










































Sustainable irrigation management of drainage impaired
area with 'Natural Drainage'

Basic Information
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The absence of adequate drainage due to topographic and environmental constraints has 
forced the western San Joaquin Valley to tackle problems of shallow water tables with high 
salinity in general and specific toxic trace elements in particular. The Bureau of Reclamation, 
under Court Order, is to provide drainage service to the area so as to maintain a long-term, 
sustainable salt and water balance in the root zone of irrigated lands, sufficient to ensure 
sustainable agriculture in the region. In March 2007, the Bureau of Reclamation decided to 
implement a combination of drainage reduction measures, drainage water reuse, evaporation 
ponds and land retirement in what it calls the In-Valley/Water Needs Land Retirement 
Alternative. The retirement of irrigated agriculture lands is one of the main components of the 
plan. In response to concerns about the lack of scientific data to identify potential benefits and 
impacts of retiring land from irrigated agriculture, a multi-agency team consisting of 
representatives from the Bureau of Reclamation (USBR), United States Fish and Wildlife 
Service (FWS), and the Bureau of Land Management (BLM) completed a five-year, large scale 
Land Retirement Demonstration Project (LRDP) at two drainage–impaired sites on the west-side 
of the San-Joaquin Valley. Based on the five years of field data from the LRDP, Singh et al. 
(2009) developed a comprehensive theoretical and numerical modeling framework to evaluate 
the specific site conditions required for a sustainable land retirement outcomes based on natural 
drainage. The works of Singh et al. (2009) show the pathway to reducing the salinity levels 
without the encroachment of the shallow water table in the root zone. The results can be applied 
more broadly to the drainage management of drainage impaired lands. If the crop and irrigation 
is managed for salt balance such that leaching is constrained to match the natural drainage rate 
(defined as the downward flux from the shallow water table to the lower aquifer), the danger of 
rising water table is avoided. Singh et al. (2009) proposed a ‘natural drainage approach’ to 
sustainable land management for drainage impaired areas. With this approach it is feasible to 
design a sustainable land use regimen for drainage impaired lands in general and retired lands in 
particular. The key to the natural drainage approach is a priori knowledge of the relationship 
between the natural drainage rate and the depth to the water table from ground surface. 

 
The proposed study aims to use the 'natural drainage approach' for sustainable irrigation 

management of drainage impacted areas. With an aim to achieve the goals, the main objective of 
this study is to: 

 
a. Improve and update the numerical modeling framework of Singh et al. 2009 to 

simulate major processes occurring in the land phase of the hydrological cycle.  
 

b. Evaluate and recommend sustainable irrigation management strategies for the 
drainage impacted area with 'Natural Drainage" approach. 

 
 

The drainage impaired sites are characterized by the presence of a barrier layer which divides 
the perched water layer from the unsaturated flow zone below the barrier layer. We are 
evaluating five processes occurring in the land phase of hydrologic cycle. The processes that are 
modeled include the evapotranspiration, unsaturated and saturated flow and the downward flux 
through the barrier layer. Solute transport in both the unsaturated and saturated zone is also 
evaluated to quantify the changes in soil salinity in the vadose zone. 

  



The relation between the bottom flux and the groundwater head is the tool that allows one to 
estimate the natural drainage rate for the given site. The natural drainage rate is the main 
parameter that impacts the management option for the sustainable land use of the drainage 
impaired lands. The land use and water application practices are two of the main variables which 
can be changed to make sure that water table depth never rises above a predetermined level and 
the root zone salinity levels are maintained within a permissible level. To achieve these two 
objectives, the following options may be pursued during the simulation exercise, a) change in the 
land use, crop type, b) growing crops in only a part of the area each year, and c) intersperse dry 
land farming with other farming activities.  

 
 The evaluated natural drainage rate can be used to develop a sustainable irrigation 

management of drainage impaired area. The developed model and its use will be shared with the 
concerned stakeholders such as Bureau of Reclamation (USBR), United States Fish and Wildlife 
Service (FWS), the Bureau of Land Management (BLM), Land Retirement Demonstration 
Project, and the concerned water districts. 
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CWRRI - Information Transfer Program University of
California, Agriculture and Natural Resources

Basic Information

Title: CWRRI - Information Transfer Program University of California, Agriculture and
Natural Resources

Project Number: 2011CA273B
Start Date: 3/1/2010
End Date: 2/29/2012

Funding Source: 104B
Congressional

District: 44

Research Category:Water Quality
Focus Category:Water Quantity, Water Supply, Education

Descriptors:
Principal

Investigators: Doug Parker

Publications

University of California, California Institute for Water Resources, �CIWR Supports Water-Related
Research�, Fact Sheet, 2 pages, February, 2012.

1. 

University of California, Agriculture and Natural Resources, �Healthy Crops, Safe Water�, Fact
Sheet, 4 pages, February, 2012.

2. 

