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This Knowledge Exchange Water Brief was produced as an output of the
IUKWC pump priming project on “The influence of the monsoon on freshwater
availability for agriculture in the Sundarbans region of West Bengal, India,
under current and climate change conditions” undertaken in 2019.
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1. Background

The India—-UK Water Centre (IUKWC) funded a Pump Priming Project
(PPP) titled: “The influence of the monsoon on freshwater availability for
agriculture in the Sundarbans region of West Bengal, India, under current
and climate change conditions” between June and September 2019.
This Knowledge Exchange brief was developed from the outputs of the
activities conducted during this study: i) investigating the variability of the
Indian Summer Monsoon (ISM) and the ensuing freshwater availability for
agriculture in the Sundarbans region through the collection and analysis
of climatic data and outputs from Global Climate Models (GCMs); and ii)
understanding how changes in water resource availability are affecting
livelihoods and discussing issues related to adaptation to those changes
through meetings with farmers, NGOs and local government officials
engaged in water resource management. The research results were
communicated through a workshop with agricultural, water and climate
scientists, NGOs and government stakeholders working in the Sundarbans
region, where the team gained feedback, and shared knowledge and
ideas for future research. This Brief was prepared by Professor Lalu Das,
Principal Investigator (Pl) and India Project Lead, and Professor Gautam
Saha, both from Bidhan Chandra Krishi Viswavidyalaya (BCKV) in India,
and Dr Alexandre Gagnon, UK Project Lead, and Dr Indrani Roy from
Liverpool John Moores University (LJMU) in the UK.
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2. Key Findings

Freshwater availability is a major problem in the Sundarbans region of
India (Figure 1), where people struggle to have year-round access to
a sufficient water supply for domestic use and irrigation. Although the
region receives significant precipitation on an annual basis (approximately
1660 mm (Gopal and Chauhan, 2006), its seasonal distribution is
not uniform. Approximately 80% of total annual precipitation occurs
during the southwest monsoon season between June and September.
Additionally, both the surface and groundwater resources are becoming
more saline due to the frequent occurrence of severe tropical cyclones,
such as Ailain 2009, which are common during the post-monsoon season
and which inevitably affect agriculture adversely (DasGupta and Shaw,
2015). Saltwater intrusion into the groundwater supply, together with the
limited and declining availability of this source of water, inevitably results
in communities being dependent on surface water resources, whose size
and temporal availability vary according to the timing and duration of the
monsoonal rains. Groundwater depletion in Sundarbans is more acute
during the hot summer months of March, April and May, and in recent
years, this depletion has been exacerbated by the growing irrigation
needs for a second annual rice crop, called Baro rice. The timing of this
depletion, during the pre-monsoon season when surface water resources
are depleted, has caused, what the locals call, a water crisis in many
blocks of Sundarbans.
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N SUNDARBAN REGION
e West Bengal India

Figure 1. Location of the Sundarbans region of India and its 19 admin-
istrative blocks. Courtesy of Professor Saon Banerjee, BCKV.
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2.1. Stakeholders’ Perceptions of Monsoon Variability

The Indian Sundarbans region supports a population of almost 4.43
million people (Bhadra et al., 2018), which is facing severe problems
in terms of freshwater availability due to the abnormal behaviour of the
monsoonal rains and the frequent occurrence of tropical storms. The latter
contaminate water resources by increasing their salinity level, affecting
agriculture and hence peoples’ livelihoods. Agricultural activities in the
region greatly depend on the monsoonal rains, particularly the timing of
the onset and withdrawal of the Indian Summer Monsoon (ISM). There is
a perception amongst community residents that the occurrence of the
ISM is becoming highly irregular, mainly that its onset has been delayed
by up to one month, affecting water resource availability, and thus
hampering agricultural activities in the region, with inevitable impacts
on the livelihoods of the deprived farming communities. A delay in the
monsoon, for instance, affects seed sowing and transplanting, which
requires good quality water. A late ISM means rainwater storage ponds
have run dry, or the remaining water is too saline for irrigation, and this
means only farmers with access to groundwater can irrigate. However,
this then means a lowering of the water table, affecting the domestic
water supply. In years with a rainfall deficit, or when a severe storm
contaminates the water supply, such as in years subsequent to cyclone
Aila in 2009, farmers have to migrate out of the region, mainly to Kolkata,
to provide for their families remaining in Sundarbans.
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2.2. Temporal Changes in Surface Water Availability

A temporal analysis of surface water availability, calculated as the
difference between precipitation and Potential Evapo-Transpiration (PET),
during the period 1948-2010 shows decreasing trends in most of the 19
blocks of Sundarbans. These decreasing trends are mainly a result of
increasing trends in PET (which is driven by warmer temperatures), as
rainfall has increased in half the blocks and decreased in the other half.

