop evapotranspiration rates and water use efficiencies 
developed using data from the 1970�s. Confidence would be improved if more recent data were 
available to check these estimates. 
 

•  Calibration 
 
A very good way to improve confidence in a model is to calibrate it against historical data to 
ensure that the model output is able to reproduce the observed data.  Calibration is the process 
of using the model to reproduce the historical behavior of the system and then fine-tuning the 
model so that the match between modeled and observed values improves. The calibration of 
the model assists in detecting errors in the model and the input data. It also enables a 
comparison to be made between the way that the operators actually manage the system and the 
way that the model assumes that the system is managed.  
 
A further consequence of the calibration process is that the statistics of the match between 
modeled and observed values can be used as a reasonable estimate of the absolute accuracy of 
the model output. 
 
It is legitimate in a calibration/validation run to incorporate changes to infrastructure, 
institutional or operational rules as they occurred especially if these changes are specified as 
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input parameters to the model. This was done to a limited extent in the CALSIM II validation 
run with three regulatory periods modeled related to decisions made by the State Water 
Resources Control Board. It is also legitimate to incorporate growth in demand especially if 
that growth is described in a manner that is consistent with the way that demand is specified in 
the production run. Demand north of the Delta was specified in the validation run by inputting 
the historical crop areas. 
 
A Calibration/Validation report should be very useful in demonstrating the accuracy of the 
model. However there are a number of elements in the CALSIM II validation run and the 
validation report which reduce that confidence including: 
 

•  State Water Project (SWP) demands south of the Delta were set at historical deliveries 
in years with no restriction and at the contractor�s request level in restricted years. 
Neither of these pieces of information is available to a production run which calculates 
demand based on crop areas. Therefore the validation run does not provide reliable 
information on how well the model can represent these demands. 

•  The validation run omitted Article 21 deliveries. Although this omission will not affect 
the delivery of �Table A� volumes south of the Delta, it will affect flow in the Delta and 
Delta water quality. Also, in the example model run presented in the paper by Draper 
A.J. et al (2003) which was supplied as part of the review, changes to Article 21 
deliveries constituted the largest impact resulting from a change to the allowable 
pumping capacity at Banks between March and December. This suggests that the 
modeling of these demands is important. 

•  The DWR (2003) report produces estimates of SWP and Central Valley Project (CVP) 
deliveries south of the Delta but then adjusts them for changes in storage before 
presenting comparisons of those results with observed deliveries. This process merely 
checks that the model is preserving a water balance and does not present a legitimate 
validation of model deliveries. 

•  The report provides statistics on long term average deliveries and flows but no statistics 
on the fit for individual years. Additional analysis of the output would assist 
stakeholders to assess whether the estimate of water supply reliability and in particular 
the modeled volumes of water available in the most restricted years are accurate. 

•  In some instances, such as the examination of water quality in the Delta, the ability to 
accurately model monthly flows and deliveries will be important. The validation report 
contains no information that would enable the ability to model monthly flows to be 
assessed.   

•  A key model output is the water quality in the Delta. It would assist the validation of 
the model if a comparison of parameters such as the location of the X2 boundary was 
provided.  

 
The users of CALSIM should recognize that models are a summary of what one believes to be 
true and important about a system.  Validation is then an exercise to test how good that 
summary and understanding really is. 
 
Appendix I contains brief descriptions of calibration modeling in the Murray-Darling Basin in 
Australia and in the State of Texas.    
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4.3   Assessment of the reliability of �delivered� water    
 
An important recent application of CALSIM II which has drawn widespread attention is the 
�State Water Project Delivery Reliability Report.  While this is an important step forward in 
the use of CALSIM for policy purposes, it highlights a number of issues, both conceptual and 
empirical, that need to be resolved in order to provide a more adequate assessment of the 
reliability of water supply in California. 
 
First, it illustrates the need for sound calibration of CALSIM. The question being asked is not a 
comparative one � What are the consequences of changing some aspect of the system from X 
to Y? � but rather an absolute one � How does the system function at present?  How often can 
users expect a shortage in deliveries of Z%?  
 
Second, it highlights the fact any water system model such as CALSIM requires a blend of 
hydrology and behavioral analysis.  To conduct a water balance, the model needs to know what 
deliveries are required by the customers of the given project, and what are the diversions by 
other user groups who extract water from the same surface or groundwater sources. These are 
fundamentally questions of economic and institutional behavior, not matters of hydrology. 
Therefore they cannot be dealt with by hydrologists alone. Like its predecessors, CALSIM 
tends to treat these as black boxes.  The diversions by water users outside the CVP-SWP are 
taken as exogenously given, based on an assumed �level of development� and simplistic 
assumptions about the patterns of water use associated with that level of development.  The 
deliveries required by the water users who are served by CVP-SWP are generally taken as 
given.  For reasons explained below, both of these treatments are simplistic and unsatisfactory. 
 
