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PREFACE

California’s Climate Change Assessments provide a scientific foundation for understanding
climate-related vulnerability at the local scale and informing resilience actions. These
Assessments contribute to the advancement of science-based policies, plans, and programs to
promote effective climate leadership in California. In 2006, California released its First Climate
Change Assessment, which shed light on the impacts of climate change on specific sectors in
California and was instrumental in supporting the passage of the landmark legislation
Assembly Bill 32 (Nunez, Chapter 488, Statutes of 2006), California’s Global Warming Solutions
Act. The Second Assessment concluded that adaptation is a crucial complement to reducing
greenhouse gas emissions (2009), given that some changes to the climate are ongoing and
inevitable, motivating and informing California’s first Climate Adaptation Strategy released the
same year. In 2012, California’s Third Climate Change Assessment made substantial progress in
projecting local impacts of climate change, investigating consequences to human and natural
systems, and exploring barriers to adaptation.

Under the leadership of Governor Edmund G. Brown, Jr., a trio of state agencies jointly
managed and supported California’s Fourth Climate Change Assessment: California’s Natural
Resources Agency (CNRA), the Governor’s Office of Planning and Research (OPR), and the
California Energy Commission (Energy Commission). The Climate Action Team Research
Working Group, through which more than 20 state agencies coordinate climate-related
research, served as the steering committee, providing input for a multisector call for proposals,
participating in selection of research teams, and offering technical guidance throughout the
process.

California’s Fourth Climate Change Assessment (Fourth Assessment) advances actionable
science that serves the growing needs of state and local-level decision-makers from a variety of
sectors. It includes research to develop rigorous, comprehensive climate change scenarios at a
scale suitable for illuminating regional vulnerabilities and localized adaptation strategies in
California; datasets and tools that improve integration of observed and projected knowledge
about climate change into decision-making; and recommendations and information to directly
inform vulnerability assessments and adaptation strategies for California’s energy sector, water
resources and management, oceans and coasts, forests, wildfires, agriculture, biodiversity and
habitat, and public health.

The Fourth Assessment includes 44 technical reports to advance the scientific foundation for
understanding climate-related risks and resilience options, nine regional reports plus an oceans
and coast report to outline climate risks and adaptation options, reports on tribal and
indigenous issues as well as climate justice, and a comprehensive statewide summary report.
All research contributing to the Fourth Assessment was peer-reviewed to ensure scientific rigor
and relevance to practitioners and stakeholders.
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For the full suite of Fourth Assessment research products, please
visit www.climateassessment.ca.gov. This report advances understanding of multiple benefits,

including increased climate resilience, of increasing the organic matter content of soils across
California’s working lands.
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http://www.climateassessment.ca.gov/

ABSTRACT

Rising air temperatures are projected to continue to drive up urban, agricultural, and rangeland
water use, straining both surface and groundwater resources. Scientific studies have shown that
managing farms, ranches, and public lands to increase soil carbon can increase soil water-
holding capacity and increase hydrologic benefits such as increased baseflows and aquifer
recharge, reduced flooding and erosion, and reduced climate-related water deficits. Coincident
improvements in forage and crop yields are also indicated, while simultaneously sequestering
carbon, reducing atmospheric greenhouse gases and mitigating climate change. This study was
developed to consider the multiple benefits of increasing the organic matter content of soils
across California’s working lands.

Study results indicate that a one-time '4” application of compost to rangelands can lead to
carbon sequestration rates in soils that are maximized after approximately 15 years, and more
than offset greenhouse gas emissions stimulated by the compost addition for at least five
decades longer. Modeled increases in total soil organic matter of 3% enhanced hydrologic
benefits across 97% of working lands, and reduced climate change impacts. Economic valuation
indicated all benefits increasing over time, demonstrating a large potential for the California
carbon market to support incentives in regionalizing the impacts in the coming decades.
Socioeconomic and related land use pressures pose barriers to implementing management
practices to increase soil organic matter by driving conversion of rangeland to urban or to more
greenhouse-gas emission intensive agriculture. Results can be effectively used with land use
change scenarios to identify where on California’s working lands hydrologic benefits of soil
organic matter enhancement coincide with development risk, highlighting counties in
California in which there may be resilience to climate change when strategic soil management
and land conservation are combined.

