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SI 1: Climate change data
Historic Data
Until recently, trends in a state or region’s climate typically 
were derived from compiling data across broadly defined 
climate divisions (for example, there are eight divisions for 
the entire state of New Mexico). This is not a very realis-
tic approach to mapping the region’s varying temperature 
and precipitation patterns. Alternatively, there are methods 
to map climate across regions using fine resolution gridded 
data. Using an approach called statistical interpolation, re-
searchers use mathematical models to “fill in” disconnected 
data points from the existing network of meteorological sta-
tions to generate digital maps with complete coverage of a 
geographical area of interest. Unfortunately, most of these 
interpolation methods do not adequately capture the com-
plex variations in temperature that occur in mountainous 
regions1—and many of these data sets are not freely avail-
able.

To overcome these shortcomings, the publicly- available 
Parameter-elevation Regressions on Independent Slopes 
Model (PRISM) estimates monthly temperature and pre-
cipitation using a combination of climate station data, a 
digital elevation model and expert-based knowledge of 
complex climatic processes, such as rain shadows and tem-
perature inversions, at a grid cell resolution of 4 square 
kilometers(http://www.prism.oregonstate.edu).2 The point 
data estimates of monthly temperature and precipitation 
used in this dataset originate from a number of well-es-
tablished meteorological station data sources, such as the 
National Weather Service Cooperative (COOP stations), 
Natural Resources Conservation Service (SNOTEL sites), 
and other local networks.  Additionally, to help ensure more 
complete station data sets, the National Center for Atmo-
spheric Research (NCAR) statistically in-filled missing 
monthly data. Maps of the spatial locations of the meteoro-
logical stations used in producing the interpolated datasets 
are available at the PRISM website. 

As with any modeled data set, such as PRISM, there are 
inherent uncertainties associated with data that is further 
away from points with actual station data. These in-between 
areas should always be interpreted with caution, in addition 
to avoiding focus on the value of a single data cell. In the case 

of PRISM, data biases can still occur despite efforts to im-
prove results in mountainous areas.3 Furthermore, problems 
with the original station data can exist, as some of these may 
have shorter periods of record or may have been physically 
moved during the course of data collection.

In this report, we use PRISM data sets in our historical 
trend analyses (1951–2006) of Southwest climate because 
these data are currently the best available4 and have been 
used in a number of peer-reviewed studies of climate.5–8 In 
fact, PRISM are currently the USDA’s official climatologi-
cal data source. We specifically used the Climate Wizard 
climate analysis tool to perform our analyses of PRISM cli-
mate data sets9 (www.climatewizard.org). 

Future Data
For future climate projections, we also used the Climate 
Wizard tool to analyze an ensemble of 16 IPCC Fourth As-
sessment Report (AR4) global circulation models (GCM) 
statistically downscaled to 12 square kilometers.10 These 
global circulation models are coupled atmospheric-ocean 
general circulation models that project the response of glob-
al climate system parameters to perturbations (e.g. changes 
in solar radiation, chemical composition of the atmosphere) 
to the climate system. We focused our analyses on the en-
semble of GCM outputs under three different greenhouse 
gas (GHG) emission scenarios: B1, A1B, and A2.11 The data 
set provide departures of temperature and precipitation 
from a historic reference period, in this case 1961–1990. It 
is critical to note that these models do not provide accu-
rate predictions of future climate for any given location or 
specific time period.9 Furthermore, the emissions scenarios 
used are based on plausible storylines of how human society 
could develop in the future relative to energy use, popula-
tion growth, and technology generation. Although the me-
chanics behind climate and the influence of GHGs are quite 
well understood by the scientific community, there is cur-
rently no way to be certain about which way, or how closely, 
society will follow these potential development pathways. 

Figure 2
Figure 2 is a compilation of historic4 and future tempera-
ture10 data across the Southwest that was constructed to al-
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low the reader to compare historic temperature change to 
future projections in temperature change. Here we note as-
sumptions that we made in order to create this figure. We 
placed historic temperature change from the PRISM data 
set on the same graph with future temperature change from 
the ensemble of 16 GCMs. The future data represents the 
ensemble average departure of temperature from 16 GCMs 
from a reference period, 1961–1990. Note that this time-
frame of this reference period is slightly different than our 
historical data set (1961–1990 vs. 1951–2006), and also 
note that the PRISM data set was not used in order to cal-
culate these departures. Given that GCM output provide 
a range of predicted temperatures, we think that these as-
sumptions are acceptable.
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SI 2: Maps of climate change 
in the Southwest

Visual display of data shown in Figures 1 and 2. First map (2006) shows temperature 
change from 1951-2006.1 Next 6 maps show projected changes in temperature under 
3 climate change scenarios (A2, A1b, B1) in 2030 and 2090 respectively.2 2030 num-
bers represents the average from 2020 to 2040. 2090 numbers represents the average 
from 2080 to 2100. Colors displayed in maps represent the median value output from 
16 Global Circulation Models from the IPCC 4th assessment while the blue boxes dis-
played within each thermometer show the range (between 20th and 80th percentiles) 
of temperature projections for that time period and scenario.
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SI 3: Climate change vulnerability 
and vulnerability assessments
Vulnerability
Climate change vulnerability is the degree to which a system 
is susceptible to and unable to cope with adverse effects of 
climate change, including climate variability and extremes.1 