In CALSIM modeling exercises the level of development plays two different roles depending 
upon the context.  In a simulation context, the level of development is used to represent 
hydrologic variability and uncertainty; in a calibration/validation context, it is used to reflect 
the actual historical demand for water withdrawals.  These are very different purposes and it is 
important to keep them distinct. In most applications of CALSIM prior to the recent reliability 
study, the main focus was simulation and the representation of hydrologic variability.  The 
chief purpose served by using 73 years of adjusted streamflow records was to represent the 
variability and uncertainty in the streamflow that one can expect to observe in any single year. 
Therefore, the calendar date of the record has no substantive significance, the (adjusted) 
streamflows for 1952 or 1982 are not being used to represented what happened historically in 
1952 or 1982, but rather as an indication of the variation in streamflow that could be expected 
to occur next year, or any other year.  In this context of simulating hydrologic variability, it 
makes good sense to apply the same level of development (i.e. the same pattern of water use) 
to every year in the sequence, rather than a series of different levels of development that vary 
with calendar time, because the streamflows represent alternative hydrologies that can occur in 
any given year.1 The situation is different when one is conducting a calibration or validation 

                                            
1 This could be modified to allow for the fact that local weather conditions have a significant impact on irrigation 
(and urban) demands � e.g., farmers plant fewer acres of crops in a drought year. In that case, one could have 
different levels of water demand and extraction in different year types; but, these would all be keyed to the same 
overall level of economic development (e.g. the California economy in the 1990s). CALSIM II does not presently 
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exercise.  In that case, one wants to represent the historical demands in 1952 or 1982 in order 
to compare what the model predicts with what actually happened.  Therefore, in a calibration 
or validation exercise one wants the level of development to change each year in order to 
reflect the demand that occurred historically. 
 
Both simulation and calibration/validation raise some other important technical issues. In the 
context of simulation, there are several different ways to generate a hydrologic sequence that is 
calibrated to a fixed level of development.  One can use all 73 years for which data are 
available.  One could use a subset of those years chosen either according to some deterministic 
rule or randomly. The subset could be oriented, for example, towards the extremes of the 73 
sequence of annual records.  However, the drawback of any approach based on sampling from 
the observed historical record is that it understates the full variability in streamflow that could 
be experienced in the future.  The 73 years of record are drawings from a probability 
distribution the extremes of which extend beyond the minimum and maximum flows observed 
in the historical record.  Relying on this record, therefore, understates the true minimum and 
maximum flows that might be encountered.  In a reliability assessment exercise, one might 
want to take some steps to minimize the potential understatement of streamflow uncertainty. 
This could be accomplished by fitting a (parametric) probability model to the historical 
streamflow record and then sampling from the tails of the fitted distribution (Stedinger, 1981).  
The use of statistical models of streamflow variability could be considered in future 
applications of CALSIM to assess delivery reliability. 
 
The assessment of delivery reliability requires that particular attention be given to the 
definition and measurement of the water users� demands. In this context, the user�s demands 
play two roles: they affect the definition of �deliveries� and they influence the assessment of 
�reliability�. With respect to deliveries, CALSIM II considers water to be delivered whenever 
it has the water irrespective of the ability of a contractor to use the water or to store it; The 
reality is that, if the contractor does not have a demand for the full quantity of water and is not 
able to store the excess, that amount will not be delivered.  Therefore, the calculation of 
deliveries would be flawed.  Furthermore, reliability cannot be assessed without reference to 
demand.  Stating that a water supply system can deliver 100 acre feet in a wet year but only 70 
acre feet in a dry year is useful only if one knows what the demands will be in wet and dry 
years.   The implications are quite different if the user needs 105 acre feet per year than if he or 
she needs 65 acre feet per year.  Thus, the users� demands should serve as the norm against 
which reliability is assessed.  Instead, the recent reliability report uses the so-called �Table A� 
water amounts as the norm for assessing deliveries to SWP contractors.  This does not seem to 
be a satisfactory approach because there is no presumption that the Table A amounts, 
negotiated in 1960, measure the actual demands of SWP contractors in any particular year.  
The actual demands of the individual contractors will be influenced by how much storage they 
have, what access they have to other surface water or groundwater, and the demands of the 
farmers they serve to plant crops and apply water.  Without accounting for these factors, it is 
difficult to generate a meaningful assessment of supply reliability.  
 