Keywords: compost, soil organic matter, land management, California, climate change, carbon
sequestration, economic benefits
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HIGHLIGHTS

Field and model results indicate that a one-time 4” application of compost to
California’s working lands (rangelands and crop lands) leads to carbon sequestration
rates in soils that are maximized after approximately 15 years, and more than offset
greenhouse gas emissions stimulated by the compost amendment for at least five
decades longer. Regionalization of compost applications to only 6% of rangelands in
California resulted in an estimate of 8.4 — 8.7 million metric tons of CO, equivalents at
maximum sequestration, 15 years after compost amendment.

Increases in total soil organic matter of 3% increased the soil water holding capacity b
up to 4.7 million acre-feet across@ll'working lands in California, with hydrologic
benefits greatest in locations with enough precipitation to fill increases in soil storage
capacity. The benefits of increasing soil organic matter included a reduction of climate
change impacts to hydrologic variables in comparison to no-action soil management.
Reductions in climate impacts averaged over the state for a wet future were 1-8% in
comparison to baseline, and reductions for a dry future were 1-3% in comparison to
baseline, but many locations had reductions in climate change impacts of up to 50% by
the end-of-century.

Economic valuation of benefits due to changes in soil organic matter included
provisioning services associated with above-ground forage productivity, and regulating
services associated with below-ground carbon sequestration and groundwater recharge.
Estimated benefits from all services increased over time in the future, and analyses
demonstrated a large potential for the California carbon market in the coming decades.

Socioeconomic and related land-use pressures pose barriers to implementing
management practices to increase soil organic matter by driving conversion of
rangeland and cropland to development for more greenhouse gas emission intensive
agriculture. Results can be effectively used with land-use change scenarios to identify
where on California’s working lands hydrologic benefits coincide with development
risk, highlighting counties in California that may have locations providing resilience to
climate change when strategic soil management and land conservation are combined.

Analyses indicate potential hydrologic benefits from soil management on Williamson
Act lands are an order of magnitude greater than potential losses related to future
development, totaling over 700,000 acre-feet annually state-wide in a wet climate
scenario. Existing barriers to management can potentially be overcome by strengthening
existing efforts/infrastructure/programs, developing flexible and diverse funding
mechanisms and tailored outreach programs to landowners.

Increased soil organic matter can be achieved in multiple ways to increase soil water-
holding capacity, forage and crop yields, increase baseflows and aquifer recharge,
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reduce flooding and erosion, increase carbon sequestration, and reduce climate-related
water deficits, therefore developing hydrologic resilience to climate change while
simultaneously reducing atmospheric greenhouse gases. Prioritized investment in
California's working landscapes will yield multiple ecosystem service benefits by
targeting conservation and management actions on grasslands in locations or counties
that can gain the most benefit.
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1: Introduction

1.1 Background

Climate change poses severe risks to working landscapes in California, those lands that are used
for forest production, grazing or other production of food, and for this study include
rangelands and croplands. Risks are posed to all the ecosystem services provided by these
working lands, including not just food, but also habitat, carbon storage, and water supply for
urban and rural communities, agriculture and wildlife. A healthy landscape offers increased
resilience to climate change, increased water quality and net primary productivity, and buffers
the impacts of environmental stress leading to forest die-off, wildfire, flood and drought (Rojas
et al., 2016; Stocking, 2009; Flint et al., 2018; vanMantgem et al., 2013).

Rangelands and croplands, including publicly and privately managed lands, comprise a large
portion of the land base in California (Figure 1.1). Increasing soil carbon can serve as a climate
adaptation strategy due to its documented beneficial effects on soil erodibility, soil water-
holding capacity, soil temperature and net primary productivity (Ryals and Silver, 2013).
Enhancing soil carbon in working lands at scale has the potential to measurably reduce
greenhouse gas levels in the atmosphere, increase the sustainability of working landscapes and
ensure the provision of other ecosystem services, including water, food and wildlife habitat
(Rojas et al., 2016).

