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Abstract. Groundwater demand is increasing due to global population growth, climate change 
and rapid urbanization, however, poor planning and over-exploitation are leading to rapid 
depletion of groundwater, which in turn causes adverse impacts such as land subsidence, soil 
salinization and water quality deterioration. Groundwater storage (GWS) monitoring is 
essential to the sustainable management of regional water resources and the prevention of 
environmental and social issues associated with depleted groundwater resources. Conventional 
groundwater observation is primarily conducted through groundwater well-level measurements, 
which requires a lot of time and effort, and is insufficient to accurately reflect GWS changes 
regionally and monitor large-scale groundwater level changes. The availability of various 
satellite data makes it easier to study groundwater information effectively. The aim of this 
paper is to first review the seriousness of groundwater depletion, every year, 15% to 25% of 
the total global groundwater extraction is overexploited. Then, based on satellite geodetic 
technologies such as Gravity Restoration and Climate Experiment (GRACE), GRACE Follow-
On, Sentinel-1, and Global Navigation Satellite System (GNSS), the basic principles of GWS 
monitoring are expounded. The reliability of the monitoring results was analyzed through the 
literature summary, showing that the results were basically consistent with the trends reflected 
by the measured groundwater samples, and the statistical significance of quantitative 
comparisons was higher than 0.65. The impact of the consequences of groundwater depletion 
also deserves our attention. This paper combined with multi-source satellite and tidal data, etc., 
the feasible research methods are discussed for a series of adverse consequences caused by 
groundwater depletion. 

1.  Introduction 
A total of 10.6 million km3 of liquid freshwater exist in the world, of which 99% is groundwater[1]. In 
residential life, industry and agriculture, groundwater is inseparable. At present, groundwater supplies 
half of the world's residential water, and the industrial and agricultural groundwater accounts for 40% 
and 25% respectively. Although it is so significant, however, in many places the management of 
groundwater is not perfect, or even abused. Improper planning and over-exploitation of groundwater 
have caused groundwater levels to drop or even deplete. Not only are major threats to the efficient 
utilization of freshwater sources being raised [2], but also leads to adverse consequences such as l 
surface sinking, seawater intrusion, etc. [3]. In order to maintain the efficient exploitation of area 
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water sources and prevent environmental and human issues associated with groundwater depletion, it 
is very urgent to monitor the dynamic changes of GWS [4]. 

The most representative GWS change monitoring methods include groundwater level fluctuation 
method (WTF), hydrological model [5], groundwater flow model [6] and satellite gravity 
measurement [7]. However, the use of monitoring wells to measure groundwater levels requires a 
sufficient number of monitoring points and a reasonable distribution. Therefore, during the early 
stages of selection and layout, a great deal of work needs to be done. Even so, it is challenging to 
properly represent the changes in GWS regionally. Inaccurate observation results are often the result 
of hydrological models that ignore the complexity of hydrological processes. Satellite gravimetry is 
increasingly favored by researchers. 

With unprecedented precision, GRACE started collecting data on the gravity field's changes since 
its launch in 2002. GWS anomalies (GWSA) can be derived from changes in terrestrial water storage 
(TWSA) using water balance methods, or can be calculated in conjunction with land surface models 
(LSM) and GRACE data. InSAR technology provides a new perspective on global groundwater 
monitoring systems. According to previous studies, InSAR-based deformation can estimate 
groundwater level (GWL) changes [8], which has the benefits of wide coverage, high accuracy, and 
high resolution. With Sentinel-1 imagery becoming more accessible, basin-scale land subsidence data 
can now be obtained and groundwater levels can be further studied. A measurement of the vertical 
displacement using the Global Navigation Satellite System (GNSS) are used to generate TWSA 
estimates but requires high station densities and minimal contamination from non-hydrographic 
sources of deformation [9]. By combining InSAR, GNSS and GRACE, it is possible to produce more 
accurate estimates of TWSA [10]. 