                                                                                                                                          
consider the impact of annual weather conditions on demands. In order to model water demands accurately in a 
year, the climate conditions would be linked to the flow conditions to provide an input set for a particular year. 
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The assessment of reliability should ideally go beyond a comparison with quantities demanded 
to incorporate the notion of a loss function.  If a user has a demand for 100 acre feet and can 
only receive 90 acre feet in one scenario and 80 acre feet in another, while the shortfall is twice 
as large in the second scenario the actual consequences of the shortfall to the user, in terms of 
lost profit or higher cost, might be more than twice as large. To assess the economic value of 
reliability, or the economic cost of a lack of reliability, one needs to be able translate shortages 
into monetary losses. To accomplish this, the warning time provided and the delivery shortfalls 
from CALSIM would need to be processed through an economic model of the value of water 
to different SWP contractors.  
 
Because water users face difference demands and have access to different sources of supply, 
when assessing reliability it is unhelpful to aggregate all contractors and simply present the 
results in terms of total annual project deliveries, as was done in the report.  Precisely because 
of the potential non-linearity of the loss function, a given aggregate shortfall can have different 
consequences when distributed differently among the individual contractors.  A similar 
observation applies to the temporal distribution of delivery shortfalls across the year.  It is 
unhelpful to aggregate supply system deliveries into an annual total, as done in the report.  For 
a user to be able to obtain 100% of his or her demands in the period from March to May but 
only 60% in the next three-month period from June to August has different consequences than 
being able to obtain 80% in each of the six months.  Furthermore, for both agricultural users 
and many urban users, major decisions affecting water use have to be made in the spring.  They 
are based on the expectation around March about the amount of water that will subsequently be 
available for delivery during the summer months.  What matters to these users when assessing 
supply reliability is the amount of water they can expect around March to be delivered over the 
summer, rather than the ultimate total delivery.  
 
For both reliability assessment and also model calibration/validation, it is important to avoid 
excessive aggregation when describing shortfalls between demand and supply, or deviations 
between model predictions and actual outcomes. In regression analysis, it is the convention to 
measure the goodness of fit of a regression equation not by the average deviation but rather by 
the sum of the squared deviations. In ordinary least squares regression, by definition the 
average deviation is always zero (that is to say, the average of the predicted values of the 
dependent variable always equals the average of the actual values) regardless of how well or 
badly the regression equation fits the data. The average deviation thus provides no information 
regarding the goodness of fit; by contrast, the sum of squared deviations or the sum of the 
absolute values of the deviations are sensitive measures of goodness of fit.  Although the 
calibration of CALSIM is not an exercise in least squares regression, the same general 
principle applies.  To judge whether the model is doing a good job, the goodness of fit should 
be measured by reference to the disaggregate results and not simply by the overall average 
deviation.   
 
Additional comments on the 2003 CALSIM II Validation Report are contained in Appendix F.  
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5.   Managing CALSIM Development and Applications 

The costs of not continuously and substantially improving our analytical capabilities are 
political (in terms of continued controversy and diminished agency credibility), economic (as 
inferior system performance for agricultural and urban water users), environmental (in terms of 
inferior environmental system performance), and financial (lawyers and policy consultants are 
more expensive than engineers and scientists). 
 
CALSIM II is a substantial improvement over its predecessor models, DWRSIM and 
PROSIM, with a great deal more flexibility, transparency, and potential than these earlier 
models.  The modeling team for CALSIM has identified an exciting and relevant vision of how 
modeling should be done for this complex and difficult system in the coming years.  However, 
implementation of this vision in a coherent technical manner that leads to both technical and 
stakeholder credibility will be a difficult process, requiring financial and institutional support if 
this kind of capability is to be developed and sustained.   
 
To accomplish these objectives CALSIM II developers need to be in an institutional position 
where they can see the model more as �outsiders� view it.  This would allow them to be more 
responsive in supporting the credibility of their work and the relevancy of their tools and 
results to the broad range of current water management problems.  As such CALSIM II should 
no longer be solely responsible to CVP-SWP managers, but should be responsible to a broader 
range of technical managers from additional interests, reflecting its current and prospective 
uses. 
 
