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ECOSTRESS Science Questions

1. How is the terrestrial biosphere 
responding to changes in water 
availability?

2. How do changes in diurnal vegetation 
water stress impact the global carbon 
cycle?

3. Can agricultural vulnerability be 
reduced through advanced monitoring 
of agricultural water consumptive use 
and improved drought estimation?

ECOSTRESS on the ISS



ECOSTRESS Science Data Products

Level 
2

- Surface Temperature
- Surface Emissivity

Level 
3

- Evapotranspiration (ET)
(Fisher et al., 2008)

Level 
4

- Water Use Efficiency (GPP / ET)
- Evaporative Stress Index (ET/ PET)

3



Increasing trend in WUE 

Keenan et al. (2013)
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Methods

Conduct 
randomization 
sampling over 

climate climate 
transition 
hotspots

Analyze WUE 
across land 

cover

Compute WUE 
with and 

without soil 
evaporation 



Mean WUE for each site
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Low WUE in Central India







Mean = ~4.5 mm / day

Mean = ~2.5 mm / day

Median = ~3.8 mm / day 

Median = ~2.0 mm / day 



Mean = ~0.6 g C / kg H2O

Mean = ~1.0 g C / kg H2O

Median = ~0.9 g C / kg H2O

Median = ~0.5 g C / kg H2O



GPP/ET WUE

WUE with 
transpiration 
only 



Water Use Efficiency [ g C / Kg H2O ]

Water Use Efficiency [ g C / Kg H2O ]

GPP/ET WUE

WUE with 
transpiration 
only 



New Version of ECOSTRESS WUE

• ET estimate will only 
include transpiration 
component 

• GPP estimate will be based 
on the Breathing Earth 
System Simulator (BESS) 
model (Ryu et al. 2011)



Conclusion

• Differences in the degree of WUE variability across land cover classes 
exist among the climate transition sites. 
• Climate transition hotspots with variability in WUE arose in all major 

climate types and biomes: boreal (Eurasia), tropical fully humid (S. 
America), mild temperate (NW. Africa) and dry steppe (S. Africa). 
• In these regions, forests tend to have higher WUE compared to other 

land cover classes, with croplands typically corresponding to lower 
WUE. 
• This study motivates the new ECOSTRESS WUE product, which only 

includes transpiration. 
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Mean = ~2.3 g C / day

Median = ~1.9 g C / day



Distribution of Pixels Across Land Cover in 
Central India 

Land Cover Number of Pixels % Area
Croplands 22,840,208 79.2%
Savanna 1,975,324 6.9%
Grassland 1,530,814 5.3%
Mixed Forest 1,263,127 4.4%
Deciduous Broadleaf Forest 791,590 2.7%
Permanent Wetlands 319,372 1.1%
Evergreen Broadleaf Forest 48,573 0.2%
Evergreen Needleleaf Forest 36,686 0.1%
Cropland/ Natural Vegetation 21,148 0.1%
Deciduous Needleleaf Forest 8,249 0.0%
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Dry Steppe
Southern Africa
Mild Temperate
Central America
Mild Temperate
North America
Mild Temperate
Northwestern Africa
Mild Temperate
South Asia
Mild Temperate
Western Europe
Snow Cold Arid
North America
Snow Fully Humid
Eurasia
Steppe Fully Humid
North America
Tropical Dry Summer
South America
Tropical Fully Humid
South America

Water Use Efficiency in Climate Transition Hotspots



To-Do

• Central India re-sampling (v2) 
• Map of forest vs. non-forest WUE in Amazon to illustrate WUE violins
• Sub-section on impact of filtering in Boreal N America
•






