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1. HyP3
Because of various challenges in processing of SAR imagery for displacement value calculation, HyP3 - Hybrid Pluggable Processing Pipeline, a cloud-based system has been used in this study. With the processing requests being handles by automated systems, the processing speed is very quick. The user is needed to input basic information like the range of dates, area of interest and type of swath mode images.  Once the user inputs the basic information, the processing starts on cloud and would be available for download for 14 days from the time of process completion. It is useful for timeseries analysis which plays an important role in monitoring the land deformation. Various techniques used for time series analysis of InSAR methods include Persistent Scatter (PS) and Short Baseline Subset Methods (SBAS) (13). While PS method uses only one master scene to form the interferograms, SBAS method uses different master scenes (13). In the study we have used the Vertex SBAS tool which is easy to use and visualize the images. The temporal baseline was set to 24 days. There is a limit of 1000 Jobs per month in the tool. Once the jobs are submitted, the results will be available as quickly as 40 minutes and will be available for download in the cloud storage for 14 days from the time of completion. An option is available for users who would like to process the timeseries analysis in MintPy and it helps in selecting the required files to be generated. 
The generated product after setting up the SBAS in the HyP3 tool from the ASF website gives a zip file of different interferograms for the area and time of interest. Different files generated are detailed in Table 1. 
2. MintPy
MintPy is an open-source python package was used to perform time series analysis on Interferometric Synthetic Aperture Radar (InSAR) data. It reads and processes a stack of coregistered and unwrapped interferograms from various sources, including InSAR Scientific Computing Environment (ISCE), Advanced Rapid Imaging and Analysis (ARIA), Hybrid Pluggable Processing Pipeline (HyP3), Generic Mapping Tools Synthetic Aperture Radar (GMTSAR), Sentinel Application Platform  (SNAP), and Repeat Orbit Interferometry Package format (ROI PAC), and produces 3D ground surface displacement measurements in the line-of-sight direction. 
MintPy processing time depends on the area of interest. It takes approximately 45 minutes to process the area of a complete IW swath mode image. But as our study’s area of interest is limited to only the region of Joshimath, it took 5 minutes 20 seconds to read, process and produce an output file. The output file contains of various calculations including Average Phase Velocity, Average Spatial Coherence, Perpendicular Baseline History, Velocity, Time series of DEM error, Interferogram compilation represented in PNG and KMZ files. 
After acquiring the output file, an extra command was used to extract the shapefile of displacement values for each point of area of interest. The command is as follows:
· save_qgis.py timeseries.h5 -g inputs/geometryRadar.h5 -o ts.shp
An additional Plugin for QGIS called as ps-time-series plugin (14) was installed. This plugin is used for Computation and visualization of time series of speed for Permanent Scatterers derived from satellite interferometry. 
Supplementary Text
1. Land Subsidence
Land subsidence is termed as gradual or rapid sinking of Earth’s surface which is caused by subsurface motion of earth materials (15). The primary causes of the process are subsurface fluid withdrawal (16), underground mining (17), hydro compaction (18), and natural consolidation (19). Many cities in the present-day world are undergoing this phenomenon. The list consists of but not limited to Venice (20), New Orleans (21), Houston (22), Mexico (23), Tokyo (24), Shanghai (25), Bangkok (26).  With the land subsidence increasing in different cities all over the world, it generally has a pile of negative impacts. It causes both infrastructural damage and environmental damage (27). While the infrastructural damage like cracks on roads, tilting of houses can be observed by naked eye, the environmental damage leads to increased flooding during high tides, and increase in inland sea water intrusion. It is very important to monitor the subsidence rates in areas which go under subsurface fluid withdrawal, underground mining, hydro compaction, and natural consolidation, so that there would not be any adverse effects caused by it. Understanding the causes and effects of land subsidence is important for addressing the challenges it poses to sustainable land use and development. 
The two different types of land subsidence measurement are majorly categorized into ground-based and remotely sensed methods (28). The ground-based methods consist of GPS - Global Positioning System monitoring stations, tripod LiDAR, and extensometry. The remotely sensed based methods consist of InSAR and LiDAR. Due to various physical challenges and objections in the field observations after a natural / artificial disaster, the remotely sensed methods have become more effective than ground-based methods for studies involving quick assessment and response. With an expeditious development in the field of technology during the previous decade, remote sensing has played an important role in disaster management by identifying the type of disaster, cause of disaster, intensity using the spectral and spatial changes of the region (29). The quality of spectral, spatial, and temporal resolution of the data is highly important in disaster assessment studies (30). Remote sensing methods are of two types, optical and radar. While the optical remote sensing is affected by light conditions and clouds, radar remote sensing overcomes these obstacles. Synthetic Aperture Radar (SAR) is a method of remote sensing which provides data of a place irrespective of clouds, rain, day, night, and fog because of its penetration ability (31). 
