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Regional Climate Projections in a Nutshell

= Change large compared to historical variability

= Change small compared to historical variability

Winter Spring

Summer Fall

NCA4, Ch6.7 Annual temperature change  2036-2065 (top) and 2070-2099 (lower) relative to 1976-2005. 42 models. All Temp. changes are 
statistically significant. Projected change (%) in total seasonal precipitation from CMIP5 (RCP8.5 for 2070–2099. Weighted multimodel means, 
baseline 1976–2005. Data source: World Climate Research Program’s Coupled Model Intercomparison Project. (Original Figure source: NOAA NCEI).

Over Alaska, temperature increases, 
But increase more at higher latitudes, 
later in the 21st century, under higher 
Emissions, and in winter.

Precipitation increases in all seasons, 
more in winter and spring, but the
seasonal differences depend on where
you look.

In all cases except SE AK in 
summer, these changes
are large compared to the 
observed variability 
between 1976 and 2005.

Temperature Precipitation



Deliberately addressing uncertainty

https://pubs.usgs.gov/of/2020/1058/ofr20201058.pdf

Internal variability
El Niño/La Niña, PDO, and
other persistent ocean / 
atmosphere patterns. 
Dominates 20-30yr

Model uncertainty
Differences in model 
construction – like handling
sea ice, aerosols, feedbacks, 
etc. Dominates 30-50yr

Scenario uncertainty
Emissions differences – is it 
RCP 4.5, RCP 8.5, something 
else? Dominates mid-late  
21st century. 

Use 30 year averages (climatologies):
whenever possible, summaries of changes
for both 2040-2069 and 2070-2099

Use multiple climate models, other info 
as warranted.

Use both RCP 4.5 and 8.5 



Annual temperature is projected to 
increase in all seasons under all scenarios

Projected warming is greater than the 
historical variability by the 2050s.

For southeast Alaska, the projected 
changes in annual temperature are

~+3 to +5 °F by the 2040s, and ~+5 to +9 
°F by the 2080s.

Annual Temperature change, relative to 1970-1999
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5 CMIP5 GCM average, relative to 1970-1999 (after Walsh et al. 2018)

For SE Alaska…



Annual precipitation is projected to 
increase in fall, winter and spring under all 
scenarios

In northern SE AK, these changes are large 
compared to historical variability. 

For southeast Alaska, the projected annual 
changes are ~+10% to +12% by the 2040s, 
and ~+13% to +21% by the 2080s.
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5 CMIP5 GCM average, relative to 1970-1999 (after Walsh et al. 2018)

For SE Alaska…



Change in Summer (Jun.– Aug.) precipitaHon

Change in precipitation (%)
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5 CMIP5 GCM average, relative to 1970-1999 (after Walsh et al. 2018)

Summer precipitation changes are small  
(+/-10% regionally) compared to historical 
variability. 

This difference is stronger in southern 
SEAK than further north.

For SE Alaska…



Four of seven GCMs downscaled for the region show 
some projected decrease in summer precipitation under 
RCP 8.5 by mid-century, but essentially no change 
averaged over the region (all around +5% to -5%) across 
all models.

CCSM4, RCP 8.5
2040-2069

GFDL CM3, RCP 8.5
2040-2069

GISS E2R, RCP 8.5
2040-2069

IPSL CM5A, RCP 8.5
2040-2069

CNRM CM5, RCP 8.5
2040-2069

MRI CGCM3, RCP 8.5
2040-2069

6 of 7 GCMs shown, 2040-2069 average relative to 1970-1999 (after Walsh et al. 2018)

For SE Alaska…
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5 CMIP5 GCM average, relative to 1970-1999 (Littell et al. 2018, Walsh et al. 2018)

Change in October to March 
snowfall water equivalent (snowfall) % 
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Snowpack decreases substantially under 
all scenarios (-30% to -57% regionally).

Only at the very highest elevations in the 
2050s scenarios are there snowpacks that 
are similar to historical. This is due to the 
temperature at those elevations still being 
cold enough that the increased winter 
precipitation accumulates as snow.