Active management of working lands for enhanced carbon sequestration in soils and vegetation
has a critical role to play in helping California develop resilience to climate change while
simultaneously reducing atmospheric greenhouse gases. “Carbon farming” is a systems
approach to land management that involves implementing practices that can improve the rate
at which carbon dioxide (CO,) is removed from the atmosphere and converted to plant material
and/or soil organic matter (Evans et al., 2015; Lin et al., 2013). Carbon farming integrates
ecological site assessment and mapping in conservation planning, uses dynamic ecosystem
carbon models to predict and measure increases in farm-system terrestrial carbon stocks, and
incorporates hydrologic modeling to evaluate potential long-term impacts to on-farm water
resources. Benefits of carbon farming include: increased soil organic matter (SOM), increased
forage and crop yields, increased soil water-holding capacity (WHC) and reduction in total
landscape demand for water, carbon sequestration, reduction of atmospheric greenhouse gases
(GHG) and diversion of urban and agricultural organic waste from methane-producing
anaerobic disposal in landfills and manure lagoons, and from burning (Ryals et al., 2014).

Multiple benefits of increasing SOM include hydrologic benefits. Water that stays in the
watershed as recharge can serve to preserve baseflows and riparian systems during low-flow
periods and can potentially serve to sustain infiltration to the groundwater system (Flint et al.,
2013). Increases in WHC can facilitate the reduction in climatic water deficit (calculated as
potential minus actual evapotranspiration, the annual evaporative demand that exceeds
available water) and increases in actual evapotranspiration, which implies greater soil moisture,
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less irrigation demand and landscape stress (Flint et al, 2013; Stephenson, 1998), an increase in
net primary productivity (NPP, equivalent to actual evapotranspiration, see Section 3.3)), lower
fire risk (vanMantgem et al., 2013), and increased drought resiliency (Flint et al., 2018) and
carbon capture capacity (Ryals and Silver, 2013).
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Figure 1.1: Map of working lands study area in California (from FRAP, 2014).

Rangelands and croplands have significant potential for sequestering additional carbon and
improving hydrologic conditions with improved management. Successfully managing for
enhanced terrestrial carbon storage will require understanding ecosystem dynamics in a
changing climate, as well as identifying and overcoming economic and institutional barriers to



managing working lands for enhanced carbon sequestration, hydrologic benefit, and climate
change resilience.

1.2 Goals and Objectives

California’s Fourth Climate Change Assessment (CCCA4) is intended to support and uphold
California’s leadership in climate change policy, which is built on a strong foundation of
research addressing the impacts of climate change on the state, as well as strategies to
dramatically reduce greenhouse gas emissions. In turn, the state’s research responds directly to
policy needs related to safeguarding California from these impacts. The research portfolio is
designed to address near-term climate change research needs to ensure that the state stays on
track to meet its climate goals. A win-win scenario is tested in this project, whereby addition of
organic matter to soils on California’s working lands can both sequester carbon to reduce
greenhouse gas emissions, while at the same time introduce hydrologic benefits that increase
sustainability of our state’s hydrologic resources in the face of a changing climate.

