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CHAPTER 7

Environmental Sustainability
Introduction to Environmental Sustainability
Environmental sustainability is one of six MTP principles addressed in this MTP/SCS. The desire to minimize
negative transportation impacts on the environment
for cleaner air and natural resource protection has
always been an important consideration in each MTP.
The environmental sustainability analysis is really
shaped by two important factors, SB 375 and SACOG’s
Rural-Urban Connections Strategy.
First, California adopted SB 375 (Chapter 728, Statutes
of 2008). The law focuses on aligning transportation,
housing, and other land uses to achieve greenhouse
gas (GHG) emission reduction targets established under
the California Global Warming Solutions Act (AB 32). SB
375 requires California MPOs to develop a Sustainable
Communities Strategy (SCS) as part of the MTP, with
the purposes of identifying policies and strategies to
reduce per capita passenger vehicle-generated GHG
emissions. The SCS must identify the general location
of land uses, residential densities, and building intensities within the region; identify areas within the region
sufficient to house all the population of the region;
identify areas within the region sufficient to house an
eight-year projection of the regional housing need;
identify a transportation network to serve the regional
transportation needs; gather and consider the best
practically available scientific information regarding
resource areas and farmland in the region; consider the
state housing goals; set forth a forecasted development
pattern for the region; and allow the regional transportation plan to comply with the federal Clean Air Act. For
further discussion of SB 375, see Chapter 1.
Second, SACOG launched the Rural-Urban Connections Strategy (RUCS) in 2008 in an effort to provide
policy and technical approaches to addressing or avoiding impacts to rural resources in the Sacramento region.
The region’s approach to urban growth, as laid out in
the MTP/SCS, minimizes the amount of open land that
will be needed to accommodate growth through the
planning horizon. This result is important for balancing
the needs for future growth while also conserving open
space resources that provide economic and environmental benefit for rural areas and for the entire region.

Through the RUCS project, SACOG has developed a
more holistic approach to this balanced solution by looking in detail at the rural challenges and opportunities to
protecting and promoting economic and environmental
sustainability. In the same way that Blueprint is seen as
an economic development and environmental sustainability strategy for urban areas, the RUCS project is an
economic and environmental sustainability strategy for
rural areas. The RUCS project is an integral piece of the
MTP/SCS and a strategy for the region’s success.
This chapter is divided into three sections. The first
provides information and issues that relate to the RUCS
project, including why and how agriculture and farmland, habitat and other natural resources, and water are
integral to the plan. The second, air quality and health,
looks at the different ways the impacts on the regional
community are considered in the development of the
MTP/SCS. The third and final section, climate change,
addresses how the climate is affected by land use and
transportation choices and what the MTP/SCS does to
minimize these impacts. Each of these sections will discuss the research and analysis that was carried out in
order to inform the development of the MTP/SCS, as
well as the effect of the plan on these issues. SACOG
considered these issues as key factors in creating not
only a successful MTP/SCS, but a vibrant region.
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Rural-Urban Connections Strategy, Natural Resources
and Farmland
The MTP/SCS land use forecast and transportation
system attempt to minimize negative impacts on various natural and manmade resources, building on local
policies and strategies related to conservation and protection of these resources. There is acknowledgement
around the region of the need to maintain a balance
between the need to urbanize and the need to conserve
rural lands and their uses. The two competing pressures
exist in the interest of economic sustainability. RUCS,
an implementing activity of the MTP/SCS, provides
additional information and a powerful set of analytical
tools to the region’s local governments and stakeholders engaged in this important discussion. This section
will reference much of the RUCS project work to discuss
environmental sustainability relating to agriculture and
farmland, infrastructure, recreation and open space,
habitat and natural resources, water resources, and
flood control. For more information on the RUCS project, including work completed to date, see Appendix E-2
– Rural-Urban Connections Strategy.

An Overview of the Rural-Urban Connection
Although most of the Sacramento region’s 2.3 million
residents live and work in urban areas, the region spans
an extraordinary range of landscapes. From the Sierra
forests to fields that feed the world, our region enjoys
remarkably diverse lands and natural resources. Across
the six counties of El Dorado, Placer, Sacramento, Sutter, Yolo and Yuba, approximately 75 percent of the
lands are agricultural, forest, or other open space. The
contributions of farms and open spaces are vital to the
success of the entire region. This section explores these
various landscapes in terms of what they mean to the
region, how they fit within the framework of the MTP/
SCS, and what impact the plan has on these resources.
Although RUCS began at SACOG, farmers, ranchers,
agricultural researchers, farm bureaus, local, state, and
federal officials, distributors, chefs and many other
142

stakeholders have made the project possible. RUCS
outreach and research is organized by five broad topic
areas, including: land use and conservation, infrastructure, economic opportunities, forest management,
and regulations. SACOG gathered data and conducted
research for each topic area collaboratively and with
input from local agriculture, planning, economic development, and environmental representatives to help
the region better understand the unique issues in rural
areas. SACOG conducted stakeholder workshops to
vet research and findings on each of the topics and to
develop innovations that help address challenges and
promote opportunities for rural economic viability and
environmental sustainability. At the same time, the
SACOG board participated in a series of agriculture field
trips to learn about the opportunities and challenges
facing the agricultural economy in different parts of the
region.
The RUCS effort has drawn from land use, agriculture and open space elements of county general plans,
and from existing open space and habitat planning initiatives, to address land use issues that are critical to
conserving and enhancing rural resource lands. SACOG
reviewed these plans to understand the existing policies
that conserve land and promote agricultural viability
and habitat quality. This work helped SACOG forecast
development in the MTP/SCS. Coupled with technical
work, SACOG and its partners have a richer understanding of current challenges and opportunities for
enhancing rural economic viability and environmental
sustainability.

Agriculture/Farmland
Agriculture has deep roots in our region’s history and
future. The Sacramento region has some of the most
productive farmland in the world. While agriculture is
a $2 billion industry in the Sacramento region, there
is more that we get from agriculture than revenue.
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These areas provide benefits such as habitat, flood control, groundwater recharge, carbon sequestration, and
energy production. Loss of these lands for agricultural
purposes not only has an economic impact, but also
environmental and social impacts.
In developing the MTP/SCS land use forecast and
transportation system, SACOG relied on its RUCS
research and the policies of local governments to
develop urbanization assumptions based on the most
recent information available. Local land use policies
related to agricultural protection and preservation were
of particular importance in this effort.

The California Department of Conservation maps
farmland throughout California under the Farmland
Mapping and Monitoring Program (FMMP). Figure 7.1
shows a 2012 FMMP map of these farmlands in the
MTP/SCS plan area. An acreage summary of the FMMP
mapping categories is presented in Table 7.1. Most of
the land located west of the Sierra Nevada foothills and
east of the Capay Hills is classified, under the FMMP, as
Important Farmland (i.e., Prime Farmland, Farmland of
Statewide Importance, Unique Farmland, or Farmland of
Local Importance).

Table 7.1

Acreage Summary by FMMP Mapping Category for Lands in the MTP/SCS Plan Area
Farmland Category

El Dorado

Placer

Sacramento

Sutter

Yolo

Yuba

Region

Prime Farmland

645

7,330

93,918

161,475

250,667

39,942

553,976

Farmland of Statewide Importance

835

4,044

43,579

104,558

17,296

10,852

181,164

3,226

17,891

15,063

16,032

42,398

32,390

127,000

Farmland of Local Importance2

59,406

99,222

56,980

0

58,129

0

273,737

Grazing Land

193,774

27,879

154,737

53,223

163,619

140,761

733,993

All Farmland

257,887

156,366

364,277

335,288

532,109

223,945

1,869,871

32,316

59,699

180,231

13,608

30,833

14,063

330,750

239,169

190,325

73,397

38,468

82,629

167,319

791,307

6,972

5,010

18,149

1,883

7,804

6,628

46,446

Non-Farmland

278,457

255,034

271,777

53,959

121,266

188,010

1,168,503

Total Area Surveyed1

536,344

411,400

636,054

389,247

653,375

411,955

3,038,374

Unique Farmland

Urban and Built-Up Land
Other Land
Water

Source: California Department of Conservation, 2012.
1

Approximately 1,157,000 acres of land within the MTP/SCS plan area in Placer and El Dorado counties were not surveyed. The survey area excludes
most of the Sierra Nevada, as well as desert and forested parts of California that are less likely to have productive farmland. Some of these locations
may be added in the future, while most areas identified as “Local, State, and Federal Owned Land” will not be added. Some small areas of public land
are included in the survey area, generally as “Other Land.” See California Farmland Conversion Report 2006-2008, pg. 5 (California Department of
Conservation, 2011).

2
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As the table shows, Important Farmland is particularly prevalent in the
counties of Sacramento, Sutter and Yolo, due to the fertile soils and flat
topography of these valley counties. Western Yolo County, the eastern third
of Sacramento County, the Sutter Buttes region in Sutter County, and the
foothill regions of El Dorado, Placer and Yuba counties are predominantly
classified as grazing land. Although El Dorado, Placer and Yuba counties
contain less Important Farmland, these counties contain significant Grazing
Land and Other Land. According to FMMP data, less than ten percent of the
region is currently urbanized. The abundance of agriculture and farmland
in the plan area is important to the region for economic, social and environmental reasons, but also to the rest of world. These lands are some of
the most productive farmlands in the nation and provide food for the world.
From 1988 to 2012, a period of 24 years, the region grew by more than
750,000 people. In that same time, according to FMMP summaries from
the California Department of Conservation, approximately 214,000 acres of
grazing and farmland were converted to urban and rural development. This
is the impact the update of the MTP/SCS strives to minimize. For the same
planning period of 24 years (2012-2036), and an additional 810,600 people,
this MTP/SCS forecasts the conversion of 37,215 acres of grazing and farmland by 2036. And, as Table 7.2 shows, less than half of that impact comes
from Protected Farmland (defined as Prime, Unique, and Farmland of Statewide Importance). This significantly lower rate of conversion is due largely
to local and regional efforts to balance urban expansion with the protection
of economically viable farmland.

Table 7.2

MTP/SCS Land Use and Transportation Impacts to Farmland
Mapping and Monitoring Program (FMMP) Protected Farmland
Farmland Category

Acres of Impact

Land Use Growth Footprint
Transportation Projects

1

Prime
Farmland

Unique
Farmland

Farmland of
Statewide
Importance

Total
Protected
Farmland

1,722

588

1,905

4,214

744

158

338

1,240

Source: California Department of Conservation, 2011; SACOG, 2011
1

Transportation projects considered for this analysis include new roadways, new light rail routes
and roadway widenings. Other transportation projects occur within existing rights-of-ways.
Acres of impact were calculated by measuring a 100-foot buffer from road/rail centerline.
Impacts in this table are therefore, high estimates of impact.
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This decrease in the impact to farmland from the MTP/SCS is important as
the viability of the agriculture industry is correlated with the amount of land
in production and the type of production. Limited farmland conversion can
help to maintain the approximately $4.5 billion economic output related
to agriculture in the Sacramento region, and protect employment of over
21,000 people in the agricultural industry, ranging from laborers that help
farmers plant and harvest their crops to financial, legal and other professional services that support the industry. This information from the RUCS
project and how it is integrated into the plan does two things for the region.
First, it shows that these resources provide a substantial and stable source
of economic activity. Second, it provides invaluable information about rural
lands to inform the long range planning efforts taking place throughout the
region at the local level.
The Williamson Act is another mechanism that affects the viability of farmland. Enacted in 1965, the Williamson Act allows farmland owners to enter
into contract with a county to keep land in agricultural use over a ten-year
period in return for a lower property tax rate based on agricultural production value rather than potential urban development value. This prevents or
postpones conversion of farmlands to urban uses when landowners want to
keep farming. Table 7.3 shows the amount of agricultural lands under Williamson Act contract in each of the Sacramento region’s six counties.
Table 7.3

