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PREFACE

The California Energy Commission’s Public Interest Energy Research (PIER) Program supports
public interest energy research and development that will help improve the quality of life in
California by bringing environmentally safe, affordable, and reliable energy services and
products to the marketplace.

The PIER Program conducts public interest research, development, and demonstration (RD&D)
projects to benefit California. The PIER Program strives to conduct the most promising public
interest energy research by partnering with RD&D entities, including individuals, businesses,
utilities, and public or private research institutions.

PIER funding efforts are focused on the following RD&D program areas:
e Buildings End-Use Energy Efficiency
e Energy Innovations Small Grants
e Energy-Related Environmental Research
e Energy Systems Integration
e Environmentally Preferred Advanced Generation
e Industrial/Agricultural/Water End-Use Energy Efficiency
e Renewable Energy Technologies
e Transportation

In 2003, the California Energy Commission’s PIER Program established the California Climate
Change Center to document climate change research relevant to the states. This center is a
virtual organization with core research activities at Scripps Institution of Oceanography and the
University of California, Berkeley, complemented by efforts at other research institutions.

For more information on the PIER Program, please visit the Energy Commission’s website
http://www.energy.ca.gov/research/index.html or contract the Energy Commission at (916) 327-
1551.



http://www.energy.ca.gov/research/index.html�

ABSTRACT

This place-based case study in an agricultural county in California’s Central Valley focused on
the period of 2010-2050, and dealt with biophysical and socioeconomic issues related to both
mitigation of greenhouse gas (GHG) emissions and to adaptation to an uncertain climate. In the
past 100 years, changes in crop acreage has been more related to crop price and availability of
irrigation water than to growing degree days during summer, and in fact, summer
temperatures have increased less than winter temperatures. Econometric analysis indicated that
warmer winters, as projected by Geophysical Fluid Dynamics Laboratory-Bias Corrected
Constructed Analog during 2035-2050, could result in less wheat acreage, more alfalfa and
tomato acreage, and slight effects on tree and vine crops. The Water Evaluation and Planning
(WEAP) model showed that these econometric projections did not reduce irrigation demand
under either the B1 or A2 scenarios, but a diverse, water-efficient cropping pattern combined
with improved irrigation technology reduced demand to 12 percent below the historic mean.
Collaboration during development of Yolo County’s Climate Action Plan showed that nitrous
oxide (mainly from nitrogen fertilizers) was the main source (=40 percent) of agricultural
emissions. Emissions from cropland and rangeland were several orders of magnitude lower
than urbanized land per unit area. A survey distributed to 570 farmers and ranchers achieved a
34 percent response rate. Farmers concerned about climate change were more likely to
implement water conservation practices, and adopt voluntary GHG mitigation practices. Use of
the urban growth model (UPlan) showed that channeling much or all future urban
development into existing urban areas will increase ecosystem services by preserving
agricultural land and open space, immensely reducing the Yolo County’s GHG emissions, and
greatly enhancing agricultural sustainability.

Keywords: crop acreage shift, farmer survey, urban growth model (UPlan), Water Evaluation
and Planning (WEAP), water conservation

Please use the following citation for this paper:

Jackson, Louise, Van R. Haden, Allan D. Hollander, Hyunok Lee, Mark Lubell, Vishal K. Mehta,
Toby O’Geen, Meredith Niles, Josh Perlman, David Purkey, William Salas, Dan Sumner,
Mihaela Tomuta, Michael Dempsey, and Stephen M. Wheeler. 2012. Adaptation
Strategies for Agricultural Sustainability in Yolo County, California. California Energy
Commission. Publication number: CEC-500-2012-032.
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Executive Summary

This paper examines biophysical and socioeconomic issues related to mitigation of greenhouse
gas (GHG) emissions and adaptation to climate change for agriculture in Yolo County,
California. Few such place-based studies exist. Instead, most scientific research on agriculture
and climate change focuses on management practices to reduce GHG emissions, or on crop
vulnerability due to changes in seasonal weather, water supply, pests and diseases, and
biophysical factors affecting production. These are only a few of the aspects necessary for
climate change planning in agricultural regions. To begin addressing these gaps, this paper
provides a science-based exploration of tools for scientists, farmers, policymakers, and the
general public to better understand the adaptation and mitigation options for increasing
agricultural sustainability in rural landscapes and in particular, in Yolo County. Such tools are
particularly important in counties where cropland and grazing land make up the vast majority
of total land, as in Yolo they account for 57 percent and 24 percent, respectively. In addition to
assembling information and tools necessary for a place-based approach, this paper will serve as
a bridge between various stakeholders in order to facilitate discussion and evaluation of long-
term planning options in Yolo County. This paper also seeks to generate strategies and planning
information applicable to other California counties.

