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Introduction
The Sacramento-San Joaquin Delta is a critical region within
California, with waterways providing year-round and seasonal
habitat to a variety of species, supporting a strong agricultural
economy, and a popular recreational destination for many
Californians [1].
Researchers and trade organizations have studied the
relationship between wildlife habitat and a range of land
cover types, including the potential for various types of
agricultural lands to double as habitat for different species.
This growing body of research continues to expand and
deepen the understanding of the relationships between a
range of environmental factors, varied species interactions,
and different management practices, however there is little
understanding of the economic impact of these potential land
use changes on a system-wide scale. This report highlights a
new application of the RUCS toolkit and a new lens to
evaluate the spectrum of interconnected outcomes
associated with this sort of multipurpose working landscape.
For this pilot study, the RUCS team selected a small
assortment of crops that have been identified as effective as
agricultural land that can double as wildlife habitat; namely
rice, corn, alfalfa, and pastureland. This analysis is a
companion study to the Local Food Systems Assessment for
Yolo and Sacramento Delta Communities, also referred to as
the “Delta Case Study,” which SACOG prepared for the Delta
Protection Commission in 2016 as part of the Rural-Urban
Connections Strategy program. Within the study area of the
Delta case study- the portions of Sacramento and Yolo

Counties that falls within the legally defined Delta- RUCS
developed two habitat scenarios based around these habitatconducive crops, and analyzed these cropping pattern with
the suite of RUCS tools developed to model agricultural inputs
required for a given cropping scenario and estimate the
comparative outputs gained from different land use
strategies.
Whereas previous RUCS analyses have predominantly
centered around exploring economic development
opportunities for rural communities and the trade-offs
associated, this pilot study aims to apply these tools to
evaluate the economic impact of cropping patterns geared to
provide vital wildlife habitat, while still serving food
production and economic objectives. This pilot study is a step
toward expanding the scope of RUCS analyses to encompass
ecosystem services and the fundamental and often
overlooked impacts that these natural systems have on the
regional economy, particularly in the agricultural industry. »
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Habitat in Decline
A recent analysis quantifying the disappearance of natural
land in western states found that California lost 785 square
miles of natural land to human development between 2001
and 2011 [2]. During this period, Yolo and Sacramento
Counties lost an estimated 3,250 and 11,769 acres
respectively. The proportion of natural area lost each year in
Sacramento County during this period was 317% higher than
the annual rate of loss in California- the second highest rate
in the state [2].
Disappearance of natural land can have serious consequences
for wildlife species and entire ecosystems. One analysis
indicates that 18 percent of all animal species in the United
States and 30 percent of plant species are threatened, with
risk levels ranging from vulnerable to critically endangered
according to IUCN (Intl. Union for Conservation of Nature)’s
‘Red List of Threatened Species’ classifications [3]. Habitat
loss poses the greatest threat to species diversity, with
habitat loss specified as the main threat to 85 percent of the
IUCN Red List’s threatened and endangered species [4],
exceeding species loss caused by climate change, invasive
species, pollution, and other causes [5]. These impacts are
exacerbated by habitat fragmentation, which can impair key
ecosystem functions and further reduce biodiversity by 13 to
as much as 75 percent, with impacts varying by biome, habitat
fragment size, and degree of isolation [6]. Fragmentation and
loss of habitat connectivity can physically restrict species- by
cutting off historic migration routes, limiting a species to an
inadequate range for hunting or foraging food, concentrating
a density of species to an insufficient area, or breaking
potential migration corridors to adjacent areas if further
habitat loss occurs; and impede biological diversity- by
limiting the availability of potential reproductive partners and
isolating a population’s genetic pool from gene flow with
adjacent populaces, fostering inbreeding and associated
genetic instability [7].
The Northern Delta, and the SACOG six county region on the
whole, provide habitat to a diverse range of wildlife, including
a number of at-risk, threatened, and endangered species. The
region is part of the ‘Pacific Flyway,’ which spans the area
between the Rocky Mountains and the Pacific Ocean,
spanning from the Arctic to the west coast of Mexico [8],
where waterfowl travel annually along traditional migration
corridors between wintering and breeding areas [9]. The
Pacific flyway encompasses the most varied waterfowl
habitats in North America [8].
California’s Central Valley provides a crucial place for
migratory birds to rest and refuel at a midway point during

Habitat loss is the main threat to 85% of
threatened & endangered species worldwide

their long annual journeys that can stretch from South
America to Alaska [10]. The Natural Resources Conservation
Service (NRCS) reports that 50 percent of the wintering
waterfowl migrating through the Pacific Flyway utilize the
Sacramento Valley [11]. Surveys indicate that California’s
Central Valley also supports the highest density and diversity
of wintering raptors in North America [12].
A range of stressors within the Delta environment- ranging
from loss of open space, pollution and contaminants from
developed lands, invasive species, changes in water flows
from dam and levee diversion, drought, and other factorshave impacted native systems and wildlife species, drawing
concern from environmental stakeholders throughout the
region [13]. Some Californians have even made calls to
restore the Delta to its ‘natural conditions’, either to the
expansive tidal marsh conditions of the mid-1800s, before
economic prospects in the region began to spur drastic
landscape changes and reclamation efforts; or to conditions
pre-1950, before large-scale state and federal water projects
began diverting large amounts of Delta water for use
elsewhere in the state [14].
While experts have acknowledged the many factors that
make visions of complete restoration effectively impossible,
the concept sparks an important consideration of trade-offs
and the priorities of different stakeholders within the debate
over Delta land use management [14]. Working landscape
strategies that aim to achieve multiple complementary goalsincluding habitat benefits, resource preservation, economic
output and growth, recreational and aesthetic benefits, and
many other advantageous outcomes- are able to more
efficiently utilize limited land resources to benefit a broader
range of stakeholder interests.
✲
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Landscapes
at work:

CROPLAND

HABITATS

Rice
The role of rice fields in supporting wildlife habitat is perhaps
the most well-researched cropland-habitat dynamic,
particularly with an extensive body of information specific to
the Sacramento region. Rice fields in the U.S. experience high
use by wildlife, providing critical food, shelter, and breeding
habitat for shorebirds, wading birds, and waterfowl in
particular, as well as affording food and cover to some
reptiles, amphibians, and mammals [15]. California’s Central
Valley represents one of three major areas of rice cultivation
in the country, along with the Gulf Coastal Plain and the
Mississippi Alluvial Valley [15]. These areas coincide with
three of North America’s most important wintering habitats
identified by the North American Waterfowl Management
Plan, represented by the Central Valley Joint Venture (CVJV)
in California [16]. Among dabbling ducks that winter in the US,
over half utilize in these areas [16].

Studies show that it would
cost as much as $3.5 billion
California rice lands
to construct managed
provide habitat to
wetlands to replace these
over 200 species
habitats and the food
energy that rice fields
of birds, reptiles, &
provide for waterfowl [16],
mammals worth up
which amounts to nearly
to $3.5 billion
60 percent of all available
food resources for as many
as seven million waterfowl wintering in the Central Valley
[10]. With over 95 percent of historic habitat lost [10],
California’s harvested rice acreage exceeds area of remaining
wetlands, resulting in high use for feeding and resting water
birds throughout winter and in spring and fall migration
periods as a surrogate wetland habitat [15]. A report
prepared for the California Rice Commission
cites that 229 terrestrial, semiaquatic, and
amphibious vertebrate species are known to
use California rice lands, including 187 bird
species, 27 mammal species, and 15 reptile
species, in addition to many other
invertebrate and aquatic species [17]. Several
of the waterfowl species that use the Central
Valley rice fields aid in pest control by preying
on invasive crayfish, which cause damage to
farmer’s fields and irrigation ditches [17],
[18]. »
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Supporting Salmon
In addition to hosting migrating waterfowl, historically the
Central Valley’s seasonally-inundated floodplains once
provided a dynamic rearing habitat which supported one of
the Pacific Coast’s biggest and most genetically diverse
populations of Chinook salmon [19]. In recent years, farmers
and researchers in the Sacramento region launched
collaborative efforts to leverage rice lands as a habitat to
restore these threatened salmon populations by
reintroducing the fish to the inundated floodplains that can
provide vital off-channel rearing habitat during winter
seasons, while productively cultivating rice through the rest
of the year [19].
In a study at the Yolo Bypass’ Knaggs Ranch agricultural
property, researchers found that juvenile salmon
reintroduced in the protective marsh-like flooded rice habitat
averaged twice the length compared with those monitored in
river channel habitat, fattened seven times quicker, and had
higher rates of survival, over a six-week period [20]. The rice
plain environment provided these fish with calm waters
where they could avoid predators and expend fewer calories
fighting the river channel’s rapid current, mimicking historical
patterns of these Salmon before human development broadly
drained and leveed these areas [20]. Researchers found that
the surrogate wetland environment in the rice fields studied
yielded faster growth rates of juvenile Chinook salmon than
ever previously recorded in the Central Valley [21], which is
likely to increase the chance of success in these fish voyaging
to the ocean, avoiding predators, and returning to spawn and
complete their reproductive cycle [20]. The promising results
of these initial studies prompted an expansion of the research
as a collaboration between local researchers, farmers, and
CalTrout, dubbed the ‘Nigiri Project’ [21]. Speaking on the

✲

Nigiri Project in an interview by UC Davis, Louise Conrad, a
Senior Environmental Scientist at the Department of Water
Resources, noted the critical opportunity that the unique
local environmental and its key connectivity to rivers could
play for these species, highlighting that most floodplains- and
the associated benefits they could offer to fish- “are nearly all
cut off from river channels [whereas] the Yolo Bypass is one
of the last remaining active floodplain areas in the Central
Valley” [22].
Conrad also emphasized the array of complementary
benefits, noting that “enhancing the opportunity for salmon
to access and use its floodplain areas could make a huge
difference for salmon while also helping to recharge
groundwater and improve flood safety” [22]. This project
provides a compelling example of the vast potential for
working landscape strategies in achieving a range of
complemental goals through a single management strategy.
✲
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Salmon reared in
flooded rice field
habitat had the

fastest growth

rates ever recorded

in the
Valley.
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Corn
Through the 1970s, as corn production skyrocketed grew and replaced other
field crops in the Sacramento region, harvested corn stubble- or ‘waste corn’became a main carbohydrate food source among cranes wintering in the
Sacramento Delta, providing a key source of energy for facilitating fat
deposition, crucial for their forthcoming migration [23]. Researchers have
identified harvested cornfields as the most commonly used foraging habitat
for Sandhill cranes in the Delta, followed by harvested wheat, alfalfa, pasture,
and fallowed croplands [24]. The greater Sandhill crane has been a California
threatened species for over three decades [25]. More than 95 percent of the
Central Valley’s wintering areas used by these cranes fall in the Sacramento
Valley, and roughly ⅔ of the population spend December and January in the
Delta [24].
In recent years, the Nature Conservancy acquired land in the Delta and
initiated a program to create an productive farm landscape that doubles as
a conservation habitat in California’s Staten Island, which lies in the Delta just
over Sacramento County’s border in San Joaquin County, near Walnut Grove
[26]. At the foundation of the project is the 9,200 acre ‘Conservation Farms
and Ranches,’ which predominantly plants corn fields and rice with the main
goal of providing habitat for Sandhill Cranes and other similar species. The
project’s conservation strategy includes allowing birds uninterrupted
foraging in the cropland and strategically augmenting flooding depths to
create a variety of habitats needed for different species’ roosting patterns or
foraging needs [26]. In winter seasons, harvested corn fields in the
Sacramento region also provide foraging value for other bird species, such as
the at-risk tricolored blackbird [27].
✲

