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WHY INCLUDE CLIMATE CHANGE ADAPTATION IN THE MTP/SCS?
MTP/SCS 2035 PLAN WITH 2016 UPDATE
As the region’s Metropolitan Planning Organization (MPO), the Sacramento Area Council of Governments (SACOG)
is responsible for creating the federally mandated Metropolitan Transportation Plan (MTP) and state mandated
Sustainable Communities Strategy (SCS) in coordination with six counties (Sacramento, Yolo, Sutter, Yuba, Placer,
El Dorado) and 22 cities in its jurisdiction. Developed in 2012, this long-range regional plan incorporates all
transportation projects funded by state or federal sources through the horizon year of 2035.
In compliance with the SCS, the current plan addresses the mitigation of climate change by reducing greenhouse
gas emissions from cars, creating walkable and bikeable communities, and encouraging compact development.
However, the plan does not currently address regional adaptation to the inevitable climate change effects that are
already underway. With 2014 as the hottest year on record, bringing drought along with extreme weather events
(AghaKouchak 2014), it is critical that SACOG begin addressing adaptation to these changes. The approaching 2016
update to the MTP/SCS provides an ideal opportunity to introduce a more robust climate analysis to the planning
process.
Additionally, incorporating climate change analysis supports the six established principles of the MTP/SCS:
Smart Land Use- By identifying climate-impacted regions, SACOG can expand transportation choices and
promote growth patterns that allow the system to become more adaptable and resilient to a changing
environment.
Environmental Quality and Stewardship- In order to properly steward the region’s natural resources,
SACOG must develop knowledge of the region’s changing environment, which then informs effective
strategies for the protection of climate-impacted areas.
Financial Stewardship- By recognizing the economic effects of climate change on the region’s
transportation network, SACOG can implement cost-effective strategies for asset planning and resource
management.
Economic Vitality- To ensure the continued movement of goods, services, and people across the region in
face of climate change, SACOG must evaluate and increase adaptability of the transportation system.
Access and Mobility- As extreme weather events will likely increase due to climate change, SACOG must
maintain access by supporting all forms of transportation modes and encouraging a flexible travel
network.
Equity and Choice- Climate change often disproportionately impacts socioeconomically vulnerable
populations, who lack the appropriate resources to respond to these environmental hazards. It is
important to recognize the risks on such populations as climate change begins to take effect, and adopt
appropriate plans and regulatory approaches that can mitigate their exposure to these impacts.
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FEDERAL AND STATE SETTING
FEDERAL EFFORTS
FHWA Framework and Tools
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. The latest Climate Change & Extreme Weather Vulnerability
Assessment Framework draws on different strategies and examples that state and regional agencies have
undertaken across the United States. FHWA also offers a variety of tools and resources designed to help these local
and regional agencies through the process, including Excel spreadsheet templates, Python data analysis scripts,
and a report synthesizing current global adaptation efforts in transportation systems (FHWA 2015).
FHWA Pilot Studies
Since 2010, FHWA began funding pilot programs to examine appropriate methods for analyzing vulnerability and
adaptability of transportation systems to climate change. State DOTs and MPOs have developed different
strategies depending on the criticality of their climate variables, categorization of transportation assets, and the
availability of data and resources for their geographies. The pilot programs that reflect the objectives and
methodologies most applicable for the SACOG region are:
•

San Francisco Bay Area - Metropolitan Transportation Commission (MTC): Adapting to Rising Tides
o

•

Washington State Department of Transportation (WSDOT): Climate Impacts Vulnerability Assessment
o

•

MTC’s assessment primarily addresses sea level rise (SLR) projections and selects the most critical
of the 150 assets that will experience SLR. They developed asset profiles and assigned risk and
vulnerability rankings according to an evaluation of design lifespan, capital improvement costs,
level of use, economic impacts, and shoreline overtopping analysis.

This assessment analyzes WSDOT assets under a range of climate impacts, including higher
temperatures, enhanced precipitation patterns, declining snowpack, changes in streamflow, sea
level rise, and increasing wave heights. The pilot group developed workshops with various
WSDOT staff to provide knowledge and experience, and rate facilities for criticality on a ten-point
scale.

