Understanding and
Mitigating Flood Risk in
Silchar, Assam: A
Comprehensive Analysis and
Global Perspectives



Understanding and Mitigating Flood Risk in Silchar,
Assam: A Comprehensive Analysis and Global
Perspectives

|. Executive Summary

Silchar, the second-largest city in Assam, faces chronic and escalating flood challenges, exemplified by
the catastrophic 2022 event that submerged 90% of the town for 11 days.* This report provides a
comprehensive analysis of the multifaceted causes underlying Silchar's flood vulnerability, examining
the intricate interplay of its unique topography, changing climate patterns, and rapid, often unplanned,
urbanization. The analysis reveals that the city's location within the low-gradient Barak River floodplain,
coupled with increased sediment load from upstream deforestation and a shift towards more intense
rainfall events, creates a dangerous hydrological predisposition to inundation.® Compounding these
natural factors are critical anthropogenic issues, including severely inadequate drainage infrastructure,
widespread encroachment on vital natural wetlands, and, notably, instances of deliberate embankment
breaches.?

A comparative assessment with other flood-prone cities in Northeast India and across South/Southeast
Asia highlights shared vulnerabilities stemming from similar hydro-climatic conditions and urbanization
pressures. This regional perspective underscores that Silchar's predicament is not an isolated incident
but a localized manifestation of broader systemic challenges, suggesting the need for coordinated,
basin-wide strategies. Global case studies from the Mekong Delta, Bangkok, the Netherlands, New York
City, and Singapore demonstrate a strategic evolution in flood management, moving beyond an
exclusive reliance on "hard" engineering to integrate "nature-based solutions" and foster a "living with
water" philosophy.

Based on this analysis, the report proposes a dual-pronged approach for Silchar: immediate, short-term
actions focusing on emergency response, infrastructure maintenance, and early warning systems,
alongside a strategic long-term plan. The long-term strategy advocates for integrated urban water
management, prioritizing wetland restoration, green infrastructure, sustainable land-use planning, and
robust governance reforms to build multi-layered, climate-resilient urban systems. These
recommendations aim to transform Silchar from a flood-prone zone into a more adaptable and
sustainable urban environment.

Il. Introduction to Silchar and its Flood Context



Geographical and Socio-Economic Overview of Silchar

Silchar, a prominent urban center in India's northeastern state of Assam, holds the distinction of being
the region's second-largest city.! Its geographical coordinates are approximately 24.82°N latitude and
92.8°E longitude, with an elevation of about 22 meters (72 feet) above sea level.® This strategic location
positions Silchar within the expansive Barak Valley, a critical component of the Barak River basin.3 The
Barak River, a significant transboundary hydrological system, originates in the hills of Manipur, traverses
Mizoram, and flows into Assam before bifurcating into the Surma and Kusiyara rivers, ultimately
entering Bangladesh.3 The Barak basin is geographically extensive, covering over 16,000 square miles
(41,000 sq km) across six Indian states, including Meghalaya, Manipur, Mizoram, Assam, Tripura, and
Nagaland.? The valley's topography is notably diverse, comprising a complex mosaic of floodplains,
wetlands, hills, and mountains, which inherently shapes its hydrological dynamics.? For a significant
portion of the population within the Barak basin, agriculture serves as the primary source of livelihood.®
As of the 2011 census, Silchar itself had a city population of 172,830, with its broader metropolitan area
accommodating 228,985 residents.?

Historical Flood Patterns and the Severity of Recent Events

Silchar's history is punctuated by recurrent and increasingly severe flooding events. Records indicate
major inundations in post-independence periods, including 1954, 1962, 1972, 1977, 1984, 1998, 2002,
2004, and 2012.1° This consistent pattern points to a long-standing and exacerbating issue, suggesting
that the city's vulnerability to floods has been a persistent challenge.'? The escalating nature of these
events implies that past mitigation efforts have either been insufficient, poorly adapted, or
overwhelmed by changing environmental conditions. This necessitates a fundamental re-evaluation of
the existing flood management paradigms, moving beyond reactive responses to proactive, systemic
resilience-building.

The 2022 Silchar Floods stand out as a particularly devastating event. Beginning on June 19, 2022, these
floods were a direct consequence of a breach in a dyke of the Barak River at Bethukandi.! The impact on
Silchar town, located merely 1 kilometer from the breach, was catastrophic, with an estimated 90
percent of the urban area submerged.! Water levels in some parts of the town rose dramatically,
reaching up to 12 feet (3.7 meters), and the inundation persisted for an alarming 11 days.2 This local
disaster was part of the broader 2022 Assam—Bangladesh floods, a regional calamity that affected
approximately 5.4 million people across 32 districts and tragically resulted in over 200 fatalities.? The
severity and duration of the 2022 event underscore the urgent need for robust and sustainable flood
management strategies in Silchar.

Silchar's inherent geographical predisposition to flooding, arising from its location within the low-
gradient Barak Valley floodplain, combined with its extensive historical flood record, highlights that
urban development in such a region inherently carries significant flood risk.3 The very act of establishing
and expanding a city in a landscape naturally designed to accommodate large volumes of water during



monsoon seasons, without explicit and robust adaptation strategies, creates a perpetual state of high
flood risk. The traditional approach of attempting to completely control water, for instance, through
exclusive reliance on embankments, is likely to be unsustainable in the long term. This situation
demands a planning philosophy that embraces "living with water" and integrates adaptive and resilient
urban design principles into the very fabric of the city.

lll. Root Causes of Flooding in Silchar

Flooding in Silchar is a complex phenomenon driven by an interplay of natural geographical and climatic
conditions, significantly exacerbated by anthropogenic activities related to urbanization and land-use
changes.

