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Land surface deformation can severely damage socioeconomic living conditions around the world. This study aimed to identify the Shaziba landslide and further assess deformation activities in Enshi city. For this purpose, the sentinel-1 C-bands data acquired in ascending directions were processed with Sentinel Application Platform and Stanford Method for Persistent Scatterers (StaMPS) software packages. Our results revealed the location of a landslide that occurred on 21 July 2020 in the Shaziba area, Enshi Prefecture. More interesting deformation results were found in Enshi city for the first time with a deformation range from −51.6 to 54.2 mm/year. We conducted a thorough observation of different urban infrastructures such as commercial and residential buildings, roads, bridges, and airports in Enshi city and along the Qingjiang River to evaluate land surface deformation. Observations revealed that there are a number of influencing factors contributing to disturbing the natural environment and resources in Enshi Prefecture. Of these influencing factors, intensive rainfall is a major cause as are the infiltration of rainfall into the subsurface Silurian strata together with the load of infrastructure in the study area. If this issue is not addressed it could lead to devastating geo-hazard disasters in the future. Scientific approaches to determine various causes of frequent geo-hazards in this region are of great significance for developing early warning systems for disasters and ensuring the safety of residents’ lives and property.
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1 INTRODUCTION
Globally, land surface deformation is a serious issue in major urban areas including Mexico, Beijing, Shanghai, Tianjin, and Wuhan, etc. It can severely influence the socioeconomic conditions of the people living there (Erkens & Sutanudjaja, 2015). Major influencing factors causing land surface deformation include certain natural (intensive rainfall, geological setting, hydrogeology, earthquake, etc.) and anthropogenic activities (urban growth, excessive extraction of groundwater (Carnec & Fabriol, 1999), as well as underground construction and mining (Roque et al., 2014; Xu et al., 2016). All these factors directly or indirectly disturb the natural environment and natural resources of an area, which has a devastating impact on people’s lives. The landslides triggered by intensive rainfall over an area or precipitation infiltration to subsurface geology and the integration of rainfall data with deformation data for predicting landslides are thus hot topics for the scientific community (Casagli et al., 2017; Zhao & Lu, 2018; Salcedo-Sanz et al., 2020).
It has been reported that the western and central regions of China experienced more precipitation from May to July 2020 than had annually occurred previously, which triggered a number of geo-hazards (Shaziba, Mazhe Village, Enshi City, Hubei Province on 21 July) in these regions (Wei et al., 2020). A landslide occurred on the bank of the Qinjiang River ∼6 km northwest of Enshi City (Xue et al., 2022). The debris from the landslide blocked the Qingjiang River and formed a large landslide dam, which posed a serious risk to the safety of communities living along the Qingjiang River and Enshi city downstream. A prompt early warning response from local emergency services helped to evacuate people safely from areas where there was a risk and avoid casualties at the event place (Wei et al., 2020).
In the past, remote sensing has played a crucial role in providing information related to geo-hazards (Shi et al., 2016; W; Yang et al., 2020; Zhong et al., 2020). When using remote sensing methods, the Synthetic Aperture Radar (SAR) has advantages over other traditional methods due to its short revisiting time and the fact that it is not interrupted by climatic conditions (Khan et al., 2021; Xue et al., 2022). Thus, it is extensively used in monitoring and analyzing and monitoring land surface deformation, landslides, and glaciers globally (Khan et al., 2021; Q; Yang et al., 2018; W; Yang et al., 2020). The measurement of surface deformation based on the InSAR methods can provide information about the ground surface with centimeter- and at times, millimeter-level precision and accuracy (Argnani et al., 2016; Bianchini et al., 2018; Lee et al., 2019; Ali et al., 2020) (Argnani et al., 2016; Bianchini et al., 2018; Lee et al., 2019; Ali et al., 2020). A number of previous studies have used the Differential SAR Interferometry (DInSAR) method, which