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EXECUTIVE SUMMARY 
Waste Discharge Requirement General Orders that apply to members of third-party groups (often 
referred to as the Long-term Irrigated Lands Regulatory Program, or LTILRP) requires third-parties to 
submit a Groundwater Protection (GWP) Formula by July 1, 2020, to the Executive Officer of the Central 
Valley Regional Water Quality Control Board (CVRWQCB). The Central Valley Water Quality Coalitions 
have come together to develop one GWP Formula that all the Coalitions would then use to develop GWP 
Values and Targets, as required.1 The Central Valley Water Quality Coalitions include the following: 

• Buena Vista Coalition • Sacramento Valley Water Quality Coalition
• Cawelo Water District Coalition • San Joaquin County and Delta Water Quality Coalition
• East San Joaquin Water Quality Coalition • Tule Basin Water Quality Coalition
• Grassland Drainage Area Coalition • Westlands Water Quality Coalition
• Kaweah Basin Water Quality Association • Westside San Joaquin River Watershed Coalition
• Kern River Watershed Coalition Authority • Westside Water Quality Coalition
• Kings River Watershed Coalition Authority

The GWP Formula presented in this Workplan will be used to generate GWP Values for high vulnerability 
townships (HVTs), and such Values will be part of Groundwater Quality Management Plans (GQMPs). GWP 
Values may be expressed as either a nitrate loading number or a concentration of nitrate in water (e.g., 
mg/L), and are aggregated to the township scale for HVTs. GWP Values need to reflect the total applied 
nitrogen, total removed nitrogen, recharge conditions, and other relevant and scientifically supported 
variables that influence the potential average concentration of nitrate in water expected to reach 
groundwater in a given township over a given time period.  

The GWP Formula as proposed in this Workplan focuses first on soil, crop, and root-zone processes. Other 
key processes that also need to be considered (e.g., vadose zone attenuation and groundwater recharge) 
that impact the concentration of nitrogen transport will be addressed as GWP Values and Targets are 
calculated for HVTs.  

The GWP Formula presented here consists of three key steps: 1) compile and uses daily climatic, detailed 
soil, parcel, and Irrigation and Nitrogen Management Plan (INMP) data as reported by growers to the 
Coalitions in their INMP Summary Reports, 2) evaluate detailed data using robust, scientifically valid 
equations and methods encompassed in the Central Valley Soil & Water Assessment Tool (CV-SWAT) to 
estimate percolation and nitrate leaching, and 3) aggregate the results to the township scale to provide 
root-zone-based GWP Values before considering additional processes. This approach builds off recent 
work associated with other components of the LTILRP Management Practice Evaluation Program (MPEP), 
by using an adapted version of the CV-SWAT model. For use in the GWP Formula, the CV-SWAT model has 
been further augmented to use grower-reported INMP Summary Report data. Results from thousands of 
model runs will be matched to INMP Summary Report data. Results will then be compiled on a township 

1 Reference to all Coalitions for this submittal does not include the California Rice Commission on behalf of rice growers in the 
Sacramento Valley. The GWP provisions are not in the California Rice Commission’s Third Party Order and thus are not applicable 
to rice growers in the Sacramento Valley. 
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basis to estimate percolation and nitrate leaching in HVTs. Figure ES-1 provides an overview of the GWP 
Formula and the steps described as follows: 

• Step 1 – Aggregate Data. Integration of INMP Summary Report data is critical to the development
of GWP Values. Step 1 includes aggregating, analyzing, and summarizing INMP Summary Report
data from all participating Central Valley Coalitions. INMP Summary Report data will be analyzed
to quantify the range of applied nitrogen, yields, and their relationship for each crop within HVTs.
These datasets will then be used to develop a comprehensive Crop Management and Yield Matrix
(Matrix) that reflects the distribution of applied nitrogen and yield for each crop. The Matrix will
identify the appropriate management scenarios for CV-SWAT runs that are conducted in Step 2.
Best available soils data from the Natural Resources Conservation Service (NRCS) as well as
historical and current climate data from the California Irrigation Management Information System
(CIMIS) will also be assembled in CV-SWAT. Parcel data will be used to spatially associate the
individual INMP Summary Reports with soil and climate conditions at that location.

• Step 2 – Develop Root-zone Library. The methods to develop the Root-zone Library are defined
as the equations and workflow that use the data from Step 1 to produce root-zone GWP Values.
The comprehensive root-zone physical processes in SWAT (and further calibrated in the CV-SWAT
model) provide the robust, scientifically valid equations for the GWP Formula. An innovative
automated workflow will be used to execute numerous (~40,000) CV-SWAT runs to account for
the diversity in INMP Summary Report data and management (i.e., the Matrix from Step 1). Every
possible climate, soil, crop, and management scenario will be modeled to ensure that all scenarios 
have a percolation and nitrate leaching estimate. This will be achieved by treating land use as a
single crop for all acreage in the CV-SWAT model runs, therefore simulating each crop on every
soil in every climate. The workflow will reflect agronomically based scenarios with estimates of
percolation, and nitrate leaching will be summarized and compiled to produce township-specific
GWP Values (Step 3). A Root-zone Library will catalog model outputs (Figure ES-2). Figure ES-2
provides a description and infographic of the Root-zone Library.

• Step 3 – Calculate Root-zone GWP Values. Percolation and nitrate leaching estimates from Step
2 will be compiled and aggregated to the township scale to calculate root-zone GWP Values for
HVTs. This will be done by 1) matching the appropriate Root-zone Library entry (from the CV-
SWAT model) to each INMP Summary Report (based on yield, applied nitrogen, soil, climate, and
parcel) and 2) developing a “calculator” to aggregate the resulting percolation and leaching
estimates at the township scale to calculate root-zone-based GWP Values (Figure ES-3). The
resulting root-zone-based GWP Values at this step include the site-specific root-zone processes
influenced by climate, soil, crop, and management. Additional steps that bring in other processes
(e.g., vadose zone attenuation and groundwater recharge) may be applied to the root-zone-based
GWP Values as a post-processing step or be applied when calculating GWP Targets.

Upon approval of the GWP Formula described in this Workplan, the Coalitions will move forward to 
implement the steps as described. Within six months of Executive Officer approval of the GWP Formula, 
the Coalitions will submit GWP Values for HVTs.  
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FIGURE ES-1. INFOGRAPHIC OF GROUNDWATER PROTECTION FORMULA 

The GWP Formula includes three steps. Step 1 includes aggregation and analysis of daily climatic, detailed soil, parcel, and Irrigation and Nitrogen Management 
Plan (INMP) Summary Report data. Step 1 also includes development of a Matrix that reflects the reported distribution of applied nitrogen and yield for each crop. 
Step 2 includes evaluating those data using the Central Valley Soil & Water Assessment Tool (CV-SWAT) to estimate percolation and nitrate leaching for each 
management scenario. Model output will be cataloged in a Root-zone Library. Step 3 includes aggregation of the results to the township scale to provide root-
zone-based GWP Values. This will be done by 1) matching the appropriate Root-zone Library entry (from the CV-SWAT model) to each INMP report (based on 
yield, applied N, soil, climate, and parcel) and 2) developing a “calculator” to aggregate the resulting percolation and leaching estimates to the township scale. 
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FIGURE ES-2. INFOGRAPHIC OF THE ROOT-ZONE LIBRARY DEVELOPMENT IN STEP 2 

The Root-zone Library will be developed in Step 2 using the CV-SWAT model. It includes unique model runs for Central Valley crops, including model runs that 
account for soil and climate conditions, and management information from INMP Summary Reports. The Root-zone Library will include a unique estimate of 
percolation and nitrate leaching using CV-SWAT results based on crop, soil, climate, applied nitrogen, and yield, which can then be used to match INMP Summary 
Reports for each HVT. 

