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B. Executive Summary

Problem:

In a recent study of the Tulare Lake Basin and the Salinas Valley, cropland was found to be the
largest source of nitrate contamination in groundwater. This study estimated that a total of
220,000 tons of N/yr is leached into the groundwater in these regions. Approximately 94 % of
the total nitrate leaching was attributed to cropland (~215,000 t N/yr) (Viers et al., 2012). These
findings have re-invigorated the State’s need to protect groundwater quality. To this end, greater
awareness of site-specific vulnerability and prescriptive solutions is needed to implement efforts
that protect CA’s groundwater supply from nitrate contamination.

California’s agricultural regions have an incredible diversity of soils that encompass a range of
properties possibly found in no other agricultural area of similar size in the United States. This
soil diversity complicates our understanding of the fate of nitrogen (among other nutrients) in the
environment. Spatially explicit information is needed to help regulatory agencies develop
effective programs and help growers respond efficiently to new regulations. The Nitrate
Groundwater Pollution Hazard Index http://ciwr.ucanr.edu/Tools/Nitrogen_Hazard_Index/ isa
valuable tool used by growers and regulatory agencies to understand contamination potential in
groundwater. The tool rates the relative hazard of nitrate loss as deep percolation for most soil
series in agricultural regions of California. There are some shortcomings associated with the
index. Mainly that it is based on expert opinion, which is subject to bias, but also in that it is
difficult to update, and does not directly provide growers with management options to improve N
management.

Objectives, Approach and Evaluation:

The overall goal of this project is to develop a data-driven nitrate hazard leaching index for every
soil in California. Specifically, the decision support tool will evaluate the likelihood of nitrate
loss beyond the root zone in consideration of soil properties, crop characteristics and irrigation
schemes. The tool will be developed by linking digital soil survey data to HYDRUS, a process-
based hydrological model capable of predicting nitrate leaching over infinite scenarios of soil
variability. In addition to soils, the modeling will include crop-, nitrogen- and irrigation-
management scenarios and couple nitrate leaching hazard ratings with relevant BMPs to promote
improved nitrogen management.

The main outcome will be a decision support tool that will operate as an app in Google Maps,
similar to SoilWeb, which was developed in Dr. O’Geen’s Soil Resource Lab
(http://ucanr.edu/soilweb). The app will be designed to work across any device (smartphone,
tablet or desktop) to be used in the field or office. The app’s navigation capabilities will be used
to find an area of interest in a variety of ways; either automatically by GPS/browser/cell tower
positioning, or entering an address or GPS location, or panning across the State. A nitrate
leaching hazard rating and list of associated BMPs to limit nitrate leaching will be delivered for
each soil for a specific location via an interactive map interface.

A companion app will be explored that delivers nitrate leaching ratings as maps for regional
planning. Statewide maps will include an intrinsic leaching hazard for soils under a set of
predefined conditions. This product is intended to be used for watershed planning purposes.


http://ciwr.ucanr.edu/Tools/Nitrogen_Hazard_Index/

We will model nitrate leaching for each soil using a physically based model (HYDRUS) under
boundary conditions or scenarios devised from the spatially defined environmental setting (e.g.
climate, depth to groundwater, land use) and user defined parameters (crop, fertilizer rate and
irrigation type). The source of the soil data to parameterize the model will be the Digital Soil
Survey Database (SSURGO). Soil properties such as texture, saturated hydraulic conductivity,
bulk density, soil organic matter content, water restrictive horizons, and salinity will be used to
model the potential for losses of nitrate as deep percolation.

We will collaborate with current projects working on nitrate leaching conducted by Dr. Harter,
and Dr. Horwath at UC Davis to identify and deliver soil-informed nutrient management
recommendations and BMPs e.g. http://apps.cdfa.ca.gov/frep/docs/quidelines.html. In order to
refine our understanding of the important cropping systems and irrigation schemes used, we will
collaborate with the Kern River Watershed Coalition Authority (KRWCA), which is proposing a
project to FREP entitled: “Refinement of the Nitrogen Groundwater Pollution Hazard Index to
Improve Fertilizer Management Practices”.

Audience:

The nitrate leaching index will be developed for use by growers, regulators, policy makers,
consultants, extension educators, and government agency staff to devise soil-specific nitrogen
management strategies that limit nitrate losses by leaching. Workshops will benefit growers,
UCCE farm advisors, PCAs and CCAs. This work will also be applicable to urban landscapes. It
is expected that the decision support tool will be used by the general public because the end
product will be delivered via a popular, easy-to-use internet mapping application that is linked
with an already popular app (SoilWeb).

C. Justification

Problem:

The Groundwater Nitrate Pollution Hazard Index was developed as a tool to inform growers
about the potential for nitrate leaching (http://ciwr.ucanr.edu/Tools/Nitrogen_Hazard Index/ )
(Wu et al., 2005). This tool has been used by growers and regulatory agencies to guide fertilizer
management. However, there are many short comings to this index that may not be fully
realized: 1. The index ratings have potential bias as they are based on expert opinion; 2. Not all
soils are rated; 3. The experts have retired and/or moved on to other positions making updates
challenging; 4. The index lacks transparency as to what soil conditions influence each rating; 5.
The index requires that users know their soil series; 6. There is no mechanism to show ratings
spatially in a GIS for watershed scale analysis and planning; and, 7. The index is not linked to
management information to improve conditions in areas with undesirable ratings. In light of
these limitations, we propose to create a new, data-driven soil nitrate hazard index to guide
nitrogen management and deliver information about best management practices in CA.

FREP Mission and Research Priorities:

This project addresses three of the 2014 Fertilizer Research and Education Program priority
research areas in an integrated fashion. The goal of this project is to inform stakeholders about
how soil variability, cropping systems and irrigation practices influence nitrate leaching to help
stakeholders minimize nitrate movement below the root zone. The tool will link nitrate leaching
hazard ratings directly with existing nutrient management options and BMPs (e.g.
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http://apps.cdfa.ca.gov/frep/docs/quidelines.html ; http://ucanr.edu/sites/nm/ and
http://groundwaternitrate.ucdavis.edu/files/139103.pdf ) in consideration of soil and other
physiographic constraints educate the agricultural industry and urban stakeholders on
implementing best management practices for nitrogen management. Ultimately, the decision
support tool app will be designed as an education and outreach vehicle to deliver information
about agriculturally sound fertilization and management practices to a wide audience.

Impact:

This project is positioned for real and immediate impact in light of CA’s implementation of the
Irrigated Lands Conditional Waiver Program (ILCW), and the recent report to the legislature on
the sustainability of CA’s groundwater resource (Harter and Lund, 2012). While these conditions
and findings recognize water resource problems, and in some instances lay the groundwork for
solutions, effective policy and regulations require spatially explicit information and expertise that
this project will provide to guide the process. Ultimately, our efforts will link with the ILCW,
which is seeking to develop science-based policy and regulations for a groundwater protection
program. It will also directly benefit growers, county planners and watershed coalition groups by
linking nitrate leaching hazard, with nitrogen management guidelines and practices and help
support the development of Groundwater Quality Assessment Reports.