was significantly applied to measure land surface deformation (Goldstein et al., 1988; Mestre-Quereda et al., 2018; Poreh & Pirasteh, 2020; Saralioglu, 2022). However, the conventional DInSAR technique has some shortcomings, including orbital errors, atmospheric errors, and temporal and spatial correlation distortion. To overcome the limitations of the DInSAR technique, the persistent Scatterers InSAR (PS-InSAR) method was proposed (Ferretti et al., 2001; Prati et al., 2010). To modify the measurement accuracy of surface deformation in conventional InSAR, the PS-InSAR practices certain features of anomalies were initiated due to the atmospheric delay and backscattering of some Persistent Scatterers (PS) on the land surface (Hang et al., 2017; Khan et al., 2021; Makabayi et al., 2021). The PS-InSAR can be used in regional and large-scale area research and this method provides measurements of surface deformation with accuracy up to millimeter precision (Kim et al., 2007; Wasowski et al., 2008; Prati et al., 2010; Ali and Pan 2021; Wang et al., 2018) (Kim et al., 2007; Wasowski et al., 2008; Prati et al., 2010; Ali and Pan 2021; Wang et al., 2018). Hooper (2010) took initiative by using the PS-InSAR method and developed the StaMPS (Stanford Method for Persistent Scatterers) technique (Hooper et al., 2004). The principle of this method is to determine more stable PS points based on phase and amplitude, in which the PS points provide information about the Earth’s surface in the StaMPS method without any disturbance caused by climate, atmospheric errors, and minor fluctuations in the satellite’s angle. Additionally, the PS-InSAR method provides more PS points in urban areas with more infrastructures developed, such as residential or commercial buildings, bridges, metallic objects, and roads, etc., and also some other land cover types such as bare land or landslide, etc (Khan et al., 2021; Saralioglu, 2022).
Although landslide analysis of the Shaziba area has previously been undertaken earlier using the remote sensing method (Xue et al., 2022), less attention has been paid to assessing the deformation activities in Enshi city and its surrounding areas. Thus, this study primarily intends to identify the Shaizba landslide location by employing the DInSAR method and extending our study to assess the land surface deformation in Enshi city and along the Qinjiang River by using the PS-InSAR method. For this purpose, sentinel-1 open source data were processed with Sentinel Application Platform (SNAP) and Stanford Method for Persistent Scatterers (StaMPS) were used for the first time to assess land surface deformation in Enshi city and its surrounding regions. Here we also intend to integrate DInSAR and PS-InSAR approaches to identify a landslide that occurred on 21 July 2020 in the Shaziba area and further analyze the deformation activities around Enshi city from 2 November 2019 to 21 September 2020. Finally, a dedicated assessment was performed to highlight deformation in various locations within the study area, such as residential and commercial buildings, bridges and roads, etc.
2 OVERVIEW OF THE STUDY AREA
2.1 Geography and climatic conditions
The study area is located at longitude 109°20′0″E, and latitude north 30°23′0"(Figure 1), southwest, Hubei, China. Enshi city has a humid subtropical monsoon climatic condition; usually, the rate of precipitation in winter is less than in summer. It has been reported that in June 2020 this area experienced the Plum Rainy Season, including unusual continuous intensive precipitation. The recorded cumulative and daily rainfall data from 2010 to 2020 was obtained from the Meteorological station of Enshi city (Shen et al., 2021). Historical rainfall records showed that from June to July 2020 the rainfall reached 979 mm, which is 2.3 times more than in 2010–2020 (423.4 mm) during the same period. On other hand, on 7 July 2020, the daily precipitation reached 191.6 mm, highlighting the highest precipitation record since 1961 (Xue et al., 2022). Thus, significantly influencing the deformation and landslide events in the mountainous region in western Hubei. According to statistics from the Department of Land and Resources, the surrounding Sichuan Province (including Chongqing Municipality), Hunan Province, and the Shenlongjia forest area, there was a high incidence of landslide disasters. This indicates that the Enshi Prefecture area, which is located between these areas, is prone to more landslide disasters (Shen et al., 2021).
[image: Figure 1]FIGURE 1 | Geographic map of the study area.
