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Introduction 
Asian Mega Deltas (AMD) are critical agroecological 
regions that support millions of livelihoods and serve 
as essential food baskets. However, they are 
increasingly facing significant challenges such as water 
scarcity, flood risks, and ecological degradation (Chan 
et al., 2024). The sustainability of these deltas is vital for 
regional food security and global agricultural stability, 
as the well-being of communities within these areas 
directly impacts food availability beyond their borders 
(Nicholls et al., 2016). These deltaic landscapes are 
particularly vulnerable to the increasing effects of 
climate change, including extreme weather events, 
cyclones, rising sea levels, increased soil and water 
salinity, and land subsidence (Walton et al., 2024). The 
threat posed by climate change exacerbates existing 
challenges, leading to severe social and economic 
repercussions. If left unaddressed, these climatic 
trends will further burden the already vulnerable 
populations in these regions, worsening food 
insecurity, deepening poverty, and intensifying 
hunger. These results in a vicious cycle of declining 
food security, increased destitution, and rising 
malnutrition, emphasizing the urgent need for 
proactive interventions to protect the future of these 
vital landscapes. 

The CGIAR has launched the AMD initiative to address 
these pressing issues and create resilient, productive, 
and inclusive deltas capable of withstanding climatic 
and environmental stresses while maintaining their 
socio-ecological integrity. Achieving this goal requires 
efficiently scaling transformative technologies and 
practices at community, national, and regional levels. 
As part of this initiative, localized hydrological models 
in two key deltas - the Ganges and the Mekong were 
developed to facilitate informed decision-making and 
enhance water resilience in these critical regions. 

 

Ganges-Brahmaputra Delta in Bangladesh 

In Bangladesh, the poldering of floodplains in the 
Ganges-Brahmaputra delta aims to enhance 
agricultural productivity on fertile land while mitigating 
vulnerabilities to flood inundation, coastal erosion, and 
salinity intrusion (Bruins et al., 1998). The poldered 
areas are predominantly low-lying islands formed from 
alluvial sediment deposits. Out of over 2.8 million 
hectares in the coastal zone, about 1.2 million hectares 

have been converted into polders. Previously, there 
were 139 polders in southern Bangladesh; now, the 
number of polders has rearranged to 162 across the 
Gangetic-Brahmaputra delta and Chattogram hill tract 
region, encompassing a diverse geographical 
landscape. This ecosystem supports the livelihoods 
and food security of more than eight million people, 
highlighting its importance. However, with increasing 
anthropogenic and climate pressures in recent 
decades, Intensive human activities have disrupted the 
polder systems and the hydrological processes of the 
floodplains, leading to significant challenges. The 
geomorphological evolution of river channels and 
floodplains has been altered, resulting in waterlogging 
and drainage congestion within the polder system. 
Rising sea levels, tidal surges, and increasing salinity 
intrusion exacerbate these challenges. 

During the monsoon season, abundant rainfall and 
river inflows facilitate crop production; however, 
waterlogging can persist in certain areas and adversely 
impact wet and dry-season agriculture. During the dry 
season, soil and water salinity emerges as a pressing 
issue, undermining the productivity of polder systems. 
During tidal surges in the dry season (when river water 
salinity remains very high), saltwater intrusion from the 
sea pollutes soil and water sources, negatively 
affecting crop growth and overall agricultural yields. 
Additionally, inadequate drainage hinders the 
adoption of improved agricultural technologies, 
resulting in low productivity in the wet season. In the 
dry season, soil and water salinity increases, and most 
crops suffer from salt stress, leading to stunted growth 
and lower-quality produce. Furthermore, saline water 
intrusion jeopardizes local drinking water supplies, 
posing a risk to human health. 

Addressing the productivity gaps in these polder 
systems requires effective management of water and 
salt concentrations. Farmers often lack efficient 
management strategies to cope with salinity 
conditions before the monsoon season, which can 
complicate the initiation of agricultural activities 
(Mondal et al., 2022). The interplay between riverine 
and coastal natural processes further complicates 
maintaining optimal water levels in the polder 
ecosystem for agricultural purposes while catering to 
aquaculture needs. The International Water 
Management Institute (IWMI) has engaged in various 
stakeholder discussions, both internal (including AMD 
initiatives) and external, and field activities and 
hydrological modeling to comprehend ongoing 
activities in the Ganges-Brahmaputra delta to develop 
efficient management strategies that can enhance 
sustainable water and agricultural management. 
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 Figure 1. Location map of the polder 34/2P with Water Management Group (WMG) boundaries.  

