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WaSSI Ecosystem Model
Water Availability

Biodiversity

WaSSI

(Under development) 



Carbon & Water Relationships

FLUXNET DATA)



Watershed and Land Cover Based

Water
ET=f(PET, PPT, LAI, SM)
Sun et al., Ecohydrology,2011

Carbon
NEE=f(ET)
Sun et al., JGR, 2011

8-digit HUC Watersheds of the U.S.



Water Supply Stress Index (WaSSI)

WaSSI = Demand
Supply 1981-2000 WaSSI

Sectors
1. Domestic
2. Industrial
3. Irrigation
4. Thermopower
5. Mining
6. Livestock
7. Public Supply
8. Aquaculture



Continental scale validation (~850 km2)

Caldwell et al., HESS, 2012
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Yellowstone River at Corwin 
Springs, Montana
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New River near Galax, Virginia



Fine-scale validation (~0.1 km2)

Mean Annual Bias:  -6.6 mm (-0.7%)
Monthly NSE:  0.75

Watershed 18, Coweeta, NC





Carbon Validation

Sun et al., JGR,2011



Oh Goody!  A New Research Tool!

Given that WaSSI appears to be reproducing 
reality fairly well,  what can we do with the model?



WaSSI Research Questions

How will changes in air temperature impact 
southeastern US ecosystem water use, forest 
growth and carbon sequestration?

How will changes in precipitation impact 
southeastern
US ecosystem water use, forest growth and carbon 
sequestration?

How will air temperature and precipitation interact 
to impact southeastern US ecosystem water use, 
forest growth and carbon sequestration?



WaSSI Research Questions (cont.)

• How will forest age impact southeastern US 
ecosystem water use, forest growth and carbon 
sequestration?

• How will all of these factors change over space 
and time? 



Scenarios





PINEMAP Tier III Sites



Tier III Site:  Taliaferro Co., GA 

Scenario  Description 
1 17 YO Loblolly Pine 

2 7 YO Loblolly Pine

3 17 YO Loblolly, 30% PPT reduction all months 

4 17 YO Loblolly, 15% PPT reduction all months 

5 7 YO Loblolly, 30% PPT reduction all months 

6 7 YO Loblolly, 15% PPT reduction all months 

7 17 YO Loblolly, 30% PPT reduction growing season (months 4‐10) 

8 17 YO Loblolly, 30% PPT reduction dormant season (months 11‐3) 

9 17 YO Loblolly, 1 degree TEMP increase all months 

10 17 YO Loblolly, 2 degree TEMP increase all months 

11 17 YO Loblolly, 15% PPT reduction, 1 degree TEMP increase all months 

12 17 YO Loblolly, 15% PPT reduction, 2 degree TEMP increase all months 

Baseline  17 yr. Loblolly Pine

PPT = 1149 mm/yr
AET = 792 mm/yr
Water Yield = 355 mm/yr
GEP = 2012 gC/m2/yr



-30% Precipitation Reduction

VA site FL site GA site OK site

PPT change (%) ‐30% ‐30% ‐30% ‐30%

AET change (%) ‐12% ‐10% ‐14% ‐10%

Water Yield change 
(%) ‐63% ‐65% ‐66% ‐65%

GEP change (%) ‐12% ‐10% ‐14% ‐10%



-30% Precipitation Reduction



-30% Precipitation Reduction



-15% Precipitation + 1  Degree C 

VA site FL site GA site OK site

PPT change (%) ‐15% ‐15% ‐15% ‐15%

AET change (%) ‐3% ‐1% ‐3% 0%

Water Yield change (%) ‐37% ‐40% ‐41% ‐40%

GEP change (%) ‐2% ‐1% ‐3% ‐1%



-15% Precipitation + 1  Degree C 



Take Home Messages

• 15% reduction in precipitation could cause large reductions 
in stream flow, but not productivity

• 30% reductions in precipitation could have minimal impacts 
on productivity in areas where precipitation is high, but will 
have large impacts in drier areas

• Similar impacts on older vs. young pines.

• Rise in air temp (1-2 degree C) increases productivity 

• Water availability is key to productivity 