The tools proposed in this project have potential for considerable impact because they will be
easy to use, spatially relevant and focus on critical issues that affect a central aspect of most
agricultural enterprises, a sustainable water resource. Online and mobile apps are revolutionizing
the way science is used today. The CA Soil Resource Lab’s SoilWeb apps have proven to have
had significant impact state- and nation-wide with over 5000 queries for information per day.
The nitrate leaching hazard index app will be linked with SoilWeb to take advantage of its
widespread use.

Long Term Solutions:

An outcome of the SWRCB’s Irrigated Lands Conditional Waiver Program is that BMPs must be
implemented where water quality exceedences are identified. While studies of BMPs for
agriculture are common, no collective knowledge exists for CA of what works best, and where,
because research is inherently site specific. The decision support tool will build this collective
knowledge and provide soil-specific information about vulnerability. Ultimately, this will lead to
strategic, place-based solutions to minimize nitrate groundwater contamination by encouraging
spatially explicit prescriptive responses to nitrogen management.

There are many other opportunities for these tools to have impact on policy and economics.
According to Dumanski (2009), the conservation movement must focus on landscape studies that
link local benefits with global environmental services. Potential long term outcomes from these
tools may serve as the foundation for programs that promote payment for environmental services
through federal subsidies or via global markets such as Green Water Credits. This outcome first
must be realized through information power, followed by practical solutions. The CA Soil
Resource Lab’s SoilWeb apps have had impact in delivering information state- and nation-wide.
We expect this client base to increase exponentially with the development of a data-driven nitrate
hazard leaching index. The technology behind these tools gives rise to exciting new capabilities
if coupled with the tradition of stakeholder engagement, which this team is uniquely capable of.
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Related Research:

Studies in California have demonstrated that differences in soil properties can have significant
impacts on nitrate loss below the root zone (Lund et al., 1974; Pratt et al., 1972; Harter and
Lund, 2012). In addition, cropping system factors that influence nitrate leaching hazard include:
1) rooting depth, 2) crop nitrogen requirement, 3) irrigation efficiency, 4) the magnitude of the
peak N uptake rate, and 5) timing of crop harvest relative to soil nitrate concentration (Wu et al.,
2005; Simunek and Hopmans, 2008). Thus, crop characteristics and irrigation type are equally
important as soil properties when evaluating nitrate leaching (Hanson et al, 2006).

There are options available to reduce cropland nitrate losses to groundwater. These options
involve reducing the amount of N applied to the land, reducing the amount of N lost as deep
percolation and controlling the amount of water applied to land (Dzurella et al., 2012). Examples
of practices to reduce amount of water applied include: improved irrigation scheduling,
improved irrigation design and irrigation infrastructure improvements. Examples of practices to
reduce the amount of N applied or lost from the land include: modifying crop rotations, and
improving rate, timing and placement of N fertilizer (Dzurella et al., 2012). These practices are
best prescribed and implemented with knowledge of how specific soils and combinations of
cropping systems influence the fate of nitrate.

It is a challenge to accurately model and estimate nitrate leaching hazard for all agricultural soils
in California in a way that represents the diversity of cropping systems and irrigation schemes
(Harter et al., 2005). However, recent work emerging from Dr. Harter’s groundwater hydrology
program has begun to compile much of this needed information and we will collaborate with Dr.
Harter’s team to incorporate this information in our models (Botros et al., 2011). For example, a
unified crop classification scheme has been developed for CA that groups crops for calculating
nitrogen mass balances (Viers et al., 2012). In addition, a list of prominent best management
practices has been developed for systems that experience high N-loading (Dzurella et al., 2012).
Some of these practices will be implemented in our modeling to demonstrate potential changes in
nitrate loss across different soils. Comprehensive summaries of the literature for nutrient
management guidelines are being developed for major crops in CA
(http://apps.cdfa.ca.gov/frep/docs/quidelines.html). We will capitalize on this huge body of work
by collaborating with these individuals who are located at UC Davis.

Contribution to Knowledge Base:

There is a tremendous body of literature that documents the fate of nitrate in soils and there are
many different models used to predict the fate of nitrogen in the environment. Simulation models
have been used over the past three decades to estimate leaching, residual soil N, fertilizer
requirements and gaseous emissions (Shaffer, 2002). Nitrate-leaching models very in
complexity, resolution and data needs (Shaffer, 2002). Despite this state of knowledge, great
demand remains for high resolution, fast, and easy-to-use models (Paz et al., 2009). To our
knowledge, no processes based model has been designed to predict nitrate leaching across the
diverse crops, soils and irrigation types in California. Growers and policy makers need a creative
synthesis of model outcomes in forms that are easy to understand and simple to apply to facilitate
relevant management and sound policy. Moreover, soil specific information is needed for
growers to make sound decisions about nutrient management strategies.
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While the existing Nitrate Groundwater Pollution Hazard Index provides a conceptual
understanding of nitrate leaching for a variety of soils, crops and irrigation systems, it does not
make comparisons based on observed fluxes of nitrate beyond the root zone (Wu et al., 2005).
This proposed project is the first state-wide evaluation of nitrate leaching beyond the root zone
specific to soil variability in the state. It will draw upon a great deal of existing information and
centralize it.

Grower Use:

Most modeling projects stop short in their efforts to translate the science, and end up creating
products that are not directly usable by growers. Part of the problem is that nitrate leaching
models are typically performed at broad scales, limiting relevance to growers. Or they are overly
complex and inoperable by the layperson. It is also common for scientists to alienate growers
with studies and models that focus on the complexity of processes and systems; often missing the
relevance for growers, which ultimately limits its adoption. This project attempts to integrate the
best science and modeling capabilities directly into a user friendly, site- specific tool to help
growers understand the risks associated with nitrate leaching on their soils and the tools available
to minimize these risks. It will deliver information at the field scale (i.e. by soil type) the finest
resolution possible for a regional endeavor such as this. Moreover, it will engage users through
planned workshops in order to collect feedback as to how the product can best serve user needs.
It is our experience that grower use is best encouraged by obtaining their feedback early on in the
development of the decision support tool. We will facilitate this process by reaching out to
UCCE Farm Advisors to help assemble grower workshops designed specifically to obtain
feedback and input.

D. Objectives
The specific objectives of this project are to:

1. Create a state-wide, updated digital database of soil survey information for modeling
purposes.

2. Model nitrate leaching using HYDRUS for agricultural soils in California for different
crop classes and irrigation types.

3. Develop an online interactive app in Google Maps that enables users to navigate and
obtain nitrate leaching hazard ratings for any agricultural soil for major crops and
irrigation scenarios.