New Jersey Transportation Planning Authority (NJTPA): Climate Change Vulnerability and Risk Assessment
of New Jersey’s Transportation Infrastructure
o

The New Jersey pilot team compiled a geodatabase of transportation assets sourced from
different agencies, and used a “destination-based” travel demand model (accounting for jobs,
population density, average annual daily traffic, and ridership data) to identify critical corridors
and assets with the greatest travel activity. They evaluate sea level rise, storm surge,
temperature, precipitation, drought, inland flooding, and key extreme events under IPCC AR4
emissions scenarios across relevant global climate models.
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STATE EFFORTS
Sustainable Communities and Climate Protection Act of 2008
The Sustainable Communities and Climate Protection Act of 2008 (SB 375, Sustainable Communities Act) promotes
the coordination of transportation planning with land use planning to reach statewide greenhouse gas (GHG)
emission reduction goals. Under the act, each MPO must develop a Sustainable Communities Strategy (SCS) that
allows the region to reach the GHG emission reduction targets set by the California Air Resources Board (ARB).
Incentives for local governments to implement the SCS, such as CEQA streamlining, are also established in SB 375.
Caltrans Climate Change Report
The California Department of Transportation (Caltrans) has taken particular interest in climate adaptation issues
over the last five years. In 2013, the agency 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 report 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.
District 1 Pilot Vulnerability Assessment
Caltrans is divided into twelve districts across the state. District 1 (located on the North Coast) participated in an
FHWA pilot program to create a climate change assessment of state highways in that region. Following the FHWA
vulnerability analysis framework, the district investigated climate risks, asset susceptibility, and adaptation options
in its assessment, District 1 Climate Change Vulnerability Assessment and Pilot Studies: FHWA Climate Resilience
Pilot. Upon successful completion of the pilot study in December 2014, Caltrans commenced efforts to obtain
vulnerability assessments for the rest of the districts in the state.
District 3 Collaboration
In order to maximize the use of existing resources and facilitate effective regional planning dialogues, SACOG has
partnered with Caltrans District 3 to conduct the climate vulnerability assessment for the region. The assessment
will encompass SACOG’s six counties (Sacramento, Yolo, Sutter, Yuba, Placer, El Dorado) along with Colusa, Glenn,
Butte, Sierra, and Nevada counties covered by District 3. As of March 2015, Caltrans’ engineering consultant,
Parsons-Brinckerhoff, has drafted a technical proposal of the methodologies for conducting the full assessment.
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CLIMATE CHANGE
INTRODUCTION TO CLIMATE SCIENCE
GENERAL CIRCULATION MODELS
General Circulation Models (GCMs), also referred to as Global Climate Models, are numerical models that are used
to simulate the Earth’s physical processes through atmospheric and oceanic circulation patterns. These models are
derived from complex mathematical equations that account for how the atmosphere, oceans, ice, land surface,
and natural and anthropogenic emissions of greenhouse gases interact globally in the climate system over the next
centuries. Because different models account for atmospheric feedbacks to determine climate sensitivity in various
ways, four GCMs were selected for this analysis. These GCMs have been shown to model climate change in
California with relative reliability, and are therefore widely used for climate impact analyses within the state:
•
•
•
•

The NCAR Parallel Climate Model (PCM1)
The NOAA Geophysical Fluids Dynamics Laboratory, Version 2.1 (GFDL)
The NCAR Community Climate System Model, Version 3.0 (CCSM3)
The French Centre National de Recherches Météorologiques, CM 2.1 (CNRM)

EMISSION SCENARIOS
A critical organization involved in climate analysis and publication is the Intergovernmental Panel on Climate
Change (IPCC), a scientific intergovernmental body established in 1988 by the World Meteorological Organization
(WMO) and the United Nations Environment Programme (UNEP). The IPCC produces technical literature that
supports scientific research to inform the international community of the ongoing environmental and socioeconomic impacts of climate change, and offers appropriate strategies for mitigation and adaptation.