   

Books: Each crop is a book in the Root-zone Library. The 
Library will contain an anticipated 70-80 books. 

Chapters: Each chapter within a book is a unique combination 
of soil and climate characteristics. Each book will have 6,000+ 
chapters. 

Pages: Each page represents a unique management scenario 
using the final Crop Management Matrix. The Matrix will 
incorporate applied nitrogen and yield from INMP Summary 
Reports. Each chapter will have 400+ pages that estimate 
percolation and leaching based on unique crop, soil, climate, 
applied nitrogen, and yield, which in turn are then used to 
develop root-zone-based GWP Values for HVTs.  
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FIGURE ES-3. INFOGRAPHIC OF THE ROOT-ZONE GWP VALUE CALCULATOR AND QUERY WORKFLOW IN STEP 3 

Percolation and nitrate leaching estimates from Step 2 will be aggregated to the township scale in Step 3. This will be done by 1) matching the appropriate 
Root-zone Library entry (from the CV-SWAT model) to each INMP Summary Report (based on yield, applied nitrogen, soil, and climate, parcel) and 2) developing 
a “calculator” to aggregate the resulting percolation and leaching estimates to the township scale to report root-zone-based GWP Values. With this approach, 
the resulting root-zone-based GWP Values include the site-specific root-zone processes influenced by climate, soil, crop, and management. 
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1 INTRODUCTION 
This document describes the proposed GWP Formula for all third-party Coalitions2 that are assisting in 
the implementation of the Central Valley LTILRP. As required by the CVRWQCB General Orders for the 
LTILRP, the Coalitions are required to propose a GWP Formula to the Executive Officer by July 1, 2020. 
This document includes the following sections: 

• Section 1, Introduction, describes the General Order requirements for the GWP Formula, the third
parties (i.e., water quality coalitions) participating in this approach, the Soil & Water Assessment
Tool (SWAT), and how the SWAT model is being adapted for the GWP Formula.

• Section 2, Approach for Groundwater Protection Formula, describes the three steps of the GWP
Formula approach, including 1) use of daily climatic, detailed soil, parcel, and INMP Summary
Report data, 2) evaluation of those data using the robust, scientifically valid equations and
methods encompassed in CV-SWAT to estimate percolation and nitrate leaching, and 3)
aggregation of the results to the township scale to provide root-zone-based GWP Values for HVTs.

• Section 3, Schedule, describes the project schedule, including the main milestones for each step.

• Section 4, Team Qualifications, provides biographies for key team members in the following areas
of expertise: soils and agronomy, SWAT modeling, and data management/automation.

• Section 5, References, includes the cited materials herein.

1.1 GENERAL ORDER REQUIREMENTS 
The General Orders require the development of a GWP Formula, which is then to be used to calculate 
GWP Values (and subsequently GWP Targets) for HVTs. Specifically, the purpose of the GWP Formula is 
to generate GWP Values, expressed as either nitrate loading numbers or concentrations of nitrate in water 
(e.g., mg/L), reflecting the influence of total applied nitrogen, total removed nitrogen, recharge 
conditions, and other relevant and scientifically supported variables that influence the potential average 
concentration of nitrate in water expected to reach groundwater in a given township over a given time 
period. A proposed GWP Formula must be submitted to the CVRWQCB by July 1, 2020. The CVRWQCB’s 
Executive Officer will approve the proposed GWP Formula with any revisions after opportunity for public 
review and comment.  

After approval, the Central Valley Coalitions will use the GWP Formula described in this document to 
compute root-zone-based GWP Values for each HVT. Subsequent to calculation of root-zone-based GWP 
Values, the Coalitions may then further adjust the GWP Values to reflect other processes that are 
township-based (e.g., groundwater recharge, vadose zone attenuation). Any post-processing calculations 
to the root-zone-based GWP Values will be clearly documented, explained, and supported with 

2 Reference to all Coalitions for this submittal does not include the California Rice Commission on behalf of rice growers in the 
Sacramento Valley. The GWP provisions are not in the California Rice Commission’s Third Party Order and thus are not applicable 
to rice growers in the Sacramento Valley. 
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appropriate reference materials at the time of GWP Value submission. We currently anticipate that each 
Coalition will submit its own GWP Values for its HVTs to properly incorporate such values into individual 
Coalition GQMPs. After developing the township GWP Values, Coalitions will then individually compute 
GWP Targets the following year, and such GWP Targets will be submitted to the Executive Officer of the 
CVRWQCB for review and approval, after an opportunity for public review and comment. The GWP Targets 
will apply on a township basis and are intended to achieve compliance with receiving water limits (i.e., 
water quality objectives). Approved GWP Targets will be implemented through the GQMPs, and may be 
phased in over time per each Coalition’s GQMP.  

As already noted above, the proposed GWP Formula approach in this Workplan accounts only for root-
zone processes associated with irrigated agriculture in HVTs (Figure 1). Other scientifically supported 
processes (e.g., vadose zone attenuation and groundwater recharge) that impact the concentration of 
nitrate transported to groundwater may also be considered. The Coalitions will consider these other 
processes as they develop the final GWP Values and Targets.  

1.2 COALITIONS 
Thirteen water quality Coalitions are participating in this approach for development of the GWP Formula, 
which is all Coalitions but the California Rice Commission. As noted above, the California Rice Commission 
is not subject to this requirement. Figure 1 shows the participating Coalitions, which are also listed below. 
The study area for the GWP Formula is all HVTs within the boundaries of the Coalitions (Figure 2). 

1. Buena Vista Coalition

2. Cawelo Water District Coalition

3. East San Joaquin Water Quality Coalition

4. Grassland Drainage Area Coalition

5. Kaweah Basin Water Quality Association

6. Kern River Watershed Coalition Authority

7. Kings River Watershed Coalition Authority

8. Sacramento Valley Water Quality Coalition

9. San Joaquin County and Delta Water Quality Coalition

10. Tule Basin Water Quality Coalition

11. Westlands Water Quality Coalition

12. Westside San Joaquin River Watershed Coalition

13. Westside Water Quality Coalition

https://www.waterboards.ca.gov/centralvalley/water_issues/irrigated_lands/water_quality/coalitions_submittals/#kaweah
https://www.waterboards.ca.gov/centralvalley/water_issues/irrigated_lands/water_quality/coalitions_submittals/#kern
https://www.waterboards.ca.gov/centralvalley/water_issues/irrigated_lands/water_quality/coalitions_submittals/#kings
https://www.waterboards.ca.gov/centralvalley/water_issues/irrigated_lands/water_quality/coalitions_submittals/#sjdelta
https://www.waterboards.ca.gov/centralvalley/water_issues/irrigated_lands/water_quality/coalitions_submittals/#tule
https://www.waterboards.ca.gov/centralvalley/water_issues/irrigated_lands/water_quality/coalitions_submittals/#westlands
https://www.waterboards.ca.gov/centralvalley/water_issues/irrigated_lands/water_quality/coalitions_submittals/#westsidesj
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FIGURE 1. SUMMARY OF GROUNDWATER PROTECTION FORMULA, VALUES, AND TARGET 

Root-zone-based GWP Values: Calculated using the 
proposed Root-zone GWP Formula for irrigated 
agriculture in HVTs as described in this Workplan. 