The depletion of groundwater not only threatens the sustainability of water supplies, but also 
causes Vertical Land Motion (VLM), soil salinization, seawater intrusion, and relative sea level rise. 
Increasing groundwater extraction has become a significant factor in land subsidence. Globally, the 
over pumping of groundwater has caused considerable VLM in more than 200 cities [11]. Coastal 
aquifers are affected by seawater intrusion, which is one of the main sources of pollution.  Salinity 
levels surpassing safe drinking water limits are a critical issue to address. As a result of VLM and 
climate-induced SLR, the RSLR around the world's coasts has increased roughly four times faster than 
the published worldwide SLR calculations [12]. Various adverse consequences caused by groundwater 
depletion require our high attention. 

In this article, the purpose is to review the literature to understand the serious situation of 
groundwater depletion in various locations. Review the current GWS monitoring methods based on 
various satellite data and evaluate their accuracy. At the same time, there are also concerns about the 
consequences of groundwater depletion. We present feasible research methods for a series of adverse 
consequences of groundwater depletion using multi-source satellite and tidal data. 

2.  Research Methodology 
This study adopts a descriptive method to carry out a literature review, and conducts a preliminary 
review of domestic and foreign studies on groundwater storage and related consequences using 
satellite technology, and puts forward the following research questions: 

• What is the status of groundwater depletion around the world? 
• What are the existing methods for studying groundwater storage and how accurate are they? 
• How to combine advanced satellite technology to assess the consequences of groundwater 

depletion? 
Search peer papers from 2010 to 2023 through major search engines such as Web of Science, 

ScienceDirect, Google Scholar, SpringerLink, etc. The journals cited in this paper include "nature", 
"Journal of Hydrology", "Groundwater Sustainability", "Environmental Research Letters", 
"Geophysical Journal International", "Geodesy and Geodynamics", "Remote Sensing", etc. According 
to the identified 3 literature review questions, they searched separately, and then checked the titles and 
contents of the articles to screen more than 50 references. 
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3.  Result and Discussion 

3.1.  Status of groundwater exploitation 
Groundwater is an important natural resource. When groundwater extraction exceeds recharge, 
groundwater storage decreases. While climate may play a role in this process, the main reason is 
human overexploitation. Every year, 15% to 25% of the total global groundwater extraction is 
overexploited. Global freshwater withdrawals are dominated by Asia (64.5%). 

Despite China's 20% population share, its freshwater resources account for only 5% to 7% of the 
world's total [13]. Many areas make up for the increasing demand for water by exploiting groundwater. 
As a result of the rapid decline in groundwater reserves in some parts of China, groundwater scarcity 
has become detrimental to the nation's water security. Yin et al. divided the country into ten basins to 
conduct an overall study on the change of GWS from 2002-2016 [4]. The results showed that the 
GWS in most watersheds declined to varying degrees. The average annual decline rate of GWS in the 
Haihe Basin is -10.30 mm/year, -9.06 mm/year in the Southwest Basin, and -2.45 to -5.54 mm/year in 
the Liaohe River, Yellow River, Huaihe River, Southeast Basin, and Continental Basin. 

Domestic water use, the agricultural sector, industry and municipalities are important groundwater 
users. Groundwater provides important socioeconomic benefits, but the continued decline in 
groundwater levels and the resulting depletion of resources has prompted anxiety about the long-term 
viability of groundwater extraction in Asia. 

3.2.  Inversion method of GWS based on GRACE 

3.2.1.  GRACE. In collaboration with the German Space Flight Center, NASA developed the GRACE 
gravity satellite. A successful launch took place in March 2002, and it ceased operations in October 
2017. It provides important support for research on global/regional water storage changes, SLR, and 
polar/plateau glacier ablation. Following the launch in 2018 of GRACE-FO (GRACE Follow-On), 
providing continuous observation capabilities for applications in related fields. Basically, terrestrial 
water storage (TWS) is the whole quantity of water available above and below the ground, among 
them are groundwater, surface water (lakes and rivers), soil moisture, and snow water. With GRACE 
observations, monthly TWS changes are quantified with an accuracy of 1–2 cm for equivalent water 
height and a spatial resolution of 350 km [14]. Water balance equation for (1): 

 TWS = GW + SW + SM + SWE   (1) 

Here, the term SW stands for surface water, GW for groundwater, SM for soil moisture, and SWE 
for snow water equivalent. 