4. Extend the science and educate the public by linking model outcomes with existing
knowledge of best management practices in order to promote practices that limit nitrate
loss via leaching.

E. Work Plans and Methods

Work plan tasks

1. Create a state-wide updated digital database of soil survey information. Since many soil
surveys were conducted over 30 years ago in CA’s agricultural regions, the data needs to be
updated to account for deep tillage practices. Recent expansion (~last 20 years) from annual
crops (or other uses) to perennial tree crops and vines is associated with soil modification
practices (deep ripping). This practice destroys layers that otherwise prevent root penetration



and deep percolation. Thus, many soils in the SSURGO database are fundamentally different
than they were at the time these landscapes were mapped. This task will modify our soil
survey database to account for this practice by accounting for the alteration of cemented
horizons and clay pans modified by deep tillage wherever tree crops and vines have been
planted. The final product will be a state-wide map of modified soils and an associated
revision of soil properties after modification; estimated completion date: September, 2015.

Parameterize the HYDRUS model with the database of soils, climate, crop characteristics,
fertilization practices, and irrigation schemes. We will collaborate with groups funded in the
past by FREP to compile and utilize data on crop fertilizer recommendations, nitrogen use
efficiencies and irrigation practices. We are collaborating with Dr. Harter’s Groundwater
Hydrology Laboratory (UCD) and Dr. Horwath’s Soils Laboratory (UCD) to capitalize on
past FREP funded projects that are and/or have been assembling information about nitrogen
management practices and nitrogen use efficiency relative to irrigation management. This
information will be used to parameterize the model for the dominant crops and irrigation
types in CA. The final product will be a relational database of climate, irrigation practice,
crop type, crop rooting depth, N-use efficiency, and fertilization practices; estimated
completion date: December, 2015.

Evaluate the potential to aggregate similar soils to model nitrate leaching in HYDRUS. We
may have to reduce the number of model runs to model nitrate leaching across all scenarios
of soil, crops, climate and irrigation types. To evaluate the potential of reducing the number
of combinations we will explore the extent to which model output varies when modeling
individual soils vs. groups of representative soils using a numerical classification scheme to
evaluate and identify representative soils (Figure 1). If output is highly variable then the
model will be run on all soils. Similar operations will be performed using different crop
classes and irrigation schemes. The final product will be a sensitivity analysis of HYDRUS
model runs comparing many individual soils with groups of representative soils aggregated
from digital soil survey data across different crop and irrigation scenarios; estimated
completion date: December, 2016.

Run the HYDRUS model for each soil (or groups of soils) generating state-wide maps of
nitrate leaching across major crop, fertilization and irrigation scenarios. The model will use
a mass balance approach with defined boundary conditions relative to crop, irrigation,
fertilization and climate to estimate nitrate leaching loads out of the soil profile. The final
product will be a geospatial database of theoretical nitrate leaching loads for agricultural soils
for various crop, irrigation and fertilization scenarios. Estimated completion date: December,
2016.

Develop a rating mechanism that classifies estimates of nitrate leaching loads into a Nitrate
Leaching Hazard Index for soils. These ratings will be compiled for all scenarios into a GIS
Database. The classification scheme will evaluate data groupings based on natural breaks in
the data ‘jenks’. It will also consider threshold values/conditions in appropriate instances in
order to coincide (when appropriate) with the existing Groundwater Nitrate Pollution Hazard
Index. Estimated completion date: May, 2016.



6. Develop an online, interactive app that delivers nitrate leaching hazard ratings with relevant
BMPs via Google Maps. Within the app, nitrate hazard ratings will be linked with fertilizer
guidelines and geographically suitable BMPs delivered via an interactive map interface. The
app will be designed to work across any device (smartphone, tablet, or desktop) to be used in
the field or office. The app’s navigation capabilities will be used to find an area of interest in
a variety of ways; either automatically by GPS/browser/cell tower positioning, or entering an
address or GPS location, or panning across the State. Users will be able to interact with the
map by “clicking” on a land area which will retrieve nitrate leaching hazard index. Users will
have the option to select crops and irrigation schemes to refine the index rating and obtain
BMP information. The app will function similar to apps already developed by Dr. O’Geen’s
Soil Resource Lab (http://ucanr.edu/soilweb). Estimated completion date: December, 2017.

7. Conduct in-person and online workshops to obtain preliminary feedback on the tool and to
demonstrate the final product. We will work with UCCE farm advisors, growers, PCAs,
CCA:s and state agency staff (DWR, SWRCB, CDFA) to organize the workshops. The intent
of the workshops is to obtain local agricultural expertise for input into the design of the index
and app and to provide training on how to use the app once it is completed. Estimated
completion date: December, 2017.

(b)
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segment collect profiles, partition compute weighted
each profile  row-wise by new depth-slices mean by depth-slice
Figure 1. SSURGO data aggregation algorithm schematic of representative profiles. The process
is outlined for a single group of profiles and single soil property. (a) Soil property depth-
functions aggregated into a representative soil horizon structure. (b) Group of soil profiles
aggregated into a representative soil profile, weighted by area. Profile weights are derived from
the area of that profile, within the study area (MU Soil input — aggregated at mukey-level).

Methods
Objective 1.  Create a state-wide, updated digital database of soil survey information for
modeling purposes.
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Out-of-date soil surveys will be updated to reflect the extent of modified soils via deep ripping.
The USDA-NRCS SSURGO database is the source data that will be updated. The first part of the
update will involve selecting all parcels mapped with a primary land use of tree crops, vine
crops, and citrus tree crops from DWR digital land use surveys in a GIS. Next, aerial imagery
will be used to identify more recent land use conversions to tree and vine crops, since DWR land
use files are out-of-date in some counties. The most recent (2010) National Agriculture Imagery
Program (NAIP) will be used to identify areas of perennial crop expansion in addition to that of
DWR mapping. Google Earth imagery will also be used to supplement the NAIP imagery.
Google Earth has more recent imagery (2011-2012), as well as easily accessible historical
imagery (as early as 1989). Historical imagery is important in that it allows for identification of
vineyards and orchards that have subsequently been removed. These GIS layers will be overlain
in a GIS with a map of all soils with a restrictive layer (claypan or hardpan) (Figure 2). Any
combination of tree or vine crop (past or present) and soil with restrictive horizons will be
changed to reflect a “modified” soil with soil characteristics that are reflective of more
permeable conditions. New “representative profiles” will be constructed from the original soils
considering horizon weighted averages of soil properties above and below the restrictive
horizons that were modified (Figure 1). This process has already commenced, but requires more
work and QAQC.

Acres in the Central Valley
Durixeralfs: 1,383,000
Palexeralfs: 840,000

Legend

~- Central Valley & Delta Boundary

== Durixeralfs

Palexeralfs

Figure 2. Map of soils with restrictive horizons. A subset of these soils have been modified by
deep tillage.