IPCC 4
The IPCC Fourth Assessment Report (AR4), Climate Change 2007, is the fourth in a series of scientific reports to
assess climate change impacts. In this report, the IPCC developed a Special Report on Emission Scenarios (SRES)
which utilized different modeling approaches and a range of GHG emission assumptions to define six plausible
global emission scenarios. Each of these scenarios represents a hypothetical storyline about alternative energies,
global population, gross domestic product, and the resulting energy consumption. Two of such – the A2 and B1
scenarios, representing medium-high and low emission projections, respectively – are the most widely used
scenarios to compare theoretically opposite narratives of international development.
A2 scenario assumes a “business-as-usual” scenario with continuous rapid population growth and unparalleled
agricultural productivity, compounded by a widening disparity in economic and technological growth between
developed and less-developed nations. The slow development of renewable energy and other energy-efficient
improvements will result in continuous increase in emissions over the next century.
B1 scenario assumes a “best-case” scenario with population growth peaking at mid-century and declining
thereafter. Rapid socioeconomic growth and technological achievements will promote more equitable and
democratic developments and efficient utilization of resources. Developments for more non-fossil fuel options will
be available, diverting energy supply and demand from conventional oil and gas venues.
4

To provide a sense of the variance in climate sensitivity measured under the two SRES emission scenarios, Figure 1
below compares the rise in annual temperature (˚C) by 2070-2099 from the historical average of 1961-1990
between four different GCMs under the A2 and B1 scenarios.

A2 (medium-high)

Global Climate Models
PCM1
CNRM
2.6 ˚C
3.9 ˚C

CCSM3
4.2 ˚C

GFDL
4.5 ˚C

B1 (low)

1.6 ˚C

2.4 ˚C

2.7 ˚C

2.2 ˚C

Table 1. Annual Temperature difference between Global Climate Models and SRES Emissions Scenarios. Source: Cal-Adapt 2013.
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In November 2014, the IPCC released a Fifth Assessment Report (AR5), which addresses some of the ambiguities of
SRES by employing a third generation of emission futures, called Representative Concentration Pathways (RCPs).
Rather than using presumed storylines about development scenarios, RCPs present emission projections utilizing
baseline levels of radiative forcing* from all natural and anthropogenic sources (expressed in Watts per square
meter). RCPs are thus not contingent upon any particular socioeconomic futures, and thereby allow for greater
flexibility to incorporate different economic, technology, policy, and institutional features (IPCC 2014). Four main
pathways were presented in the report: RCP8.5, RCP6, RCP4.5, and RCP2.6 (or RCP3-PD). As outlined in Figure 2,
projections using SRES B1 are analogous to RCP4, and SRES A2 sits somewhere between RCP6 and RCP8.5 (Rogelj
et al., 2012).

Figure 1. Comparison of temperature increases projected by SRES Emissions Scenarios and RCPs. Source: Rogelj et al. (2012).
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Because of the relatively recent release of AR5 and the lack of available data evaluated under these pathways,
RCPs were not used in this particular analysis in favor of using existing methods that are more widely used in
California and other transportation agencies. However, it is recommended that as RCP data become more readily
available for the region, SACOG should incorporate the more up-to-date AR5 climate data into their analyses.
*Radiative forcing is essentially a measure of energy balance on Earth, indicating how much energy is flowing in and out of the
planet (Chandler, 2010). It is calculated as the difference of sunlight absorbed by the Earth and the energy that is radiated back
into space.

UNCERTAINTIES
Climate change is a complex science that continues to evolve as improved research, methods, and data are
introduced. There are no perfect reproductions of climate processes, as there are high levels of uncertainties,
natural fluctuations, and competing effects that are difficult to capture within model algorithms. Different climate
models also give varying weights to physical variables, like the interactions between atmospheric pressure, ocean
circulation, and water vapor. Furthermore, the SRES scenarios evaluate GHG emissions based on presumptions
about socioeconomic parameters, demographic changes, technological innovations, and policy initiatives that are
virtually impossible to accurately predict.
Additional problems are introduced when applying these data at the regional scale. GCMs are designed to model
climate change on a global continental scale; the spatial resolution per grid cell used in the 2007 IPCC report is
roughly 120 by 180 miles. The coarse cell size neglects much of the local topological and ecological nuances that
impact climate processes at the local level. It is important to remember that these are projections, not predictions
or forecasts, of climate consequences based on plausible social and economic scenarios in the next century.
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METHODOLOGY
CAL-ADAPT
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 SRES emission scenarios that are downscaled
to California’s geography through two downscaling methods: bias correction spatial downscaling (BCSD) and bias
correction constructed analogues (BCCA).