Paper Structure

This paper consists of five studies conducted by an interdisciplinary group of researchers
utilizing a series of models, surveys, and stakeholder engagement techniques to understand
potential vulnerabilities to climate change and options for adaptive management. They include
the following;:

e Study 1: Econometric analysis of crop choices under future climate change projections

e Study 2: Use of a water planning model to assess how future climatic and economic
projections will affect the local water supply

e Study 3: Assessment of countywide agricultural GHG emissions and engagement in the
development of Yolo County’s Climate Action Plan

e Study 4: Survey of farmers’ ideas and attitudes on climate change, and on adoption of
climate change mitigation and adaptation strategies

e Study 5: Exploration of the impact that future urbanization scenarios might have on
county farmland using an urban growth model

Emissions Scenarios

To better understand the potential range of impacts from climate change, this paper utilizes two
primary future climate scenarios in its modeling, as developed by the Intergovernmental Panel
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on Climate Change (IPCC): “A2” characterized by higher population growth, increased land
conversion for urbanization as well as economic growth and increased greenhouse gas (GHG)
emissions in keeping with the current trajectory; and “B1” characterized by less-intense
population growth and limited urban expansion, as well as a reduction in resource intensity,
growth in clean technologies, and lower GHG emissions.

Through stakeholder consultation and analysis of local planning documents, these global IPCC
storylines were “downscaled” to more clearly represent future scenarios within the region. In
the final study, an even greener AB32+ scenario is added, referring to a future characterized by
highly compact growth, little population growth, and economic development built around by
value-added production, particularly in the agricultural sector.

Findings

Study 1: Using an econometric model, this study examined past crop-climate realtionships to
estimate the general magnitude of potential crop responses caused by future climate change.

e Model output shows that changes in acreage of each crop has depended little on
growing degree days during summer, partially because summer temperatures have
increased much less than winter temperatures over the past century.

e Econometric analysis indicates that warmer winters will decrease wheat acreage and
increase alfalfa and tomato acreage, with slight effects on tree and vine crops. Crop price
and availability of irrigation water are often more important for crop acreage projections
than temperature.

Study 2: This study used the Water Evaluation and Planning (WEAP) system to model the
effects of climate change and adaptive management on water resources within the Cache Creek
watershed. Using two downscaled climate projections (B1 and A2), three adaptation scenarios
were examined. These scenarios included: (1) a shift in local cropping patterns based on
dynamic econometric forecasts, (2) a shift towards more diversified and water efficient cropping
patterns; and (3) a combination of irrigation technology improvements and a diversified
cropping pattern.

e Under both Bl and A2 projections, a gradual increase in temperature and decrease in
precipitation leads to significant water supply constraints by the end of the century.

e Irrigation demand increases by 27 percent and 32 percent under the Bl and A2
scenarios, respectively, while the shift in cropping pattern predicted by dynamic
econometric forecasts using current trends in acreage does not reduce irrigation demand
under either projection.



e A water-efficient, diversified cropping pattern produces modest reductions in irrigation
demand, and when combined with improved irrigation technology, reduces demand
below the historic mean.

Study 3: In this study, an inventory of agricultural GHG emissions in 1990 and 2008 is
presented for Yolo County, using internationally accepted inventory methods modified to
accommodate county level activity data.

e Total GHG emissions from land in agricultural production are found to have declined
by 10.4 percent during this period due to a reduction in irrigated cropland, a shift
towards crops which require less nitrogen, and a reduction in nitrogen rate for some
crop categories.

e Growth in the population of livestock and the acreage of rice increases methane
emissions by approximately 20 percent.

e Estimates for GHG emissions per hectare of urban land in Yolo County are >70 times
greater than for irrigated cropland, which highlights the importance of farmland
preservation and smart growth as a strategies to mitigate emissions in California.