3.2.2.  Global Hydrological Model. The global hydrological model simulates complex hydrological 
phenomena in nature based on the water balance formula, and is an important means of studying 
hydrology [15]. The model usually divides the research a rea into the surface, soil aquifer, and 
groundwater layer in the vertical direction, and then calculates the hydrological processes in each layer 
and between layers. The PCR-GLOBWB and WaterGAP models are the most commonly used 
hydrological model data [4]. 

The WaterGAP is an analysis and prediction model with a resolution in terms of time and space of 
0.5° and daily constructed by the University Kassel Germany[16]. Not only are long-term average 
water resources calculated for individual countries or basins, but all components of terrestrial water 
storage, except glaciers, are simulated, including soil water, runoff, groundwater recharge, surface 
snow cover, and surface water storage changes. WaterGAP is one of the best-known and most 
successful global-scale hydrological models. 

Van Beek of Utrecht University in the Netherlands developed PCR-GLOBWB, a model of global 
hydrology based on grids [17]. Its spatiotemporal resolution is 0.5° and day. The hydrological cycle 
between the atmosphere, surface, and subsurface is simulated, including precipitation, surface runoff, 
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soil evaporation, and plant transpiration, while snow accumulation, snowmelt, and glacier melting are 
also considered. PCR-GLOBWB is also one of the best-known global-scale hydrological models. A 
summary of the dominant commonly used hydrological models is illustrated in Table 1. 

Table 1. Summary of parameters of the most commonly used hydrological models 

Model Resolution SWEa CWSb SWSc SMSd GWSe Ant. ac.f SL (m)g Soil str. (no.)h 

WaterGAP 0. 5°，1d √ √ √ √ √ √ 0.1-4.0 1 

PCR-
GLOBWB 0. 5°，1d √ √ √ √ √ √ 1.5 2 

a snow water equivalent; b canopy's water storage; c surface water storage; d soil moisture storage; e groundwater 
storage; f anthropogenic activity; g subsoil level; h soil stratification. 

3.2.3.  Global Land Surface Model. The land surface model is a computer program established for the 
power and water interaction process among the atmosphere, the ground, and the soil layer. Several 
land surface process models are commonly used, including Noah, VIC, CLM, and Mosaic. These four 
models are from the GLDAS, and NASA and NOAA co-developed. Available data include near-
surface air temperature, precipitation, SWE, CWS, and SMS. Noah (V3.3) has a lower bias and 
uncertainty than CLM, VIC, and Mosaic among the GLDAS models. [18]. As shown in Table 2, the 
most commonly used land surface models have the following properties. 

Table 2. Summary of properties of the most commonly used Land Surface Models 

Model Resolution SWEa CWSb SWSc SMSd GWSe Ant. ac.f SL (m)g Soil str. (no.)h 

NOAH 0.25°，3h or 1m √ √ × √ × × 3.5 4 

MOSAIC 0.25°，3h or 1m √ √ × √ × × 1.9 3 

CLM 0.25°，3h or 1m √ √ √ √ √ × 3.4 10 

VIC 0.25°，3h or 1m √ √ × √ × × 3.5 3 

3.2.4.  GWS inversion research based on GRACE and global hydrological and Land Surface Model. 
GWSA is the subtraction of SWE Anomaly, SWS Anomaly, SMS Anomaly, and CWS Anomaly from 
TWSA. The formula is (2): 

 GWSA = TWSA− SWSA − SWEA − SMSA − CWSA  (2) 

Using GRACE satellite products, TWSA is provided. SWE Anomaly, SWS Anomaly, SMS 
Anomaly, and CWS Anomaly are provided by the Hydrological Land Model. Many studies have 
shown that groundwater components in total TWS can be successfully separated from GRACE 
products, for example, estimates of groundwater change from 2002 to 2017 in North America [19], 
India [20], the Bengal Basin [21], the southern Murray-Darling Basin in Australia [22], Poland [23]. In 
China, some studies have used GRACE to monitor typical areas of persistent groundwater depletion, 
for example the national GWS [24][4], Jilin Province [25], North China Plain [26]. Various regions 
around the world rely heavily on it for studying GWS changes. 