A. Topographical Factors

The topography of the Barak River basin plays a fundamental role in Silchar's flood vulnerability. The
Barak River originates in the Manipur hills and traverses multiple states before entering Assam and
eventually Bangladesh.? Its basin, covering over 16,000 square miles (41,000 sq km) in India, is
characterized by a notably "highly meandering" river course with a very low gradient.> Specifically, there
is only a 10-meter bed level difference over a 121 km stretch between Lakhipur and Bhanga, which
profoundly impacts the river's flow dynamics and capacity to transport water efficiently.> The very
etymology of "Barak" from "Bodo-Baak," meaning "Big Bends," inherently describes its sinuous nature.>
All local rainfall runoff from the surrounding valley and adjacent hilly areas naturally drains into the
Barak River and its numerous tributaries before flowing into Bangladesh.®

The Barak Valley's landscape is a natural mosaic of floodplains, wetlands, hills, and mountains, bounded
by significant geographical features such as the Barail Range, Naga Hills, and Lushai Hills.3 This natural
setting means the region functions as a natural flood basin, designed to accommodate large volumes of
water during periods of heavy precipitation.

A critical exacerbating factor is river sedimentation and bank erosion. The Barak River's inherent
meandering nature naturally leads to bank erosion, a process that contributes sediment to the river
system.!! This natural phenomenon is significantly amplified by human activities in the upstream hilly
regions, particularly deforestation and shifting cultivation.* These practices increase soil erosion, leading
to a greater volume of topsoil and sediments being carried into the river, which then settle and cause
siltation of the riverbeds.* The combination of increased sediment load and the river's already low
gradient reduces its water-carrying capacity, making it far more prone to overflowing even with
moderate rainfall.* Historical analysis confirms this trend, showing an upward trajectory in erosion and
deposition within the Barak River between 1918 and 2003.%! This creates a dangerous positive feedback
loop for flood vulnerability. Sedimentation reduces the river's carrying capacity, making it more prone to
overflowing, while meandering exacerbates bank erosion, further contributing to the sediment problem.
This complex interplay highlights the need for integrated watershed management that addresses land



use practices far beyond the city limits.

B. Climatic Factors

Silchar's climate, a tropical monsoon type, is a primary driver of its flood susceptibility. The Barak basin
falls within the Eastern Himalayan Agro Climatic Zone, experiencing substantial rainfall, predominantly
from May to September.? The average annual rainfall in the region is around 2,500 mm, with certain
areas, particularly the northwestern and southwestern parts of the basin, receiving exceptionally high
precipitation, ranging from 5,000 to 6,000 mm annually.3 The region is also home to Cherrapunji (Sohra),
renowned as one of the wettest places globally, receiving an average of 11,000 mm of rainfall per year.*
Even seemingly moderate rainfall, defined as 70 mm or more in a single day, can trigger floods,
especially as the catchments become saturated during the prolonged monsoon season.* In 2022, Silchar
experienced a record-breaking 415.8 mm of rainfall in just 24 hours on June 1, marking the highest
single-day downpour since 1893.1

The impact of climate change on precipitation extremes and weather volatility is increasingly evident.
Silchar's climate change severity score is rated "Very High" (62/100), indicating a significant
deterioration in conditions, with an 18.3% worsening in its climate score over the last 15 years.'> While
data suggests a slight decrease in annual rainfall by -7.18% over the past 15 years, the city has
simultaneously endured record-breaking single-day downpours.! This apparent contradiction points to a
critical shift in rainfall patterns: fewer, but significantly more intense, precipitation events. This
phenomenon is a hallmark of climate change, indicating that Silchar is experiencing increased
hydrological volatility. This shift renders traditional flood management strategies, which might be based
on historical averages, less effective, demanding a heightened focus on preparedness for extreme, high-
intensity, short-duration "cloudbursts." Globally, annual flooding has more than doubled in the last 40
years, and predictions suggest that 100-year floods will become more frequent and larger, particularly in
vulnerable regions like South and Southeast Asia.® Rising temperatures, combined with increasingly

wetter monsoons, further elevate the risk of water-induced disasters such as floods and landslides.'*
C. Urbanization and Anthropogenic Factors