GWP Township Targets: Account for other 
scientifically supported variables (post root-zone 
processes) that influence the potential average 
concentration of nitrate in water expected to reach 
groundwater (e.g., vadose zone attenuation, regional 
recharge conditions). 
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1.3 SOIL AND WATER ASSESSMENT TOOL 
The SWAT model is a foundational component of the proposed approach to the GWP Formula. As such, 
the GWP Formula leverages a significant body of scientific work completed over a 40+ year period. To 
provide context on this scientific work, the following sections provide a brief overview of the SWAT model, 
including development of the Central Valley SWAT (CV-SWAT) model and adaptation of the CV-SWAT 
model (previously completed as part of the MPEP) for the GWP Formula.  

1.3.1 OVERVIEW OF SWAT
The SWAT model is a product of over 40 years of continued model development conducted by the United 
States Department of Agriculture – Agricultural Research Service (USDA-ARS), Texas A&M AgriLife 
Research Agency, and numerous public and private collaborators. SWAT is internationally accepted, with 
nearly 4,000 related papers and peer-reviewed journal articles to-date.3 Features of several previously 
developed models have been incorporated, including the Chemicals, Runoff, and Erosion from Agricultural 
Management Systems Model (CREAMS), which was developed by USDA-ARS in direct response to the 
Clean Water Act (Figure 4). Since its development, SWAT has been continually reviewed, validated, and 
expanded to reflect current scientific knowledge and to address a wide range of environmental concerns 
(Gassman et al. 2007; Neitsch et al. 2009). Part of this development included a Geographic Information 
System (GIS) component (Arc SWAT), which formed the basis for CV-SWAT and facilitates spatial 
assignment of data and results that are needed for the GWP Formula. 

SWAT Use. Numerous federal, state, and local agencies routinely use SWAT to evaluate the environmental 
effects of land use, land management practices, cropping systems, and climate change on the quality and 
quantity of surface and groundwater. Specifically, it has been used to quantify nitrate loading to surface 
and groundwater from agricultural and adjacent natural systems. These studies range from small-scale 
assessments (0.6 square miles) (Bauwe et al. 2019) to large-scale evaluations of areas such as the entire 
Mississippi River Basin (1,240,000 square miles) (White et al. 2014). Beyond this, SWAT was also utilized 
in the HUMUS model (Hydrologic Unit Model of the United States) to simulate hydrologic and/or pollutant 
effects of agricultural and municipal water-use for the conterminous United States (Srinivasan et al. 1998). 
These studies often entail evaluation of multiple scenarios to understand how land use and/or 
management affect hydrology and water quality, and to identify management practices that minimize loss 
of pollutants to the greater environment. 

SWAT Processes. SWAT is a process-based model that operates at the daily time-step and represents 
numerous physical, chemical, and biological processes. SWAT uses these underlying processes to simulate 
hydrology, water quality, and model the environmental effects of land use, land management practices, 
and climate change. SWAT incorporates climate (e.g., solar radiation and precipitation), soil/water 
(storage, flow), nutrient and pesticide dynamics (fate and transport), surface runoff (e.g., erosion), the 
nitrogen cycle (phases and transformations), plant growth (water and nutrient uptake, yield), and 
management (Figure 5). The spatial granularity at which SWAT operates is flexible and can be adapted for 
landscape-level processes, and also for more detailed analyses (e.g., modeling at the sub-field level). The 

3 https://www.card.iastate.edu/swat_articles/ 

https://www.card.iastate.edu/swat_articles/
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integrative and comprehensive nature of SWAT allows for robust estimation of numerous environmental 
effects, including nitrate leaching below the root-zone.  

While many processes affect the fate and transport of nitrate from agricultural systems, those related to 
the plant root-zone are significant (IPNI, n.d.). Transport through the root-zone is constrained by soil 
properties and the depth to which plant roots extend. Within it, layer-specific soil physical properties like 
water-holding capacity and hydraulic conductivity affect rates at which water and nutrients are stored 
and transported. This affects the “residence time” and likelihood of nutrients and water being taken up 
by the crop. SWAT also accounts for chemical and biological properties of soils and their constituents. For 
instance, soil nitrogen is modeled in three phases: mineral (e.g., nitrate), labile organic matter nitrogen 
(including crop residues), and nitrogen in stable organic matter, each of whose chemistry, mobility, and 
susceptibility to decomposition differ. Soil chemical properties and organic matter content affect nutrient 
cycling and N mineralization and immobilization processes, which in turn affect the amount of nitrate 
potentially available for leaching. Other nitrogen cycle components, such as nitrification, denitrification, 
and ammonia volatilization, are simulated in the SWAT’s root-zone processes and are affected by soil 
conditions. For example, the degree of moisture saturation is a major determinant of oxygen availability 
and strongly affects denitrification rates (Figure 5). Post-processes below the root-zone are not accounted 
for in SWAT. However, numerous applications have coupled SWAT with groundwater models to account 
for processes that occur below the root-zone.  

Beyond considering soil information, SWAT has plant-specific (customizable) crop-growth models that 
influence root-zone processes. Crop growth is a function of solar radiation. As crops grow, their root 
systems develop and take up water and nutrients, removing them from the soil. The capacity of these 
crops to take up these constituents is proportional to crop needs, which depend on crop type and growth 
stage. Crop root distribution and depth and water (i.e., transpiration) and nutrient demands reflect each 
crop’s biology and physiology. Mature crops are harvested, resulting in removal of nitrogen from the 
system. Remaining residues are returned to the soil as organic matter and are recycled through 
decomposition. Crops can be stressed by unfavorable levels of temperature, water, and/or nutrients, 
reducing their productivity and uptake of water and nutrients. In all, there are over 40 parameters that 
are specified to define crop characteristics. SWAT’s crop models integrate with other root-zone processes 
for a detailed representation and analysis of agricultural systems.  

