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Forward
This Climate Adaptation Plan is a description of the climate-associated risks to an organization
(to both the organization’s resources and its ability to reach its goals) with recommendations
about how to plan and take actions to reduce the risks. This Climate Change Adaptation Plan was
prepared for the Cortina Rancheria, Kletsel Dehe Band of Wintun Indians, a federally
recognized, Native American Tribe. The Tribe has a been allocated the Cortina Rancheria, a
reservation of 640 acres located 17 miles southwest of Williams, California.
The Cortina Rancheria was established in 1907 in what were formerly lands occupied by the
Patwin, the most southern of the three linguistic divisions of the Wintun People (Adams, 2008).
The Rancheria lands are mostly steep and situated along the east slopes of Cortina Ridge which
is part of the Interior Coast Range north of San Francisco Bay.
This plan was prepared under contract to Ecosystems Northwest of Mount Shasta, CA, using
grant funding to the Cortina Rancheria from the U.S. EPA. Contributing authors were:
Kim Mattson, Ph.D. ecologist,
Peter Van Susteren, soil and vegetation scientist, and
Julie Thrupp Titus, wildland fire specialist.

Summary of Methods and Findings
The preparation of this plan followed several guidance documents for climate change adaptation
plans. These documents generally advocated a step-wise process of assessment of climate
change effects and then an analysis of these effects on the organization’s ability to achieve its
goals.
Potential climate change scenarios was gathered using sites such as Cal-adapt.org or reviews of
the literature, meeting with staff of the Wintun Environmental Protection Agency (WEPA) and
receiving their climate monitoring data, and visiting the Rancheria.
The findings of likely climate change for the Rancheria are that temperatures already are
increasing and will continue to increase. The local climate data from the WEPA weather station
suggests increases in summer maximum daily temperatures starting about 2014. Also about
2013, winter daily maximum temperatures appear to show increased warming. WEPA monthly
rainfall shows a trend of increases for the years 2011-2014 versus the years 2007-2010. Longterm data sets from climate stations in nearby cities in the northern California region suggest
slow warming has been occurring since the 1960’s. These long-term data precipitation data from
Sacramento indicates a pattern of decline in precipitation beginning about 1995 with increases
since 2001. The Cal-adapt website using Global Circulation Models (GCMs) downscaled for the
general area of the Rancheria forecast increasing temperatures and precipitation. These models
forecast increases in the annual mean of the daily maximum temperatures for the Rancheria of
about 8° F by the end of the century. The Cal-adapt models for annual precipitation forecast a 12
% increase by the end of the century. A review of the literature shows a consensus that fire
frequency is increasing in northern California and the western US, at least for acres burned or
sizes of fires.
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After reviewing the evidence for climate change, the effects on three areas considered most
vulnerable for the Rancheria were assessed. These three areas were fire severity hazard,
vegetation changes, and human health responses. Other areas such as ground water levels,
ground water chemistry, soils and erosion, and wildlife species based on data sets of WEPA and
discussion with WEPA staff were also considered but changes in these were judged to be due
mostly to other factors than climate change. Though declines in groundwater elevations since
2003 may be related to changes in hydrology that could be climate related.
Per the guidance documents, a set of six goals for the Cortina Rancheria were identified. These
were based on a modification of those in the Cortina Rancheria Strategic Action Plan (Adams
2008) and were reviewed by the Cortina Rancheria chairman. Following completion of reviews
of climate change and the potential effects, vulnerabilities to the six goals for the Cortina
Rancheria were assessed, along with their sensitivity to change, and the stresses as a result of
change (Table 1).
In summary, three of the six Cortina Tribal goals are considered to be at high risk to climate
change and three are considered to be at low risk (Table 1). The three Tribal goals at high risk to
climate change were:
1. Preserve or maintain the Tribes culture and heritage.
2. Continue housing and attract new Tribal members to the Rancheria.
3. Obtain quality health care for Tribal members.
The authors hypothesized that climate change leads to an increased chance of catastrophic events
(wildland fire destroying the housing infrastructure and causing loss of life). A gradually
warming temperature regime was hypothesized to increase drought and wildfire frequency that
would lead to gradual shifts in the Rancheria vegetation (loss of valued oaks and chaparral and
replacement by non-native grassland). This loss of oaks and associated plants was considered to
be damaging to the Tribe’s culture. Increased frequency and intensity of excessively high air
temperatures was hypothesized to lead to increased stress on Tribal members (elders and very
young) less able to cope. These combined effects could also reduce the ability of the Rancheria
to attract new members to move there. However, increasing rainfall, if continued as current data
suggests, would have positive effects on the goals by affording greater access to potable water,
increased productivity of the land and increasing attractiveness as a place to live.
The remaining three goals were still considered to be at risk to climate change, but were
considered to be at a lower risk:
1. Seek jobs and better economic conditions for the Tribe.
2. Offer quality education opportunities for Tribal youth.
3. Establish positive relations with neighbors, the community, and neighboring tribes.
The team hypothesized that catastrophic events such as intense storms and wildland fire would
disrupt activities associated with these goals by disrupting egress, communications, and power
supplies. But these activities were considered to be a lower risk to climate change as the Tribe
was likely more able to deal with these challenges.
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Table 1: Vulnerability of goals for the Cortina Rancheria from possible climate change scenarios.
Six goals of the
Kletsel Dehe Band
of Wintun Indians1

Climate
conditions
currently
affecting
Tribal goals

Preserve or maintain
the Tribes culture
and heritage

• Catastrophic
events storms
or wildfire.
• Drought

Continue housing
on the Rancheria
and attract new
members

Obtain high quality
health care for
Tribal members

Seek jobs and better
economic conditions
for the Tribe

Offer high quality
education
opportunities for
Tribal youth
Establish positive
and respectful
relations with
neighbors, the
community, and
neighboring tribes
1

• Access to
water.
• Excessive
summer heat
• Catastrophic
events storms
or wildfire

Projected climate
change
• Longer fire season
and increased
severity hazard
• Increased summer
drought

Project change impacts to target
• Destruction of housing infrastructure and
loss of life
• Loss of chamise-chaparral habitat, decline
of blue oak woodland and savanna with
increase in non-native grassland
• Loss of culturally important plants and
wildlife

• Slight increases in
rainfall
• Longer fire season
and increased
severity hazard

• Small increases in rainfall may provide
opportunities as alternate water source.
• Excessive summer temperatures could make
housing undesirable for recruiting new
members.
• Catastrophic wildfire could destroy housing
infrastructure and cause loss of life.

• Severe heat
waves
• Catastrophic
events storms
or wildfire

• Increase in
numbers of days of
extreme heat
• Longer fire season
and increased
severity hazard
• Increase in storm
events

• Drought/dry
conditions
• Low rainfall.
• Catastrophic
events storms
or wildfire

• Increased average
temperature
• Slight increase in
precipitation
• Potential increase
in storm events
• Longer fire season
and increased
severity hazard

• Catastrophic
events storms
or wildfire

• Increase in fires,
and storm events

• Catastrophic
events storms
or wildfire

• Increase in fires,
and storm events

• Increased summer heat waves may increase
infirmity.
• Increase in catastrophic events or storms
will disrupt access to health care and may
increase risk of injuries to Tribal members.
• Precipitation may have small increases in
land productivity, increased droughts would
decrease productivity.
• Increased storms may cause increased
erosion and affect egress from Rancheria,
power supplies, communications.
• Increased summer heat waves may increase
infirmity and decrease access to jobs.
• Catastrophic events will disrupt economic
opportunities and access to jobs.
• Fires, erosion, flooding, and landslides are
likely to affect egress from Rancheria,
power supplies, access to internet, and cell
phones.
• Fires, erosion, flooding, and landslides are
likely to affect egress from Rancheria,
power supplies, access to internet, and cell
phones.

Resulting
sensitivity
to climate
change

Projected changes in stress as a result of climate change

• High

• Negative. Destruction of housing, loss of life, and gradual
shifts in vegetation types will likely create increased
difficulty in maintaining Tribe’s culture and heritage.

