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Figure: NCA4, Ch6.7 Annual temperature change  2036-2065 (top) and 2070-2099 
(lower) relative to 1976-2005. 42 models, NCA4. All changes are statistically significant. 

Temperature is 
expected to 
increase…
everywhere.

By now you 
know it will be
roughly double 
global average 
here in the
far North.

North America Temperature projections



Adapted from NCA4 Volume 1, CCSR, Chapter 7: Precipitation Change in the US. 
https://science2017.globalchange.gov/chapter/7/

Projected change (%) in total seasonal precipitation from CMIP5 (RCP8.5) simulations for 
2070–2099. Weighted multimodel means, baseline 1976–2005. Data source: World 
Climate Research Program’s (WCRP’s) Coupled Model Intercomparison Project. (Original 
Figure source: NOAA NCEI).

= Change large compared to historical variability

= Change small compared to historical variability

Winter Spring

Summer Fall

North America Precipitation projections

In the central interior of AK, the
projected increases are larger (more
than +40%) in winter, spring and fall,
and between +20% and +30% for 
summer. 

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

Over most of Alaska, average precipitation 
is projected to increase in all seasons.
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Do you really need 
anything more 

than that?
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Answer: depends on what you want to do with it!
• Scenario planning for adaptation and vulnerability assessment can be done with a rough 

range of changes, especially by people who know a system/place/impact well.

• But those scenarios will be more locally detailed and informative if they’re tailored to the 
region and management-relevant impacts.

• Dealing with uncertainty is easier if the kinds and magnitudes of that uncertainty are 
quantified. Or, at least, organized around a risk framing approach.

• Impacts modeling and trialing adaptation actions requires good resource impacts models 
and projections that deal with the uncertainty in climate, responses, and impacts.
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Answer: depends on what you want to do with it!

• Many of the impacts that affect people, species, and habitats the most 
aren’t a result of just temperature or precipitation.

• Instead, interactions of two, three, or more factors are important:
• Water available to plants or for streamflow is more than just 

precipitation
• Coastal erosion and thermokarst are more than just temperature



Data: TerraClimate

dPET JJA, +4C dPET AMJJAS, +4C

dDEF JJA, +4C dDEF AMJJAS, +4C

Note: Areas with no color (transparent) are “NoData” – no change, or 0 in both historical and future
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Data: TerraClimate

dQ FEB, +4C dQ MAR, +4C

dQ APR, +4C dQ MAY, +4C

Change in 
surface runoff 
(mm)

Note: Areas with no color (transparent) are “NoData” – no change, or 0 in both historical and future



We deliberately address 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 5 CMP5 climate models from Walsh 
et al. 2018, other info as warranted.

Use both RCP 4.5 and 8.5 



RCP 8.5 – high warming representative greenhouse 
gases emissions scenario

Many different models each run under an RCP
and averaged together -(an “ensemble”, or 
multi-model average)

RCP 4.5 – a moderate warming representative 
Greenhouse gases emissions scenario



Four notes on uncertainty….and best practices

• Projected changes are sometimes less and sometimes more than the variability 
we’re familiar with. BUT there will always still be natural climate variability. We need
to plan for the projected average changes in climate AND the variability!

• Climate models differ in how they are built and how well they simulate observed 
climate – none are necessarily “the right one”. So we use several good ones as 
possibilities.

• We don’t yet know what amounts of greenhouse gasses in the atmosphere will be.
So we use multiple scenarios and consider the risk. Observations indicate the higher 
end (more warming), but lower or middle end (less warming) is still possible.

• Downscaling is not a perfect process – it is only as good as historical observations
which in Alaska, are not as many as we would like.

The projections we have access to are enough to start!



Alaska Native Community Adaptation 
Planning Collaborations

Areas of interest for AKCASC BRT project (2019), three ANTHC 
regional projects (2017-2021), and Copper River Native 
Association (2020).

Federal agencies

Starting with Chugach NF and Tetlin NWR in 2020, since then 
watershed and unit summaries for all US Forest Service Forests, 
US National Park Service Parks, and US Fish and Wildlife 
Service Refuges in Alaska (>30). Mapping products are 
complete or in draft stage for all USFS and NPS management 
units and several USFWS units. That’s an area equivalent to MT, 
WY, and CO.

Basemaps: USGS National Map



Process
For a point or shapefile:
• Communities
• Management unit boundaries
• Networks of units
• Areas of interest
• Traditional use areas

Gridded climate & impacts projections:
• Temperature: Annual & Seasonal (SNAP)
• Precipitation: Annual & Seasonal (SNAP)
• Snowpack (AKCASC/SNAP)
• Permafrost (SNAP/GIPL)
• Fire (SNAP)*
• Vegetation (SNAP)
• Vegetation Changes (SNAP*
• Spring Runoff (TerraClimate)
• Potential Evapotranspiration (TerraClimate)
• Water Balance Deficit (TerraClimate)

Summaries:
• By region
• By unit
• By sub-watershed
• Tables
• Spreadsheets
• Maps

*Not available in SE AK
or Aleutians

Tetlin NWR 
Area of Interest



There are about 15,000 HUC12 watersheds in Alaska. Most NPS units (~16), for example, have
many dozens to several hundred. Most HUC12 have more or less meaningful names, others just a 
12 digit number. But they are a good middle ground between “too general” and “drowning
in data”. But if you need the gridded data (771m, 2km, 4km depending on product), we can 
help facilitate a swim in the deep end.



It’s worth mentioning that there are projections that
cross the border, but only at 2km and 4km resolution (that rules out snowpack too).
This includes most products from the Integrated Ecosystem Model (IEM).
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MRI CGCM3 generally has less warming than 
NCAR CCSM4, slightly more precipitation under 
RCP 4.5, a little less under RCP 8.5. This is the bare 
minimum for addressing uncertainty, but it fits with 
that water balance story – the  warmer model 
results in more regional fire in parts of Yukon Delta 
NWR and the surrounding landscape. 

Preparing for this is a risk framing exercise –
preparing for CGCM3 fire and getting CCSM4 fire is 
different than preparing for CCSM4 fire and getting 
CGCM3 fire.

Both are clearly different than historical!

Those two scenarios – early century + less 
warming vs. late century + more 
warming – describe two ranges of mean 
water balance impacts. 



Do you really need 
anything more 

than that?



You might probably do. Looking forward….

Photo: USGS. From Shad O’Neel
Many 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.

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

Photo: Alaska Park Science



NCAR Downscaling and VIC hydroclimate modeling

Historical 1950-recent and 10 climate models, 
both RCP 4.5 and 8.5, 1950-2100 at 12km 
resolution but daily time step.

Still not forecasts – but useful for looking at 
extremes and derived variables in new ways.

Mizukami, Newman, Littell et al. in review

Dynamically downscaled projections

20km all of Alaska; 4km SE AK
Daily, even sub-daily extremes
Only RCP 8.5, two GCMs

Lader et al. - UAF



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