Williamson Act Lands within the SACOG Region as of 2014
Prime

Nonprime

Total

Percent

5.588

26,604

32,192

5%

Placer

12,606

21,695

34,301

5%

Sacramento

92,701

81,256

173,956

25%

Sutter

51,094

13,172

64,266

9%

228,388

172,563

400,951

57%

0

0

0

0%

390,376

315,290

705,666

100%

El Dorado

Yolo
Yuba1
SACOG Region

Source: California Department of Conservation, 2014 (Yolo County data is from 2011).
1
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As of 2014, the Sacramento region contained a total of
705,666 acres of land contracted under the Williamson
Act. Of those acres, about 390,000 acres were prime
farmland and about 315,000 acres were nonprime.
More than 50 percent of both prime and nonprime
lands under contract are located in Yolo County. Just
under one-quarter of all contract acres are located in
Sacramento County. Though state subventions to backfill lost property tax revenue have been eliminated, the
program is still embraced by participating counties in
the region and remains an important part of their farmland conservation strategies. That said, a landowner
may cancel or non-renew a Williamson Act contract
at any point. Nevertheless, of the 705,666 acres
under Williamson Act contract in 2012, only 993 acres,
(0.1 percent of contract acres) are impacted by the
MTP/SCS.
One of the key land use issues studied in the RUCS
project is addressing the conflict between urban and
rural uses at the interface of these two land uses. Analysis of historical cropping patterns shows that rates
of fallowing triple at hard edges (i.e., where there is
a clear line between urban and rural) and quadruple
at soft edges (i.e., where there is a gradual transition
from urban to rural) at the urban edge due to conflicts
and speculation about urbanization. These data highlight how important it is to manage both sides of this
edge as urban and rural uses transition to the other.
Conflicts from rural uses for people in adjacent urban
areas can include spraying, noise, odor and dust. Conflict from urban areas for people in adjacent rural areas
can include traffic, theft, vandalism, and loose pets.
These conflicts complicate production practices and
often limit what a farmer can grow. Policy responses
such as agriculture and open space designations,
growth boundaries, buffers, right-to-farm ordinances,
rural housing restrictions, and land conservation can be
effective, particularly when bundled to address specific
issues in a particular area. The RUCS project has helped
the region understand that there are no one-size-fits-all
solutions, as demonstrated by the unique land management and conservation approach in each county
(Appendix E-2 – Rural-Urban Connections Strategy).
While there are dozens of general plan designations
for urban uses, the diverse types of agriculture—from
rice fields to peach orchards to diversified farms—are all

labeled agriculture. This simplified view makes it hard
for policy makers and economic development agencies to help growers, processors or distributors. In an
effort to have a more detailed understanding of our
agriculture and forest lands, crop data were collected
at the field level across more than 2 million acres of
farmland as part of the RUCS project. The culmination
of this work characterizes crops not as one single use,
but as 64 distinct landscape types. Each landscape type
is backed by input cost, yield, price, and other factors
such as habitat. The data are used in models developed
for the RUCS project that can show how changing crop
patterns, market conditions and policy and business
decisions may affect the viability of agriculture. The
specific outputs include: yield and value of production,
demand for inputs (e.g., labor, water, fuel, seed, trucking), and net returns. A map of SACOG’s 2012 Crop
Inventory is shown in Figure 7.2.
This analysis capability gives the region a robust set
of data, including what crops are on the ground today
and which of those are most impacted by the MTP/SCS
development. These data have been used to inform
issues related to water, safety on rural roads, and the
interface of rural and urban traffic with additional
development. This can all help decision makers craft
better policies and plans, help agricultural businesses
make operational decisions, and help the public understand the trade-offs that affect rural economies.
Complementary to conserving open land is supporting the economic activities on that land. In some cases,
open lands become urbanized when property owners
cannot earn a living on their land. Once lost to development or other uses, that land cannot provide food
or environmental services (e.g., habitat, flood control, groundwater recharge, carbon sequestration and
energy production). There are increasing opportunities
in agriculture: increasing demand for food internationally, increasing regional demand for locally produced
food, state mandates for alternative energy production, and the potential for GHG emissions offsets. These
opportunities offer the potential for regional economic
growth, and to support an industry that manages our
rural lands to provide not only food and energy, but also
all the other environmental services noted above that
contribute to the region’s sustainability.
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The cornerstone of the RUCS project is to understand what factors affect profitability and to find ways
to enhance the economic viability of rural lands. SACOG
uses this information to create scenarios to evaluate
how production practices, market fluctuations and
global events will affect growers’ economic viability.
SACOG adapted its land use planning tools developed
in the Blueprint process—initially designed to analyze
urban development scenarios—to analyze agriculture
scenarios. This, along with an econometric model and
other tools, help analyze various possible future scenarios for agriculture. For instance, the models can
simulate how worldwide events such as droughts and
resulting higher grain prices can have direct impacts on
farmers in the Sacramento region. Another example is
testing how rising oil prices will impact fuel and fertilizer costs, thereby affecting viability and decisions to
plant or leave a field fallow. Other factors can be tested
including changes in labor costs or water supplies
and cost. The models can also test market conditions,
by exploring how changes to business practices or
commodity prices will affect agricultural viability and
fallowing. Farmers in our region are major players in the
national and world economies. Their economic livelihood depends on being able to quickly and successfully
adapt to events and trends they cannot control. The
RUCS analytical tools will help them do that, and help
the public agencies in the region understand what they
can do to help. Appendix E-2 provides a more detailed
discussion of the tools used in the RUCS project.
SACOG’s tools are designed to work at all scales of
analysis. At a macro scale, these tools can help the
region understand what factors affect agricultural viability and possible policies or economic development
strategies that could support the industry. For example,
results that show where and how much labor is needed
for crops in the region can help decision makers identify
where housing and transportation services for agricultural workers would be best located. Trucking demand
results will help the region identify key farm-to-market routes and where road improvements could help
support the industry. At a micro scale, using SACOG’s
tools, a farmer could estimate return on investment by
adjusting production variables and identifying those
that most impact farming operations.
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The Infrastructure of Agriculture
In many rural parts of the region, agriculture and other
open space uses share roadways with rural housing
development. SACOG’s transportation modeling shows
that on average, residents living in the Rural Residential
Community Type areas travel an average of 79 miles
per household per day, compared to an average of 30
and 47 vehicle miles traveled per household in Center
and Corridor and Established Communities respectively. This creates traffic and safety issues in our rural
areas. Rural economic development and agritourism
objectives can sometimes exacerbate this conflict by
bringing more trips onto rural roads. Rural commuting is discussed in more detail in Chapter 9 – Economic
Vitality.
The issues caused by the average daily miles driven
in rural areas are compounded by the incoming farmworker traffic to these areas. A lack of farmworker
housing not only challenges labor supply, but also
may contribute to traffic impacts as workers drive or
are transported sometimes long distances. And in
some areas, available farmworker housing is generally
far from retail, medical and other services, creating
another source of traffic on rural roadways. The MTP/
SCS land use pattern forecasts no new development
within agricultural areas and only a small amount in
rural areas—approximately 5,100 housing units between
2012 and 2036. This level of growth helps to address the
concern of longer daily driving by offering some additional housing potential near agriculture-related jobs,
yet does not add much additional burden to rural roads.
Chapter 3 provides more discussion on the land uses
associated with the MTP/SCS.
In addition to addressing these issues through
changes in land use, transportation investments made
in the MTP/SCS help to improve travel in rural areas
as well. The MTP/SCS invests $5.8 billion on regional
and local roadway improvements. One targeted area is
for operational improvements in rural and small communities. This includes safety improvements along
farm-to-market routes and corridors along the rural-urban edge. Chapter 4 details the various transportation
investments made in the MTP/SCS.
Beyond road investments, SACOG is beginning to
look at other infrastructure needed to support agriculture. Aggregation, distribution, processing, and storage
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facilities are an important part of the agriculture infrastructure. However, the region has experienced a number
of facility closures. Many economic factors—some of
them international—contribute to these closures. Trucking products to facilities outside of the region increases
vehicle miles of travel, emissions, transport costs, and
potentially reduces product quality and therefore price.
In some cases, the loss of a facility causes farmers to
cease growing a particular crop altogether. Such closures also eliminate direct and indirect processing
jobs, as well as the economic multiplier associated with
those jobs and the facility. As local markets take hold in
the region, advocates have identified local food system
infrastructure as a necessity to scale up the system for
larger customers of local food, particularly institutions
which often need pre-cut and processed food for their
services. It takes a complex distribution system to move
food from fields to consumers. Food distribution centers can provide a valuable connection between local
producers and local wholesale, retail, food service,
institutional and other food outlets—while relieving producers of the responsibility of aggregating, marketing,
and distributing product. Distribution centers could also
decrease vehicle miles traveled by growers who currently deliver to multiple sites, leaving more time for
farming. State grant funding is enabling SACOG to analyze how to establish food system infrastructure in the
region to support both production and local agriculture
for markets outside and within the region.
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Figure 7.3

Plan Area Open Space,
Parkland, and Forest Land
Parks1
Open Space1
Federal Forest Land2
City Boundaries
County Boundaries
Rivers/Lakes

Figure 7.3

Open Space, Parkland and Forest Land
Live Oak

80
70

20

Sutter County
20

Yuba City

Marysville

174

Yuba County

Colfax

Placer County

99
70

Wheatland
80
65

193

Auburn
113

45

Lincoln

5

Rocklin

99

Loomis

49

50

Roseville
Placerville

Yolo County

Citrus Heights

Woodland

Folsom

505

113

Davis

128

Winters

50

El Dorado County

80

80

Rancho
Cordova

West Sacramento
Sacramento

88

16

Sacramento County
Elk Grove

5

99

Galt

Isleton

MILES
0

5

0
5
10
KILOMETERS

10
15

15
20

20
1

Source: SACOG

2

Source: http://www.fs.fed.us/r5

151

Chapter 7: Environmental Sustainability

Recreation and Open Space
Beyond agriculture, open space includes forestry, parks,
trails and wildlife areas that not only provide habitat, but
also support recreational activities, educational opportunities and the connection between built and natural
environments. Public parks, trails and wildlife preserves
are the dominant means by which people connect with
nature. This green infrastructure is part of the natural
heritage and presents opportunities to understand how
it relates to the built environment. Private assets, such
as the Nature Conservancy’s Cosumnes River Preserve,
add to the inventory of public recreational and wildlife
areas that are part of the region’s rural fabric. As conservation plans throughout the region are completed,
this inventory will include lands that are set aside as
part of those efforts. According to the California Protected Areas Database in 2014, roughly 327,500 acres
of parks, open space and conservation lands, including 54,600 acres in urban areas (Table 7.4). Figure 7.3
shows a map of open space, parkland, and forest land
in the region.

Table 7.4

Acres In Open Space Land by County, 2012
County

Acres

Urban Open Space2

El Dorado1

60,825

3,953

Placer

63,677

9,546

Sacramento

90,591

27,489

Sutter

13,949

126

Yolo

64,152

12,319

Yuba

34,329

1,175

Total

327,522

54,609

1

Source: California Protected Areas Database, 2014. Includes any land
that is not forest.
1

Does not include Tahoe Basin.