3.2.5.  Joint inversion of GRACE and other geodetic techniques. As the mass near and at the surface of 
the Earth redistributes it changes its shape, and these changes over time can be observed with GRACE, 
GNSS (including GPS), InSAR, and VLBI. As the Earth's surface moves, the location time series 
records them due to small but measurable loads due to SLR, atmospheric, glaciers and ice sheets, 
snowfall, rainfall, water storage, and the deformation of the Earth associated with climate change. 
Despite differences in spatio-temporal resolution, estimates of water load remain a high degree 
correlated [9][27][28]. 

By combining GRACE and other geodetic methods, you can reduce variance and improve 
agreement between TWS and GRACE. GRACE TWS can cover the whole globe but its resolution is 
low, while GNSS has high spatio-temporal resolution in points. By combining them, GNSS low-
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density areas are enhanced and TWS estimates are more consistent [27]. Groundwater storage changes 
were assessed using GRACE and InSAR using the Subsidence Feature Weighted Combination 
(NSFWC) proposal, resulting in an improvement of GWSA from 0.5°-0.05° in spatial resolution. [28]. 
By using this procedure, not only can the spatial characteristics of GWS variations be preserved, but 
also the local complexities relating to subsidence of the surface can be recognized. 

3.2.6.  Inversion accuracy of GWS based on GRACE. From the perspective of monitoring accuracy, 
the change of groundwater storage based on GRACE satellite data is basically consistent with the 
trend reflected by the measured groundwater samples, and the statistical significance of the 
quantitative comparison between the two are higher than 0.65. Among them, Zhi yong et al. estimates 
of shallow GWS changes in the North China Plain have the highest correlation with field measured 
data, with an R2 of 0.91[29]. In most studies, the correlation coefficient between groundwater storage 
change results obtained based on GRACE data and field measured data is 0.7-0.8(Table 3). 

Table 3. Inversion accuracy of groundwater storage based on GRACE 

Study area Area Period Models Correlation 
degree References 

North China Plain, 
China 5.4 2003—2013 GRACE+LSMs R2=0.91 [29] 

Polish basins (Vistula 
and Odra) 31.34 2006—2016 GRACE+GLDAS R2=0.90 [23] 

Alberta, Canada  2002–2014 GRACE+LSMs R2=0.68 [30] 
West Bengal, India 6,882 2007—2017 GRACE+GLDAS R2=0.83 [20] 

Yellow River Basin, 
China 68.0 2005—2014 GRACE+GLDAS/ 

WaterGAP R2=0.72 [31] 

3.3.  Study on consequences of groundwater depletion based on multi-source Satellite 

3.3.1.  Land subsidence due to groundwater depletion. Land subsidence is a phenomenon of ground 
subsidence caused by underground solid or fluid mining, and it is a slow and gradual geological 
disaster. Although more than 200 areas of subsidence due to excessive groundwater extraction have 
been reported in 34 countries over the past century, far more areas have actually experienced land 
subsidence. Only a few countries currently recognize the hazard of land subsidence and take 
mitigation measures. Scholars used the global land subsidence model, combined with future global 
water stress, climate and population changes, to predict that the global potential subsidence area will 
increase by 7% in 2040, affecting 1.6 billion residents, of which 635 million people will live in flood-
prone areas [11]. Most funnel-shaped settlements were found along the coast of Zhejiang Province, 
where the subsidence rate is usually less than 30mm/year. which is considered to be mainly caused by 
the over-exploitation of groundwater by factories [32]. 