In addition, some of the older soil survey areas have SSURGO data that has been generalized
into three horizons. This generalization may be unsuitable for accurate modeling results. We will
compare model output in soils that have this level of generalization with their counterparts in
newer soil survey areas to evaluate the extent of this generalization. If large in these instances,
we will populate soils data with that from official series descriptions so that a more
representative number of horizons are used for each soil.

Obijective 2. Model nitrate leaching using HYDRUS for agricultural soils in California for
different crop classes and irrigation types.

The first step in modeling nitrate leaching loads is to compile pertinent information to establish
boundary conditions for modeling simulations. Compilation of crop types (rooting, N-demand
crop N-use efficiency, etc.), associated fertilizer recommendations, water demand, and irrigation
types will be performed for the entire state. It will be based on existing literature, data and
expert opinion from UCCE and UC experts, much of which has already taken place in previous
studies by the Harter Lab, Horwath Lab, and the Agricultural Sustainability Institute at UC
Davis. We have also discussed collaborative arrangements with the Kern River Watershed
Coalition Authority (KRWCA) who are also developing a proposal to refine the nitrogen hazard
index in their watershed. We see these two projects as complimentary given that KRWCA is
proposing to develop improved crop specific nutrient management practices that are unique to
this region. This information will benefit our project allowing us to incorporate case-study type
information into our modeling. In turn, we plan to provide more definitive estimates to the
KRWCA as to how different soils respond to their N management practices and crop types.

All model input data will be classified into groups of similar behavior e.g. root depth classes,
nitrogen application classes and timing of N application classes and irrigation types. The goal
will be to reduce the number of scenarios to a manageable set of options for modeling, or if
possible, run all scenarios. A first cut of this process has been accomplished in Dr. Harter’s lab
where major crops in California have been grouped into similar classes for the purpose of
calculating N mass balances. We will work with this group to expand and improve this list.

The HYDRUS (Simunek et al., 1996) model will be used to numerically simulate water and
nitrate movement beyond the soil profile into the vadose zone. The model solves for three
dimensional flow and a three-dimensional advection-dispersion equation for transport (Botros et
al., 2012). Local CIMIS data will be used for the surface-atmospheric boundary condition. Field
data from active and past projects that have assess nitrate leaching and groundwater recharge
from Dr. Harter, Dr. Hopmans’, and Dr. Dahlke’s labs will be used to validate the model output.

It is likely that over 500 different soil series exist for agricultural regions of California, plus over
25 different crop groups that reflect different N-use efficiencies, nitrogen fertilizer requirements,
nitrogen levels in soil at harvest, water requirements and rooting depths. Many different
irrigation scenarios exist. This totals to a large number of different model runs that would be
needed to evaluate all scenarios of nitrate leaching. These analyses may overload our servers or
be infeasible for the UC Davis High Performance Computing Cluster. If so, we will explore
alternative options to account for the effect of crop type and irrigation on nitrate hazard ratings.
For example, ratings could be generated for all soils across a predefined set of conditions, and
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the magnitude of model deviations could be used to weight ratings based on a fewer number of
soils but all crop and irrigation types.

Objective 3.  Develop an online interactive app in Google Maps that enables users to obtain
nitrate leaching hazard ratings for any agricultural soil.

The decision support tool will have two separate layouts. The first will be an extension in
Soilweb http://casoilresource.lawr.ucdavis.edu/gmap/ that will operate in a similar fashion to that
of the old Nitrate Groundwater Pollution Hazard Index. Users will select the soil by selecting the
area of interest. After finding a location of interest in SoilWeb, users will select the Nitrate
leaching hazard index extension where they will identify their crop and irrigation type and the
support tool will retrieve a hazard rating based on these selections and the location/soil, which is
determined automatically based on the interactive app.

The second layout will be a separate app more similar to the California Soil properties app:
http://casoilresource.lawr.ucdavis.edu/ca-soil-properties/ . This layout will consist of an
interactive map of nitrate leaching hazard ratings and associated nitrate load leaching estimates
based on generalized crop categories and irrigation types. It will include the ability to select
series of predetermined scenarios to enable users to visualize the impacts of broad scale changes
in BMP implementation on nitrate leaching based on representative crops and associated
irrigation schemes.

All modeling scenarios will be stored as GIS layers in an internet map server application (Figure
3). The map interface to the user will draw on a cached collection of pre-rendered tiles. All GIS
data will be stored in a composite PostGIS database. Google Apps tools will be used to develop
complex map display, interaction, and querying functions based on instructions stored in a
configuration file.

Storage Imagery Data Tile Cache PostGIS DB
\
Composition Mapserver (— Apache Web Server — Ka-Map |— PHP
/\
Delivery WML KML HTML PNG WMS
/ JARRVARN \
Interface Mobile Phone Google Earth Plain Text Interactive Map Google Maps — Web API

Figure 3. Major components of the web-based delivery system. The Apache Web Server is
responsible for two-way communication between users’ computers/mobile devices and our
server. Inter-process communication, data formatting, and final presentation are managed by
custom software written in PHP and Google App development tools.

Objective 4. Extend the science and educate the public by linking model outcomes with
existing knowledge of best management practices
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In order to promote practices that limit nitrate loss via leaching extension/outreach efforts will be
conducted virtually, in the form of the on-line app in person via workshops and as written
documents such as extension bulletins or trade journals. As stated earlier, the app will be
designed so soils and/or cropping systems will be linked with appropriate BMPs suitable for the
physiographic constraints of the area. The information will be summarized from existing
literature and research and will likely route users to other sources of information (e.g.
http://apps.cdfa.ca.gov/frep/docs/quidelines.html) on the web or will be repackaged information
that we compile. Physiographic and infrastructure limitations will be considered. For example,
cover crops may be a suitable practice where precipitation is high enough, but unsuitable in
instances where water supply is limited. We will collaborate with Dr. Horwath’s lab to link
knowledge of N fertilization practices with model output.

Experimental Site

The project will begin in the Central Valley and expand to all other agricultural regions in CA.
The Central Valley is one of the most productive regions in the world. The Valley is
approximately 58,000 km? stretching around 650 km in length. It is often considered as two
regions separated by the San Joaquin Delta, the Sacramento Valley to the north and San Joaquin
Valley to the south. The Sacramento and San Joaquin river systems converge at the Delta, which
is at sea level. The Valley gently slopes to an elevation of 120 m at its southern end and
approximately 245 m at its northern most reach.