Management. SWAT allows for detailed specification of a wide variety of management practices, which 
is then used to evaluate their effects on water quality. In terms of land preparation, a range of tillage 
practices and crop planting dates are specified. These operations also affect organic nutrient cycling and 
crop-growth dynamics. Nutrient and irrigation practices are also defined. In addition to fertilizer type (e.g., 
urea, ammonium nitrate, anhydrous ammonia), both fertilizer and irrigation rate, timing, and mode of 
application are also specified. Nitrogen inputs including chemical fertilizer, manures and composts, 
biological nitrogen fixation by legume crops (e.g., beans, alfalfa, clovers, and other leguminous crops), and 
nitrate in applied irrigation water, are all incorporated into SWAT processes. This means that explicit 
management information can be integrated into SWAT to evaluate and quantify the effect of 
management on percolation and nitrate leaching. 
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FIGURE 4. TIMELINE OF SWAT DEVELOPMENT (BLUE, BELOW) AND DEVELOPMENT OF CV-SWAT FOR USE IN THE IRRIGATED LANDS REGULATORY PROGRAM (YELLOW 
AND GREY, BELOW) 

 



WORKPLAN: GROUNDWATER PROTECTION FORMULA – MANAGEMENT PRACTICES EVALUATION PROGRAM 

9 

FIGURE 5. SCHEMATIC OF PROCESSES SIMULATED IN SWAT (ADAPTED FROM NEITSCH ET AL. 2009) 
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1.3.2 CENTRAL VALLEY SWAT MODEL FOR MANAGEMENT PRACTICE EVALUATION PROGRAM 
When the LTILRP was adopted for the various third-party areas, it included a requirement for an MPEP. 
The GWP Formula, Values, and Targets provisions were not yet part of the General Orders at that time. 
To meet the MPEP provisions as first adopted, numerous options were considered to assess the 
effectiveness of agricultural management practices and their potential influence on groundwater quality. 
The General Orders allow the MPEP to be implemented on a coalition-by-coalition basis, or by combining 
efforts among coalitions. Based primarily on geography, MPEP requirements are currently being 
implemented through two MPEP committees: the Northern MPEP Group Coordinating Committee 
(Northern MPEP) and the Southern San Joaquin Valley (SSJV) MPEP Committee. The two committees 
communicate and coordinate activities on a regular basis.  

At the onset of the MPEP, the SSJV MPEP Committee opted to use a modeling approach for meeting the 
MPEP requirements (MPEP Team 2019). After evaluating a variety of models, the SSJV MPEP selected 
SWAT as the preferred model due to its ability to model large landscapes over long periods of time in a 
granular fashion. In addition, SWAT’s root-zone processes were known to be comprehensive, process-
based (Section 1.3.1), and include the ability to specify detailed management scenarios in order to 
evaluate their effects on percolation and nitrate leaching just below the root-zone. 

Unique, intensive cropping systems are common in California’s Central Valley. In these cropping systems, 
water and nutrient demands and resulting yields are often greater than in other parts of the world. It is 
necessary to calibrate SWAT components to local conditions to increase accuracy in modeling results. 
Accordingly, the SSJV MPEP Committee took the lead in adapting SWAT for the Central Valley to evaluate 
the performance of management practices at the landscape-level (MPEP Team 2019). SWAT adaptations 
for the Central Valley included augmenting the model to represent the diverse cropping systems, soils, 
management practices, yields, and climates unique to the region. This effort was supported in part by a 
$2 million Conservation Innovation Grant (CIG) from the Natural Resources Conservation Service (NRCS). 
Significant time and resources were invested including collaborative input from NRCS staff, University of 
California (UC) research and extension staff, CVRWQCB staff, as well as private crop consultants to 
develop, calibrate, execute, and evaluate what is now referred to as the Central Valley SWAT Model (CV-
SWAT).  

CV-SWAT Model Development. The Central Valley’s irrigated lands were segmented into three domains: 
the Sacramento River Valley, San Joaquin River Basin, and Tulare Lake Basin watersheds. Available CIMIS) 
climate data dating back to 1985 and the NRCS PEDON database for soil were used. A refined crop map 
based on the 2014 California Department of Water Resources (DWR) crop map was incorporated, along 
with National Land Cover Database and Dairy Program data for other lands, to specify land cover. In all, 
over 67,000 unique modeling units (called “Hydrologic Response Units” in SWAT, or HRUs) resulted from 
the combination of these databases, representing roughly 205,000 fields, meaning that about one 
modeling unit exists for every three fields within the Central Valley. However, a given HRU may exist in 
more than one location, and a given field may contain multiple HRUs depending on soil and topographic 
information. Therefore, HRUs can be considered sub-field modeling units. 
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CV-SWAT Model Calibration. Over 40 crop models were calibrated to region-specific conditions, 
representing roughly 200 crops grown. These crops comprise the vast majority (~95%) of Central Valley 
irrigated lands. This effort is critical in that California agriculture is unique due to intensive management 
and high yields. Furthermore, having well-calibrated crop models is essential to accurately depicting water 
and nutrient dynamics in these systems and thus creating better estimates of percolation and nitrate 
leaching (Nair et al. 2011). Calibration was performed by evaluating the most relevant crop-specific 
datasets and obtaining expert opinions (from UC researchers, farm advisors, and Extension Specialists, 
consultants, and other industry experts) to develop expected in-season water and nutrient budgets as 
well as biomass accumulation and yield targets (Figure 6). This was an iterative process in which over 
1,000 models were run, analyzed, and refined to best reflect current knowledge and available, crop-
specific information. In addition, independent of crop model calibration, crop-specific management suites 
including tillage, planting, harvesting, and irrigation and fertilization mode, rate, and timing, were selected 
based on industry standards and current best management practices for each crop. These management 
scenarios constitute the model “baselines” and serve as the benchmark to which alternative management 
scenarios are compared.  

FIGURE 6. EXAMPLE OF CROP MODEL CALIBRATION TO TARGET IN-SEASON WATER AND NUTRIENT DYNAMICS 

 

Management Scenario Evaluation. SWAT can consider any number of management scenarios. Additional 
management scenarios were evaluated in CV-SWAT to understand the relative effects of management on 
percolation and nitrate leaching across the landscape. These results are informative to growers and 
advisors regarding the effects of climate, soil, and management at specific field locations, and can be used 
to understand the potential sensitivities of each field to management. However, the scenarios in the CV-
SWAT model are generic with respect to management and do not reflect individual fields’ specific suites 
of practices. Nevertheless, the CV-SWAT model provides the framework in which more site-specific 
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scenarios can be evaluated to serve as a robust estimate of percolation and nitrate leaching for discrete 
management units. Accordingly, CV-SWAT is suitable for providing estimates of percolation and nitrate 
leaching at the township-level based on INMP Summary Reports as a part of this GWP Formula. 

1.3.3 EVALUATION AND TESTING OF CV-SWAT FOR GROUNDWATER PROTECTION FORMULA  
The GWP Formula requires the use of data and methods to estimate GWP Values resulting in township-
scale leaching estimates for irrigated agriculture in HVTs (Section 1.1). Accordingly, this meant that the 
CV-SWAT model needed to be evaluated and tested to determine if it could be adapted for use as the 
GWP Formula. This evaluation needed to include consideration of how to incorporate INMP Summary 
Report data in the CV-SWAT model to estimate percolation and nitrate leaching at an aggregated 
township level. The evaluation of CV-SWAT for use as the GWP Formula provides the basis for the 
approach to the GWP Formula in this Workplan, and included the following steps: 

Step 1 – Aggregate Data. Integration of INMP Summary Report data is critical to the development of GWP 
Values. Therefore, the use of INMP Summary Reports in combination with the best available soil and 
climate data was first evaluated.  

To determine the number of CV-SWAT modeling scenarios needed, township-based INMP Summary 
Report data were analyzed to quantify the range of nitrogen application rates and yields that may exist 
across the Central Valley landscape. With this, the number of CV-SWAT model runs required was 
quantified in a Matrix by adjusting both management (nitrogen application and irrigation rates) and 
outcome (yield) in a stepwise fashion to obtain a range of nitrogen application rates, yields, etc. The 
combination of these datasets and analysis provided management information (i.e., “data”) in the form 
of a Matrix for the “methods” component of the formula.  