• High

• Positive. Increased rainfall will increase access to potable
water and will help to make Rancheria more attractive as a
place to live and will help to attract new members.
• Negative. Increased summer heat will decrease water
access and reduce attractiveness as a place to live.
• Negative. Catastrophic events will reduce attractiveness
and may cause emigration of members.

• High

• Negative. Increased infirmity will strain health care
system.
• Negative. Disrupted access to health care and increased
injury will diminish health of Tribal members.

• Low

• Positive. Increased land productivity may increase
economic opportunities.
• Negative. Decrease land productivity may decrease
economic opportunities.
• Negative. Poor job attendance will lead to job loss.
• Negative. Catastrophic events will disrupt economic
opportunities and job attendance.

• Low

• Negative. Reduced egress, communication, and power will
reduce educational opportunities.

• Low

• Negative. Reduced egress, communication, and power will
reduce interactions with neighbors, community, and other
tribes.

Proposed goals as presented to Tribal Chairman, July, 2017; also modified from Adams 2008.
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Introduction
What is a climate change adaptation plan?
A climate change adaptation plan is an assessment of climate change that may occur in for an area
of interest and an assessment of the vulnerability for an organization to reach its goals in light of
these coming changes in climate. It is distinguished from a mitigation plan that proposes ways to
stop or slow down climate change. An adaptation plan recognizes that climate change is coming
and seeks ways for an organization to prepare and reduce the vulnerability of its goals.
In this plan, potential or forecasted climate changes were assessed, these climate effects on various
resources were considered, and vulnerable tribal goals were identified. A series of
recommendations for continued planning, seeking new information, and actions that could be
considered now were proposed at the end of this document.
The Cortina Rancheria and EPA’s Role
This climate change adaptation plan was prepared for the Cortina Rancheria Kletsel Dehe Band of
Wintun Indians, a federally recognized Native American Tribe. The Cortina Rancheria is a
reservation of 640 acres located 17 miles southwest of Williams, California.
The Cortina Rancheria was established in 1907 in what were formerly lands occupied by the
Patwin, the most southern of the three linguistic divisions of the Wintun People (Adams, 2008).
Originally 160 acres were established for the exclusive use of the Cortina Kletsel Dehe Band of
Wintun Indians, officially known as the Cortina Indian Rancheria of Wintun Indians of California.
Within a few months, the Tribe acquired an additional 480 acres by Order of the Secretary of the
Interior, bringing the total land area to 640 acres.
The US Environmental Protection Agency (US EPA) has committed resources to assisting federally
recognized tribes in a variety of environmental protection actions on tribal lands. The Cortina
Rancheria receives funding to maintain its own environmental office called the Wintun
Environmental Protection Agency (WEPA). The US EPA encourages tribes to prepare climate
adaptation plans citing indigenous peoples as one of the most vulnerable since they live on marginal
and vulnerable lands, are more dependent on local resources, and have fewer resources to prepare.
WEPA received a grant to prepare this plan and utilized the firm, Ecosystems Northwest of Mount
Shasta, California.
Description of Study Area
The Cortina Rancheria is located midway up the eastern slopes of the Cortina Ridge, which marks
the western edge of the Sacramento Valley. The site consists of rolling hills with blue oak
woodland on the eastern half, and steep chemise covered slopes on the western half. The terrain in
the western half of the Rancheria is steep and deeply dissected, and slopes in the eastern half are
gentler. Altitude ranges from 600 feet above sea level in the east to just over 1,700 feet in the west.
The site has been used in the past for occasional livestock grazing, but widespread grazing has not
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been practiced by the Rancheria or allowed by outsiders, and parts have not been grazed for the past
100 years. The parcel has a series of stream in the canyons that generally flow from west to east.
Most are ephemeral and intermittent, while one is perennial—Strode Canyon Creek. Current land
use is residential in a small portion of the northeast corner of the parcel. The remainder of the area
is mostly natural vegetation.
Riparian vegetation along the perennial Strode Canyon Creek is dominated by a widely scattered
tree layer consisting of Fremont’s cottonwood (Populus fremontii ssp. fremontii). The surrounding
east facing slopes and intermittent drainages are covered by a blue oak (Quercus douglasii)
woodland with an associated shrub component and grass understory. Other tree associates include
buckeye (Aesculus californica), and foothill pine (Pinus sabiniana). The shrub layer is dominated
by manzanita (Arctostaphylos manzanita ssp. glaucescens), chemise (Adenostoma fasciculate), and
toyon (Heteromeles arbutifolia). The grass consists of mainly non-native annual grasses including
slender wild oats (Avena barbata) and rip gut brome (Bromus diandrus). Steep south facing slopes
and ridgetops are dominated by chemise-dominated chaparral associated with yerba santa
(Eriodictyon californicum) and bush monkeyflower (Mimulus aurantiacus). The north facing
slopes are wooded in nearly closed canopies of oak and pine.

Methods
The preparation of this plan followed several guidance documents for climate change adaptation
plans. The California Adaptation Planning Guide, 2012 prepared by the California Emergency
Agency provided a nine-step process consisting of a vulnerability assessment and an adaptation
strategy. It also identified the website Cal-Adapt (cal-adapt.org) which provided forecasts of
climate change. The Wildlife Federation guidance also offered a step-wise approach and advised to
adopt strategies for changing climate and manage for change as opposed to trying to maintain
persistence (Stein et al. 2014). Other useful plans are those prepared by King County, Washington
(available on their website). Guidance from King County differentiated between mitigations as
actions to prevent climate change and adaptation as planning to reduce vulnerabilities to climate
change. The King County guidance also emphasized the need to prepare plans that address the
goals of the organization and the vulnerability of achieving those goals. Another source of
guidance was the US EPA Climate Change Adaptation Plan (US EPA 2014) which emphasized the
need to address uncertainties.

Evidence for Climate Change
WEPA and Local Data
Temperature
The Wintun Environmental Protection Agency (WEPA) has collected weather data on a 30-minute
basis for temperature and precipitation since mid-2005. These data were examined for trends of
change over the period of collection.
Temperature expressed as the daily maximum was plotted by years to examine the seasonal
patterns, and the high and lows for the year (Figure 1). Daily maximum air temperature was chosen

Climate Change Adaptation Plan

Figure 1: Daily maximum air temperatures by years for Cortina Rancheria weather station (no data for 2016). Annual peak
average temperatures as fit by 5th order polynomials (smooth lines) show slightly cooler years in 2007 and 2012 and warmer
years in 2009 and 2013-2015. Also, in 2013, daily peak temperature began to exceed 120° F and average minimum temperatures
rarely dropped below 60° F. In 2017, a new weather station was initiated and it recorded lower temperatures of about 10° F.
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as it was judged to be the best indicator of warming. The daily maximum temperature is the peak
temperature reached in a given day as recorded in 30 minute intervals by an automatic climate
monitoring station. The plots show large day-to-day variability in the maximum temperatures.
They also show periods of several days of either warming or cooling sometimes lasting longer than
a week. The spring period warms more slowly to a maximum temperature occurring in late July to
early August. The fall cools more quickly to a minimum in late December or early January. The
average (or typical value) of the maximum temperatures is shown by the smoothed lines in Figure
1 that were generated using a 5th order polynomial fit in Excel spreadsheets. These indicate
maximum daily air temperature ranges from about 50 to 105° F from winter to summer. The
average temperature for any month appears to be 5 to 10° F warmer during the years 2013 to 2015
compared to the previous years. Though 2009 appears to be a warm year too. Also, the daily peak
temperatures in summer (shown by the lighter lines), began exceeding 120° F during some days in
2013. The average coldest temperatures in 2013-2015 were typically 60° F versus a more typical
50° F in the prior years.