Urbanization, particularly when unplanned and unregulated, significantly exacerbates Silchar's flood
vulnerability. A primary anthropogenic cause of urban flooding in Silchar is its poor and inadequate
drainage infrastructure, further compounded by significant delays in completing crucial drainage
projects.b Many localities within the city lack proper drainage systems, rendering them highly
susceptible to waterlogging even after brief rain showers.® Clogged and overflowing exit canals are a
major contributor to water stagnation across the city.!” Furthermore, the practice of raising road levels
by up to 1.5 meters has inadvertently worsened waterlogging in adjacent lanes and by-lanes, as water is
displaced rather than drained.!’ Government has highlighted the fundamental challenge of identifying
viable outlets for a proposed master drainage system, noting that even the installation of a pumping



station would only provide partial relief without proper discharge mechanisms.8

A critical factor contributing to the flood crisis is the widespread encroachment on natural wetlands and
drainage channels within Silchar.” Natural wetlands, such as Malini Beel, Maheesha Beel, Rangirkhaal,
and Singerkhal, traditionally functioned as vital natural drainage basins and reservoirs, absorbing excess
water and regulating flow.® Their progressive loss due to encroachment significantly impairs the city's
natural capacity to absorb and manage excess rainfall.X® This encroachment is often driven by
economically disadvantaged communities, presenting a complex socio-environmental challenge that
requires sensitive, sustainable solutions.” Additionally, the functionality of sluice gates, such as the one
at Bethukandi, is compromised when river levels are elevated, preventing them from being opened and
leading to water accumulation within the town.” The widespread encroachment on natural wetlands
and the poor state of urban drainage infrastructure, exacerbated by practices like elevating roads, reveal
a fundamental failure in urban planning and governance to respect and integrate with natural
hydrological processes.® This indicates that rapid, unplanned urbanization is actively converting natural
flood absorption and drainage areas into flood-prone zones, effectively creating self-inflicted
vulnerability.

Deforestation and land-use changes in the broader catchment area are also significant anthropogenic
contributors to flooding in Assam, accounting for 34.2% of reported factors.'? Continued deforestation
in the upstream regions leads to increased topsoil erosion, which subsequently silts up rivers and
elevates water levels, reducing their carrying capacity.* This, alongside other land-use changes,
diminishes the natural absorption capacity of the landscape, leading to increased surface runoff. Studies
consistently indicate that anthropogenic factors, including urbanization (45.7%), rainfall events (42.8%),
deforestation (34.2%), and changes in land use (17%), collectively exert a greater influence than natural
factors in causing floods in Assam.*?

A particularly alarming factor in the 2022 Silchar floods was the direct impact of an embankment breach.
The floods were explicitly triggered by a breach of a dyke on the Barak River at Bethukandi.! This
incident was not merely an infrastructural failure but was termed a "man-made calamity" and an act of
"sabotage", leading to arrests of individuals implicated in the breach.? Silchar town, being just 1
kilometer from this breach, was the most severely affected area.! The explicit identification of the
Bethukandi dyke breach as a "man-made calamity" and "sabotage" introduces a critical dimension of
intentional human interference beyond mere unplanned urbanization or systemic neglect.? This
suggests that flood risk in Silchar is not solely a consequence of environmental factors or governance
failures, but also potentially criminal acts, which necessitates a multi-faceted flood management
approach encompassing law enforcement and community vigilance.
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Figure 1: Key Contributing Factors to Silchar Floods

V. Comparative Analysis with Similar Towns

A. Shared Challenges in Riverine Plains with Monsoon Climates

Silchar's flood challenges are not isolated but reflect a broader pattern observed across Northeast India
and, indeed, the wider South and Southeast Asian region. This indicates that the problem in Silchar is a
localized manifestation of a systemic regional issue. Consequently, solutions for Silchar could
significantly benefit from a regional approach to climate adaptation and urban planning, fostering
knowledge sharing, coordinated efforts across river basins, and potentially transboundary water

management agreements.



Within Northeast India, cities like Guwahati, the region's largest urban center, also contend with severe
urban flooding, exemplified by its highest May rainfall ever recorded in 2022.1* Imphal, in Manipur,
struggles with its relatively small rivers—Kongba, Imphal, and Iril—which rapidly exceed their carrying
capacity during intense rainfall, leading to significant, though not annual, floods.?® Arunachal Pradesh
faces similar issues, experiencing floods and landslides exacerbated by aggressive highway expansion,
dam construction, and urban sprawl in its valleys, resulting in clogged or even disappeared streams,
even in its capital, Itanagar.?? The entire Northeast region, encompassing Mizoram, Tripura, and Sikkim,
is inherently susceptible to heavy monsoon rainfall, flash floods, and landslides. Notably, Assam, the
state where Silchar is located, has a substantial 40% of its total land area vulnerable to floods.?

The observation that floods are no longer restricted to the plains but are increasingly occurring in the
mountains of Northeast India, coupled with aggressive highway expansion and urban sprawl in
mountain valleys, points to a dangerous expansion of human-induced vulnerability into previously less-
affected terrains.?° This implies a critical need for integrated watershed management that considers
upstream land-use practices, such as deforestation and construction, and their downstream impacts on
cities like Silchar, rather than relying solely on isolated urban flood control measures.

The challenges confronting Silchar are emblematic of broader urban flood issues prevalent across South
and Southeast Asia. This vast region is characterized by a tropical monsoon climate, which brings heavy
rainfall, and features extensive low-lying coastal areas and river deltas, rendering it inherently
vulnerable to both riverine and coastal flooding.?! Common exacerbating factors across these urban
landscapes include deforestation-induced soil erosion, inadequate and poorly maintained drainage
systems, and uncontrolled construction on natural floodplains, all driven by rapid urbanization.?!
Climate change is further intensifying these risks, contributing to more extreme weather patterns and
rising sea levels.'® Globally, South and Southeast Asia exhibit the highest concentration of people
exposed to river flooding, and projections indicate that 100-year floods are predicted to become more

