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California’s Central Valley 
 20,000 sq. mi. (55,000 sq. km.) 
 30 MAF/yr Surface Water Inflow 
 Agricultural Production 

 6.8 million acres (27,500 sq. km) 
 <1% of US farm land 
 10% of US crops value in 2002 

 Population Growth 
 1970:  2.9 million 
 2005:  6.4 million 

 Groundwater Pumping 
 ~9 MAF in 2002 
 10-18% if US pumping 
 Not measured or regulated 
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Central Valley Hydrogeology 

• Tectonic development 

• Alluvial stratigraphy 

• Geologic cross-section 

• Groundwater studies & models 



Tectonic Development 

Pacific 
Plate 

Farallones 
Plate 

N. Amer. 
Plate 

Presenter
Presentation Notes
For 200 million years, there was a spreading center between the Pacific Plate and Farallones Plate, and a subduction zone between the Farallones Plate and the North American Plate.
The Farallones Plate acted like a conveyer belt, moving from the west to the east.
As the Farallones Plate moved beneath the North American Plate, the leading edge melted and the resulting material led to the creation of the Sierra Nevada Mountains.
Material was also scraped off and accreted along the edge where the two plates met.



Tikoff and St. Blanquat. 1997. 

100 million years ago 

Presenter
Presentation Notes
As the Farallones Plate slid beneath the North American Plate, some materials from the leading edge became attached to the North American Plate.
The plate edge descended into the mantle where it melted and mixed with magma, creating the Sierra Nevada batholith; 
The down-warping between the two plates created a long, narrow trough that eventually filled with eroded sediment and became the Central Valley.



UC Davis. 

Early Central Valley 
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Initially, this depression filled with sea water, and material eroded from the mountains became today’s marine sediments



Tectonic Development 

Pacific 
Plate 

Farallones 
Plate 

N. Amer. 
Plate 

Shrinking Farallones Plate 
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Over this 200-million-year period, the Pacific and North American Plates were moving closer together, and the Farallones Plate was shrinking.



Tectonic Development 

Presenter
Presentation Notes
3 million years ago, neither the Coast Ranges nor the Sierra Nevada were visible above the horizon.
When the Farallones Plate was consumed, the Pacific Plate and North American Plate met near Los Angeles.
The spreading center and subduction zone became a transform fault
The Pacific Plate slid under the North American Plate, and moved northward.
The “Triple Junction” between the North American Plate, Pacific Plate, and the remainder of the Farallones Plate (which became the Gorda and Juan de Fuca plates), is now at Cape Mendocino.
As the Pacific Plate moved northward, if acted like a giant spatula, pushing the Coast Ranges upward.
It also pushed against the Sierra Batholith, pushing the western edge downward and causing it to tilt sharply.
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Presentation Notes
The present Central Valley is between the Coast Ranges and Sierra Nevada, with the Tehachapi Mountains to the south and the Klamath Mountains and Cascades to the north.
The Coast Ranges and Sierra Nevada are not static, and their movement affects the Central Valley land surface and aquifer.



Presenter
Presentation Notes
Fourkinds of land surface subsidence occur in the Central Valley. Three are due to human actions.
Conversion of peat soils to carbon dioxide in dried wetland soils
Collapse of aquifer layers due to excessive groundwater withdrawals
Petroleum ‘mining’
Vertical movement of the basement rocks
There is continuing tectonic subsidence of the Central Valley basement. 
(The ‘mantle drip’ below Tulare Lake is the most dramatic example of tectonic subsidence within the Central Valley)
This tectonic subsidence is important because it underlies three basic features of the Central Valley hydrologic system:
The greatest tectonic subsidence appears to be occurring beneath Buena Vista Lake, Tulare Lake, and the Sacramento-San Joaquin Delta, 
the current north-south axis of the main river beds is thought to lie along the axis of tectonic subsidence.
(3) The interplay between the steady subsidence of the land surface over the past millions of years, and the intermittent deliveries of sediments to the valley during glacial periods have significantly affected the hydraulic character of the Central Valley aquifer. 
Repeating cycle: 
Land surface subsides at a fairly constant rate, 
Glaciers create large flux of eroded sediments, filling the subsided space
Soils develop on land surface during the interglacial period as the land surface subsides
Repeat glacial-interglacial cycle, developing alternating layers of silt/clay and sand/gravel




Zandt et al. Nature. September 2004. 

