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Earth Observation Satellites and GRACE Mission
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The emergence of satellite gravimetry: GRACE

“The first thing I tackled in the 1970s was the task of computing the
orbits of satellites very accurately to support satellite altimetry
missions. We reached the point that we could compute orbits that
had an accuracy of a few centimeters” — Professor Byron Tapley

Tapley’s computations soon hit a glitch that he couldn’t fix! He observed
that the satellite orbits varied seasonally.

> These subtle shifts in Earth’s gravity _E LTS " Chai
occur primarily due to movement of o YR
water mass from one place to another - el G
on and under land, in the ocean, and in ‘ - i O ¢

the atmosphere

» Only satellite could measure these e -
subtle, tiny shifts accurately enough to st Crrge v ceid gt
map Earth’s gravity in fine detail

The GRACE mission was led by Brian Tapley (Pl) of the University of Texas at Austin
(USA) and Frank Flechtner (Co-Pl) of the German Research Centre for Geosciences (GFZ)



GRACE: Gravity Recovery and Climate Experiment

Grayity Recovery and Climate Experiment
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GRACE, twin saiellites launched in March 2002, are making
detailed measurements of Earth's gravity field which will lead to
discoveries about gravity and Earth's natural systems. These
dizcoveries could have far-reaching benefiis to society and the

world's population.
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GRACE: Gravity Recovery and Climate Experiment
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Trends in total terrestrial water storage (TWS), including groundwater, soil water,
lakes, snow, and ice, as observed by GRACE over 2002-2016
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ATWS = AISS + ASWS + ASMS + AGWS

surface water
& snow

« GRACE mass changes
represent total terrestrial
water storage changes
(ATWS) after removing
atmospheric mass GRACE-derived

terrestrial water |

variations and ocean tides storage change

Copyright 2016 Califomia Institute of Technology.
Government sponsorship acknowledged.

AGWS = ATWS - [AISS + ASWS + ASMS]

« How good is the estimation of AGWS from GRACE measurements?

—r Monitoring groundwater storage changes in the highly seasonal
humid tropics: Validation of GRACE measurements in the Bengal

Basin

M. Shamsudduha B R. G. Taylor, L. Longuevergne

First published: 10 February 2012 | https://doi.org/10.1029/2011WR010993 | Citations: 131



Application of GRACE in hydrology: Bengal Basin

One of the largest sedimentary basins in the world

Area: ~200,000 km?

Shillong .~

Gangdtok {

Subtropical monsoon climate - highly
dynamic hydrological system
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Bengal Basin of Bangladesh: a natural laboratory
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GRACE AGWS = ATWS - [AISS + ASWS + ASMS]

Datasets used in the study of AGWS in the Bengal Basin:
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AGWS = ATWS - (ASWS + ASMS + AISS)

Observed GRACE Observed LSMs (GLDAS) Nil
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Validation of GRACE-derived AGWS

. 8 — GWS (Sy=distributed) —— GWS (Sy=0.10) —— Mean GRACE-GWS
E o GRACE data: CSR and GRGS
Cla ﬁ\ A f\ A ﬁ\ SMS data: NOAH, VIC, CLM
=
S o V V v V V SWS data: observational
o
% - GWS data: observational
= All GRACE-derived GWS (n=16)
' | | | | | |
2003 2004 2005 2006 2007 2008 Shamsudduha et al. (2012)
Bengal Basin GWS anomaly
o_|
~ == (GRACE ensemble GWS === Borehole-GWS [Sy=0.10] =
E 87 A R f \ [
s | 0 ) =
> A’ \ \ O
£ ©- | \ 1 =
s | K :
(j')u o f | v { 4 I
% 7 v
o SR D ) b1 i S R D RN it R oI Y R DT R R
< —
|

2004 2006 2008 2010 2012 2014



3°N-

2°N-

1°N-

0°

1°S4

2°5

3°5S

4°S

Nile Basin

[_] Lake Kyoga Basin (LKB)

[ Lake Victoria Basin (LVB)
@ Groundwater-level station
B Lake-level station

T T
27°E 28°E 29°E 30°E 31°E 32°E 33°E 34°E 35°E

Shamsudduha et al. (2017)



Estimating GWS changes in Nile Basin from GRACE
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GRACE-derived AGWS in 37 Mega Aquifer Systems

g ’f/i - ._ »
.

%

-~

e 4 N
2 ~ - - r B
- :
g A ﬂ
; 1

5 %7 ’3 3

U e GG

o
S
=
T

WHYMAP Large Aquifer Systems

n=37

Shamsudduha and Taylor (2020)



Standardised GRACE GWS

Standardised GRACE GWS
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Trends in GRACE-derived AGWS in 37 Mega aquifer systems
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Extreme prempltatlon helps replenish groundwater systems
Period: Aug 2002 to Jul 2016
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How good are GRACE measurements for GWS mapping?

Decomposition of GRACE TWS signal into GWS is challenging as ‘reliable’ data
on individual components (i.e., soil moisture and surface water storage) are not
available - left with no option but to use uncalibrated/untested global land
surface (i.e., GLDAS LSMs) or hydrological models

GRACE TWS signal (i.e., spherical harmonics) is often smoothed due to spatial
filtering but subsequently amplified using ‘scaling factors’ that are primarily
derived from unconstrained global-scale land-surface or hydrological models

In many areas around the world, there remains no dedicated monitoring
network of groundwater, soil moisture and surface water storage changes -
making it challenging to validate GRACE-derived estimates of GWS

One of the biggest limitations is the footprint or spatial scale - GRACE satellite
footprint is ~100,000 km? and, thus, the application of GRACE measurements in
smaller aquifer/basin is highly uncertain

GRACE provides basin-scale information — not appropriate or useful for
groundwater management which is often done at localised/catchment scale



GRACE footprint vs borehole-scale information/data

Z L L L L Z t L L L L
S Borehole GWS S GRACE GWS
Trends (mm/year) ‘ Trends (mm/year)
M < -5 -2 —-1 M < -50 -2--1
b I 50 - -10 -1-0
- - ;~

-10--5 @M o0-05 z
5--3 HMo5-1 «
3--2 >+

~ 2 I 50 --10 -1-0
1 N -10--5 WM o0-05
5--3 [Mo5-1
3-22 I+

e,

~
N,
-"~_,—-..n_o..--"-'"'-.._,._#._—-—.\

25°N

> e S T N, A TN
Sylhe g :

Mymensing L]
O

S
| (4 3.
?
i
4
f!
’ \.snf
L)l £ #;j
, 5 S
oZ OZ '> ‘;"5"". ol
<1 - <1 — a -

2
4

23°N

g
-f""-’v!’-"-’-‘/

=
-
T

-

22°N

P~
sg
™ w3
(=™
Sn,
'\—".— L T

A
i

22°N

y
H
!
H
\
5 1
>
z v Bay of Bengal z Bay of Bengal
S & S
0 50 100 0 50 100
| — — 5 | — e— ] g
88°E 89°E 90°E 91°E 92°E 88°E 89°E 90°E

91°E 92°E



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22