2

Includes lands designated as city, county, or regional parks or open
space and golf courses.
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Habitat and Natural Resources
According to federal and state requirements, every land
development and transportation project must mitigate,
or compensate for, the effects on sensitive habitat and
open space. In response to the mandate to conserve
natural resources in a more systematic manner, several
jurisdictions in the region have been developing Habitat
Conservation Plans (HCPs) and Natural Communities
Conservation Plans (NCCPs). This section provides a
summary of the status of habitat conservation plans
(HCPs) and natural community conservation plans
(NCCPs) in the region, although not all of these plans
have been adopted or fully implemented. These plans
include: the South Sacramento HCP, Natomas Basin
HCP, Yuba/Sutter NCCP/HCP, Yolo County NCCP/HCP,
Placer County Conservation Plan, and the El Dorado
County Integrated Natural Resource Management Plan.
The boundaries of each of these plans are depicted in
Figure 7.4.
During implementation of specific projects, an activity subject to Section 10 of the Endangered Species
Act (ESA) and considered a covered project under the
implementing rules of an adopted HCP or NCCP may be
able to participate in the plan. To the extent possible,
SACOG works with federal agencies, regional partners,
and local jurisdictions regarding proposed development
in areas containing federally or state protected natural
resources. SACOG gathers and considers information
on the timing of any applicable permits and their relationship to HCP and NCCP planning efforts to feed into
phasing assumptions for the MTP/SCS land use forecast. Given available data, mapping and HCP and/or
NCCP status, SACOG considers impacts on or conservation of areas that have biological resources and/or
provide habitat for species covered by the federal and
state ESA and the Native Plant Protection Act.
The ultimate resolution of the many on-going natural
resources planning efforts will have a major influence
on future growth patterns in the region. The land use
forecast in this MTP/SCS considered the uncertainties
associated with these on-going efforts throughout the
region. The progress of these planning initiatives will
be carefully monitored and it is expected that once the
HCPs/NCCPs are adopted and being implemented that
their provisions will have a significant influence on the
land use forecasts in future MTPs/SCSs.
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South Sacramento Habitat Conservation Plan
The South Sacramento Habitat Conservation Plan
(SSHCP) is currently in preparation. The SSHCP area
encompasses 345,000 acres in southern Sacramento
County. The SSHCP will consolidate environmental
efforts to protect and enhance wetlands (primarily vernal pools) and upland habitats to provide ecologically
viable conservation areas. It will also minimize regulatory hurdles and streamline the permitting process for
development projects. The SSHCP is planned to cover
28 different species of plants and wildlife including
ten that are state or federally listed as threatened or
endangered. The SSHCP will be an agreement between
state/federal wildlife and wetland regulators and local
jurisdictions, which will allow landowners to engage in
the incidental take of listed species (i.e., to destroy or
degrade habitat) in return for conservation commitments from local jurisdictions. The options for securing
these commitments are currently being developed and
will be identified prior to the adoption of the SSHCP.
The geographic scope of the SSHCP includes U.S. 50
to the north, Interstate 5 to the west, the Sacramento
County line with El Dorado and Amador counties to
the east, and San Joaquin County to the south. The
Study Area excludes the City of Sacramento, the City
of Elk Grove, the City of Folsom and Folsom’s Sphere
of Influence, the Sacramento-San Joaquin Delta, and
the Sacramento County community of Rancho Murieta.
Sacramento County is partnering with the incorporated cities of Rancho Cordova, Galt, as well as the
Sacramento Regional County Sanitation District and
Sacramento County Water Agency to further advance
the regional planning goals of the SSHCP. The Plan is
currently under development with a Final EIR/EIS, HCP
expected in the fall of 2017. The county is working to
establish a process to review and evaluate interim projects in order to avoid foreclosing conservation options
and receipt of desired permits.
Natomas Basin Habitat Conservation Plan
The Natomas Basin HCP (NBHCP) was approved in 2003
and has two permit holders: the City of Sacramento
and Sutter County. The Natomas Basin is a low-lying,
53,537-acre area of the Sacramento Valley located in
the northern portion of Sacramento County and the
southern portion of Sutter County. The Natomas Basin
Conservancy (TNBC) is the nonprofit entity responsible
for administering and implementing the NBHCP. TNBC
reports directly to the permit holders. The HCP covers
22 sensitive species.
Yuba-Sutter Natural Community Conservation
Plan/Habitat Conservation Plan
The Yuba-Sutter NCCP/HCP is intended to provide an
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effective framework to protect and enhance agricultural and natural resources in Yuba and Sutter counties,
while improving and streamlining the environmental permitting process for impacts on threatened and
endangered species. The Yuba-Sutter NCCP/HCP will
allow Yuba and Sutter counties, the cities of Wheatland,
Yuba City, and Live Oak, and the Plan Implementing
Entity to control threatened and endangered species
permitting for activities and projects in specifically
defined areas of the counties, encompassing approximately 440,000 acres. This NCCP/HCP will also serve
to provide comprehensive species and ecosystem conservation and contribute to the recovery of threatened
and endangered species in northern California. The
Yuba-Sutter NCCP/HCP is planned to provide coverage
for 17 wildlife species and plant species. The plan is currently under development with public drafts anticipated
in mid-2015/early 2016.
Yolo County Natural Heritage/Habitat Conservation
Plan/NCCP
The Yolo County NCCP/HCP is currently in preparation.
In February 2005, the Joint Powers Authority (five local
public agencies formed to prepare a regional conservation plan for Yolo County) and the state Department
of Fish and Game (DFG) entered into an NCCP/HCP
Planning Agreement, now known as the Yolo Natural
Heritage Program. The independent science advisor’s
report was finalized in March 2006. The NCCP/HCP
planning area encompasses more than 650,000 acres
and is planned to provide habitat for 12 species. The
plan is currently under development with a DEIS/DEIR
planned for the summer of 2016 and further expectation of permit issuance in the spring of 2017.
Placer County Conservation Plan
Placer County, DFG, and U.S. Fish and Wildlife Service
finalized an NCCP planning agreement in December
2001. The Placer County Conservation Plan (PCCP) is
currently being prepared and is proposed to address
201,000 acres of development and conservation in
Western Placer County. In coordination with the federal and state agencies, it is anticipated that a DEIR/
DEIS will be released in 2015-2016, with permit issuance
expected in 2017. Fourteen species are proposed for
coverage. The county is working to establish a process
to review and evaluate interim projects in order to avoid
foreclosing conservation options and receipt of desired
permits.
El Dorado County Integrated Natural Resources
Management Plan
El Dorado County General Plan Policy 7.4.2.8 and Implementation Measure CO-M direct the County to prepare
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and adopt an Integrated Natural Resources Management Plan (INRMP) to offset the impacts of loss and
fragmentation of wildlife habitat from development
authorized under the 2004 General Plan. In May 2009,
the county split the process of developing the INRMP
into two phases. The first, an information gathering,
mapping, and development of options process, was
completed in April 2011 with the submittal of the Options
Report. Phase 1 also included a Habitat Inventory, developed a list of indicator species for monitoring purposes,
evaluated wildlife movement corridors and constraints,
and developed a discussion of alternatives approaches
for development of the habitat protection strategy.
Phase 2 will be the development of the plan itself. This
includes identification of the mitigation program, development of a funding mechanism, management strategies,
and monitoring.
Habitat and Agriculture
The relationship between habitat conservation and
agricultural land can cut two ways. Parts of the region
are experiencing a conversion of agricultural land to
habitat preservation for development mitigation purposes, which can have the effect of removing land from
agricultural use (and into habitat conservation) and
sometimes creates difficulties for adjacent agricultural
lands with the invasion of weeds, rodents, birds, and
waterfowl. However, there can also be working relationships between the two land uses in which both needs
can be met. Some examples include, but are not limited
to: alfalfa is good foraging habitat for the Swainson’s
Hawk, while grazing helps keep non-native grasses in
check and helps vernal pools function.
Yolo, Sacramento, and Placer counties are addressing this and planning for these working relationships
in their habitat conservation plans (HCPs). Sutter and
Yuba counties have begun developing a joint HCP that
will also address these issues. Yolo and Sacramento
county staffs indicate that some components of their
HCPs will be dependent on agricultural land preservation for implementation; in Sacramento County as
much as 90 percent is dependent on agriculture. Yolo
County’s General Plan includes Policy CO-1.17, which
would allow out-of-county mitigation easements in
Yolo County provided several criteria are met, including
requirements that existing agricultural operations continue to be farmed for commercial gain and mandatory
wildlife-friendly strategies and practices are followed.
These issues highlight the struggles realized in agricultural and conservation lands. The pressures from
development in many ways are mirrored by pressures
from other non-urbanized lands.
In addition to their mitigation requirements for habitat lands, Yolo and El Dorado counties have mitigation

policies specifically addressing the loss of agricultural
land. Yolo County, for example, adopted an agricultural
mitigation ordinance which requires all projects that
result in a permanent loss of either farmland and/or
habitat to mitigate an equal amount of land. Agricultural and habitat easements may not be stacked within
the same property, and must be mitigated separately.
The ordinance requires that agricultural conservation
easements be located within two miles of the development that is being mitigated. The purpose of this is
to give first protection priority to lands close to urban
areas, which in Yolo County are viewed as higher risk
for conversion to urban uses. Within Yolo County, the
cities of Woodland and Davis also have agricultural mitigation requirements. The Yolo County Local Agency
Formation Commission also requires agricultural mitigation (in lieu of an existing city requirement) when
agricultural land is lost as a result of annexation.
Additional information about the biological and
hydrological conditions in the plan area is included in
Appendix E-4 — Natural Resources Data.
Conservation and preservation efforts around the
region and the processes described in this section have
been considered in the development of this MTP/SCS.
SACOG has coordinated closely with local cities and
counties to ensure that the MTP/SCS land use pattern does not contradict or undermine efforts related
to conservation at the local level. SACOG has made
efforts to support this work at the local level, providing
assistance at many levels when appropriate or needed.
When these plans are finally adopted, they will be fully
referenced in future MTP/SCS growth strategies.
The MTP/SCS includes a land use pattern and supporting transportation system that, while it impacts
natural resources, is consistent with the locations
identified for development in draft HCPs/NCCPs. Furthermore, new development areas were assessed for
their federal and state permit status.
Six-County Aquatic Resources Inventory
In 2009, the U.S. Army Corps of Engineers (USACE),
made an investment of just over $1,000,000 to inventory all waters within the six-county SACOG region.
The request for this funding came not only from within
USACE but with the strong support of SACOG. The
Six-County Aquatic Resources Inventory (SCARI) was
completed in 2011 and incorporated into EcoAtlas in
2013. The outcome of this investment from SACOG’s
perspective is to utilize the inventory (under review for
a mid-2012 release) to prioritize areas of natural significance and streamline 404 permitting particularly
in accordance with Blueprint and smart growth development. Additionally, SACOG has been and will remain
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engaged in ensuring that the inventory continues in
its development of utility via coordination amongst
its members in addition to facilitating coordination for
the Corps of Engineers and their regulatory partners
at both the federal and state levels. The inventory data
are under review and not yet available publically.
Water Resources
The balance between urban and rural land use and the
management of those lands has a direct impact on the
use and management of our water resources. Management of these resources is not only mandated by
state and federal law, but critical to the sustainability
of the region. In terms of water, the Sacramento region
is positioned between a Sierra snowpack, the source
of most of our surface water supply and which climate
models predict will diminish in the future, and the Sacramento-San Joaquin Delta, which is in need of more
fresh water from this region and beyond to help stabilize the decline of the estuary’s ecosystem. The State
Water Resources Control Board continues to deliberate on a “flow standard” for rivers that feed the Delta,
which could impact how much water needs to remain in
the channel and therefore how much can be used for
agriculture and urban uses. Numerous other state and
federal regulatory authorities have or will made other
changes that impact water supply and operations in the
region, including operations of Folsom Dam. Groundwater is plentiful in some areas, but challenged in others.
Recently enacted state legislation regarding groundwater monitoring and management will certainly impact
users, particularly those who are supplied exclusively
from aquifers. Local water agencies are also investing
in new infrastructure to allow water intraregional water
transfers so that water providers can rely on groundwater and surface water as the availability fluctuates.
From conservation to stormwater management to water
quality, jurisdictions and water purveyors continue to
use water management plans to ensure they balance
demand and supply. This water balance effort extends
to the entire region through Integrated Regional Water
Management plans that also address issues such as adequate stream flow for habitat, groundwater recharge
and flood control. In 2011, the region initiated the North
State Water Alliance, which includes membership of
water districts, water management organizations,
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local jurisdictions, and business groups to identify and
advocate on behave of the region’s water resource
challenges and opportunities. Whether we are growing
buildings or growing crops, water is a key factor that
will shape the region’s future. This section discusses
water-related issues around the region, how they interact with the MTP/SCS, and what impacts development
in the plan has on water resources.
Every county has a different profile of water use, but
in California, the Public Policy Institute of California
reports that average water use is roughly 50 percent
for environmental purposes, 40 percent for agricultural
purposes, and 10 percent for urban purposes. Unlike
agriculture’s seasonal demand, urban areas need
water throughout the year. This increases pressure on
groundwater supplies to manage shortages. Despite the
ability to pay for water delivery infrastructure in most
urban areas, water supply limitations can still hinder
urban development plans. Planning and management
efforts are critical to achieving a sustainable water
balance throughout the region. When development
occurs, a source of water, and the infrastructure to
deliver it, must be identified. SACOG coordinates with
local jurisdictions to understand the water supply and
infrastructure requirements of proposed development
in creating the MTP/SCS land use forecast. As noted
in Chapter 3, the MTP/SCS land use forecast includes
more compact growth with roughly 70 percent of the
new homes being small-lot single-family or attached.
During the Blueprint process, SACOG estimated that
new growth in the Blueprint would consume 30 percent
less water than the Base Case scenario. These results
suggest that compact growth will reduce demand for
water and impacts on water treatment systems.
With more demand on water supplies, greater efforts
are being made to use water more efficiently. Water
supply uncertainty is the byproduct of the ongoing
drought, court decisions, legislation, development, and
possible climate change impacts. Preparing for the
region’s future requires strategies that not only secure
water supplies, but also use the water that is available
more efficiently. This saves water and money, which
helps urban and rural users meet their needs and still
meet the needs for the environment. Urban Water Management Plans, Agriculture Water Management Plans,
and Integrated Regional Water Management Plans—
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comprehensive, inter-jurisdictional studies of how to
manage the supply and use of water for urban and
non-urban uses—can improve the efficiency of water use
and result in solutions that help all stakeholders. These
plans, and efforts such as the Water Forum Agreement
in El Dorado, Sacramento and Placer counties, employ
best management practices to reduce water use for
urban purposes. State-mandated conservation will also
drive continued efforts to reduce urban water demand.
In agriculture, drip irrigation has been used by farmers
for a number of years and saves substantial amounts of
water, energy and cost. Irrigation Management Services
(IMS) use data collected from soil moisture sensors to
customize irrigation schedules based on the crop and
soil moisture conditions. These and other conservation efforts help reduce demand and costs and keep
as many acres as possible supplied with water. If the
drought persists, the region will likely see more acreage
fallowed, a switch to crops that use less water, or investment in high-value crops that can help a farmer cover
the rising cost of water.
Water quality regulations are a primary factor in
how water is managed today and into the future. For
urban water purveyors, threats to water quality are of
paramount importance with regulatory requirements
driving frequent monitoring and testing. Locally, the
groundwater contamination from past practices on
industrial properties, military bases and even corner
gas stations has forced water managers to change
sources of water, shut off wells and make significant
investments in new infrastructure and treatment. As
groundwater is pumped, managers must understand
whether their actions exacerbate contamination or help
contain it. Once water is used for many of our indoor
needs, wastewater treatment plant operators have the
task of cleaning the water of human and non-human
wastes to meet standards for discharge.
Flood Control
Four counties, Sutter, Yuba, Yolo, and Sacramento, have
large floodplains along the Sacramento, Yuba, Feather,
and American rivers and their tributaries. Flood control projects—dams and levees—have made it possible in
these floodplains to develop not only urban areas, but
also agricultural production. Some flood control plans
include setting aside farmland to reduce the amount of