frequent and of greater magnitude in these regions.'®

B. Lessons from Comparative Contexts

The comparative analysis reveals that Silchar shares fundamental vulnerabilities with numerous other
cities situated in riverine plains within monsoon climates, particularly those in South and Southeast Asia.
These shared challenges include an inherent susceptibility to intense rainfall events, significant
pressures arising from rapid and often unplanned urbanization, and the widespread degradation of
natural drainage systems. The overarching lesson derived from these comparisons is that Silchar's flood
problem is not an isolated local anomaly but rather an integral part of a larger regional and global
phenomenon of increasing urban flood vulnerability. This vulnerability is primarily driven by a complex
combination of natural climatic patterns and extensive anthropogenic modifications of the landscape.
While many cities grapple with similar issues, a distinguishing factor in Silchar's 2022 flood was the
direct exacerbation by a deliberate dyke breach.? This introduces a unique layer of human-induced
sabotage, a factor not commonly highlighted or as overtly criminal in other urban flood narratives. This
specific aspect adds a critical dimension to Silchar's flood risk profile, demanding not only



comprehensive engineering and environmental solutions but also robust security measures and
community vigilance to prevent such intentional acts from compromising flood defenses.

V. Flood Management Strategies: Short-Term and Long-Term Measures

Effective flood management in Silchar necessitates a multi-faceted approach, combining immediate,
responsive actions with strategic, long-term interventions.

A. Immediate and Short-Term Measures

Immediate and short-term measures are crucial for mitigating the direct impacts of ongoing or imminent
flood events and ensuring public safety. During the 2022 floods in Assam, over 41,000 people were
forced to seek shelter in 385 relief camps.'* Consequently, immediate actions involve advising residents
to remain vigilant, avoid waterlogged areas, and maintaining readily available disaster response teams.®
Post-disaster, the focus shifts to providing essential relief, including 24/7 medical care, ensuring access
to safe and clean drinking water, and offering targeted support to vulnerable populations such as senior
citizens, lactating mothers, and children.®

Temporary pumping solutions are vital for managing water accumulation in critically affected low-lying
areas. For instance, during the 2022 floods, 10 pumps were installed in Silchar, with instructions for
additional deployment, particularly when sluice gates cannot be opened due to high river levels.”
Alongside this, continuous and rigorous monitoring of existing embankments for any signs of weakness
or potential breaches is essential, as exemplified by the close vigil maintained over 15 embankments in
Silchar's context.”

The implementation of robust early warning systems (EWS) is paramount for timely response. Effective
flood EWS require a comprehensive understanding of existing flood risks, robust monitoring and
forecasting capabilities, clear and actionable hazard communication to all stakeholders, and efficient
response management protocols.’? Organizations like the USGS develop EWS with advanced features
such as elevated streamgages, redundant monitoring and reporting equipment, and multiple
communication systems to ensure reliable and timely data dissemination to first responders and
citizens.?? Crucially, continuous re-evaluation and iterative improvement of these systems are vital for

enhancing their accuracy and effectiveness over time.?2
B. Long-Term Mitigation and Resilience Strategies

Long-term strategies aim to fundamentally reduce Silchar's vulnerability to floods by addressing root
causes and building enduring resilience.

1. Infrastructure and Engineering Solutions



Improved and expanded drainage systems are a cornerstone of long-term flood mitigation. A permanent
solution for Silchar requires the establishment of a dedicated pumping station and the development of a
comprehensive master drainage plan with viable outlets for water discharge.’ Lessons from Guwahati
highlight the importance of large-scale desiltation efforts and advanced drainage solutions, including the
use of super sucker machines for cleaning major drains.?* The entire drainage network should be
conceptualized and managed as a single, integrated system to ensure optimal flow and prevent
bottlenecks.?®

The construction and maintenance of robust embankments and flood barriers remain critical
components of flood defense, despite the vulnerabilities exposed by the 2022 dyke breach. Projects like
the Berenga embankment, similar to the one at Bethukandi, are crucial and are slated for completion.’
Historically, flood control activities in Assam have included protecting major townships in the Barak and
Brahmaputra valleys, though the emphasis on long-term, sustainable measures has often been
insufficient.'® Addressing ongoing bank erosion and ensuring the functionality of drainage systems are
key to preventing future embankment failures and maintaining the integrity of flood defenses.®
Implementing effective water storage solutions is also vital. Guwahati's plans to transform Silsako Beel
into a major water reservoir for flood control and to construct retention tanks to channel excess water
into the Brahmaputra River offer a valuable blueprint for Silchar.?* Furthermore, the possibility of
developing detention reservoirs in collaboration with neighboring Meghalaya should be explored as a
regional water management strategy.?> Within urban areas, innovative storage solutions such as
underground cisterns and diversion channels can effectively manage excess water during heavy rainfall

events, easing the burden on conventional drainage systems.2®
2. Nature-Based Solutions (NBS) and Green Infrastructure

There is a global paradigm shift in flood management, moving away from an over-reliance on traditional,
often rigid, engineering solutions towards a more integrated, nature-compatible, and flexible approach
that leverages ecological services for multi-layered resilience. This is driven by the recognition that hard
infrastructure alone is often insufficient, costly, environmentally damaging, and less adaptable to
climate change, while nature-based solutions offer multiple co-benefits beyond flood mitigation. Silchar
should strategically embrace this paradigm shift.