2.3. Anthropogenic Pressure on Water Resources

Because of changes in surface water availability and to meet a growing
demand for food, which is the result of an increasing population, farmers
in the region have been pumping groundwater for irrigation. The latter is
particularly acute in some blocks, where a second rice crop, called Baro
rice, is grown. The cultivation of this second crop requires sowing during
the winter dry season and harvesting during the hot summer months of
April and May, putting additional pressure on the groundwater resource,
particularly when this is compounded with decreasing availability in
surface water and an increase in water and soil salinity, causing the water
crisis mentioned above. Some rain occasionally fall during the summer
months due to thunderstorms, providing some but limited relief to farmers.
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2.4. Adaptation to Monsoon Variability

Community residents have adapted to the temporal variability in
water availability by collecting rainwater in storage ponds, which most
households in the region have (Figure 2). Other adaptive actions were
proposed during the interactive sessions with stakeholders and were not
limited to physical adaptation, but also included managerial, technological
and behavioural adaptation, the latter mainly to reduce water use,
although it was mentioned that government initiatives are needed to
support adaptation. Accordingly, the Government of West Bengal has
introduced the “Jal Dharo Jal Bharo” mission and awareness campaign
to save water. The use of storage ponds has long been practiced in the
region, with the stored water used for domestic tasks (e.g. washing,
bathing) and for small-scale irrigation. There is limited land available to
increase the number of ponds to mitigate against a decreasing trend in
water availability. Moreover, not all the water in the ponds can be used
due to high salinity deeper into the ponds. There is thus high demand
by community residents to increase the volume of existing ponds by
increasing their depth, but also for a large-scale rainwater-harvesting
scheme with the water stored in a dammed reservoir, and for community
irrigation facilities. Alternative adaptation strategies such as the “less
water and more crop” initiative have to be demonstrated. Drought and
salt tolerant crop varieties have to be introduced to mitigate against the
salt level of the regional soils and the limited freshwater resources.
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Figure 2. Example of a storage pond in Sundarbans, providing water for domes-
tic task and for irrigating an adjacent vegetable garden. Photograph taken by A.
Gagnon, LUMU.
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2.5. CMIP5 Models’ Simulations of the Sundarbans Climate and
Freshwater Resources

Sundarbans only has one meteorological rain-gauge station, which is
situated on Sagar Island, with no other observational data collected in the
region to provide information on the climate and freshwater availability.
For this reason, alternative data have to be used, with simulations by
GCMs being one such alternative. Hence, the ability of the GCMs of
the fifth phase of the Coupled Model Intercomparison Project (CMIP5)
in simulating the regional climate of Sundarbans was evaluated using
conventional statistical measures for the period 1971-2000. It was
found that some CMIP5 GCMs are unable to reproduce the means of
the observed seasonal cycle of rainfall over Sundarbans, with dry and
wet biases in different months. Nonetheless, some models have skills to
reproduce the observed features to a satisfactory extent.

After ranking the models according to their ability to simulate the climate of
Sundarbans, the best five CMIP5 GCMs (Table 1) were used to construct
time series of past water resource availability, as well as scenarios of
future rainfall and freshwater availability for the region. However, the
resolution of existing GCMs is too coarse for their use in decision-making
at the local and even regional scale. Hence, GCM outputs need to be
downscaled using downscaling techniques. These were applied to the
selected group of CMIP5 models’ outputs to simulate the climate and
freshwater resources of Sundarbans for the recent past and projected
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climates. The downscaling techniques that were found to be best at
simulating the regional climate of Sundarbans, through comparison of
the model outputs with observed gridded datasets, were used to produce
regional climate change scenarios during this project.

2.6. Uncertainty in the Climate Change Projections

The the skill of the latest generation of GCMs to reproduce the current
climate of Sundarbans is not always adequate, and in addition to
modelling uncertainties and variations in the downscaling results between
techniques, there are uncertainties in the climate change projections for
the region.

This work investigated how uncertainty varies amongst the selected
GCMs, i.e., those that are best at simulating the regional climate of
Sundarbans, and downscaled their outputs to provide regional scenarios
for the 21st century using the Representative Concentration Pathways
(RCP) 4.5 and 8.5, which were adopted for the latest Assessment Report
of the Intergovernmental Panel on Climate Change (IPCC) in 2014.