land needing an urban level of protection in the future
and thereby minimizing overall flood risk. Maintenance
of many of the levees is the responsibility of reclamation districts, which in rural areas are funded by farm
operations and related agricultural businesses. These
and other flood management activities protect not only
agricultural operations, but also wildlife areas and mitigation lands. Croplands also provide a buffer that helps
protect urban areas by slowing flood flows and storing
water. This water can recharge groundwater supplies
and help minimize land subsidence. While agriculture
and open space provide numerous flood benefits, in
some cases, levee improvements may impact these
lands within the basin being protected when levees are
built over farmland. Additionally, farmland may be converted to habitat for required levee mitigation. At the
same time, rural communities within the floodplain are
prohibited from new construction and infrastructure
improvements until they achieve an urban level of flood
protection.
Some existing urban development in the SACOG
region already exists within a floodplain; to achieve
GHG emissions reductions, improve regional air quality, and maintain an efficient transportation system,
some of the region’s future urbanization will also occur
within floodplains. Of the 285,000 new housing units
forecasted by the MTP/SCS, 76,710 are expected to be
constructed in a 200-year floodplain. The challenge for
the region will be to continue balancing the need for
flood protection with agricultural and environmental
sustainability, and growing needs for providing urban
development for a growing population. The timing of
this forecasted development has been carefully evaluated to ensure that the additional growth occurs only
after levees are projected to be certified by FEMA and
consistent with state requirements.
In fact, due to both potential opportunity and conflict,
SACOG has been and will remain substantively engaged
with the White House Council on Environmental Quality (CEQ) as it updates the Principles and Guidelines for
water and land related resources. In 2010, the Obama
Administration expanded the scope of the 1983 Principles and Guidelines for Water and Land Related
Resources. The first step in this significant process was
the release of a draft report that emphasized that water
resources projects should maximize sustainable eco157
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nomic development, avoid unwise use of floodplains,
and protect and restore natural ecosystems, among
other important points. In addition to the Principles
and Guidelines, CEQ is also updating the Principles and
Standards, the vehicle through which new policy will
be implemented via an expanded collective of federal
agencies.
SACOG recently updated its levee status report as
part of the process of developing the land use plan for
the MTP/SCS. The purpose of the report was to determine if any potential growth areas in floodplains might
be delayed due to levee conditions and the jurisdiction’s
ability to improve their levees to meet federal and state
requirements for flood protection. The report concludes that most growth areas are scheduled for levee
upgrades to conclude before 2020. The levee status
report can be found in Appendix E-3 – Land Use Forecast Background Documentation. SACOG continuously
monitors the status of this issue and if the situation
changes in any of the areas from what is assumed in
this plan, growth assumptions in future updates will be
amended accordingly.

Air Quality and Health
Air quality is an important part of the MTP/SCS due
to the widespread consequences it has for both public health and the environment. With a projected
population increase of about 811,000 people by 2036,
the region must rise to the challenge of meeting and
maintaining state and federal health-based air quality
standards. Transportation conformity provides the link
between air quality and transportation planning; linking State Implementation Plans (SIPs) for air quality
and the MTP/SCS. More prescriptively the SIPs in our
region provide the strategies that will be used to attain
and maintain National Ambient Air Quality Standards
(NAAQS); the MTP/SCS through the conformity process
determines that our land use and transportation implement this strategy.
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Climate and Topology
The majority of the MTP/SCS plan area is located in the
Sacramento Valley Air Basin (SVAB), a basin bounded
by the Sierra Nevada Mountain Range to the east and
the Coastal Mountain Ranges to the west. Topography
in the SVAB is generally flat, with elevations anywhere
from slightly below sea level near the Sacramento-San
Joaquin Delta to over 2,150 feet above sea level at the
Sutter Buttes. A portion of the MTP/SCS plan area is
located within the Mountain Counties Air Basin (MCAB),
which extends from Plumas County down to Mariposa
County.
Hot dry summers and mild rainy winters characterize the Mediterranean climate of the SVAB. During the
year the temperature may range from 20 to 115 degrees
Fahrenheit with summer highs usually in the 90s and
winter lows occasionally below freezing. Average annual
rainfall is about 20 inches, with about 75 percent occurring during the rainy season, generally from November
through March. The prevailing winds are moderate in
strength and vary from moist clean breezes from the
south to dry land flows from the north.
The mountains surrounding the SVAB create a barrier to airflow, which can trap air pollutants when
certain meteorological conditions exist. The highest
frequency of air stagnation occurs in the autumn and
early winter when large high-pressure cells lie over the
SVAB. The lack of surface wind during these periods
and the reduced vertical flow caused by less surface
heating reduces the influx of outside air and allows
air pollutants to become concentrated in a stable volume of air. The surface concentrations of pollutants
are highest when these conditions are combined with
smoke or when temperature inversions trap cool air, fog
and pollutants near the ground. The ozone season (May
through October) in the SVAB is characterized by stagnant morning air or light winds, with the Delta breeze
arriving in the afternoon out of the southwest. In addition, longer daylight hours provide a plentiful amount
of sunlight to fuel photochemical reactions between
reactive organic gases (ROG) and oxides of nitrogen
(NOX), which result in ozone formation.
As an air basin, air quality in the Sacramento region
is impacted not only by pollutants generated within
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the region, but also by pollutants generated in the San
Francisco Bay Area, which are carried into the Sacramento region by Delta breezes. The effect of pollutants
transported from the San Francisco Bay Area or from
the San Joaquin Valley on air quality in the Sacramento
region can vary from substantial to inconsequential on
any given day, largely determined by accompanying
meteorological conditions. Thus, the success of the Sacramento region in attaining better air quality is partially
contingent on the achievement of better air quality in
nearby areas that affect Sacramento’s air quality.

Attainment Status in the Region
Federal and state governments − specifically, the
Environmental Protection Agency (EPA) and the Air
Resources Board (ARB) − each establish ambient air
quality standards for several criteria air pollutants.
Ambient air quality standards (AAQS) are established
to address the impacts of the exposure of people, especially sensitive populations, to hazardous pollutant
concentrations, and are periodically updated by assessing newly available scientific information on a given
criteria air pollutant. Most of the standards have been
set to protect public health, although some are based
on other values (e.g., protection of crops, protection
of materials, or avoidance of nuisance conditions). For
some pollutants, separate standards have been set for
different periods of time (averaging times). Measured
air pollutant concentrations in the air basins are compared to the AAQS to determine the attainment status
of that air basin. Attainment status is a classification of
regional air quality that describes whether an air basin
is meeting the standards (attainment) or not (nonattainment).
There are five air districts covering the southern
portion of the SVAB and the mid-northern portion of
the MCAB. Various portions within this area have been
classified as either attainment or nonattainment for the
established ambient air quality standards at the federal
level: ozone is classified as nonattainment, particulate
matter with a diameter of less than 10 micrometers
(PM10) is designated as attainment, particulate matter

with a diameter of less than 2.5 micrometers (PM2.5) is
attainment in the Yuba City/Marysville area and nonattainment in the Sacramento area, and carbon monoxide
(CO) is designated as attainment.
Ozone
The Sacramento Metropolitan Area is designated a
severe-15 nonattainment area for the 2008 eight-hour
NAAQS for ozone. The area was previously a serious
nonattainment area for ozone until the five local air
districts requested to be reclassified as severe-15 in
February 2008. The request for a voluntary bump-up in
classification was in recognition of the fact that the Sacramento Metropolitan Area must rely on longer-term
reduction strategies to meet the ozone attainment
goal. The nonattainment area for ozone is comprised of
Sacramento County, Yolo County, the southern portion
of Sutter County, the eastern portion of Solano County,
and the portions of El Dorado and Placer counties west
of the Tahoe Basin.
Included in the 2009 Sacramento Regional 8-Hour
Ozone Attainment and Reasonable Further Progress
Plan were 43 transportation control measures (TCMs)
for the Sacramento Region. TCMs are strategies
for reducing vehicle trips, vehicle use, vehicle miles
traveled, vehicle idling, or traffic congestion for the
purpose of reducing motor vehicle emissions. SACOG
worked with local governments and local air districts
to develop the proposed TCMs. TCMs include public
transit, carpooling and vanpooling, bicycling and pedestrian enhancement, and land use programs. A full list of
TCMs and the implementation status of these TCMs is
available in Appendix F-1 – Conformity Determination.
Carbon Monoxide
The area monitored for carbon monoxide (CO) levels
was redesignated as a maintenance area in the California Air Resources Board (ARB) document 1996 Carbon
Monoxide Maintenance Plan for 10 Federal Planning
Areas. The area has reduced emissions to acceptable
amounts in accordance with the proposed budget of
CO emissions as included in the 2004 Amendment to
the California State Implementation Plan for Carbon
Monoxide. The maintenance area for CO includes the
urbanized portions of Placer, Yolo, and Sacramento
counties.
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Particulate Matter 10 (PM10)
The United States Environmental Protection Agency
(U.S. EPA) designated Sacramento County as a moderate nonattainment area for PM10 in 1994, though
Sacramento County was reclassified as a maintenance
area for PM10 by U.S. EPA approval through a resignation plan. The area monitored for PM10 consists solely
of Sacramento County, though the four remaining
air districts in the Sacramento region are designated
nonattainment for the state AAQS and unclassified/
attainment areas for the federal AAQS. Sacramento
County attained the PM10 NAAQS by the attainment
deadline of 2000 and has been demonstrating maintenance since then. U.S. EPA approved the PM10
Implementation/Maintenance Plan and Redesignation
Request for Sacramento County effective October 28,
2013, showing the 1987 standard for PM10 was attained
and establishing the strategy for maintaining the standard through 2022. The area is now designated as
attainment.
Particulate Matter 2.5 (PM2.5)
The region as two different attainment geographies
for PM2.5 one which is currently classified as attainment and the other which is currently classified as
nonattainment. U.S. EPA changed the 24-hour standard for PM2.5 from 65μg/m3 to 35μg/m3 in 2006.
The two areas failed to meet the new standards and
were consequently designated a PM2.5 nonattainment areas in 2009. Sacramento, a portion of Sutter
County, the western portions of Placer and El Dorado
counties, a portion of Yuba County, the eastern half of
Yolo County, and portions of Solano County make up
one geography (Sacramento Area). A portion of Sutter and Yuba counties makes up the other geography
(Yuba City-Marysville Area). In January 2015, the Yuba
City-Marysville Area was reclassified as an attainment
area. Work to reclassify the Sacramento Area as attainment will begin in 2015. In the interim, the Sacramento
Area remains designated nonattainment.