It would be imprudent to manage a state�s finances, a business, or a retirement plan without 
quantification � quantification in such matters is necessarily imperfect, but necessary 
nonetheless.  While shortcomings have been identified in CALSIM II, it would be similarly 
irresponsible to manage California�s water budget without carefully-interpreted quantification.  
Progressive and continuous improvement in our quantitative understanding of California�s 
water system provides a common basis for improving its performance for all interests.  
 
One possible means of maintaining control of the quality of particular versions of CALSIM II 
and accompanying models used for SWP-CVP planning and management decisions is to create 
an interagency modeling consortium (IMC) consisting of DWR, USBR, and persons from 
other stakeholder organizations if they are interested and want to participate.  This consortium 
would be responsible for maintaining a toolbox of �acceptable� models for �official� use by the 
agencies and contractors.      
 
IMC responsibilities and authority could include: 
 

•  Prioritize, coordinate, and provide consistency, technical guidance and oversight for all 
modeling applications,  

•  Approve model selection and insure that each requested application is carried out using 
the most appropriate model(s) and input data,  

•  Provide or otherwise insure documentation of the modeling process itself as well as the 
modeling results,  
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•  Insure that the results are expressed and made available in a way such that others can 
understand and benefit from that modeling application, as applicable.    

•  Implement peer reviews of models and their applications as deemed appropriate. 
 
 

To help meet their responsibilities the IMC will need to establish, publish and implement some 
procedures for insuring the quality of the entire model development and application process.   
They will need to identify among all the models that might be used, which are the most 
appropriate to address each of these separate groups of model applications.  They must identify 
various models, i.e., establish a model toolbox, from which clients can choose the one that best 
meets their needs (or perhaps argue that another model should be added to the toolbox). The 
IMC will also need to maintain model documentation and provide for peer reviews of any 
model, its documentation, and/or its use in a project.    
 
Further suggestions and discussion on the creation and operation of a possible IMC for model 
development and application, as well as for managing peer reviews of both the models and 
their applications, are contained in Appendix E.  
 
 
 
6.   Recommendations for Future Use, Development, and Application  
 of CALSIM II  
 
The most concise recommendation we might make would be to fix the shortcomings beginning 
with what are considered the most serious, and proceeding to those that are less serious, taking 
into account the time and other resources needed to address each weakness.  However, we 
believe it is more useful to suggest ideas on how to systematically address both present 
shortcomings and those likely to emerge as stakeholders� quantitative understanding of 
California�s water system and its problems continue to evolve. 
 
6.1   Model development and support consortium 

 
As discussed in the previous section and in Appendix E, it might be useful to explore creation 
of a broader interagency modeling consortium for developing operations planning models for 
California.  The joint DWR-USBR development strategy used for CALSIM II has shown some 
notable successes, and should be expanded to include additional parties and sources of 
expertise.  Such a consortium might include staffs from several agencies (DWR and USBR, as 
well as potential members from MWD, KCWA, CCWD, and other agencies), NGOs, some 
consultants, and universities.  Such a model development forum would: 

a. Bring a wider range of expertise to bear on model development problems. 
b. Facilitate having more agencies involved in supporting model development with 

expertise and financial resources. 
c. Better enable model developers to see the model as �outsiders� see it. 
d. Potentially improve contracting for model development and testing. 
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e. Take model development and testing outside of the explicit agency framework; a 
broader consortium should be more conducive to self-critical and transparent technical 
practices. 

f. Provide a common training ground for agency, NGO, and consulting staffs to become 
effective modelers, broadening the talent base for technical work in California. 

g. Reduce impediments to model development and testing arising from current State 
budgetary and personnel hiring problems. 

 
Many of the questions, concerns, and problems mentioned in the user community interviews 
could be addressed well in such a distributed model development, testing, and support 
framework.  It would still be necessary for each stakeholder group and agency to maintain its 
own modeling staff, but these would be partially shared in an interagency modeling 
consortium.  
 
The governance and finance of such a consortium would be difficult and would probably 
require a steering committee or governing board, but any resulting model(s) would have 
broader credibility and a broader and deeper technical base.   
 
In the immediate term, a users� group should be formed and the formal listing of model 
development activities should be posted on the web, including short descriptions of each 
development activity and contact information. 

 
6.2   Quality Control Program 

 
The DWR and USBR modeling team (or a broader model development consortium) need an 
explicit quality control program.  Such a program should include a variety of activities:  

a. periodic external reviews on the broad modeling program  
b. specialized external reviews of model products and applications 
c. a standing (or sitting) external technical advisory body 
d. software engineering and maintenance 
e. a regime of model testing 
f. model and data documentation 
g. data development and management 
h. user group activities 
i. local agency and interest involvement 
j. model, data, and documentation accessibility (including web site use).   
k.  