2.2 Stratigraphic conditions
The study area is largely covered by the Silurian strata and the Badong strata. The former strata contain quartz sandstone with interbedded shales while the latter strata mostly contain silty mudstone (Shen et al., 2021). The major part of the Shaziba landslide bedrock is composed of quartz sandstone interbedded shale from Silurian strata, which is considered to be easily erodible. The debris from the Shaziba landslide largely contains Quaternary silty clay and a few boulders (Shen et al., 2021; Song et al., 2021). The quaternary deposits are extensively distributed over the study area. The lower stratum is Silurian quartz sandstone interbedded shale, with a clay mineral content of up to 40% (Zeng et al., 2013). The landslide was mainly developed in loose deposits of Quaternary overburden. Such geological and topographical features provide rich materials and conditions for frequent geological disasters in this area (Jie et al., 2010; 2010; Eldin et al., 2013; Miao et al., 2019).
3 DATASET AND METHODOLOGY
3.1 Datasets
Since the landslide occurred on 21 July 2020 in the Shaziba region, our study used the DInSAR method, examining deformation phenomena along this region including the Qiniang River and Enshi City, Hubei, China. For this purpose 25 C-band Single Look Complex (SLC) sentinel-1 products were acquired in Interferometric Wide (IW) acquisition mode from 2 November 2019 to 21 September 2020 (Table 1). All these images were acquired in ascending direction with VV polarization. The SNAP software was used for DInSAR analysis and the StaMPS software package was used for PS-InSAR (Hooper et al., 2004; Cian et al., 2019; Saralioglu, 2022).
TABLE 1 | Dataset information about the study area.
[image: Table 1]3.2 Methodology
Our data processing involved two methods (DInSAR and PS-InSAR) (Figure 2), with each step for preprocessing our SAR data are described in detail here.
[image: Figure 2]FIGURE 2 | Simple processing steps flowchart.
3.2.1 DInSAR processing
The main steps in DInSAR processing involve: splitting images, coregistration, interferogram generation, coherence estimation, debursting, topographic phase removal, phase filtering, exporting the phase filtered result for unwrapping in Measurable Cost, using the Network-Flow Algorithm for Phase Unwrapping (SNAPHU) software, importing unwrapped phase to SNAP, geo-coding, phase to displacement, and masking out low coherence areas of less .5 (Thomas, 2021). The principle of SAR interferometry is to consider one image as a master image while the other image is a slave image (Thomas, 2021). In our case, we have used the first image as a master image and the second image as a slave image to keep the short temporal baseline. 
3.2.2 SNAP to StaMPS
In PS-InSAR processing, the python scripts were initially used to undertake preprocessing including:
1) Sorting slave images, corresponding to their acquisition time.
2) Slave splitting and updating the orbits (precise).
3) Coregistration and interferogram generation per slave and subswath (IW2 in our case).
4) Finally, each pair of coregistered stack and interferogram were exported to StaMPS.
3.2.3 StaMPS processing
The main steps involved in processing StaMPS in Matlab are:
At first, the ingestion of SNAP exports into StaMPS using a specific script, called mt_prep_snap, available in the distribution (Foumelis et al., 2018; Blasco et al., 2019; Mancini et al., 2021; Saralioglu, 2022). The StaMPS PSI processing chain from step one to seven are described below (Mancini et al., 2021). The script is launched over the dataset to extract sensor and acquisition parameters, detect initial PS candidates, and extract data (phase, height, etc.) over those points. Because SNAP outputs both SLCs and differential interferograms as binary raster files, the StaMPS handle them right during ingestion. The pixels selected have an amplitude dispersion of .25, where amplitude dispersion represents the ratio of amplitude standard deviation to mean amplitude. To make it faster, we divided the area in the interferogram into overlapping patches, with each patch processed independently for the first one to five steps.
1) Phase noise estimation: Temporal coherence was calculated by subtracting the spatially correlated phase. We then estimated the spatially uncorrelated DEM error and subtracted it from the remaining phase. Eventually, the residual phase was used to estimate temporal coherence. During this step, we estimated the phase noise for each candidate pixel in the interferogram iteratively.
2) PS selection: Noise characteristics were taken into account when selecting pixels. In addition, this step estimates the amount of random (non-PS) pixels in a scene, so we achieve the density per km2.
3) PS weeding: The pixels selected in the previous step were weeded, and examples with signal contributions from neighboring ground resolution elements were dropped, as they are too noisy. The pixels selected were saved in new workspaces.