Details of Pollutants in the Region and Their
Health Impacts
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Ozone (O3)
Ozone (O3) is a nearly colorless, odorless gas which irritates the lungs and damages materials and vegetation.
Ozone pollution is created by chemicals that come from
many sources, including mobile sources such as automobiles, buses, heavy duty trucks, light trucks, trains,
construction vehicles, farm vehicles, airplanes, motorcycles, boats, and dirt bikes. Ozone is a major component
of smog in the Sacramento region, and results from the
photochemical reaction of ozone precursors, reactive
organic gases (ROG) and nitrogen oxide (NOx) in the
presence of sunlight and heat. Although ozone is the air
contaminant for which standards are set, ROG and NOx
are the pollutants that must be evaluated.
Ozone interferes with the photosynthesis process
necessary for plant growth, reducing forest and crop
growth. Thus, ozone pollution poses a danger to agricultural economies that depend on stable conditions.
In addition to the effect on economies reliant on natural resources and crops, ozone deteriorates the
appearance of local, state, and national parks in the
Sacramento region by damaging the vegetation. The
effects of ozone on health have also been studied by
health researchers, who have found that exposure
to ozone can cause decreases in lung function, and
repeated exposure can result in permanent lung damage. Symptoms of lung disease may also be related
to repeated exposure to ozone concentrations above
current standards. Ozone reduces resistance to colds
and pneumonia, and aggravates heart disease, asthma,
bronchitis, and emphysema. Irritation from ozone
pollution also manifests as wheezing, coughing, and
irritation of the airways.
Nitrogen Dioxide (NO2)
NO2 is a highly reactive, reddish-brown gas that, at
high levels, can cause breathing difficulties. It is formed
when nitric oxide (pollutant produced from burning processes) combines with oxygen. It contributes to smog
formation and causes the brown haze seen on cold
mornings. NO2 pollution is most severe close to roadways and in vehicles; consequently, area-wide pollution
monitors often show a considerably lower reading of
NO2 pollution than readings collected beside active
roadways. NO2, when combined with nitric oxide (NO),
forms nitrous oxide (NOx), a precursor to ozone. There-
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fore, reducing the amount of NO2 created will also
decrease the amount of ozone created.
NO2 has an adverse effect on the respiratory system
of humans, with exposure causing inflammation of the
airways in people without a respiratory condition, and
aggravated symptoms in people with asthma or other
respiratory conditions. Children, the elderly population,
people suffering from respiratory conditions, and people who exert energy through working or exercising
outside are most sensitive to the effects of NO2 pollution.
Particulate matter (PM)
PM refers to finely divided solids or liquids such as
soot, dust, aerosols, and mists. PM is largely the result
of human activities, such as residential fuel combustion smoke and soot, grading and excavation activities,
agriculture (as created by soil preparation activities,
fertilizer and pesticide spraying, weed burning, and animal husbandry), and from motor vehicles, particularly
diesel-powered vehicles. Suspended particulates aggravate chronic heart and lung disease problems, produce
respiratory problems, and often transport toxic elements such as lead, cadmium, antimony, arsenic, nickel,
vinyl chloride, asbestos, and benzene compounds. Suspended particulates also absorb sunlight, producing
haze and reducing visibility.
Particulate matter 10 (PM10)
Respirable particulate matter (PM10) consists of small
particles, less than 10 microns in diameter, of dust,
smoke, or droplets of liquid which penetrate the human
respiratory system and cause irritation by themselves
or in combination with other gases. PM10 pollution can
result in damage to vegetation, but the focus is generally placed on the adverse health effects of particulate
matter. PM10 causes a greater health risk than larger
particles, since these fine particles are too small for the
natural filtering process of the human body and can
more easily penetrate the defenses of the human respiratory system.
Controlled human exposure studies have shown that
exposure to elevated levels of particulate matter causes
adverse health effects, especially regarding the inhibi-

tion of lung functions and an increase in respiratory
and cardiovascular afflictions, as well as cancer risks.
Individuals with pre-existing respiratory or cardiovascular disease are especially susceptible to the adverse
effects of PM10 exposure, as are asthmatic children and
the elderly population.
Particulate matter 2.5 (PM2.5)
Fine particulate matter (PM2.5) consists of small particles, which are less than 2.5 microns in size. Similar to
PM10, these particles are primarily the result of combustion in motor vehicles, particularly diesel engines,
as well as from industrial sources and residential/agricultural activities such as burning. PM2.5 is also formed
through the reaction of other pollutants. As PM2.5 is
smaller than PM10, it can more deeply penetrate the
human body through inhalation, allowing allow many
chemicals harmful to human health to be carried to
internal organs. These particulates can increase the
chance of respiratory disease, cause lung damage, cancer, and even premature death in people with heart or
lung disease.
Carbon Monoxide (CO)
CO is a highly toxic, odorless, colorless gas which is
primarily produced by the incomplete combustion of
carbon-containing fuels (vehicular exhaust from tailpipes). CO is a local pollutant that creates individual hot
spots, or small areas where CO concentrations are high.
CO is mostly a winter time problem in the Sacramento
urbanized area which is currently in attainment of the
CO standard. CO affects human health by binding to
hemoglobin in the bloodstream in the place of oxygen
molecules. By reducing the oxygen-carrying potential
of blood, CO causes heart difficulties in people with
chronic diseases, reduces lung capacity, impairs mental
functioning by interfering with the transfer of oxygen
to the brain, and may aggravate arteriosclerosis. CO
air contamination can result in death if quantities are
extremely high.

Sources of Air Pollution
Release of air pollutants, like those described above,
comes from almost all human activities, including
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industrial facilities, dry cleaners, automobiles, auto
body shops, trucks, trains, lawn movers, bakeries, farm
equipment, paints, paving, printing, airplanes, construction equipment, refining, and agricultural activities.
Some sources emit large amounts of the pollutants that
cause ozone but only small amounts of CO or particulate matter, while others emit large amounts of all three.
Emissions are normally grouped into four main categories; stationary, area-wide, mobile, and natural
sources. Generally, stationary and area-wide sources
are those attached to the ground, while mobile sources
are those involved in the movement of people and
goods. Natural emission sources refer to emissions that
are non-anthropogenic (non-human-caused) sources.
Each of these categories is usually further divided into
major source categories and then summary categories.
A brief description of these four main categories is
listed below.
Stationary Emission Sources
Stationary source emissions, also referred to as point
source emissions, are emissions from major industrial,
manufacturing and processing plants. This category
also includes emissions from electric utilities; waste
burning; solvent use; petroleum processing, storage
and transfer; and industrial processes.
Area-wide Emission Sources
Area sources are those that individually emit only small
quantities, but collectively result in substantial emissions when aggregated over a larger area. Emissions
result from landscaping; natural gas consumption;
small industrial engines; solvent use in dry cleaning,
auto repair, auto body shops and paints; wood burning;
industrial coatings; consumer products; printing; bakeries and restaurants; asphalt paving; and fugitive dust
(i.e., small airborne particles that do not originate from
a specific point).
Mobile Emission Sources
There are two major categories under mobile emissions:
On-road Motor Vehicles: This major source category
accounts for the emissions from all vehicles licensed to
travel on public roads and highways. This includes passenger cars, light- and medium-duty trucks, heavy-duty
gas and diesel trucks, heavy-duty urban diesel buses,
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and motorcycles.
Other Mobile Sources: This major category accounts
for vehicular emissions from: construction equipment,
farm tractors, off-road recreational vehicles, trains,
ships, aircraft, mobile equipment, utility equipment, and
lawn mowers.
Natural (Non-anthropogenic) Sources
This category accounts for emissions from non-anthropogenic sources such as: wildfires, agricultural
vegetation, and petroleum seeps.
Attainment Status and the MTP/SCS
The link between the MTP/SCS and existing SIPs, as
mentioned above, is transportation conformity. Consistency is the core of a conformity determination.
Transportation activities must be consistent with the
emission reduction requirements in the SIP that, when
implemented, will contribute to the efforts in the SACOG
region to attain NAAQS. Specifically, the MTP/SCS cannot result in new violations of the NAAQS, increase
frequency/severity of NAAQS violations, or delay timely
attainment of the NAAQS.
The MTP/SCS was developed with consideration of
balancing the objectives of meeting the air quality standards for the region, future transportation and land
use needs, and the projected population increase of
approximately 871,000 people by 2035. This was done
through close analysis of the interface of future transportation and land use in the region. The location and
pattern of growth is important because it determines
travel behavior and provides a means for determining
the impact of future vehicle emissions in the MTP/SCS
planning area. A compact growth pattern served by an
efficient transportation system provides the foundation
to reduce automotive travel and increase walking, bicycling and transit use, which reduce individual vehicle
trips and associated VMT. Reduced VMT and vehicle
trips are linked to reduced regional criteria pollutant
emissions. By focusing on providing more small lot and
attached housing, maximizing infill and redevelopment
opportunities, and planning for communities with a mix
of uses, the MTP/SCS creates a more compact land use
pattern. This emphasis toward more compact develop-
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ment and reduced VMT and trips is a necessary part in
growing our region while at the same time improving
our air quality and the health of those in our region.
Toxic Air Contaminants (TAC)
As described above, the location and pattern of growth
is important because it determines travel behavior and
provides a means for determining the impact of future
vehicle emissions in the MTP/SCS planning area. However, in order to achieve the greatest VMT reductions
from a compact growth pattern, development needs to
be situated near public transit corridors, which, in the
SACOG region are typically near major roadway corridors. As a result, transit-efficient compact development
can inherently result in closer proximity of receptors to
localized sources of TACs.
Although ambient air quality standards exist for criteria pollutants, no ambient standards exist for air toxics.
Many pollutants are identified as air toxics because of
their potential to increase the risk of developing cancer
or because of the acute or chronic health risks that may
result from exposure to these substances. For air toxics
that are known or suspected carcinogens, ARB has consistently found that there are no levels or thresholds
below which exposure is risk-free. Individual air toxics
vary greatly in the risk they present—at a given level of
exposure, one air toxic may pose a hazard that is many
times greater than another. For certain air toxics, a unit
risk factor can be developed to evaluate cancer risk. For
acute and chronic health risks, a similar factor called a
Hazard Index is used to evaluate risk.
Air toxics are a form of particulate matter pollutant
that are increasingly being studied and added to the list
of impacts of the transportation system to health. Air
toxics are released from sources throughout the country, including motor vehicles, stationary sources such
as industrial/ manufacturing plants, and area sources
such as dry cleaners and auto paint shops. Several air
toxics are emitted during combustion of gasoline and
diesel fuel by motor vehicles, including benzene, formaldehyde, 1,3-butadiene, and particulate matter from
diesel exhaust. Of these emitted toxics, particulate
matter from diesel exhaust—such as emissions from
freeways, distribution centers, railyards, and ports—represents the greatest health risk. Air toxics other than
those primarily associated with diesel exhaust are still

considered significant, even if they do not appear to
greatly contribute to the overall risk level of the region.
Those air toxics can present a high risk to members of
the population in close proximity to a source of the pollutant.
Though U.S. EPA issued a Mobile Sources Air Toxics
(MSAT) Rule in 2001, and issued a second MSAT Rule
in 2007, no set standards for air toxics were identified.
Because there is no regulatory setting for air toxics at
this time that the MTP/SCS must comply with, the evaluation of their impact is more qualitative. Standards and
regulations are in place to reduce air toxics emissions
using the base level emissions level as a starting line,
instead of aspiring to a scientifically prescribed level of
acceptable emissions. ARB uses a similar approach, with
the long-term goal of their statewide control program
being to reduce diesel PM by 80% by 2020; requiring
cleaner diesel fuel and cleaner diesel engines are two
standards being employed to reduce the public’s exposure to diesel PM. There is no consensus on thresholds
for exposures for sensitive people or proximity of their
sensitive land uses from pollutant sources. Guidelines
and recommended practices are being applied while
more information and appropriate policies are being
developed.
ARB’s Air Quality and Land Use Handbook: A Community Perspective (April 2005) identifies sensitive
land uses—new residences, schools, day care centers,
playgrounds, and medical facilities—that should receive
additional consideration during land use discussions. It
also identifies the segments of the population most susceptible to the non-cancer health risks from air toxics
exposure: children, pregnant women, the elderly, and
those with existing health problems are most vulnerable to the effects of air toxics, with evidence pointing
to increased sensitivity among children to cancer-causing chemicals. Within the guidance are recommended
buffers to be considered when siting new sensitive land
uses. The identified sources include: high-traffic freeways and roads, distribution centers, railyards, ports,
refineries, chrome planting facilities, dry cleaners using
perchloroethylene, and large gasoline dispensing facilities. Each of these individual sources has recommended
buffers related to their siting near sensitive land uses.
Specifically, the ARB handbook states that sensitive
land uses (e.g., homes, schools, day care centers, parks,
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Figure 7.5
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hospitals) be located outside a 500-foot buffer of major
roadways, defined as freeways or urban roads with
traffic volumes of 100,000 or more vehicles per day or
rural roads with 50,000 or more vehicles per day. As of
2012, the population within the buffer zone represents
only 2.66 percent of the entire region’s population. By
2036, the population within the buffer zone will represent only 3 percent of the entire region’s population
(see Table 7.5). This means that less than half a percent
(.42 percent) increase in the expected population will
be within these buffer zones. Figure 7.5 shows the location of high-volume roadways in 2036.