Study 4: This study analyzed the results of a survey mailed to 572 farmers in Yolo County.

e A slight majority of farmers agree that the global climate is changing. Far fewer agree
that temperatures are increasing and that human activities are an important cause.

e Many farmers believe that climate change poses risks to agriculture globally, but many
also believe that climate change presents opportunities for agriculture globally.

e Farmers are most concerned about future climate impacts related to policies and
markets, followed by moderate concern about water supply.

e Those in less frequent contact with local agricultural organizations or conservation
programs are less likely to implement voluntary mitigation practices and participate in
future government programs supporting adaptation and mitigation.

Study 5: This study used UPlan, an urbanization modeling program, to develop scenarios for
future urban growth corresponding to the IPCC’s A2 and B1 storylines, as well as an AB32+
storyline that assumes stronger state action to reduce GHG emissions.

e The three scenarios vary dramatically in their emissions related to new urbanization,
with highest emissions associated with the largest conversion of agricultural land to
urban uses, as seen in the A2 scenario.



The AB32+ storyline produces the lowest GHG emissions from residential development
of all three scenarios in light of its reliance on infill growth. AB32+ yields approximately
8 percent of the emissions in A2, or about 14 percent with population held constant.

The B1 scenario also produces substantial GHG emissions savings, though less than
AB32+, mainly through more compact growth. This scenario yields about 36 percent and
50 percent of emissions in A2 under the two different population levels.

The focus of the B1 and AB32+ scenarios on preservation of rural agricultural land is
consistent with increased interest and demand for local food processing, storage, and
distribution infrastructure.



Section 1: Introduction

A place-based approach for studying agricultural responses to climate change explores a broad
set of biophysical and socioeconomic issues related to both greenhouse gas (GHG) emissions
and to adaptation to an uncertain climate. Few such studies exist. Instead, the scientific research
on agriculture and climate change has focused on agricultural management practices to reduce
the GHG emissions of carbon dioxide (COz), nitrous oxide (N20), and methane (CH4) (Delgado
et al. 2011; Smith and Olesen 2010), or on the vulnerabilities of different crops to changes in
seasonal weather, water supply, pests and diseases, and biophysical factors affecting
agricultural production (Rosenzweig and Tubiello 2007; Lobell et al. 2008). These are only a few
of the aspects necessary for planning for climate change in agricultural regions. As many
jurisdictions in the Western United States are now addressing regional impacts of climate
change, there is a need for science-based exploration tools for scientists, farmers, policymakers,
and the general public to better understand the complexity of vulnerabilities and adaptation
options for increasing agricultural sustainability (i.e., achieving agricultural productivity and
profitability, environmental quality, and social well-being) in rural landscapes.

California’s Climate Change Scenarios Project has focused on determining impacts from
plausible climate change scenarios (Cayan et al. 2008a). Use of Global Circulation Models
(GCM) for future climate projections have used two scenarios from the International Panel on
Climate Change (IPCC) that are based on storylines for high and low GHG emissions (A2 and
B1 scenarios, respectively) (Cayan et al. 2008b). For agriculture in California, climate change will
have impacts on water availability, crop physiology, production (Cavagnaro et al. 2006), and
pest and disease problems (Gutierrez et al. 2008), especially for the A2 scenario by the end of
this century.

Addressing agricultural vulnerabilities and adaptive capacity is part of California’s new
statewide climate adaptation strategy. A place-based vulnerability approach deals with climate
change as one of many other long-range issues such as changes in commodity production,
stewardship of natural resources, land use, population growth, and urbanization in a regional
system. The capacity of a rural population to adapt with climate change and other uncertainties
depends largely on its collective ability to assemble and process information and respond in
site-specific and context-relevant ways (Adger 2003). Adaptive strategies will require input
from many disciplines, including agronomy, ecology, economics, land use planning, and
political science. And the involvement of multiple types of stakeholders must inform the
assessment and planning process, so that adaptive management can proceed in response to a
knowledge base that is continuously developing (Pretty and Smith 2004).

The strong science-policy interface for climate change in California has generated a great deal of
agricultural interest in the implementation of the law to reduce statewide GHG emissions,
California Assembly Bill 32 (AB 32), known as the Global Warming Solutions Act of 2006.!