With the continuous improvement of GNSS, GNSS deformation monitoring technology is 
becoming more and more mature. In the settlement monitoring of many large-scale projects, the 
monitoring method based on GNSS technology is adopted. This method uses GNSS precise single-
point positioning technology, which can accurately measure the coordinates of the monitoring station 
and obtain settlement data. It has the characteristics of high monitoring accuracy and less restrictive 
conditions. Since the overall deformation of the surface can be obtained, it is also widely used in 
deformation monitoring of dams, landslides, foundation pits, etc. 

A growing number of InSAR techniques are used to detect land subsidence and hydrogeological 
properties. Global coverage, high accuracy, and high resolution are advantages of this method, but its 
effectiveness in densely vegetated areas is limited. There has been widespread use of the PS-InSAR 
and SBAS algorithms for urban deformation monitoring. Since persistent scatterers maintain a 
relatively constant phase and amplitude over time, space-time decoherence, atmospheric delay, and 
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noise are effectively reduced. Land subsidence data at the basin-scale can be obtained through 
Sentinel-1 imagery, which is becoming more accessible. 

3.3.2.  Seawater intrusion due to groundwater depletion. Two basic conditions must be met for 
seawater intrusion to form: hydrodynamic and hydrogeological conditions. When they are met 
together, seawater intrusion will inevitably occur. Under natural conditions, the groundwater level has 
a greater value than the sea water level, and the ground fresh water flows in the direction of sea water, 
and sea water intrusion does not occur. However, when the mining volume exceeds the allowable 
mining volume, the underground freshwater table will continue to decline, changing the original 
balance between groundwater and seawater, thus providing the dynamic conditions for the flow of 
seawater to freshwater, leading to seawater intrusion. In addition, certain hydrogeological conditions 
must be provided, and there must be a "channel" connecting seawater and fresh groundwater. Many 
seawater intrusion areas identified by research have this condition. 

For seawater intrusion, seawater intrusion can be evaluated by judging the relative difference 
between groundwater level and seawater level, combined with coastal hydrogeological conditions. The 
groundwater wells are used to monitor groundwater levels, and then combined with GRACE, satellite 
altimeter, tide data, etc. to obtain the change of coastal sea level in the study area to obtain the 
hydrodynamic conditions of seawater intrusion. The possibility of seawater intrusion is 
comprehensively evaluated in combination with the rock formation properties in the study area. 

Monitoring changes in groundwater salinity in aquifer systems to assess seawater intrusion. 
Sampling groundwater and measuring DC resistivity are common methods for measuring the salinity 
of aquifer systems [33]. Traditional methods, however, require a long measurement period and a large 
measurement range, which makes them costly and time-consuming. The potential for seawater 
intrusion can be assessed by identifying variables that affect groundwater salinity, such as: aquifer 
transmittance, distance from the ocean, annual rainfall, evaporation rate, elevation, and height of the 
groundwater level. Various satellite data can quantify these variables into physical variables, 
combined with GIS or artificial intelligence, to predict salinity levels in groundwater. According to 
Sahour et al., combining field sampling with this idea is extremely valuable for estimating 
groundwater salinity [33]. 

3.3.3.  Relative sea level rise due to groundwater depletion. Climate-induced SLR and coastal land 
subsidence combine to alter relative sea level changes near the world's coasts. The essential cause of 
land subsidence caused by excessive exploitation of groundwater resources is the compaction of loose 
unconsolidated soil. The exploitation of groundwater causes the volume of the soil to compress, the 
pore water pressure in the soil layer decreases, the effective stress on the aquifer increases, and then 
compression deformation occurs, forming a large area of uneven settlement. In densely populated 
areas, such as coastal megacities and deltas, this is more likely to occur. Nicholls et al. estimated that 
delta and urban subsidence accounted for 51-70% of the total global mean relative sea level rise 
experienced by humans [12]. Tang et al. used the method of combining InSAR, GPS and tide gauge 
observations to evaluate the Tianjin coastline RSLR. They found that in aquaculture areas along 
coastlines, land subsidence rates as high as 82 mm/yr due in part to the extraction of groundwater for 
fisheries contributed to local SLR nearly 30 times faster than on average around the world [34]. The 
depletion of groundwater caused by overexploitation of groundwater in coastal areas is the main 
driving factor of land subsidence. Considering the sea level rise caused by climate, the risks of coastal 
flooding and storm surges have also increased. 