Such a quality control program would benefit from deep consultation with stakeholders and the 
broad community of water technical people, perhaps via the California Water and Environment 
Modeling Forum (www.cwemf.org). 

 
6.3   A Training Program 
 
DWR, USBR, and assorted agencies and consultants should establish a more formal common 
regimen to train new CALSIM II users in both CALSIM software and the complexities of 
actual system operation.  All these groups currently rely on a relatively small pool of perhaps a 
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dozen knowledgeable CALSIM II users and all proclaim a need for many more capable users.  
A training regimen consisting of current CALSIM II training classes, supplemented by 
additional training in software application and system operation and apprenticeships or 
rotations through operations and model development shops would be useful to all concerned.  
The entire water community would benefit from having such expertise being widespread.  
Having widespread CALSIM II modeling expertise also makes explaining CALSIM II and its 
results easier.  This might be an appropriate activity for a model development consortium. 
 
6.4   Extend Improvements in Modeling Practice to Supporting Models 
 
CALSIM II is at the center of a web of additional models used by DWR, USBR, and other 
agencies to prepare inputs for CALSIM II and post-process outputs from CALSIM II.   
 
Delta controversies and difficulties of representation seem endemic to problems of modeling 
Central Valley operations.  The technical basis for representations of Delta operations and 
water quality performance requires a similar level of transparency and testing to avoid this 
becoming a �weak link� in the Valley-wide operations planning model.  Since so much is 
based on the DSM2 Delta model, documentation of fairly strenuous tests of the DSM2 model 
are highly desirable.  This would provide a firm foundation for the use of ANN or other 
approaches for summarizing DSM2 behavior in an operations model.  Similar documentation, 
testing, and development are desirable for the other models mentioned above which provide 
data for CALSIM II (CVGSM/IGSM, CVPM/CALAG, IWR-MAIN, LCPSIM, CU model, and 
SIMETAW). 
 
6.5   Hydrologic Data and Data Development 
 
An effort should be made to step back and perhaps re-define a more systematic and solid basis 
for developing hydrology for water management models of California�s inter-tied water 
system. Currently, several efforts exist to develop surface or groundwater hydrologies for parts 
of the Central Valley (sponsored by DWR-USBR, USACE-Sacramento District, USEPA, 
USGS, CALFED, local agencies, etc.).  An effort should be made to broaden the range of 
hydrologic expertise involved in hydrology data development for management modeling of 
California�s inter-tied water system, and establish a consistent and high, but reasonable, 
standard of documentation and testing for developed data and any underlying hydrologic 
models.  Establishing such a standard of documentation and testing would make existing 
hydrologic studies more accessible and useful for future studies and encourage the comparison 
and further development of existing representations of the system�s hydrology. 
 
6.7   Performance-Based Optimization 
 
Performance-based optimization should be added to CALSIM�s capabilities; it would not be 
difficult in terms of software or data, and would add much greater ability to explore and seek 
improvements in management within a complex system.  The multi-period optimization 
approach being developed (CAM) is an operations-oriented first step in this direction, but 
could be expanded without great difficulty. 
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For large-scale water resource systems of great complexity and many options for system 
management, it is often difficult to find �optimal� operations with simulation modeling.  There 
are simply many myriads of decision options and combinations of options, which theoretically 
each require a simulation model run � which would be prohibitive in terms of analysis cost and 
time.  In such situations, performance-based optimization models, such as those seeking 
maximum economic performance, can offer useful insights as to where to look for improving 
system operations and management.  Metropolitan Water District of Southern California 
(MWD) and San Diego County Water Authority (SDCWA) employ performance-based 
optimization modeling of parts of California�s water system to gain strategic insights for 
planning and management.  An economic-engineering optimization model has been developed 
for California and, despite significant limitations, shows several insights for California 
(CALVIN), suitable for identifying promising operational and management strategies worthy 
of more detailed analysis (Jenkins et al. 2001; Draper et al. 2003; Jenkins et al. 2004).  The 
CALSIM II modeling approach could easily be adapted to provide greater functionality to this 
type of performance optimization.  Having performance-based optimization capability together 
with a compatible simulation model for more detailed analysis and trade-off evaluation could 
greatly improve the capability of California�s water community to explore and develop 
promising and creative options for improving operations, facilities, and overall system 
management.  
 