The region consists of an elongate asymmetric syncline, once a large inland sea that began filling
with sediment approximately 150 million years ago. The ancient sediment has been estimated to
be as much as 13 to 15 km thick and is capped by Pleistocene alluvium (Alt and Hyndman
2000). Gently sloping, nearly-level alluvial fans exist across the Valley, derived from granitic,
metamorphic, sedimentary, and volcanic rock sources. Fans created by the Mokelumne,
Stanislaus, Tuolumne, Merced, San Joaquin, Kings, Kaweah, and Cosumnes Rivers have
drainage basins that connect to glaciated portions of the Sierra Nevada, whereas the fans created
by the Calaveras, Chowchilla, and Fresno Rivers, and minor fans produced by many smaller
rivers, have drainage basins that are limited to non-glaciated regions (Weissmann et al, 2005).
Gently sloping floodplains and terraces are found along streams and rivers. Both gently and
steeply undulating Pleistocene terraces occupy the Valley margins. These terraces are remnants
of fans that document depositional and erosion response to Quaternary climate change and
regional uplift (Weissmann et al., 2005). The soil landscape relationships described here reflect
systematic patterns of soils in space. These systematic patterns (groupings of similar soils) can
reflect uniformity in hydrologic processes i.e. degree of leaching, which will be evaluated in
objective 2.

F. Project Management Evaluation and Outreach

Management

To accomplish the tasks outlined in this proposal, we have assembled a diverse team of experts
who are leaders in the fields of soil science, hydrology, and agronomy. Our team includes three
Cooperative Extension Specialists and three AES faculty. This project brings together a strong
network of academics within UC-ANR and UC Davis, most of which have proven experience
collaborating on and managing large research projects. In addition to the Pls, we will collaborate
with a group of scientists from USDA-NRCS (state soil scientist, soil survey director, soil survey
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staff) for technical support and as a mechanism to promote these activities, maximizing its
potential to be adopted by state and federal agencies that guide policy (See appendices for letters
of support).

Dr. O’Geen’s primary role is to oversee the use and update of soil survey information, facilitate
the development of the app, deliver outreach activities and facilitate project integration across all
participants. Drs. Hopmans, Harter and Dahlke’s responsibilities will focus on the modeling,
working with the post doctoral researcher to ensure that the best available input data is being
used, ensuring that the proper boundary conditions are parameterized, and that validation
procedures are in place. Dr. Zaccaria will help us identify and parameterize the model relative to
irrigation technologies used and help deliver outreach efforts. Drs. Geisseler and Horwath will
help us integrate model output with best management practices and fertilizer recommendations.

Evaluation

The success of the project will be evaluated in two ways. We will poll audiences at outreach
events to gauge the potential level of adoption among a wide range of stakeholders. We will also
monitor and track the use of the app via google analytics, which has a wide range of usage
evaluation capabilities including number of unique users, location, type of user, time spent per
session and more.

Outreach

We will host a minimum of 3 outreach events per year. As a Cooperative Extension Specialist,
Dr. O’Geen’s primary responsibility is to conduct extension actives that promote the use of soil
survey data for sound decision making and land use planning. In the first two years workshops
will be developed primarily to introduce the project and provide opportunities for stakeholder
feedback to fine tune the tool. We anticipate that these meetings will be fairly small and targeted
to maximize interactions. In these sessions we will engage UCCE Farm advisors, and staff from
CDFA, DWR and SWRCB. In year 3, once the tool is nearly developed we will focus on hosting
larger stakeholder meetings for growers, consultants, PCAs and CCAs, and state and federal
agency staff to promote the tool. We will also develop extension bulletins to ensure long lasting
documentation and transparency of science for the decision support tool.

G. Budget Narrative

Personnel Expenses: $202,192

Salaries: $170,416
Postdoctoral Researcher (TBD): Salary increases for the Postdoctoral Researcher are
based on the steps that occur with advancement. The Postdoctoral Researcher will be
responsible for assembling the databases and modeling in HYDRUS.

Graduate Student Researcher 111 (Laurence Gindi): Salary for the Graduate Student
Researcher is based on the graduate group’s compensation plan.

A Graduate Student Researcher 111 (GSR) from the Soils and Biogeochemistry Graduate
Group will work 100% time during the summer months (June through September) in
years one and two of the project. The GSR 111 will be responsible for updating digital
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soil survey where soils have been modified by deep tillage, and working with
collaborators to integrate BMPs within the app.

Programmer | (Mike Walkinshaw):

Starting salary for the Programmer | assume a 3% increase for each subsequent year.
Programmer Mike Walkinshaw will provide technical support in all years of the project.
He will also be responsible for the app development.

Benefits: $31,776
Employee Benefits are based on Federally Approved Composite Benefit Rates. The
University of California’s current Composite Benefit Rates have been federally reviewed
and approved through June 30, 2014.

Postdoctoral Researcher (TBD):

Benefits for the Postdoctoral Researcher utilize the proposed rate of 16% (Fiscal Year
2014/2015) for January 2015 through June 2015, the projected rates of 17% (Fiscal Year
2015/2016) for July 2015 through June 2016, 18% (Fiscal Year 2016/2017) for July 2016
through June 2017. Currently there are no rates projected beyond Fiscal Year 2016/2017
so a 1% increase will be assumed for Fiscal Year 2017/2018.

Graduate Student Researcher 111 (Laurence Gindi):
It is anticipated that the Graduate Student Researcher I11 composite benefit rate will
remain at 1.3% for the duration of the project.

Programmer | (Mike Walkinshaw):

Benefits for the Programmer | position utilize the proposed rate of 50.4% (Fiscal Year
2014/2015) for January 2015 through June 2015, the projected rates of 53.4% (Fiscal
Year 2015/2016) for July 2015 through June 2016, 55.7% (Fiscal Year 2016/2017) for
July 2016 through June 2017. Currently there are no rates projected beyond Fiscal Year
2016/2017 so a 3% increase will be assumed for Fiscal Year 2017/2018.

Operating Expenses: $22,319

Travel: $2,100
Travel has been budgeted for all project years. In year one travel has been budgeted for
$1,100 to reimburse for mileage for travel to workshops and meetings with UCCE
advisors to obtain input on the project at $ 0.56 per mile for 1,964 miles. We anticipate a
minimum of 10 trips by the PIl and Postdoctoral researcher. In year two a total of $300 is
requested for mileage reimbursement at $0.56 per mile for 636 miles for travel to obtain
grower perspectives and to outreach events that promote this project. We anticipate 3
trips by the Pl and/or Postdoctoral researcher. In year three a total of $700 is requested
for mileage reimbursement at $0.56 per mile for 1,250 miles for travel to outreach events
that promote this project. We anticipate approximately 5-10 trips by the Pl and
Postdoctoral researcher. Other outside funding will be used to supplement travel costs.

Indirect Costs: $20,219 (Accounted for in the “Other Expenses” line)
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Per a California Department of Food and Agriculture Memorandum (Dated April 10,
2014) all research and grant contracts with universities will be subject to an F&A rate of
10% of personnel costs.