Globally speaking, the warming of sea water will cause the sea level to rise. On average, for every 
1°C increase, the sea level will rise by 7cm. As the sea water becomes thinner, the density decreases, 
which will also slightly cause the sea level to rise, and the other is the reason for the melting of 
glaciers. In the past few decades, groundwater pumping has caused rapid deformation of the ground 
[28]. As a result of land subsidence and climate-induced SLR, sea level levels around the world have 
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changed relative to one another. There is a four-fold increase in the mean RSLR rate compared to 
global sea level rise observations [12]. 

Global SLR impacts on coastal regions have been much considered, but less attention has been 
given to RSLR from land subsidence [12]. GNSS, InSAR and other surface subsidence technologies 
combined with GRACE, satellite altimeter, and tide data to obtain regional relative sea level changes. 
In addition, high spatial variability in land subsidence rates causes RSLR rates to vary from place to 
place. The free data made available by the Sentinel-1 mission with a large illuminated orbit (250 km) 
and an extended repetition cycle (6 or 12 days) make it an attractive data source for studying coastal 
land movement with broad region coverage. GRACE can also try to obtain land subsidence at a large 
spatial extent [35]. The synthesis of multi-source data provides more reliable decision support for 
disasters such as floods and storm surges in coastal areas. 

4.  Conclusion 
Based on the literature review of groundwater research worldwide, overexploitation and depletion of 
groundwater have been identified. The depletion of groundwater, a non-renewable resource, threatens 
the sustainability of water supply. Authorities should pay more attention to the efficient use and 
development of groundwater resources, monitor groundwater reserves, and restore depleted areas. 
Joint groundwater inversion based on GRACE and the Global Hydrological Land Model is 
summarized, and joints with other geodetic techniques are also discussed. The accuracy of joint 
inversion based on GRACE is reviewed, and it is shown that the groundwater inversion results based 
on GRACE have a high correlation with the measured groundwater level. With the launch of a new 
generation of gravity satellites, it is expected to improve the accuracy of groundwater storage 
inversion, which requires our further research. Finally, studies addressing a range of adverse 
consequences of groundwater depletion are discussed. Combined with satellite geodetic technologies 
such as GRACE, GRACE Follow-On, InSAR, GNSS, and satellite altimeter, exploreable research 
ideas are proposed for issues and it involves the subsidence of the land, the intrusion of seawater, and 
RSLR, and further in-depth research is needed in the future. 

References 
 
[1] Connor R and Miletto M 2022 The United Nations World Water Development Report 2022: 

groundwater: making the invisible visible; executive summary UNESCO World Water 
Assessment Programme p 12 

[2] Jia X Hou D Wang L O’Connor D and Luo J 2020 The development of groundwater research in 
the past 40 years: A burgeoning trend in groundwater depletion and sustainable management 
Journal of Hydrology 587 125006 

[3] Kamali Maskooni E Naghibi S A Hashemi H and Berndtsson R 2020 Application of Advanced 
Machine Learning Algorithms to Assess Groundwater Potential Using Remote Sensing-
Derived Data Remote Sensing 12 2742 

[4] Yin Z Xu Y Zhu X Zhao J Yang Y and Li J 2021 Variations of groundwater storage in different 
basins of China over recent decades Journal of Hydrology 598 126282 

[5] Müller Schmied H Cáceres D Eisner S Flörke M Herbert C Niemann C Peiris T A Popat E 
Portmann F T Reinecke R Schumacher M Shadkam S Telteu C-E Trautmann T and Döll P 
2021 The global water resources and use model WaterGAP v2.2d: model description and 
evaluation Geoscientific Model Development 14 pp1037–79 

[6] Alley WM Healy R W LaBaugh J W and Reilly T E 2002 Flow and Storage in Groundwater 
Systems Science 296 pp 1985–90 