Tectonic Subsidence 

Presenter
Presentation Notes
This tectonic subsidence continues today. 
It is greatest in the Tulare Lake region, where hypothesized ‘mantle drip’ is pulling the crust downward.
Basement material melted from the basement below Mount Whitney and flowed laterally southwestward, 
Causing Mount Whitney to rise and the Tulare Lake region to fall
This ‘mantle drip’ is hypothesized as the reason the valley is so wide at this point.
Essentially, the Tulare Basin is not filling with sediment because the descent rate of the land surface is greater than the erosion rate of the adjacent mountains.



Central Valley Stratigraphy 
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We will take a closer look at the Central Valley



Central Valley Stratigraphy 
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We can slice through the Tulare Basin and look at a cross section



Current Central Valley 

Continental Deposits 

Marine Sediments 
Crystalline Rocks 
(Sierra Nevada) Crystalline Rocks 

(Coast Ranges) 
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Over time, material from the eroding Sierra Nevada and Coast Ranges filled the depression, until eventually the land surface rose above sea level, creating the Central Valley.
The mechanisms that created the Central Valley aquifer are reflected in the hydraulic and hydrogeologic properties of the aquifer.
Most of the sediment filling the Central Valley was delivered in pulses during glacial periods. This caused distinct layering of the Central Valley sediments.
Also, the forces that created the Central Valley are still at work today.
The east-west pressure between the Pacific and North American plates is pushing the Central valley basement downward, creating tectonic subsidence.



River Fans 

Continental Deposits 

Marine Sediments 
Crystalline Rocks 
(Sierra Nevada) Crystalline Rocks 

(Coast Ranges) 
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Next, we’ll look closer at the alluvial deposits where rivers discharge into the Central Valley. 
This is the area of the Kings River Fan



Kings River Fan 

Harter et al. 2005. 
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Here we are looking at a 10-mile by 10-mile slice taken from the Kings River fan south of Fresno, where the river enters the Central Valley.
The Central Valley aquifer is composed of layers of fairly conductive sediments separated by thinner layers of low-conductivity material. 
Over millions of years, the valley was filled through repeated glacial and interglacial cycles.
During interglacial periods, the river channels filled with sediment, and soils developed on the land surface. During these periods, the rate of tectonic subsidence was greater than the rate of sediment accumulation, and the land surface tilted toward the center of the valley, creating what is called ‘accumulation space’. This is similar to water leaving a reservoir during the summer months.
During glacial periods, vast amounts of water flowed in the rivers. The high flow rates gouged deep river channels. Large amounts of sediments were discharged into the valley, filling the ‘accumulation space’. Once this space was filled, additional sediments were washed out to the ocean.
During the glacial periods, deep river channels formed with the sediments discharged into overbank areas.



River Fans 

Weissmann et al. 2005. 
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The other river fans in the Central Valley exhibit the same pattern
The vertical distance between layers is a function of the differing rates of tectonic subsidence at different locations in the Central Valley.
The thickest layers occur in the Tulare Basin, where the tectonic subsidence rate is greatest.
Originally thought this was related to the size of the watershed, but it’s actually the rate of tectonic subsidence.



Hydrogeology 

Clay Lenses 

Bedrock 

Marine Deposits 

Saline Groundwater 

Fresh Groundwater 

Presenter
Presentation Notes
One of the distinguishing features of the Central Valley aquifer is the presence of many clay lenses that significantly restrict vertical water movement.
The clay lenses are characterized by wetland sediments, including a lot of silt and clay. 
These were wetlands – vernal pools, lakes, etc. – during interglacial periods, similar to the Central Valley in the 1800s, when paddlewheel steamboats travelled to Firebaugh..
When these wetlands were buried during the next glacial period, they became clay lenses.
This causes a condition in which there is generally no clear transition from unconfined aquifer (at atmospheric pressure) to a confined aquifer (at some other pressure).
This also means that horizontal flow rates (hydraulic conductivities) are generally significantly greater than vertical flow rates (hydraulic conductivities), sometimes as much as 100 times greater.