Other Funding Sources 315,162

Additional funding will be supplied from a grant awarded by the UC-ANR strategic
initiatives funding call. The grant was awarded in October 2013 and will end in 2017.
This grant proposed to develop a wide range of decision support tools. The money
allocated in 2015, 2016, 2017 will be used to pay the salary for two graduate students
working on developing decision support tools for water resource management in
agriculture and one programmer who is in charge of building the apps. A bulk of this
funding will be used to organize and conduct outreach events to demonstrate the apps and
obtain stakeholder feedback. These funds will also be used to maintain and update servers
used to host the online app.

H. Budget —see attached excel file

Appendices- see below
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I. Appendices-Project Leader: O’Geen

Anthony (Toby) O’Geen
Soil Resource Specialist in Cooperative Extension http://casoilresource.lawr.ucdavis.edu

Land, Air & Water Resources atogeen@ucdavis.edu
University of California work: (530) 752-2155
Davis, CA 95616-8527 home: (530) 753-8457
EDUCATION

Ph.D., 2002. University of Idaho, Soil Science
M.S., 1998. Washington State University, Soil Science
B.S., 1994. California Polytechnic State University, Soil Science

RESEARCH EXPERIENCE

*Soil Resource Specialist in Cooperative Extension 7/2011-present): UC Davis
*Associate Soil Resource Specialist in Cooperative Extension 7/2007-6/2011): UC Davis
+Assistant Soil Resource Specialist in Cooperative Extension (10/02 to 6/2007): UC Davis

Websites and Soil Survey Apps.
* Beaudette, D.E. and A.T. O’Geen, SoilWeb smartphone apps for soil survey.
http://casoilresource.lawr.ucdavis.edu/soilsurvey
* Schmierer, J. L., K. Lynn-Patterson, J. Langille, and A.T. O’Geen, SOILS TO GO:
http://arcims.gis.uckac.edu/SoilsToGo/default.aspx

SELECTED PUBLICATIONS:

Beaudette, D.E., P. Roudier, A.T. O’Geen, 2013. Algorithms for quantitative pedology: A
toolkit for soil scientists. Computers and Geosciences. 52:258-268.

Diaz, F.J., A.T. O’Geen and R.A. Dahlgren, 2012. Agricultural pollutant removal by constructed
wetlands: Implications for water management and design. Agricultural Water Management.
104:171-183.

Swarowsky, A., R.A. Dahlgren, and A.T. O’Geen, 2012. Linking subsurface lateral flowpath
activity with stream flow characteristics in a semiarid headwater catchment. 76:532-547.

Maynard, J.J., A.T. O'Geen, R.A. Dahlgren, 2012. Quantifying spatial variability and
biogeochemical controls of ecosystem metabolism in a Eutrophic Flow-Through Wetland.
Ecological Engineering. 47:221-236.

Swarowsky, A. R.A. Dahlgren, K.W. Tate, J.W. Hopmans, A.T. O’Geen, 2011. Catchment-scale
soil water dynamics in a Mediterranean-type oak woodland. Vadose Zone Journal 10:1-16.

Budd, R., A.T. O’Geen, K. S. Goh, S. Bondarenko, J. Gan. 2011. Removal mechanisms and fate
of insecticides in constructed wetlands. Chemosphere 83:1581-1587.

Bales, R.C., J.W. Hopmans, A.T. O’Geen, M. Meadows, P.C. Hartsough, P. Kirchner, C.T.
Hunsaker and D. E. Beaudette. 2011. Soil moisture response to snowmelt and rainfall in a
Sierra Nevada mixed-conifer fores. Vadose Zone J. 10:786-799.
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Gatzke, S.E., D.E. Beaudette, D.L. Ficklin, Y. Luo, A.T. O’Geen, M. Zhang. 2011. Aggregation
strategies for SSURGO data: Effects on SWAT soil inputs and hydrologic outputs. Soil Sci.
Soc. Am. J. 75:1908-1921.

Beaudette and O’Geen, 2010. An iphone application for on demand access to digital soil survey
information. Soil Science Society of America Journal 74: doi: 10.2136/sssaj2010.0144N

O’Geen, A.T., R. Budd, J. Gan, J.J. Maynard, S.J. Parikh, and R.A. Dahlgren, 2010. Mitigating
nonpoint source pollution in agriculture with constructed and restored wetlands. Advances in
Agronomy 108: 1-76.

Diaz, F.J., A.T. O’Geen and R.A. Dahlgren, 2010. Efficacy of constructed wetlands for removal
of bacterial contamination from agricultural return flows. Agricultural Water Management,
97:1813-1821.

O’Geen, A.T., R.A. Dahlgren, A. Swarowsky, K.W. Tate, D.J. Lewis, and M.J. Singer, 2010.
Research connects soil hydrology and stream water chemistry in California oak woodlands.
California Agriculture. 64:78-84.

O’Geen, A.T. M.J. Singer and W. Horwath, 2010. Soil and water conservation for California
and the desert southwest: Past, present and future trends. In. Soil and Water Conservation
Advances in the United States. (T.M. Zobeck and W.F. Schillinger (eds.) SSSA Special
Publication 60. Madison, WI.

Young-Mathews, A., S. W, Culman, S. Sdnchez-Moreno, A.T. O'Geen, H. Ferris, A. D.
Hollander and L.E. Jackson. 2010. Plant-soil biodiversity relationships and nutrient retention
in agricultural riparian zones of the Sacramento Valley, CA Agroforestry Systems, 80: 41-60.

Brauer, N, A.T. O’Geen and R.A. Dahlgren 2009. Temporal variability in water quality of
agricultural tailwaters: Implications for water quality monitoring. Agric. Water Management.
96:1001-1009.

Beaudette, D., and A.T. O’Geen 2009. Soil-Web: An online soil survey for California, Arizona
and Nevada. Computers and Geosciences. 35:2119-2128.

Budd, R., A. O’Geen, K. Goh, S. Bondarenko, and J. Gan. 2009. Efficacy of constructed
wetlands in pesticide removal from tailwaters in the Central Valley, California.
Environmental Science & Technology, 43: 2925-2930.

Jackson, L. E., F. Santos-Martin, A. D.Hollander, W. R. Horwath, R. E. Howitt, J.B. Kramer, A.
T. O’Geen, B. S. Orlove, J. W. Six, S. K. Sokolow, D. A. Sumner, T. P. Tomich, and S. M.
Wheeler. 2009. Potential for adaptation to climate change in an agricultural landscape in the
Central Valley of California. Climate Action Team Biennial Report to the Governor and
Legislature. California Energy Commission.

Beaudette, D., and A.T. O’Geen 2008. Quantifying the aspect effect: An application of solar
radiation modeling for soil survey. Soil Science Society of America Journal. 73:1345-1352.

O’Geen, A.T., G.S. Pettygrove, R.J. Southard, H. Minoshima, and P. Verdegaal, 2008. Soil-
landscape model helps predict potassium supply in vineyards. California Agriculture 62
(4):195-201.

