GCOSTRESS

LS ECOsystem Spaceborne Thermal
\\S );;I{ = Radiometer Experiment
NN\ St on Space Station

An Earth Venture Instrument-2 Proposal
Submitted in response to

AO NNH12ZDA0060 EVI2

Prepared for
we National Aeronautics and
~ , Space Administration
r Ce;Mission Directorate

Simon Hook (Pl), Kerry Caws Nicholson, Chii stmeg ,Iynn Jullé 'y,,"MarthaxAnderson
Chrls Ham RlckAIIen Any reac‘ : o&d Wogdy Turner %

; 5 : NG
lcatlons ‘ q

hl”er, Nathaniel

o Cremonese,
t”yJ Griffis,
-im, Ibrahim
=.C.\Mis . & Lauca Morillas, Ross
Morrlson J. William Munge? Gabrlela Posse, And ew D. | Ryu, Arturo
Sanchez-Azofeifa, Mé\ﬁi‘u‘ lIC‘]t_? Efrat/Schv ‘Tang

November 25,2013

© 2020 All'rig



120 | | | | | | | | |
10.0 1 ECOSYSTEMS THRIVE (8 :
:'5: 8.0 g E
Q 6.0 - -
S 40d n
g *O0C -
8 2.04 B
‘Dl = =
5 0.0 il B
S -2.0 . B
~4.0 - 5
60 1 ECOSYSTEMS COLLAPSE (3 |
: | I | : : l Friedllingstelin et a|I 2006

1850 1900 1950 2000 2050 2100

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




Current US drought prediction capabilities failed to predict the
intensity and magnitude of the 2012 US Midwest drought
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2012 LAND CARBON UPTAKE ANOMALY
( GPP2g12 — GPP2gog_2010 ; g C M2 month™)
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ET describes the net exchange
of water vapor between the
land surface and the
atmosphere, and is comprised
of water evaporated directly
from the soil or other surfaces
and water transpired (i.e., used;
consumptive use) by plants.
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what is evapotranspiration (ET)?

Water storage
In oceans
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ET describes the net exchange
of water vapor between the
land surface and the
atmosphere, and is comprised
of water evaporated directly
from the soil or other surfaces
and water transpired (i.e., used;
consumptive use) by plants.

what is evapotranspiration (ET)?




HOW DO DIFFERENT PLANTS RESPOND TO
CHANGES IN WATER AVAILABILITY?



WHICH PLANTS DIE FIRST?



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?



ECOSTRESS SCIENCE OBJECTIVES

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.



ECOSTRESS CORE SCIENCE HYPOTHESES

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

H,: DalLy ET IS OVERESTIMATED WHEN EXTRAPOLATING FROM
MORNING-ONLY OBSERVATIONS;

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



APPROACH



What we need: accurate, high spatial, high
temporal, diurnal cycle, global, ET.
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Evapotranspiration

Water Stress Drives Plant Behavior

- 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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Number of Overpasses
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Revisit Time versus Spatial Resolution

With sphere size indicating # of thermal infrared window bands

16-|Local Scale ~ ASTER *Landsat Regional Scale
Seasonal Processes Seasonal Processes
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Credit: NA SA JPL/CaItech
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CRS-15 Mission
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Earth Orbiting Mission Operations Control (EOMOC)

'* & ) = e =




