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• Forests and water supply under a changing 
climate: 
• How much change in water supply should we expect?
• How much impacts of forest adaptation measures on 

water?  
• Water Supply Stress Index model (WaSSI-CB)
• Model applications in the U.S.

• Sensitivity of water supply to forest cover and climate 
change

• Impacts of 4 climate change scenarios on water yield  

Outline



Progress Made



Bradford Forest  (0-15 cm)

Coweeta (13 - 41 cm)

Hubbard Brook (10-34 cm)
Andrews
(35-54 cm)

Marcell  (9 cm)

Fraser (~10 cm)

Beaver Creek (2-3 cm)

First Year Annual Water Yield Responses to Forest 
Removal in the U.S.A. 

Fernow (~13 cm)

Ouachita (14-24 cm)
Caspar Creek 
(~10 cm)

Leading Ridge 
~7 cm 20% cutting



Streamflow Flow Response to Watershed Manipulation
(Andreassian, Journal of Hydrology 2004 (291):1-27) 



More trees, more warming?

Ryan et al., 2010. Ecology Issues, ESA
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Tradeoffs between Water and Carbon Sequestration
(Jackson et al, 2005 Science)



SGCP

(GEP, Reco, NEE)

ET = f(PET, P, LAI

Bio Diversity = 
f(PET, ET, NPP)

(Sun et al., 2010, Ecohydrology , In Press)

(Sun et al., 2011, JGR In review )

(McNulty et al., 2010)
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(Sun et al. JAWRA, 2008 44(5):1073-1075)



Water
Water Supply Stress Index
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(Sun et al. JAWRA, 2008 44(5):1073-1075)
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FLUXNET

http://www.fluxnet.ornl.gov/fluxnet/Maps/March2010/political_fluxnet_networks_March2010_fullsize.png


Model Applications

• A national picture across 2100 
watersheds

• Sensitivity of possible management 
options and climate change

• Likely consequences under four future 
climate scenarios as predicted by Four 
Global Circulation Models in 2050



Croplands, 35%

Conifer, 14%Deciduous, 17%

Mixed Forests, 
12%

Grasslands, 8%

Shrubs, 4% Savanna, 8%

Others, 2%
Water Yield

(2002-2007) 
(%)

Croplands, 30%

Conifer, 7%

Deciduous, 
9%

Mixed 
Forests, 

7%

Grasslands, 
21%

Shrubs, 17%

Savanna, 7%

Others, 2%

Landcover
(%) 

Land Cover 
(%) 

Water Yield 
(%) 

23% 43%



Current Water Supply (MGD) 
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(Sun et al., 2010 JGR in review)
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Water Yield Ecosystem Productivity

(Sun et al., 2010 JGR in review)



Net Ecosystem Exchange (NEE) 
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Sensitivity of Forest Water Yield to
Forest Cover or Climate Change 
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Ma et al., Journal of Hydrology, 352, 2008

Sensitivity of Water Yield to Climate and Reforestation 
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Impacts of climate change in 2050
under four scenarios:

1.CSIROMK2B2, Similar Precip. & Warmer (14% higher PET)

2.CSIROMK35A1B, Wetter (5% higher) & Warmer (11% 
higher PET)

3.HadCM3B2, Drier (-7%) & Warmer (15% higher PET)

4.MIROC32A1B, Drier (-8%) & Hotter (19% higher PET)
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Similar Precip. & Warmer (14% higher PET)



Wetter (5% higher) & Warmer (11% higher PET)



Drier (-8%) & Hotter (19% higher PET)



Summary
1. 23% of forest lands provides 43% of water yield (2 

Trillion m3) in the conterminous United States.

2. Water yield response (% of baseline flow) to forest 
management is most sensitive in dry areas and SE 
coastal areas where PET is close to Precip.

3. Water supply can be substantially affected by climate 
change, especially precipitation patterns, which are 
difficult to predict.

4. Forest management options for climate change 
adaptation may have significant impacts on local water 
supply in some regions (Size and magnitude of vegetation 
change matter). 