[7] Guo Y Gan F Yan B Bai J Wang F Jiang R Xing N and Liu Q 2022 Evaluation of Groundwater 
Storage Depletion Using GRACE/GRACE Follow-On Data with Land Surface Models and 
Its Driving Factors in Haihe River Basin, China Sustainability 14 1108 

[8] Jiang L Bai L Zhao Y Cao G Wang H and Sun Q 2018 Combining InSAR and Hydraulic Head 



International Graduate Conference of Built Environment and Surveying 2023
IOP Conf. Series: Earth and Environmental Science 1274 (2023) 012004

IOP Publishing
doi:10.1088/1755-1315/1274/1/012004

8

Measurements to Estimate Aquifer Parameters and Storage Variations of Confined Aquifer 
System in Cangzhou, North China Plain Water Resources Research 54 pp 8234–52 

[9] Carlson G Werth S and Shirzaei M 2022 Joint Inversion of GNSS and GRACE for Terrestrial 
Water Storage Change in California Journal of Geophysical Research: Solid Earth 127 
e2021JB023135 

[10] Li X Zhong B Li J and Liu R 2023 Joint inversion of GNSS and GRACE/GFO data for 
terrestrial water storage changes in the Yangtze River Basin Geophysical Journal 
International 233 pp 1596–1616 

[11] Herrera G Ezquerro P Tomás R Béjar-Pizarro M López-Vinielles J Rossi M Mateos R M 
Carreón-Freyre D Lambert J Teatini P Cabral-Cano E Erkens G Galloway D Hung W -C 
Kakar N Sneed M Tosi L Wang H and Ye S 2021 Mapping the global threat of land 
subsidence Science 371 3436 

[12] Nicholls RJ Lincke D Hinkel J Brown S Vafeidis A T Meyssignac B Hanson S E Merkens J -L 
and Fang J 2021 A global analysis of subsidence, relative sea-level change and coastal flood 
exposure Nat. Clim. Chang 11 pp 338-342 

[13] Qiu J 2010 China faces up to groundwater crisis Nature 466 308 
[14] Tapley B D Watkins M M Flechtner F Reigber C Bettadpur S Rodell M Sasgen I Famiglietti J S 

Landerer F W Chambers D P Reager J T Gardner A S Save H Ivins E R Swenson S C 
Boening C Dahle C Wiese D N Dobslaw H Tamisiea M E and Velicogna I 2019 
Contributions of GRACE to understanding climate change Nat. Clim. Chang 9 pp 358–369 

[15] Scanlon B R Zhang Z Save H Sun A Y Müller Schmied H Van Beek L P H Wiese D N Wada Y 
Long D Reedy R C Longuevergne L Döll P and Bierkens M F P 2018 Global models 
underestimate large decadal declining and rising water storage trends relative to GRACE 
satellite data Proceedings of the National Academy of Sciences 115 pp E1080–E1089 

[16] Alcamo J Doell P Kaspar F and Siebert S 1997 Global change and global scenarios of water use 
and availability: An Application of WaterGAP1.0 Center for Environmental Systems 
Research (CESR) (Germany: University of Kassel) 

[17] Van Beek L P H and Bierkens M F P 2009 The Global Hydrological Model PCR-GLOBWB: 
Conceptualization Parameterization and Verification (Netherlands: Utrecht University) 

[18] Xu L Chen N Zhang X and Chen Z 2019 Spatiotemporal Changes in China’s Terrestrial Water 
Storage From GRACE Satellites and Its Possible Drivers Journal of Geophysical Research: 
Atmospheres 124 pp 11976–11993 

[19] Wang H Xiang L Steffen H Wu P Jiang L Shen Q Li Z and Hayashi M 2022 GRACE-based 
estimates of groundwater variations over North America from 2002 to 2017 Geodesy and 
Geodynamics 13 pp 11–23 

[20] Bankuru S Samantaray S Tripathy O Sahoo A and Ghose D Integrated GRACE and GLDAS for 
Estimating Groundwater Storage potential in Bankura District West Bengal, India 
Preprint 10.22541/au.157971174.49406516 