For SE Alaska…



5 CMIP5 GCM average, relative to 1970-1999 (Littell et al. 2018, Walsh et al. 2018)

Watershed runoff moves from snow-
dominated to transitional or transition to 
rain-dominated over much of the region.

Only the highest elevations remain snow-
dominated, and many of those watersehds
are near the transitional threshold, 
indicating substantial potential for year-to-
year variability.
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Snow index, Oct. to Mar. % of precipitation total snow. 

For SE Alaska…



Mean climate responses across many GCMs for global +2C and +4C changes. TerraClimate (Abatzoglou et al. 2018)

Temperature increases are 
related to increased 
potential evapotranspiration.
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Even with the increased 
precipitation in spring and 
fall, water deficit increases 
(drier) in all of southeast 
under average of many 
climate models.



change (%) in near surface (10cm) soil moisture 

multimodel (RCP 8.5) 2070-2099 – 1976-2005, 

change (%) in total runoff 

multimodel (RCP 8.5) 2070-2099 – 1976-2005, 

Wuebbles, Fahey Hibbar et al. 2017, 
NCA4 CCSR DRAFT SOD, after 
Kunkel/Easterling et al.?

Interactions between temperature
and precipitation are important
for different kinds of drought:
• Meteorological
• Hydrological
• Agricultural

The Alaska changes are more like 
ecological drought. Wotton et al. 
Suggest ~ +15% P to offset +1ºC T
in boreal forests. 



What about extremes?

12

§ The frequency of extreme (1yr in 20yrs historically) precipitation events 
doubles in much of Alaska under low emissions (RCP 2.6, or about +2F over 
historical in AK).

§ Under higher emissions (RCP 8.5, or +7.2F), the frequency of these events 
becomes much more frequent, 1 in 5 in southeast Alaska and 1 in 3 in parts of 
the YK Delta and western Alaska.

§ An ensemble of 6 CMIP6 (new generation) SSP 8.5 GCMs* suggest:

§ An increase (0-40%) in the fraction of heavy precipitation days in DJF

§ An increase (0-20%) in the proportion of dry days in JJA

34 GCMs, 2081=2100 relative to
1981-2000. NCA3, 2014

*Scoccimaro and Gualdi 2020 – models not selected for skill in Arctic and relative to GPCP



If nothing else changes….

That’s a change in the hazard of the SAME (historical) event.

It doesn’t account for the change in the hazard of an event
we don’t have experience with.

It doesn’t account for rolling the dice in different sequences –
“I’m on a roll!” – two (or three) 20s in a row!

So it’s not JUST changing the dice, it’s also changing the game.

It’s worth remembering we have short experience with what is 
“possible”.



Probability of Tmax > temperature• What were historically (1981-2010) rare days 
with temperatures > 20C (~68F) become 
much more common, and by 2080s, days > 
30C (~86F) occur

• The 99th %ile daily modeled precipitation for 
Juneau (>1.3”) would increase by 45% by the 
2080s

• The maximum precipitation for Juneau 
(~3.6”) would increase by 78% for the 280s

Lader et al. 2017This is for GFDL CM3 (the warmest of the 5 Walsh et al. 2018 models)



Do you need anything else than that?!

You might probably do. Looking forward….
Photo: USGS. From Shad O’NeelMany of the impacts of greatest concern require multiple climate 

variables, generally not just precipitation and temperature.

Daily extremes, surface hydrology, plant-relevant ecohydrology, 
and other derived variables drive many resource responses to 
climate – better impacts models are a better investment.

Forthcoming work may help with these more specific analyses, and 
the AKCASC is investing in the ability to provide access to them.

Photo: Alaska Park Science



The next round of GCMs (for IPCC AR6/CMIP6) seems to be warmer on average. SNAP CMIP5 models (dark outlined symbols) 
CMIP5 RCP 8.5 mean is cooler by ~ 1.5+ C  than the SSP5 8.5 ensemble mean, but ensemble mean precipitation is similar.

What about CMIP6?



Questions? jlittell@usgs.gov