Mean of daily maximum
temperature (° F)

However, these temperatures may be biased high. The mean of daily maximum temperatures
showed a marked increase during the years 2013-2015 and this was followed by a decrease in 2017
(Figure 2) when a new weather station was established. Also, the mean daily maximum
temperatures of 2013-2015 (e.g., 85 to 87° F, Figure 2) are also about 10° F higher than those
predicted for this same region (e.g., 76° F) on the Cal-adapt website (see Figure 6). The
temperatures for 2017 are much closer to those on Cal-adapt. The highest peak daily temperatures
(> 120° F shown in Figure 1) are also higher than those recorded in either Sacramento to the south
(114° F in 1925, Cline et al. 2010) or Redding to the north (118° F in 1988, Western Regional
Climate Center).
88
87
86
85
84
83
82
81
80
79
78

Year

Figure 2: Means of daily maximum air temperature by year at the Cortina Rancheria. These
show a marked jump in temperature beginning 2013. Year 2017 is for January to September
and was the start of a new weather station. The means for years prior to 2017 trend from 1 to
10° F higher than those from other regional stations (show in Figure 3) and Cal-adapt data
(Figure 6).
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The WEPA air temperatures through 2015 were collected using a Davis temperature and humidity
sensor (Davis Instruments, Hayward, CA). The sensor was installed on the south side of a house
on the Cortina Rancheria that is now the field office of WEPA. The south side of the house
received direct solar radiation during midday. The installation on the south side of the house may
be one reason for elevated temperatures. While the installation was appropriately installed up
under the eaves of the roof (i.e., in the shade), the Davis manual recommended temperature sensors
be installed on the north side of buildings in the northern hemisphere. In addition, the sensor had
been painted over with white paint by a contracted house painter sometime between April and
October of 2011 (A. Bill, WEPA Technician, pers. comm.). The WEPA switched over to a new
weather station and data starting January 1, 2017 is available on the Western Weather website
(wx.com). The new climate station is located on a grass lawn in front of the WEPA field office.
Air temperatures from this station are lower compared to those of recent prior years (Figure 1) and
the mean of daily maximum air temperatures from January through early September is also lower
(Figure 2) despite the cooler months of October through December had not yet been recorded at
the time of this analysis.

Mean of daily maximum temperature
(°F)

Despite the questions about the WEPA air temperature data, a signal of increasing air temperature
requires a long-term data set. Data for the cities Winters (35 miles to the south) and Red Bluff (80
miles to the north) show how the air temperature has varied over the past 65 to 75 years for the
general northern California region (Figure 3). Of these two locations, Winters is likely a better
analog for air temperature for the Cortina Rancheria since it is closer to Cortina and lies in a more
similar setting. Winters shows a subtle but steady warming since 1960 of about 2.5° F but perhaps
less than 0.5° F increase since 2006 when the WEPA data collection began. Also, the current
mean of daily maximum air temperature for 2017 was about 78° F for Winters and 79° F for Red
Bluff. These agree well with the mean daily maximum air temperatures from Cal-adapt (Figure 6)
and with the WEPA air temperatures collected in 2017 (Figure 2).
82
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72
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Winters, CA (blue) and Red Bluff, CA (red)

Figure 3: Long-term air temperature data for two cities in northern California. Both locations
show high year-to-year variability (light line) that is similar in pattern for the two locations. The
trend as shown by a 5th order polynomial fit (dark lines) shows a relatively constant
temperature or slight cooling for Winters from 1943 to 1960, after which there is continued
warming. Red Bluff has a longer time period that indicates strong cooling between 1935 and
1960, after which there is warming, then cooling, followed by intense warming since 2010.
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In conclusion, it appears that the air temperatures as measured by the mean of daily maximum
temperatures by the WEPA and by other stations has been increasing in northern California and at
the Cortina Rancheria since 1960 by perhaps 2.5° F but perhaps only 0.5° F since 2006. This is
consistent with the predictions of the Global Climate Models (GCMs).
Precipitation
WEPA data for precipitation since 2005 shows high year-to-year variability in total precipitation
making it difficult to draw conclusions about trends of change over this relatively short period.
However, if the period of data collection is divided into two groups, the monthly rainfall in the
years 2010-2014 average 30 % greater than the years 2007-2010 (Figure 2). The time periods for
these data is too short to say definitively that a long-term and permanent change in precipitation is
occurring. This difference is more likely considered as seasonal or periodic drought and followed
by relief. However, the trend of change is in the direction of increasing precipitation and are
consistent with the predictions of most global circulation models (GCMs).
4.0

Monthyly precipitation (in)

3.5
3.0
2.5
2.0
1.5

2007-10
2011-14

1.0
0.5
0.0

Figure 4: Monthly precipitation means for the period 2007-10 (dashed blue line) versus the
period 2011-14 (solid red line). Year 2013 was omitted as it was a drought year with only 4.1
inches of precipitation. Two months with extremely high precipitation were also omitted
(August 2012 with 7.3 inches and December 2014 with 10.0 inches) as these were considered
rainfall events outside the normal range. The annual mean total for 2007-10 was 12.2 while the
mean total for 2011-14 was 16.2.

As with temperature, longer-term data sets are needed to examine trends that may be related to
climate change. A longer-term data set is available from the city of Sacramento and this data was
compared to the WEPA data for the Cortina Rancheria. For the years that the two data sets
overlapped, precipitation at Cortina averaged 79 % of that in Sacramento. Therefore the annual
precipitation of Sacramento was multiplied by a scaling factor of 0.79 and this data was used as an
analog for past years that the Rancheria lacked data. Using both the scaled Sacramento annual
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precipitation and that available from WEPA annual precipitation since 1995 shows a range of less
than 5 inches to over 25 inches (Figure 5). Also, there appears to have been a general decline in
precipitation (but interspersed with years of high rainfall) that occurred from a high of 25 inches in
1995 to a low of 4 inches in 2013. After that, rainfall has increased to nearly the high of 25 inches
in 2017 (this is only January through September.
The rainfall data was plotted along with a set of WEPA data on groundwater elevations as
measured in seven monitoring wells since 1995 when most of the wells were drilled. The
groundwater elevations show a similar pattern: a 10-to-20-foot increase (rise) in groundwater
elevations between 1995 and 2003. This was followed by a gradual decline by the year 2017 to
about their original levels in 1995 though three wells show declines below their original levels in
1995, one well (CRH2-S) substantially below the 1995 levels (Figure 5).
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The groundwater elevations do not track annual precipitation totals very well. The increase in
groundwater elevations between 1995 and 2003 occurred during the period of apparent decrease in
total annual precipitation. The decline in groundwater elevations, particularly since 2013 has
occurred during an apparent increase in total annual precipitation. Perhaps one would need to
examine the rainfall intensity events as some models predict more rain but in more intense storm
events. Indeed, the year-to-year variability of annual rainfall is increasing since 2011 and the
WEPA data show two months of unusually high precipitation in 2012 and 2014 (noted in Figure
4). More intense rainstorms while increasing total rainfall, will likely result is a greater proportion
of the rainfall to be diverted as runoff and reduced infiltration to the underlying aquifer.

B-6
B-8
P-9
P7-D2
RCH-6S
C P7-D
C RCH2-S
Rancheria ann precip
Sacramento precip X 0.79

Figure 5: Groundwater elevations in wells monitored by WEPA and annual precipitation by
years. Well ID’s preceded by the letter “C” are those located in the Cortina geologic formation;
the others are Tehama. Precipitation from Sacramento, scaled by 0.79, was used as a proxy for
years prior to 2006 for the Cortina Rancheria. The years on the x-axis indicate the mid-points
of each year. No precipitation data was available for 2016.

