Northern Rockies Climate Change Primer

Observed trends in Northern Rockies temperature and precipitation

Temperature increased ~1.2° F (0.7° C) for maximum temperature and ~2.1° F (1.2° C) for minimum
temperature averaged for Northern Rockies stations, 1916— 2006". This is comparable to the U.S. national
average* of 1.1° F (0.6 C) for the same period?. 77% of stations had increasing maximum temperature, and 94%
of stations had increasing minimum temperature. The change in annual precipitation, averaged over the region, is
an increase of +9.0% since 19167, slightly more than the U.S. national average of about 8.1%?2. Precipitation
increased at 81% of stations, and the increase was primarily in spring, summer, and fall.

GYA trends in maximum temperature (left), minimum temperature (center) and precipitation (right), 1916-2006.
*Maps: R. Norheim. Data: NOAA NCDC, from USHCN v.2

Projected 21 century Northern Rockies climate changes

All global climate models (GCMs?) project surface temperature warming in the Northern Rockies in all seasons
regardless of uncertainties in modeling or greenhouse gas emissions*. These projected temperature increases
exceed observed 20th century year-to-year variability, generally by the 2040s. Many climate models project
increases in precipitation during the winter and decreases in summer, however, projected precipitation changes are
comparable to 20" century variability. Beyond mid-century, climate change projections are less certain because
they depend increasingly on greenhouse gas emission rates in the next few decades.

Table 1. Expected Northern Rockies
regional climate changes

Temperature change (° F) Prempﬂa:;/c:)n change

B1 (low) A1B (med.) B1 (low) A1B(med)

+2.1 +2.3 +3 +3
2020 (,1510439) (+1310433) (2710+29) (-14 to +25)

+3.0 +3.9 +1 +7
2040s 1510455 (+2510459) (1810420) (2 to+34)

+4.8 +6.7 +8 +10
2080 (,351047.09) (+38t0+104) (Bto+27) (-12to +36)

Changes in temperature and precipitation are relative to 1970 -1999,

averaged over 117W-105W and 42N-49N. 2020s = 2010- 2039; 2040s =

2030 — 2059; 2080s = 2070 — 2099. B1 is a low greenhouse gas emissions

scenario; A1B is higher until about the 2040s, then is moderate (see right). Figure 1. Northern Rockies and 2001-2099 (color).

Data: CMIP3 (IPCC AR4 GCMs)? . . .
( ) Heavy lines are ensemble (multiple climate model)
averages for B1, A1B, and A2 emissions scenarios.
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Different climate models project different rates of
change in temperature and precipitation because they
operate at different scales, have different climate
sensitivities, and incorporate feedbacks differently.
Comparing the observed climate of the past with
projected changes across many climate models (left)
for temperature and precipitation provides context for
the expected changes. For the 2040s, the lowest
modeled mean annual temperature is outside the range
of observed temperatures. For precipitation, the future
variability is comparable to the historical

Left: Climate ranges for the historical period (HCN) compared
to modeled future ranges from GCMs. Range of boxes is low
model 5th percentile to high model 95t percentile. Large
vertical bars are A1B ensemble means. Each GCM is
represented by a horizontal line (5t to 95t percentile, white
bar is the mean).

Seasonal climate change in the Northern Rockies

All climate scenarios project warming in all seasons for the region. By the 2040s, climate models project
temperature increases of around 3.2° F (1.8° C) for winter, spring, and fall but 4.3° F (2.4° C)in summer. On
average, models project increases in precipitation in winter (+8%), spring (+7%), and autumn (+3%) but
decreases in the summer (-7%). These changes are averaged across B1 (18 GCMs), A1B (19GCMs), and A2
(15 GCMs) emissions scenarios and compared to 1970-1999 averages.

Temperature change (F°)

Left: Projected seasonal climate changes for the Northern Rockies for the 2040s by emissions scenario (B1, A1B, A2)
relative to 1970-1999. Each dot is a single climate model projection. Boxes show median (bar inside box), whiskers
show 5% and 95" percentile changes.

