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The response of the terrestrial biosphere to changing climate is
one of the largest uncertainties in future climate projections.




WATER

CARBON

Uncertainty in our knowledge of carbon response is
directly dependent on water response uncertainty



Current US drought prediction capabilities failed to predict the
intensity and magnitude of the 2012 US Midwest drought
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HOW DO DIFFERENT PLANTS RESPOND TO
CHANGES IN WATER AVAILABILITY?



How plants respond to changes in water availability can be
expressed in terms of Water Use Efficiency (WUE), defined
as the amount of carbon fixed per unit water used (gross

porimary production, GPP, divided by ET). Some plants have
high WUE and can tix a large amount of carbon using a small
amount of water; other plants are less efficient. Low WUE

olants risk replacement with increasing droughts.




ECOSTRESS KEY SCIENCE QUESTIONS

1.HOwW 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?



APPROACH



What we need: accurate, high spatial, high
temporal, diurnal cycle, global, ET.
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Water Stress Drives Plant Behavior

Evapotranspiration
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Diurnal Cycle '




—@—-ECOSTRESS| Santa Rita FLUXNET site
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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).

| Xylem refilling after initial water release.

Il ET at maximum/potential rate in the morning.

1l 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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Revisit Time versus Spatial Resolution

With sphere size indicating # of thermal infrared window bands

16-Local Scale ~ ASTER wLandsat Regional Scale
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Science Algorithms: L2(LSTE)

The Temperature Emissivity Separation (TES) Algorithm

Hulley, G. C., C. G. Hughes, and S. J. Hook (2012), Quantifying uncertainties in land surface temperature and emissivity
retrievals from ASTER and MODIS thermal infrared data, Journal of Geophysical Research: Atmospheres, 117(D23).
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Science Algorithms: L3(ET_PT-JPL)

The Priestley-Taylor Jet Propulsion Laboratory (PT-JPL) Algorithm

Fisher, J. B., K. Tu, and D. D. Baldocchi (2008), Global estimates of the land-atmosphere water flux based on monthly
AVHRR and ISLSCP-Il data, validated at 16 FLUXNET sites, Remote Sensing of Environment, 112(3), 901-919.
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Science Algorithms: L4(ESI, WUE)

Gross Primary Production
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0 0.005
Uncertainty in WUE (GPP/ET; 1901-2009)

Nine land surface models were run with only a perturbed climate (i.e., CO,,
land use constant) over the 20™ century, representing the g-response, or
climate sensitivity to identify key WUE uncertainty hotspots.



Monthly Average of PT-JPL Daily Integrated Latent Heat Flux
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Anderson, M.C., et al., 2008: ALEXI.
Remote Sensing of Environment.



Science Algorithms: L3(ET_PT-JPL)

Geosci. Model Dev. Discuss., 8, 6809-6866, 2015
www.geosci-model-dev-discuss.net/8/6809/2015/

doi:10.5194/gmdd-8-6809-2015 -
© Author(s) 2015. CC Attribution 3.0 License S
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The WACMOS-ET project - Part 1: Tower-scale

evaluation of four observation-based
evapotranspiration algorithms

Measured ET (W m?)

stations as independent metrics of performance, the tower-based analysis indicated

D. Michel!, C. Jiménez>*, D.M. Miralles*5, M. Jung®, M. Hirschi', A. Ershadi’, that PT-JPL provided the highest overally statistical performance (0.72; 61 Wm™;
B. Martens’, M.E. McCabe’, J.B. Fisher®, Q. Mu®, Z. Su'®, S.I. Seneviratne',

E.F. Wood!L. and D. Ferndndez-Prieto2 0.65), followed closely by GLEAM (0.68,; 64Wm'2; 0.62), with values in parenthe-

Fisher, J.B., Tu, K.P,, Baldocchi, D.D., 2008. Remote Sensing of Environment.
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29 JUN 2018: 5.30am
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Related ECOSTRESS

July 23,2018

NASA's 'Space Botanist' Gathers First Data

a month ago

a month ago

a month ago

a month ago

3 months ago

6 months ago

ECOSTRESS acquired this image the night of July 9 over Egypt. Yellow and red indicate generally higher temperatures. The River Nile is visible as a thin blue line on the main image. The black-and-
white inset shows the level of detail available from ECOSTRESS, with the relatively cool Nile River and surrounding vegetation appearing darker.
Credits: NASA/JPL-Caltech

Just days after its successful installation on the ] ce Station, NASA's newest Earth-observing mission, the ECOsystem Spaceborne Thermal
Radiometer Experiment on Space Station (ECOSTRESS), has Collected its first science data on Earth’s surface temperature.




Carr, Whaleback, and Perry Fires
as seen by ECOSTRESS
28 July 2018 18:45 PST

Band 4 Radiance Centered at 10.5 um
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ECOSTRESS Land Surface Temperature, 22 July 2018, 04:07 PST Sk
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ECOSTRESS L3 (ET PT-JPL) 2018-07-2918:19 CDT
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