Climate Change Adaptation Plan

11

Cal-adapt Climate Change Forecasts
Cal-adapt is a website (Cal-adapt.org) that has been designed to provide access to the climate data
by State of California’s scientific and research community. The data available on this site offer a
view of how climate change might affect California at the local level. Here one can work with
visualization tools, access data, see how Global Circulation Models forecast changes in climate at
your local level. Cal-Adapt is housed at the University of California, Berkeley. The following
GCMs have been selected by California state agencies as priority models for Fourth Assessment
Research. Data for these models is available through the Cal-adapt API:
• ACCESS1-0 - Commonwealth Scientific and Industrial Research Organization (CSIRO) and Bureau
of Meteorology (BOM) Australia
• CanESM2 - Canadian Centre for Climate Modelling and Analysis
• CCSM4 - University of Miami - RSMAS
• CESM1-BGC - Community Earth System Model Contributors
• CMCC-CMS - Centro Euro-Mediterraneo per I Cambiamenti Climatici
• CNRM-CM5 - Centre National de Recherches Météorologiques/ Centre Européen de Recherche et
Formation Avancée en Calcul Scientifique
• GFDL-CM3 - NOAA Geophysical Fluid Dynamics Laboratory
• HadGEM2-CC - Met Office Hadley Centre
• HadGEM2-ES - Met Office Hadley Centre and Instituto Nacional de Pesquisas Espaciais
• MIROC5 - Atmosphere and Ocean Research Institute (The University of Tokyo), National Institute
for Environmental Studies, and Japan Agency for Marine-Earth Science and Technology

The Cal-adapt models were run for a region about 6 by 6 miles centered on the Cortina Rancheria.
A set of three temperature forecasts were run. The results show the historic temperatures since
1960 and the forecasted increase in temperature out to the end of this century. The mean daily
maximum (Figure 6) could rise by nearly 8° F and the mean daily minimum temperatures (Figure
7) by over 6° F by the end of the century when compared to temperatures in the 1960’s. The third
graph shows perhaps more clearly the effects of this average temperature increase (Figure 8)—the
numbers of days with extreme heat is forecast to increase from about 4 days per year in the 1960’s
to as high as 90 days by the end of the century under the most extreme emissions scenario (RCP
8.5).
The observed data for the years 1960 to the present in Figures 6-8 appears to agree well with the
regional temperature data shown in Figure 3. The gray bounds about the observed data show that
the GCMs capture this observed data well in a procedure called back casting (the models try to
estimate the temperatures for the periods 1960 to the present using past climate data as their
inputs). While there is a bit variation shown by the gray band about the observed data, the fact that
the observed data sits about in the middle of the gray band gives some credence to the models’
ability to forecast into the future.
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Cal-adapt was run for historic precipitation and for forecasted changes out to the end of the century
(Figure 9). The annual precipitation was 18 inches in the 1960’s, Cal-adapt estimated annual
precipitation is about 19 inches today, and is forecasted to increase to 21 to 23 inches by the end of
the century.
Cal-adapts estimates for 1980 to today do not agree perfectly well with the total precipitation data
shown in Figure 5 which appears to show a pattern of decreased from 25 inches in 1995 to perhaps
10 inches by about 2007 followed by an increase back recently to almost 25 inches. But Figure 5
likely is showing the effects of a randomly occurring drought which the GCM models likely
cannot predict. Given that, the GCMs appear to estimate precipitation totals accurately for today
and the recent past and this also gives credence to their ability to forecast the future.
Acreage of areas burned was forecast using the Cal-adapt models. This component of the model
was still in beta-test form and therefore is not as reliable. Never-the-less, it showed that the area
around the Rancheria has a relatively high number of acres that burn and these did not appear to
show strong changes or perhaps showed slight increases (data not shown).
The Cal-adapt GCM model results and the WEPA and other empirical regional data generally
agreed in that temperatures are rising and will continue to rise. Cal-adapt perhaps agrees with the
WEPA and regional data in that despite the recent drought years, rainfall may be on the increase.
Cal-adapt predicts that fire frequency is high and will continue to stay high.
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Figure 6: Observed and forecasted means of daily maximum temperature by year for the years 1960 to 2100 for the Cortina
Rancheria. The single gray line for years 1960 to 2015 are observed data; the colored lines for years beyond 2015 are forecasts
by different Global Circulation Models (GCMs). The gray background is the range of predictions for all 10 GCMs. These show
that the mean of daily maximum temperature has been increasing from about 74° F from the early 1960’s to perhaps 76° F today.
By the end of this century, the mean of daily maximum temperature is forecasted to be 80° F. These runs are under the
Representative Concentration Pathways (RCP) 4.5 scenario where emissions peak then decline by 2040 (most likely scenario).
RCP 8.5, where emissions continue to increase through the 21st century produced maximum temperature of 83° F 2100.
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Figure 7: Observed and forecasted means of daily minimum temperature by year for the years 1960 to 2100 for the Cortina
Rancheria. The single gray line for years 1960 to 2015 are observed data; the colored lines for years beyond 2015 are forecasts
by different Global Circulation Models (GCMs). The gray background is the range of predictions for all 10 GCMs. These show
that the mean of daily minimum temperature was 49° F for the 1960’s and is 51° F today. By the end of the century, the mean of
daily minimum temperature is forecasted to be 54° F. These runs are under the RCP 4.5 scenario where emissions peak then
decline by 2040 (most likely scenario). RCP 8.5 produced 4° F higher temperatures (59° F) in 2100.
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Figure 8: Observed and forecasted number of extreme heat days per year for the Cortina Rancheria by year from 1960 to 2100.
The years 1960 to 2015 are observed data; years beyond 2015 are forecasts by different Global Circulation Models (GCMs). These
show an average of 4 days per year had temperatures above 103.9° F for the 1960’s and perhaps 5 days by today. By the end of
the century, the models forecast that there will be anywhere from 10 to over 50 days per year with temperatures above 103.9° F.
These models are run under the RCP 4.5 scenario where emissions peak then decline by 2040 (most likely scenario). Under RCP
8.5 the number of days with extreme heat could increase to 90 by 2100.
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Figure 9: Observed and forecasted total precipitation by years for the years 1960 to 2100 for the Cortina Rancheria. The years
1960 to 2015 are observed data; years beyond 2015 are forecasts by different Global Circulation Models. These means of
precipitation per year were 18 inches for the 1960’s and 19 inches today. By the end of the century, the models forecast that
annual precipitation could range from 10 inches to 45 inches with an average of 21 inches. These models are run under the RCP
4.5 scenario where emissions peak then decline by 2040 (most likely scenario). Under RCP 8.5 the precipitation the range of
precipitation is 5 to 55 inches with an average of 23 inches by 2100.
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Climate Change Effects on Fire
Fire Conditions of the Rancheria
The Cortina Rancheria lies in a transitional location bordering two major bioregions. To the west is
the North Coast Bioregion (also called the Interior Coast Range) and to the east is the Central Valley
Bioregion. It is the Central Valley Bioregion that best describes the fire ecology aspects of the
Cortina Rancheria. A bioregion is defined by the physical terrain, vegetation, weather patterns, and
the disturbance regime caused by human interactions. General descriptions of the first three of these
four factors are included as an introduction to understanding their relation to wildland fire effects.
Physical Terrain
The Central Valley Bioregion is readily defined by its physical terrain and it is one of the most
important defining physical features of the California landscape. The Coast Range and Sierra
Nevada provide a fairly consistent boundary of high mountains surrounding the valley and these in
turn directly affects fire climate variables. Distinct variations in topography, soils, water
availability, and climate define the pattern and type of fuels.
Vegetation
The Central Valley Bioregion vegetation can be described as large interior grassland framed by a rim
of foothill oak woodlands that are the transition of the grasslands to hillslope vegetation types. The
foothill oak woodlands are characterized by the presence of blue oak (Quercus douglasii) and grey
pine (Pinus sabiniana). Soil depth, aspect, and elevation strongly influence the composition and
structure of the tree-dominated communities. An open savannah structure is most common in the
low foothills rimming the valley. Shrubs in the understory are sparse, with buck brush (Ceanothus
cuneatus, whiteleaf manzanita (Arctostaphylos viscida), and being most common. Annual and
perennial grasses and forbs are a dominant in the lower elevation understory vegetation, and are
dramatically altered by a non-native plant invasion. Moving upslope, both the density and diversity
of shrub species increase significantly with many shrubs not found in lower-elevation savannahs,
spilling over from adjacent chaparral communities of the adjacent (North Coast) bioregion.
Weather
The steep surrounding mountain ranges limit the chance for offshore air flow. Prevailing summer
winds are southwestern and tend to increase in speed during daylight hours. Synoptic-scale winds
do occur and become more common in fall months, resulting from the combination of a Great Basin
high-pressure cell and Pacific Coast low-pressure trough. They will move north to south and may be
of considerable strength.
Historic Fire Patterns
The fires in the Cortina Rancheria area since 1960 are shown by the various colors in Figure 10.
The fires that actually burned the Rancheria were the Cortina Fire of 1966, the Jackson Fire of 1972,
and the Sixteen Complexe Fire of 2012 shown in the black outline. Three fires over the 57-year
period between 1960 and 2017 would produce a fire return interval that averages 19 years but ranged
from 6 years to 50 years.