✲
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Roughly 2/3 of Sandhill Cranes in California spend their winter
months in the Delta, where corn fields habitats provide a
key energy source, critical to fuel their migration.
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Alfalfa
Alfalfa fields support some of the highest rates of biodiversity
among cultivated row crops, providing habitat a number of bird
species, including the white-faced ibis, tricolored blackbird,
long-billed curlew, and Swainson’s hawk. Indeed, researchers
estimate that over 40 percent of the entire global population of
tricolored blackbirds use California’s forage crops for nesting
[28]. Swainson’s hawk is recognized as a threatened species for
the state of California, with their species considered at risk
since 1983, while tricolored blackbirds became a candidate for
California’s threatened & endangered animals list in December
2015 [25]. California’s alfalfa fields serve as places for these
species to forage abundant invertebrate prey and small
mammals, as well as areas to nest, rest, hide, and breed [28].
These agricultural areas are increasingly critical for these
species, as native grassland and wetland habitats continue to
disappear [28]. UC Davis research indicates that 27 percent of
the 675 resident and migratory wildlife species in California use
alfalfa fields for reproduction, cover, and/or feeding [29].
Alfalfa is considered a key agricultural cover for many foraging
raptors- particularly Swainson’s Hawk- as it tends to host stable
populations of rodents for prey, while monthly mowing
regiments retain a low vegetative height that allows consistent
access to prey [27]. This relationship mutually benefits alfalfa
producers by providing pest control and keeping rodent
populations in check [28].
✲
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¼ of California’s resident &

migratory species use alfalfa fields
for reproduction, cover,
or feeding –

– including Swainson’s Hawk,
a threatened species

Pasture
California’s pasture and rangelands play a valuable role in
supporting wildlife species and offer ecosystem services that
strengthen surrounding bionetworks and buttress California’s
valuable agricultural economy. Prior to the introduction of
livestock in the late 1800s, California grasslands have
historically been adapted to support natural grazing, most
recently by species like pronghorns and Tule elk [30]. Research
indicates that grazing can be an important tool in augmenting
biodiversity [30]. A study conducted in eastern Sacramento
County found that continuously-grazed vernal pool grasslands
supported more native species, greater diversity, and fewer
non-native species than those seasonally-grazed or non-grazed,
while producing a pool hydrology with continuous inundation
periods sufficient to support rich invertebrate communities and
vertebrate species, such as the Western spadefoot toad and
California tiger salamanders, throughout their lifecycle [30].
Research shows that livestock grazing also facilitates optimal
habitat for vernal pool fairy shrimp- a federally threatened
species- and blunt-nosed leopard lizards- both a state and
federally endangered species [31], [25]. However, grazing can
also reduce nesting cover for breeding birds, so a variable
landscape is often beneficial for these species [31]. Vernal pool
pasturelands provide year-round foraging habitat for tricolored
blackbirds, offering accessible open water and adequate insect
prey: both requirements for suitable breeding sites [27]. »

in California.
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Pasture for Pollinators
In addition to providing habitat to a number of threatened
species, well-managed pasture lands also provide critical
ecosystem services to support native pollinator species that
underpin California’s agricultural economy. Roughly 35 percent
of global food production is dependent on insect and animal
species for pollination [33]. This pollinator-dependent
proportion of food production is kept moderately low by the
fact that a small group of staple starchy food crops comprising
the majority of food production, including rice, wheat, corn,
and soy, do not rely on animal pollinators to facilitate
cultivation [34]. While about one-third of the average American
diet comes from crops that benefit from pollinators [35],
studies have found that these are the foods that “contain the
majority of the available dietary lipid, vitamin A, C, and E, and a
large portion of the minerals, calcium, fluoride, and iron
worldwide” [34]. playing a critical role in human health. Among
the 115 top food crop species grown globally, 87 species
depend on animal pollinators to aid in breeding and production
of fruits, vegetables, and seeds [36]. This translates to a broader
impact in a diverse agricultural landscape like California’s, as
these pollinator-dependent crops include many of the state’s
most valuable agricultural commodities, including widely
cultivated crops such as almonds, plums/prunes, alfalfa, pears,
sunflowers, peaches, tomatoes, and apples, each of which
benefit from animal pollination to some degree and rank
among the top grossing crops across the SACOG region [36],
[37]. Indeed, these 8 crops brought farmers in the SACOG 6county region an estimated value over 800 million dollars in
2014 [37].
To keep up with large-scale production of pollinator-dependent
crops, particularly in monoculture cropping operations that
may lack the habitat requirements of native pollinator species,
many farmers contract pollination services, wherein
beekeepers rent their hives, typically of honeybees, to farms
across the country during their particular crop’s bloom period
[38]. The prevalent reliance on rented honeybees leaves
farmers vulnerable to price increases and supply shortages,
particularly as honeybee populations have faced accelerating
decline and widespread colony collapse over recent years, due
to disease, pesticide exposure, mites, diminishing genetic
diversity, and other factors [38], [33]. In the face of such
uncertainty, increasing pollination by native bees could provide
farmers a competitive advantage by decreasing their reliance
on an unpredictable market for such a key input and providing
insurance if honeybee colonies continue to suffer collapse [33].
In a 2011 analysis, UC Berkeley researchers estimated that wild
bees pollinate 35-39 percent of California’s total cropland,
facilitating crop production with an economic value up to 2.4

