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Motivation

» linear GWS decline during 2003-2010
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Motivation

o Previous study
e Linear GWS depletion in the NCP (2003-2010)

0 Questions
e Seasonal and inter-annual GWS variations in the NCP
e Causes of these GWS variations: anthropogenic vs. natural ?

e Comparison with other space and ground geodetic observations
(GPS, InSAR, & ground gravity observations?)



North China Plain
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North China Plain

» GWS depletion and land subsidence
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GWS variations in the NCP

» GRACE vs. Groundwater observations

[w] 28ueyd |ana] 193eMpPUNOID

—e— GRACE-LSMs

20

0
0
—10+

[wd] y3i1ay 193eMm JudjeAninb]

—20

2004 2006 2008 2010 2012 2014

2002

Year



Estimation of GWS variations based on well observations

= For shallow aquifers (unconfined)

— Groundwater level changes * specific yields (0.06 in NCP)

= For deep aquifers (confined)
— Elastic storage change of GW (recoverable)
— Groundwater level changes * storage coefficients (0.00125 in NCP)

— Inelastic storage change of GW, compaction of aquifers (unrecoverable,
related to land subsidence (GPS/InSAR), potentially significant)




Climatological GWS vs. Precipitation variations

» anthropogenic + natural effect
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Interannual GWS variations
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Long-term GWS trends
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GWS depletion rate estimation from GPS
(missing part)

Linear trends of vertical deformation from GPS

Observed subsidence rate: -3.2 km3/yr

Underestimation effect
~2.0 times

“Real” subsidence rate: -6.4 km3/yr




Underestimate effect estimated from InSAR

Linear trends of vertical deformation from InSAR (2012-2014)

N

NS
TN

10° 112° 114° 116° 118°

1z 114° 116" 118°

“Real” signal from InSAR

Simulated signal from sparse GPS

~2.0 times

18.87 mm/yr 9.47 mm/yr

INSAR data from Dr. ZHANG Yonghong



GWS budget in the North China Plain

GWS budget can be closed based on GRACE and GPS

2002-2014 GWS depletion rate (km3/yr)
Unconfined (GW obs./Bulletins) -1.2 ~-1.9

Confined (GPS) -6.4

Total (GW obs./Bulletins + GPS) -7.6~-8.3

Total (GRACE) -8.4 1.0

GWS obs.




Summary & Outlook

» On seasonal timescales, GRACE-derived GWS variations are well explained by
the combined effect of groundwater abstraction due to anthropogenic

irrigation activities and groundwater recharge from natural precipitation.

» On seasonal timescales, GRACE-derived GWS variations are dominated by

groundwater changes in shallow unconfined aquifers.

» On long-term trend, the GRACE-derived GWS depletion rate is -8.4 + 1.0
km3/yr (i.e., -1.7 £ 0.2 cm/yr in equivalent water height) during 2002-2014,
three quarters of which can be well explained by groundwater changes in

deep confined aquifers observed by GPS.



Summary & Outlook

Land surface deformation from radar altimeter (Hwang et al. 2016)
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GRACE Matlab Toolbox

https://github.com/fengweiigg/GRACE_Matlab_Toolbox

GRACE_Matlab_Toolbox_preprocessing
|~ STEP1: Input and Settings (option1)

STEP2: Output and Settings

Directory:

_Matiat Open
Open
7370030 UTCSR 0060
75-0024_UTCSR_0060:
a1 1415170031 UTCSA_006I
4060.20140900031~UTCSR_0060_0005
4091-20141200030_ UTCSR 0060 0005
4001-2014016_0016_UTGSA_0060_0005
13336-2013365 0028 UTCSA 0060 000!
_Matiab, Option2: 1 degree Grids (one *.mat fi ight, meter)
Narme
Option3: 0.25 degren Grids (one *.mat fia, quvalant w ight. maten)
Matiat 2 Name.
ce2as22  NAN
Distriping Method:
No destriping method s
STEP3/STEP1: Save/Open Control File
Path Matiab, Control_Fio.t S
Path:
Che \ce 2000 (PAMS for o

Duan ot al. JoG 2009 (unchanged porton depend on degreo an
GIA effect
No GIA signal removad

© 61a sgnal mmove

ing Geru A at al, 2012

STEP4/STEP2: Calculate
Gaussian Filter Radius (ke) 300

Matlab GUIs to process
GRACE level-2 products

GRACE level-2 GSM data
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Schematic workflow of GMT