Climate Change Adaptation Plan

18

Figure 10: Fire history of the area surrounding the Cortina Rancheria. The Rancheria is located
about at north boundary of the Jackson Fire of 1972 (blue area in center of map). Three fires
Cortina Ridge 1966, Jackson 1972, and the Complex Fire 2012) have occurred on the Rancheria
over the past 57 years for a fire return interval of 19 years.

Future Conditions for Fire with Climate Change
The combination of increased moisture with rising temperatures is often considered to create more
hazards for fire. This past winter provides a potential snapshot of how more precipitation may affect
the wildland fire potential. The higher precipitation is still concentrated in the winter and spring
months due to the Mediterranean type climate. Thus, it does not directly influence the summer dry
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period. The higher precipitation produces more grass and herbaceous growth which ends up as fuel
as the grass senesces and dries out. By mid-to-late summer when they reach very low moisture, fires
can burn with more intensity due to these increased fuel amounts. This transitional zone is
especially prone to the rapid fire growth due to the fine grass (highest ignition potential fuel) being
the predominant carrying fuel, which then moves into the higher intensity potential shrub fuels.
Warming temperatures will likely create greater fire hazards. Research has shown (Westerling
2016) that increased fire intensity in western forests and grasslands is occurring coincident with
warmer, earlier springs (Figure 11). These earlier springs causing earlier snow melt and lengthening
the fire season so that seasons in 2003-2012 average 84 more days longer than in 1973-1982. The
consequences of these factors being more opportunities for large severe fires
https://www.newsdeeply.com/water/articles/2016/07/05/summer-of-fire-climate-change-drivingwildfires.

Figure 11: From Westerling (2016) showing increased areas burned by large fires in grass and
shrub lands in the western US.

Community Protection Actions
The two nearest fire stations to the Cortina Rancheria are the Williams Fire Protection Authority in
downtown Williams and the Department of Forestry and Fire Protection (CAL FIRE) forest fire
station at Wilbur Springs. The Williams station is a mostly volunteer but well-staffed and
operational year-round; the CAL FIRE station at Wilbur Springs is a summer-season station.
According to conversations with the staff at the Williams Fire Protection Authority, both CAL FIRE
and the Williams Fire Station would respond to fire or emergencies at Cortina Rancheria when
contacted by the Colusa County Dispatch (calls to 911). The Cortina Rancheria lies within in the
CAL FIRE’s State Responsibility Area (SRA) that defines those lands that the State has primary
financial responsibility for preventing and suppressing fires. This is despite the fact that according
to SRA maps, the actual Cortina lands are considered to be part of the Federal Responsibility Area.
See SRA and fire hazard maps at: http://frap.fire.ca.gov/webdata/maps/colusa/fhszs_map.6.pdf.
It should be noted that CAL FIRE is in the final stages of updating this map data and it is suggested
that Cortina check with local station for when that may become available. Also, there is a Master
Cooperative Agreement for wildland fire management among the various Federal agencies and the
State of California regarding responsibilities for fires (USDI 2013-2018) and one element is the
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Closest Forces Concept where the closest available resources shall be utilized regardless of
ownership.

Climate Change Effects on Vegetation
Current Vegetation of the Rancheria
USDA Forest Service (1997) defines the geographical area where the Rancheria is located as
“Northern California Interior Coast Ranges, Western Foothills.” In order to assess the effects of
climate change on vegetation communities on the Rancheria, the property was mapped and stratified
according to the vegetation types defined in: “A Manual of California Vegetation” (Sawyer and
Keeler-Wolf, 1995). Four distinct vegetation types were chosen for delineation on an aerial photo:
1. Blue Oak Woodland comprised of nearly closed stands of blue oak mixed with
foothill pine and mixed shrubs
2. Blue Oak Savannah comprised of more scattered blue oak with California annual
grasslands
3. California Annual Grassland which may include remnants of California native
perennial grassland and may contain still more scattered blue oak that the blue oak
savannah
4. Chamise-Chaparral comprised of mixed chaparral
The delineations are shown in Figure 12. The breakdown of areas of each vegetation type is given in
Table 2. The greatest coverage of vegetation type is the California Annual Grassland, followed by
the Blue Oak Woodland. These two types made up nearly 2/3rds of the Rancheria. Figures 13-15
shows that the Chamise-Chaparral tends to occur in two bands, running in north-to-south
orientations that occur mostly on the south side of the hills. The Chamise-Chaparral are separated
by bands of California Annual Grassland also on the south facing hills. The north aspects are
generally dominated by Blue Oak Woodlands.
Table 2: Summary of current vegetation types delineated on the Cortina Rancheria.
Vegetation Series
Number of
Map
Percent of
stands
label
Acres
Property
Blue Oak Woodland
9
2
176
29
Blue Oak Savannah
7
4
65
10
California Annual
Grassland
18
3
214
35
Chamise Chaparral
10
1
126
21
Residential Area
1
5
32
5
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Figure 12: Aerial photo of the Cortina Rancheria showing the delineated vegetation type
boundaries. See Table 2 for area of coverage of each type.
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Figure 13: Oblique view of the Cortina Rancheria from Google Earth from the southeast looking northwest. This 2017 view shows
the distinct darker green banding that are zones of Chamise –Chaparral alternating with the brown California Annual Grassland
vegetation types. Both grow on south-facing slopes. Along the north-facing slopes are closed-canopy, Blue Oak Woodlands.
Scattered about on east-facing slopes are more-open, Blue Oak Savannas.
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Figure 14: Same view as Figure 13 but in 2003. The two views are very similar despite the intervening 2012 fire that burned over
most of the Rancheria, suggesting this landscape is likely fire-maintained. The Chamise-Chaparral shows signs of spreading by
2017 in Figure 8a as the south slopes and the roads appear to be more overgrown.
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Figure 15: 2013 Google Earth image of the Rancheria next summer following the 2012 fire. The Chamise-Chaparral burned in the
2012 fire and appears grayer here, but Chamise sprouts and regrows vigorously following fire. Oaks survive low intensity ground
fires.
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Figures 16 and 17 show photos taken during the 2012 Complex Fire. Figure 16 is a shot from the
Cortina housing area with a view to the west and up slope showing the grass being burned by CAL
FIRE crews as a back burning technique to rob the approaching fire of fuels and help to prevent it
from entering the housing area. This photo also shows how the grass can burn beneath the blue
oaks and the oaks are able to survive low-intensity ground fires.
The Bureau of Indian Affairs (BIA) conducted a survey during the first two weeks following the
2012 Complex Fire and estimated that 10 % of the oaks were lost as a result of the fire. However,
by 2017, WEPA staff observed significant numbers of oaks and pine that were falling particularly
along the upper sides of road cuts on the Rancheria and causing further erosion to the road system.
These falling trees were thought to be the result of increased tree mortality that was caused by
super-saturation of the soils and fire-related injury to trees that survived the 2012l fire.
Figure 17 shows more fire behavior and how the fast-moving but low-intensity grass fire can move
into the shrubs zoned and create a much more intense fire that is more difficult to control.
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Figure 16: CAL FIRE crews back burning from the Rancheria houses during the 2012 fire shows how blue oaks can survive
ground fires.

26

Climate Change Adaptation Plan

Figure 17: 2012 Sixteen Complex Fire burning the Chamise-Chaparral vegetation and approaching the Cortina Rancheria on
September 6, 2012. The fire eventually burned 600 of the 640 acres of the Rancheria. (Photo by Judy Forbes).
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Future Trends in Vegetation
Trends in the relative extent of the communities in light of climate change can be projected based
on a recent modeling exercise by Kueppers et.al. (2005). They used a Regional Climate Model
(RCM), a local model that is thought to better predict future climate for California than the
Global Climate Models (GCMs). This RCM predicted decreased annual precipitation of less
than one percent but April-August precipitation declining by 43 %. Mean monthly temperatures
increased by more than 2.3 %.
The general trends are:
1. Conversion of Chamise-Chaparral to California Annual Grassland. Fire severity
hazard is likely to increase over time. Increased frequency of fires to return intervals
of less than 15 years begins to favor grass replacing chamise and chaparral.
Therefore one may expect loss of Chamise-Chaparral vegetation types and increase in
California Annual Grass vegetation type.
2. Shift of Blue Oak Woodlands toward Blue Oak Savannas. The range and habitat of
the blue oak is projected to shrink by 59 % using the “Regional Climate Model”
(RCM) and 29 % using the comparable “Global Climate Model” (GCM). RCM
RegCM2.5 was used to calculate annual climate variables and compare the years
1980-1999 versus 2080-2099.
3. Blue Oak Savannas shift toward California Annual Grasslands.