Corcoran Clay 
Buried remnant of a Pleistocene lake bed 
 
Deposited 615,000 - 750,000 years ago 
 
Deformed by tectonic subsidence 
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During several of the interglacial periods, the Central Valley outlet to the ocean was apparently some distance higher than the sea level, and a large inland lake formed.
The buried remnants of these lakes are present today as extensive clay layers
The most significant of these is the Corcoran Clay, which covers an area of approximately 110 square miles in the western San Joaquin and Tulare Basins.
The deformation of the Corcoran Clay is one of the key indicators of the historic rates of tectonic subsidence in the Central Valley
The Corcoran Clay is a significant hydrogeologic feature of the Central Valley aquifer. 
Groundwater pumping from the confined aquifer beneath this confining unit caused a severe drop in the water pressure, which led to significant land surface subsidence.




Land Surface Subsidence 
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Shortly after the Delta-Mendota Canal was completed in the early 1950’s, the canal operators noticed impacts of land subsidence which tilted portions of the canal. 
This led to a wider study of the extent of land-surface subsidence.
It also prompted DWR to move the California Aqueduct uphill onto more solid ground in the Coast Ranges foothills
Studies revealed extensive land-surface subsidence due to groundwater pumping (overdraft)
This extensive land-surface subsidence changed flow properties on many canals and also changed the flow paths and accumulation areas during large flood events
This is a famous photograph of Joseph Poland of the USGS near benchmark S661 southwest of Mendota: 9m (~30 ft) subsidence 1925-77
Large-scale imports of surface water were thought to have resolved this problem, and subsidence monitoring was largely discontinued in the early 1980s



Land Surface Subsidence 
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Recent studies of land-surface subsidence suggest that this did not stop on the early 1980s. 
Instead, the areas where extensive overdraft induced land-surface subsidence have moved around.
Subsidence is also thought to be significantly greater during extremely dry years.

This image shows land-surface subsidence over a recent 4-year period, but there may have also been significant subsidence in the 20 years between the early 1980s and early 2000s
This land-surface subsidence is largely the result of overdraft, but there is some thought that a small amount may also be due to tectonic subsidence.

Michelle Sneed of the USGS reports subsidence of about a foot per year in the Eastside Bypass between 2008 and 2010




Land Surface Subsidence 
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We can see that the area that experienced land subsidence in this four-year period is different that the area that experienced subsidence between 1920 and 1977
But we don’t know how much subsidence occurred in the years between 1977 and 2007




Groundwater Studies 
Bryan, 1923. Geology and 
ground-water resources of 
Sacramento Valley, California. 

Mendenhall et al. 1916. 
Ground water in San Joaquin 

Valley, California. 
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Next we will look at some of the studies of the Central Valley groundwater system
Initial groundwater conditions and development are documented in these two reports plus a report on the Tulare Basin by Twitchell



Groundwater Studies 
Olmsted and Davis. 1961. Geologic features and ground 
water storage capacity of the Sacramento Valley, 
California. 

Davis et al. 1959. 
Ground-water 

conditions and storage 
capacity in the San 

Joaquin Valley 
California. 
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DWR and the USGS collaborated on another study in the 1950s that resulted in these two reports.
This led to a series of comprehensive regional studies in the 1960s and 1970s that resulted in over a dozen reports.



Groundwater Studies 

Page. 1986. Geology of the fresh ground-
water basin of the Central Valley, 
California. 
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The information in these regional reports served as the basis for a groundwater synthesis project, the USGS Central Valley RASA Study
This study included reports on the geology and water quality and maps of the base of fresh water. 



Regional Models 

Williamson et al. 1989. Ground-
water flow in the Central Valley, 
California. 

JM Montgomery Engineers. 1990. 
California Central Valley Ground-
Surface Water Model (CVGSM) 
Manual. 
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Two early hydrologic models, the USGS CV-RASA model and the CVGSM model (the precursor to the C2VSim model) were developed from the information in the CV-RASA study. 
The USGS model was a groundwater model with inputs based on water budgets. This model did not perform well.
DWR, the USBR, SWRCB and others pooled resources to develop a separate model, the CVGSM model.
The CVGSM model was an integrated model that included annual land use form water years 1922 through 1980 and performed much better. 
The CVGSM model was used for several major studies in the Central Valley, including the CVPIA EIR-EIS



Regional Models 

Faunt et al. 2009. Groundwater 
availability of the Central Valley 
aquifer, California. 

