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How are Alaska’s water 
resources likely to be affected 

by climate change?



Current evidence of change
Most obvious effects show direct impacts on hydrology

Temperature Change in Alaska 1971-2000.
Despite considerable inter-annual variability, mean annual temperatures have increased statewide.
(Alaska Climate Research Center, University of Alaska Geophysical Institute)
Photos and figures from SNAP Preliminary Report to the Governor’s Sub-cabinet on Climate Change  
available at http://www.snap.uaf.edu
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Defining A Growing Season Water Balance



In Alaska:

• Most winter precipitation (P) accumulates as 

snowfall that serves to recharge rivers, lakes, 

and streams during the spring melt.

• Potential evapotranspiration (PET) is the 

combination of evaporation from open water 

surfaces and transpiration from growing plants. 

• During the growing season, PET vies with run-

off as the primary mechanism for  landscape 

water loss.

Defining A Growing Season Water Balance



Defining A Growing Season Water Balance

Growing Season Water 
Balance 

= P-PET



Understanding the Future: 
Using Global Circulation Models 

to calculate a growing season 
water balance (P-PET)



Climate Models as predictive tools
• Project future Temperature & Precipitation, & other climate 

variables

• IPCC 4th Assessment Global Circulation Models (GCMs)

• Use PRISM climatology to downscale GCM data to 2km resolution

0.5 x 0.5 degrees      2 x 2 km



Composite of 5 Global Circulation Models (GCM’s) 

previously evaluated as best-fit for Alaska:

• ECHAM5/MPIOM 

• GFDL-CM2.1 

• MIROC3.2MR 

• UKMO-HadCM3 

• CCCma-CGCM3.1

Decadal averages used to describe projections for 

2044 (2040-2049) and 2094 (2090-2099)

Projected estimates compared to historic baseline to 

determine change over time.  

Alaska Climate Data from UAF

www.snap.uaf.edu



Climate Models: Emission Scenarios

Projections based on IPCC’s 4th Assessment (2007)

A1B “middle of the road” emissions scenario



+3.3°C

y = 0.0042x -3.7

(+ ~0.6°C/decade)

+5.6°C

Temperature is projected to increase



y = 0.0117x +77.8

(+ ~1.5mm/decade)

+10mm +15mm

Precipitation is projected to increase



Increases in growing season PET, 
driven by rising temperatures, are 

likely to outweigh predicted 
increases in P, leading to an overall 

drying effect across Alaska.

(P-PETfuture < P-PEThist)

Test Hypothesis



Further Inquiries

• How will seasonal changes alter the 
pattern of historic growing season water 
availability? 

• When will this drying effect be felt?

• Where in the growing season does the 
greatest proportion of drying power occur?

• How will these trends affect various 
ecoregions across Alaska?



Calculating a Water Balance (P-PET)

WATER BALANCE

(P-PET)

P PET
(Priestly-Taylor)

CLIMATE LANDSCAPE

Temperature
(min, max, mean)

Cloudcover AirmassLatitude Landcover

Alpha
(evaporation 

coefficient)

Albedo



Landcover

Data source: 7 landcover classifications derived from the 30m 2001 National Land Cover Database (NLCD) map for Alaska 

(www.mrlc.gov).

Landcover classifications used 

to correlate estimates of 

albedo and PT alpha values 



Data Source:  Nowacki, G.J., P.Spencer, T. Brock, M. Fleming, and T. Jorgenson.  2001.  "Ecoregions of Alaska and neighboring 

Territories.  U.S. Geological Survey Miscellaneous Investigations series I map (in press).

Airmass



2040-2049 Net Change 2090-2099 Net Change
Decline in June water 

availability (P-PET) over 

the course of the next 

century (a,b,c).

Net change in June P-

PET from historic values 

(e,f).



**Add O-dotted line



Changes in Monthly PET and P-PET Over Time

Increases in growing 

season PET correspond to 

greater (more negative) 

water deficits over time.



No prominent shift in 

distribution of growing 
season rainfall

Extension of growing season 

over time contributes to shift 
in distribution of PET 



Extension of Growing Season



Cumulative Growing Season Water Balance (P-PET)

-62mm =  64% 
increase in peak 

water deficit

-134mm =  138% 
increase in peak 

water deficit



Absolute Net Change (Growing Season) = 

|NetApr|+ |NetMay|+ |NetJun|+ |NetJul|+ |NetAug|+ |NetSep|+ |NetOct|

% Absolute Net Change (Growing Season) = 

NetMonth / Absolute Net Change (Growing Season) 

*100%

Where does the greatest proportion of drying 

power occur?



Statewide
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Shows redistribution 

of GS drying power



Statewide Summary

• Despite statewide increases in P, rising rates 
of PET are causing Alaska’s growing season 
to become ~80% drier by mid century and 
~200% drier by 2094. 

• Alaska is expected to enter a net growing 
season water deficit near the middle of the 
century.

• Peak growing season water deficits are 
expected to become more severe and last 
longer.



Statewide Summary cont.

• Extension of the early growing season 
is likely contribute the most to the 
overall drying effect.  

• A portion of this spring drying power is 
expected to be redistributed between 
mid-summer and fall by the end of the 
century.  



Ecoregional Analyses 

Data Source:  Nowacki, G.J., P.Spencer, T. Brock, M. Fleming, and T. Jorgenson.  2001.  "Ecoregions of Alaska and neighboring 

Territories.  U.S. Geological Survey Miscellaneous Investigations series I map (in press).





Projected Growing Season (Apr-Oct) Total PET by 
Ecoregion



Projected Growing Season (Apr-Oct) Water Availability (P-PET) by 
Ecoregion

Aleutian Meadows transition 
to Net GS deficit near 2075

Western Arctic P-PET falls 
below Arctic Tundra near 2050



Table compares rates of change between Ecoregions
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Percent of Total Growing Season Absolute NET Change
Arctic Tundra
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Summary of Ecoregional Analyses

• Growing season water availability is 
expected to decrease across all ecoregions.

• The Western Arctic and Aleutian Meadows 
are expected to experience the most rapid 
rate of water loss and greatest percent 
change.

• Transition from a net growing season water 
surplus to a net deficit will likely have 
significant ecological implications for the 
Aleutian Meadows region.



• Rates of decline in P-PET do not necessarily imply 
vulnerability to ecosystem change.  Example: Arctic 
Tundra vs. Coastal Rainforests.

• Percent change may be more indicative of 
ecosystem vulnerability.

• Most mid century drying power is attributed to 
increases in springtime PET (April and May).

• By the end of the century, this drying power will be 
more evenly attributed to spring and mid-summer 
warming.

Ecoregional Analyses cont.



Take Homes and Conclusions

• Alaska is projected to become warmer and drier over 
the course of the next century.

• Alaska is expected to enter a statewide growing 
season water-deficit near 2050.  This condition is 
expected to worsen throughout the remainder of the 
century.

• Due to rising temperatures, Alaska’s growing season 
is expected to lengthen over time.

• Growing season water deficits are expected to be 
most severe during late summer and early fall.  This 
could exacerbate increases in fire frequency and 
severity.









Questions?

Photo by Brendan O’Brien, 2008
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