InSAR is a remote sensing technique that uses SAR images to measure small changes in the surface of the Earth. It is widely used to map and monitor land subsidence, earthquakes, volcano deformation, and other geophysical processes (32). InSAR works by combining two or more radar images of the same area taken at different times to create an interferogram. The interference pattern created by the overlapping images can be used to calculate the phase difference between the two images, which is directly related to the surface displacement (33). One of the main advantages of InSAR is its ability to measure ground deformation over large areas with high spatial resolution and accuracy. InSAR can detect surface displacements as small as a few millimetres (33), making it ideal for monitoring slow-moving geophysical processes such as land subsidence. The applications of InSAR does not only include surface deformation but the method is also being used to monitor infrastructure, such as dams and bridges, to detect structural changes and potential safety hazards (34). InSAR technology has advanced significantly in recent years, with the launch of new satellites with higher resolution and more frequent revisit times, and the development of new processing techniques. This has led to an increased availability of InSAR data and an improved ability to detect and monitor small-scale surface deformation. InSAR has been used to study tectonic deformation in various regions, including the faults in Suban field, South Sumatra Basin, Indonesia (35) and the Northern Tibetan Plateau (36). It has also been used in monitoring volcanic deformation at several active volcanoes, such as Rabaul Caldera, Papua New Guinea (37) and Yellowstone Caldera (U.S.) (38). InSAR has also been used in the field of natural hazard monitoring. InSAR can be used to identify areas that are prone to landslides, floods, and earthquakes (39). InSAR data can be used to identify areas of ground deformation that may indicate an increased risk of landslides or floods. InSAR can also be used to track the movement of glaciers, which can be used to monitor the effects of climate change (40). 
With SAR data providing all needed information on surface deformation, the processing of the data has always been a challenge. The process involving calculation of earth surface deformation using radar data requires in depth theoretical knowledge and processing softwares, which might be an obstacle in increasing the use of radar data for deformation monitoring (41). The most common type of issues (42) that the users of SAR imagery face are:
•	Removal of distortions of some sort to make the products analysis ready
•	Requirement of excessive computing resources and softwares
HyP3 which is a cloud-based system that is developed and maintained by the Alaska Satellite Facility (ASF) at the University of Alaska Fairbanks, gives access to on-demand higher-level SAR processed results (41). This method is a relatively new method and is a highly time saving method to get the results. The process gives interferograms and displacement maps for any area and date on demand. While HyP3 generates interferograms and displacement maps for any two SAR acquisitions, it is recommended not use single interferograms for deriving displacement values for the region (8). A SAR time series software such as The Miami INsar Time-series software in PYthon (MintPy) is recommended to use as a more robust method of determining surface displacement by analyzing a series of interferograms. MintPy is an open-source python package for InSAR time series analysis (6). 
This study aims at evaluating the use of Hyp3 generated products in the MintPy software to process and analyze the interferograms to extract surface displacement values of Joshimath. The evaluation is performed for the area of Joshimath from January 2022 to January 2023 using Sentinel-1 SAR data. With the incidents of flash floods and cracks of house walls taking place in Joshimath, it is very important to analyze long term data to identify the cause and monitor the intensity of the situation. The main aim of using Hyp3 generated products and MintPy software for the analysis is to emphasize the use of these methods in generating the results quickly to take better decisions in the future. Quantum GIS (QGIS) 3.28.1 and Google Earth Pro were used to make maps, while Origin 2023 software was used to plot the graphs.  
2. Study Area and Dataset
2.1 Joshimath:
Joshimath is a town located in the Indian state of Uttarakhand, in the Chamoli district.  It is situated at an altitude of 1861 meters above sea level and is surrounded by the majestic Himalayas. Geographically, Joshimath is located on the middle part of a hill, bordered by Karmanasa and Dhaknala to the west and east respectively, and surrounded by Dhauliganga and Alaknanda. The town serves as a base for many trekking routes in the surrounding Himalayas, such as the Nanda Devi Sanctuary and the Valley of Flowers National Park. The town receives moderate to heavy rainfall during the monsoon season and heavy snowfall during the winter. 
The population of the area is 17,000 approximately. The maximum and minimum temperature levels in the area vary between 31 degrees Celsius to -2.9 degree Celsius. The normal annual rainfall rate is 1230.8 mm. The area receives maximum rainfall of the year in the month of August. It is pretty evident from the incidents like 2013 floods and 2021 flash floods that the area is highly vulnerable to natural disasters. Geologically the place is situated in the lesser Himalayas and lies in the tectonic fore deep (3)] and is situated in the seismic hazard zone of V which is the highest on the scale. The lithology of Joshimath includes Garnet mica gneiss, staurolite and kyanite gneisses, Garnet amphibolite (3). While majority of the southern part is covered by trees and rangelands, northern part of the area can be noticed to be of Ice or Snow which is due to presence of Himalayas.  
2.2 Dataset:
Sentinel-1imagery was used in the study to estimate the land subsidence. It is constellation duo of satellite orbiting in a sun synchronous polar orbit. Sentinel – 1 satellite which provides SAR imagery to global users was launched by European Space Agency in the year 2014. It carries C-Band sensors with 4–8 GHz frequency and 7.5–3.8 cm wavelength. In this study, Sentinel-1 A satellite images from January 2022 to January 2023 were used. The IW – Interferometric Wide swath mode images of swath width 250 km were used to generate interferograms (5). 30 images of flight direction Ascending orbit with polarization VV+VH were used in the study. 
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Figure S1. Timeseries plot for different locations (Latitude and Longitude mentioned in every plot)
[image: Chart, scatter chart