DATA PROCESSING
Tabular and raster data were obtained from Cal-Adapt to analyze projected trends for maximum temperature,
precipitation, runoff, and fire. Datasets were extracted between January 1980 and December 2099 from PCM1,
GFDL, CCSM3, and CNRM models under A2 and B1 emission scenarios, when available. Due to the temporal
variability in climate impacts projected under each climate model, the GCMs were averaged across 30-year time
periods:
•
•
•
•

1980 – 2010: Historical
2011 – 2040: Near-Term
2041 – 2070: Mid-Century
2071 – 2099: Far-Term

Tabular data were accessed on Cal-Adapt by selecting grid cells in the approximate shape of the SACOG region,
using designated latitude and longitude values associated with each cell. Excel was then used to process the
monthly data and produce desired data summaries. These calculations included averaging the data for the
historical and projected periods, creating regional averages for each of these datasets, and calculating the change
in values over time.
Raster data were obtained in the form of GeoTIFF files and were processed through ArcGIS 10.1. Datasets are
georeferenced to World Geodetic System of 1964 (WGS 1984). Based on the tabular data summaries, specific
months were selected for their criticality within each climate impact evaluation. The GeoTIFF rasters were
averaged across each respective time period, clipped to the SACOG counties boundary, and then averaged across
all four GCMs. Calculations of absolute and relative change are calculated using the baseline projections of the
Historical Period (1980-2010).
Maximum Temperature
Daily maximum temperature data were available in tabular form on Cal-Adapt, which allowed for the evaluation of
extreme heat events. Monthly average raster data were also processed, to display the spatial variation of the
temperature changes.
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Fire
Fire data were only available on Cal-Adapt in raster form, and in 30-year intervals with years ending in 2020, 2050,
and 2085. They were archived in A2 and B1 emissions scenarios under three GCMs: PCM1, GFDL, and CNRM. To
refine the accuracy of these projections, it would be useful to obtain and analyze past observed wildfire events
from other sources such as Cal Fire and Department of Water Resources.
Precipitation and Runoff
Ideally, extreme precipitation events would be analyzed using daily precipitation data, since extreme events have
the greatest impacts on transportation infrastructure. However, because monthly intervals were the smallest timesteps available on Cal-Adapt, precipitation and runoff trends were evaluated under monthly sums. It is assumed
that increases in monthly precipitation and runoff also indicate increases in extreme events in the projected years
(through greater storm intensity, frequency, and/or duration).
Flooding
Precipitation and runoff changes in the Sierras will impact flooding in the Central Valley. However, flooding in the
Sacramento region involves complex interactions between Sierra precipitation, snowmelt, and runoff, local
precipitation levels, and sea level rise approaching from the Delta. There is little available data that identifies the
relationship between climate changes in the Sierra Mountains and flooding in the Valley, so this report does not
draw conclusions regarding changes in downstream flooding due to high elevation precipitation and snowmelt. Sea
level rise also proves difficult to project for the region, and because it affects a relatively small part of the SACOG
region, this report excludes sea level rise impacts as well. Further research is needed to integrate these large-scale
flooding changes into the MTP.
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CLIMATE CHANGE EFFECTS
EXPECTED CLIMATE PROJECTIONS
EXTREME TEMPERATURES
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 95ᵒF, as is consistent with numerous statewide climate studies
(Caltrans and HCOG 2014). As seen in Figure 3, all counties in SACOG demonstrate a significant increase in the
number of days over 95ᵒF, although Placer and El Dorado exhibit a slightly less dramatic increase due to the
cooling effect of the Sierra Nevada Mountains.

Figure 2. Number of days per year above 95ᵒF, averaged by county, using the GFDL model under A2 emissions scenario.

While all the models are in relative agreement regarding the trends of increasing temperatures over the century,
they exhibit some variation on the magnitude of increase. Figure 4 compares the spread of model results from the
Historical period (1980-2010) to the Far-Term period (2071-2099). Overall, the models show a spread of
approximately 8ᵒF in their projected rise in summer temperatures, with the “least hot” model, B1 PCM1, predicting
an increase of about 2ᵒF and the “hottest” model, A2 GFDL, projecting an increase close to 10ᵒF. The highest
maximum temperatures tend to occur in the summer months from June to September, and lower temperatures
are generally projected for the B1 emissions scenario than for the A2 scenario (with the exception of A2 PCM1).
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Figure 4. Change in average maximum temperature each month, averaged across SACOG, comparing four models (GFDL, PCM1,
CNRM, CSSM3) and two emissions scenarios (A2 and B1).