Effects on Human Health
Increased days of extreme temps are most hard on elders and very young that have more
difficulty coping with heat. Heating from climate change is forecast by Cal-adapt to increase the
numbers of extreme heat days (maximum temperatures exceeding 103.9° F) from about a current
average value of 4 days per year to 24 days per year by the year 2080 under the more mild RCP
4.5 global scenario where emissions began to decline by 2040 (Figure 8). Forecasts as high as
90 extreme heat days/year are produced under the worst-case modeled scenario and using RCP
8.5, where emissions of heat-trapping gases are not controlled, the number of extreme heat days
forecasted as 90 days/year.
It is interesting to note that the 2017 WEPA daily maximum temperatures on Western Weather
(http://www.westernweathergroup.com/ ) show that already in 2017 there have been 24 days
with maximum temperatures at or above 104° F. Either the new climate station is located in a
slightly warmer location or the Rancheria itself is located in a slightly warmer location.
Alternatively, 2017 may be turning out to be an unusually warm year and it is a portent of
summers to come. To determine if the weather station is recording in a warmer location WEPA
staff might collect check measures of air temperature with an accurate thermometer at other
locations around the Rancheria and compare to the data being recorded onto the Western
Weather website. If it turns out the temperatures on Western Weather are representative of the
Rancheria, it does not mean that the number of extreme heat days will not continue to increase as
forecasted by Cal-adapt. It is likely that, if the number of extreme heat days are considerably
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higher than estimated by Cal-adapt now, the forecast number of days in the years to come will be
even higher.
Extreme heat days are a serious threat. Health effects of increased exposure to extreme heat are
heat-related illnesses, cardiopulmonary illnesses, diseases borne by food and water, and mental
health consequences. Asthma may be exacerbated by changes in pollen initiated by climate
changes as well as conditions resulting from increased wildfires during hotter years and
droughts. Diabetes, cardiovascular disease, and obesity increases sensitivity to heat stress.
Infectious disease and insect borne disease may increase with temperature increases.
Elders and the very young that lack access to cool refuges will be the most stressed and in
extreme cases, overheating can lead to mortality. Other indirect effects are that access to health
care may be impeded by catastrophic events, car failure, of failure of communication systems.
Loss of electric power can prevent medical devices from working.