While forests and rangelands (and, to a lesser extent, croplands) have been proven to have high @
potential for sequestering carbon, successfully managing these working lands for carbon
storage requires developing California-specific understandings of ecosystem dynamics in a
changing climate as well as economic dimensions of and institutional barriers to preserving
working lands in a manner that provides adaptation benefits while sequestering carbon. This
study is intended to focus on rangelands and croplands to assess threats from climate change
and examine the benefits of increasing soil organic matter to sequester carbon and reduce
greenhouse gas emissions, enhance ecosystem services, and increase resilience of the landscapes
to climate change. Section 2 uses data generated from published and ongoing field and lab trials
to simulate increased capacity for ongoing future sustainability of carbon sequestration. These
data are also used to constrain water balance model estimates of soil moisture and
evapotranspiration generated in Section 3 that quantifies the potential changes in soil water-
holding capacity (WHC) and carbon sequestration for rangeland and cropland soils statewide in
response to increases in SOM. Using this approach, Section 3 relies on current soil properties to
calculate maximum potential benefit of increased SOM for all grasslands, pasture and arable
lands in California. Limits to soil improvements are illustrated, as not all of these lands benefit
hydrologically from increases in SOM (e.g. wetlands, vernal pools, serpentine or clayey soils).
Benefits are calculated as increases in natural recharge (including no augmentation as used in
California's Sustainable Groundwater Management Act, SGMA), increased actual
evapotranspiration or net primary productivity, or decreased runoff and climatic water deficit
(irrigation demand or landscape stress). Results from Sections 2 and 3 are used to quantify the
potential benefits in ecosystem services—specifically, water (surface water, soil water, and
groundwater), increases in actual evapotranspiration and forage, and GHG benefits—under
current conditions and future climate scenarios, providing tools to prioritize soils statewide for
SOM/SOC enhancement efforts. Additionally, results from Sections 2 and 3, including results
from future climate simulations, are used in Section 4 to estimate the economic value of both no-
action and management actions leading to SOM increases, with respect to system hydrology
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and carbon sequestration for a representative sample of agricultural crops and rangeland types.
Finally, on the basis of results from Section 3, we identify in Section 5 the barriers to and
incentives for farmland and rangeland carbon storage enhancement within a climate-smart
land-use planning framework statewide under current and projected climate and land-use
scenarios.

1.3 Study Area

The working lands of interest include all those identified as grasslands (annual grasslands,
perennial grasslands, pasture), oak woodlands (blue oak-foothill pine, blue oak woodland,
coastal oak woodland, valley oak woodland), shrublands (coastal scrub), and croplands
(cropland, dryland grain crops, deciduous orchard, evergreen orchard, irrigated grain crops,
irrigated row and field crops, irrigated hayfield, vineyard) in the Wildlife Habitat Response
(WHR) class of the vegetation type map (California State Department of Forestry and Fire
Protection GIS Data (FRAP) 2016). Section 2 analyses focus solely on annual grasslands,
whereas statewide calculations done by Section 3 include all working lands. A mask was made
to exclude all non-working land areas that wouldn’t be suitable for strategic soil management,
such as urbanized areas or low-rainfall deserts, and thus were not included in the analyses or
calculations. Analyses on irrigated cropland soils assumed crops had actual evapotranspiration
rates equal to annual grasslands as the water balance model used in Section 3 does not
incorporate deliveries or pumping into water availability calculations. Analyses of croplands
therefore emphasize the climate, existing soil properties, and energy loading occurring in these
locations. The study area selected for analysis depicting California’s working lands is 28% (93
million acres) of the total area of California, with grasslands making up 39% of the study area
(36.5 million acres), oak woodlands 18% of the study area (17 million acres), shrublands 6% of
the study area (6 million acres), and croplands 36% of the study area (33.6 million acres).

1.4 Climate Change Projections

This project used climate change projections evaluated by the CCCA4 technical advisory group
(DWR-CCTAG, 2015) for use by project participants in evaluating impacts of climate change on
the various sectors and environmental variables studied as part of the assessment. Ten Global
Climate Models (GCMs) were selected from the full CMIP5 ensemble (DWR-CCTAG, 2015)
based on GCM historical performance and to address specific needs for California water
resource planning. These ten GCMs were statistically downscaled using the localized
constructed analogs (LOCA) method (Pierce et al., 2014) from 2° to 6-km resolution and the
Livneh historical baseline climate dataset from 1979 to 2013 (Livneh, 2013) as a training dataset
(Pierce et al., 2014). The LOCA method has been shown to produce better estimates of extreme
events and reduces the common downscaling problem of too many light-precipitation days
(Pierce et al, 2014). These 20 projections, available as daily data, were then spatially downscaled
following methods described in Flint and Flint (2012) from 6-km spatial resolution to 270-m.
The daily climate was applied to the DayCent model in Section 2, and it was aggregated to
monthly and applied to the Basin Characterization Model to develop monthly hydrological



surfaces for baseline conditions and future climates to inform this and other CCCA4 projects. A
subset of four models were chosen by the technical advisory group to represent priority models
that highlight the range of projected future conditions from wet and warm to hot and dry as
noted below.