When averaged across all four GCMs, July and August are identified as the most critical months for increased
temperature effects for the entire SACOG region (see Figure 5). These months experience the highest
st
temperatures historically and are projected to undergo the largest increase in temperatures during the 21
century. Under an A2 scenario, the average monthly maximum temperature may reach as high as 95ᵒF in July and
August, showing a drastic increase from the current climate, where 95ᵒF is considered the threshold for an
extreme heat day.

Figure 3. Average maximum temperature each month, averaged across SACOG, using a four-model average (GFDL, PCM1, CNRM,
CSSM3), under A2 and B1 emissions scenarios.
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Map Sets 1 and 2 illustrate the locations of the most dramatic increases of average monthly maximum
temperatures. All six counties within the SACOG region are expected to gradually warm over the next century
under both A2 and B1 emission scenarios. The Central Valley counties (Sacramento, Yolo, Sutter, Yuba) will
anticipate the most frequent extreme heat events in the summer months, as average monthly temperatures are
projected to reach as high as 105˚F by 2099.
The warming in the Sierra Nevada mountain regions carries strong implications for earlier snowmelt in the spring,
precipitation falling as rain instead of snow, and consequently the winter snowpack decreasing as much as 70 to 90
percent (CCCC 2012).
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Map Set 1. A2 emissions scenario projections of Average Monthly Maximum Temperature over four time periods, taken as a GCM average.
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Map Set 2. B1 emissions scenario projections of Average Monthly Maximum Temperature over four time periods, taken as a GCM average
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PRECIPITATION AND RUNOFF
Working with precipitation and runoff data presented a major challenge, due to the wide variability in model
projections. Precipitation and runoff are notoriously difficult to predict, and the processes only become more
convoluted when accounting for climate change effects projected many years into the future. Yearly precipitation
values fluctuate drastically, as shown in Figure 6, which tracks January precipitation levels each year from 1950 to
2099 for one model and scenario.

Figure 5. January precipitation, plotted each year for the years 1950-2099, using the GFDL projection for an A2 emissions scenario.

Each model and emission scenario projects these fluctuations in a different way. This model variability is
demonstrated in Figures 7 and 8, where projections drastically vary between the months of December to March
regarding both the volume of precipitation and runoff in a given month and the general trends over the course of
the year. Averaging the GCMs becomes problematic, since the high positive and low negative projections virtually
cancel out and result in near-zero averages.

Figure 6. Comparison of change in precipitation, averaged across SACOG, between four models (GFDL, PCM1, CNRM, CCSM3) and
two emissions scenarios (A2 and B1).
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Figure 8. Comparison of change in runoff, averaged across SACOG, between four models (GFDL, PCM1, CNRM, CCSM3) and two emissions
scenarios (A2 and B1).

Because taking model averages of precipitation and runoff data minimized the impacts of the climate stressors, the
datasets were also screened to select a “worst-case” scenario. January is the most critical month for analysis,
showing highest total volume of precipitation and runoff in historical trends, and is expected to increase
significantly during this century (see Figures 9 and 10). Within the month of January, A2 GFDL is the “extreme
worst case”, based on the highest increases from historical precipitation and runoff trends to mid-century (20412070). According to the A2 GFDL model, 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%.

Figure 7. Historical and mid-century monthly precipitation, averaged across the SACOG region under an A2 GFDL projection.
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Figure 9. Historical and mid-century monthly runoff, averaged across the SACOG region under an A2 GFDL projection.