4) Phase correction: A spatially-uncorrelated look angle (DEM) error was corrected for the wrapped phase of the selected pixels. The patches were merged at the end of this step.
5) Phase unwrapping: There was a (2±π) discontinuity in the extracted phase when its extreme value (−π/+π) was reached. It is important to note that the phase jumps to the other end of the interval even though, physically, the optical phase is continuous and rises or falls softly.
The unwrapping method described in Equation 1 gives you the unwrapped phase:
[image: image]
Where [image: image] is the spatially correlated part of [image: image] and [image: image] is the remaining unknown integer ambiguity. The spatially correlated phase terms are estimated using temporal and spatial filtering and subtracted to retrieve the displacement term. Finally, the atmospheric phase can be removed.
6) Error estimation for spatially correlated look angles: In Step 3, we calculated the spatially-uncorrelated look angle (SULA), and in Step 5, we removed it. Step 7 calculates the spatially-correlated look angle (SCLA) error, which is almost exclusively due to spatially-correlated DEM errors (this includes errors in the DEM itself, and incorrect mapping of the DEM into radar coordinates). The master atmosphere and orbit error (AOE) phases were estimated simultaneously.
7) Atmospheric filtering: In our case, we additionally applied the integrated TRAIN, using the linear tropospheric correction approach, to mitigate the topography-correlated atmospheric phase (Blasco et al., 2019; Mancini et al., 2021). For the estimation of the tropospheric phase contribution, we used the linear phase-based model included in the TRAIN, (Mancini et al., 2021):
[image: image]
Where [image: image] is the interferometric tropospheric phase contribution, h is the topography, [image: image] is the coefficient that relates the phase to the topography, and [image: image] is a constant phase shift that is applied to the extent of the interferogram. The atmospheric filtering is performed in the final step of the PSI processing to remove the residual and local artifacts.
4 RESULTS INTERPRETATION
4.1 Coherence results before and after landslide
The coherence of the landslide area was analyzed before and after the landslide to identify the landslide location. The coherence results shown in Figure 3 reveal the landslide location before and after the landslide. The brighter white pixels represent the landslide (21 July 2020), probably enhanced due to vegetation loss in the study area (Song et al., 2021; Xue et al., 2022). The materials from this landslide have blocked the Qingjiang River channel, as a large lake formed (Xue et al., 2022).
[image: Figure 3]FIGURE 3 | Geocoded coherence maps of the shaziba landslide. (A) Before the landslide on 21 July 2020, (B) After the landslide on 21 July 2020.
4.2 DInSAR analysis interpretation
Our results analysis from DInSAR revealed deformation at various locations in the study area by using sentinel-1 images from 2019 to 2020. Even though the surrounding area of the Shaziba landslide is mostly covered by vegetation and only a small number of interference points were observed, the Shaziba landslide was successfully detected and identified with the DInSAR approach (Figure 4). Here Figures 4A,B highlight the landslide location of the Shaziba landslide. Primarily, our results reveal that initially, the lower part (figure (a)) of the landslide slid down before the main landslide occurred on 21 July 2020. Here, more interesting deformation results, highlighted in red, are obvious along the Qingjiang River and Enshi city.
[image: Figure 4]FIGURE 4 | DInSAR results to identify landslide location occurred 21 July 2020, (A) Features view before Shaziba landslide, (B) After Shaziba landslide occurred.
4.3 Urban infrastructures in enshi city
To analyze the deformation along the area of interest (AOI) various elements are separately visualized such as city buildings, roads, and railway track networks and along the river. Significant deformation results can be observed along urban infrastructures in Enshi city, especially where residential and commercial buildings have been developed, as shown in Figure 5.
[image: Figure 5]FIGURE 5 | (A) Google view of residential buildings Enshi city, (B) corresponding deformation, (C) google view of commercial buildings Enshi city, and (D) deformation along the corresponding area.
4.4 Deformation along the enshi airport
In order to understand the deformation over Enshi city the runway of the Enshi airport was analyzed with minimum or less deformation during the study period. The buildings surrounding the airport show a significant rate of deformation (Figure 6). Here, the DInSAR map, generated in the color red, displays a maximum deformation of −40 mm, mostly over the infrastructures. The deformation surrounding the airport thus presents a serious potential risk to airport infrastructure.
