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big trends

T WO  K E Y  P RO B L E M S  in India’s water sector are the 
estimation of dry-spell vulnerability during kharif, 
the monsoon season, and the design of water and 
energy-planning inputs to help villages undertake 
demand-side management during rabi, the post-
monsoon season.

In this article, we report our joint work with 
the Government of Maharashtra’s Department of 
Agriculture on a World Bank-assisted program called 
the Project on Climate Resilient Agriculture, or 
PoCRA. The project is spread over 5,000 villages in 
15 districts of Maharashtra (see Figure 1). Its main 
objective is to make smallholder farmers resilient to 
climate variability through targeted interventions. 
A key strategy is to promote water and energy 
budgeting in these villages and to supplement the 
community infrastructure and the capabilities of 
individual farmers.

IIT Bombay has been a knowledge 
partner to PoCRA since its inception 
in 2017.

The Problems
Kharif crops, typically soybean, mil-
lets, and cotton, depend on rainfall 
for their major water requirement. 
This is typically supplied by soil mois-
ture which acts as a water bank that is 
replenished by rainfall and is used by 
the root system of the crop. How-
ever, when there are dry spells in the 
monsoons, depending on the soil’s 
texture and depth, and other param-
eters such as slope, farm bunding, 
among others, different farmlands ex-
perience different crop-stress, which 
ultimately results in reduced yields 
or even crop failure. The variation 
in stress within the same village can 
be considerable. The remediation 
for this is to provide supplementary 
irrigation from nearby streams or 
wells using pipelines and pumps. The 
question then is to quantify these 
crop water deficits (in mm) for farms, 
to aggregate these at the village level 
and compute a net demand for pro-
tective irrigation, and to compare this 
demand with the supply side, that is, 
water impounded due to interven-
tions at the farm level or village level.

The second problem was to stabilize 
post-monsoon, or winter and summer, 
crop yields. These are typically a mix of 
high-value crops such as wheat, vegeta-
bles and fruits, and the usual gram and 
pulse crops. Since these are grown on 
limited groundwater or stored surface 
water, overcropping results in water 
rationing toward the end of the season. 
This too results in poor yields, pest 
attacks, and crop failures. An increas-
ing problem is a competition for water 
through deep borewells and expensive 
water transfers from large distances. 
Our task was to provide the village com-
munity with an estimate of the total 
groundwater and surface water avail-
able for the post-monsoon season, and 
to design suitable crop planning and 
extension paradigms.

In both cases, the solutions expect-

Computing 
for Climate 
Resilience in 
Agriculture

DOI:10.1145/3554928

BY HEMANT BELSARE, MILIND SOHONI,  
RAHUL GOKHALE, POOJA PRASAD, ASIM R.P.,  
CHIRAG MARATHE, PARTH GUPTA, SHUBHADA SALI, 
SWAPNIL PATIL, AND SUDHANSHU DESHMUKH

https://dx.doi.org/10.1145/3554928


NOVEMBER 2022  |   VOL.  65  |   NO.  11  |   COMMUNICATIONS OF THE ACM     75

big trends      india region
P

H
O

T
O

 B
Y

 M
I

C
H

A
L

 Z
I

E
M

S
K

I 

ed were design, data, and extension 
methods, which would be used by the 
Department of Agriculture (DoA) and 
partner agencies and implemented in 
the project villages. These would be 
the first few steps toward replicating 
community-based demand manage-
ment, which has been successful 
in some exemplary villages such as 
Hiware Bazar.

The solution architecture. Our 
solution consists of a core engine—a 
point model simulating soil condi-
tions integrated into a geographic 
information system (GIS) environ-
ment. This was coupled with a plan-
ning module which provides linkages 
to administrative and infrastructure 
data such as village-level cropping 
patterns, and locations of tanks and 
bunds. The IT stack provides the in-
terface between various scientific and 
administrative layers.

The model. The point model is 
a soil-water balance model which 
estimates the soil moisture availabil-
ity and crop water deficit for any crop 
sown at any point in the PoCRA region, 
for a given rainfall pattern. In fact, it 
gives the full distribution of the rain-
fall into surface runoff, soil moisture, 
crop water uptake, and groundwater 
recharge, and strictly satisfies mass-
balance at all the timesteps. See the 
schematic diagram in Figure 2. The 
model integrates various well accepted 
and widely used scientific models such 
as the U.S. Department of Agricul-
ture’s Soil Conservation Service Curve 
Number (SCS-CN) to estimate surface 
runoff,3 U.N. Food and Agriculture Or-
ganization (FAO) models1 to estimate 
crop water demand using weather 
data, and Soil & Water Assessment 
Tool (SWAT) models2 to estimate the 
stocks and flows, all on a common 

computational platform.
The model uses datasets such as 

land use, soil texture, soil depth, eleva-
tion, and slope from existing maps 
and weather data provided by external 
agencies. The data is incorporated into 
the PoCRA IT Stack (using open source 
database PostgreSQL) and is made 
available at various spatiotemporal 
scales. This allows us to compute the 
water budget and crop water deficit 
at any farm and for any period. See 
Figure 3, where a soybean farm plot in 
Sangamner experienced an estimated 
deficit of 103mm.