 

Methodological 
Approach 
The research focuses on Polder 34/2P, located near 
Khulna city in southwest Bangladesh, to 
comprehensively assess the socio-hydrological 
dynamics (Jampani et al., 2023) (Figure 1). We 
integrated both biophysical and socioeconomic 
analysis through a variety of primary and secondary 
data sources that explain the complexities of polder 
dynamics: 

• Hydrological data for evaluating the 
spatiotemporal water flow conditions in the 
polder; 

• Water quality information to understand the 
seasonal salinity dynamics affecting the polder 
agriculture and livelihood of the communities; 

• Groundwater and surface water samples were 
collected over a one-year hydrological cycle to 
understand local water availability and salinity 
dynamics comprehensively; 

• Groundwater data is used to assess pumping 
conditions and aquifer heterogeneity to gain 
insights into groundwater availability and quality; 

• Government stakeholder inputs through 
workshops to capture insights on regional 
dynamics and integrated hydrological modeling; 

• A socio-hydrology survey was conducted among 
farmers within the 16 Water Management Groups 
(WMGs) of the polder to gather perspectives on 
livelihoods and socioeconomic conditions. 

We used this integrated approach to analyze the 
polder's heterogeneity and the social dynamics, which 
influence key factors such as water balance, saline 
water intrusion, and crop production.  

Water and salinity 
dynamics  
Farmers in the polders rely heavily on the river system 
in the region, which feeds water into the polders 
through sluice gates to the canal networks in the 
polder. Two crops are grown per year in the region. 
During the monsoon season, most farmers utilize 
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rainfall and river water, drawing water into the polder 
through sluice gates for rice cultivation. Diversified 
cropping is practiced in the dry season; a few farmers 
depend on surface or canal water and/or rely on 
groundwater sourced from electric pumps primarily 
for rice cultivation, and others either keep the land 
fallow or cultivate rabi crops by utilizing residual soil 
water and rainfall. The majority of groundwater 
pumping occurs in the northern parts of polder 34/2P, 
while farmers in the southern areas tend to depend 
more on surface water. The groundwater system 
consists of three aquifers: a shallow aquifer, which is 
often saline and occasionally used for irrigation; a 
second aquifer, which supplies most water for rice 
irrigation; and a deeper freshwater aquifer, which is 
primarily designated for domestic use and drinking 
purposes. 

Salinity is a significant limiting factor that influences 
agricultural conditions and the seasonal usage of water 
in the polder. A conundrum is also associated with 

paddy rice farming, which requires non-saline water, 
whereas aquaculture (shrimp and fish farming) thrives 
in saline conditions. Salinity levels in the Rupsa River 
range from 1 to 19 parts per thousand (ppt), influenced 
by monsoon rainfall, upstream discharge, tidal 
variations, and extreme climate events (Figure 2). Field 
experiments suggest that salinity over 2 ppt could 
affect rice yields; however, the suitability of high-
salinity waters for irrigation depends on different 
biophysical conditions (Minhas and Qadir, 2024). 
Typically, river salinity peaks during the summer 
months of April and May and is at its lowest during 
monsoon from July to December. Additionally, surface 
water salinity in the polder canals fluctuates between 2 
to 8 ppt, while groundwater salinity ranges from 0.5 to 
3 ppt throughout a hydrological year. Groundwater 
salinity varies according to the aquifer type, with the 
shallow aquifer generally exhibiting higher salinity 
values, while the deeper aquifer maintains salinity 
levels below 1 ppt year-round.  

 

 Figure 2. Temporal dynamics of Flood and Ebb Salinity (2019 to 2023) in Rupsa (Kazibacha) River upstream of the 
study polder 34/2P. 