Wetland conservation and restoration are recognized as among the most effective nature-based
solutions for mitigating urban flooding.” Reclaiming encroached wetlands and natural drainage basins is
critical for Silchar's long-term resilience, as these areas naturally absorb and manage excess rainfall.”
Increasing the storage capacity of existing wetlands, such as Dipor Beel in Guwahati, is a viable strategy
that can enhance the natural flood retention capabilities of the landscape.?’

The integration of green infrastructure practices, including rain gardens, bioswales, and permeable
pavements, is highly effective in urban environments.?® These systems absorb rainfall, reduce surface
runoff, and prevent conventional drainage systems from being overwhelmed. Green roofs further
contribute by absorbing rainwater at the building level and providing additional benefits like
insulation.2® Cities like New York City and Singapore have successfully integrated such green



infrastructure into their climate resiliency and stormwater management programs, demonstrating their
efficacy in managing urban runoff.2®

Afforestation and soil erosion control in catchment areas represent a fundamental step in controlling
urban floods. By enhancing vegetative cover in these upstream regions, the amount of soil erosion and
sediment yield into rivers is significantly reduced.* Both grass and tree cover play crucial roles in
reducing the erosive power of raindrops and minimizing surface runoff, thereby decreasing the
sediment load in rivers and preserving their carrying capacity.?> Regulations should be strictly enforced
to ensure the greening of private lands, and efforts to preserve land in or around floodplains are

essential to protect their natural function as flood retention areas.?

3. Urban Planning and Governance

Effective flood management hinges on robust urban planning and governance. Aligning infrastructure
development, land use, and environmental regulations with the realities of the local terrain, climate,
and existing vulnerabilities is paramount.?’ This includes enforcing stricter laws to prevent unauthorized
constructions that obstruct natural and engineered drainage pathways 2# and regulating development in
flood-prone areas. The experience of Dhaka, where extensive loss of open space and encroachment on
primary drainage infrastructure led to severe flooding, serves as a stark reminder of the consequences
of inadequate planning and enforcement.32

An integrated urban water management approach is necessary to holistically analyze and manage
flooding from all sources—including storm drains, rivers, tidal influences, and pluvial events.3* The
"Sponge City" concept offers a comprehensive framework for this, designing cities to absorb, store, and
reuse rainwater through integrated green infrastructure.3 This approach fundamentally rethinks urban
design, viewing water as a resource to be integrated and utilized rather than merely a threat to be
expelled.

Proper waste management is also critical to preventing drainage system failures. Poor waste
management practices, including the indiscriminate dumping of garbage in rivers and drains,
significantly contribute to the clogging and collapse of drainage networks.2> Strict enforcement of
regulations against garbage dumping and promoting initiatives for recycling and reuse of waste are
essential to maintain the functionality of drainage infrastructure.?®

The recurring theme of "delays in completing drainage projects," the observation that "long-term
measures" have "not implemented," and the skepticism about a master drain without a viable outlet
point to deep-seated governance and implementation failures, rather than solely a lack of technical
knowledge or funding.® This indicates that effective flood management in Silchar requires significant
institutional reform, improved project execution, enhanced inter-agency coordination, and a strong
political will to overcome bureaucratic inertia and prioritize long-term resilience over short-term gains.

4. Community Engagement and Capacity Building

Empowering communities with the necessary tools and knowledge to address flooding issues is vital for



building resilience.3* This involves actively engaging local stakeholders in the process of identifying and
prioritizing flood mitigation alternatives, ensuring that solutions are tailored to local needs and
preferences.3* Examples from Thailand demonstrate the efficacy of involving local governments,
residents, and even artists in designing and supporting nature-based solutions.3® Community awareness
and readiness are critical components of overall flood resilience, fostering a proactive rather than
reactive stance.3? Frameworks such as the Flood Resilience Measurement for Communities (FRMC)
provide a holistic approach to assessing and strengthening community resilience to floods.3’

Public awareness campaigns are necessary to educate residents about proper waste disposal practices
and flood preparedness measures.3® Creating immersive and innovative opportunities for residents to
provide input on flood protection designs fosters a sense of ownership and ensures that implemented

solutions are culturally appropriate and effective at the local level.3°
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Figure 2: Typology of Flood Mitigation Measures

VI. Global Case Studies in Flood Management

Global experiences offer valuable lessons for Silchar, demonstrating diverse approaches and the
evolving understanding of flood risk management. The global trend, exemplified by the Mekong Delta,
the Netherlands, New York City, and Singapore, is a strategic shift from solely "hard" engineering



solutions (dikes, dams) to a more integrated approach that heavily incorporates "nature-based
solutions" (NBS) and "ecological infrastructure" (El).2° This evolution is driven by the recognition that
hard infrastructure alone is often insufficient, costly, environmentally damaging, and less adaptable to
climate change, while NBS offers multiple co-benefits such as improved water quality, carbon
sequestration, habitat protection, and recreational amenities, leading to greater overall resilience.