Model Average Scenario Results
Although precipitation and runoff changes are relatively small for model average analysis, the average trends were
still examined for methodological consistency. Precipitation and runoff trends follow very similar trajectories [Map
Set 3 - 6]. When averaged across all four GCMs, the A2 emissions scenario projects a progressive increase that will
peak by the Far-Term of the century, while B1 emissions scenario will project a high increase in the Near-Term
period and then gradually decrease by 2099.
The highest increases in precipitation are projected in the Placer and El Dorado Counties, with up to a 1 inch
increase of precipitation near the Sierras, translating to a 7% increase from the Historical Period. Under the B1
emissions scenario, the region will expect a 10% increase in precipitation, about 1.5 inches, in the Near-Term
Period (2011-2040). However, the B1 scenario also projects a drastic decrease towards the end of the century,
showing a 12% precipitation decrease across the region by 2099.
The greatest impacts of runoff occur in the Sierra regions of Placer and El Dorado counties. In the A2 scenario,
Placer County will likely experience up to 2 inches of increase by the end of the century. Under the B1 emissions
scenario, runoff in the Sierras will also see up to 2 inches increase in the mountainous regions, but will be paired
with up to a 1 inch decrease in the foothills. The percent change in runoff ranges up to an increase of 100-600%
and decrease of 1-40% in certain grids.
“Worst-Case” Scenario Results
Under an A2 emissions scenario, the GFDL model projects high increases in precipitation and runoff that peak
around mid-century [Map Set 7 - 8]. Placer and El Dorado Counties will be the most impacted regions, with up to a
4 inch precipitation increase near the Sierras, a 20-30% increase from the Historical Period. Sacramento, Yolo, and
Sutter Counties are expected to experience up to 2 more inches of precipitation, also a 20-30% increase from
historical. By the end of the century, precipitation is projected to return to approximately historical levels.
Runoff in the Sierras may increase by up to 4 inches (as much as 600% from historical), accompanied by increases
of 0.5-1 inch across the Valley (100-200% from historical). These increases are expected to persist in the Sierras
through the end of the century at slightly lower levels, remaining 0.5-3 inches, or 50-600%, above historical during
the far-term (2071-2099). The Central Valley is projected to return to approximately historical levels by 2099.
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Map Set 3. A2 Emissions Scenario, Model Average projections for January Monthly Average Precipitation over time, along with inches change and percent change from historical.
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Map Set 4. B1 Emissions Scenario, Model Average projections for January monthly average precipitation over time, along with inches change and percent change from historical.
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Map Set 5. A2 Emissions Scenario, Model Average projections for January Monthly Average Runoff over time, along with inches change and percent change from historical.
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Map Set 6. B1 emissions scenario, model average projections for January monthly average runoff over time, along with inches change and percent change from historical.
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Map Set 7. A2 emissions scenario, GFDL model projections for January monthly average precipitation over time, along with inches change and percent change from historical.
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Map Set 8. A2 emissions scenario, GFDL model projections for January monthly average runoff over time, along with inches change and percent change from historical.
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WILDFIRES
Fire potential was assessed based on the ratio of projected increase in fire risk relative to the expected burned
area per grid cell. The data, retrieved from Cal-Adapt, uses a probability model derived from Westerling & Bryant
(2008), evaluating fire potentials based on factors of precipitation, temperature, soil moisture, snow cover, and
elevation (factors that impacted fire frequencies observed between 1980-1999). The projected risk was averaged
under three GCMs (PCM1, GFDL, CNRM) within 30-year intervals with years ending in 2020, 2050, and 2085. In
some areas of SACOG, fire burn risk is expected to increase 3 to 4-fold by 2085, under the A2 emissions scenario.
The locations most vulnerable to fire risk are observed in the forested regions of El Dorado County, Placer County,
and northern Yuba County.
It must be noted that the Cal-Adapt data do not account for moisture content and fuel sources that should be
factored in when determining fire exposure risk. Vegetation type, size, crown coverage, wind speed, and humidity
can determine the spread and intensity of the fires. For example, dead timber litter from Spruce habitats (common
around higher altitudes of the Sierras) has higher fuel loads and burn at a greater intensity compared to low shrubs
that are more typical around the Sierra foothills (Cal Fire).

Map Set 9. Fire potential over time for A2 and B1 emissions scenarios, using a GCM average.
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LANDSLIDES
Individual climate change events not only impact transportation infrastructure directly, but also interact with other
climate change effects to create additional consequences for the transportation system. An important example of
this is the exacerbation of landslide risks caused by the combination of more intense wildfires, larger precipitation
events, and altered soil moisture. This will likely impact regions that already experience landslide susceptibility,
regions which are illustrated in Figure 11. 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.

Figure 10. Landslide susceptibility in the SACOG region. Extracted from a 2011 study performed by California Geological Society
(Willis, Perez, and Gutierrez 2011).