[image: Figure 6]FIGURE 6 | (A) Shows the Google maps view of the airport in Enshi city, (B) illustrates the deformation at the airport in Enshi city.
4.5 Deformation along road and bridge
The spatial distribution of deformation along the roads and bridges within AOI are revealed by our analysis. Figure 7 highlights the deformation along the bridge and road bordered by a white polygon. While Figure 8 shows deformation within the area with residential buildings along the road passing through the narrow valley. This suggest that study area along the narrow valley have large number of unstable slopes with addition of frequent extreme rainfall can significantly destabilizes the study area area (Jie et al., 2010; Shen et al., 2021; Song et al., 2021; Xue et al., 2022).
[image: Figure 7]FIGURE 7 | (A) Google maps view of road and bridge, (B) deformation along the road and bridge within AOI.
[image: Figure 8]FIGURE 8 | (A) Google maps view of a narrow valley, (B) deformation along the road within AOI.
4.6 PS-InSAR analysis and interpretation
To better understand the deformation history in the study area the PS-InSAR method was implemented by using sentinel-1 data from 02 to 11-2019 to 21-09-2020. Despite the study area being largely covered by vegetation, we found a compatible number of PS points at the ascending track. Our results show significant deformation within the study region, ranging up to −51.6 mm/year at Enshi city and along the Qingjiang River (Figure 9A), with corresponding Figure 9B displaying a deformation trending graph within the study period. While the rest of the study area shows relatively none and or less deformation (0, 10, and 20 mm) in LOS of the satellite. The uplift in LOS of the satellite is 54.4 mm/yr, highlighted as a dark blue color (Figure 9A). Our analysis observed that the density of PS points was higher in Enshi city road and railway tracks, and other built-up areas along the Qingjiang River. The large number of PS points targeted within the study area significantly supports an applied approach to identify ongoing deformation phenomena. The final deformation’s velocity map of the study area is illustrated in Figure 9. The dotted polygon in Figure 9A shows where maximum deformation occurred in Enshi city.
[image: Figure 9]FIGURE 9 | (A) PS point over study area illustrating the deformation velocity (v) in ascending track, (B) the graphic representation of deformation in LOS (mm) year 2020.
There were eight PS points selected from different locations in the study area to determine their subsidence behavior during the study period. Our study revealed that during the study period, the subsidence varied with more subsidence occurring in July 2020. This common high subsidence behavior of PS points during July 2020 suggests a strong correlation with rainfall during the study duration. Eight PS points within the study area with their corresponding subsidence trending profiles are illustrated here in Figures 10A–H. The subsidence observations at P1, P2, P3, P4, P5, P6, P7, and P8 are −39.6, −41.3, −74.4, −60.3, −59.4, −57.7, −8.97, and −7.43 mm during the study period.
[image: Figure 10]FIGURE 10 | Various PS points (P1–P8) were selected in the study area (A–H), with corresponding subsidence trending profiles.
5 DISCUSSION
We examined various influencing factors as discussed in the literature and, based on knowledge of the study area, found that various factors can contribute to and strongly influence the stability of the study area. These influencing factors and their effects are explained in detail below.
5.1 Hydrogeology
There are three main aqueous rock groups distributed in Enshi Prefecture, namely carbonate-type fissure karst aqueous rock formation, loose rock-like pore aquifer rock group, and clastic rock-type pore fracture aqueous rock group (Duan et al., 2011; Song et al., 2021). Among them, the largest proportion is the carbonate-like fractured karst water-bearing rock group, which is mainly composed of carbonate-like water-bearing rock groups with strong water-richness, and some carbonate-like rock groups with strong water-richness are interspersed Clastic water-bearing rock formations. The second proportion is clastic rock-like pore-fissure water-bearing rock group, which is mainly composed of clastic rock-like water-bearing rock groups with weak water-rich strength, and contains a small part of clastic rock-like intercarbonates with strong water-rich degree rock group. The third proportion is the water-bearing rock groups of clastic rocks with moderate water richness and the porous water-bearing rock groups of unconsolidated rocks with strong water richness. The territory of Enshi Prefecture is dominantly covered by carbonate rocks with a large proportion of rock groups capable of containing more water content, while the rock groups with relatively weak water content belong to the clastic rock group with pore fracture, aqueous rocks erode relatively easily and often fall (Xue et al., 2022). In case of a large-scale project or other long-term anthropogenic activity, the kinetic water pressure and pore water pressure in the rock layer will fluctuate significantly, and the rock formation structure can easily be damaged. Thus, the probability of inducing landslide or deformation in the study area is higher (Jie et al., 2010; Zeng et al., 2013; Shen et al., 2021).