! Assembly Bill 32 (Nufiez), Chapter 488, Statutes of 2006.
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Under AB 32, the state’s GHG emissions are to be reduced to 1990 levels by 2020 through
mandatory reporting, emission limits, and reduction measures, as implemented by the
California Air Resource Board. It also establishes a goal of 80 percent reduction by 2050 and
proposes a cap-and-trade policy for GHG emissions. Agricultural GHG emissions will not be
included in the cap, but there may be potential for trading carbon offsets from agricultural
practices. Senate Bill 375 (SB 375) connects land use planning (and obviously agricultural land
use change) with implementation of AB 32. It requires a Climate Action Plan for mitigation of
GHG emissions in the unincorporated areas of each county in California. This process is
engaging farmers and other agricultural stakeholders in detailed accounting of GHG emissions
from production and processing practices, and thereby beginning to create greater awareness of
vulnerabilities and adaptation options as well.

In Yolo County, an agricultural county in California’s Central Valley, an interdisciplinary group
of researchers has worked with a diverse group of stakeholders to understand potential
vulnerabilities to climate change and options for adaptive management. The first phase of the
project used literature review of management and GHG emissions for various crops, historical
records of resource use, and geographic information system (GIS)-based queries of land use to
set the stage for analysis of different scenarios (Jackson et al. 2011). The current phase takes a
more quantitative approach to understanding adaptation options, and several of the projects
utilize GCM data for future climate projections (Tyree and Cayan, unpublished data). The
projects include:

e Econometric analysis of crop choices under future climate change projections
(Section 2);

e Use of the Water Evaluation and Planning (WEAP) model (Yates et al. 2005a; Yates
et al. 2005b) to assess how future climatic and economic projections will impact the
local water supply and to test the efficacy of various mitigation and water
conservation strategies (Section 3);

e Assessment of countywide agricultural GHG emissions and engagement in the
development of Yolo County’s Climate Action Plan (Section 4);

e Survey of farmers’ ideas and attitudes on climate change, and on adoption of climate
change mitigation and adaptation strategies (Section 5); and,

e Exploration of how future urbanization scenarios might impact the county’s
farmland with the urban growth (UPlan) model (Section 6).

In addition to assembling the information and tools necessary for a place-based approach, this
project has served as a bridge between various stakeholders to discuss and evaluate long-term
planning options for agriculture in Yolo County. Uncertainty is an inherent part of climate
change planning. Our intention is to create planning information that can be used for other
California counties, through this document and a website.



1.1 Yolo County: Background on Agriculture as Relevant to Climate
Change

Yolo County is in the Sacramento Valley of Northern California. It extends westward from the
Sacramento River to the Coast Range Mountains (Figure 1.1). The alluvial plains support a
diverse set of irrigated perennial and row crops. The most important crops are tomatoes, alfalfa
hay, wine grapes, and almonds. Upland summer-dry grasslands and savannas are grazed by
cattle. The few small towns and cities have experienced a changing mixture of urban, suburban,
and farming-based livelihoods through the past few decades.

In Yolo County, there are approximately 500 farms with an average size of about 500 acres (Yolo
County Agricultural Commissioner’s Office; USDA 2009; Richter 2009). Many farms

(>25 percent) produce sales >$100,000 per year. Yolo County is ranked 23 by value of sales of
California’s 58 counties (USDA 2007). Roughly 2 percent of the county’s production is
consumed within the Sacramento region (SACOG 2010).

The 653,452 acres (264,443 hectares) of Yolo County are largely agricultural (538,043 acres or
217,738 hectares) (FMMP 2008). Important farmland (defined as several categories of cultivated
land for grains, row crops, orchards, and vineyards) is 57 percent, and livestock grazing land is
24 percent, while urban and built-up land is only 4.6 percent of the county’s acreage (FMMP
2008).

During the past few decades, there has been a trajectory toward less crop diversification of
county acreage, larger farm sizes, but fairly stable markets for commodities (Jackson et al. 2009;
Jackson et al. 2011). Most commodities are managed with high intensification of agricultural
inputs (e.g., fossil fuels, fertilizers, and pesticides). The number of organic farms, however, is
growing. A recent survey showed that many riparian corridors have low scores for soil quality
and riparian health (Young-Mathews et al. 2010), and there is concern about transport of
pesticides to the San Francisco Bay delta (Moore et al. 2008). Environmental quality is now
receiving more attention, with active participation in programs from several agencies.