A. Mekong Delta, Vietnam

Historically, the Vietnamese Mekong Delta (VMD) relied extensively on large-scale Flood Control
Infrastructure (FCl), including dikes and canalization, to manage floods and support agricultural and

urban development.*®

However, this "hard" approach, while providing some benefits, led to significant
negative consequences. These included altered natural flow and sediment regimes due to upstream
dams, a paradoxical increase in flood risk in urban areas despite the FCl, and severe degradation of vital
riverine ecosystems, resulting in the loss of fish species and wetlands.*° The reliance on FCl also created
social injustices by disproportionately affecting local livelihoods dependent on aquatic resources and
crops, making them more vulnerable when infrastructure failed.*®

Recognizing these limitations, the VMD is now strategically shifting towards an Ecological Infrastructure
(El) based flood resilience model. This approach emphasizes "flood tolerance," meaning the urban built
environment should be adaptive to floods rather than attempting to completely alter the natural flood
regime.*0 El involves protecting and enhancing urban and natural ecosystems through ecological
engineering, utilizing natural features like riparian ecological corridors, wetlands, rivers, and canals as
integrated flood management tools.*? The case study of My Tho City (MTC) illustrates this shift,
proposing strategies such as preserving agricultural land and wetlands to maximize water storage
capacity, relying on a dense network of natural waterways instead of concrete dams, restoring aquatic
ecosystems, and creating permeable urban areas.*° This progressive approach recognizes floods not
merely as hazards but as "socio-ecological assets" that can bring benefits, such as fertile sediment

deposition and fish resources.*°
B. Bangkok, Thailand

Bangkok, situated in a tropical monsoon climate similar to Silchar, experiences heavy rainfall and
significant flood risks, with annual rainfall predictions often around 1,800mm.2! The city has developed a
comprehensive three-phase flood control strategy: meticulous preparation involving pump maintenance
and waterway grooming; real-time monitoring and rapid resource dispatch during rainfall events; and
efficient water diversion from critical zones like schools and hospitals.3® This is underpinned by
substantial financial investment and the readiness of mobile emergency teams.3®

Crucially, Bangkok is actively adopting "Sponge City" concepts, which aim to absorb and store rainwater
using green spaces, permeable surfaces, and natural water systems.3> A notable success in this regard is
the Benjakitti Forest Park, which transformed a former tobacco factory site into a regenerative system



that effectively intercepts and reduces the destructive force of stormwater, filters contaminated water,
and provides significant ecological and recreational benefits.*2 The city also draws lessons from other
successful "Sponge City" models, such as Shanghai, which integrates green roofs, rain gardens, and eco-
friendly drainage with an ambitious goal to retain 70% of rainfall by 2035.3® Community engagement is
also recognized as a vital component in the implementation and success of these nature-based
solutions.3® The success of "Sponge City" initiatives in Bangkok and Singapore's ABC Waters program
demonstrates that effective urban flood management in monsoon climates involves not just rapidly
draining water away, but actively managing it within the urban landscape through absorption, storage,
and controlled release.3° This implies a fundamental rethinking of urban design, where water is seen as
a resource to be integrated and utilized, rather than merely a threat to be expelled, fostering a more
harmonious relationship between the city and its hydrology.

C. The Netherlands

With approximately 60% of its land area prone to flooding, the Netherlands possesses a long and
advanced history of flood management, largely shaped by catastrophic events like the 1953
Watersnoodramp.*! The country's monumental Delta Works project, a sprawling network of storm
surge barriers, dams, dikes, sluices, locks, and levees, was completed over 43 years at a cost of around
$7 billion.*! Its primary goal was to prevent floods, exemplified by key structures like the
Oosterscheldekering, designed to withstand 1-in-4000 year storm surges, and the Maeslantkering, a
giant movable sea gate protecting the port of Rotterdam.*!

Despite this strong focus on hard infrastructure, the Dutch have also recognized its inherent limits and
have evolved their approach. They have adopted "Room for the River" concepts, which involve
strategically giving rivers more space to expand during high water periods.*! This includes the use of
permeable pavements and urban water plazas 3>, signifying a progressive move towards integrating
natural processes and adaptive design with traditional engineered solutions.

D. New York City, USA

New York City faces increasing climate change impacts, including rising sea levels, more frequent coastal
storms, and intense precipitation events.3® Under its comprehensive Climate Resiliency initiative, NYC
has implemented a series of projects. These include the construction of storm surge barriers 2¢ and
significant investment in green infrastructure, such as green roofs and rain gardens, to manage
stormwater runoff and provide additional benefits like urban cooling.?®

The NYC Stormwater Resiliency Plan is a 10-year initiative that integrates future climate projections into
long-term drainage planning and develops "Cloudburst Management" strategies. These strategies aim to
absorb, store, and transfer stormwater effectively during sudden, heavy downpours.** A major ongoing
project involves extending and elevating Lower Manhattan's shoreline to function as a robust flood
barrier.3® The city also prioritizes protecting critical infrastructure, including wastewater facilities and



pumping stations, from future flood events.** Community support and public engagement are integral

components of these design processes, ensuring that solutions are socially acceptable and effective.3?
E. Singapore

Singapore has strategically transformed its approach to water management, transitioning from a focus
on scarcity to one of sustainability through integrated policies and innovative infrastructure.3! The
Active, Beautiful, Clean (ABC) Waters program, launched in 2006, is a cornerstone of its climate change
mitigation strategy.3°

This program aims to transform waterways and waterbodies into aesthetically pleasing urban assets,
seamlessly integrating drainage infrastructure with the built environment.3! It places a strong emphasis
on capturing and treating rainwater at its source through the widespread implementation of green
infrastructure elements. These include bioretention swales, rain gardens, and green roofs, which are
incorporated into new residential and commercial developments.3® These nature-based solutions
effectively alleviate pressure on conventional drainage systems during heavy rainfall, reduce urban
flooding, enhance biodiversity, and provide valuable recreational amenities for residents.3° Singapore's
overarching ambition is to transform the entire island into an urban water catchment, demonstrating a
holistic and forward-thinking approach to water management.3!