Step 2 – Develop Root-zone Library. Next, methods were defined as the equations and workflow that use 
the data from Step 1 to produce a hypothetical township-based estimate of percolation and nitrate 
leaching from INMP Summary Report information. Comprehensive root-zone physical processes in SWAT 
(and further calibrated in the CV-SWAT model) provide the robust, scientifically valid equations for the 
GWP Formula. In addition, SWAT is designed to incorporate actual management information. However, it 
is necessary to transition CV-SWAT from the generic modeling completed previously to more site-specific 
simulations informed by INMP Summary Reports (Step 1). This includes specifying rates and timing of 
nitrogen application to reflect INMP Summary Report data. For information not included in INMP 
Summary Reports (e.g., how and when fertilizer and irrigation is applied), region-specific common 
practices from growers (e.g., split fertilizer applications and high-frequency/low-volume irrigation events 
for nut trees) were used.  

To account for the numerous scenarios in the Matrix (Step 1), an automation procedure was developed 
to create a SWAT output library (i.e., Root-zone Library). The Root-zone Library is comprised of numerous 
simulations that estimate percolation and nitrate leaching estimates based on the INMP Summary 
Reports. This was tested by iterating off of the California-specific baseline model parameters of the CV-
SWAT model (Section 1.3.2). The workflow included adjusting the crop model parameters in the CV-SWAT 
model in a stepwise fashion. Test model runs were carried out at the daily timestep for 30-year periods, 
and results were summarized, evaluated, and QA/QC’d. It was determined that 426 scenarios were 
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sufficient for simulating the range of management and outcomes for a generic township. The tested 
workflow described above resulted in agronomically defensible scenarios from which township-based 
estimates of percolation and nitrate leaching could be produced to calculate root-zone-based GWP Values 
(Step 3).  

Step 3 – Calculate Root-Zone GWP Values. Calculation of root-zone-based GWP Values on a township 
basis was then tested by taking the percolation and nitrogen leaching estimates from Step 2 above and 
aggregating them to a township scale. This was done by 1) matching the appropriate Root-zone Library 
entry (from the CV-SWAT model) to INMP Summary Reports (based on yield, applied nitrogen, soil, and 
climate, parcel) and 2) developing a “calculator” to aggregate the resulting percolation and leaching 
estimates to a township scale to calculate root-zone-based GWP Values. The resulting root-zone-based 
GWP Values include the site-specific root-zone processes influenced by climate, soil, crop, management, 
and data from INMP Summary Reports.  

Summary. The CV-SWAT model was successfully tested and augmented to develop a comprehensive 
Root-zone Library from which root-zone-based GWP values were calculated. This included integration of 
INMP Summary Report data and all possible combinations of climate, soil, crop, and management. The 
root-zone-based GWP Values generated from this approach reflect robust estimates of what is occurring 
on the landscape. This also created a framework from which the Coalitions can assess the relative impact 
of management changes on root-zone results by viewing alternatives from the Root-zone Library that 
match different management scenarios. 

2 APPROACH FOR GROUNDWATER PROTECTION FORMULA 
Based on the evaluation and testing described in Section 1.3.3, Coalitions put forward the proposed 
approach described in this Workplan as the GWP Formula that would then be used to generate root-zone-
based GWP Values for irrigated agriculture in HVAs (on a township basis). The proposed GWP Formula 
consists of three overarching steps: Aggregate Data, Develop Root-zone Library, and Calculate Root-zone-
based GWP Values. This formula will result in an extensive Root-zone Library, which will contain modeling 
results from every plausible combination of climate, soil, crop, and management based on INMP Summary 
Report data. Entries in the Root-zone Library (and their associated leaching and percolation values) will 
be matched to INMP Summary Reports to provide leaching estimates to generate aggregated root-zone-
based GWP Values for HVTs. As noted above, the Coalitions may also consider further adjusting the GWP 
Values to reflect other processes (e.g., groundwater recharge, vadose zone attenuation). Calculations will 
be clearly documented, explained, and supported with appropriate reference. We currently anticipate 
that each Coalition will submit their own GWP Values for their HVTs so that such values can be properly 
incorporated into individual Coalition GQMPs.  

The three primary steps for the GWP Formula are further described in the following sections and 
illustrated in Figure ES-1.
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STEP 1. AGGREGATE DATA 
Integration of actual INMP data is critical to the development of accurate root-zone-based GWP Values. 
Step 1 includes aggregating INMP reports and parcel data from the Coalitions and considering the best 
available soil and climate data. 

In Step 1, the following data will be aggregated and analyzed: 

• Climate and Soil Data. Daily climatic data from 156 CIMIS stations from 1985-2014 (where 
available) were compiled and QA/QC’d for use in the CV-SWAT model. This long-term record 
captures both the spatial and temporal variability present across the Central Valley, including 
regional and inter-annual differences in precipitation that affect leaching and recharge. These 
data will be expanded to include CIMIS data up through 2019. 

Detailed soil data are essential for generating spatially accurate estimates of percolation and 
leaching in the CV-SWAT model. The NRCS PEDON dataset will be used for the GWP Formula. In 
general, these data are detailed and representative of site-specific Central Valley soil conditions. 
However, a subset of soil mapping units was identified as uncharacteristically shallow relative to 
other NRCS soil datasets. Shallow soils inhibit the plant’s ability to develop deeper roots and 
reduce the vertical distance through which water and nitrate need to travel to be leached. If soil 
depths are specified shallower than they really are, this artificially inflates leaching estimates. To 
remedy this, soil data will be evaluated relative to alternative published soil information (e.g., 
NRCS gSSURGO) to provide the most accurate soil depths possible. 

• Parcel Data. Aggregation of parcel data is required to spatially link INMP reports to discrete areas 
on the land surface and then associate the appropriate soil and climate data. This effort will 
involve working with the Coalitions to compile the parcel datasets they use for INMP data 
management. Where gaps exist, parcel data will be downloaded from County Assessors Offices. 
QA/QC will ensure that Assessor Parcel Numbers (APNs) listed in INMP reports have an associated 
spatial delineation so they can be properly linked to the correct climate and soil type(s). 
Inconsistencies and unmatched INMP reports will be investigated and resolved to the extent 
feasible. Once compiled, parcel data will be spatially related to both climate and soil information. 
A GIS intersection of parcels with soil mapping unit polygons will indicate soils present in each 
parcel along with the relative extents of each unit. This will provide the criterion to match each 
report to an entry in the Root-zone Library (Step 2) (Figure ES-3).  

• INMP Data. Aggregation and analysis of grower-reported INMP and Assessor’s Parcel data are 
integral components of the GWP Formula. They will define which crops were farmed where, how 
they were managed, and how they yielded. The INMP data will inform development of a 
comprehensive Matrix.  

INMP data for 2016, 2017, and 2018 will be compiled from the Coalitions. Analysis of three years’ 
worth of data will provide a broader picture of the range of crops, management, and yield levels 
reported across the landscape. However, 2018 data alone will be used for calculating Root-zone 
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GWP Values. Modeling of the potentially broader range of crops, management, and yields may 
provide efficiencies in future years when GWP Values are updated, as well as provide the 
Coalitions with a more developed Root-zone Library for understanding the effects of management 
on environmental outcomes. 

