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Groundwater Monitoring




Inadequacy of Surface Observations

Global Telecommunication System meteorological
stations. Air temperature, precipitation, solar radiation, Eight countries make groundwater data publicly available
wind speed, and humidity only. through the Global Groundwater Monitoring Network.

Tuesday, December 04, 2012

Issues include coverage gaps, delays, measurement continuity and
consistency, data format and QC, political restrictions
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Gravity Recovery and Climate Experiment (GRACE)
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Gravity Recovery and Climate Experiment (GRACE)
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Gravity Recovery and Climate Experiment (GRACE)
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GRACE Terrestrial
Water Storage

Anomalies,
2003-2013

Top: Monthly terrestrial water
storage anomalies (equivalent
height of water in cm), derived
from GRACE CSR RLO5 data
with 300 km smoothing

TWS anomaly
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Emerging Trends in Terrestrial Water Storage from GRACE
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Exploitation of Water Resources

Net Consumptive Use of Ground and Surface Waters,
Percentage of Irrigated Area 1998-2002
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Terrestrial Water Storage “Trends” from GRACE
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Groundwater Depletion in Northern India
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Growth of Irrigation in Saudi Arabia




Groundwater Depletion in Saudi Arabia
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Groundwater Depletion in the North China Plain
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Emerging Trends in Global Freshwater Storage

Trends in terrestrial water storage (cmm/yr), including groundwater, soil
water, lakes, snow, and ice, as observed by GRACE during 2003-13

Russian droughts in 2010
and 2012

\ R e Return to normal after wet
- - ) g years in early 2000s

EQ
Recent droughts in the
southern U.S.

2010 Chile earthquake and
drought in southern Argentina

GRACE observes changes in water storage caused by natural variability,
climate change, and human activities such as groundwater pumping




Land Surface Models (LSMs)
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LSM Input and Output Fields

Summary of Output Fields:
soil moisture in each layer
snow water equivalent

soll temperature in each layer

Input Parameters:
vegetation class
vegetation greenness/LAl

soll type

elevation surface and subsurface runoff
evaporation

Required Forcing Fields: transpiration

total precipitation latent, sensible, and ground heat fluxes

convective precipitation snowmelt

downward shortwave radiation snowfall and rainfall




GRACE Data Assimilation for Drought Monitoring

Valid & a.m. EDT

GRACE terrestrial =f§ ) June 26, 2007

water storage
anomalies (cm
equivalent height of
water) for June 2007.
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http://www.drought.unl.edu/MonitoringTools.aspx U.S. Drought Monitor product for 26 July 2007.




Indicators of Drought Based on GRACE Data Assimilation

Monitoring Drought from Space
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Summary and Future Prospects

e Due to the incompleteness of ground-based observations, space-based
observation of global freshwater resources is critical.

 NASA'’s GRACE satellite mission is unique in its ability to monitor all
forms of water at all depths, including groundwater.

 Emerging trends in terrestrial water storage observed by GRACE during
2002-14 can be categorized as natural variations, climate change impacts,
or direct consequences of human activities, particularly irrigation.

» The value of GRACE and other satellite data for applications such as
drought monitoring can be enhanced by combining them within a land




Data, Visualization, Educational Materials

http://www.csr.utexas.edu/qrace/education/ - GRACE educational materials

http://gracetellus.jpl.nasa.gov/data/gracemonthlymassgridsland/ - GRACE data,
Images, and animations

http://smap.ipl.nasa.gov/ - Soil Moisture Active Passive Mission

http://trmm.gsfc.nasa.gov/ - Tropical Rainfall Measurement Mission

http://pmm.nasa.gov/GPM/ - Global Precipitation Measurement Mission

http://www.pecad.fas.usda.gov/cropexplorer/global reservoir - Satellite based
monitoring of lake and reservoir levels

http://disc.sci.gsfc.nasa.qgov/giovanni/overview/index.html - Giovanni Earth
science data visualization tool

http://drought.unl.edu — National Drought Mitigation Center

http://wmp.gsfc.nasa.gov/international/collaborations.php - NASA/GSFC Water
Resources Applications Projects

http://www.nasa.gov/topics/earth/features/india water.html - Feature on Indian
groundwater depletion detected by GRACE
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