Table 7.5

Percent of Population Living within 500-Foot
Buffer of an Identified TAC Roadways, 2012
and 2036
2012

2036

% of total population

% of total population

0.68%

0.94%

Placer

1.89%

1.74%

Sacramento

3.14%

3.62%

Sutter

1.83%

1.57%

Yolo

3.52%

4.42%

Yuba

2.16%

1.95%

2.66%

3.08%

County
El Dorado

Region Total
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*Chemicals that cause serious health and environmental hazards are referred to as air toxics.
SACOG identified sources of air toxics using the definition included in ARB’s 2005 document
“Land Use and Air Quality Handbook: A Community Health Perspective.”
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Figure 7.6 shows the location of the existing facilities
that emit TACs for which locational data were available
via permit or available data.
In addition to the 2005 ARB handbook, a statewide
discussion has been taking place among affordable
homebuilders, equity advocates, and public health
experts seeking to better understand the relationship
between infill development and public health.
At the local level, the Sacramento Metropolitan Air
Quality Management District (SMAQMD) has developed
its own protocol, Recommended Protocol for Evaluating
the Location of Sensitive Land Uses Adjacent to Major
Roadways (March 2011), for project developers to use in
assessing potential risks to residents from siting in particular locations, and mitigation strategies to address
any identified risks. As illustrated by the ARB handbook
and SMAQMD protocol, the risk is highly site-specific. The height of nearby freeways, prevailing winds,
and other factors can make a significant difference in
whether potential development sites pose elevated
risks. Risks are different for children, seniors and
those with certain health conditions than for healthy
adults, and are based on a standard 70-year exposure,
although many people do not necessarily live in the
same location for 70 years. SACOG, through discussion
and research, has identified a number of considerations
for assessing exposure to high-volume roadway toxic
air contaminants:
• SACOG does not have the capacity to assess every
individual site within the buffer zone for potential
variations in risk, but the local project proponents
are expected to conduct assessments on a project-by-project basis to assess risk for planned
residents or users.
• There are tradeoffs between the health benefits
and risks of siting new residential development in
infill areas near transit, which often runs on major
roadway corridors. Risks of exposure to toxic air
contaminants from proximity to high-volume roadways may need to be weighed along with such
benefits as better transit access to health care,
lower transportation costs that leave more money
for medical care, and new higher quality housing
and increased physical activity for residents that
can help improve health.
• State and federal agencies provide points in com-

petitive housing funding programs for affordable
home developments near frequent transit, recognizing that lower income residents tend to be
more transit-dependent.
• Both environmental justice and non-environmental justice areas have small populations within the
buffer zone. It is likely that what proximity there
is includes more than low-income and minority
residents, because populations in the buffer zone
are likely to be diverse in ethnicity and income
level, especially by 2035. For a full discussion on
this population please see Chapter 8 – Equity and
Choice.
• Perchloroethylene is due to be phased out of dry
cleaning operations by 2023.
• Increasingly cleaner vehicles are reducing some of
the health risks from air contaminants. Strategies
exist to mitigate risks include: siting residences
and sensitive receptors away from the roadway, reducing windows facing the freeway or
roadway, installing central heating and air conditioning systems, and planting trees that filter out
air contaminants. Given the site-specific nature of
exposure risk and available mitigation strategies,
it is likely that the population that may experience
exposure risk is even less than the 2 percent of the
population in SACOG’s analysis.
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Climate Change: Mitigation and Adaptation
Reducing GHG emissions, the effects they have on climate change, and the related impacts to the region’s
transportation infrastructure are issues SACOG takes
seriously. SACOG has been involved in many emission
mitigation efforts around the region. SACOG has conducted its own emissions inventory and assisted in
others; was the first American organization to apply
the Greenhouse Gas Regional Inventory Protocol
(GRIP); adopted the region’s first plug-in electric vehicle readiness and infrastructure plan; is working with
partner agencies on installing electric vehicle charging
stations; and has worked at reducing VMT, minimizing the impacts of GHG emissions on our climate, and
realizing many of the benefits an MTP/SCS has to offer.
SACOG has also started to research climate adaptation
strategies as a member of the Capital Region Climate
Readiness Collaborative, a cooperative effort to coordinate resiliency programs in the region. In addition,
this MTP/SCS contains an assessment of how potential climate change impacts could affect the region’s
transportation infrastructure and builds a framework
for climate adaptation practices to build upon in future
plan updates.

Causes and Effects of Climate Change
Climate change is a measurable change in the state of
the average weather conditions over a period of time,
usually decades or longer.1 A growing body of scientific
research has linked climate change to an increase in
the concentration of GHGs in the Earth’s atmosphere.
Concentrations of atmospheric GHGs has remained
relatively constant up until the last two hundred years
at between 260 and 285 parts per million.2 Current
levels of atmospheric GHGs exceed 400 parts per mil1

3

Dr. Pieter Tans, NOAA/ESRL (www.esrl.noaa.gov/gmd/ccgg/trends/)
and Dr. Ralph Keeling, Scripps Institution of Oceanography (scrippsco2.ucsd.edu/).

4

Energy Information Administration, http://www.eia.gov/oiaf/1605/
ggccebro/chapter1.html

Intergovernmental Panel on Climate Change, Annex I — Glossary,
http://www.ipcc.ch/pdf/glossary/ar4-wg1.pdf

2

lion.3 Part of this fluctuation is caused by the natural
carbon cycle. Absorption and release of GHGs by the
oceans, plants, and the atmosphere is a natural occurrence. However, the Energy Information Administration
(EIA) estimates that there are 6 billion metric tons of
GHG emissions annually from human activity, and while
some of this is absorbed by the carbon cycle, roughly
3 billion metric tons are released into the atmosphere
each year.4
In the United States, roughly 80 percent of all GHG
emissions come from the use of petroleum and natural
gas5. This equals about 25 percent of global emissions.
According to an EIA report, world energy consumption
will increase by 47 percent from 2007 to 2035. This
increase will be led by the use of liquid fuels, including
petroleum and natural gas. Worldwide demand for oil
is growing steadily. Current world oil usage is about 90
million barrels per day, with demand rising to around 111
million barrels per day by 2035.6
The impacts from a change in global climate can be
felt throughout the state and region. California has
adopted the public policy position that global climate
change is “a serious threat to the economic well-being,
public health, natural resources, and the environment
of California.” Health and Safety Code § 38501 states
that:
the potential adverse impacts of global warming
include the exacerbation of air quality problems, a
reduction in the quality and supply of water to the
state from the Sierra snowpack, a rise in sea levels
resulting in the displacement of thousands of coastal

5

Environmental

Protection

California Climate Change Portal, http://www.climatechange.

http://www.epa.gov/

Main-Text.pdf

ca.gov/background/index.html
6

Energy Information Administration, http://www.eia.gov/oiaf/1605/
ggccebro/chapter1.html
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businesses and residences, damage to marine ecosystems and the natural environment, and an
increase in the incidences of infectious disease,
asthma, and other human health-related problems
… [and that] … global warming will have detrimental effects on some of California’s largest industries,
including agriculture, wine, tourism, skiing, recreational and commercial fishing, and forestry (and)…
will also increase the strain on electricity supplies
necessary to meet the demand for summer air-conditioning in the hottest parts of the State.
The United Nations Intergovernmental Panel on Climate Change (IPCC) constructed several GHG emission
scenarios of varying demographic, social, economic,
technological, environmental, and policy futures. As
part of their Fifth Assessment conducted in 2013, the
IPCC stated that “most aspects of climate change will
persist for many centuries even if emissions of CO2 are
stopped. This represents a substantial multi-century climate change commitment created by past, present and
future emissions of CO2”.7
The California Environmental Protection Agency
(CalEPA) took the IPCC work and built scenarios specific
to California that show the impacts different temperature ranges could have on California during the 21st
century. Following this work, the state created a series
of tools to help conduct local assessments of climate
impacts. Cal-Adapt is an online tool developed by the
California Energy Commission under a key recommendation of the 2009 California Climate Adaptation
Strategy to synthesize and share existing climate science research that can inform local decision-making
and adaptation planning. The site provides access to a
wealth of scientific data from well-established institutions such as Scripps Institute of Oceanography, Pacific
Institute, U.S Geological Survey, UC Berkeley, UC Merced, and Santa Clara University. The data uses IPCC
7

IPCC, 2013: Summary for Policymakers. In: Climate Change 2013:
The Physical Science Basis. Contribution of Working Group I to the
Fifth Assessment Report of the Intergovernmental Panel on Climate
Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J.
Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York,

emission scenarios that are scaled to California’s geography.
Work conducted by SACOG using these tools shows
that the potential climate impacts most likely to occur
in the region are extreme heat, increased risk from wildfire, increased precipitation and runoff, and landslides.
Extreme Heat
An important indicator of heat levels that affect transportation systems is the number of extreme heat days
per year. Extreme Heat was set at the threshold of 95°F,
as is consistent with numerous statewide climate.8
SACOG’s work shows a significant increase in the number of days over 95°F.
WildFire
In some areas of the region, fire burn risk is expected
to increase three to four-fold by 2085. The locations
most vulnerable to fire risk are observed in the forested
regions of El Dorado County, Placer County, and northern Yuba County.
Precipitation and Runoff
The month of January shows the highest total volume
of precipitation and runoff in historical trends and is
expected to increase significantly during this century.
According to the most extreme climate scenario in CalAdapt, in January there will be an approximately 28%
increase in precipitation from historical (1980-2010) to
projected (2041-2070), averaged across the region. This
will cause runoff to increase as much as 117 percent.
The highest increases in precipitation are projected in
the Placer and El Dorado Counties, while the greatest
impacts of runoff occur in the Sierra regions of Placer
and El Dorado counties.
Landslides
Exacerbation of landslide risks caused by the combination of more intense wildfires, larger precipitation
events, and altered soil moisture will likely impact
8

California Department of Transportation (Caltrans) and Humboldt
County Association of Governments (HCOG). 2014: District 1 Climate
Change Vulnerability Assessment and Pilot Studies: FHWA Climate
Resilience Pilot Final Report. Prepared by GHD

NY, US
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areas that already experience landslide susceptibility.
The most vulnerable areas include parts of Placer, El
Dorado, and Yolo counties, where there are significant
enough slopes and weak enough bedrock to potentially
induce a landslide.

Addressing the Effects of Climate Change
To reduce the negative effects that fossil fuel consumption has on climate change, two themes emerge. First,
advances in technology such as cleaner engines, better
gas mileage, and the use of alternative fuels have the
potential to slow the effects of climate change. However,
there is a worry that the shift to more energy-efficient
vehicles will occur too slowly to avoid potentially significant crises that will challenge the transportation
system. This leads to the second theme: changing travel
behavior. If people shift to greater use of alternative
modes (transit, bicycling and walking), the reliance on
oil and the negative effect on the climate is reduced.
With these questions in the forefront of the planning
process, the MTP/SCS was developed using a multi-faceted approach to reduce the consumption of energy
sources that lead to increased GHG emissions and climate change.
Moving Cooler was a landmark study looking at the
impacts certain transportation-related strategies could
have on curbing GHG emissions. It looks at different
approaches individually to determine what works and
why, and combines them to get an overall sense of the
relationship between travel and climate change. The
study finds that the best approach to addressing the
effects of travel on climate change is an integrated,
multi-strategy approach that considers policies at different levels, travel behavior, and overall efficiency of
travel.9 This section will explore various efforts underway at the state and regional level that take this same
approach, and in particular, what the MTP/SCS does in
regard to travel activity and efficiency.