INMP data will be QC’d with a series of algorithms that identify and flag records containing 
questionable values for applied nitrogen and/or yield. These algorithms will be based on 
agronomic expertise and crop biological potential and will include crop-specific upper limits 
informed by analysis of the three years of INMP data. For INMP records that are flagged for 
review, questionable data will be clarified, validated, or corrected with the Coalitions where 
feasible. With respect to yield, if clarifications are not available, area-weighted values for that 
Coalition will provide a best estimate of actual yield. In addition, some INMP records may have 
low reported applied nitrogen relative to the reported yield. In these situations, efforts will be 
made to clarify the record.  

• Develop Crop Management and Yield Matrix. The Matrix will be developed based on the 
QA/QC’d INMP data (nitrogen application rates and yields). The Matrix will identify the 
appropriate management scenarios to be simulated in the CV-SWAT model. It is anticipated that 
all crops will be simulated 400+ times to generate a sufficient range of management scenarios to 
reflect reported management/yield outcomes.  

• Nitrogen Application Rates. The QA/QC’d INMP dataset will be used to determine the range of 
nitrogen applications to be modeled in CV-SWAT. Assuming a normal distribution of the data, the 
nitrogen application range will be ±2 standard deviations from the area-weighted mean 2016-
2018 nitrogen application rate. This is expected to cover approximately 95% of future INMP 
records. For perennials, a conservative lower limit will be used to reflect management of young 
plantings. Based on preliminary analysis of major crops (Table 1), a broad range of nitrogen 
application rates will be modeled. 

• Yields. A similar approach will be used to determine the desired range of modeled crop yields. For 
annual crops, the targeted yield range will be based off ±2 standard deviations from the area-
weighted mean. The same is true for the upper limit target for perennials. However, the lower 
yield limit will be set to zero to account for non-bearing perennials. For all crops, yield x nitrogen 
rate histograms will be developed to determine the number of model runs required per nitrogen 
rate to accommodate the range of reported yields. 
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TABLE 1. POTENTIAL MODELING RANGES FOR NITROGEN APPLICATION RATES AND TARGETED YIELDS FOR 10 MAJOR 
CROPS BASED ON 2016 AND 2017 INMP REPORTS a 

Crop Reported 
Acres 

INMP 
Records 

Area-
Weighted 
Nitrogen 
Applied 
(lb/ac) 

Area-
Weighted 

Yield 
(lb/ac) 

Modeled Nitrogen 
Application Range 

(lb/ac) 

Targeted Yield Range 
(lb/ac) b 

Almonds 1,257,774 16,743 201  2,017  54 – 345 0 – 4,142 
Pistachios 353,363 3,483 158  2,776  42 – 275 0 – 5,959 
Wine 
Grapes 

256,010 3,058 60  18,192  0 – 135 0 – 36,544 

Walnuts 243,238 5,430 72  20,760  19 – 265 0 – 7,228 
Table 
Grapes 

199,472 3,833 130  29,198  3 – 141 0 – 39,504 

Oranges 197,312 6,839 130 29,198 40 – 237 0 – 53,728 
Processing 
Tomatoes 

179,101 1,827 150  3,496  109 – 305 28,432 – 158,452 

Cotton 168,930 2,016 209  95,486  72 – 280 640 – 2,366 
Corn Silage 100,850 1,542 203  44,545  75 – 330 15,867 – 72,367 
Wheat Grain 41,240 575 189  5,281  18 – 284 2,294 – 8,465 

a. These data will be re-evaluated and refined as needed based on the integration of QA/QC’d 2018 INMP data. 
b. Perennial crops will be modeled to reflect all growth stages, including juvenile plantings exhibiting low to no yield.  
 

STEP 2. DEVELOP ROOT-ZONE LIBRARY 
The methods for developing the Root-zone Library are defined as the equations and workflow that use 
the data from Step 1 to produce a robust estimate of percolation and nitrate leaching for each INMP 
report. Comprehensive root-zone physical processes in SWAT (and further calibrated in the CV-SWAT 
model) provide the scientifically valid equations for the GWP Formula. Step 2 incorporates the Matrix into 
the CV-SWAT model and develops the Root-zone Library by running the CV-SWAT model for each scenario 
in each crop’s Matrix. Accordingly, it is anticipated that the Root-zone Library will be comprised of over 
40,000 unique CV-SWAT model runs. An automation procedure will be used to create the Root-zone 
Library. This workflow will result in agronomically defensible scenarios from which site-specific estimates 
of percolation and nitrate leaching can be drawn. Township-level summaries will represent these root-
zone-based GWP Values (see Step 3). 

Step 2 includes the following activities: 

• Define CV-SWAT Model Domains. Given the magnitude of the modeling effort (i.e., 40,000+ 
simulations), it is important to facilitate efficient generation of the Root-zone Library without 
sacrificing spatial resolution. To achieve this, careful consideration of the domain boundaries is 
needed to ensure that all HVTs are included and to avoid misappropriating computation and 
storage resources by modeling areas outside the scope of the GWP process. The spatial domains 
will be the Sacramento Valley, San Joaquin River Watershed, and the Tulare Lake Basin. These 
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domains represent the diverse crops, management practices, climate, and soils of the Central 
Valley, as well as the hydrological divisions. In addition, these domains are reasonable spatial 
extents for SWAT modeling purposes. 

• Integrate Land Use. Land use changes over time, so a wide range of climate, soil, crop, and 
management combinations will be modeled to generate a broad range of entries to the Root-zone 
Library, accommodating as many future INMP combinations as practicable. This will be achieved 
by analyzing a single crop planted across the whole model domain in each model run, producing 
results for each crop on every soil and climate. An added benefit of this approach is modeling 
efficiency because the number of HRUs in each run is reduced substantially to include only unique 
combinations of climate and soil.  

• Calibrate Crop Models. Crop models are calibrated to parameterize the SWAT model for a given 
set of local conditions to reduce output uncertainty. Existing crop models developed for CV-SWAT 
will be incorporated for use in the GWP Formula and serve as an advanced starting point for crop 
model calibration. This is a critical step. Considerable effort has already been invested to improve 
and adapt crop models to diverse California cropping systems (see 1.3.2 and MPEP Team 2019). 
Most of the major crops planted on most of the Central Valley acreage are well calibrated. 
However, a subset of the crop models that comprise a small percentage of the Central Valley 
irrigated acreage still needs to be refined. More specifically, “Phase 1” crops are those with 
models that are already well calibrated for Central Valley conditions, covering roughly 89% of the 
irrigated acreage for HVAs (based on the 2016 DWR Land Use Map4) (Table 2). These calibrations 
will be QA/QC’d before finalization. “Phase 2” crops need additional calibration and represent the 
remaining 11% of the Central Valley irrigated acreage (Table 2). Calibration of these crop models 
is needed to accurately produce root-zone GWP Values in townships where these more minor 
crops are locally important.  