Table 1.1: Future climate models used in California’s Fourth Climate Change Assessment.

Model name Institute 1D Modeling center or group

ACCESS1.0 CSIRO-BOM | Commonwealth Scientific and Industrial Research Organization (CSIRO)
and Bureau of Meteorology (BOM), Australia

CanESM2 CCCMA Canadian Centre for Climate Modeling and Analysis, Canada

CCsM4 NCAR National Center for Atmospheric Research, USA

CESM1-BGC NSF-DOE- Community Earth System Model National Science Foundation (NSF);

NCAR Department of Energy (DOE), and National Center for Atmospheric

Research (NCAR), USA

CMCC-CMS CMCC Centro Euro-Mediterraneo per | Cambiamenti Climatici, Italy

CNRM-CM5 CNRM- Centre National de Recherches Météorologiques (CNRM) / Centre

CERFACS Européen de Recherche et Formation Avancée en Calcul Scientifique

(CERFACS), France

GFDL-CM3 NOAA GFDL | National Oceanic and Atmospheric Administration (NOAA) Geophysical
Fluid Dynamics Laboratory (GFDL), USA

HadGEM2-CC MOHC Met Office Hadley Centre, United Kingdom

HadGEM2-ES MOHC Met Office Hadley Centre (additional HadGEM2-ES realizations
contributed by Instituto Nacional de Pesquisas Espaciais), United Kingdom

MIROC5 MIROC Atmosphere and Ocean Research Institute (The University of Tokyo),
National Institute for Environmental Studies, and Japan Agency for
Marine-Earth Science and Technology, Japan

This project used a subset of the priority scenarios for the various applications described in the
subsequent sections. These included CanESM2 and HadGEM2-ES. The results of the annual
changes in precipitation and average air temperature for 2007-2099 for representative

(RCP) 8.5 (Figure 1.2, Table 1.2) indicate that these models have very
temperature for future 30-year periods, increasing to 5.2°C (41.4°F) when
averaged over the state. Precipitation differs between the models however, with the CanESM2
model increasing about 229 mm/year (9 inches/year) by the end-of-century, and the
HadGEM2-ES model only increasing 89 mm/year (3.5°F) by end-of-century (although with a
decline below historical in the mid-century). Notable, however is the difference in the
variability of precipitation between the models with the CanESM2 having a much higher range
of annual precipitation, many more above-historical-peak years and several years lower than
the HadGEM2-ES model.

concentration pathy

similar increases in
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Section 2 used model CanESM2 for both RCPs to evaluate a warm-wet model for both mitigated
and business-as-usual futures. Sections 3, 4, and 5 used CanESM?2 and HadGEM2-ES, RCP 8.5 to
evaluate differences in wet and moderately wet models for the business-as-usual emissions
scenario. While Sections 3 and 5 included results from mid- and end-of-century, Sections 2 and
4 highlighted mid-century results as shorter-term planning resources. Results for CanESM2,
RCP 8.5 are comparable for all sections of the project.

CanESM2 rcp8.5 HadGEM2-ES rcp8.5
(warm, wet) (warm, moderately dry)
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Figure 1.2: Annual time series of precipitation and average air temperature for two future climate
models for representative concentration pathway 8.5.

Table 1.2: Precipitation and average air temperature for the historical baseline period 1981-2010
and three 30-year mean time periods for two future climate models for representative
concentration pathway 8.5.

