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WATER BALANCE

• Precipitation



Precipitation

Atmosphere

Interception

Evaporation

Throughfall

Sublimation

AtmosphereAtmosphere

Precipitation

Interception

Snowpack

Throughfall

Evaporation

GroundwaterGroundwater Flow

Transpiration

Evaporation

SurfaceRunoff Snowmelt

Evaporation

Sublimation

Atmosphere

Groundwater PercolationPercolation

Transpiration

Atmosphere

Runoff Snowmelt

Groundwater Flow

Precipitation

Interception

Throughfall

PercolationGroundwater

Sublimation

Transpiration

Evaporation

WATER BALANCE



OUTLINE
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• Evapotranspiration
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– 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)



P R E C I P I T A T I O N



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

– Capable of measuring rainfall and 
snowfall rates of 0.01 – 4 inches/hr

– Combined microwave radiometer (7 
bands) and active radar (2 bands)

– Network of satellites (5 – 8)
• Prototype of Global Earth Observing System of Systems 

(GEOSS)

GPM Core

Core, DMSP-F18, DMSP-F19, GCOM-W, 
NASA-Constellation, EGPM, Megha-
Tropiques, NPOESS



SNOW

• NOTES



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



G R O U N D W A T E R

• Groundwater depletion in India

– Rodell et al. 2009: Nature

– Precipitation minus depletion:

• -4.0 ± 1.0 cm y-1

– Loss of 109 km3 water from 2002-8

• India’s largest surface water reservoir: 55 km3

– Conclusion: groundwater is 

depleted at a rate that is 

unsustainable

• Largely from the states 

bordering Pakistan



G R O U N D W A T E R



SOIL MOISTURE

• Advanced Microwave Scanning Radiometer –

Earth Observing System (AMSR-E)

– Since 2002 (NASA & JAXA)

– Passive microwave radiometer, 

12 channels, 20 – 60 km2, 20 d

– Land, atmosphere, ocean, ice

– Surface wetness, precipitation, water vapor, snow 

water equivalent, cloud water, ice concentration, 

sea surface temperature, wind speed



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 
immediately thereafter). Various 
sensors on Terra and Aqua can provide 
data needed to calculate regional soil 
moisture distribution. Here is a map for 
the entire United States covering the 
period July 1-15, 2003 

SOIL MOISTURE



SOIL MOISTURE

• Soil Moisture & Ocean Salinity (SMOS)

– Since 7 months ago (Nov 2009): ESA

– Passive L-band (1.4 GHz), 35 – 50 km2, 1 – 3 day

– 4% accuracy volumetric soil moisture 



National Aeronautics and Space Administration

http://smap.jpl.nasa.gov/

Soil Moisture
Active and Passive

Mission (SMAP)



SOIL MOISTURE

• Soil 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



S O I L  M O I S T U R E
Model simulation of SMAP Level 4 Soil Moisture Product

Regions where soil moisture retrieval accuracy is limited -
primarily by dense vegetation and topography



E C O H Y D R O L O G Y :   E V A P O T R A N S P I R A T I O N

2004, Jan – Dec

JANFEBMARAPRMAYJUNJULAUGSEPOCTNOVDEC

Fisher, J.B., et al., 2008: Remote Sensing of Environment

EVAPOTRANSPIRATION



E T   C O N T R O L S

• LAI

• Albedo

• Humidity

• Wind speed 

• Precipitation

• Net radiation

• Soil moisture

• Soil resistance 

• Air temperature

• Stomatal resistance

• Vapor pressure deficit

• Aerodynamic resistances

• Boundary layer resistance

• …

E C O H Y D R O L O G Y :   E V A P O T R A N S P I R A T I O NEVAPOTRANSPIRATION
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E C O H Y D R O L O G Y :   E V A P O T R A N S P I R A T I O NEVAPOTRANSPIRATION



O U R   M O D E L :   D R I V E R S

ics LELELELE

Rn SRB

Ta AIRS

ea [RH, VPD] AIRS

Vegetation fraction MODIS

E C O H Y D R O L O G Y :   E V A P O T R A N S P I R A T I O NEVAPOTRANSPIRATION



V A L I D A T I O N

V A L I D A T E D   A T   3 6   F 
L U X N E T   S I T E S

y = 1.07x
r2 = 0.90

E C O H Y D R O L O G Y :   E V A P O T R A N S P I R A T I O NEVAPOTRANSPIRATION



Trenberth et al. 2007

RUNOFF

ERA-40 Mean E-P (1979-2001) from moisture budget
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2 0 0 5   D R O U G H T

Indication of future?

Kamel Didan, University of Arizona Terrestrial Biophysics and Remote Sensing Lab

2005 DROUGHT



A M A Z O N   G R E E N – U P ?

Kamel Didan, University of Arizona Terrestrial Biophysics and Remote Sensing Lab

AMAZON GREEN-UP?



R A I N F O RRAINFOR



D R O U G H T   S E N S I T I V I T Y

P = Q + ET + S

S = P – ET – Q

f{
Rn, 
Ta, 
RH/VPD,
NDVI/SAVI/EVI, 
}

Clouds & the Earth’s Radiant Energy 
System (CERES)

Centro de Previsão de Tempo e 
Estudos Climáticos (CPTEC) w/ 
Geostationary Operational 
Environmental Satellites (GOES)Moderate Resolution Imaging 

Spectroradiometer (MODIS), 
Advanced Very High Resolution 
Radiometer (AVHRR)

Tropical Rainfall Measuring Mission (TRMM)

DROUGHT SENSITIVITY



A M A Z O N   M O N T H L Y   E T

Fisher et al., 2009. The land-atmosphere water flux in the 
tropics. Global Change Biology 15: 2694-2714.

AMAZON ET



D R O U G H T   S E N S I T I V I T YDROUGHT SENSITIVITY



D R O U G H T   S E N S I T I V I T YDROUGHT SENSITIVITY
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