 

Socio-hydrological 
System and 
Perceptions  
Farmers' survey results reveal that the majority of the 
agricultural land in the polder is under paddy rice 
cultivation, and groundwater is a vital resource, with 

over 60% relying on it for domestic use and drinking 
purposes (Figure 3). During the primary growing 
season, approximately 90% of respondents depend on 
monsoon rainfall, while the remainder utilize canal 
water. Agricultural practices vary significantly across 
the 34/2p polder in the secondary growing season. 
Farmers in the north primarily rely on groundwater for 
irrigation, while those in the middle and south depend 
on residual soil water and canal water or do not 
cultivate a second crop. About 25% of farmers use 
canal-stored water for irrigation in the secondary or dry 
season. This percentage could rise if fresh water could 
be consistently supplied through the canal system. 
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Farmers have reported a perceived increase in surface 
water salinity over the last decade, with 77% noting this 
change (Figure 3). Interestingly, 92% of respondents 
indicated that groundwater remains non-saline, which 
can be attributed to the use of a second aquifer for 
irrigation and the third or deeper aquifer for domestic 
and drinking water needs has contributed to this 
perception, alongside a possible increase in salinity 
tolerance among the local population. Investment 
costs for secondary season crops are notably higher 
than for primary crops, mainly due to the diesel and 

electricity costs for irrigation. Many stakeholders 
express that salinity poses a significant challenge, 
limiting their agricultural output to one or two crops 
instead of three. This limitation highlights the intricate 
relationships within the socio-hydrological system and 
reflects the evolving perceptions and concerns of the 
community regarding water resources and agricultural 
sustainability. 

 

  

Figure 3. Farmer survey perceptions on (a) water sources in use for domestic use and (b) overall surface water salinity 
perception in polder 34/2P.  

  

The Way Forward for Polder Management 

Farmers in the polder are acutely aware of the salinity challenges they face, which limit their irrigation options and 
agricultural productivity. Monsoon patterns, tidal effects, and climate extremes further compound the variability of 
salinity levels, posing challenges to sustainable water management. Addressing these issues requires a 
comprehensive, co-development approach to managing water and salinity through a socio-hydrological lens. 

Key recommendations from the study for moving forward include: 

1. Enhanced Data Collection and Integration: 
o Collaborate with local partners to gather primary and secondary data on irrigation practices, 

groundwater levels, and water quality; 
o Integrate and analyze diverse datasets to understand interactions between sociological and 

hydrological systems in the polder. 
2. Development of Integrated Models: 

o Establish robust hydrological models incorporating biophysical and socio-hydrological factors to 
simulate water flow regimes, irrigation return flows, and saltwater intrusion dynamics of individual 
polder systems; 

o Analyze interactions between human activities and natural processes to predict the impacts of 
climate variability and anthropogenic pressures. 

3. Scenario Analysis and Decision Support: 
o Create diverse scenarios to simulate the effects of different management interventions on salinity 

and water availability within the polders; 
o Use these scenarios to inform sustainable agricultural practices and water management strategies, 

balancing the needs of both aquaculture and crop production. 
4. Capacity Building and Stakeholder Engagement: 

o Conduct workshops and training sessions for farmers and local water management groups to 
enhance their understanding of salinity management and sustainable practices; 
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o Foster partnerships with government agencies, research institutions, and local communities to co-
develop and implement solutions. 

5. Policy Development and Institutional Support: 
o Advocate for evidence-based policies that address the unique challenges of polder systems, 

including salinity intrusion and waterlogging; 
o Strengthen institutional frameworks to support coordinated water and salinity management across 

sectors. 
6. Technology Adoption and Scaling: 

o Promote the adoption of innovative technologies such as AI/ML-based forecasting systems, low-cost 
water-saving technologies, salinity-tolerant crop varieties, and efficient drainage systems; 

o Facilitate the scaling of transformative practices and technologies to ensure their widespread 
impact. 

By integrating these strategies, the polder system can become more resilient to climate change and anthropogenic 
pressures. This comprehensive approach will enhance agricultural productivity, improve livelihoods, and ensure the 
long-term sustainability of the delta system. Effective collaboration among farmers, government agencies, and 
researchers is critical to achieving these goals and fostering a resilient and inclusive future for the Ganges Delta. 
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