DWR. 2012. California Central 
Valley Groundwater-Surface Water 
Simulation Model (C2VSim). 
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Currently there are hydrologic models of the Central Valley
The USGS released their Central Valley Hydrologic Model (CVHM) in 2009, and DWR released the C2VSim model in 2012.
DWR and the USGS worked together to some extent when developing these models to assure that the input data and results from the models are similar. Two models are better than one (sort of like ‘two heads are better than one’ ) because when results are similar we feel comfortable, and when they differ we can work to find and resolve errors.



Faults 

• Can act as flow 
barriers 
 

• Several 
mapped on 
basement  
 

• Vertical extent 
generally 
unknown 
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Next we’ll look at some of the hydrologic features of the Central Valley
One unresolved component of the groundwater flow system is the locations and influence of faults.
Faults can act as flow barriers.
A number of faults are mapped on the Central Valley basement, but we don’t generally know the vertical extent of the faults, or to what degree they influence groundwater flow.



Faults 
– Battle Creek Fault 
– Red Bluff Arch 
– Plainfield Ridge 

Anticline 
– Pittsburgh – Kirby 

Hills – Vaca Fault 
– Vernalis Fault 
– Graveley Ford Faults 
– Visalia Fault 
– Pond-Poso Creek 

Fault 
– Edison Fault 
– White Wolf Fault 

Presenter
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There are 10 major faults mapped on the Central Valley basement.
Three of these are known to act as barriers to horizontal groundwater flow
There is not enough information on the other seven faults



Aquifer Thickness 

Presenter
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The Central Valley aquifer contains deep marine sediments overlain by continental sediments.
The continental sediments were deposited in a fresh water of above-water environment, and therefore were deposited above sea level.
But we can see that now many of these sediments are below sea level.
This is due to the continuing influence of tectonic subsidence.
The local tectonic subsidence rates are reflected to some extent in the thickness of the freshwater aquifer.



Water Quality 

Presenter
Presentation Notes
The chemical nature of Central Valley groundwater tends to reflect the source rocks
The Coast Ranges were derived from marine sediments, and thus groundwater in these sediments are of poorer quality
Groundwater in Sierran sediments generally has very low dissolved solids unless it is interacting with conate marine waters



History of Central Valley  
Water Development 

1800s 
• Water development to 

support hydraulic mining 
• Converted to irrigation 

after 1886 
• Local diversions and 

irrigation canals within a 
watershed 

Nady and Larragueta. 1983. Development of 
Irrigation in the Central Valley. USGS Hydrologic 
Atlas 649, plate 1. 
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The history of water development in the Central Valley
The major water developments in the 1800s were 
the conversion of hydraulic mining facilities to irrigation and later to power production
Local surface water development along rivers




History of Central Valley  
Water Development 

1980 
• Groundwater pumping 
• Inter-basin Transfers 

– Hetch-Hetchy Aqueduct 
– Mokelumne Aqueduct 
– Central Valley Project 
– State Water Project 

 
Nady and Larragueta. 1983. Development of 
Irrigation in the Central Valley. USGS Hydrologic 
Atlas 649, plate 2. 

Presenter
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Major developments in the 1900s include
Expansion of groundwater pumping
Interbasin transfers: east-to-west then north-to-south
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Surface Water  
System 

Presenter
Presentation Notes
This figure shows the current water conveyance facilities operated by local agencies, the state and the federal government
Mainly transferring water from north to south and from the wetter east to the drier west



Climate Change 

DRI 2008, CalEPA 2009. 

10% snowpack reduction 
1960-2000. 
 