Preservation of agricultural land has been a strong priority in Yolo County, and planning is
focused on regional land use guidelines that maintain land in agricultural production and
concentrate new development into urban areas (Richter 2009). Regions within Yolo County are
distinguished by their land forms (plains, hills, or mountains), proximity to the Sacramento
River and Delta (and its cooler microclimate), water availability (surface water, groundwater,
and the feasibility of irrigation deliveries), and the influence of small towns and cities. The
regions differ in crop commodities. There is greater prevalence of wine grapes along the river,
processing tomatoes in the alluvial plains, and organic fruits and vegetables in an isolated,
narrow valley to the north. The regions also have different trends and targets for urban growth,
rural housing, and wildlife habitat creation. Flooding along the Sacramento River poses the
most significant regional hazard from climate change; water flows will increase by at least

25 percent by 2050 due to a decrease in snowpack in the Sierra Nevada (Cayan et al. 2008b).



1.2 Previous Work on Climate Change Impacts on Yolo County
Agriculture

Climate simulations by Global Climate Models (GCM) show that mean annual temperature will
rise by 1°C to 3°C (1.8°F to 5.4°F) by 2050, the time frame of this case study (Cayan et al. 2008b).
Heat wave days (i.e., thresholds that exceed the approximate mean maximum summer
temperature) will increase two- to three-fold by 2050. Precipitation is likely to decrease toward
the end of the century, depending on the assumptions of each GCM. Hydrological changes
suggest, however, that drought is already increasing and will become more severe and variable
with time (Barnett et al. 2008; Cayan et al. 2010). Water supply has been considered the most
uncertain aspect of climate change for farmers in Yolo County, who rely on groundwater for
approximately 30 percent of their supply in a normal water year (WRA 2005). It should be
emphasized that GCM models are not “predictions,” but rather, are plausible scenarios of
climate sequences over a long-term period.

The previous phase of this case study examined possible impacts of increased temperature and
decreased precipitation on Yolo County crops (Jackson et al. 2011). Horticultural crops will
likely experience more problems from heat than field crops, due to greater temperature
sensitivity of their reproductive biology, water content, visual appearance, and flavor quality
(Backlund et al. 2008; Bazzaz and Sombroek 1996). A warmer temperature regime is likely to
shift more “hot-season” horticultural crops, such as melon and sweet potato, into Yolo County’s
horticultural “warm-season” crop mix (e.g., tomato, cucumber, sweet corn, and pepper).
Warmer winter temperatures may allow “cool-season” crops such as lettuce and broccoli,
whose short growth seasons could permit two crops per year, unlike winter grains at present.
Expansion of citrus production (Reilly and Graham 2001), and of heat and drought-tolerant
trees, such as olive (Gutierrez et al. 2008), are likely options especially because reduction in
winter chill hours will reduce flowering in stone fruits, nuts, and grapes (Baldocchi and Wong
2008). During the past 25 years, crop diversity has decreased in Yolo County (Jackson et al.
2011). Diversity may increase if farmers find that resilience, especially to extreme events such as
heat waves, is enhanced by a species mix that varies in stress tolerance (O’Farrell and Anderson
2010).

Forage production for livestock in upland grasslands and savannas may increase with warmer
winter temperatures during the winter rainy season, but field experiments with elevated CO2
(eCO2) do not corroborate this expectation (Shaw et al. 2002). More nitrogen (N) limitation will
likely occur under eCO2 (Dukes et al. 2005; de Graaff et al. 2006). If N-fixing legumes become
more abundant in response to warmer winter temperatures, however, the N supply will
increase. Thus, it is unclear if livestock production on these rangelands will actually increase
due to climate change, especially in dry years, which require lower stocking rates, earlier animal
removal dates, and transport to irrigated, permanent pasture.



Figure 1.1. Map of Yolo County, California, Showing Land Use Types. The Sacramento River is the eastern boundary of the county. The
Coast Range Mountains extend north-south along the western edge.
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Pests and diseases are another major uncertainty: warmer temperatures can increase ranges and
population sizes, and change the trophic interactions that currently provide biological control of
invasive species (Gutierrez et al. 2008). At present, no comprehensive compilations from
California Department of Food and Agriculture (CDFA) or the National Plant Diagnostic
Network (NPND) exist to show new invasive species to target for a warmer climate (Richard M.
Bostock, personal communication). Some literature suggests that it is more efficient to focus on
the spread of already naturalized species rather than from new potential invasive species at the
importation stage (Smith et al. 1999). Yet, the Yolo County Agricultural Commissioner, John
Young (personal communication), notes that several recently arrived pests are becoming severe
problems, such as the European grapevine moth in vineyards, spotted wing drosophila on
cherries, and Japanese dodder on a wide range of cultivated and wildland plant species.
Quarantines are especially difficult for Yolo County because so little of the crop production is
consumed within its boundaries, and thus economic hardship occurs unexpectedly for all
growers of a particular commodity.