Discussion and Recommendations
How Bad Might Climate Change Be?
Climate change for the Cortina Rancheria and most of northern California appears most likely to
manifest as slowly increasing mean air temperatures, and possibly increasing annual
precipitation. These two effects will, in turn, produce other effects and interactions that become
more difficult to predict. However, some comments can be made if for no other reason to begin
a discussion of possible futures and emergency preparedness.
First off, it is useful to point out that climate change does not necessarily mean some new event
or disaster is on the way, but rather slow and subtle changes in the climate are now occurring and
these will bring on both slow developmental changes such as higher average temperature and in
some cases, will lead to threshold events that may be a larger than usual storm, or more intense
wildfire, possibly a flood, or increased erosion, or vegetation changes.
Second, some change may be beneficial such as increased annual precipitation that may bring
drought relief, provide a local source of drinking water, more vegetative productivity, and the
opportunity to establish vegetable gardens. One of the greatest threats from climate is a forecast
1-m rise in oceans. Since the Cortina Rancheria does not have coastal property, it is at least safe
from that threat.
But in general, change of just about any type also brings increased risks and likely disruptions to
established customs and lifestyles. Probably one of the largest risks or greatest fears is simply
fear of the unknown and not knowing what may change. Therefore discussions of the type being
put forward by this document can be helpful to start the thinking and discussions about climate
change and preparedness. The Rancheria should begin thinking about the various possible
changes on the horizon as they begin discussions about what climate change may bring and how
they can start to prepare for both possible threshold disruptions and more easily foreseeable
gradual changes.
The three greatest changes and threats from climate change that this analysis uncovered were:
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1. Sudden catastrophic wildlife fire that destroys the Rancheria housing and causes human
mortality.
2. Long-term vegetation shifts that result in loss of blue oak and shift to grass.
3. Series of extreme heat days that exacerbate existing health issues and causes mortality to
susceptible tribal members.
In the remaining paragraphs we summarize the effects of increased heat and increased
precipitation that we presented in this document and touch on some possible implications.
Effects of Increased Annual Precipitation
Increased annual precipitation could be beneficial if it resulted in more evenly distributed
rainfall. This could reduce the frequency and intensity of drought and this in turn could benefit
efforts to cultivate gardens and landscape vegetation. Increased water availability would have
positive benefits on vegetation, aquatic systems, flowering plants, and dependent wildlife, and
thus esthetic aspects of the landscape. However, if increased rainfall is distributed in more
frequent intense storms, one could expect an increase the rate of soil erosion and mass wastes
and landslides causing reductions in vegetation cover, less productivity, reduction in dependent
wildlife, and damage to infrastructure such as roads, wells, water tanks, and houses. Increased
precipitation if concentrated in more storms with a greater runoff rate could result in reduced
infiltration than in the past. This in turn could lead to greater erosion events on steep slopes and
stream banks on the Rancheria. Lower infiltration may be the reason for the slow decline
observed now in groundwater elevations.
Increased precipitation, if concentrated mostly during the winter and spring and with increased
mid-summer temperatures, could contribute to greater fire hazards by producing more vegetation
that dies and dries out in the hotter summers creating greater loads of ignitable fuel. A higher fire
frequency would lead to less vegetation cover and contribute to the cycle of increased runoff,
decreased infiltration, and increases erosion.
Increasing Average Air Temperatures
A slow increase in average temperature will probably not be sensed easily by humans early on as
humans have a number of devices and techniques for dealing with occasional heat. One benefit
of rising average temperatures is that it can result in increased plant productivity up to a point.
But at the Cortina Rancheria, summer high temperatures already are at the high end of plant
needs, and rising summer temperatures will likely also have negative effects. Increased average
temperatures will cause more evapotranspiration and reduced soil moisture leading in turn to
drought effects and reduced plant productivity, particularly in places like the Cortina Rancheria
which has relatively low rainfall that already limits plant productivity. High temperatures will
lead to increased wildfire dangers. Wildlife will suffer as watering areas dry up. Higher winter
air temperatures will also foster greater insect over-winter survival and higher temperatures in
summer will increase insect growth rates which will result in greater insect outbreaks that can
carry disease and crop and forest losses. Gardens and agricultural crops will have greater rates
of crop failure under both direct heat and associated drought stress.
Increase in Extreme Heat Days
However, one of the greatest challenges for the Cortina Rancheria from increasing temperatures
may likely be the increases in summer peak temperatures and its direct effect on the tribal
member residents. The area around the housing has limited shade or aquatic habitat that may
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offer some respite from the summer heat. Increased heating will be most felt as the increasing
number of days with very high heat above (e.g., above104° F). The Cal-adapt forecasts that
currently Cortina Rancheria average of 4 days per year are mostly bearable but it has been
forecast that the number of days above above104° F will likely increase to 24 days per year and
may increase to as many as 90 days per year. Heat stroke and heat related health effects will take
their toll on the elders and very young and eventually on the healthy.
Other effects of extreme heat days will be that animals such as chickens or domestic pets will be
more difficult to keep without some way to provide additional cooling. Energy bills will
increase in the summer as residence attempt to make greater utilization of cooling devices, (fans,
air-conditioning, iced drinks, travel to cooling centers, and construction of below-ground
basements). The heat waves and the associated increased pressure on the electrical grid may
cause brown out or black outs causing loss of use of electrical cooling devices. Given this heat
load, without adequate insulation and air conditioning in the housing, the heat may become
unbearable. If the worst case heat scenario unfolds as forecasted, Rancheria residents may
abandon their houses within a few decades. It is not clear where they would go unless they
migrated north or to the coastal zone. Arriving as refugees, it is not certain if other tribes or
other communities would accept them.
It should be noted that the WEPA climate data for 2017 (available on Western Weather
WX.com) indicates that this year was excessively warm and that the Cortina Rancheria endured
24 days with maximum temperatures at or above104° F (see Figure 1). The hottest spell of three
days between 108° F and 110° F occurred just recently on 9/1 to 9/3/2017. This suggests that the
Cortina Rancheria may be hotter than that estimated by the Cal-adapt which estimated an
average of 4 days above 104° F. The first three days of September 2017 may be viewed as
conditions that may be expected more often in the future under climate change. It would be
useful to check to see how the housing residents faired with this heat spell as way to check their
ability to deal with heat. Since it seems that since Cortina Rancheria is already experiencing
many more than 4 days of extreme heat, the number of days of extreme heat may be considerably
higher than the 24 to 90 days of extreme heat as forecasted by the GCMs.
Effects on the Goals of the Cortina Rancheria
Three of the six identified goals of the Rancheria were judged to be at high risk from climate
change. These were:
1. Preserve or maintain the Tribes culture and heritage.
2. Continue housing and attract new Tribal members to the Rancheria.
3. Obtain quality health care for Tribal members.
The three greatest risks identified above—wildfire, loss of oaks, and heat-related health effects—
will all likely have direct negative effects on these three Tribal goals. Climate change will also
bring with it indirect negative effects as it is likely to introduce disruptive change as it affects
members and their expected way of life. Disruptions were listed above and include heat
exhaustion, plus more chaos in interruptions in of electricity supply, more frequent storms,
damage to infrastructure, or increase threat of fire. As the members’ life style become more
disrupted by chaotic events, the three goals will become more difficult to achieve. Members will
have to turn their focus on new problems, they will entail time and energy and costs. All of these
will take away from the energy that could be devoted to achieving these goals.
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Considerations for Planning for Climate Change
1. Continue fire prevention, planning, and education. Establish and maintain good
communication with the fire agency responsible for firefighting. For example be aware if
their engine is called out on another fire and who is the backup. Examine the existing
water tank and determine its readiness for delivering water in case of a fire. Start a Tribal
firefighting group.
2. Obtain a second emergency egress route from the housing via the County Road to the
east. This would provide an alternative escape route if the current access is blocked by
fire. Maintain the current access route for large fire engines.
3. Consider the use of small-scale controlled burns to control vegetation. Consider the
initiation of an oak mortality inventory and an oak recruitment inventory. Consider
wildlife monitoring and construction of ponds for wildlife water access.
4. Take steps toward self-sufficiency. Install solar arrays for local source of electricity.
Seek a source of local potable water such as a gravity fed, rain harvesting system. Start
gardens for local food.
5. Look for ways to provide more cooling for the households. Plant more shade trees for
the houses. Examine insulation levels in the houses and consider enhancing. Consider a
large-scale conventional or earth heat exchanger to serve multiple houses. Consider
construction of basements or earth homes that will naturally provide cool environments.
6. Maintain and strengthen social ties and communication within the community. Have
members keep tabs on each other to monitor health and ability to cope with heat. Build a
social center with cooling devices that attracts members to spend time there for relief on
hot days (socializing area, air conditioning, swimming pool).
7. Continue to keep up to date on changing research on climate change and how to better
adapt. Attend conferences, seek expert advice, share information. Seek stronger ties
with other nearby Native American tribes to learn and share ways to adapt to climate
change.
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Appendix A
Fire modeling for the Rancheria
The following is a model of fire behavior for the vegetation types of the Cortina Reservation.
Weather of the Cortina Rancheria
Remote Area Weather Stations (RAWS) information is viewed to gather accurate temperature,
winds and humidity variations during/throughout the year. Desert Research Institute (DRI)
RAWS information was utilized for this assessment. Often 2 closest stations are reviewed
especially in this case where Cortina is at the edge of the Central Valley/ base of the North Coast
Range. The two stations used were:
Station 1: County Line (west of Cortina) – (closest station); Lat-Long: 39° 01' 08" by 122° 24'
43"; Elevation: 2,085 feet above msl.
Station 2: Sacramento NWR (NE along I-5); Lat-Long: 39° 25' 02" by 122° 10' 57"; Elevation:
150 feet above msl.
These are both long-term stationary RAWS that utilize 20-foot-high masts for wind measures.
Long-term stations are able to provide for a more accurate a weather-trend analysis. On-site
stations such as those maintained by WEPA are better for current observation use and for wildfire
and prescribed fire operations.
Fire Behavior Modeling
Fire behavior prediction modeling is a tool utilized to depict a wildfire’s flame length (fire
intensity), spread rate (chains/hour) and if applicable, crown fire potential (potential to climb into
crowns) and spotting distance (distance embers can loft ahead of the fire). It is important to note
a fire modeling tool is based on real science inputs of weather, terrain and fuels factor which can
assist in the understanding of potential fire behavior outputs for use in suppression planning
operations or in designing pre-fire fuel treatments.
The fire modeling tool utilized in this case is BehavePlus developed by Patricia L Andrews,
USFS and Collin Bevins, Systems for Environmental Management. The mathematical fire
spread equations developed by Rothermel (1972) are essentially the basis of this model which
has been updated multiple times in the last decade and compatible as a windows based program.
Behave, now BehavePlus led to more complex real-time modeling.
Cortina fire behavior modeling information
The model assumes the worse-case weather conditions when the very-low fuel moistures are
used as input; and the factors are built into the mathematical equations in many of the surface
calculations. The RAWS station confirms the high-extreme temperatures and low humidifies
typical in the July-August months.
Model inputs
The model inputs used in the BehavePlus model for the Cortina Rancheria are described below.
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Four fuel (e.g., vegetation types) were used: grass, two types of shrubs, and wooded vegetation
(Table A1).

Table A1: Four primary fuel models used for the Cortina Rancheria.

Grass (gr4)

Grass-shrub (gs2)

Shrub (sh7)

Timber-litter (tl6)

Three topographical slopes were used: 25 %, 35 %, and 45 % slopes.
Fuel moistures were set at the “very low” level typical in the late summer conditions in this area.
1-hr = 3 % moisture content,
10-h r = 4 %
100-hr = 5 %
Live Herbaceous = 30 %
Live Woody = 60 %.
The mid-flame (eye level) wind speed was 7 mph.
Fire sizes were calculated for a free-burning fire for 1 hour for each of the different fuel types.
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Model Results
Table A2 shows the model predictions for the four vegetation types and the three slopes for the
1) rate of fire spread, 2) the flame lengths, 3) the forward distance the fire would travel in 1 hour,
and 4) the area burned in 1 hour.
Table A2: Model results of fire behavior for four vegetation types at the Cortina Rancheria
produced from the model BehavePlus.