Continued warming could 
reduce snowpack volume 
by 25% by 2050 

CNRA 2009. 
April 1 snow water equivalent (inches) 

0 15 30 45 

CDNA 2009; Mosher et al 2009. 
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The change in snpwpack volume has led to a shift to earlier runoff
15 MAF/yr stored in snowpack




Integrated Water Flow Model (IWFM) 

• Open-source, regional-scale 
integrated hydrologic model  

• Simulates land surface, 
groundwater, surface water, and 
surface-groundwater 
interactions  

• Represent agricultural and urban 
water management practices, 
and their effects on the water 
system 

• A planning and analysis tool that computes agricultural and urban 
water demands based on climatic, soil, land-use and agronomic 
parameters, then adjusts groundwater pumping and stream 
diversions to meet these demands 

Presenter
Presentation Notes
Now we will discuss the Integrated Water Flow Model, the application DWR used to develop the C2VSim model
In the late 1990s, DWR was looking for a freely available integrated hydrologic modeling application that was technically sound and that they could modify to meet their needs.
DWR reviewed existing modeling applications and did not find any that met their needs.
So they acquired the IGSM code, which had originally been developed in part with DWR funding, and then worked to improve the code
The result is IWFM
DWR is still working steadily to improve IWFM, and is releasing the application and source code so others can use it and hopefully improve it.
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IWFM History 

Derived from the Integrated Ground-Surface Water Model (IGSM) 
– Originally developed by Young Yoon, UCLA (1976) 
– Integrated model: Land Surface, Surface Water, Groundwater 

 
Significant Models 

– Central Valley Ground-Surface Water Model (CVGSM) 
– Salinas Valley Groundwater Basin model 
– Western San Joaquin Valley (WESTSIM) 
– Friant Service Area 
– Yolo County IGSM Model 
– Sacramento County IGSM Model 
– North American River Basin Model 
– Kings Groundwater Basin Model 

 

Presenter
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The C2VSim model that was released in late 2012 was actually derived from an older model called CVGSM

The CVGSM model was originally developed in the 1980s. Some of the C2VSim components, like the model grid, were developed in this time of very limited computing power, no GIS, no electronic data sets, etc.

DWR picked up the CVGSM model and enhanced it by improving and documenting model inputs, increasing the input details, and extending the simulation time period.

DWR’s vision for the future is that this model will be used for water resources studies in the Central Valley, with users contributing corrections so the model improves over time. 
The availability of this model should also facilitate future development of water resources management studies
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IWFM History 

California Department of Water Resources 
– Required a Central Valley Model for CalSim3 development 
– Acquired IGSM source code 
– Peer review to identify strengths and weaknesses 
– Comprehensive update, port to Object Oriented FORTRAN 
– Release as open-source software 
– Continued development and improvement 

 
Release 

– Rename “Integrated Water Flow Model” in 2005 
– Version 3.02 with subregional water budgets 
– Version 4.0 with elemental water budgets 

 

 

Presenter
Presentation Notes
The C2VSim model that was released in late 2012 was actually derived from an older model called CVGSM

The CVGSM model was originally developed in the 1980s. Some of the C2VSim components, like the model grid, were developed in this time of very limited computing power, no GIS, no electronic data sets, etc.

DWR picked up the CVGSM model and enhanced it by improving and documenting model inputs, increasing the input details, and extending the simulation time period.

DWR’s vision for the future is that this model will be used for water resources studies in the Central Valley, with users contributing corrections so the model improves over time. 
The availability of this model should also facilitate future development of water resources management studies




Presenter
Presentation Notes
IWFM – Logically separate the water flow system into four parts:
	Groundwater flow system
	Surface water flow system
	Land surface process
	Small-stream watersheds
Each process is fully self-contained and can be run separately



Land Surface Process 

Precipitation Evapotranspiration 

Deep Percolation 

Diversions Runoff 

Return Flows 

Pumping 

Presenter
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Land Surface Process
Precipitation, runoff and infiltration
ET-based water demands
Use soil moisture
Apply surface water
Calculate groundwater pumping to meet the remaining demand




Surface Water Process 

Diversions 

Inflow 

Outflow 

Runoff 

Return Flows 

Groundwater 

Presenter
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Surface Water Process
Each reach has inflow and outflow
Additional inflows from rainfall runoff, irrigation return flows
Outflows to diversions
Two-way interaction with the groundwater flow system