Precipitation in mm/year

Historical CanESMrcp 8.5 HadGEM-ES rcp 8.5
Mean St Dev Mean St Dev Mean St Dev
1981-2010 587 206

2010-2039 666 235 672 198
2040-2069 802 298 572 175
2070-2099 858 346 676 176

Average air temperature, in deg C

Recent CanESMrcp 8.5 HadGEM-ES rcp 8.5
Mean  StDev Mean  StDev Mean St Dev
1981-2010 14.1 0.7

2010-2039 15.9 0.6 15.6 0.7
2040-2069 17.5 0.7 17.4 1.0
2070-2099 19.3 0.8 19.3 0.6

21
20
19
18
17
16
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Average air temperature, deg C



2: The Potential for Carbon Sequestration in California
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2.1 Introduction and Objectives
2.1.1 Background

Grasslands cover 30% of Earth’s ice-free terrestrial surface (White et al., 2000), and over 11% of
California, while occupying 40% of California's working lands (Figure 1.1). Grassland soils are a
major reservoir for carbon (Jobbagy & Jackson, 2000). This global expanse of grassland is largely
degraded with respect to carbon (Bai et al., 2008), such that changes in environmental
conditions through climate change or changes in land management could have a measurable
impact on the global carbon budget.

Land management approaches that increase plant growth and/or add C directly to soils have
been proposed as climate change mitigation strategies, as these practices have the potential to
increase soil organic carbon (SOC) storage (“soil C sequestration”). Field studies from managed
grasslands in Marin and Yuba counties showed that a one-time addition of compost can have a
lasting and climate-beneficial impact on plant productivity and SOC storage (Ryals & Silver,
2013; Ryals et al., 2014). The long-lasting climate benefit is likely due to the enduring increase in
plant productivity (especially belowground) due to the stimulation from the one-time compost
application, as the amended compost particles decompose within a few years (Ryals ef al,
2015).

Here, we used the DayCent biogeochemical model to explore the effects of compost application
across a latitudinal and climate gradient throughout California. The model simulates grassland
productivity and the movement of C between soil, vegetation, and the atmosphere over time
and under different climate and management conditions.

2.1.2 Objectives

This study aims to explore the scalability of compost amendments on rangeland soils across
space and time. In particular, the questions we seek to explore are:

e How does compost addition affect long-term net primary production and SOC storage
in California rangelands?

e How do environmental variables affect biogeochemical cycling in rangelands, and how
does background climate interact with compost impacts?



e How does projected future climate change influence soil carbon storage, and how does

compost application impact C dynamics under potential future climate conditions?

2.2 Methodology
2.2.1 Site Descriptions

We parameterized the model using seven annual grassland sites that are representative of a
broad range of California’s grassland climates and geography. These seven sites are part of a
larger NRCS and UC Berkeley field experiment where compost was applied in fall of 2016 to
plots in these and eight other sites (Figure A.1). Pilot compost application at the Marin and
Yuba sites took place in 2008. Specific pre-compost field observations were used to
parameterize the model for each site, and the field results will eventually be used to validate the
model results from this study. All sites were managed rangelands and have been grazed for

most of the last century. The four coastal sites (Mendocino, Marin, Santa Barbara, and San

Diego) and two inland sites (Solano and Yuba) have a Mediterranean-type climate (cool, wet

winters and warm, dry summers), and are dominated by non-native annual grass and forb

species. The third inland site (Tulare) experiences a semi-arid climate, also with annual grass
and forb species. The Mendocino site is in Covelo, CA (39.84°N, 123.257°W) with soil classified

as Cole loam Argixeroll (Mollisol). The Yuba site is at the Sierra Foothills Research and

Education Center in Brown’s Valley, CA (39.34°N, 121.35°W) with soil in the Aubern-Sobrante
complex classified as Mollic Haploxeralfs (Alfisol and Inceptisol). The Marin site is in Nicasio,

CA (38.06°W, 122.71°N) in the Tocaloma-Saurin-Bonnydoon soil series classified as a Typic

Haploxeroll (Mollisol). The Solano site is in Suisun City, CA (38.21°N, 122.03°W) in the Antioch-
San Ysidro Complex, with soils classified as a Typic Natrixeralf (Alfisol). The Santa Barbara site
is in Los Olivos, CA (34.71°N, 120.13°W); soils are a Ballard gravelly fine sandy loam, classified

as a Typic Argixeroll (Mollisol). The Tulare site is in Exeter, CA (36.33°N, 119.17°W); soils are in
the Akers complex, and are characterized as Calcic Haploxerept (Inceptisol). The San Diego Site
is in Santa Ysabel, CA (33.15° N, 116.69° W), at higher elevation (1,135 m) (3,724 ft) compared to

the other sites. The soil is Holland fine sandy loam, characterized as an Ultic Haploxeralf
(Alfisol). Additional site characteristics are described in Table 2.1.