California has already passed landmark laws, AB 32 and
SB 375, intended to curb GHG emissions. When creating
the MTP/SCS, SACOG made every effort to meet and
surpass the goals outlined by both these laws. SB 375
is an implementation measure of AB 32, and creates
specific targets that each region throughout California
must try to meet. AB 32, on the other hand, does not
direct SACOG to achieve any GHG emission reduction
but instead sets statewide goals. However, the MTP/SCS
were developed to not only achieve the goals of SB 375,
but create an efficient land use plan and robust transportation network that would meet AB 32 goals and
further reduce our impact on climate change.
AB 32
AB 32 calls for the state of California to reach 1990 levels of GHG emissions from all sources by the year 2020.
It places California as the leader in the abatement of
climate change and offers a model for other states and
countries to reduce GHG emissions. As part of AB 32, in
2008, ARB created the Scoping Plan10, which contains
strategies to reduce GHG emissions. The Scoping Plan
uses various actions including regulations, incentives,
and market mechanisms to achieve reduction targets.
In 2011, ARB approved an update of the expected GHG
reductions from each of the measures outlined in the
Scoping Plan document and then in 2014 updated the
Scoping Plan and associated measures. Table 7.6 outlines GHG emissions, expressed in million metric tons
of CO2 equivalents (MMtCO2e) and the expected reductions from each. The table includes reduction measures
from transportation, and electricity and natural gas
sources that will be covered under cap-and-trade It
does not include non-capped measures, which will have
little influence on this MTP/SCS.

Policy Approach
9

Moving Cooler: An Analysis of Transportation Strategies for Reducing Greenhouse Gas Emissions, Cambridge Systematics, Inc 2009.
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Table 7.6

Expected California GHG Reductions from
Scoping Plan (MMtCO2e)
Measures in Capped Sectors

49.0

Transportation

22.9

T-1 Advanced Clean Cars
T-2 Low Carbon Fuel Standards

3.1
15.2

T-3 Regional Targets (SB 375)

3.0

T-4 Tire Pressure Program

0.6

T-5 Ship Electrification

0.2

T-7 Heavy Duty Aerodynamics

0.9

T-8 Medium/Heavy Hybridization

0.0

Electricity and Natural Gas

25.0

E-1 Energy Efficiency and Conservation

7.8

CR-1 Energy Efficiency and Conservation

4.4

CR-2 Solar Hot Water
E-3 Renewable Energy Standards
E-4 Million Solar Roofs

0.1
11.5
1.1

Source: ARB AB 32 Scoping Plan Update, 2014

As part of this MTP/SCS, SACOG conducted an analysis of regional climate change impacts and estimated
what emissions were in 1990 and 2005, and 2012, and
to see how well the plan addressed the AB 32 GHG
emission reduction goal of returning to 1990 levels by
2020. The MTP/SCS only impacts GHG emissions from
sources where SACOG has some influence, mainly from
the on-road portion of the regional transportation network and land use decisions, for example where people
live and work. However, in order to better illustrate the
full picture of GHG emissions in the region, the analysis
SACOG conducted considered emissions from different
sources, including: the generation of electricity, farming
and forestry practices, residential and commercial uses,
industrial processing, and all sources of transportation.

As expressed in the Scoping Plan, 1990 levels can be
approximated as 15 percent below 2008 levels. This
is the assumption SACOG made for the MTP analysis,
which used local land use data along with data from
various state agencies and utility providers to generate
an emissions inventory for the region. The analysis concluded that the region emitted 22.7 MMtCO2e in 2008.
Therefore, 19.36 MMtCO2e is the level that must be
attained by 2020 for the region to meet the reduction
target set by AB 32. By implementing the transportation
and land use components of the MTP/SCS, and including measures from the Scoping Plan, 2020 emissions
are forecasted to be 15.00 MMtCO2e for the region in
2020. This is 29 percent below the target set by AB 32.
AB 32 only set targets for 2020, but the MTP/SCS
looks at forecasted growth to the year 2036. Therefore,
SACOG decided to take this analysis a little further and
estimate GHG emissions for the year 2036. The benefits of the type of growth assumed in the SCS coupled
with the efficient transportation system created in the
MTP/SCS, further reduce GHG emissions beyond the
year 2020. The forecasted emissions for the region are
15 MMtCO2e in the year 2036, an additional 6 percent
reduction from 2020 levels. As previously mentioned,
despite the fact that SACOG only has influence on land
use and transportation sources of GHG emissions, all
sectors were evaluated. As illustrated in Figure 7.7,
which shows GHG emissions from all sectors for the
years 2012, 2020, and 2036, the region’s emissions of
harmful GHGs are on a downward trajectory. The slope
of this trajectory, however, is not as aggressive as it is
from 2008 to 2020 as it does not include additional
GHG reduction measures similar to those found in the
Scoping Plan. Aside from SB 375 GHG reductions, the
Scoping Plan has no reductions beyond 2020. All reductions shown beyond 2020 are from the beneficial land
use and transportation projects in the MTP/SCS.
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Figure 7.7

Plan Area MMtCO2e Emission through 2036
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The development and related transportation projects
in this MTP/SCS provide for a mix of housing options
located closer to jobs and transit. The proposed growth
is more compact in form and more effectively utilizes
energy and existing infrastructure. This efficient land
use and transportation relationship is characterized in
Figure 7.7 above, shown by reductions in GHGs from all
sectors, but most specifically from Electricity Generation, Residential/Commercial, and Transportation.
SB 375
One of the measures for reducing GHG emissions in
the Scoping Plan is SB 375, which required ARB to set
regional GHG reduction targets for light-duty trucks
and automobiles. The law then requires each of California’s MPOs create an integrated land use, housing, and
transportation plan that demonstrates how the targets
can be met. This plan, the Sustainable Communities
Strategy, or SCS, is required to be incorporated into the
MTP/SCS. ARB reviews the SCS to determine if it meets
the targets, or if an Alternative Planning Strategy (APS)
needs to be prepared in order to meet the targets. SB
375 provides incentives to residential mixed-use or res172

2032

2036

idential development, if it is consistent with the SCS,
in the form of relief from certain environmental review,
described in Chapter 3 – Land Use Forecast.
SB 375 Results in the MTP/SCS
ARB set SB 375 GHG emission reduction targets for
each of the state’s 18 MPOs. For the region, the targets
set are seven percent below 2005 per capita emissions
levels by 2020 and 16 percent below 2005 per capita
emissions levels by 2035. The benefits of a cohesive
land use-transportation relationship, as discussed
above, are highlighted in the reduction in GHG emissions from light-duty trucks and automobiles achieved
in the MTP. The smart growth land use pattern and
supporting transportation projects in the MTP/SCS are
conducive to reducing GHG emissions as required by SB
375 and lead to GHG reductions beyond those targets
set by the ARB.
The results in Table 7.7 reflect the more efficient
travel from the type of growth forecasted in the MTP/
SCS. The table shows the 2005, 2020, and 2035 GHG
emissions from light-duty trucks and automobiles.
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Table 7.7

MTP/SCS Plan Area CO2 Equivalent Emission
Estimates for 2005, 2020 and 2035

*

CO2e per
Capita
(lbs. per day)

Modeled CO2
Reductions

Off-Model
Reductions*

Total
Reductions
from 2005

2005

22.7

n/a

n/a

n/a

2020

20.6

-6.0%

-1.6%

-7.6%

2035

19.5

-12.4%

-3.2%

-15.58%

Off model reductions account for effects of TSM, ITS, TDM, and
additional vehicle technology above existing statewide programs
projects not accounted for in SACSIM

The per capita GHG pounds per day emissions from
light-duty cars and trucks for the region were 22.7 in
2005, which sets the benchmark for SB 375 reduction. Based on the development in the MTP/SCS, GHG
per capita emissions reduce to 20.6 pounds per day
in 2020. This is an 8 percent reduction from 2005 to
2020, below the 7 percent reduction set by ARB. The
results for 2035 meet the mark as well, with per capita GHG pounds per day dropping by 16 percent to 19.5
in 2035. GHG emissions from medium and heavy-duty
trucks, rail, ship, airplanes, and other transportation
sources are not included in this reduction.
How well the MTP/SCS performs at reducing GHG
emissions from transportation becomes more apparent
when visualized throughout the region. The map in Figure 7.8 shows GHG emissions per capita from on-road
sources in 2036. The average emissions for the region
are 19.5 pounds per day for each person. Emission values above that norm are colored in darkening shades of
red, and values below are shaded green.
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Figure 7.8
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Travel Behavior Approach
Shifting more trips away from automobiles to transit,
walking, and biking will reduce energy consumption
from transportation. Viable, cost-effective alternatives
to driving alone must be provided, and show they are
safe, easy and efficient and reduce the distances people must travel. For this MTP/SCS, SACOG considered
several causes and effects of shifts in travel behavior.
There are several factors that influence travel
behavior, a key one being cost. Beginning in 2005 and
continuing through today, the nation is experiencing
unprecedented volatility in fuel prices. Although lower
than the projections used for the 2012 MTP/SCS, recent
projections of fuel prices by the federal Department of
Energy11 and the California Energy Commission12 anticipate that prices will continue to increase in the future.
SACOG has worked with other MPO’s around the state
to develop consistent future projections of fuel prices
for use in the integrated plans implementing SB 375
and achieving GHG reduction targets. Fuel prices were
assumed to increase to $4.74 by 2020, and to $5.74 by
2035 (both stated in 2009 dollars).
Another key factor that influences transportation
activity and the choices people make related to travel is
land use. The relationship between land use and travel
behavior is often referred to as the “D’s” for variables
including: Destination, Design, Diversity, Distance, and
Density. Destination is a measure of how accessible by
transit and driving an area is to the rest of the region.
The less time spent getting from an area to a concentration of jobs, the more accessible the area. The
Design variable describes the street pattern of an area,
which makes travel by any mode more or less efficient.
The mix of land uses within an area, or Diversity, will
provide for fewer and shorter trips. Distance to nearest
transit measures how likely trips coming to and leaving
an area will be made by transit. Lastly Density, and specifically residential density, has been shown to be a key
indicator of the likelihood of non-auto forms of travel.
SACOG considered all of these factors when develop11

Department of Energy, “Energy Outlook” series provides forecasts
and projections of prices for gasoline and diesel.

ing the land use pattern and transportation projects
in the MTP/SCS. See Chapter 5A for a more detailed
discussion on the relationship between land use and
transportation, and the performance of the MTP/SCS
as it relates to these variables.
The short-term effects from changing the cost of
travel involves shifting from automobile use, while longrun effects are greater and include relocating homes
or work locations in order to shorten travel distances.
Travel options range from taking fewer auto trips, carpooling, and buying more fuel-efficient vehicles, to
using transit, walking, biking, or some other mode of
transportation. In this MTP/SCS, total person trips by
walk, bike and transit increase by 677,400 for weekday
travel, which is a 77 percent increase from the 2012
base year. The MTP/SCS was forecasted to increase per
capita trips by bike, walk or transit from 0.39 in 2012
to 0.51, a 31 percent increase by 2036. People can also
change the locations of their homes, jobs, or both to
reduce their travel miles. People who live in areas with
a mix of land uses in close proximity, and with nearby
transit, walking and biking facilities will probably experience less inconvenience and disruption to their daily
lives than others. While investments in public transportation infrastructure are expensive, a review of
cost-benefit studies by Cambridge Systematics found
that the benefits out-weigh the costs as much as 3 to 1.
Additional benefits outside of reducing GHG emissions
can include: “expanded travel options, reduced congestion, greater accessibility, improvements in the livability
of urban areas, improved equity, improved environmental quality, enhanced public health, and improved
safety”.13
Travel Efficiency Approach
Another approach to addressing the impact GHG emissions have on climate change is advancing technologies
that create more efficient forms of travel and reduce
GHG emissions by automobiles. These include increased
fuel efficiency, decreased carbon in fuel, and more efficient engine design. Although these are not specifically
considered as part of the MTP/SCS, mainly because
SB 375 does not allow for advances in technology to

12 California Energy Commission “Integrated Energy Policy Reports”
series provides forecasts and projections of prices for gasoline and
diesel.

