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1.Project goals and Motivation

• Primary goal

To analyze the behavior and the Spatio-temporal trend of Total water storage

(TWS) from 2002 to 2021.

• Project Motivation

The major economy of India is from the agriculture industry and the production

of water-intensive crops like paddy, wheat, cotton, sugarcane, has been

suggested as one of the major reasons for groundwater depletion in the country,

specifically north-western states.

2. Objectives

i. To analyze the trend of TWS from GRACE (Gravity Recovery and Climate Experiment) data.

ii. To analyse groundwater availability in northwest India .

iii. To identify the predominant cause of groundwater variability in the region.

3. Study Area

The region receives an average rainfall of 700mm annually and has rivers like

Yamuna, Chambal, Son, etc., The groundwater in the region is withdrawn

continuously for the purpose of irrigation exceeding the recharge rate [1], [2]

which leads to depletion of groundwater in the region.

[1] D. Long et al., “Have GRACE satellites overestimated groundwater depletion in the Northwest India

Aquifer?,” Sci Rep, vol. 6, no. 1, p. 24398, Jul. 2016, doi: 10.1038/srep24398.

[2] M. Rodell, I. Velicogna, and J. S. Famiglietti, “Satellite-based estimates of groundwater depletion in

India,” Nature, vol. 460, no. 7258, pp. 999–1002, Aug. 2009, doi: 10.1038/nature08238.

4. Methodology

GRACE data had gaps which were filled with the estimated seasonality and trend in MATLAB

after which, the time series and spatial trend were analyzed. While carrying out change

detection analysis in ArcGIS Pro – Change detection wizard tool, more importance was

given to the features which got converted to croplands and built up. Crop production data from

NIC was obtained, data wrangling and statistical analysis was done using Google Colab.

Then, the spatial analysis of crop production trend was derived using ArcGIS Pro for the

water-intensive crops (cotton, rice, sugarcane, and wheat). Other factors like temperature,

evapotranspiration, soil moisture and precipitation obtained from Modern-Era Retrospective

analysis for Research and Applications, Version 2 (MERRA -2) and Climate Forecast System

(CFS) were analyzed in Climate Engine’s research App.

5. Results

• The time series plot of GRACE data clearly shows a declining trend in the TWS of the region, it

is around +1cm in 2002 and significantly drops to -2 cm in 2021.

• From the change detection for the year 2002 and 2021, the increase of croplands can be

witnessed which could be a reason for the negative trend of TWS as groundwater is extracted at

a large scale for irrigation purpose.

• The irrigation draft data obtained from IN-GRES and processed in ArcGIS Pro shows very high

draft values for the study area in the year 2021.

• Water intensive crop production has also increased in the region which can be seen from crop

production maps.

• As there is no significant change in climatic variables, change in TWS can be attributed to

predominant increase in cropland and population growth.

6. Conclusions

• The growing trend of croplands is evident from the change detection analysis.

• In all the crop production maps, it is obvious that the crop production (water-intensive crops) in north-

western part of India is gradually increasing.

• Thus, it can be concluded that the declining trend of TWS, is due to over exploitation of ground water in

the region for the purpose of irrigation which can be considered as one of the predominant reason.

• On the other hand, population is shooting up and demands are escalating for food, land and water

resources which urges for a better management of natural resources in order to lead a sustainable

living.

• Re-aligning cropping pattern with available water resources and precision irrigation can be few

measures that can be taken.
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Future Directions of Research

• By utilizing in-situ groundwater data, the depletion can be seen explicitly.

• Adding one more spatial layer – SMAP (Soil Moisture Active Passive) data for improving accuracy.

• Land subsidence studies which can be correlated to ground water depletion in a region.

• Generating a machine learning or a deep learning model with all the influencing factors for GW and

carry out the analysis in a efficient manner.
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