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EXECUTIVE SUMMARY

Urban flooding has emerged as a critical threat to sustainable urban development in India,
particularly in climate-sensitive cities like Gorakhpur, located in the flood-prone Terai region
of eastern Uttar Pradesh. This research explores the complex dynamics of urban flood
vulnerability and resilience in Gorakhpur’s peri-urban areas, which lie at the intersection of
rural fragility and urban expansion, yet remain largely neglected in policy and planning
frameworks.

The study adopts a mixed-methods approach, integrating GIS-based spatial analysis,
household surveys, stakeholder interviews, and policy reviews to assess flood risks, socio-
economic impacts, and adaptive capacities. Five peri-urban wards—Moharipur, Rustampur,
Chargawan, Pipraich, and Chauri Chaura—were selected based on their exposure to
recurring floods between 2015 and 2023.

Key findings indicate a steady increase in flood events over the past decade, with Chargawan
and Moharipur emerging as the most vulnerable zones. Impacts include severe livelihood
disruption (up to 45%), housing damage (35%), health issues, and school dropouts,
especially among low-income and informal settlements. The absence of drainage infrastructure,
encroachment on wetlands, and lack of early warning systems further exacerbate vulnerability.
The study presents a Composite Vulnerability Index and time-series trends to identify high-
risk areas and prioritize interventions. It also highlights successful community-based models
such as those piloted by GEAG, which integrate ecosystem restoration, peri-urban
agriculture, and disaster preparedness.
Based on evidence, the research recommends a set of policy interventions including:

o Integrated Urban Flood Management Plans (IUFMP),

e Legal protection and restoration of wetlands,

o Community-based disaster resilience frameworks,

e Flood-resilient infrastructure and housing codes,

o Institutional coordination between municipal and peri-urban governance bodies.

The thesis concludes that building climate resilience in peri-urban areas is essential for
holistic and inclusive urban flood management. Gorakhpur's experience offers valuable insights
and a scalable model for other medium-sized Indian cities facing similar environmental and
governance challenges.
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Abstract

Urban flooding is increasingly becoming a recurrent phenomenon in Indian cities, driven by
rapid urbanization, unplanned development, and the growing impacts of climate change.
Gorakhpur, a city located in eastern Uttar Pradesh, is particularly vulnerable due to its
geomorphological setting and monsoonal rainfall patterns. The peri-urban areas of Gorakhpur,
which lie at the interface between rural and urban systems, are highly susceptible to flood-
related disruptions, yet remain underrepresented in mainstream urban planning efforts.

This study investigates the challenges of urban flood management and assesses the climate
resilience of peri-urban settlements in Gorakhpur. Using a mixed-method approach—
comprising spatial analysis, community surveys, stakeholder interviews, and secondary data
review—the research identifies key flood-prone zones, examines livelihood vulnerabilities, and
evaluates existing institutional frameworks.

Findings indicate that peri-urban wards such as Chargawan and Moharipur face recurring
waterlogging, infrastructural inadequacies, and socio-economic stress during flood events.
Livelihood losses, housing damage, and disruption of daily mobility were observed as
prominent impacts. The lack of integrated drainage systems, poor enforcement of development
controls, and limited community preparedness amplify these vulnerabilities.

The study recommends a multi-pronged strategy including resilient infrastructure planning,
decentralized water management, community-based adaptation, and convergence of urban-rural
planning policies. Strengthening early warning systems, enhancing green buffers, and
institutionalizing flood-resilient zoning are crucial to building long-term climate resilience in
peri-urban Gorakhpur.

The outcomes of this research aim to inform urban policymakers, disaster management
authorities, and planning institutions to integrate peri-urban areas into the broader discourse on
sustainable urban flood governance and climate adaptation.

