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OUTLINE

* Precipitation

e Groundwater
 Soil moisture
* Show

* Evapotranspiration
* Runoff

e Case study
— Drought Sensitivity of the Amazon



PRECIPITATION

« Tropical Rainfall Measuring Mission (TRMM)
— Since 1997 (NASA & JAXA)

— First satellite dedicated to precipitation
* Built upon SSM/I

— Precipitation Radar
* Rain intensity
» Rain distribution
« Rain type
* Snow — rain height
« 3-D storm structure
« Storm depth

— TRMM Microwave Imager
* Rain presence
* Water vapor
» Cloud water
— Lightning Imaging Sensor
— Visible and Infrared Scanner
— Clouds and the Earth’s Radiant Energy System (CERES)

Height 403km
) 16 times per day
. every 92.5 min




PRECIPITATION

TRMM rainfall =22 Nov. 2008
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PRECIPITATION

Global Precipitation Mission (GPM)
— To be launched: 2013 (NASA & JAXA)

— Improve on TRMM
« Coverage: global =
- Spatial resolution: 5 km, 0.25 km vertical
« Temporal resolution: 3 hr
« Accuracy: <25% error | N
— Capable of measuring rainfall and P core
snowfall rates of 0.01 — 4 inches/hr AR

— Combined microwave radiometer (7
bands) and active radar (2 bands)
— Network of satellites (5 — 8)

» Prototype of Global Earth Observing System of Systems
(GEOSS)







GROUNDWATER

* Gravity Recovery And Climate Experiment
(GRACE)

— Since 2002
— Variation in Earth’s gravitational field

— Caused by changes in:
« Surface water
« Groundwater

Deep ocean currents

Runoff

Glaciers

Ice sheets

Earth mass




GROUNDWATER

 Groundwater depletion in India
— Rodell et al. 2009: Nature

— Precipitation minus depletion:
«-40x1.0cmy?

— Loss of 109 km?3 water from 2002-8
* India’s largest surface water reservoir: 55 km?3

— Conclusion: groundwater is =
depleted at a rate that is A
unsustainable

 Largely from the states e _
bordering Pakistan




GROUNDWATER
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SOIL MOISTURE

* Advanced Microwave Scanning Radiometer —
Earth Observing System (AMSR- E) &
— Since 2002 (NASA & JAXA) >

— Passive microwave radiometer,
12 channels, 20 — 60 km?4, 20 d

— Land, atmosphere, ocean, ice

— Surface wetness, precipitation, water vapor, snow
water equivalent, cloud water, ice concentration,
sea surface temperature, wind speed
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MODIS Terra/Aqua

A major goal in the EOS program
(Section 16) is to produce soil moisture
maps on a short-term basis (say, for two -~
weeks running, available almost N t
immediately thereafter). Various »
sensors on Terra and Aqua can provide \

data needed to calculate regional soil

moisture distribution. Here is§ map for soll MO'S’UfO {Ag/"n’)

the entire United States covering the
period July 1-15, 2003
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SOIL MOISTURE

* Soll Moisture & Ocean Salinity (SMOS)

— Since 7 months ago (Nov 2009): ESA
— Passive L-band (1.4 GHz), 35 — 50 km?, 1 — 3 day

— 4% accuracy volumetric soil moisture
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SOIL MOISTURE

* Soll Moisture Active & Passive (SMAP)
— To be launched: 2015
— 10 km, 3 (2x) day, 4% accuracy

— Combined radiometer and radar

« Radiometer (1.4 GHz): high
accuracy (less influenced by
roughness and vegetation) but
coarse spatial resolution (40 km)

« Radar (1.26 GHz): high spatial
resolution (1 — 3 km) but more
sensitive to roughness & vegetation

« Combination algorithm: high
resolution, high accuracy



SOIL MOISTURE
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Regions where soil moisture retrieval accuracy is limited - =+ &
- primarily by dense vegetation'and topography

) -




EVAPOTRANSPIRATION
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EVAPOTRANSPIRATION

e LAl

* Albedo

* Humidity

* Wind speed

* Precipitation

* Net radiation

* Soil moisture

* Soil resistance

* Airtemperature

e Stomatal resistance

* Vapor pressure deficit

* Aerodynamic resistances
* Boundary layer resistance




EVAPOTRANSPIRATION
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EVAPOTRANSPIRATION
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e, [RH, VPD] AIRS
Vegetation fraction |MODIS




EVAPOTRANSPIRATION
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AMAZON GREEN-UP?
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Amazon Forests Green-Up
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DROUGHT SENSITIVITY

Clouds & the Earth’s Radiant Energy
o System (CERES)
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Fisher et al., 2009. The land-atmosphere water flux in the
tropics. Global Change Biology 15: 2694-2714.




DROUGHT SENSITIVITY
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DROUGHT SENSITIVITY

Drought Sensitivity
of the Amazon Rainforest

Ofiver L Phllign,"* Luiz £ O C Aragie,” Sinan L Lewin,” Joshea B Fisher,” Jom Lioye,'
Gabriels Ldpee-Gonziter,” Yadvinder Malhi,” Abel Montesgude,” Julie Peacndk,’

Carlos A Quesada ' Geertle van der Netjden,” Samael Almelda,® lids llnyaL“
Luamils Arroya"* Gera ands Apman l'lml Baber 'oul.m " Litlan Bane "’
Damvien Sonal ' Paulo ﬂ rando,"*** Jerome 'Nw Atila Crk .n\lm de le veka, 1= - 4 hut by devesad
Mallaret Divila Casuzn,"* Claudia | Crimedi,'” Ted R mnu. h,' Maria Aparedids Frelt,”  topeal North Aatx sea srfce emporatirs

Amazon forests are a key but poorly understood component of the global carbon cycle. If, as
anticipated, they dry this century, they might accelerate climate change through carbon losses and
changed surface energy balances. We used records from multiple long-term monitoring plots across
Amazonia to assess forest responses to the intense 2005 drought, a possible analog of future events.
Affected forest lost biomass, reversing a large long-term carbon sink, |with the greatest impacts
observed where the dry season was unusually intense. Relative to pre-2005 conditions, forest subjected
to a 100-millimeter increase in water deficit lost 5.3 megagrams of aboveground biomass of carbon per
hectare. The drought had a total biomass carbon impact of 1.2 to 1.6 petagrams (1.2 x 10™ to

1.6 x 10" grams). Amazon forests therefore appear vulnerable to increasing moisture stress, with the
potential for large carbon losses to exert feedback on chmate change

1342 4 MARCH 2009 WOL 3 SCENCE wwwaturoemas ong
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