billion dollars [33]. An affiliated research team also found that
presence of wild bees alongside honey bees increased honey
bees’ pollinating efficiency by five times through interspecific
interactions driving greater efficacy of honey bee pollination
when wild bee presence was more abundant and rich in
diversity [39].

Well-managed pasture provides habitat
for native bees, which pollinate nearly
40% of California’s crop land, facilitating
crop production worth up to $2.4 billion.
The growing evidence of the benefits that wild bees can provide
to farmers lay out compelling incentives for the agricultural
community to encourage propagation of these native pollinator
species. Researchers have found that healthy rangeland
ecosystems can facilitate native pollinator species by providing
essential habitat for nesting and foraging [40]. Experts have
noted that “many pollinators are adapted to forage on
particular plants, so a diverse community of pollinators requires
a diverse array of flowers [which] can be easily provided by
native grassland” [40]. Lynn Huntsinger, a professor or
rangeland management at UC Berkeley, highlights the benefits
that grazing pasturelands can provide for native bee species,
noting that “studies in some ecosystems have shown that wellmanaged grazing can keep invasive grasses from shading out
the flowering herbs that native pollinators rely on” [41].
Research has found that the benefits of wild bees and the
enhanced pollination associated have a significant association
with proximity to natural habitat [39]. As such, the agricultural
economy across the region would benefit from landscape
diversity, with well-managed pastureland interspersed among
cultivated orchards and other pollinator-reliant cropland.
✲
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Scenario Analysis
Existing Base Case Conditions
As part of the Rural-Urban Connections Strategy (RUCS), SACOG
has developed a suite of data and modeling tools to help
answer questions about how to stimulate rural economic
development and expand market opportunities for local
agricultural producers. This case study applies these tools to
the agricultural system in the portions of the primary and
secondary zones of the legal Delta within southern Sacramento
and Yolo counties (see Figure 1) to showcase agriculture’s
central role in supporting the region’s vision for a healthy,
viable, and unique Delta ecosystem. This case study geography
includes the City of Isleton and portions of Elk Grove,
Sacramento, and West Sacramento, as well as many smaller
communities including Clarksburg, Courtland, Freeport, Hood,
Locke, Ryde and Walnut Grove.
Agriculture in this study area benefits from incredibly
productive soil, a moderate climate, and a prime location
between major population centers in northern California. To
document the current role of agriculture in the case study the
project team employed a RUCS model drawing on data specific
to the study area. Starting with SACOG’s parcel level crop data,
the model draws on satellite imagery and Pesticide Use Report
data from the California Department of Pesticide Regulation,
which is internationally recognized as one of the most
comprehensive reporting systems. The model then inputs Cost
and Return data published by the University of California
Cooperative Extension by crop; these data serve as the
authoritative source for the economics of agricultural
production in the state. Together, this model provides data
coverage for 97 percent of agricultural land in the study area
(with the exception of ryegrass and cucumber production, for
which recent Cost and Return data is not available). The
resulting inventory is a highly detailed database of existing
cropping patterns for the base year 2012. The case study’s first
appendix describes further the data sources and assumptions
of the RUCS model.

Table 1 summarizes the top
10 agricultural commodities
by acreage, which account
for nearly 90 percent of the
cropland acreage in the
study. Alfalfa makes up over
25 percent of cropland,
followed by wine grapes
(17%), corn (15%), wheat
(8%), and pears (5%). For
more information on the
base conditions, see the
full study.

Table 1. Top 10 Study Area
Crop Types (by acreage)

RANK

CROP

ACRES

1 Alfalfa

%

31,860 26%

2 Grapes - for wine 20,080 17%
3 Corn - for fodder

18,060 15%

4 Wheat

9,730 8%

5 Pears

6,260 5%

6 Tomatoes

6,000 5%

7 Safflower

4,860 4%

8 Sunflower

3,900 3%

9 Rice - reg. & wild

3,950 3%

10 Beans - dried

2,390 2%

Figure 1. SACOG 2012 Study Area* Crop Map by Commodity Type

SACOG 2012 Base Case Crop Map for Delta Case Study
2012 SACOG Crop Map
Crop Type:
Vineyards
Nursery
Fruit & Nut Crops
Seed & Oil Crops
Grains
Pasture/Rangeland
Vegetable/Bean/Melons
Forage Crops
Fallow/Uncultivated Ag.
Study Area Boundary

This pilot analysis is based on the study area for RUCS’ Local
Food Assessment for Yolo and Sacramento Delta Communities
case study, prepared for the Delta Protection Commission in
2016, which focused on the portions of Yolo and Sacramento
Counties within the primary and secondary zones of the legal
Delta. This study area currently encompasses 151,000 acres of
agriculture, including pasture and rangeland, split between a
variety of crops.
WORKING LANDSCAPES PILOT STUDY- Agriculture & Habitat in the Sacramento and Yolo County Delta

*Study Area includes
portions of the Legal
Delta (Primary and
Secondary Zones) in
Sacramento & Yolo
County. Displayed by
Crop Type.
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Agricultural-Habitat Scenarios
For each of the scenarios, the existing acreage of pasture (7,650
acres) and rangeland (22,100 acres) represented in the base
case crop map were maintained, accounting for a combined
29,750 acres of the total study area cropland. The crop mixes
detailed below were then prescribed to the remaining 121,250
acres of cropland to generate these potential habitat scenarios.