Broken down, vulnerability (V) is comprised of these com-
ponents:

V = (exposure + sensitivity) – adaptive capacity

Here, exposure refers to the general degree, duration, and/
or extent in which a system is in contact with a climate-re-
lated disturbance. The term is also commonly used in other 
contexts, such as human and occupational health, where 
there is a high of confidence that long-term, chronic expo-
sure to certain chemicals can increase a person’s chance of 
contracting disease. For example, people that smoke tobacco 
for long periods increasingly run the risk of developing lung 
cancer. Although medical professionals cannot be 100% cer-
tain a smoker will contract cancer, they still advise smok-
ers to quit to reduce the risk of a very negative outcome. In 
the natural world, when habitats, plants and animals are ex-
posed to long-term temperature or precipitation levels that 
are beyond what a system or habitat can tolerate, scientists 
are confident that the optimal functioning (or “health”) of 
these species and systems will be compromised. 

There are other factors, too, that may pre-dispose some spe-
cies or habitats to have greater or less climate sensitivity (the 
degree to which a system or species is affected directly or in-
directly and either adversely or beneficially by climate vari-
ability or change). Adaptive capacity refers to the ability of 
a system to adjust to climate change to minimize potential 
damages, to take advantage of opportunities, or to cope with 
consequences. This can refer directly to an organism’s in-
herent genetic ability to adapt to change over the long-term 
(across generations via evolution) or its capacity to adjust to 
new environmental circumstances in the short-term (with-
in one generation via phenotypic plasticity). In other words, 
adaptive capacity may actually offset some effects associated 
with exposure and sensitivity, thus reducing vulnerability.

Vulnerability Assessments
Assessments of vulnerability are a key tool for climate 
change adaptation planning, where adaptation refers to pre-
paring for and responding to the negative impacts of climate 
change. Vulnerability assessments are often used as a first 
step in this planning process. They are not necessarily a pre-
requisite to identifying adaptation strategies (management 
actions that may help build species or habitat resilience), 
yet they can improve identification if applied strategically.2 
Furthermore, vulnerability assessments can allow scarce re-
sources for biodiversity conservation to be allocated more 
effectively. Additional rationale for conducting vulnerability 
assessments at the regional scale include:3 

–– To support decisions about the selection of conserva-
tion priorities and investment in them. 

–– To understand regional implications for priorities 
with high conservation importance (value). 

–– To raise public awareness of climate change threats to 
biodiversity and ecosystem services. 

A number of vulnerability assessment methodologies ex-
ist.4–8 Similar to classic risk-hazards assessment, a top-down 
approach is often used when first evaluating past and future 
climate exposure on a broad scale, followed by assessing a 
focal unit’s (such as a species or habitat) sensitivity to this 
exposure. Ideally, this would be followed by analysis of the 
focal unit’s adaptive capacity. However, this can be the most 
challenging component of vulnerability to measure. Bot-
tom-up approaches typically are the reverse of top-down 
approaches. 

Place-based Vulnerability 
Assessment used in this Report
In this report, we wanted to provide managers and planners 
with information regarding the potential impacts of recent 
climate change on the resources that they manage—habi-
tats, watersheds and species of concern—that could pro-
vide some preliminary guidance on how they could adjust 
or adapt their management and planning activities. Due to 
the fact that we wanted to conduct a coarse regional-scale 
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assessment and given several data constraints, we were not 
able to conduct a vulnerability assessment of these resourc-
es in the strict sense, but instead attempted to synthesize 
information that was readily available. Standardized infor-
mation on the sensitivity and adaptive capacity of natural 
resources (habitats, watersheds, species) in the Southwest 
is simply not available in a comprehensive or scientifically-
credible fashion. 

Instead, we adopted a top-down approach by primarily fo-
cusing on exposure, or more specifically, temperature change 
across the region from 1951-2006 (we chose recent tem-
perature change for reasons that are fully described in the 
report). Then, we developed a crude index of “place-based” 
sensitivity by evaluating the number of species of concern 
(see definition in report) that fall with habitats and water-
sheds in the Southwest. Our hope was to capture the col-
lection of species, organized by the habitats and watersheds 
that host them, that are a priority for many federal and state 
agencies. We see this assessment as one tool that can be 
managers can use to evaluate options at the regional scale. 
It can be viewed as complementary to assessments that are 
conducted at finer scales for a smaller set of species, habitats, 
or watersheds.

To be sure, many of the species we selected are likely to be 
sensitive to climate change. Many of these rare species have 
characteristics that can make them vulnerable to climate 
change, including isolated populations, limited distribu-
tions, restriction to specific physical habitats (edaphic, geol-
ogy, snow, water), and limited ability to disperse or migrate.9 
The freshwater species that we evaluated for watersheds 
are certainly vulnerable to climate change given that many 
of the temperature-mediated changes in the southwest are 
manifested as changes in hydrology.

We recognize that it is a top priority for scientists and man-
agers to conduct research that provides a better understand-
ing of species-climate threshold relationships. As this infor-
mation emerges, additional vulnerability assessments could 
be completed that compare exposure and sensitivity in a 
more concise fashion.
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