Discussions with the Yolo County University of California (UC) Cooperative Extension farm
advisors indicated special concern for stripe rust on wheat (especially under wetter conditions),
insect pests on nuts, medfly, corn earworm on tomato, tomato spotted wilt virus, and earlier
activity of perennial weeds such as bindweed (Jackson et al. 2011). Very recently, alfalfa stem
nematode has become a serious pest in the Sacramento Valley, possibly because winter
minimum temperatures have reached the lower limit of reproduction for the species (Long
2010). On the other hand, some pests may become less serious; high summer temperatures are
likely to reduce the fecundity and survival of the olive fly in this area, which will cause olive
yields to increase (Gutierrez et al. 2008).

Decisions on strategies for adapting to these types of climate change vulnerabilities are not only
made by growers. Public institutions, researchers, and non-governmental organizations (NGOs)
become involved in decision-making by gathering information, stimulating awareness, and
generating collective action. At present, California’s strong emphasis on reducing GHG
emissions suggests that mitigation and adaptation should be dual components of climate
change decision-making. Some authors have made the case that most categories of adaptation
measures have positive impacts on mitigation of GHG emissions (Smith and Olesen 2010). This
may be too optimistic. First, agricultural soils may emit more potent GHG (N20 and CHs) in a
future CO2z-enriched atmosphere (van Groenigen et al. 2011). Second, detailed analysis of crop
management may show tradeoffs between mitigation and adaptation goals. An analysis of
benefits of different management options for mitigation and adaptation benefits in Yolo County
showed that synergies are often complex (Jackson et al. 2009; 2011 and references therein;

Table 1.1). Changes in crop diversity, irrigation methods, fertilizer management, and tillage
practices often are more beneficial for either mitigation or adaptation. Rather than change a
single practice, major changes in cropping systems will be needed to meet production and
mitigation goals. For example, a conventional tomato system with furrow irrigation and knife
injection of fertilizer emitted 3.4 times more N20 and had lower yields than an integrated
tomato system with drip irrigation, reduced tillage and fertigation on the same soil type
(Kennedy 2011). But drip irrigation, unlike furrow irrigation, does not recharge groundwater,
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leaving farmers more vulnerable to long-term drought. More comprehensive analysis of these
complex relationships is needed.

Table 1.1. Analysis of Agricultural Management Options in Yolo County, the Benefits for Mitigation
of GHG Emissions vs. Benefits for Adaptation to Climate Change, and Tradeoffs between These

Goals. For more detail and specific references, see Jackson et al.
2009 and 2011.

Benefits for

Benefits for

Agricultural Mitigation of Agricultural
Management Greenhouse Gas Adaptation to
Options Emissions Climate Change Tradeoffs
Crop Certain crop rotations | Diversity may offset | Implementation,
diversification can promote the some of the risks equipment, and labor are

sequestration of soil
carbon (C).

from weather
variation due to
climate change.

costly. New markets are
needed.

Plant tree and vine
crops

Perennial woody crops
increase C storage, but
are not permanent.

Cultivars and species
should be less
vulnerable to long-
term drought and
reduced chill hours.

Low permanence of C
stocks may pose
problems for if a carbon
market is established.

Selection of crop

Lower N and water

New genotypes may

Suites of beneficial traits

genotypes that inputs contribute to increase production | need research for each
benefit from eCO2, | decrease N2O under environmental | crop, and crop breeding
WUE! and NUE! emissions. stress. takes time.

Irrigation Drip irrigation can Under drought, Equipment and energy
management decrease N20O shifting to drip or for pressurization are

emissions. Deficit
irrigation may
decrease N leaching
and offsite emissions.

deficit irrigation and
crops with higher
value will increase
returns.

needed. Drip does not
recharge groundwater
even in wet years.

Fertilizer use

Lower N inputs will
decrease N0
emissions, N leaching,
and offsite emissions.

Conventional crop
production will be
unaffected by a 25%
decrease in N
fertilizer at present.