Full Habitat Cropland Scenario
The crop mix for this scenario identified the existing acreage of
corn, alfalfa, and rice (including wild rice) grown in the base
case, and then applied the relative proportionate blend of
these crops to the entire 121,250 acres of current agricultural
production in the Sacramento and Yolo county Delta, excluding
pasture and rangeland.

Habitat w/ Existing Vineyards and Orchards
Scenario
The crop mix for this scenario explored a middle ground
between current cropping patterns and the full conversion of
cropland to habitat-oriented crop types described above. To
achieve this intermediate blend, the existing acreage of wine
grapes and orchard crops reflected in the base case were
maintained, along with existing pasture and rangeland
coverage. The existing orchard crops include apples, cherries,
figs, peaches, pears, walnuts, olives, and diversified fruit
orchards. The remaining scenario acreage was then divided
among alfalfa, corn, and rice utilizing the same methodology as
the Full-Habitat scenario described above, splitting left over
acreage in the relative proportional ratio of these three
commodities observed in the base case.

Table 2. Scenario Acreage Parameters

Sum MAINTAINED
Chang ACREAGE

CONVERTED
ACREAGE

HABITAT W/ EXISTING
VINEYARD & ORCHARD
ACREAGE

ONLY HABITAT ACREAGE
Acres

% Ag.
Acres

36% Alfalfa

71,700

47%

31,050

21% Corn

40,650

27%

6,800

5%

Rice

8,900

6%

7,650

5%

Pasture

7,650

5%

22,100

15% Rangeland

22,100

15%

121,250

80%

Crop Type

Acres

Alfalfa

54,850

Corn
Rice
Pasture
Rangeland

% Ag.
Crop Type
Acres

Wine Grapes 20,100

13%

Orchards

8,450

6%

Total Scenario
Habitat
Acreage

92,700

61% Habitat

Total Scenario
Acreage

Exploring Trade-offs
Compared with the baseline metrics for existing agricultural
conditions, the scenario that maintained existing orchards and
vineyards and converted remaining acreage to the habitatfriendly crop blend generally performed ‘worse’ in several key
metrics, moving further away from the benchmarks a typical
farmer would like to see in an increasingly profitable and
efficient operation or cropping system: lower gross returns,
lower revenues and return on investment, higher water
demand, and lower yield. The habitat-only scenario likewise
performed even poorer across these key metrics, as evidenced
in the scenario results, displayed in Table 3 on the following
page.
However, these changes are predictable and would be
expected given the scenario parameters and cropping changes,
which imagined a shift from the variety of crops in an existing
diverse agricultural landscape that includes a variety of
vegetable crops and broader pool of fruit and nut crops, toward
a small selection of field crops that offered auxiliary benefits
not captured by these conventional cost and return metrics.
Vegetables and fruit and nut crops tend to be more capitalintensive and require more effort to manage than field crops,
often requiring more labor hours as many are harvested by
hand, and frequently having higher establishment costs than
field crops. However, these crops tend to be higher value, and
garner higher prices and greater returns to balance their large
input costs. By contrast, field crops often have lower input costs
and labor demand, as harvesting and other management tasks
in their uniform landscape can frequently be mechanized.
However, field crops also tend to reap lower prices, so
producers rely on a larger volume- and therefore a greater land
area- to generate per acre returns comparable to higher value
specialty crops. »

WORKING LANDSCAPES PILOT STUDY- Agriculture & Habitat in the Sacramento and Yolo County Delta

10 | P a g e

Moreover, while these habitat scenarios offer lower return
on investment and net revenue to producers in the region,
they offer a range of other non-monetary benefits. More
research is needed to delve into the environmental
economics of various working landscape patterns and to
quantify this array of contributions that these types of
working landscapes can offer to our region, including the
important habitat assets touched on in this study, as well
as other benefits such as groundwater recharge or carbon
sequestration.
These scenarios’ decrease in labor demand could translate
into job loss for farm workers, however many farmers in
the region and across the state have increasingly identified
an insufficient farm labor supply. In some cases, farmers
have had to leave ripe crops unharvested because they
were unable to find enough workers to harvest their fields.
Other farmers in the region have chosen not to enter
higher-value specialty crop markets out of reservations
that they may not be able to access an adequate labor
supply, and may therefore not be able to recoup the cost
of production inputs.
However, decisions to avoid specialty crops means that
farmers miss out on opportunities to play in higher value
markets. While some farmers may view field crops that
can be planted and harvested mechanically as a more
reliable choice in the face of a shrinking labor supply, the
smaller profit margins on these crops make growers less
resilient to increases in land rents and input costs, and
with a lower rate of return on investment, producers are
more vulnerable to fluctuations in agricultural commodity
prices. On a regional scale, tending toward more field
crops and less specialty means reaping less value from
each acre of limited rural land resources. As such, the
region may stand to benefit from implementing strategies
to attract and retain a reliable labor supply, as a means to
maximize opportunities for increased profitability in local
farms and reinforce the range of other related industries
that are central to our regional economy.
These trade-offs reveal a range of complex of factors that
must be taken into account when balancing diverse
stakeholder interests and developing strategies to sustain
and enhance our regional environment and economy.
With this pilot analysis, SACOG aims to enrich this
conversation by equipping regional interests with datadriven insights that quantify a number of these key tradeoffs to inform land use decision-making and cultivate a
future that maximizes benefits of these assets for regional
communities. »

