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Figure S1. Land cover types within the study region based on the 2020 data from the National Land 
Cover Dataset (https://www.sciencebase.gov/catalog/item/664e0d2bd34e702fe8744536), alongside color-
coded broader categories (Fig. 2) and their percentages. The wetlands category includes both emergent 
herbaceous wetlands (marsh) and woody wetlands (swamp). The developed land category comprises all 
urbanized areas, where the intensity is defined as the percentage of area covered by impervious surfaces: 
high (>80%), medium (50% to 79%), low (20% to 49%), and open space (<20%). 
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Figure S2. Distribution of GNSS sites and active oil and gas wells in east Texas, based on data from the 
Railroad Commission of Texas 
(https://www.arcgis.com/home/item.html?id=6304a76feaa24d98b8eaecdcc0f9e4bc; last updated June 14, 
2021). 
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Figure S3. Relationship between GNSS-derived vertical velocity and nearby anthropogenic activity. 
Filled circles represent the 41 GNSS sites shown in Figure 3a; triangles represent the 30 GNSS sites in 
Texas shown in Figure S2; GNSS sites eliminated between Figures 3b and 3c are labeled in orange. (a) 
Relationship between vertical velocity and the total groundwater withdrawal within a 5 km radius of each 
GNSS site from 2000 to 2017 (Houston et al., 2021); (b) Relationship between vertical velocity and the 
number of active oil and gas wells within a 5 km radius of each GNSS site. Oil and gas well data are from 
the Railroad Commission of Texas 
(https://www.arcgis.com/home/item.html?id=6304a76feaa24d98b8eaecdcc0f9e4bc; last updated June 14, 
2021), the Louisiana Department of Energy and Natural Resources (https://www.sonris.com/), the 
Mississippi State Oil & Gas Board (https://www.ogb.state.ms.us/downloads.php), and the State Oil and 
Gas Board of Alabama (https://gsa.alabama.gov/ogb/gisdata).  
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Figure S4. Pixel-by-pixel comparison of surface-elevation change rates between the O24 (Ohenhen et al., 
2024) and W24 (Wang et al., 2024) datasets for developed land. (a) High intensity; (b) Medium intensity; 
(c) Low intensity; (d) Open space. 
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Figure S5. Heat map of annual groundwater withdrawal (Houston et al., 2021) within a 5-km radius of 
the 41 GNSS site shown in Figure 3a. GNSS sites that were eliminated due to high groundwater 
withdrawal are highlighted with red rectangles.    
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Figure S6. Comparison between GNSS-derived rates of vertical land motion (VLM) and nearby InSAR-
derived surface-elevation change (SEC) rates, along with scatter plots of VLM versus median SEC rates 
using different search radii, for the O24 and W24 datasets. a-c: Histograms comparing SEC (O24) and 
VLM within 1, 3, and 5 km search radii, respectively; d-f: Scatter plots of median SEC (O24) versus 
VLM within 1, 3, and 5 km radii; g-i: Histograms comparing SEC (W24) and VLM within 1, 3, and 5 km 
radii; j-l: Scatter plot of median SEC (W24) versus VLM within 1, 3, and 5 km radii. 
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Figure S7. Scatter plot of vertical velocities from 2007–2020 and 2017–2020 at GNSS sites located in the 
Pleistocene landscape and covered by both InSAR datasets (Figure 3a). One GNSS site is excluded due to 
the absence of data between 2017–2020, resulting in 19 sites. Error bars denote one standard deviation. 
Marker colors indicate number of active oil and gas wells within a 5 km radius of each site. 
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