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In this talk...

Building a research framework to estimate groundwater pumping using

various monitoring data (GNSS, MLCW, GW) and poroelasticity theory.

Spatio-temporal estimation of monthly groundwater

levels from GPS-based land deformation

Ali, M. Z., Chu, H., Tatas, N., & Burbey, T. J. (2021).

Environmental Modelling & Software, 143, 105123.
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Can GNSS displacement

Khelp estimate groundwater extraction?
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Analysis and prediction of land subsidence along

significant linear engineering

Ding, P., Jia, C., Di, S., Wang, L., Bian, C., & Yang, X. (2020).

Bulletin of Engineering Geology and the Environment, 79(10), 5125-5139.

-

\_

How to develop a deformation

model based on poroelasticity?
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Behavior description ]

Layer weighting ] [ Subsidence prediction
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» Background
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» Subsidence and groundwater
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Monitoring value

e Simulation value
I The fitting error between monitoring
value and simulated value r

Deviation(m)
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* R2?values range from 0.62 to 0.77.
« Slope represents aquifer system
compressibility.
GNSS displacement has potential for
estimating groundwater changes.
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Cumulative surface subsidence

> Prediction

Current mining
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» Objectives

[ To build a research framework }

{ To verify the effectiveness of GNSS J

\ 4

Estimation of Groundwater Pumping
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» Data

Geodetic data

Global Navigation Satellite

In-situ data

Multi-layer compaction

Groundwater data
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» (Governing equation

Displacement formulation

* The iInterplay between solid elasticity, fluid pressure, and

body force governs the deformation behavior of the medium.

Internal Elastic Response

External Driving Forces

y

S

(Cheng, 2016)

5 G 0w Op
GV u;|+ a— (—{(ps +nps)g
1 —2v 0x; 0z 0x;
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To invert To invert To invert
pore pressure parameters extraction
§ J U J y,

G The shear modulus kPa

V2 The Laplacion operator = % aiy;%
u The displacement m

i The direction =X,Y,2
v The Poisson’s ratio

X;, X,  The spatial direction =X,Y,2
o Biot's coefficient

p The pore water pressure kPa

Ps, P The density of solid and fluid m/d

n porosity kN /m3
g The external body force N
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» Data processing

Annual oscillation

Constant (Seasonal ﬂUCtuatlon) (Hung et al., 2021; Hung et al., 2024)
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» Data processing

Cross-correlation coefficients Time Seties Cross-Correlation (F*G)
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> Spatlal O IStrlbUtIOn « Similar spatial patterns between GNSS and MLCW confirm
Cumulative compaction durin i : S
i baction ddring GNSS as an effective tool for subsidence monitoring.
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» Temporal distribution

* Removing long-term linear trends to focus on elastic deformation.
« Seasonal vertical displacement comparison between GNSS and MLCW

confirms geodetic applicability to subsidence studies.
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» Temporal distribution

« Cross-correlation coefficients ranging from 0.57 to 0.76.

« Time lag Is zero.
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« GNSS displacement shows strong correlation with groundwater level changes.

> Alietal. (2021) : R2=0.62 ~ 0.77.

— Spatial analysis : consistent spatial distribution (compare with MLCW).

— Temporal analysis :

cross-correlation coefficients ranging from 0.57 to 0.76.

— GNSS can serve as an effective observation for aquifer system compaction.

« Simulation validated by InSAR and point-based subsidence.

— Ding et al. (2020) : fitting goodness=0.90 ~ 0.98

— The model demonstrates high reliability for long-term subsidence prediction.

» Land subsidence can be described using governing equations.

— Elastic poroelasticity model provides theoretical basis.

16
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> Future work

_and subsidence prediction

- Layer weightin
Groundwater extraction yer weignting

Connection Update & Completion Description
Groundwater Groundwater « Data Physical Geological
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level changes Extraction Formulation parameters materials

 Results
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