O’Geen, A.T., W.A. Hobson, R.A. Dahlgren, and D.B. Kelley. 2007. Soil properties and horizon
stratigraphy in vernal pool landscapes of northern California. Soil Science Society of
America Journal. 72:727-740. doi:10.2136/sssaj2007.0123

O’Geen, A.T., P.A McDaniel, J. Boll and C.K. Keller, 2005. Paleosols as deep regolith:
Implications for recharge in a Palouse climosequence. Geoderma 126:85-99.

Murray, J., P.A. McDaniel and A.T. O’Geen, 2003. Development of a GIS database for
hydrological studies of the Palouse Basin. Soil Science 168:759-768.
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Current and Pending-O 'Geen:

O’Geen A.T. (PI), Co PI’s: Becchetti et al.

Soil Survey Decision Support Tools for Water Resource Sustainability and Agricultural
Productivity

Current , 9/2012-8/31/2018

UC ANR, $599,920

Effort: O’Geen 15%

Valerie Eviner, (PI), Co-PIs: M. George, A. Latimer, D. Lewis, A. O’Geen, K. Rice, K. Tate, T.
Young

Interactive effects of environment and management on multiple ecosystem services: decision-
support for site-specific rangeland management

Current, 9/1/12- 8/31/17

ANR, $600,000

Effort: O’Geen 5%

Ken Tate, (PI) Co-Pls: L. Roche, V. Eviner, A. O'Geen, L. Huntsinger, R. Standiford
Managing California Rangelands for Multiple Ecosystem Services: Understanding Tradeoffs
among Production and Conservation-Based Goals

Current, 9/2013-8/2018

ANR, $298,682

Effort: O’Geen 5%

Roger Bales, (PI) Co-PIs: M. Conklin, M. Goulden, C. Riebe, C. Tague, T. O’Geen
Southern Sierra Critical Zone

Current 9/2013-9/2017

NSF 5,000,000

Effort: O’Geen 5%

Recent Outreach - Toby O’Geen University of California Davis

1. Master Gardener Workshops 5-6 per year; | conduct a four hour workshop that covers
the following concepts of soil: 1. Physical properties of soils, 2. Morphological
indicators of problem soils and tools to understand soil variability; and, 3. Soil biology,
fertility and chemistry.

2. Field Days: | organized and delivered 7 field days statewide in the last 2 years on topics
related to: 1. Interpreting soil properties and soil landscape relationships for wine grape
production; 2. Soil Terroir of the Great Valley; 3. Indicators of rangeland soil health.

3. Grower and Rancher presentations; On average, | conduct 25 oral presentation to
growers, ranchers and other clientele groups per year on topics such as: 1. Geographic
nutrient management zones for perennial cropping systems; 2. Managing rangeland soils;
3. Use of constructed wetlands as a BMP for irrigated agriculture:4. Using soil survey for
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land use and agricultural decision making, and, 5. Interpreting soil properties for land
use planning.

Online Soil Survey Delivery; my lab has developed a virtual soil resource laboratory that
delivers soil survey information through user friendly web interfaces. The soil survey lab
hosts a series of apps, which include a seamless collection of soils information, roads and
aerial photography nationwide: http://casoilresource.lawr.ucdavis.edu/soilweb/ .
SoilWeb and its counterpart apps receive thousands of requests for soils information per
day.

Recent Research-O 'Geen

1.

Soil Survey Decision Support Tools for Water Resource Sustainability and Agricultural
Productivity: The goal of this project is to repackage soil survey and other spatial data
sets to develop interactive web based decision support tools for nutrient management,
BMP placement, agricultural groundwater banking suitability and drought tolerance.
Southern Sierra Critical Zone Observatory: The goal of this project is to understand
characteristics (thickness and water holding characteristics) and spatial extent of deep
regolith and its role forest response to climate change.

Hydrologic Flowpaths in Rangeland soils: The goal of this project is to document the
role of soil stratigraphy stream flow dynamics and water quality.

Potassium management in winegrapes: The goal of this study was to repackage soil
survey in order to predict the fate of potassium in the east side of the Great Valley.
Managing Rangelands for multiple outcomes: This project attempts to identify
rangeland management scenarios that result in multiple beneficial outcomes in terms of
ecosystem services for rangelands.
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CO-Project Leader: Hopmans
JAN W. HOPMANS

Professor Vadose Zone Hydrology Telephone:  (530) 752-3060
Hydrology Program, Dept. LAWR Fax: (530) 752-5262
University of California, Davis, CA 95616 Email: jwhopmans@ucdavis.edu

(1) Research interests: Vadose zone hydrology; soil physics; flow and transport modeling;

irrigation water management, micro-tomography; scaling techniques; plant root-soil water
interactions;; soil hydraulic properties; climate change impacts; soil moisture monitoring,

sensors, and analysis.

(ii) Professional Preparation

Post doc Hydrology Wageningen Agricultural University 1985-87
PhD. Soil Physics/Mathematics ~ Auburn University 1981-85
M.S. Hydrology Wageningen Agricultural University 1981
B.S. Land and Water Use Wageningen Agricultural University 1978

(iii) Appointments
1988-present Assistant, Associate and Full Professor, Department LAWR
2009-present Associate Dean, College of Agriculture & Environmental Sciences

2005-2009 Chair, Department LAWR

2001-2005 Vice Chair, Hydrology/LAWR

1994-1996 Director, Hydrologic Science, Dept. LAWR

1985-1988 Wageningen Agricultural University, Post Doctoral Appointment

(iv) Major Awards: Fellow Soil Science Society of America, 2001; Fellow American
Geophysical Union, 2005; Don and Betty Kirkham Soil Physics Award, 2003; Nominated
for 2009 SSSA Career Research Award.

(v) Publications
Total of 170 — peer-reviewed publications, 25 book chapters and 1 patent; Editor of 7 books
and journal special issues. Thomson Reuters ISI H-index: 37.

Selected Relevant Publications:

Letey, J., G.JHoffman; J. W Hopmans; S. R Grattan; D. Suarez; D. L Corwin; J. D Oster; L.
Wu; and C. Amrhein. 2011. Evaluation of Soil Salinity Leaching Requirement Guidelines.
Agricultural Water Management. Vol 98(4): 502-506.
http://dx.doi.org/10.1016/j.agwat.2010.08.009

Sabo, J.L., T. Sinha, L.C. Bowling, G. H. W. Schoups, W.W. Wallender, M.E. Campanas, K.A.
Cherkauer, P. Fuller, W.L. Graf, J.W. Hopmans, J.S. Kominoski, C. Taylor, S.W. Trimble,
R. H. Webb, and E.E. Wohl. Reclaiming sustainability in the Cadillac Desert. 2010. PNAS
107(50):21263-270. www.pnas.org/cgi/doi/10.1073/pnas.1009734108.