UC Delivers showcases unique ways UC ANR is making a difference in California
(http://ucanr.edu/delivers/). During 2010-11, UC Delivers reported on six Water Quality outreach
efforts (ranging from urban runoff to educating youth on water issues), and seven projects on Water
Resources (examples include the coordinating and collaborating with the University of Baja and the
State of Baja California to educate growers on water efficiency in the region, practical methods for
vineyard irrigation management and how to reduce pollution with proper fertilizer timing).

3. 
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The CIWR’s mission includes research, education and outreach.  It is through outreach or information 
transfer that scientific results become implemented in ways that improve our quality of life.  Each of 
CIWR’s projects has some information transfer component.  These are listed in the individual projects’ 
reports. 

In addition to project information transfer, CIWR engages stakeholders in ways that transfer water 
based knowledge.  This may be through direct presentations or meeting participation, through 
organizing and sponsoring conference and workshops, or through organizational actions that allow 
other scientist to engage better with stakeholders.  CIWR has begun work on its website and branding.  
These products will help us become a recognized source of scientific based information concerning 
California water. 

The new Director of CIWR has been working with UC ANR faculty and administrators to form and guide 
the Water Initiative Panel as it seeks to set leadership for ANR’s water programs.  The Panel consists of 
11 ANR Academics from a variety of disciplines that represent the 3 ANR campuses along with several 
counties in the state.  The Panel has held several meetings and conference calls to begin crafting a vision 
for a water program.  In addition, the CIWR and the ANR Water Initiative organized a 1 ½ day workshop 
for ANR academics working in water and nutrient management.  This meeting resulted in over 20 
project proposals at the ANR competitive grants program’s Letter of Intent stage. 

The CIWR Director has made several presentations to audiences on California water issues, the Clean 
Water Act, and nitrate pollution in California’s groundwater basins.  The Director has participated in 
discussions on management of the Colorado River Basin, environmental services markets, and 
groundwater nitrate pollution.   

The overarching theme of the Rosenberg Forum is to reduce conflict in the management of water 
resources.  Specific sub-themes are chosen by the Advisory Committee for each individual Forum.  The 
primary objective is to facilitate the exchange of information and experience in the management of 
water resources.  The problems of managing and husbanding water are surprisingly common around the 
world.  However approaches and solutions may differ depending upon the available financial resources 
as well as social and cultural norms.  Discussion of alternative approaches and identification of what 
works and what does not work are intended to aid in devising more effective and efficient water 
management schemes. 

 
There are two sub-objectives which provide specificity and support in achieving the main objective and 
in addressing the overarching theme.  The first is to emphasize the role of science in making of water 
policy and in the management of water resources.  The second, and related subjective, is to promote 
exchange and interaction between scientists and policy-makers for the purpose of facilitating the use of 
science as a basis for the making of water policy.  Participants at each Forum are a mix of scientists and 
policy makers.  The presentations and discussion focus equally on illumination of the pertinent science 
for policy making and on the experience with different policies in different settings around the world. 
 
The Director of CIWR serves as a member of the Rosenberg International Forum’s steering committee.  
The steering committee met in Amman, Jordan in late January to plan the program for its 8th 
international conference which will be held in Aqaba, Jordan in late September 2012.  The theme of this 



year’s conference will be water management in semi-arid environments.  We have secured participation 
and presentations from Jordanians in Academia and Government. 



USGS Summer Intern Program

None.
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Student Support

Category Section 104 Base
Grant

Section 104 NCGP
Award

NIWR-USGS
Internship

Supplemental
Awards Total

Undergraduate 3 3 0 4 10
Masters 5 3 0 3 11
Ph.D. 4 3 0 10 17

Post-Doc. 2 3 0 2 7
Total 14 12 0 19 45
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Notable Awards and Achievements

Project # 2011CA274B

We believe that in significant ways, the overall innovative nature of this work is quite significant and notable.
The coupling of no-till with overhead automated precision irrigation has not been demonstrated before in the
SJV and to date, we have had success with this merging of these promising technologies based on our
outcomes in 2011 and our initial experiences so far in 2012. In addition, our work investigating the potential
of no-till, high residue systems to reduce soil water evaporation is also of note.

Project # 2007CA195G

We have developed multiple spin-off and technology transfer projects in collaboration with the Santa Cruz
County Resource Conservation District and several stakeholder groups. Development of a new basin
management plan has begun, and our GIS map of MAR suitability is being used as part of that project. We
have discussed with staff of the Regional Water Quality Control Board the importance of drafting new
agricultural water quality requirements so that they do not prohibit the use of MAR approaches to improve
water quality, including commentary on proposed agricultural runoff regulations, and have positively
influenced those regulations. We have submitted a proposal to the U.S. National Science Foundation for
continuation and extension of this work, and are pursuing additional funding options.