13 Moving Cooler: An Analysis of Transportation Strategies for Reducing Greenhouse Gas Emissions, Cambridge Systematics, Inc 2009.
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achieve GHG reduction goals, it is an integral part of the
multi-strategy approach to addressing climate change
from travel. AB 32 has very specific measures aimed at
reducing GHG emissions from travel by making travel
more efficient. SACOG has taken every possible step to
make sure that the MTP/SCS does not interfere with the
implementation and achievement of AB 32 goals.
The technological improvements most effective at
dealing with global climate change increase fuel efficiency significantly, reduce carbon in fuels, or capture
carbon emissions. Major advances in cleaner and more
efficient technology are being made. Increased use of
cleaner-burning fuels and engines will help reduce GHG
emissions, while improvements to fuel efficiency will
result in less consumption of fossil fuels. The uncertainty is when these technologies will penetrate the
market, and how widely available and purchased they
will be.
As discussed in more detail in Chapter 5A, technical
coordination among MPOs statewide resulted in a consensus on the most likely passenger vehicle fleet fuel
efficiency (25.5 miles per gallon in 2020, increasing to
29.3 by 2035), fuel prices for 2020 and 2036, and vehicle operating costs to use for the MTP/SCS.
Following the adoption of the 2012 MTP/SCS, SACOG
conducted a study on the barriers to broader adoption of electric vehicles in the Sacramento region. A
subsequent report entitled Take Charge: Plug-In Electric Vehicle Readiness and Infrastructure Plan for
the Sacramento Region was adopted by the SACOG
board of directors in 2014 as the region’s first plan
outlining strategies related to planning, permitting,
and installing electric vehicle chargers. SACOG has
since been working with partner agencies, including
the Sacramento Municipal Utilities District, on installing a series of chargers within the utility service area.
Figure 7.9
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Before TakeCharge was adopted, there were fewer than
2,000 electric vehicles in the SACOG region. Since then,
the region has seen an increase in the use of these
vehicles, and now has more than 4,500 on the road.
In addition, SACOG estimates this trend will continue
throughout the horizon year of the plan. Figure 7.9 outlines this trend.

Climate Adaptation
The California Natural Resources Agency (CNRA)
released in 2009 the California Climate Adaptation
Strategy, a multi-sector approach to guide the state’s
efforts in adapting to climate change, prepared pursuant to Executive Order S-13-08. The report summarizes
climate change impacts and recommends adaptation
strategies across seven sectors: Public Health, Biodiversity and Habitat, Oceans and Coastal Resources, Water,
Agriculture, Forestry, and Transportation and Energy.
In 2010, the Federal Highway Administration (FHWA)
began developing a framework for climate change
vulnerability assessments that encouraged Metropolitan Planning Organizations (MPOs), Department
of Transportation (DOTs), and Federal Land Management Agencies (FLMAs) to include climate change and
extreme weather in transportation planning efforts.
In July of 2014, CNRA released Safeguarding California, Reducing Climate Risks. This document was an
update to the California Climate Adaptation Strategy.
The report analyzed potential climate related risks now
and forecasted into the future, and outlines measures
and policies that can be implemented to reduce the
impact these risks may cause.
The California Department of Transportation (Caltrans) has also taken steps to look at climate adaptation
issues. In 2013, Caltrans performed a statewide analysis
regarding the inclusion of climate adaptability into the
transportation system. In its report, Caltrans Activities
to Address Climate Change: Reducing Greenhouse Gas
Emissions and Adapting to Impacts, the agency highlights best practices for climate change adaptation as
well as GHG reduction in four sectors: Planning and
Environmental; Materials, Concrete, and Pavement;
Maintenance and Operations; and Facilities and Administration.
In 2014 SACOG began working with Civic Spark, a collaboration of the Office of Planning and Research, the
Local Government Commission, and AmeriCorp, to look
at potential climate impacts to the region’s transportation infrastructure. An early report entitled SACOG
Climate Change Impacts: Preliminary Results14 out14 http://www.sacog.org/mtp/pdf/Climate%20Vulnerability%20Assessment.pdf
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lines the possible climate related impacts to our region
and the effects they may have on transportation infrastructure.
Each type of climate change effect may disrupt the
transportation system in a number of ways. This section
describes the possible consequences of each climate
impact.
Extreme Heat
Roadways may buckle and crack due to prolonged
high temperatures, becoming unusable.15 This includes
bridges with inadequate thermal expansion joints,
which may fail under extreme heat conditions. Asphalt
can also deform under high temperatures, creating
deep ruts and unsafe conditions.16 Similarly, railways
may buckle from heat due to the expansion of the continuously welded rails.
Extreme temperatures cause significant health
impacts. Biking and walking becomes more strenuous
during extreme heat days, posing health risks and a
possible deterrent for biking and walking. During periods of extreme heat, construction is forced to stop or
slow down due to health risk exposures for workers,
and because many materials for transportation infrastructure cannot be properly installed above certain
temperatures.
A secondary effect of extreme heat is the loss of
power to traffic controls. High temperatures decrease
the efficiency of power transmission lines, while at the
same time demand for electricity is increased for the
operation of air conditioners and cooling equipment.
The result is a higher risk of blackouts, which in turn
shuts down traffic signals and some train operations.
Precipitation and Runoff
Excess water on the roadway causes immediate hazards of hydroplaning and reduced roadway visibility,
posing a danger to drivers and increased frequency of
accidents and roadway congestion. In light rain, roadway speeds generally reduce by 2-4%, and in heavy

rain speeds reduce 4-7%.17 If water seeps into the
pavements, it may also damage the asphalt, causing
the material to degrade, crack, and need premature
replacement.18 Depending on the soil type, saturated
soils under roadways erode and destabilize the road,
leading to washouts or damage.19
Additionally, floods can lead to or exacerbate bridge
scour. Scour makes the bridge weaker and less safe, and
may lead to a need for repairs or replacement. Electrical boxes and other facilities may also be inundated,
disrupting service to traffic signals and train operations. During fall storms, leaves will likely wash into the
drainage systems, causing more intense localized flooding throughout the region.
Wildfire
Wildfires cause network disruptions including road and
airport blockages, closures, and reduced road visibility.
Fires may also disrupt power supplies, which impacts
the electricity used for rail lines and traffic signals.
The smoke and haze created by wildfires decreases
air quality, reducing visibility on the road and creating
unpleasant and unhealthy conditions for bikers and
pedestrians. Fires that cause extremely high temperatures near infrastructure will damage and weaken the
infrastructure materials. Effects can include asphalt
softening, steel bridge breakdown, and failure of plastic/PVC culverts.
Landslides
Landslides pose immediate hazards for vehicles on
roadways and railways. Large or deep-seated landslides
can wash out entire sections of road and rail, while
smaller landslides may destabilize the subbase or cause
cracking and shifting. Even surface-level landslides can
cause a substantial amount of mud and debris to flow
17 California Department of Transportation (Caltrans) and Humboldt
County Association of Governments (HCOG). 2014: District 1 Climate
Change Vulnerability Assessment and Pilot Studies: FHWA Climate

15 Wilway, T, et al. “The effects of climate change on highway pavements and how to minimize them: Technical report”. TRL Limited.
2008
16 ibid

Resilience Pilot Final Report. Prepared by GHD
18 Wilway, T, et al. “The effects of climate change on highway pavements and how to minimize them: Technical report”. TRL Limited.
2008
19 ibid
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across roads and railways, blocking traffic or clogging
drainage and causing flooding.
Adaptation Strategies
A robust approach to climate change response should
involve both mitigation and adaptation measures.
Through the past MTP/SCS processes, SACOG has
focused most of its climate related efforts on mitigation, including policies that have taken large steps to
reduce emissions and their impacts. The following section addresses potential adaptation options as they
relate to transportation infrastructure throughout the
region.
• Adopt integrated approaches: Incorporate climate
change into existing processes and programs.
• Prioritize the most vulnerable: Help the people,
places, and infrastructure that are most at risk.
• Use best-available science: Ground adaptation in
scientific understanding.
• Build strong partnerships: Coordinate across multiple sectors, scales, and stakeholders.
• Apply risk-management methods and tools: Use
risk-management tools to prioritize options for
reducing vulnerability.
• Apply ecosystem-based approaches: Incorporate
ecosystem resilience and protection of ecosystem
services.
• Maximize mutual benefits: Support other
initiatives where possible, such as disaster preparedness or sustainable resource management.
• Continuously evaluate performance: Determine
quantifiable goals and metrics and track progress,
adjusting strategies as needed.
This early work is intended to be a framework from
which later climate adaptation efforts can build upon.
Later work can include a more in-depth analysis of
potential impacts to ascertain asset-specific vulnerabilities, analysis of overall system adaptability,
coordination with emergency management efforts
around the region, and assessing and creating climate
adaptation strategies and policies for future year plan
updates. This would likely include portions of four broad
categories of adaptation strategies that can be incorporated. This includes:
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• Maintain and manage: Enhance maintenance
and repair policies to improve severe event preparedness and response. Manage procedures
for monitoring infrastructure and create/update
emergency action plans.
• Strengthen and protect: Retrofit existing infrastructure and build new structures that better
withstand extreme climate events.
• Enhance redundancy: Identify and create alternatives to vulnerable routes. Utilize different modes
of transportation to enhance redundancy.
• Retreat: Relocate or abandon infrastructure
located in highly vulnerable areas. Avoid building
new infrastructure in vulnerable locations.
Actions toward climate change adaptation range widely,
from relatively low-effort management policy changes
to expensive and disruptive infrastructure retrofits and
replacements. These actions can be broadly categorized
into three sectors: Planning, Design, and Maintenance/
Operations. Within each of these sectors, actions can
be taken toward each of the four previously listed
types of adaptation strategies (maintain and manage,
strengthen and protect, enhance redundancy, retreat).
The following table summarizes potential adaptation
options in each sector for the climate change effects
expected to occur in the SACOG region.

Increase monitoring
schedule, shift to evening
work schedules

Traffic Controls

Plan alternative traffic control measures

Weatherproof equipment
and install higher

Upgrade drainage
systems/ increase
standard drainage
capacity, increase water
storage systems

Protect bridge piers
and abutments, protect
evacuation routes, use
different asphalt/concrete
mixtures, pavement
grooving and sloping

Upgrade drainage system
and increase culvert
capacity

Protect evacuation routes,
use different asphalt/
concrete mixtures,
pavement grooving and
sloping

Plan alternative traffic control measures

Provide shade, use alternative fuels, encourage carpools

Public Transit

Buildings & Facilities

Identify alternative to
vulnerable and critical
route

Incentivize alternative modes and teleworking

Traffic Flow

Identify alternative routes
to vulnerable and critical
routes, limit development
in floodplains, conduct risk
assessments

Identify alternative routes
to vulnerable and critical
routes, limit development
in floodplains, conduct risk
assesments

design

Precipitation, Runoff, Flooding
plan

Restrict development in
floodplains, conduct risk
assessments

Provide shade, create safe alternative routes

Implement asset
management system,
increase monitoring and
maintenance schedules

Increase monitoring and
maintenance schedules,
lighten train loads and
reduce speeds

Implement asset
management system,
increase monitoring and
maintenance schedules

maintenance

Drainage

Walking & Biking

Design joints for higher
maximum temperatures,
use heat and rut-resistant
materials

Design joints for higher
maximum temperatures

Railways

Bridges

Use heat and rut-resistant
materials

Change design standards
on maximum temperatures

Extreme Temperature
design

Roadways

plan

Adaptation Strategies to Address Potential Climate Change Impacts

Figure 7.10

Increase monitoring and
maintenance

Increase monitoring and
maintenance schdules,
ensure systems are
clear during extreme
precipitation, increase
capacity of pumps,
minimize repair backlogs

Implement asset
management system,
increase monitoring and
maintenance schedules

Implement asset
management system,
increase monitoring and
maintenance schedules

maintenance
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Identify alternative to
vulnerable and critical
routes, update emergency
improvement plans

Landslides

Traffic Controls

Buildings & Facilities

Public Transit

Traffic Flow

Protect evacuation routes

Protect evacuation routes,
ensure adequate drainage
on roadbed surfaces and
shoulders, incorporate rock
fall protection, implement
slope hardening

design
Implement asset
management system,
increase monitoring and
maintenance schedules,
ensure roadway is clear of
rocks, debris, vegetation,
minimize repair backlogs

maintenance

Implement asset
management system,
increase monitoring and
maintenance schedules,
minimize repair backlogs

Use heat resistant materials

Use heat resistant
materials, protect electrical
equipment

Identify alternative to
vulnerable and critical
routes, update emergency
improvement plans

plan

Drainage

Identify alternatives to
vulnerable and critical
routes

maintenance

Use heat resistant
increase monitoring and
materials, protect electrical maintenance schedules,
equipment
repair damage as needed

Wildfire

Identify alternative to
vulnerable and critical
routes

Identify alternative to
vulnerable and critical
routes, update emergency
improvement plans,

Identify alternative to
vulnerable and critical
routes, update emergency
improvement plans,

design

Walking & Biking

Bridges

Railways

Roadways

plan
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