5.2 Rainfall
Rainfall is another important factor inducing geo-hazards. Studying rainfall in the Enshi Prefecture could help to understand the causal relationship between frequent landslide disasters and rainfall in the region. According to the data released by the state’s Land and Resources Bureau, the distribution of drought and floods during the flood season from May to September is uneven, and the heavy rainfall is mainly concentrated in late May, late June to early late June, mid-to-late July, and late July to early August (Shen et al., 2021). Due to the heavy and long duration of rainfall, it is the period when landslide disasters occur most frequently in Enshi Prefecture. The intensity of landslide disasters depends on the scope and intensity of rainfall, and disaster-prone areas and rainfall-superimposed areas are the key areas for disasters (Duan et al., 2011; Shen et al., 2021; Xue et al., 2022). The average annual rainfall in Honshu is 1,573 mm, which is much higher than the national average annual rainfall of 630 mm and the average annual rainfall in Asia of 740 mm, and also higher than the world land average of 834 mm. According to rainfall data from the Longfeng Dam Sediment Observatory in Enshi City from 1997 to 2006, in the Enshi City area alone, a rainstorm with rainfall greater than or equal to 50 mm occurred 52 times, with an average of 5.2 occurrences per year. The relationship between rainfall during July 2020 and deformation were determined and correlated (Figure 11). The correlative plot shows that rainfall reached a peak between 14 and 19 July 2020, and thus caused deformation during the study period.
[image: Figure 11]FIGURE 11 | Illustrate the Subsidence variation and rainfall intensity in July 2020.
There were countless landslides caused by rainfall in the state on 7 July 2011, due to continuous torrential rain, 27 km from Baifeng Provincial Road in Sun River Township, Enshi City (Duan et al., 2011; Shen et al., 2021). Two landslides occurred in succession, with a landslide earthwork volume of about 200,000 m3, resulting in the Sun River gas station, two houses, two vehicles, and four people being buried, two people missing, traffic blockages, and a total of 687 people from 197 households on both sides of the disaster being transferred (Duan et al., 2011; Song et al., 2021; Xue et al., 2022). On 10 May 2007, a landslide occurred in Muzhuping Village, Qingtaiping Town, Badong County, with a slide area of about 1.3 million m2 and a volume of about 26 million m3 (Shen et al., 2021; Xue et al., 2022), the Bridge River, a first-class tributary of the Qingjiang River, was blocked. The Taofukou Ferry Terminal was completely destroyed and interrupted, 16 buildings with a total of 84 houses collapsed, and the county and township roads such as Qingtaiping-Jinguoping were destroyed for 5 km, with economic losses of nearly 100 million yuan (Duan et al., 2011; Shen et al., 2021; Song et al., 2021).
5.3 Soil moisture
In Enshi city, mostly carbonate rock cover dominates, here the proportion of rock groups with more ability to absorb water content is higher (Shen et al., 2021; Xue et al., 2022). Therefore, the intensity of rainfall for long durations and the infiltration of more water into the underlying geology could potentially influence the stability of this area. Soil moisture data from the study area were downloaded and extracted using Sentinel-1 SAR (https://nsidc.org/data/spl2smap_s/versions/3). It has a temporal resolution of 30 s and the spatial resolution is 3 km * 3 km. These data were processed in ArcGIS 10.1 to interpret the soil moisture in the study area. The analysis of soil moisture data suggests variations in soil moisture during the study periods. Results indicate that soil moisture was higher in Enshi city and at the Shaziba landslide location, as highlighted in red (Figure 12).
[image: Figure 12]FIGURE 12 | Soil moisture analysis map from 2019 to 2020.
