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Monitoring Earth’s Water from Space

- ~Matt Rodell, Ph.D.

Chief, Hydrological Sciences Laboratof_y
NASA Goddard Space Flight Center




The Global Water Cycle

The continuous movement of water within, on, and above Earth’s surface

The most noticeable impacts of climate change will be
changes in the water cycle



The Global Water Cycle
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Distribution and Usage of Water on Earth
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Predicted Climate Change Impacts on Precipitation
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Monitoring the
Water Cycle




Rain and Snowfall
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Inadequacy of Surface Observations

Global Telecommnication 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.
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Courtesy: WMO Global Runaff Data Center (Koblenz, GERMANY)

Issues include coverage gaps, delays, measurement continuity and
consistency, data format and quality control, restrictions on data sharing




Remote Sensing of the
Global Water Cycle




Implementation
M imp Landsat 9

B Primary Ops Current & Planned

B Exiended Ops

memn | NASA Earth Science Missions A\

Instruments on ISS:
RapidScat, CATS

S-SAGE, TSIS-1, 0C0-3,
Highly relevant to h

ISS NISTAR, EPIC SORCE,
(NOAA's DSCOVR) TCTE (oaa)
g o 4

T

EO-1
QuikSCAT

)

,.f“'-"-?v\ Landsat 8

=& (UsGs)




GPM and the IMERG Precipitation Product




Applying GPM Precipitation for Landslide Hazard Assessment

Susceptibility http://ojo-streamer.herokuapp.com/
= Il\_lluov:erate\y Low ﬁ b S
l:l Moderate _—
- Moderately High aa
- Very High

Global Landslide Catalog

Contacts

Credits.

. 5an Pedro
Sula

' Honduras

MesoAmenca Haiti Mepal Peru RioZ0

Limit Number of Queried Records To 1030
Landslides/Month

008 2008 00 2011 s I 014 i B Eld

377 selested out of 337 resords | Reset All

Fatalities/Month

95th Percentile of Rainfall
- 95 mm/day

— mm/day

a I
2007 2008 2009 10 4 2012 2013 B 2015 E 2047

Total Fatalities: 205
LandslidesiFatalitiss

11

i

i

32

1




Precipitation (GPM) and Soil Moisture (SMOS and SMAP)
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Near Real-Time Flood Detection and Socioeconomic
Impact Assessment in the Lower Mekong River Basin

John Bolten?, Perry Oddo'?, Aakash Ahamed?
"Hydrological Sciences Lab, NASA GSFC; 2USRA,; 3Stanford University, Geophysics

MODIS-derived surface water
extents are used to produce flood
depth estimates in near real-time. —
Flood depth estimates are then fed giz‘frf’ctr':p'/‘yr Area 1(:;":1) panages Lsb) |
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governments, international Bamboo Scrub/Forest 11.09 101,454 (8 W 0.76
agencies, and disaster responders | Coniferous Forest 0.00 "B 261
. Mangrove 1.71 10,693 )
in the wake of extreme flood Marsh/Swamp 493.05 151.308 | [0 7.37
events. Aquaculture 5.99 2496 M [ ] 75.5
Aguaculture Rotated with Rice 17.56 3.316
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Gravity Recovery and Climate Experiment (GRACE)
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Gravity Recovery and Climate Experiment (GRACE)




Terrestrial Water Storage Variability
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“Trends” in Terrestrial Water Storage*, 2002-2016

e Linear rate of change of TWS (cm/yr) after removing the seasonal cycle
e Some trends are real and likely to continue

- Climate change impacts

- Human water (mis)management
»  Others reflect natural variability and are likely to vanish over time




Well Understood TWS “Trends”

Glacier/ice caplice Snow mass gain Groundwater depletion
sheet loss

Drought and
groundwater
depletion

Progression
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Groundwater Depletion in Saudi Arabia
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Terrestrial water storage
depletion rate:
-10.5 £0.2 km3/yr

Rate of change of TWS (cm/yr)

NW Saudi Arabia
2012

—_
S
O

N—r

=
@
S
@)
c

<
5)
(@]
S
@)

4

0
S

2

=




Em@roungdWwated DeptinoaliRreshihater IBthaage

Northern India
2002 2007 2012 2017 !
300

200

L T
T T

N,

oo IR L?Ir
NRNRRE A 1] 1)
Y |




Integration of GRACE
and Other Data




Integration of GRACE and Other Data via Data Assimilation

Solar Radlatlon (W/m2)
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GRACE Data Assimilation for Drought Monitoring

GRACE terrestrial
water storage
anomalies (cm
equivalent height of
water) for May 2014
(Tellus CSR RL0O5
scaled).
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New process integrates data from GRACE and other
satellites to produce timely information on wetness
conditions at all levels in the soil column, including
groundwater. For current maps and more info, see
http://www.drought.unl.edu/MonitoringTools.aspx

U.S. Drought Monitor May 20, 2014
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GRACE-DA Drought Indicators

Monitoring Drought from Space
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Summary

e The water cycle effects everyone, everyday, and is important to monitor
as it is modified by climate change and direct human impacts

e Impacts on the water cycle will be the most noticeable consequence of
climate change

*Due to the incompleteness of ground-based observations, space-based
observation of the water cycle is critical

 NASA's satellite observations provide a wealth of data for science and
applications which must be synthesized in a physically meaningful way -
Land Data Assimilation Systems