Table 3. Comparison of Base Condition Agricultural Metrics
vs. Scenario Results (metric values shown in millions)
RUCS Toolkit
Agricultural
Metrics:

BASE CASE:
EXISTING
CONDITIONS

Acres

151,000

SCENARIO:
HABITAT W/
VINE &
ORCHARD

92,700

% +/Base

SCENARIO: ONLY
HABITAT
121,250
acres ag.
habitat

% +/Base

acres total ag.

acres ag.
habitat

Total Costs
Total Gross
Returns
Total Net
Revenue

$245

$240

▼ -2%

$139

▼ -43%

$291

$272

▼ -7%

$158

▼ -46%

$45

$32

▼

-30%

$19

▼ -59%

Average ROI

18%

13%

▼

-29%

13%

▼ -27%

H2O (acre inch)

3.3

3.7

▲ +12%

3.9

▲ +17%

Labor (hrs.)

3.0

2.8

▼

-9%

0.9

▼ -70%

Yield (tons)

1.1

1.0

▼

-14%

0.9

▼ -19%

H2O (cost)
Farm Fuel CO2
Emissions (lbs.)

$17

$18

▲ +10%

$19

▲ +17%

53

54

45

▼-16%

125%

100%

▲ +2%

Figure 2. Habitat Scenario Key Metrics Compared to Base Case
Results (as Percent Higher or Lower than Base Case Values Across
Categories)

100%

100%

-2%

+17%
+10%
100%

Base Case
Metric = 100%

100%

-9%

75%

-29% -27%
50%

-43%

25%

-70%

0%

Total Gross Returns
Base Case

Average
H2O (acre inches)
Labor (hrs)
ROI
Habitat Crops w/ Vine & Orchard Scenario Only Habitat Crops Scenario
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Water Drops
Amidst the ongoing drought in California, years of insufficient
rainfall and continued agricultural production have strained
groundwater reserves and prompted widespread efforts for
increased water conservation. alfalfa, pasture, rice, and corn
have all been identified among the crops with the greatest total
applied water use in the state, topping the list along with
almond and pistachio orchards and other deciduous trees [43].
Rice, alfalfa, and pasture are also identified as the most water
intensive crops grown in the state, with the highest depths of
applied water, at an annual average of 5.1, 4.9, and 4.2 acrefeet, respectively [43]. As several of these wildlife-friendly
crops, particularly alfalfa and rice, come under fire for intensive
water use, it is important to quantify the trade-offs and the full
scope of benefits that flooding these cropland acres provides,
both to ecosystems and to the economy.
The prolonged drought, which has left roughly 95 percent of
the state in severe drought, has impaired these agricultural
habitats, as well as other conventional open space and wetland
habitat areas [44]. Diminished availability of water resources
has forced some growers to fallow production acreage,
particularly for these more water-intensive, annual crops. In
2014 the CA Rice Commission projected that as little as 50
thousand acres of rice would be flooded in the winter, only 16
to 20 percent of the usual 250-300 thousand winter-flooded
rice acres [44], while the Central Valley’s Grassland ecological
area- an amalgamation of preserves that form one of the
largest remaining continuous wetlands in the country- was only
able to flood one-sixth of the acreage typically flooded in winter
seasons [44]. Through collaborative partnerships- including
engagement from conservation groups, water managers,
industry groups, landowners, and governmental agenciesregional stakeholders managed to ensure a combined 200

thousand acres of flooded rice and wetland habitat [45]. While
these proactive efforts secured more habitat for flyway species
than anticipated, this area still amounted to less than half of the
acreage of optimal conditions [45]. This drastic reduction in
critical wintering habitat has led to concern among wildlife
refuge managers and conservationists that bird populations
may experience major die-offs as they try to overcrowd the
limited remaining wetland acreage [44]. In the ongoing
dialogue surrounding water conservation, it is important for
Californians to recognize trade-offs between water uses and
identify the varied outcomes associated with different
applications. The extensive water demand of California’s rice,
alfalfa, pasture, and corn cropland may impede goals for water
conservation, however water-intensive crops can also generate
other benefits, such as creating habitat-friendly cropping
patterns that support vibrant ecosystems. This balance is an
important consideration for natural resource agencies, water
resource agencies, farmers, and other stakeholders when
strategizing how best to efficiently apportion limited natural
resources and use rural lands to maximize benefits across the
varied spectrum of stakeholder priorities.
✲ ✲ ✲