Table 2.1: Characteristics of modeled sites.

Observed Observed % % Historical Mean Mean

Site ANPP bulk SOC | Clay | Sand 30 yr MAP minimum maximum

(Mg Cihay | ©-30¢m) | (0-30 | (030 | (1975-2005) daily temp | daily temp
9 (Mg C/ha) cm) cm) (cm) (C) (*C)
Mendocino 0.6-0.9 29.55 16% 49% 108 4.6 22.3
Marin 1.0-2.0 40.95 27% | 44% 97 8.3 20.0
Bi?g;?a 1.8-2.0 21.07 9% 67% 38 8.0 25.1
San Diego | 04-1.0 15.03 16% | 66% 67 7.2 21.0




Tulare 09-20 23.12 10% 43% 28 10.8 24.1
Solano 1.0-15 23.75 12% 57% 61 8.8 23.3
Yuba 15-25 22.33 23% 39% 73 10.3 24.4

Source: Silver Lab analyses and local CalClim station data, ANPP= aboveground net primary productivity; SOC= Soil Organic
Carbon; MAP= Mean annual precipitation,

2.2.2 Model Simulation Methodology

DayCent (Parton et al., 1998) was used to simulate climate- and management-driven changes in
each rangeland system. The model is driven with site-specific historic climate data, as well as
measured soil texture, bulk density, and annual forage production values. DayCent partitions
existing and added soil carbon into three pools: active (<1 year turnover), slow (decadal
turnover), and passive (millennial turnover) carbon pools. Dead plant material is initially
partitioned into active or slow cycling pools, depending on the structure of the material, and
carbon can move between the pools through decomposition and stabilization. The movement
between pools mimics microbial activity and mineral association of organic matter, but
DayCent does not explicitly model mechanisms of microbial interactions or mineral
stabilization (Parton et al, 1994). The C added directly from compost was traced in the model by
simulating isotopically labeled compost. Soil C flows and NPP are both strongly dependent on
water availability in DayCent. DayCent is a useful tool for this scenario because it allows the
simulation of explicit management practices including grazing and compost amendments and
was developed for and is highly utilized in grassland ecosystems. The model simulations were
run for a 3,000-year period for each site using the measured soil texture values and assuming
perennial grassland coverage to achieve steady state values for the C pools, before running
perturbation simulations. Model parameters were adjusted such that the model output matched
observed NPP for each site under current management conditions.

Simulations of future conditions were driven by daily climate data extracted from the CanESM?2
Earth System Model. There remains debate as to which Earth System Model most accurately
represents future weather in California. We used CanESM2-ES because it was one of the four
models recommended by the Fourth Assessment for analyses of climate impacts in California.
We used the Representative Concentration Pathway (RCP) 4.5 scenario (assuming some
emissions reductions) and the RCP 8.5 scenario that assumes a business-as-usual scenario with
minimal emissions reductions. Data were extracted for the site-specific (270-m) (886 ft) gridcell
of the CanESM2 Earth System Model from the spatially downscaled datasets described in
Section 1-4. The RCP 8.5 scenario differs from the RCP 4.5 scenario in that there is a pronounced
increase in daily temperature, especially in daily minimum temperature across all of the sites.
The RCP 8.5 scenario also results in increased annual precipitation and interannual
precipitation variability in the last half of the century in the Southern California sites (Figure
A.1). Thus, the RCP8.5 scenario as extracted from the CanESM2 model simulates a "warmer and
wetter" climate for most sites.



For each climate scenario, we ran a control run assuming that current management continued
throughout the century. We also did a simulation with a compost tria