[21] Shamsudduha M Taylor R and Longuevergne L 2011 Monitoring groundwater storage changes 
in the highly dynamic Bengal Basin: validation of GRACE measurements AGU Fall Meeting 
Abstracts 48 06 

[22] Chen J Famigliett J S Scanlon B R and Rodell M 2016 Groundwater Storage Changes: Present 
Status from GRACE Observations Surv Geophys 37 pp 397–417 

[23] Rzepecka Z and Birylo M 2020 Groundwater Storage Changes Derived from GRACE and 
GLDAS on Smaller River Basins—A Case Study in Poland Geosciences 10 124 

[24] Shao C and Liu Y 2023 Analysis of Groundwater Storage Changes and Influencing Factors in 
China Based on GRACE Data Atmosphere 14 250 

[25] Moiwo J Lu W and Tao F 2012 GRACE, GLDAS and measured groundwater data products 
show water storage loss in Western Jilin, China Water science and technology : a journal of 
the International Association on Water Pollution Research 65 pp 1606–14 

[26] Wang F Wang Z Yang H Di D Zhao Y and Liang Q 2020 Utilizing GRACE-based groundwater 



International Graduate Conference of Built Environment and Surveying 2023
IOP Conf. Series: Earth and Environmental Science 1274 (2023) 012004

IOP Publishing
doi:10.1088/1755-1315/1274/1/012004

9

drought index for drought characterization and teleconnection factors analysis in the North 
China Plain Journal of Hydrology 585 124849 

[27] Adusumilli S Borsa A A Fish M A McMillan H K and Silverii F 2019 A Decade of Water 
Storage Changes Across the Contiguous United States From GPS and Satellite Gravity 
Geophysical Research Letters 46 pp 13006–15 

[28] Wang Q Zheng W Yin W Kang G Huang Q and Shen Y 2023 Improving the Resolution of 
GRACE/InSAR Groundwater Storage Estimations Using a New Subsidence Feature 
Weighted Combination Scheme Water 15 1017 

[29] Huang Z Pan Y Gong H Yeh P J -F Li X Zhou D and Zhao W 2015 Subregional-scale 
groundwater depletion detected by GRACE for both shallow and deep aquifers in North 
China Plain Geophysical Research Letters 42 pp 1791–99 

[30] Huang J Pavlic G Rivera A Palombi D and Smerdon B 2016 Mapping groundwater storage 
variations with GRACE: a case study in Alberta, Canada Hydrogeol J 24 pp 1663–80 

[31] Xie X Xu C Wen Y and Li W 2018 Monitoring Groundwater Storage Changes in the Loess 
Plateau Using GRACE Satellite Gravity Data, Hydrological Models and Coal Mining Data 
Remote Sensing 10 605 

[32] Li M Zhang L Ge D Liu B Wang Y and Guo X 2016 PSInSAR technique to monitor coastal 
lowland subsidence along the Eastern Coast of China - a case study in Zhejiang coast the 
2016 IEEE International Geoscience and Remote Sensing Symposium (IGARSS) pp 5955–58 

[33] Sahour H Gholami V and Vazifedan M 2020 A comparative analysis of statistical and machine 
learning techniques for mapping the spatial distribution of groundwater salinity in a coastal 
aquifer Journal of Hydrology 591 125321 

[34] Tang W Zhan W Jin B Motagh M Xu Y 2021 Spatial Variability of Relative Sea-Level Rise in 
Tianjin, China: Insight From InSAR, GPS, and Tide-Gauge Observations IEEE Journal of 
Selected Topics in Applied Earth Observations and Remote Sensing 14 pp 2621–33 

[35] Tangdamrongsub N Han S -C Jasinski M F and Šprlák M 2019 Quantifying water storage 
change and land subsidence induced by reservoir impoundment using GRACE, Landsat, and 
GPS data Remote Sensing of Environment 233 111385 

 
 


	3.1.   Status of groundwater exploitation
	3.2.   Inversion method of GWS based on GRACE
	3.3.   Study on consequences of groundwater depletion based on multi-source Satellite