  

 
4 Since the trend for most of these crops is toward expanded acreage, an even larger proportion of the total acreage will be 
represented in Phase 1. 
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TABLE 2. CROP MODEL STATUS AND CROP ACREAGE FOR HVA5 CENTRAL VALLEY LANDS6 

Crop Model 
Status Crop (DWR 2016)  Acres   Acreage 

(%)  
 Cumulative 
Acreage (%)  

Phase 1 (89%) 

Almonds 687,366  23.0  23.0  
Grapes 368,592  12.3  35.3  

Walnuts 230,018  7.7  42.9  
Corn, Sorghum, and Sudan 178,221  6.0  48.9  

Citrus 172,078  5.7  54.6  
Pistachios 169,087  5.6  60.3  

Alfalfa and Alfalfa Mixtures 149,555  5.0  65.3  
Wheat 144,412  4.8  70.1  

Tomatoes 130,362  4.4  74.5  
Cotton 69,976  2.3  76.8  

Peaches/Nectarines 64,320  2.1  78.9  
Plums, Prunes, and Apricots 53,584  1.8  80.7  

Melons, Squash, and Cucumbers 35,797  1.2  81.9  
Onions and Garlic 34,925  1.2  83.1  

Beans (Dry) 33,129  1.1  84.2  
Cherries 25,714  0.9  85.1  

Sunflowers 23,465  0.8  85.8  
Carrots 21,516  0.7  86.6  
Olives 18,285  0.6  87.2  

Pomegranates 13,376  0.4  87.6  
Safflower 11,994  0.4  88.0  

Miscellaneous Deciduous 10,155  0.3  88.4  
Lettuce/Leafy Greens 10,047  0.3  88.7  

Cole Crops 5,801  0.2  88.9  
Peppers 4,271  0.1  89.0  

Phase 2 (11 %) 

Young Perennials 120,486  4.0  93.1  
Miscellaneous Grain and Hay 69,654  2.3  95.4  
Potatoes and Sweet Potatoes 25,017  0.8  96.2  

Miscellaneous Truck Crops 15,766  0.5  96.7  
Flowers, Nursery and Christmas Tree Farms 7,492  0.3  97.0  

Pears 4,684  0.2  97.2  
Bush Berries 4,177  0.1  97.3  

Kiwis 3,375  0.1  97.4  
Apples 2,339  0.1  97.5  

Mixed Pasture 66,505  2.2  99.7  
Miscellaneous Grasses 7,873  0.3  100.0  

 
5 https://www.waterboards.ca.gov/centralvalley/water_issues/irrigated_lands/water_quality/coalitions_submittals/  
6 https://data.cnra.ca.gov/dataset/statewide-crop-mapping 

https://www.waterboards.ca.gov/centralvalley/water_issues/irrigated_lands/water_quality/coalitions_submittals/
https://data.cnra.ca.gov/dataset/statewide-crop-mapping
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Crop Model 
Status Crop (DWR 2016)  Acres   Acreage 

(%)  
 Cumulative 
Acreage (%)  

Strawberries 655  0.0  100.0  
Miscellaneous Subtropical Fruits 158  0.0  100.0  

Greenhouse 153  0.0  100.0  
Avocados 58  0.0  100.0  

Dates 26  0.0  100.0  
Miscellaneous Field Crops 13  0.0  100.0  

 

The Root-zone Library will contain the results of the GWP Formula for all combinations of climate, soil, 
crop, and management that will be used to match with INMP data to generate root-zone-based GWP 
Values. It will be created from the data (from Step 1. Aggregate Data) and the methods (from Step 2. 
Develop Root-zone Library) to produce estimates of percolation and nitrate leaching by capturing the 
root-zone processes in each unique scenario. The number of Root-zone Library entries is anticipated to 
exceed 40,000 records to reflect the wide range in variability of management and outcomes observed 
across the Central Valley. The steps to develop the Root-zone Library are outlined below:  

• Execute Automated SWAT Model Runs. The crop models will be simulated for all combinations 
of climate, soil, crop, and management in each of the domains based on the Matrix. Accordingly, 
total model runs will exceed 40,000. To complete a set of computations of this magnitude, the 
model runs will be automated on a high-performance Linux computing cluster and Windows 
servers. Runs for the Matrices for the Phase 1 and Phase 2 crops will be automated after crop 
model calibration is complete. 

• QA/QC Automated Results. CV-SWAT model output will be reviewed to ensure the following: 1) 
the automation procedure was successfully executed and created usable outputs for each model 
run, and 2) the range of inputs captured the variability reported in the INMPs, specifically with 
respect to yield and applied nitrogen x yield relationships (Figure 7). 

• Finalize Root-zone Library. Model outputs will be stored in a SQL database. The database will 
contain model results (including leaching and percolation) for each climate, soil, crop, 
management, and yield combination from the Matrices. Once generated, the library will only 
need to be updated when new crops or management by yield combinations arise in future years. 
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FIGURE 7. EXAMPLE OF SWAT MODEL MANAGEMENT (NITROGEN APPLIED) AND OUTCOMES (YIELD) TO CAPTURE 
GROWER-REPORTED VALUES 

 

 

STEP 3. CALCULATE ROOT-ZONE GWP VALUES 
Percolation and nitrate leaching estimates from Step 2 above will be matched to INMP records and 
aggregated to the township scale. The resulting root-zone GWP Values will be based on grower-reported 
management data and the site-specific root-zone processes influenced by climate, soil, crop, 
management, and crop model inputs. Other factors that influence GWP Values such as sub-root-zone 
nitrate attenuation and recharge from other land areas and water bodies will be documented and 
incorporated into the calculation post-calculation of Root-zone GWP Values. Calculation of Root-zone 
GWP Values includes the following tasks:  

DEVELOP QUERY TOOL AND ROOT-ZONE GWP VALUE CALCULATOR  

This step includes integration of the Root-zone Library with INMP data to calculate root-zone-based GWP 
Values at the township level. This will be done with a database query tool and Root-zone GWP Value 
Calculator. Query tool inputs include APN, crop type, applied nitrogen, and yield. These data will be linked 
(via the APN) to the relevant domain, climate, crop, and soil in the Root-zone Library (Figure ES-3). The 
general workflow for the query process is outlined in Figure ES-3. The query results will provide parcel 
nitrate loads and concentrations from model runs in the Root-zone Library associated with the closest 
record of applied nitrogen and yield. The Root-zone GWP Value Calculator will aggregate the parcel data 
to calculate nitrate load and concentration values from irrigated agriculture for each HVT. 
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To set up the query tool, parcel data from Step 1 will be used. A GIS intersection between parcel and soil 
datasets will be used to relate soils to APNs, and to determine their relative extents (% of acreage within 
each parcel). Parcels will also be spatially related to CIMIS stations for climatic information used in model 
runs.  

OTHER GWP VALUE COMPONENTS 

The GWP Formula as proposed in this Workplan focuses first on soil, crop, and root-zone processes. 
Other key processes that impact the concentration of nitrogen transported to groundwater (e.g., vadose 
zone attenuation and groundwater recharge) will be addressed while GWP Values and Targets are 
calculated for HVTs. 

SUMMARY 
The Central Valley Water Quality Coalitions have come together to develop a GWP Formula for 
development of GWP Values and Targets, as required by the LTILRP. The GWP Values must be expressed 
as either nitrate loading numbers or concentrations of nitrate in water (e.g., mg/L). The GWP Formula 
presented in this Workplan will be used to estimate percolation and nitrate leaching for HVTs. Accordingly, 
the proposed GWP Formula addresses the requirements of the LTILRP.  

