
National Aeronautics and Space Administration

National Aeronautics and Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

www.nasa.gov

PI Simon Hook (JPL)
SCIENCE LEAD Joshua B. Fisher (JPL)
SCIENCE TEAM Rick Allen (U. Idaho)

Martha Anderson (USDA)
Andy French (USDA)
Chris Hain (UMD)
Glynn Hulley (JPL)
Eric Wood (Princeton U.) 

© 2014 California Institute of Technology. Government sponsorship acknowledged.



E C O S T R E S S  K E Y  S C I E N C E  Q U E S T I O N S

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 CONSUMPTIVE
USE AND IMPROVED DROUGHT DETECTION?



E C O S T R E S S  S C I E N C E  O B J E C T I V E S

1. IDENTIFY CRITICAL THRESHOLDS OF WATER USE AND WATER
STRESS IN KEY CLIMATE SENSITIVE BIOMES (E.G.,
TROPICAL/DRY TRANSITION FORESTS, BOREAL FORESTS);

2. DETECT THE TIMING, LOCATION, AND PREDICTIVE FACTORS
LEADING TO PLANT WATER UPTAKE DECLINE AND/OR
CESSATION OVER THE DIURNAL CYCLE;

3. MEASURE AGRICULTURAL WATER CONSUMPTIVE USE

GLOBALLY AT SPATIOTEMPORAL SCALES APPLICABLE TO
IMPROVING DROUGHT ESTIMATION ACCURACY.



E C O S T R E S S  C O R E  S C I E N C E  H Y P O T H E S E S

H1: THE WUE OF A CLIMATE SENSITIVE HOTSPOT IS SIGNIFICANTLY
LOWER THAN NON-HOTSPOTS OF THE SAME BIOME TYPE;

H2: DAILY ET IS OVERESTIMATED WHEN EXTRAPOLATING FROM
MORNING-ONLY OBSERVATIONS;

H3: REMOTELY SENSED ET MEASURED AT THE FIELD SCALE WILL
IMPROVE DROUGHT PREDICTION OVER MANAGED ECOSYSTEMS.



A P P R O A C H



What we need: accurate, high spatial, high 
temporal, diurnal cycle, global, ET.
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Gray shading represents mean diurnal variation in ET over 14-days. The afternoon 
decline in ET is related to water stress (clear day). 

I Xylem refilling after initial water release. 
II ET at maximum/potential rate in the morning. 
III Stomata shut down water flux in the afternoon. 

IV ET resumes at maximum/potential in early evening when demand is reduced.
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Abstract The fate of the terrestrial biosphere is highly uncertain given recent and projected changes in
climate. This is especially acute for impacts associated with changes in drought frequency and intensity on
the distribution and timing of water availability. The development of effective adaptation strategies for
these emerging threats to food and water security are compromised by limitations in our understanding of
how natural and managed ecosystems are responding to changing hydrological and climatological regimes.
This information gap is exacerbated by insufficient monitoring capabilities from local to global scales. Here,
we describe how evapotranspiration (ET) represents the key variable in linking ecosystem functioning, car-
bon and climate feedbacks, agricultural management, and water resources, and highlight both the out-
standing science and applications questions and the actions, especially from a space-based perspective,
necessary to advance them.

1. Introduction

The response of the terrestrial biosphere to changes in climate remains one of the largest sources of
uncertainty in climate projections [Friedlingstein et al., 2014]. Tightly coupled to the water cycle, ecosys-
tems can act as either carbon sinks (photosynthesis, primary production) or carbon sources (respiration,
decomposition, mortality, combustion), and provide climate feedbacks through latent heat fluxes, albe-
do, and water cycling. However, the water cycle is rapidly changing, resulting in greater variance and
more extremes [Ziegler et al., 2003; Syed et al., 2010]. For example, the worst drought in its recorded his-
tory struck the Amazon basin in 2005, reversing this long-term carbon sink into a carbon source [Phillips
et al., 2009]. In 2010, an even stronger drought hit the Amazon basin, which had not fully recovered from
the impacts of the earlier event, and 2015 saw yet another recurrence [Lewis et al., 2011; Saatchi et al.,
2013; Jim!enez-Mu~noz et al., 2016]. The United States Midwest also experienced its worst drought in deca-
des in 2011, followed by an even stronger one in 2012, which impacted 80% of US agriculture; in parallel,
a multiyear drought from 2012 to 2015 along the West coast significantly impacted food production for
the entire country [Long et al., 2013; Mallya et al., 2013; AghaKouchak et al., 2014; Wolf et al., 2016]. Over-
all these patterns of extreme drought have been mirrored throughout nearly all major terrestrial vegetat-
ed biomes of the world, as well as in the key food production regions of every inhabited continent [Ciais
et al., 2005; Soja et al., 2007; Cook et al., 2010; Schwalm et al., 2012; Fisher et al., 2013b; van Dijk et al.,
2013; Famiglietti, 2014].

Key Points:
! ET science and applications have

significantly advanced across a wide
array of fields over the past several
decades
! Critical outstanding ET-based

research and applied science
questions from local to global scales
remain due to deficiencies in our
observational capabilities
! National and international research

priorities should include ET-focused
satellite observational investments
and programs
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