Next, the point model is incor-
porated into the GIS environment 
as a plugin (using open source GIS 
software, quantum GIS, and Python 
scripts), and the point model results 
are aggregated spatially and tempo-
rally to produce regional water bud-
gets for all the crops, for the decided 

The framework gives a focus to the adaptive capacities of farmers and local planners within villages. 
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es in geographical endowments and 
farmer adaptive capacities within the 
village, and at the same time helped 
local planners and the community to 
plan better soil and water conserva-
tion structures to harvest surplus run-
off, as well as to plan rabi, summer, 
and annual crops commensurate with 
the water budget. One of the outputs 
is also the farm-plot level vulnerability 
map, that is, specific plots where crop 
water deficits are likely to be high. 
This may be used by state agencies to 
identify and support specific farmers 
in the village.

Another important contribution 
was the design and development of 
the IT stack, which integrates various 
datasets—remote-sensing, admin-
istrative, hydrological, and real-time 
weather datasets—in a common 
Web-GIS framework. These datasets 

time period. This has led to a back-of-
fice driven, automated computational 
framework which sits on a robust 
IT stack, and which allows for easy 
and efficient computation of water 
budgets for the project villages. This 
procedure is shown in Figure 4.

The Planning Module  
and the IT Stack
At the ground level, local plan-
ners enter key primary data such as 
village-specific cropping patterns and 
water-harvesting structures data into 
an easy-to-use and simple mobile-
based interface, which uses the above 
back-office computations to generate 
village-level water budget charts. The 
charts are displayed in all the 5,000 
PoCRA villages. Such a water budget 
planning framework has enabled the 
DoA to focus on the spatial imbalanc-

Our task was to 
provide the village 
community with 
an estimate of the 
total groundwater 
and surface water 
available for the 
post-monsoon 
season, and to 
design suitable 
crop planning 
and extension 
paradigms.

Figure 1. Map of Maharashtra, PoCRA districts.

PoCRA Districts

Figure 2. The schematic diagram of the point model.
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Figure 3. Computation of daily soil moisture, crop water uptake and deficit for the soybean crop in Clayey Loam soil by the point model for 
2016 rainfall as recorded by Sangamner weather station. On the x-axis are daily rainfall events. 
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Figure 4.  The computation of the water budget and vulnerability in a village cluster in Hingoli district. 

The key input layers and the output layers are shown. The volumetric water 
budget for the villages is prepared in a separate chart.
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are organized so they may be queried 
at various interoperable spatial and 
temporal scales.

This has allowed the development 
of several project-related scientific and 
planning modules, for example:

1.	 Real-time estimates of soil mois-
ture, groundwater recharge, runoff, 
and crop water conditions all over the 
PoCRA region, and to provide a dash-
board. See Figure 5.

2.	 Formulation of contingency que-
ries, for example, villages with heat-
wave conditions and large soybean 
cropping areas, or farms in villages 
with deficits greater than 40mm but 
surface water storage of less than 
10mm.

Similar dashboards and composite 

Figure 5. Aggregation of the point model results to display total crop water deficit for soy-
bean for the entire PoCRA region as of Oct. 10, 2021.

Input datasets, sources, quality, and corrective measures.

Input Dataset
Current  
Source of Data

Current State of the Data

Corrective Measures Needed/TakenScale And Resolution Limitation

Soil texture and soil depth 
shape files 

Maharashtra 
Remote Sensing 
Application Centre
(MRSAC)

Scale: 1:50,000 Poor accuracy of soil texture  
and depth 

MoU with National Bureau of Soil Survey 
(NBSS) initiated for generation of more 
accurate (higher resolution) soil maps

Soil properties (for 
example, bulk density, 
saturated hydraulic 
conductivity, and field 
capacity) for each texture 
class

FAO and SPAW 
(Soil-Plant-Air-
Water) model

NA No state level database available 
for local soil properties, no 
studies undertaken

Extensive field surveys and lab tests 
required to generate local state-level soil 
databases capturing organic matter, salinity 
and more that impact soil properties

Crop properties such 
as: root depth, depletion 
factor, crop duration, 
growth stages, Kc (Crop 
coefficient) value 

FAO NA Kc values may differ from region 
to region and variety to variety. 
No state-level data available 