Right: Scarce resources sometimes require narrowing to a few representative scenarios when planning for climate
change. In this example (right), ten climate models were compared during the historical period to determine which
best captured historical climate patterns. The graphs (right) show projected changes in monthly northern Rockies
climate for the 2040s relative to 1970-1999. The shaded areas indicate the range of changes expected from 10
climate models that perform best historically. The lines show changes for three climate change
scenarios: (1) more warming, drier (Miroc 3.2); (2) less warming, wetter (PCM1); and (3) ten-model average
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Projected 21t century changes in Northern Rockies hydrology

Projected changes in 2040s April 15t snow water equivalent (left) and July 15t soil moisture (right) for the GYA (10
climate model average, A1B emissions, relative to 1916-2006). Due to warming temperatures, a higher proportion of
precipitation falls as rain during the cool season (Oct. — Mar.) and spring snowpack begins to melt earlier. Snowpack
declines are largest at lower elevations. Warmer temperatures cause earlier snowmelt and higher summer
evapotranspiration, leading to declines in summer soil moisture.

Hydrologic models use future temperature and precipitation along with local information on soils, vegetation, and
other conditions to simulate the hydrologic outcomes of climate change. In the Northern Rockies, snowpack is
important in governing streamflow, soil moisture, and habitat for snow-dependent wildlife such as lynx and
wolverine. Lower streamflow in late summer also affects habitat quality for resident and migratory fish. Declining
snowpack and soil moisture therefore are likely to affect the region by affecting water availability, plant growth,
forest health, fire risk, and wildlife habitat.

In watersheds where winter precipitation is currently dominated by rain instead of snow, changes in snowpack will
not be as profound as “transitional” watersheds where more cool season precipitation currently accumulates as
snow. In the highest watersheds, where most cool season precipitation currently falls as snow, temperatures are
historically cold enough that watershed hydrology will be less affected by warming until later in the 21st century.
Below are maps of watershed snowpack vulnerability, defined as “rain dominant” (<10% current cool season
precipitation in April 1 snowpack), “transitional” (10% to 40%), and “snow dominant” (>40%). Most transitional
watersheds become rain dominant, and all snow dominant watersheds become transient by the 2080s under all
three scenarios.

Projected changes in the ratio of April 15t snowpack to total cool season precipitation (Oct. — Mar.) for the 2040s and
2080s in the Northern Rockies for a less warm, wet climate model (left), the average of 10 climate models (center), and
a relatively warm climate model (right). Some watersheds remain transitional, but most historically transitional
watersheds become rain dominant and most historically show dominant watersheds become transitional.
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Projected 21 century changes in GYA hydrology

Hydrologic models use future temperature and precipitation along with local information on soils, vegetation, and
other conditions to simulate the hydrologic outcomes of climate change. In the GYA, spring snowpack is important in
governing streamflow, soil moisture, and habitat for snow-dependent wildlife such as lynx and wolverine. Lower
streamflow in late summer also affects habitat quality for resident and migratory fish. Declining snowpack and
increasing water balance deficit therefore are likely to affect the region by affecting water availability, plant growth,
forest health, fire risk, and wildlife habitat.

Projected changes in 2040s
A1B summer water balance
deficit in the GYA (rght).
Deficit is the difference
between water demand
(potential
evapotranspiration) and
water available to meet
vegetation needs (actual
evapotranspiration); larger
deficits mean decreasing
water to meet plants’ needs.
Warmer temperatures and
decreasing precipitation
increase deficit

In watersheds where winter precipitation is currently dominated by rain instead of snow, changes in snowpack will
not be as profound as “transitional” watersheds where more cool season precipitation currently accumulates as
snow. In the highest watersheds, where most cool season precipitation currently falls as snow, temperatures are
historically cold enough that watershed hydrology will be less affected by warming until later in the 21t century.
Below are maps of watershed snowpack vulnerability, defined as “rain dominant” (<10% current cool season
precipitation in April 1 snowpack), “transitional” (10% to 40%), and “snow dominant” (>40%). Most transitional
watersheds become rain dominant, and all snow dominant watersheds become transient by the 2080s under all three
scenarios.

Projected changes in the ratio
of April 1st snowpack to total
cool season precipitation
(Oct. — Mar.) for the 2040s and
2080s in the GYA for a wet
climate model (left), the
average of 10 climate models
(center), and a relatively warm
climate model (right). Some
watersheds remain
transitional, but most
historically transitional
watersheds become rain
dominant and most
historically snow dominant
watersheds become
transitional.
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