One-direction flow or bidirectional flow in a new version



Groundwater Process 

Deep Percolation 

Surface Water 

Pumping 
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Groundwater Flow Process
Finite element mesh
Quasi-three dimensional (based on MODFLOW formulation)
Flows to and from the land surface and surface water processes
Storage, flow and subsidence



Notes 

IWFM Small Watersheds 

Groundwater 

Surface Water 

Precipitation Evapotranspiration 

Presenter
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Small watersheds
Capability for estimating surface water and groundwater flows form small ungaged watersheds adjacent to the model boundary.
A simple ‘bucket model’
These flows account for approximately 5% of the inflows to the Central valley



IWFM 

Presenter
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These flow terms were given unique identifiers, and then equations were developed to describe the water flow. 
These are all linked by terms that occur in more than one equation. For example, stream-groundwater flow occurs in both the stream water balance equation and the groundwater balace equation.
The equations are then simultaneously solved at each time step



IWFM Water Balance Diagram 

Presenter
Presentation Notes
This ‘cartoon’ shows how the flow system components are defined in IWFM and the flow terms that link the components.



Object-Oriented Design 

Presenter
Presentation Notes
The IWFM application is written in object-oriented FORTRAN
Each of the components can be used as a stand-alone application, and different versions of each component can be easily swapped in and out.
The vision is that users can start with a simple version of a component, and then replace it with a more complicated version as the need arises.
IWFM has many capabilities beyond what is used in the C2VSim model.



Link with Other Models 

IWFM Demand 
Calculator (IDC) 

WEAP? 

CalSim3 

Text 
Text HEC-DSS 

HEC-DSS 
MS Excel 
TecPlot 

Presenter
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The modular nature of IWFM is allowing us to use one hydrologic modeling system for many different purposes.
The IWFM Land Surface Process has been separately released as the IWFM Demand Calculator. This was used to develop demands for CalSim 3 and is also being used by irrigation consultants to schedule irrigation deliveries. Improvements to IDC suggested by these irrigation consultants are then available in IWFM and for other DWR modeling efforts.
Similarly, the IWFM Groundwater Process is dynamically linked to CalSim 3 through a DLL. We are also exploring linking this to other modeling applications including SEI’s WEAP.
Easy to switch between different IWFM capabilities by using for example different Land Use or Surface Water packages
The file reading and writing code is also easy to modify, and has been used for example to read and write  to the HEC-DSS database format, to link to Excel create an Excel add-in, to create a tool to put results into a geodatabase for ArcMap, and to write output files compatible with TecPlot. It is fairly straight-forward for Can to add code to read from or write to other file formats if they are needed.



IWFM Application 
IWFM consists four programs executed in sequence 

 

Pre-processor 

Simulation 

Post-processors 
(Budget, Z-Budget) 

Presenter
Presentation Notes
Next we will briefly look at how a model is set up within the IWFM application
A model is essentially a collection of text files that are read by the IWFM programs
The model is set up and run in three basic steps
Pre-processor
Simulation
Post-processing



IWFM Pre-Processor 
• Read nodal coordinates 
• Link nodes to form elements 
• Compile vertical aquifer stratigraphy at 

each node 
• Link selected nodes to form river reaches 
• Link river reaches into a flow network 
• Compile profiles for river nodes 
• Apply soil properties to elements 
• Apply drainage patterns to elements 
• Assign elements to subregions 
• Link precipitation data to elements 
• Compile specified pumping wells 

 

 

Pre-processor 

Presenter
Presentation Notes
The first partis the pre-processor
This is where the model “Framework” is compiled
This is the static model components: 
Nodes
Elements
Streams
Lakes
land surface altitude
Aquifer stratigraphy



Simulation 

IWFM Simulation 
• Read binary file produced by Preprocessor 
• Calculate a balanced water budget for each 

model component for each time step 
• Precipitation, river inflow, diversions 
• Land use, crop acreage * ET, urban demands 
• Runoff and return flow 
• Deep percolation 
• Stream-groundwater flows 
• Calculate groundwater pumping 

• Write out results for each time step to a 
series of files: 

• Budget and Z-Budget results to binary files 
• Groundwater and surface water hydrographs to 

text files 
• TecPlot movie data to text files 

 

 

Presenter
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The Simulation program is where the work is done
Inputs include time series of distributed hydrologic information
All components of the linked flow system are calculated and written to text and binary files



Simulation Scheme  

Estimate or read in pumping and diversions 

Estimate stream flows, lake storages,  
groundwater heads 

Simulate land surface and root  
zone processes 

Simulate unsaturated zone (optional) 

Solve stream, lake and groundwater  
equations simultaneously 

Converged? 