Rice, alfalfa, & pasture are identified as the
three most water intensive crop types grown in CA.
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Looking forward
Trends over the last decade have seen farmers in the
Sacramento Region and throughout the state abandon
production of field crops in favor of more profitable vineyard
and orchard crops, including almonds, cherries, olives, and
wine grapes. Previous RUCS analyses have indicated the
economic benefits of these specialty-oriented cropping
patterns, however these trends could have dire consequences
for Pacific Flyway birds and other species that rely on these
croplands for habitat. In an interview with National Geographic
News, Brent Tadman, with The Nature Conservancy (TNC)’s
Staten Island ‘Conservation Farms and Ranches,’ cited one
potential detriment to these birds, explaining “’Sandhill cranes,
especially, have such large wingspans that they have trouble
landing in a vineyard or orchard and doing so makes them very
easy prey for coyotes and other predators,” [26]. Likewise, the
“dense woody cover” of vineyards and orchards do not provide
suitable foraging habitat for Swainson’s hawk, which largely rely
on alfalfa fields to scavenge [27].
Over recent years, some farmers throughout the region have
implemented habitat-friendly farming operations, including a
number of pilot programs to test out applications in the field,
such as the Nigiri Project and TNC’s Staten Island project [19],
[26]. These collaborative efforts between conservationists,
farmers, and researchers allow discrete stakeholder interests
to recognize areas where their interests overlap and explore
practices that mutually-benefit their respective goals. These
sort of strategies that ‘kill two birds with one stone’ can not only
build coalitions that advantage interests on each side, but also
present opportunity to more efficiently utilize finite resources
to achieve a broader range of outcomes.

While other farmers may be interested in establishing wildlifefriendly farms, environmental constraints on their land may
prevent successful implementation of some conservation
model best-practices, such as unsuitable soil, insufficient water
supply, or inadequate infrastructure for flooding fields, etc.
[26]. Forthcoming RUCS research will investigate the potential
for integrating targeted groundwater recharge efforts on
specialty croplands, however further complementary research
is needed to explore these opportunities for non-specialty
crops, which could offer a broad suite of benefits if combined
with wildlife-friendly cultivation practices, many of which rely
on flooding regiments for croplands.
As policymakers and conservationists identify conservation
goals or habitat targets they would like to achieve, the type of
comparative land use analysis demonstrated in this pilot study
could be utilized as a foundation for designing data-driven
incentive programs to achieve these goals. The economic
analysis generated by RUCS toolkit helps to identify the
decrease in net revenues that agriculturalists would face if
converting the broad range of
currently-cultivated commodities
to wildlife-friendly crop types or to
any other desired cropping pattern
change. By identifying this disparity,
policymakers and conservationists
seeking to expand available habitat
range could create more effective
incentive programs to motivate
farmers to switch to habitatfriendly crops or cultivation
practices, by more accurately
determining how much they would
have to compensate producers to
close this gap. »
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Environmental and economic stakeholders are sometimes
framed as contending sides with incompatible priorities,
however California has shown time and again that it is often
possible to strike a balance between these goals or even find
solutions that benefit the environment while stimulating
economic activity. In a region as diverse and vibrant as the
Delta- serving as critical wildlife habitat, a powerful agricultural
sector, and valued recreational destination- it is particularly
crucial to consider a full range of economic, environmental, and
social factors as the region continues to develop.
This pilot study demonstrates a new application of the RUCS
toolkit in providing complementary analysis for the growing
body of research into agricultural working landscapes and
wildlife dynamics, and generating crucial metrics for evaluating
trade-offs of various land use plans. In future analyses, RUCS
intends to expand the toolkit to further explore the economic
and other benefits of ecosystem services in the region.
Likewise, future RUCS analyses will evaluate the prospective
strategy for utilizing flood irrigated fields to recharge overdrafted groundwater tables in the region by strategically
targeting agricultural fields with maximum groundwater
infiltration potential.
✲

Exploring complementary land use functions can enable
policymakers, conservationists, and farmers in the Sacramento
region to maximize the impact of our finite land resources to
advance a broad range of goals. This type of analysis can allow
stakeholders to target landscape areas with ideal conditions to
optimize these systems and generate the most benefits across
an array of various objectives, to preserve and enhance these
vital natural systems for a sustainable and prosperous future.
✲

✲

For more information on the Delta Case Study & other RUCS work, visit:
www.sacog.org/rural-urban-connections-strategy.

SACOG is an association
of local governments in the
six county Sacramento
region providing
transportation planning and
funding, and serving as a
forum for regional issues,
including linking land
use, transportation,
and air quality.
The Rural-Urban
Connections Strategy
(RUCS) is the region’s
economic & sustainability
strategy focused on rural
areas, complementary to the
Blueprint, the region’s
overall growth strategy.
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Photo Credits
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In order of appearance:

“Greeting the Foreigner” by Peter Alfred Hess, licensed
under CC BY 2.0; crop, brighten.
XIII. “Haulin' Pollen” by David M. Goehring, licensed under CC BY
2.0.
XIV. “Vines 3,” Grapevines at Boeger Winery, Placerville; flip/crop.
XV. “Corn Field” by Anders.Bachmann, licensed under CC BY 2.0;
crop.
XVI. “Alfalfa fields under irrigation” by Ken Figlioli, licensed under
CC BY-SA 2.0; crop.
XVII. “Fire and Sky” by Robert Couse-Baker, licensed under CC BY
2.0.
XVIII. “BLM Winter Bucket List #9: Cosumnes River Preserve, CA,
for the Trumpet and Dance of the Sandhill Crane” by Bob
Wick, BLM , licensed under CC BY 2.0; recolor, crop, reverse.
XIX. “Geese, ducks and teal at the Sacramento National Wildlife
Refuge” by Marc, licensed under CC BY-NC-ND 2.0; crop.
XX. Sacramento Skyline, by Don Mace/from iStock; crop.

I.