F. Dhaka, Bangladesh

Dhaka faces severe urban flooding primarily due to a combination of factors: a critical lack of open space
that would allow water to infiltrate naturally, extensive encroachment on its primary drainage
infrastructure (historically, a network of natural canals known as 'khals'), insufficient urban greenery,
land subsidence, and inadequate urban planning.3?

Historically, Dhaka possessed a robust network of natural canals that served as an essential drainage
system for stormwater.3?> However, rapid and uncontrolled urbanization over recent decades has led to
the significant shrinkage and, in many cases, disappearance of these vital khals. This degradation is
primarily due to unauthorized land filling, illegal construction, the expansion of informal settlements,
and the indiscriminate dumping of solid waste.3? The consequence has been a direct escalation in urban
flooding, as the city's natural drainage capacity has been severely compromised.3? The loss of
waterbodies in Dhaka has also significantly reduced its Ecosystem Service Value, highlighting the
broader environmental consequences of such development.3?

In response to these challenges, Dhaka is now promoting sustainable approaches to flood risk
management. These include enhancing green infrastructure, restoring natural drainage pathways
(canals), implementing sustainable land use planning, improving waste management practices, and
fostering community awareness and readiness.32 The challenges faced by Dhaka, particularly the
extensive loss and encroachment of natural canals (khals) due to rapid and unplanned urbanization,
serve as a direct cautionary tale for Silchar's similar issues with wetland encroachment.3? This highlights



the critical importance of protecting and restoring natural drainage pathways as a foundational element
of urban flood resilience, emphasizing that "sustainable land use planning" and strict enforcement are as
crucial as, if not more important than, building new infrastructure.

GLOBAL CASE STUDIES IN FLOOD MANAGEMENT: LESSONS FOR
SILCHAR
Key Learnings
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Figure 3: Global Flood Management Case Studies and Key Learnings

VIl. Recommendations for Silchar

Addressing Silchar's complex flood vulnerability requires a comprehensive and integrated strategy,
combining immediate, responsive actions with strategic, long-term interventions. These
recommendations are structured to provide actionable pathways for building a more flood-resilient
Silchar, drawing upon the analysis of local factors and successful global case studies.

Prioritized Short-Term Actions:

1. Embankment Strengthening and Monitoring: Urgent repairs and continuous, rigorous
monitoring of existing embankments, particularly vulnerable points like Bethukandi, are essential
to prevent future breaches.? This includes proactive assessment for structural weaknesses and
implementing security measures to deter any potential sabotage.

2. Expedited Drainage Desiltation: A sustained, large-scale program for desilting existing drains and
canals must be launched and maintained, especially prior to and during monsoon seasons, to
restore their carrying capacity.® This effort should involve a combination of mechanical and



manual cleaning methods to ensure thoroughness.

3. Strategic Pumping Deployment: Expand and strategically deploy temporary pumping stations in
chronically waterlogged low-lying areas. These pumps are crucial, particularly when sluice gates
cannot be opened due to high river levels, to prevent prolonged inundation.’

4. Robust Early Warning Systems: Establish and fully operationalize comprehensive early warning
systems for both riverine floods and urban flash floods. This requires real-time data collection
from elevated streamgages and other sensors, timely dissemination of information, and clear,
actionable communication protocols for residents and emergency responders.?? Regular drills and
public awareness campaigns are vital to ensure community readiness.

5. Enhanced Emergency Preparedness: Improve and regularly update emergency response and
relief infrastructure. This includes pre-identifying and equipping relief camps, ensuring the
availability of essential supplies, and guaranteeing 24/7 medical care and access to safe drinking
water for affected populations, with particular attention to vulnerable groups.*®

Strategic Long-Term Plan Integrating Structural, Nature-Based, and Governance
Measures:

1. Integrated Urban Water Management and Master Drainage Plan:

o Develop and implement a comprehensive master drainage plan for Silchar that identifies
viable outlets for water discharge and integrates all components of the urban water cycle.
This plan should move beyond isolated projects to consider the entire drainage network as
a single, interconnected system.”’

o Invest in the construction of a dedicated pumping station as a permanent solution,
acknowledging that it will provide partial relief and must be part of a broader strategy.’

o Explore and implement water storage solutions within and around the city. This includes
transforming suitable low-lying areas and existing water bodies, such as Silsako Beel in
Guwahati, into major water reservoirs for flood control.?* The possibility of developing
detention reservoirs in collaboration with upstream regions like Meghalaya should also be
explored for basin-wide water management.?®

2. Nature-Based Solutions (NBS) and Green Infrastructure Integration:

o Wetland Conservation and Restoration: Prioritize the protection, reclamation, and
restoration of natural wetlands within and around Silchar, such as Malini Beel, Maheesha
Beel, Rangirkhaal, and Singerkhal.” These wetlands are critical natural drainage basins and
reservoirs, and their restoration will significantly enhance the city's natural capacity to
absorb and manage excess rainfall. This also addresses the issue of "building into the
problem" by actively restoring natural flood absorption areas.