No 

Yes 

Simulate next time step 

Presenter
Presentation Notes
This schematic shows how the Simulation program works.
Start each time step with an initial condition
Calculate the inflows and outflows based on precipitation, surface water inflows, crop water demand, surface water diversions, etc.



Post-processors 
(Budget, Z-Budget) 

IWFM Post-Processors 
• Read binary files produced by Simulation 
• Budget tabulates a set of water budgets: 

• Land and Water Use 
• Root Zone 
• Groundwater 
• Stream Reaches 
• Small-Stream Watersheds 

• Z-Budget compiles water budgets for 
user-specified aquifer zones of one to 
many elements. Example zones: 

• Subregions 
• Hydrologic Regions 
• Groundwater Basins 

 

 

Presenter
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The Simulation program doesn’t tell you very much. It runs and stores information in files
You then use one or more post-processors to see these results
Budget
Zbudget
Excel
TecPlot
ArcMap
DSS-Vue

Budget and Zbudget read Simulation output files and produce tables in text files



Input and Output Files 
• Input files contain 

comment fields 

 

• Tab-delimited for easy 
cut-and-paste with Excel 

 

• Time-tracking simulations 
are aware of the date and 
time; input and output 
time-series data have a 
date and time stamp 

Presenter
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IWFM uses a standard format for all input files.
There are comment fields (begin with C, c or *)
This allows us to include directions in the files
This also allows users to include documentation inside the files, explaining what scenario is being modeled and what changes have been made

IWFM uses time tracking, with times in the HEC-DSS format displayed here

Data items can be separated with a space, tab or comma. A tab makes it easy to cut and paste between IWFM files and Excel



Suggested File Hierarchy 

Presenter
Presentation Notes
A model can consist of more than 100 input and output files. 
We generally organize them by the IWFM program involves, with one directory for the programs (bin) and one for the results
This can get more complex when you have scenarios

We also use version control software to keep track of things.
Have used Subversion in the past, but now considering using Linus Torvalds’ git program




Detailed Budget Tables 

Presenter
Presentation Notes
The Budget and Zbudget programs produce standard tables in text files.
Everything is tabular and easy to read
Each line has a complete water balance, so there is no hidden or missing information.




Excel Add-In 

Presenter
Presentation Notes
The budget tables can be imported into Excel using the IWFM Excel Add-In



Excel Add-In 

Presenter
Presentation Notes
The budget tables are identical to the text files produced by the Budget program
Each table is in a separate tab of the excel workbook



HEC-DSS 

Presenter
Presentation Notes
Optional time-series data input from and output to HEC-DSS database
With this program, users can manipulate hydrologic data, calculate statistics, produce graphs, etc.
HEC-DSS is used by other DWR and USBR programs including CalSim




TecPlot-Ready Output 

Presenter
Presentation Notes
TecPlot ready output for 2-D and 3-D animations of groundwater heads and subsidence




C2VSim ArcGIS Tool 

C2VSIM Feature Shapefiles and 
Data Tables 

C2VSim GUI Tool 

Presenter
Presentation Notes
ArcGIS tool to display model output (developed by RMC-WRIME and modified by Can Dogrul)



Calibration Tools 

Presenter
Presentation Notes
We used PEST, a model-independent parameter estimation suite, to calibrate the C2VSim model
To do this, we needed to write programs to convert PEST instructions into IWFM input files, and to convert IWFM output into forms PEST could read



PEST-IWFM Tools 

Presenter
Presentation Notes
So we developed the PEST-IWFM tools
We released the PEST-IWFM tools and a report describing how to use them