Landslides involve a combination of complex processes, making it difficult to project landslide susceptibility in the
future. Factors that affect the formation of landslides include slope angle, soil type, bedrock strength, soil
saturation, and vegetation cover. But while it is extremely challenging to predict landslides accurately, certain key
mechanisms are relatively well documented. As early as 1998, studies on landslide susceptibility were performed
on the sections of Highway 50 that are located in El Dorado County. These studies showed that the likelihood of
landslides increased after heavy rainfalls and wet winters, and specifically pointed out that “rapid melting of major
snowpacks and high intensity and duration storms will also trigger new or accelerated failures, especially when the
ground is saturated” (Spittler and Wagner 1998). Both rapid snowmelt and high intensity storms are projected to
occur more frequently due to climate change, and since these are shown to be important landslide mechanisms for
the Sierra Nevada Mountains, there is expected to be an increase in landslide frequency and magnitude as a result
of climate change.
The connection between landslides and climate change in the high mountains was examined in more detail by a
collaborative study performed in 2011. The most important mechanisms linking climate change and landslides
were found to be: climatic stimulus of positive feedbacks on mass movement effects, geomorphic system
exceedance of thresholds or tipping points, and the alteration of lag-time effects on sediment and ice storage
(Huggel, Clague, and Korup 2011). This study confirms the need for SACOG to take into account increased landslide
risks when creating transportation plans for portions of the region located in the Sierra Nevadas and other high
mountain areas.
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TRANSPORTATION IMPACTS
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, which are summarized below in Table 2.

EXTREME TEMPERATURE/HEAT
Roadways may buckle and crack due to prolonged high temperatures, becoming unusable (Wilway et al. 2008).
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 (Wilway et al. 2008).
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/RUNOFF/SNOWMELT
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% (Caltrans and HCOG 2014). If water seeps into the
pavements, it may also damage the asphalt, causing the material to degrade, crack, and need premature
replacement (Wilway et al. 2008). Depending on the soil type, saturated soils under roadways erode and
destabilize the road, leading to washouts or damage (Wilway et al. 2008).
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.
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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 across roads
and railways, blocking traffic or clogging drainage and causing flooding.
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ASSET

CLIMATE IMPACT
Extreme Temperature

Precipitation

Wildfire

Landslides

Roadways

Fatigue cracking, expansion joint
buckling, thermal cracking,
rutting/softening

Substructure erosion,
washout, localized and
major flooding

Rutting/softening

Washouts, blocked roads,
destabilization, cracking,

Railways

Rail buckling, forced delays

Substructure erosion, forced
delays, inundation

Blocked routes, forced
delays

Washouts, blocked routes

Bridges

Expansion joint buckling

Increased scour, decreased
safety (visibility, traction),
possible inundation

Weakening of steel bridge
material

Washouts, destabilization

Biking/Walking

Decreased comfort, health risks

Decreased safety (visibility,
traction), decreased comfort

Decreased air quality

Loss of life, injury

Drainage

none

Drainage overflows, clog
drains with leaves

Failure of plastic drains and
HDPE or PVC culverts

Clogged/blocked drainage
systems

Traffic Flow

Vehicles overheating

Slowdowns, increased
accidents

Slowdowns, throttled traffic

Slowdowns, throttled traffic

Public Transit

Decreased comfort, transit
vehicles overheating

Decreased comfort, delays

Route closures, trip delays

Route closures

Buildings & Facilities

Construction and maintenance
forced to halt or slowdown

Inundation of electrical
boxes/equipment

Construction forced to halt

Buildings/facilities buried or
washed out, maintenance
crews diverted for landslide
cleanup

Traffic Controls

Power outages to signals

Power outages to signals,
reduced sign visibility

Power outages to signals,
reduced sign visibility

none

Table 2. Summary of potential climate impacts to transportation assets by type. Adapted from “Attachment B: Asset Sensitivity Matrix” (Caltrans and HCOG 2014).
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ADAPTATION STRATEGIES
A robust approach to climate change response should involve both mitigation and adaptation measures. The
current MTP/SCS primarily addresses mitigation of climate change for GHG emissions reductions. In order to create
a more resilient region, it is recommended that SACOG promote opportunities for adaptation as well. The
following section addresses potential adaptation options to incorporate into the 2016 MTP/SCS Update.

GUIDING PRINCIPLES
Before creating a climate change adaptation plan, SACOG should consider what goals and principles it will use to
direct the plan. If SACOG wishes to follow existing federal state-of-the-practice guidelines, it may be helpful to
adopt the following Guiding Principles for Adaptation to Climate Change, adapted from a 2010 report by The White
House Council on Environmental Quality (White House Council on Environmental Quality 2010):
•
•
•
•
•
•
•
•

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.