N fertilization may help
compensate for eCOz
effects on crop
physiology and lower
protein.

Winter cover crops

Soil C sequestration
may increase, and
fertilizer N may
decrease N2O
emissions.

Higher soil organic
matter increases soil
health, water
infiltration, and other
benefits.

Cool-season cash crops
are not possible. Soil
water recharge for
summer crops is reduced.
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Table 1.1 (continued)

Agricultural Benefits for Benefits for Tradeoffs

Management Mitigation of Agricultural

Options Greenhouse Gas Adaptation to
Emissions Climate Change

Tillage Low-till or no-till Reduced fossil fuel Likely production
show few GHG use will become problems are seed
mitigation benefits important if fuel establishment and
here but decrease prices rise. efficient movement of
fossil fuel inputs. irrigation water.

Manure Methane digesters Use of on-farm Yolo County has only

management convert dairy manure- | renewable energy one dairy, and manure
derived CHa to reduces dependence | cannot be managed for
electricity. on purchased inputs. | rangeland cattle.

Farmscaping Perennial vegetation Benefits from habitat | Research is needed to

on marginal lands can
increase C storage and
reduce N2O emissions.

and biodiversity may
indirectly increase
pest control.

show co-benefits and
justify cost-share
programs for
implementation.

Organic production

Soil C sequestration
can increase and N20
emissions can
decrease, depending
on management.

Diversity may offset
risks. Some pests may
increase without
pesticide. More crops
per year are common.

New markets are needed
to support expanded
organic production.

Biomass utilization
for energy and fuel
production

Use of farm waste as
feedstocks is a source
of renewable energy
which is currently
dumped or
inefficiently used.

Agricultural wastes
rather than biofuel
production may
increase make
farmers more energy
independent.

Efficient use of clean
renewable energy
requires new technology
and infrastructure to
allow metering on the
grid.

'WUE = Water Use Efficiency; NUE = Nitrogen Use Efficiency

Phase I of this project also considered agricultural adaptation strategies that addressed regional

issues such as hydrology, growers” attitudes toward climate change, and urbanization vs.
preservation of farmland (Jackson et al. 2011). These topics are explored in more quantitative

ways here in Phase II.

1.3 Climate Change Scenarios for Agriculture in Yolo County

Global Climate Models (GCM) of the IPCC A2 (high GHG emission) and B1 (lower GHG

emission) scenarios in 2050 are relatively similar in temperature regime (Cayan et al. 2008b). Yet
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the IPCC storylines that underpin these two scenarios vary immensely due to their assumptions
about different socioeconomic responses to climate change (Nakicenovic and Swart 2000). In the
first phase of this research, “downscaling” the global IPCC storylines to local situations was
based on regional planning documents, input from various stakeholders, and discussion with
the project’s steering committee (Jackson et al. 2009). In the current phase, our sub-projects use
the A2 and B1 scenarios in different ways. The econometric analysis and water resource
modeling sub-projects use the projected temperature and precipitation of GCM models
(Sections 2 and 3), whereas the urbanization model uses the downscaled narrative storylines
(Section 6), which can be summarized as follows (Jackson et al. 2009 and 2011):

A2. “Regional Enterprise.” Increased population growth and doubling of urban land occurs in
this rapid growth and economic development. Agricultural production remains mainly as
large-scale monocultures, with some reduction in the intensity of soil, fertilizer, and water
management that reduce energy use and GHG emissions. Little advance planning for extreme
events results in larger variation in production from year to year due to climate change-induced
water shortages and flooding risk.

B1. “Global Sustainability.” Lower population growth and more compact urban development
preserve agricultural land. Growers diversify their crop mix for resilience, and reduce intensity
of N-based fertilizer use and tillage. Organic-based practices emphasize renewable inputs and
nutrient retention, and carbon (C) storage. Water stewardship is tuned to annual variation in
precipitation, water-use efficiency, and groundwater recharge. Conservation practices create
wetlands in flood-prone areas and vegetated corridors along waterways and farm margins.

These downscaled storylines are intended to expand the analysis of agricultural responses to
climate change to include many sectors of society and a wide set of ecosystem services. A
landscape approach is utilized in each of the subsequent sub-projects to examine the larger set
of regional issues that affect the options for adaptive management, using these scenarios as
guidelines for plausible outcomes.
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