Hopmans JW, Bristow KL. (2002). Current capabilities and future needs of root water and
nutrient uptake modeling. Advances in Agronomy, 77: 104-175.
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Schoups GH, Hopmans JW, Young CA, Vrugt JA, Wallender WW, Tanji KT, Pandy S. (2005).
Sustainability of irrigated agriculture in the San Joaquin Valley, California. PNAS 102:
15352-15356.

Simunek J, Hopmans JW. (2008). Modeling compensated root water and nutrient uptake.
Ecological Modeling, doi:10.1016/j.ecolmodel.2008.11.004.

Hanson BR, May DE, Simunek J, Hopmans JW, Hutmacher RB. (2009). Drip irrigation provides
for profitable irrigation of tomatoes in the San Joaquin Valley. California Agriculture paper,
63(3): 131-136.

Hanson, B.R. J. Simunek, and J.W. Hopmans. 2006. Evaluation of Urea-Ammonium-Nitrate
Fertigation with drip irrigation using numerical modeling. Agricultural Water Management
86:102-113.

Hanson, B.R., J.W. Hopmans and J. Simunek. 2008. Leaching with subsurface drip irrigation
under saline, shallow groundwater conditions. VVadose Zone J. 7(2): 810-818. doi:
10.2136/vzj2007.0053.

Vereecken H, Huisman JA, Bogena H, Vanderborght J, Vrugt JA, Hopmans JW. (2008). On the
value of soil moisture measurements in vadose zone hydrology: A review, Water Resour.
Res, 44: W00DO06, doi:10.1029/2008WR006829.

Schoups G, Hopmans JW. (2006). Vadose Zone Journal Special Issue. Evaluation of model
complexity and input uncertainty of field-scale water flow and salt transport. Vadose Zone
Journal, 5: 951-962.

Vrugt JA, van Wijk MT, Hopmans JW, Simunek J. (2001). One, two, and three- dimensional
root water uptake functions for transient modeling. Water Resour. Res., 37: 2457-2470.

Robinson DA, Campbell CS, Hopmans JW, Hornbuckle BK, Jones SB, Knight R, Ogden F,
Selker J, O. Wendroth O. (2008). Soil Moisture Measurement for Ecological and
Hydrological Watershed-Scale Observatories: A Review. Vadose Zone Journal, 7: 358-389,
doi: 10.2136/vzj2007.0143.

(vi) Synergistic Activities

» Consulting Editor and Past Editor-in-Chief Vadose Zone Journal: 2005-2009. Define scope
and goals of integrative and inter-disciplinary journal. 2009 Thomson Reuters interview:
http://sciencewatch.com/inter/jou/2009/09aprVVadZone/ .

« Professional Service. Active in the organization of broad and interdisciplinary sessions at
national/international professional meetings, such as American Geophysical Union, Soil Science
Society of America and European Geophysical Society; E.g. Past, present and future of soil
physics at 2000 SSSA Meeting, Landscape processes 2004 SSSA, Soilbiophysics 2005 SSSA &
Perspective in Soil Hydrology at 2003 EGS Meeting, Nice; Kirkham Conference 2008, Davis,
CA,; Climate change and hydrology, AGU 2008. President-Elect Soil Science Society of
America, 2013.

*Teaching/Mentoring Activities. Bring into my laboratory at UC Davis a diverse group of
undergraduate, graduate students, post doctoral and visiting scientists from all continents of the
world, conducting research on a broad variety of areas; Make available all notes for soil physics
course on the web, so it has become a self-instructive course or can be used as lecture material
for others;

*Academic Service. As Chair of LAWR, Associate Dean in CA&ES, and President-Elect of Soil
Science Society of America, to promote interdisciplinary and integrated teaching, research, and
outreach in the College, UCD campus, and internationally.
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Current and Pending-Jan Hopmans:

Jan W Hopmans, Co Principal Investigator

Critical Zone Observatory (CZO) on Snowline processes in the southern Sierra Nevada
Active, 9/01/2007 — 8/31/2013

NSF, $400,000

Effort: 5%

Jan W. Hopmans, Co Principal Investigator

Evaluation of Winter Cover Crops to Reduce Nitrate Leaching and Increase Yields in Drip-
irrigated Tomato Rotations

Active, 9/01/2011-2014

CA Dept of Food and Agriculture, $480,000

Effort, 2 %

Jan W. Hopmans, Co Principal Investigator

Optimization of water and nitrate use efficiencies for almonds under micro irrigation
Active, 9/01/2010-2013

CA Almonds Board, $ 100,000

Effort, 2 %

Jan W. Hopmans, Co Principal Investigator

Site specific decision support models for sustainable water and
nitrogen use in deciduous perennial crops

Pending, 9/01/2012-8/31/2017

USDA NIFA SCRI, 15,000,000

Effort, 5 %

Recent Outreach and Research - Jan W. Hopmans University of California Davis
Research Projects:

1. Critical Zone Observatory (CZO) on Snowline processes in the southern Sierra

Nevada: NSF funded project to investigate deep regolith moisture contributions to

forest water balance. Drilling and subsurface monitoring methodologies are

developed to characterize deep subsurface physical properties towards developing

concepts for estimating leaching rates of subsurface moisture.

2. Optimization of water and nitrate use efficiencies for almonds under micro irrigation

(with P. Brown et al): Project funded by CA Almond Board to estimated field-scale

water and nitrate fluxes to groundwater in tree crops. Development of methodologies

for estimating recharge rates below root zone, incorporating field-scale variability.

3. Evaluation of Winter Cover Crops to Reduce Nitrate Leaching and Increase Yields in

Drip-Irrigated Tomato Rotations (with W. Silk et al): Project funded by CDFA.
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Development of best management practices that minimize nitrate leaching, in crop
rotations that include legumes.

4. Optimization of water and nitrate application efficiency for Citrus Trees:
Recommendations for irrigation and fertigation practices. Funded by CA Citrus
Board.

5. Optimizing the Use of Groundwater Nitrogen (NO3), with D. Smart et al: Vadose
Zone and Ground Water Monitoring for Pump and Fertilize Approach. Funded by
CDFA, Almond and Pistachio Board. Establish research and demonstration orchards
for “Advanced Grower Practice” and “Pump and Fertilize” nitrogen management in
Almond and Pistachio within “Hydrogeologically Vulnerable Areas” (HV As).

Outreach:

1. Hopmans, J.W. and M. M. Kandelous. 2013. How does Nitrogen move in the soil,
and what are the factors that influence its movement. Citrograph May/June 2013.
Published by Citrus Research Board.

2. Moradi, A.B., N. Bilga, A.T. O’Geen, J.W. Hopmans. 2013. SoilWeb — On-demand
and easy access to soil survey data anywhere at anytime. Citrograph Fall 2013.
Published by Citrus Research Board

3. Hopmans, J.W. Co-organized and spoke at March 6-9 Conference on Soil’s Role in
Restoring Ecosystem Services.
Cooperators:

See attached letters

Supporters:
See attached letters
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