PEST-IWFM Tools 
• Translate parameters from pilot points to IWFM 

– CVoverwrite.dat file 
– FAC2REALI program 

 
• Convert IWFM hydrographs to SMP format 

– IWFM2OBS program 
 

• Calculate vertical head differences to SMP format 
– IWFM2OBS program 

 
• Stream-groundwater flows to SMP format 

– STACDEP2OBS program 
 

• Log-transform surface water hydrographs 
– LOG_TRAN_SMP program 

 
 

Presenter
Presentation Notes
These are the PEST-IWFM tools



Documentation and User Support 
• Theoretical documentation, user’s manual, reports, technical memorandums, 

previous presentations and posters, user’s group presentations, and published 
articles in peer reviewed journals are available at the IWFM web site (google 
“IWFM”) 

• Technical support by DWR staff 
 

Presenter
Presentation Notes
DWR produces complete documentation for the IWFM program
We are also available for technical support.
We’ve worked with many users to help resolve issues when they were building or running IWFM models



Validation and Verification 
Eleven verification runs; report available at IWFM web site (Ercan, 2006) 

 

Presenter
Presentation Notes
The IWFM code has been verified to replicate the results of a series of analytical solutions
CWEMF also conducted a peer review, with Thomas Harter of the UC Groundwater Program as the lead reviewer



Validation of Z-Budget Post-processor 

Presenter
Presentation Notes
There’s also documentation for the Zbudget program



Key Limitations 
• Time step and stream routing: Stream flow must travel from upstream to 

downstream within the length of time step for the zero-storage assumption 
to be valid 

• Time step and rainfall runoff: Re-calibrate curve numbers for different time 
steps (for C2VSim, the input data time step is itself a limitation)  

• Spatial scale of demand and supply: Demand and supply computations are 
performed at the subregion level 

• Vertical distribution of pumping: Static distribution limits the ability to 
simulate changes in the pumping depth during simulation period  

• Aquifer and root zone thickness: Aquifer thickness should be large 
compared to root zone thickness to minimize error in case groundwater 
table is close to ground surface; likely to occur in native and riparian 
vegetation areas 

 

Presenter
Presentation Notes
We are working steadily to improve the IWFM program
The current versions have a number of limitations
Users need to keep these limitations in mind when using IWFM



IWFM Development 

• Version 3.02: 
– Subregion water budgets 

• Version 4 
– Element water budgets 

Presenter
Presentation Notes
C2VSim will always be several versions behind IWFM
We will have a release version of C2VSim, and one or more beta versions that may use newer IWFM versions
There are also other IWFM models, some of which use IWFM version 4.



New Features of IWFM v4 
• Improved root zone module (a.k.a. IDC v4) 

– Root zone flow processes and agricultural water demands are 
computed at each cell for each land-use type 

– Agricultural water demands are computed using methods from 
irrigation scheduling models 

– Explicit simulation of rice and refuge operations  
– Simulation of re-use of agricultural tail water at different spatial 

resolutions 
– Simulation of regulated deficit irrigation 
– Ability to specify water demands (i.e. contractual demands) instead 

of computing them dynamically 
– Explicit representation of effective precipitation and ETAW 
– Detailed budget output for each land-use type 



New Features of IWFM v4 
• Ability to run the root zone module (IDC) by itself or as linked to 

IWFM with the same input data files 

• Reduced size of Z-Budget binary output file for run-time 
efficiency 

• Water budget output at user-selected stream nodes 

• Ability to generate water budget tables accumulated to time 
steps larger than the simulation time step  



Future IWFM Developments 

• Improved simulation of riparian vegetation 

• Improved simulation of rainfall-runoff and overland flow 

• Improved hydraulic routing of stream flows that account for 
change in storage 

• Continue developing ArcGIS based GUI 

• Simulation of water quality 

• Emulate an agricultural economics model in IWFM 

• Parallel processing  



IWFM Applications 

- California Central Valley Groundwater-Surface Water Model 
 

- Butte County Groundwater Model (Heywood, CDM) 
 

- Walla Walla River Basin Model (Petrides, OSU) 
 

- Yolo County Integrated Model (DWR, UCD) 
 

- Kings River Model (HydroMetrics) 
 

- Merced Area (MAGPI, RMC) 

 



END 
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