Other Achievements

In collaboration with the California Farm Bureau Federation, CIWR is hosting half-day forums for growers,
dairy operators, agency representatives, agricultural commissioners, policymakers and other community
members to discuss management of agricultural nitrogen. The two community forums to explore solutions to
nitrate in groundwater and the role of policy are being hosted by the UC California Institute for Water
Resources and the CDFA Fertilizer Research and Education Program. UC Cooperative Extension specialists
will describe methods of managing nitrogen on dairies and cropland. Members of the agricultural industry and
representatives of statewide and regional programs will discuss the practical aspects of adopting nitrogen
management practices.

Researchers and educators from the University of California and California State University have received
funding for joint projects on priority issues such as urban residential water demand and estimating alfalfa's
impact on nitrogen and nitrate leaching in the Central Valley. Leadership of California's higher education
systems made the funding available to jointly address issues in agriculture, natural resources and human
sciences. Project criteria include collaborative research, teaching, or course development; development of
student internship opportunities; and workshops, conferences, and symposia. Eight projects totaling more than
$79,500 were selected from 30 proposals submitted. Researchers involved in this year's projects are from UC
Davis, UC Berkeley and California State University campuses at Chico, Fresno, Humboldt, Pomona, Sonoma,
San Marcos and San Luis Obispo.

The Western Extension Directors Association gave the 2012 Awards of Excellence to the Rangeland
Watershed Program for its outstanding work with water quality and grazing issues on California�s
rangelands. Melvin George, UCCE Specialist at UC Davis coordinated multidisciplinary teams (microbial
ecologists, veterinary epidemiologists, fishery biologists, hydrologists, soil scientists, plant ecologists, range
scientists, farm advisors and more) to work with The California Rangeland Conservation Coalition, a band of
100 diverse environmental, ranching and policy-making groups committed to protecting the state�s
diminishing rangeland, to use innovative approaches to develop a toolbox of management practices that
ranchers and regulators could use to minimize microbial contamination of surface and groundwater connected
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with livestock production.

The Russell L. Rustici Rangeland and Cattle Research Endowment announced that it will fund eight
University of California research and outreach projects to address beef cattle and rangeland management
issues. One water-related project is the statewide coordination of scientific research information regarding
livestock grazing and microbial water quality (Edward R. Atwill, UC Davis School of Veterinary Medicine).
�The goal of this program is to promote collaboration and strengthen the continuum between range cattle
producers, Cooperative Extension specialists and other research faculty, and county-based Cooperative
Extension advisors.

The advisory panel for the water strategic initiative has been appointed, announced Doug Parker, initiative
leader and director of the California Institute for Water Resources. The advisory panels work with the
initiative leaders to develop a five-year plan of action for implementing each strategic initiative. If you have
suggestions for shaping the plan of action for any of the strategic initiatives, share them with the appropriate
initiative leader or panel members.

Professor James Wilen, Department of Agricultural and Resource Economics, UC Davis, was honored at the
recent inaugural meeting of the Association of Environmental and Resource Economists (AERE) in Seattle.
Wilen's publication, co-authored with Frances Homans (University of Minnesota), was selected as AERE's
Publication of Enduring Quality for 2010, as a paper judged to have seminal value and a lasting impact on the
profession. Entitled �A Model of Regulated Open Access Resource Use,� the paper appeared in the �Journal
of Environmental Economics and Management� in 1997, and it showed how the dynamics of resource
exploitation are driven by the interplay between biological mechanisms, economic incentives, and regulatory
behavior. Nominees noted that the paper turned �discussion of fisheries policy on its head, directing attention
away from biology and toward the main driver of the status of fisheries, economic incentives operating within
a regulatory framework.� The award applauded the paper for �surprising conclusions that change the
prevailing view, together with an elegant explanation for the mechanisms at work that lead to new views
about important policy issues.�

The Ornamental & Environmental Horticulture, Nurseries & Master Gardener program team and the Water
Resources program team have formed project teams that are interested in applying for grants in the next round
of the ANR competitive grants program, and to discuss and propose new positions in response to the
upcoming ANR call for new positions.

Shelley Murdock and Carole Patterson, UC Cooperative Extension community development advisors
launched discussions with five adjacent counties to the Delta to participate in the community water
conversations to learn about water policy ptions in the state. These facilitated discussions provided the Delta
residents an opportunity to discuss water issues in-depth and share their knowledge and point of view with
experts and policymakers. Through models like the Conversations Program, agencies and communities can
exchange information and ideas, creating the potential for more innovative approaches to management. To
summarize their findings, they produced a short report and a 13-minute video containing some of the
comments made at the meetings. They can be viewed at http://ucanr.org/sites/CAH2OConversations.

Ken Tate and Rob Atwill, UC Davis Cooperative Extension specialists, received the Outstanding
Achievement Award for Research/Academia at the Society for Range Management�s Annual Meeting in
February, 2011. The Outstanding Achievement Award is presented by the Society for Range Management for
outstanding achievement to members and other qualified individuals and groups working with rangelands.
Tate and Atwill are recognized as national and international leaders in the science and management of surface
water quality of rangelands. They have compiled an unequaled record of collaborative research leading to a
better understanding of surface water pollution on rangelands and practices that ameliorate pollution.
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