o Urban Green Infrastructure: Systematically integrate green infrastructure practices into
urban planning and development. This includes widespread implementation of rain
gardens, bioswales, permeable pavements, and green roofs in new constructions and
existing urban areas.?® These solutions reduce surface runoff at the source, alleviate



pressure on drainage systems, and offer co-benefits like improved air quality and urban
cooling.

o Afforestation and Soil Erosion Control: Implement aggressive afforestation and soil
conservation programs in the Barak River's upstream catchment areas. This will reduce
topsoil erosion and subsequent river siltation, thereby preserving the river's carrying
capacity and mitigating flood risks downstream in Silchar.* Regulations should enforce
greening of private lands and protect floodplains from development.

3. Sustainable Urban Planning and Robust Governance:

o Land Use Planning and Regulation: Develop and strictly enforce sustainable land-use
planning policies that align urban development with the natural hydrological realities of
the Barak Valley.?” This must include stringent regulations against unauthorized
constructions that obstruct drainage pathways and development within floodplains.*
Learning from Dhaka's experience, protecting existing natural drainage is paramount.3?

o "Sponge City" Principles: Adopt "Sponge City" principles as a guiding framework for urban
development, aiming to absorb, store, and reuse rainwater within the urban landscape.®
This involves a fundamental shift in urban design, viewing water as an integral part of the
city's ecosystem rather than merely a hazard to be expelled.

o Waste Management Reform: Implement comprehensive waste management reforms to
prevent the dumping of solid waste into rivers and drains, a major cause of drainage
clogging and system failure.?> This requires public awareness campaigns, improved waste
collection services, and promotion of recycling and waste-to-energy initiatives.

o Institutional Reform and Coordination: Address the systemic governance failures
identified, including project delays and lack of long-term implementation.® This requires
significant institutional reform, improved inter-agency coordination, clear accountability
mechanisms, and strong political will to prioritize long-term flood resilience.

4. Community Engagement and Capacity Building:

o Community-Based Resilience: Empower local communities to actively participate in flood
risk reduction and resilience building.3* This involves engaging residents in participatory
planning processes, allowing them to contribute local knowledge and prioritize solutions
that meet their specific needs.

o Education and Awareness: Launch continuous public education campaigns to raise
awareness about flood risks, preparedness measures, and the importance of responsible
waste disposal and wetland conservation. This fosters a culture of shared responsibility for
flood management.3®

These recommendations, when implemented holistically and with sustained commitment, can
transform Silchar's approach to flood management, moving it from a cycle of recurrent disaster to a
path of sustainable urban resilience.

VIIIl. Conclusion



Silchar's persistent and escalating flood vulnerability is a complex challenge rooted in a confluence of
natural and anthropogenic factors. The city's location within the low-gradient, meandering Barak River
floodplain, coupled with a climate characterized by increasingly intense, albeit potentially less frequent,
extreme rainfall events, creates a natural predisposition to inundation.3 This inherent susceptibility is
severely compounded by critical human-induced issues: inadequate and poorly maintained urban
drainage infrastructure, widespread encroachment on vital natural wetlands, accelerated river
sedimentation due to upstream deforestation, and, notably, instances of deliberate embankment
breaches.? The 2022 floods, directly exacerbated by a dyke breach, served as a stark demonstration of
these intertwined vulnerabilities.

A comparative analysis reveals that Silchar's challenges are not unique but reflect a broader pattern
across riverine plains with monsoon climates in South and Southeast Asia, including cities like Guwahati,
Imphal, and Dhaka.?° This regional commonality underscores the need for integrated, basin-wide
strategies that acknowledge the expanding human-induced vulnerability into mountain regions, which
directly impacts downstream urban centers.

Global case studies illustrate a strategic evolution in flood management, moving beyond an exclusive
reliance on "hard" engineering solutions towards a more integrated approach that emphasizes "nature-
based solutions" and a "living with water" philosophy. The experiences of the Mekong Delta, Bangkok's
"Sponge City" initiatives, the Netherlands' adaptive strategies alongside its Delta Works, New York City's
climate resiliency projects, and Singapore's ABC Waters program collectively demonstrate the efficacy
and multi-benefit potential of green infrastructure, wetland restoration, and comprehensive urban
water management.?® Conversely, Dhaka's struggles with disappearing natural canals serve as a
cautionary tale, highlighting the foundational importance of protecting and restoring natural drainage
pathways.

For Silchar to achieve sustainable flood resilience, a dual-pronged approach is imperative. Inmediate,
short-term actions must focus on enhancing emergency response, expediting drainage desiltation,
strengthening embankment monitoring, and operationalizing robust early warning systems.
Concurrently, a strategic long-term plan is crucial, prioritizing integrated urban water management,
comprehensive wetland conservation and restoration, widespread adoption of green infrastructure, and
stringent land-use planning that respects natural hydrological processes. Crucially, this long-term vision
must be underpinned by significant governance reforms, addressing institutional inertia, improving
inter-agency coordination, and fostering genuine community engagement. By embracing these multi-
layered strategies, Silchar can transition from a cycle of reactive disaster management to a proactive
and adaptive urban environment, capable of thriving despite the challenges posed by its geography and
a changing climate.
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