5.4 Human factors
5.4.1 Engineering activities
In addition to the process of urbanization, Enshi Prefecture has also promoted investment in tourism due to its natural scenery, mineral resources, and Tujia cuisine. The construction of public facilities such as tunnels, railways, highways, houses, entertainment venues, mining, and various large and small engineering projects have been undertaken everywhere, which has caused the natural environment of Enshi Prefecture to suffer a heavy blow (Duan et al., 2011). The integrity of the mountain structure is destroyed, the original mechanical balance relationship is broken, resulting in structural loosening and sharp changes in the groundwater level, and when extreme weather or engineering vibrations with large amounts of engineering and a long construction period are encountered, landslide disasters are likely to occur (Eldin et al., 2013; Zeng et al., 2013).
Secondly, construction has made local environmental pollution worse year by year, and the weather conditions have continued to deteriorate, often accompanied by acid rain (Jie et al., 2010; Eldin et al., 2013; Xue et al., 2022). According to statistics, the average annual pH value of rainfall in Enshi City in 2009 was close to 5.60, and among the 17 cities in Hubei Province, the frequency of occurrence ranked sixth, at approximately 21.8%. Acid rain has a dissolution effect on carbonate surface rock layers in the territory. It also has a physical and chemical effect on the soil, changing the content of clay minerals in the soil, the concentration of ion components in the pore water, the stability of the soil colloid, the quantity and properties of the soil cementitious substance, thus affecting the stability and water stability of the soil aggregate. Acid rain causes acidification of soil, reduces the saturation of soil salt base, cation exchange, and the activity of microorganisms in the soil, and promotes the precipitation of activated aluminum, thereby reducing the soil strength (Shen et al., 2021; Song et al., 2021; Xue et al., 2022). Some coniferous vegetation such as fir, luohan pine, masson pine, and other coniferous forest vegetation, which are more sensitive to acid deposition are likely to wither and die, reducing the stability of soil quality and acid-base repair capacity, providing a possible further impetus for geological disasters (Eldin et al., 2013).
5.4.2 Urban development
Another reason for there being frequent deformation disasters in the study area stems from the living conditions and behaviors of residents. The population of the state mainly lives in the narrow basin at the foot of the mountain or the edge of the river, whether it is residential housing or public facilities, these structures are mostly built on the mountain (Jie et al., 2010; Eldin et al., 2013; Shen et al., 2021; Xue et al., 2022). From the situation in Enshi city and suburbs, the mountains around the building construction and the foundation of the building are mostly red quartz sandstone and red clay, and some of the mountain surfaces have long-term flowing water seeping out and are very slippery (Xue et al., 2022). There are no or very few preventive protection measures around the buildings and public facilities, meaning these structures are a safety hazard once a landslide occurs, and it will inevitably have a very large impact, causing damage to transportation and property safety for residents.
6 CONCLUSION
This study has examined the application of DInSAR and PS-InSAR to identify the location of a landslide that occurred in the Shaziba area and analyzed the deformation phenomena of Enshi city and the surrounding area. For this purpose, sentinel-1 data were processed using SNAP and StaMPS from 2 November 2019 to 21 September 2020. Our results revealed the location of a landslide in Shaziba on 21 July 2020 and identified deformation activities in Enshi city ranging from 54.2 to −51.6 mm/year. Various factors potentially affect the stability of Enshi city and the surrounding area. Firstly, the geographical territory of Enshi Prefecture is mountainous, with landforms dominated by plateau mountains composed of carbonate rocks, low mountain canyons, and dissolution red basins within narrow valleys. Such geographical features provide innate conditions for frequent geo-hazard disasters in the region. Second, during the flood season from May to September, rainfall is abundant, intense, and long-lasting. Thus, rainfall is another braking point for geo-hazard disasters in the region, causing the majority of landslides during this period. Furthermore, Industrial development, large-scale civil engineering projects, tourism prosperity, population growth, transportation promotion, and rainwater acidification among other factors have caused serious damage and disturbed the natural environment, providing a driving force for the occurrence of geo-hazard disasters. Although the PS-InSAR method is very useful in identifying deformation in urban areas, its integration with other influencing factors and in situ data is better for understanding the major causes of deformation.
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