Estimation of Kc for few major crops through 
lysimeter experiments at State Agriculture 
Universities to be initiated in PoCRA. More 
local studies required for documenting 
different crop varieties and their properties

Rainfall and  
weather data

Skymet automated 
weather stations 

Spatial: Approx. 1 station 
per 13,000 ha.
Temporal – hourly

Problem of some weather 
stations going down during 
monsoon season due to power 
outage or network issues

Significant improvement in data resolution 
and frequency is already achieved—from 
yearly district level rainfall data (1998), then 
daily block level data (1999), followed by 
daily revenue circle level rainfall data (from 
2013). Since 2018, hourly weather data is 
recorded by Skymet in collaboration with 
GoM through weather stations in all revenue 
circles

Curve number USDA  Available for different 
land covers and HSGs 
(Classified as per US 
conditions)

Researchers have shown 
differences in curve numbers 
when computed locally. But no 
state-wide data available on 
curve numbers.

Need several local studies for generating 
local database for curve numbers

Digital elevation map SRTM 30m x 30m Current resolution and quality 
are sufficient for generating slope 
and drainage maps.

1m x 1m resolution DEM maps available. 
May be used for better delineation of stream 
proximity regions in the future

LULC data MRSAC Scale: 1:50,000 
Temporal: once in five 
years

Latest available data is from 
2015-16. Yearly changes in LULC 
due to rainfall are important 
but not currently recorded / 
published

LULC map must be updated at least every 
year but preferably quarterly to capture 
seasonal cropping 

Cadastral data Maha Bhulekh and 
MRSAC

Temporal frequency: 
Maps updated every five 
years

Changes and divisions of land-
parcels not reflected yearly.
Quality: several duplicates, 
overlaps in cadastre polygons, 
survey plot numbers encountered

Data needs frequent updates,  
resolution of errors
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datasets such as Google Climate En-
gine and GLEAM (Global Land Evapo-
ration Amsterdam Model) are now 
being designed by various researchers 
based largely on remote sensing data. 
However, they come with limitations 
in that they do not use ground-level da-
tasets, nor do they offer any interfaces 
for the local planners. Moreover, it is 
not clear if they achieve mass-balance 
at local or regional scales.

Challenges
Although the model is based on 
widely accepted FAO and SWAT meth-
odology, the usability of the model 
depends crucially on appropriate 
calibration and the quality of input 
datasets. Significant inconsistency 
was found (through multiple field 
studies and lab analysis) between 
the soil characteristics as indicated 
by the state-provided remote sens-
ing-based maps and the actual soil 
characteristics as observed on the 
ground. These discrepancies in the 
soil texture resulted in significant de-
viations in crop water availability and 
deficits. As a result, PoCRA partnered 
with a specialist agency, the National 
Bureau of Soil Survey and Land Use 
Planning, to develop more accurate 
soil maps. Besides the inaccuracies 
in the soil data, there are challenges 
in other input datasets as well, which 
need improvement. These are listed 
in the accompanying table.

In addition to efforts on improving 
input data quality, there have been 
many refinements in the model. These 
include, for example, improving cali-
bration, incorporating the effect of key 
farm-preparation practices, increasing 
the frequency of weather data transla-
tions from daily to hourly, incorporat-
ing phenomena such as baseflows, 
and so on. All these changes required 
extensive field validation which was 
conducted in over 50 villages. Through 
these improvements, our goal is to 
improve the accuracy of water budget 
estimates to achieve greater commu-
nity acceptance of the tool. 

Outcomes
Thus, the model and the planning 
tools address both the kharif dry spell 
as well as the rabi planning problems. 
Moreover, they provide a quantifica-
tion of both vulnerability and resil-

ience, at the farmer level as well as at 
the village level. The maps and bud-
gets capture the biophysical reality of 
the village relevant to agriculture and 
are being used in close to 5,000 vil-
lages. The vulnerability maps are now 
used to order and prioritize requests 
for the construction of dug wells. An-
other outcome is the observation that 
most villages in these drought-prone 
districts have an average storage of 
about 15mm, which is very low. Thus, 
these villages are unable to cope with 
even a moderate dry spell of 15 days. 
This has led to greater use of our tool 
by Maharashtra to guide infrastruc-
ture development and extension.

The team and the collaboration. 
These tools were developed by a dedi-
cated interdisciplinary team of faculty 
members, students, and staff over a 
span of four years. Many student theses 
contributed to the project. Prototypes 
and sample implementations were 
shared with the PoCRA team at Maha-
rashtra and have been presented and 
discussed extensively. These were then 
extended and deployed by the DoA. The 
collaboration illustrates the intellectual 
challenges and rewards of working at 
scale on live problems. 
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The model and 
the planning tools 
provide  
a quantification  
of both vulnerability 
and resilience,  
at the farmer level 
as well as at  
the village level.