ch/h = chains per hour; one chain is 66 feet. So 250 ch/h is 16,500 feet/hr or 3.1 miles/hr.
ac = acres.
gr4 = grass vegetation
gs2 = grass and shrub
sh7 = shrub
tl6 = wooded
The above model results\ shows the significant potential for fire spread for the Cortina
Rancheria. BehavePlus predicts that fire would spread (move) most rapidly through grass (gr4),
followed by the shrub type and grass-shrub type. Rate of fire movement would be much reduced
in the wooded vegetation (tl6). Slope steepness increases the rate of spread. With a 7 mph wind
and on a 45 % slope, one would almost have to run to stay in front of this fast-moving grass fire.
Flame length is very high in the grass and shrub vegetation but relatively low in the wooded.
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Fire Behavior Interpretation
The BehavePlus fire modeling results show that the largely grass-dominated environment
surrounding Cortina supports very high ignition probabilities and the rate of spread is considered
to be extremely rapid with high flame lengths. Once a grass fire extends into the shrub
vegetation and onto steeper slopes, the flame lengths or intensities increase into what is
considered an “extreme” category, complicating and reducing expedient suppression operations.
The wooded vegetation (tl6) would provide a significant damper to the fire behavior. But if
climate change causes a decrease in the wooded portions and grass and shrubs increase, the
wildfire severity potential and the risk to Cortina Rancheria will increase. The very large
footprints shown in the wind-blown historical fire events (Figure 10) and the photographs of the
2012 Complex fire moving through the shrub (Figure 17) illustrate this severe fire behavior
potential.
Local Preventive Steps for Reducing Fire Hazard
Fire prevention agencies have developed a series of steps that communities such as the Cortina
Rancheria can take for homes to help to prevent and reduce the fire hazard (Table A3).
Basic wildfire protection measures must begin from the structural foundation and move out in a
360 degree pattern. The condition and composition of a home is a key component in
“survivability” during a wildfire event. There are multiple resources to provide homeowners
with the most up-to-date policy and information to help in the improvement of structures as a
wildfire prevention tactic. The following CAL FIRE link provides information about wildland
urban interface (WUI) structure codes.
http://www.fire.ca.gov/fire_prevention/fire_prevention_wildland_codes
100-feet of defensible space was adopted as a California state law in 2005. However, the
Rancheria has a policy of clearing out to 300-feet. Clearance of fuels such as dead grass, brush,
and litter to remove easy paths for fire to reach the home significantly improves a home’s
chances of surviving a wildfire. This defensible space also provides for fire fighter safety when
protecting homes during a wildland fire. The following weblink is an informative tool on policy
and tips for maintaining defensible space:
http://calfire.ca.gov/communications/communications_firesafety_100feet .
Area Fuel Treatments
There are a variety of fuel treatment actions that can be taken on the Rancheria. The Rancheria
currently practices fuels treatment by mowing and clearing brush as needed every year. An
appropriately prescribed fuel treatment is specific to factors such as; fuel type and arrangement,
slope and terrain features, area access and proximity to structures or high human use areas.
There are many sources available to guide fuel treatment prescriptions; with the goal of reducing
potential fire intensity and spread potential. It is advantageous to seek advice from a wildland
fire/fuels practitioner to review proposed treatment strategy, to ensure specifications will be
effective. Table A4 outlines specific treatment specifications based on fuel type to reduce fire
hazards.
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Table A3: State of California guidelines to reduce fire hazards to structures.
Structural
Components
Defensible
Space
Addressing
Roof
Chimneys
Eaves
Exterior
Siding
Windows
and
Skylights
Vents
Rain
Gutters

Decks

Flammable
Items

Mitigation Actions
Create and maintain a 100-foot defensible space on all sides of structures.
Select fire resistant plants and non-combustible hardscape for the
landscaping. Keep plants located within this area healthy and pruned.
Address identification shall be Arabic numbers or alphabetical letters and
be a minimum 6 inches contrasting with the background.
Replace wood-shake or shingle roofs with a Class-A – roofing suitable for
extreme fire exposure. Plug openings in roofing materials, such as the
open ends of barrel tiles, to prevent ember entry and debris accumulation.
Keep roofs free of fallen leaves, needles, and branches.
Screen chimney and stovepipe openings with an approved spark arrestor
cap with a 5/8-inch screen.
Cover the underside of the eaves with a soffit, or box-in the eaves, which
will reduce the ember threat. Enclose eaves with fiber cement board or
5/8-inch thick, high-grade plywood. If enclosing the eaves is not possible,
fill gaps under open eaves with caulk.
Use noncombustible siding materials (e.g., stucco, brick, cement board,
and steel). If using noncombustible siding materials is not feasible, keep
siding in good condition.
Single-pane windows and large windows are particularly vulnerable in
older homes built prior to current fire codes. Windows should be doubleglazed or tempered glass for the exterior pane. Vinyl frames can melt in
extreme heat and should have metal reinforcements. Skylights should be
flat, double-pane glass, and kept free of vegetation.
Covered vent openings with 1/8-inch wire mesh or install ember-resistant
vents. Do not permanently cover vents, as they preventing wood rot.
Always keep rain gutters free of leaves, needles and other debris and use
screens of other means to prevent accumulations.
Keep all deck materials in good condition. Consider using fire-resistant
materials or heavy timber construction. Routinely remove combustible
debris (newspapers, pine needles, leaves, twigs and weeds) from the
gaps between deck boards and from under the deck. Enclosing the sides
of the deck may reduce this type of maintenance. Do not store
combustible materials under the deck.
Keep firewood, bales of hay or straw, and other flammable materials at
least 30-feet away from structures.
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Table A4: Guidelines for fuel treatments in three defense zones about homes. These may be considered for homes at the Cortina
Rancheria.

Primary Defense Zone (A)
(0 – 30’)

Fuel Type

Fuel Reduction Zone (B)
(30’ – 100’)

Based on Hom e I gnition Zone R ecom m endations

Fuel Reduction Zone (C)
(100’ – 200’)

Based on Firefighter Safety

Grass/ Forbs

Reduce fuel depth to 4 inches.

Same treatment as (A); longer grass in isolated
open areas is acceptable.

In fuel ladder conditions; reduce to < 1
foot depth; or depth that breaks ladder

Surface
Dead/Down
Material

Clear the dead/down flammable
material.

Reduce dead/down flammable material to < 3”
depth; and < 5 tons/acre in non-contiguous
isolated logs acceptable.

Remove all chaparral. Individual
ornamental shrubs should be spaced
generally 2x shrub height.

Remove up to 75 percent of chaparral
vegetation. Allow for intermittent small
pockets or clumps of chaparral/shrubs.
Pockets and clumps of chaparral remaining
should be healthy young-growth stage and
limbed to 1/3 height of chaparral/shrub crown.

Reduce heavier pockets of dead/down
flammable material to < 5” depth; < 57 tons/acre in isolated logs acceptable.
Less intensive brush removal with up to
30-foot for spacing of pockets and
clumps of chaparral and shrubs. The
remaining pockets and clumps of
chaparral should be healthy and at the
young-growth stage; and limbed to 1/3
height of chaparral/shrub crown.

Chaparral/ Shrub

Trees Overstory
(without
chaparral/shrub
understory)

Trees Overstory
(with chaparral/shrub
understory)

Thin smaller trees leaving larger
trees (>6-inches DBH) at 15-20 foot
crown spacing (based on slope, tree
size and type); limb/prune lower
branches 6-feet above grade level,
or lower 1/3 of tree height on
smaller trees.
Thinning specifications are the same
as Trees Overstory without
Chaparral/shrub understory in Zone
A.
Understory: remove chaparral;
limb/prune ornamental shrubs to 1/3
of shrub height.

Thin smaller trees leaving larger trees (>6inches DBH) at approximately 10-20 foot crown
spacing (based on slope, tree size and type);
limb/prune lower branches 6-feet up, or lower
1/3 of tree height on smaller trees and
removing all broken limbs and dead material.

Limb and prune lower branches of
larger trees up to 6-feet above grade
level and removing all broken limbs and
dead material.

Thinning specifications are the same as Trees
Overstory without Chaparral/shrub understory
(Zone B).
Understory: occasional small, less dense
chaparral/ shrub and small tree clumps and
pockets in openings without canopy and small
trees in openings (non-canopy) are acceptable.

Thinning specifications are the same as
Trees Overstory without chaparral/shrub
understory in Zone C.
Understory specifications are the same
as Chaparral/shrub in Zone C except the
pockets and clumps are limited to tree
openings (non-canopy).
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Fire Prevention Education Programs
Wildfire education and awareness programs are critical and often not given enough time, focus and
funding. Cortina Rancheria is a small enough community to perhaps hold seasonal wildfire awareness
type education program. Fires in that area are mostly fast-moving and there are important pre-season
actions to take to be ready and get out quickly. There are many educational programs available.
Following are a few of the many:
•
•
•
•
•
•
•
•

Fire Adapted Communities
Firewise
Fire Safe Councils
Ready for Wildfire
Ready Set Go
One Less Spark
Red Zone
Colusa County Emergency Service
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