6.8   Modular and Layered Versions of CALSIM II 
 
Speedier versions of CALSIM II are needed for operations planning and integrated water 
planning studies.  Such versions would be regional modules of CALSIM II (for regional 
studies) or explicitly aggregated system-wide models from the most detailed CALSIM II 
schematic for system-wide or statewide studies.  Both approaches would simplify the model 
for particular purposes, yet be tied to a common detailed schematic and detailed hydrologic, 
operations, and water demand data sets.   
 
Geographically modular or aggregated system-wide versions would allow additional local and 
regional water management options to be represented for particular operations and policy 
planning purposes and allow users to more quickly explore and develop operating policies.  
The final runs from such integrated or exploratory studies could then be evaluated using a more 
detailed and complete version of CALSIM II.   
 
Modular regional models might represent regions with relatively few inter-ties, such as: 
Sacramento Valley, Delta and eastside streams, San Joaquin Valley, San Francisco Bay Area, 
Tulare Basin, and Southern California (DWR�s South Coast and Colorado River hydrologic 
regions).  (We have had good success with the CALVIN model of California with 5 modular 
regional models, which combine to form a system-wide model.  These geographic sub-models 
greatly improved quality control in model development, work flow and data checking, and 
identification of problems in the model.) 
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6.9   Model Calibration and Testing 
 
Many approaches exist for model calibration and testing (Modeling Forum 2000).  Calibrating 
a planning model oriented to operations in an uncertain and distant future is always 
challenging.    For a model that serves many uses (including policy-urgent uses unforeseen by 
developers), use-specific testing will often be impossible within a responsive time frame and 
budget.  Such unavoidable situations call for more thorough, general, and well-documented 
model calibration and testing than would otherwise be needed. 
 
For the model to have technical credibility, stakeholder credibility, and to serve the kind of 
training and reference function needed for the water management community, a systematic and 
coherent means of setting parameter values in the model and documenting these values is 
needed.  Similarly, a systematic self-critical means of testing is needed for a model to establish 
and retain credibility, and have defined limitations, for a range of applications.   
 
A potentially excellent resource for model testing is comparisons of seasonal operations 
planning CALSIM II model runs with recent years� seasonal operations, as done by actual 
operators.  Similarly, system operators could scrutinize historical simulations, such as those in 
the recent November report, for systematic differences from operating practice.  Such 
comparison with operator policies and philosophy could also be performed with SWP or CVP 
delivery reliability estimates.  Such comparative analyses would both help define the likely 
(and unavoidable) differences between actual and modeled operations and water deliveries and 
identify potential opportunities to narrow such differences. 
 
Credibility arises, in part, from demonstration that problems and limitations are systematically 
identified and addressed or considered in model development and in making and interpreting 
model runs.  This can be accomplished by use of documentation, metadata, written guidance, 
and protocols and logs for identifying model problems and recording model improvements. 
 
Given present and anticipated uses of CALSIM II, the model should be calibrated, tested, and 
documented for �absolute� or non-comparative uses.  This is what many applications require 
today and will be increasingly desired and required in the future.  Maintaining the traditional 
�comparative-only� use of CALSIM II is undesirable if the model is to be useful for the CVP 
and SWP systems, the operations of water contractors, or for statewide planning purposes. 
 
6.10   Documentation of Model Improvements 
 
Along with better documentation of model versions, logs of data and model improvements and 
�bug fixes� should be maintained.  Explicit protocols and records for identifying and correcting 
modeling errors and problems would enhance the credibility of the modeling effort with 
technical people and policy makers.  Such protocols also provide an internal aid to staff and 
staff development in modeling. I understand that this kind of record-keeping is done, but the 
precise form of, nature, and extent of this record-keeping is unclear.  It would be useful and 
reassuring to stakeholders and policy makers to know that this kind of record-keeping of the 
software and data was being done. 
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6.11   Better Model Integration in Decision-Processes and Stakeholder Education  

 
Greater aid should be given to interested parties and decision-makers who must work with the 
unavoidable limitations of any model.  If possible, a document should be prepared for 
stakeholders and interested parties outlining the model, summarizing the model�s primary 
limitations, and providing guidelines for interpreting model results.  Those developing policy-
making forums and processes should thoughtfully incorporate computer models in these 
processes in ways that do not assume model omniscience, or otherwise place too great or 
exclusive a reliance on model results.   
 
Models and model results will never be perfect.  If models are to be important for planning and 
policy-making, they be must be presented and used in ways that enlighten policy-makers more 
than they add confusion and controversy to already difficult situations, if possible.   
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