


In Situ Observation of Water Cycle Variables
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Inadequacy of In Situ Observations

Issues include
. L. , Yl coverage gaps,
Global Telecommunication System meteorological stations. Air Global Groundwater Monitoring Network. Raw data are de[ays measurement
temperature, precipitation, solar radiation, wind speed, and not freely available to use. ! . .
continuity and

humidity only.

Monday, February 22, 2021 Consistency’ data
' format and quality
control, political
restrictions

GRDC Stations
Time Series End
Iyear]
1919 - 1979
1980 - 1989
1990 - 1999
2000 - 2009
2010 - 2020
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— 10064 GROC stations with monthly data, incl. data derived from daily data (Status: 31 December 2020) &
Koblenz: Global Runoff Data Centre, 2020. & GRDC#



NASA
Earth Science Missions

DSCOVR
(NOAA)

International Space Station
LIS on ISS

SAGE lll on ISS
TSIS-

ECOSTRESS on ISS (EVI-2)

Suomi NPP
(NOAA)

OSTM/Jason 2



Gravity Recovery and Climate Experiment (GRACE)
and GRACE Follow On

vegetation radiation

soil moisture SO
snow, ice, rainfall
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'r‘\ avelengths 30 mm 700-400 nm 10 nm 0.01 nm

Conventional
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Gravity Recovery and Climate Experiment (GRACE)
and GRACE Follow On

 Two identical satellites flying in
tandem, near-polar orbit, ~200 km
apart, 485 km initial altitude

 Distance between satellites
continuously and precisely tracked
by K-band microwave ranging
system (and laser for GRACE-FO)

» Mass anomalies perturb the orbits
of the satellites, and hence the
inter-satellite range (distance)

Matthew.Rodell@nasa.goV.



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

Linear rate of change of
TWS* (cml/yr) after first
removing the seasonal
cycle.

*Watkins, M. M., Wiese, D. N.,
Yuan, D. N., Boening, C. &
Landerer, F. W., 2015: Improved
methods for observing Earth's
time variable mass distribution
with GRACE using spherical cap
. mascons. J. Geophys. Res. Solid
Which apparent trends are caused by Earth 120, 2648-2671.

1. Natural interannual variability
2. Water (mis)management

3. Climate change
?
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I n d la GROUND WATER OBSERVATION WELLS w<$>

0 250 500
kilometers

Data scarcity is not
the issue.

Many wells are
monitored but the
data are not publicly
available.
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Emerging Trends in Global Freshwater Availability

2. Ice sheet loss 14. Groundwater depletion
{0 15. Groundwater depletion and drought
16. Groundwater depletion and drought

4. Glacier and ice cap loss

5. Precipitation increase

17. Decline of the Aral Sea

18. Decline of the Caspian Sea
6. Precipitation increase

11. Glacier melt and
groundwater depletion

3. Glaciers retreating

10. Precipitation increase

19. Surface

water drying 12. Groundwater depletion

9. Three Gorges and
other reservoirs
filling

20. Progression
from dry period
to wet

13. Water depletion
and precipitation
decrease

21. Groundwater
depletion and
drought

8. Precipitation

22. Drought
increase

7. Groundwater
depletion

25. Recovery from
early period
drought

33. Progression from

26. Recent drought dry to wet period

34. Return to normal

and grounawater  ROdell, M., J.S. Famiglietti
;’jg'ﬂerf;gg related D N. Wiese, JT Reager,
H.K. Beaudoing, F.W.
Landerer, and M.-H. Lo,
. 2018: Emerging trends in
32. Groundwater depletion global freshwater
28. Increasing lake levels avai|abi|ity, Nature, 557,

and groundwater 651-659.

24. Progression from
wet period to dry

28. Patagonian
ice field melt

1. Ice sheet loss @

31. Precipitation decrease

@ Probable Climate Change Impact GRACE tre nd (cm /yr)
@ Possible Climate Change Impact | .

@ Probable Direct Human Impact -2.0 -1.0 0:0 1.0 2.0
(O Possible or Partial Direct Human Impact

© Probable Natural Variability
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27. Progression from dry period to wet

30. Precipitation decrease

29. Precipitation increase




Land Surface Model Structure

Reflected and
Longwave
Radiation

‘I

LSMs solve for the interaction of energy,
momentum, and mass between the surface and

the atmosphere in each model element (grid A R
cell) at each discrete time-step (~15 min) B ‘\fi > Balace
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Data Integration Within a Land Data Assimilation System (LDAS)

INTERCOMPARISON and OPTIMAL
MERGING of global data fields

Satellite derived meteorological data used as
land surface model FORCING
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ASSIMILATION of satellite based land surface state
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GRACE Data Assimilation for Drought Monitoring & Forecasting

. U.S. Drought Monitor May 20, 2014 GRACE-Based Root Zone Soil Moisture Drought Indicator
G RAC E te rreStrI a-l (Released Thursday, May. 22, 2014) Data Modeled 2/1/2021
C 0 N U S Valid 8 am. EDT 30 Day Forecast 3/1/2021

water storage
anomalies (cm
equivalent height of
water) for May 2014
(Tellus CSR RLO5
scaled).

-20 =15 -10 -6 -4 -2 [+] 2 4 [ 10 15 20

Data from GRACE and other satellites are
integrated within a land surface model to produce
timely information on wetness conditions at all A i
levels in the soil column, including groundwater.

For current maps and more info, see
httpI//Hasagrace-unl-edu/ U.S. Drought Monitor product for 20 May 2014. @/ GRACE-Based Root Zone Soil Moisture Drought Indicator

March 01, 2021

ol Forecast Root Zone Soil Moisture for 1
rbmeom b Ry S ;% e OR March 2021, initialized on 1 February 2021

4 Exceptionsl Drought &t itor.unl.edu/
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Global GRACE & GRACE-FO Data Assimilation
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https://disc.gsfc.nasa.gov/

Summary

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

« GRACE and GRACE-FO have provided unique, global observations of terrestrial water
storage variability since 2002

« These TWS observations have been used to identify areas of increasing and decreasing
freshwater availability, which can be attributed to natural variability, direct human
impacts, or climate change

 Land surface models integrate various types of observational datasets in order to
produce timely, spatially and temporally continuous maps of water cycle variables