3 SCHEDULE 
The project schedule shows the main subtasks for each of the key steps (Figure 8). 
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FIGURE 8. SCHEDULE TO DEVELOP AND IMPLEMENT THE GWP FORMULA 
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4 TEAM QUALIFICATIONS 
This section provides biographies for key team members in the following areas of expertise: soils and 
agronomy, SWAT modeling, and data and automation. 

Soil Scientists/Agronomists 

Mr. Brian Schmid: Mr. Schmid is a Managing Partner of Formation Environmental with over 16 years of 
experience providing technical and programmatic leadership on large, complex, multi-disciplinary 
agricultural and water resource projects. This includes management of science, technology, and regulatory 
strategy projects totaling more than $25M over the last 5 years. Mr. Schmid has extensive programmatic 
experience leading diverse teams on large, complex, multi-disciplinary projects, many of which involve 
water quality, air quality, regulatory strategy, and advanced scientific modeling techniques. Mr. Schmid is 
an agronomist (plant scientist) and soil scientist by training and specializes in the application of remotely 
sensed data and modeling techniques to quantify land surface conditions pertaining to crop identification, 
evapotranspiration mapping, wetland vegetation, agricultural production, soil science, and precision 
agriculture. This includes providing strategic guidance, consulting expert, and testifying expert services for 
several confidential projects involving water resource and land management throughout the Western 
United States and South America. 

Mr. Kenneth Miller: Mr. Miller is a Soil Scientist and Agronomist. His training is focused in plant biology and 
physiology as well as soils and biogeochemistry. As a graduate student at the University of California, Davis, 
he studied the influences of soil physical, chemical, and biological properties on nutrient cycling in California 
agroecosystems. At Formation, Mr. Miller applies his agronomic training and expertise to support model 
development, calibration, and analysis of the CV-SWAT model, evaluation of grower-reported management 
information, and outreach to refine nutrient management strategies with respect to minimizing nutrient 
losses. Mr. Miller is the Project Manager. 

Dr. Timothy Hartz: Dr. Hartz is a Crop Specialist with more than 35 years working with horticultural 
industries as an academic, a consultant, and a production manager in private industry. He was an Extension 
Specialist for the University of California, where he worked closely with the vegetable and strawberry 
industries on a range of production issues as an Extension Specialist for the University of California. His work 
has focused on soil fertility, drip irrigation management, and environmental water quality protection. Dr. 
Hartz was instrumental in refinement of the crop models for the CV-SWAT model.  

Dr. John Dickey: Dr. Dickey is a Principal Soil Scientist and Agronomist with over 30 years of experience. His 
expertise includes the fate of salts, trace elements, and nutrients in surface and subsurface return flows; 
water and soil quality analyses for irrigation; and analysis, reclamation, and revegetation of saline, sodic, 
and saline/sodic soils. Dr. Dickey is the Program Manager for the SSJV MPEP, which is focused on the 
identification and implementation of management practices protective of groundwater quality, particularly 
related to nitrate leaching. Dr. Dickey brings experience in environmental science consulting in the western 
United States, as well as in agricultural research, extension, production, and consulting in California, Indiana, 
Burkina Faso, and China.  
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Soil and Water Assessment Tool 

Dr. George Paul: Dr. Paul is a Senior Agricultural Engineer with Formation Environmental, with more than 
15 years of experience in field measurements and numerical modeling of soil, vegetation, and hydrologic 
processes. As an expert in evapotranspiration research, he has incorporated improvements to major 
remote-sensing-based surface energy balance algorithms. He developed the daily actual evapotranspiration 
(ETa) datasets for Oklahoma, Kansas, Texas, and California, which are extensively used for water 
management and ecological applications. He has supported the DWR in statewide water planning efforts, 
and with developing water conservation objectives and metrics. Dr. Paul is the lead modeler in the SSJV 
MPEP, for which he is responsible for hydrological model development, calibration, and validation to 
simulate agricultural nitrate leaching in the Central Valley, California.  

Dr. Yohannes Yimam: Dr. Yimam has more than 13 years of experience in soil-, water-, plant-, and 
atmosphere-related data analysis, research, and development work. He is an expert in the development, 
application, calibration, and validation of prominent crop-growth, ecological, hydrological, land-surface, 
meteorological, and air-quality models. He also has advanced experience in analysis of large datasets, digital 
soil and crop mapping, geostatistics, GIS, and remote sensing data. Dr. Yimam has also been managing and 
leading multi-agency and multi-disciplinary projects for the last five years. He applies his expertise in root-
zone modeling using SWAT for assessing agronomic conditions in the Central Valley, California. 

Dr. Essayas Ayana: Dr. Ayana has more than 13 years of experience in hydrologic modeling and integration 
of satellite observation to water resources management. As a hydrologic modeler, he evaluated best 
management practices for sediment and nutrient-loading reduction for the Tarrant Regional Water District 
in Texas. Dr. Ayana built hydrologic models for large river basins including the upper Mississippi, Missouri, 
Rio Grande, Ohio, and Tennessee river basins, and he conducted sediment and nutrient loading response of 
the basins under natural and anthropogenic drivers. 

Data and Automation  

Mr. Chuan-Shin Chong: Mr. Chong is a Senior Remote-Sensing Developer with over 16 years of experience. 
He specializes in developing analytical solutions through remote-sensing and geospatial techniques. Mr. 
Chong is an expert in manipulating large datasets, automated image analysis techniques, and database 
management. He has utilized various types of remotely sensed data, including multispectral, hyperspectral, 
LiDAR, and thermal products in both pixel and object-based remote-sensing analysis techniques. Mr. Chong 
works closely with agronomists, soil scientists, and engineers to develop solutions for complex problems, 
including automation of CV-SWAT model runs on Formation’s High Performance Compute Cluster. 

Dr. Michael Johnson (MLJ Environmental): Dr. Johnson is the president and managing partner of MLJ 
Environmental. Dr. Johnson has spent the last 25 years performing monitoring and research on water quality 
issues in California and has been involved in water quality issues throughout the Central Valley. Dr. Johnson 
has extensive experience developing innovative tools to assist in identifying sources of discharge and is the 
technical program manager and technical lead for several agricultural coalitions in the Central Valley. 

Ms. Melissa Turner (MLJ Environmental): Ms. Turner has managed the monitoring and reporting programs 
for several Central Valley agricultural coalitions as part of the Irrigated Lands Regulatory Program since 2004. 
As a senior project manager at MLJ Environmental, she has overseen the development and management of 
databases and their associated data for over 15 years, starting with the development of the University of 
California Regional Data Center (later renamed to the Central Valley Regional Data Center). She manages 
staff at MLJ tasked with database design and implementation, data management, quality control/ 
verification, software development, and data analysis. 
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Ms. Lisa McCrink (MLJ Environmental): Ms. McCrink manages the Nitrogen Management Plan Summary 
Report (NMP SR) data for two agricultural coalitions and assists with data management and analysis for an 
additional four. She has extensive experience working with growers on reporting nitrogen applied and yield 
information and ensuring that accurate data are analyzed and reported. As a Database Programmer, she is 
responsible for maintaining and updating database designs, performing quality control checks, writing new 
code as needed using MS Access, Visual Basic and/or SQL, and developing new systems to improve data 
analysis. Ms. McCrink’s responsibilities require her to have a comprehensive understanding of the LTILRP 
requirements to ensure that data management, reporting, and analysis are in compliance with those 
regulations. 
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