“BLM Winter Bucket List #9: Cosumnes River Preserve,
California, for the Trumpet and Dance of the Sandhill Crane”
by Bob Wick, BLM, licensed under CC BY 2.0; crop.
II.
“Little Egret” by Kev Chapman, licensed under CC BY 2.0;
crop, brighten.
III. “BLM Winter Bucket List #9: Cosumnes River Preserve,
California, for the Trumpet and Dance of the Sandhill Crane”
by Bob Wick, BLM, licensed under CC BY 2.0; crop.
IV. “Sandhill cranes at Stone Lakes NWR”, Justine Belson/USFWS
licensed under CC BY 2.0; crop.
V. “Rice paddy in fields north of Sacramento, CA” by
FolsomNatural, licensed under CC BY 2.0; brighten, crop.
VI. “1 on the wing” by Bob White, licensed under CC BY-NC-ND
2.0.
VII. “Chinook Salmon” by USFWS/Dan Cox, licensed under CC BY
2.0; crop, color adjust.
VIII. “Rice” by Robert Couse-Baker, licensed under CC BY 2.0;
crop, color adjust.
IX. “Looking down the row” by John Fowler, licensed under CC
BY 2.0; crop.
X.
“Sandhill Crane” by WxMom, licensed under CC BY-SA 2.0;
crop, color adjust.
XI. “Swainson's hawk” by Keith Penner, USFWS MountainPrairie, licensed under CC BY 2.0; crop, color adjust, reverse.

Prepared by:

XXI. “Cattle Grazing and Wild Geese at Vernal Pool” by
USFWS/Joe Silveira , licensed under CC BY 2.0; crop, color
adjust.
XXII. “BLM Winter Bucket List #9: Cosumnes River Preserve,
California, for the Trumpet and Dance of the Sandhill Crane”
by Bob Wick, BLM , licensed under CC BY 2.0.
XXIII. “BLM Winter Bucket List #9: Cosumnes River Preserve,
California, for the Trumpet and Dance of the Sandhill Crane”
by Bob Wick, BLM , licensed under CC BY 2.0; recolor, crop.
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Appendix 1: Base Case vs. Scenarios – Full-acreage Results for each scenario

SCENARIO: HABITAT W/
EXISTING VINEYARD &
ORCHARD ACREAGE

Acres

151,000

151,000

Difference vs.
Base

% +/Base

151,000

Difference vs.
Base

% +/Base

Total Costs

$245,488,000

$240,140,000

-$5,348,000

-2%

$139,194,000

-$106,294,000

-43%

Total Gross Returns

$290,713,000

$271,731,000

-$18,982,000

-7%

$157,790,000

-$132,923,000

-46%

Total Net Revenue

$45,225,000

$31,591,000

-$13,634,000

-30%

$18,595,000

-$26,630,000

-59%

Average ROI

18%

13%

--

-29%

13%

--

-27%

H2O (acre inches)

3,329,000

3,656,000

327,000

10%

3,880,000

551,000

17%

Labor (hrs)

3,043,000

2,764,000

-279,000

-9%

914,000

-2,129,000

-70%

Yield (tons)

1,149,000

989,000

-160,000

-14%

932,000

-217,000

-19%

H2O (cost)

$16,645,000

$18,282,000

$1,637,000

10%

$19,398,000

$2,753,000

17%

Fuel (cost)

9,144,000

$9,316,000

$172,000

2%

$7,706,000

-$1,438,000

-16%

Farm Fuel CO2 Emissions
(lbs)

52,590,000

53,475,000

885,000

2%

44,669,000

-7,921,000

-15%

Total Cost

$1,626

$1,590

-$35

-2%

$922

-$704

-43%

Total Gross Returns

$1,925

$1,799

-$126

-7%

$1,045

-$880

-46%

Total Net Revenue

$299

$209

-$90

-30%

$123

-$176

-59%

Labor (hrs)

20.1

18

-2

-9%

6

-14

-70%

Applied Water (acin)

22

24

2

10%

26

4

17%

Yield (tons)

7.6

7

-1

-14%

6

-1

-19%

348

354

6

2%

296

-52

-15%

2.9

4

1

28%

4

1

44%

Per Acre Metrics

RUCS Toolkit
Agricultural Metrics:

BASE CASE:
EXISTING
CONDITIONS

Farm Fuel CO2
Emissions (lbs)
Applied Water
(acin)/Ton Yield

SCENARIO: ONLY HABITAT
ACREAGE
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Appendix 2: Base Case Scenario Results vs. Delta Case Study Scenario Metrics

TREND

BASE CASE

FOOD HUB

AGRITOURISM

acre change

1,075

Difference
vs. Base

% +/Base

acre change

500

Difference
vs. Base

% +/Base

acre change

1,000

Difference vs.
Base

% +/Base

$245,488,000

$249,853,000

+$4,365,000

+2%

$249,759,000

+$4,271,000

+2%

$252,970,000

+$7,482,000

+3%

Gross Returns

$290,713,000

$296,622,000

+$5,909,000

+2%

$297,021,000

+$6,308,000

+2%

$300,150,000

+$9,437,000

+3%

Net Revenue

$45,225,000

$46,769,000

+$1,544,000

+3%

$47,262,000

+$2,037,000

+5%

$47,181,000

+$1,956,000

+4%

ROI

18.4%

18.7%

+0.3%

+2%

18.9%

+0.5%

+3%

18.7%

+0.2%

+1%

H2O (acre inches)

3,329,000

3,324,000

-5,000

-0.2%

3,331,000

+2,000

+0.1%

3,331,000

+2,000

+0.1%

Labor (hours)

3,043,000

3,116,000

+73,000

+2%

3,131,000

+88,000

+3%

3,295,000

+252,000

+9%

Acres

151,000

Total Costs
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