Description automatically generated]


Figure S2. (Latitude and Longitude mentioned in every plot)
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Figure S3. (Latitude and Longitude mentioned in every plot)
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Figure S4. (Latitude and Longitude mentioned in every plot)
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Figure S5. (Latitude and Longitude mentioned in every plot)
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Figure S6. (Latitude and Longitude mentioned in every plot)
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Figure S7. (Latitude and Longitude mentioned in every plot)
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Figure S8. (Latitude and Longitude mentioned in every plot)
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Figure S9. (Latitude and Longitude mentioned in every plot)
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Figure S10. (Latitude and Longitude mentioned in every plot)
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Figure S11. (Latitude and Longitude mentioned in every plot)
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Table S1. Files generated through ASF HyP3
	Name of the file
	Format of the file
	Mandatory/Optional

	Wrapped Interferogram
	PNG image, KMZ file, GeoTIFF
	Optional

	Unwrapped Interferogram
	GeoTIFF, PNG image, KMZ file
	Mandatory

	Line-of-Sight Displacement Map
	GeoTIFF
	Optional

	Vertical Displacement Map
	GeoTIFF
	Optional

	Coherence Map
	GeoTIFF
	Mandatory

	Amplitude Image
	GeoTIFF
	Mandatory

	Parameter Documentation
	Text File
	Mandatory

	Look Vector Maps
	GeoTIFF
	Optional

	Incidence Angle Maps
	GeoTIFF
	Optional

	DEM used to process the data
	GeoTIFF
	Optional

	Water Mask
	GeoTIFF
	Mandatory
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