KEY ELEMENTS AND STRATEGIES FOR SUCCESSFUL ADAPTATION
Some strategies have proven more effective than others in the creation of climate change adaptation plans, and
SACOG has the opportunity to learn from the experiences of other agencies when developing its plan. In a 2011
Report, the Federal Transit Administration outlined the following Key Elements of Successful Adaptation Efforts
(adapted from FTA Office of Budget and Policy 2011):
•

•

•

Flexibility: Uncertainties surrounding climate change, development, and human response require
flexible adaptation strategies. Actions must be continually evaluated and reassessed to ensure
positive progress toward resiliency.
Broad, cross-disciplinary involvement and buy-in: Involve staff from across the agency, to
facilitate both information sharing and buy-in from those who are involved in the
implementation of adaptation actions.
Embed climate change into work streams rather than developing a special system: Improve
effectiveness of the plans by mainstreaming policies into existing procedures and policies,
leveraging existing knowledge and resources.
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•

•
•
•
•

•

Prioritize “no regrets” strategies and meet multiple goals: Whenever possible, incorporate nonclimate related goals into climate policies, creating additional benefits that improve the system
regardless of climate change results.
Plan for communication with customers: The capacity to quickly communicate with customers is
vital for the success of transportation efforts, especially in the case of emergencies.
Top level external push: Climate adaptation plans may depend on an executive push to carry
them from idea to implementation.
Central point of coordination: As with any large interdisciplinary effort, a central contact is
needed to coordinate efforts and ensure information sharing and accountability.
Interdisciplinary seminars with engaging narratives: Effective information sharing involves more
than disseminating raw data. Agencies should organize seminars and discussions in order to
effectively move strategies forward and create robust dialogues surrounding climate change
adaptation.
Coordination with other infrastructure and service providers: Transportation agencies must also
work with entities outside the transportation industry (e.g. telecommunications companies and
stormwater management agencies) to create more holistic adaptation plans.

Once SACOG begins creating the specifics of the transportation plan, there are four broad categories of adaptation
strategies that can be incorporated. In order for a climate change plan to be effective, a combination of the
following strategies should be used in developing policies and actions:
•

•
•
•

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.

ADAPTATION OPTIONS
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.
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CLIMATE IMPACT
Extreme Temperatures

Precipitation & Runoff

ADAPTATION OPTIONS
Planning

Design

Maintenance/Operations

• Change standards for design

•

Use heat-resistant or rut-resistant
asphalt/concrete mixtures
Design railways and bridge joints for
higher maximum temperatures

• Increase monitoring of infrastructure during

• Identify alternatives to vulnerable

•
•

Protect evacuation routes
Upgrade drainage systems/ increase
standard drainage capacity
Increase culvert capacity
Protect bridge piers and abutments
Use new asphalt/concrete mixtures
Increase water storage systems

•
•
•
•

maximum temperatures

routes
• Restrict Development in
floodplains
• Perform increased risk
assessments for new roads

•

•
•
•
•

•
•
•
•

•
•
•
•

Wildfires

Increase infrastructure monitoring
Prepare for service delays
Repair damage as needed
Ensure drainage systems are clear, esp.
during extreme precipitation
Increase capacity & maintenance of pump
plants
Minimize repair backlogs
Implement emergency operations response
procedures
Use pavement grooving and sloping

• Improve emergency action plans
• Prepare to provide alternate route

•
•

Use heat-resistant infrastructure
Prevent electrical equipment failure

• Repair damage as needed

• Identify alternatives to vulnerable

•
•

Protect evacuation routes
Incorporate landslide mitigation
measures for vulnerable projects
Ensure adequate drainage on
roadbed surfaces and shoulders
Incorporate rock fall protection
Implement slope hardening

• Repair damage as needed
• Increase monitoring of infrastructure
• Ensure roadway is clear of rocks, debris,

information

Landslides

extreme heat
Overlay roads with rut-resistant asphalt
Increase maintenance
Shift to evening construction schedules
Lighten train loads and reduce speeds to
reduce track stress

routes
• Perform increased risk
assessments for new roads
• Prepare to provide alternate route
information
• Improve emergency action plans

•
•
•

vegetation

• Monitor drainage systems
• Minimize repair backlogs

Table 3. Summary of adaptation options for climate impacts expected in the SACOG region. Adapted from “Table 12: Potential Climate Change Impacts on California Surface

Transportation Infrastructure and Associated Adaptation Strategies” (Caltrans 2013).
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