The downscaled scenarios of four of the five GCMs project an increase
in precipitation during the ISM while a decrease is projected by the fifth
model under both warming scenarios.
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3. Specific Recommendations

The present PP project assessed how rainfall and PET has changed over
the 19 blocks of the Sundarbans region using conventional gridded and
observational datasets, and GCM simulations. The ability of the CMIP5
GCMs to simulate the climate of Sundarbans was evaluated with the
five best models selected to examine future changes in climate under
two warming scenarios. The simulations from those five models were
downscaled to construct scenarios of freshwater availability for the
region, calculated as the difference between precipitation and PET,
which provided scientific context to the stakeholders’ perceptions. The
impacts of changes in the ISM and associated variability in surface
water availability on livelihoods were also examined, together with issues
related to adaptation to mitigate those risks.

3.1.  Clarifying the Differences in Projections between Models

Further research is recommended to understand the physical mechanisms
explaining the difference amongst the CMIP5 GCMs, not only in the
magnitude of the projected change in rainfall over Sundarbans, but also
in the direction of change, as well as to explain the contradicting results
between the downscaled model outputs and the coarser resolution GCM
outputs.
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Table 1. The five CMIP5 GCMs used to provide climate change projections for the Sundarbans region, ranked

from 1 to 5, on their ability to simulate the region’s climate.

Model Resolution Source 2F:111.¢

HadGEM2-AO [ 1.25"x 1.875° | Met Office Hadley Centre, UK 1

MIROC5 1.4 x1.4 Atmosphere and Ocean Research institute (The Uni- 2
versity of Tokyo), National Institute for Environmental
Studies, and Japan Agency for Marine-Earth Science
and Technology

CESM1-BGC 0.95°x 1.25 National Science Foundation, Department of Energy, 3
National Center for Atmospheric Research USA

ACCESS1-0 1.25"x 1.875" | CSIRO (Commonwealth Scientific and Industrial Re- 4
search Organization, Australia), and BOM (Bureau of
Meteorology, Australia)

CESM1-CAM5 | 0.95°x 1.25° National Science Foundation, Department of Energy, 5

National Center for Atmospheric Research USA
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3.2. Reducing Evaporation as an Adaptation Option

Although the downscaled outputs of the majority of the selected
climate models project an increase in precipitation in a warmer climate,
evapotranspiration will also increase, offsetting to some extent, the
impact of an increase in rainfall on surface water availability. In light of
the government programmes to enhance water capture and storage,
it is important that the long-term impacts of these initiatives are also
considered. Research is thus recommended on the identification of
potential techniques to reduce evaporation losses from water storage
ponds and their suitability to the region, and acceptability through
stakeholders’ engagement.

3.3. Alternative Agronomic Management Practices

Another adaption option is to further research, from both engineering
and social science perspectives, and roll-out of alternative agronomic
management practices such as changes in the sowing dates, changes
in irrigation through the use of modern irrigation techniques that increase
production with less water, and introduction/ testing of drought and salt
tolerant crop varieties.

3.4. Visualisations of Climate Change Risks

To engage with stakeholders in the development of adaptation options
or strategies, it is recommended that visualisations of climate change
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risks be developed, for instance, by producing scenarios of crop yield
according to the projected changes in climate and the ensuing availability
in water resources. This is in addition to examining stakeholders’
willingness to adapt in view of the time-scale, resolution and skills of
the climatic information provided. Documenting evidence of the use of
visualisations to support adaptation decision-making is recommended
for the benefits of this research to extend beyond the study region.

4. Future

This project provided a better understanding of the impact of the variability
and change in the southwest monsoon on agriculture and livelihoods in
the Sundarbans region of India and how the surface water resources of
this region could be affected by climate change.

It is anticipated that the creation of future downscaled climate change
information and scenarios of future fresh water availability for the
Sundarbans region and its communication to local stakeholders will give
farmers the opportunity to adapt their selection of crops under different
scenarios of change as well as raising awareness of potential changes to
the regional water storage infrastructure.

The next step is to use this knowledge to target interventions and develop
policies that are effective at mitigating risks. Such interventions should
also be put in the context of a declining groundwater resource and that
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adaptation will also be required against other environmental risks, for
example, sea level rising and cyclones.

Finally, the development of a new project tentatively titled: “Water saving
techniques for rice production under challenging available freshwater
scenarios over different blocks of Indian Sundarbans” is proposed.
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Back Cover Photo: Field, Sundarbans (Emma Bennett, IUKWC).
All other images courtesy of project leads.
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