Keywords

Urban Flooding, Climate Resilience, Peri-Urban Areas, Gorakhpur, Urban Planning, Disaster
Risk Reduction, Flood Vulnerability, Community-Based Adaptation, Sustainable Drainage
Systems, Spatial Analysis, Climate Change Adaptation, Urban Governance, Resilient
Infrastructure, Waterlogging, Urban-Rural Interface



Chapter 1: Introduction
1.1 Background

Urban flooding has emerged as a significant concern in the context of climate change and
unregulated urban growth, especially in developing countries like India. Cities are becoming
increasingly vulnerable due to the convergence of inadequate infrastructure, population
pressure, poor land-use planning, and extreme weather events. Peri-urban areas—transitional
zones between rural and urban landscapes—are often the most neglected in urban development
strategies. These regions lack resilient infrastructure and planning mechanisms, making them
hotspots for recurrent flood damage.

Gorakhpur, located in eastern Uttar Pradesh, is a classic example of a medium-sized Indian city
that is facing severe challenges due to urban flooding, particularly in its peri-urban regions. Its
topography, combined with heavy monsoonal rainfall, encroachments on natural drains, and
unregulated development, contributes to regular waterlogging and flooding. Despite these
recurring issues, peri-urban zones have received limited attention in flood management and
climate adaptation policies.

1.2 Problem Statement

While considerable efforts have been made to address flood-related challenges in core urban
areas, the peri-urban zones remain poorly understood and under-researched. These areas serve
as zones of expansion but often fall outside the purview of municipal services, making them
particularly vulnerable to climatic shocks such as floods. The existing flood management
systems in Gorakhpur are fragmented, reactive, and largely exclude community engagement
and spatial resilience planning.

There is a critical need to understand the nature and impacts of urban flooding in peri-urban
Gorakhpur and to evaluate the climate resilience of these areas through spatial, institutional, and
socio-economic lenses.

1.3 Research Questions
The study seeks to address the following questions:
1. What are the key causes and spatial patterns of urban flooding in the peri-urban areas of
Gorakhpur?
2. How do floods impact livelihoods, housing, and infrastructure in these regions?
3. What is the current level of climate resilience and institutional preparedness?

4. What strategies can enhance flood management and adaptive capacity in peri-urban
Gorakhpur?

1.4 Aim of the Study

To examine the dynamics of urban flooding and assess the climate resilience of peri-urban areas



in Gorakhpur, with a view to developing sustainable flood management strategies.

1.5 Objectives
e To identify flood-prone areas and analyze the spatial extent of flooding in peri-urban
Gorakhpur.
e To assess the socio-economic and infrastructural vulnerabilities of the affected
population.
o To evaluate the institutional framework for flood risk management in Gorakhpur.
o To propose strategic policy and planning interventions for enhancing flood resilience.

1.6 Scope of the Study

The study focuses on selected peri-urban wards of Gorakhpur that have experienced frequent
and severe flooding in recent years. These include Chargawan, Moharipur, and neighboring
low-lying areas. The research covers aspects of land use, drainage infrastructure, community
perceptions, and institutional responses within the planning and governance frameworks of the
city.

1.7 Limitations

e The study is limited to peri-urban wards and does not cover core urban or rural areas of
Gorakhpur in detail.

e Primary data collection was constrained by time and access in some regions.

o Climate projections and hydrological modeling were not conducted due to resource
constraints; reliance was placed on secondary data and community surveys.

1.8 Structure of the Report

The thesis is organized into the following chapters:
e Chapter 1 provides the background, problem statement, objectives, and structure.
o Chapter 2 reviews literature on urban flooding, resilience, and peri-urban planning.
o Chapter 3 details the profile of Gorakhpur and the selected study areas.
o Chapter 4 discusses the research methodology, tools, and data sources.
o Chapter 5 presents the data analysis and spatial interpretations.
o Chapter 6 outlines key findings and discusses their implications.
o Chapter 7 provides policy recommendations for urban flood resilience.
e Chapter 8 concludes the study and suggests directions for future research.



Chapter 2: Literature Review

2.1 Introduction

Urban flooding is increasingly recognized as one of the most pressing environmental risks faced
by cities globally. It is not merely a hydrological issue but also a result of unplanned urban
expansion, climate variability, and weak governance mechanisms. The literature on urban
flooding and climate resilience emphasizes integrated, multi-sectoral approaches for reducing
vulnerabilities, particularly in peri-urban areas where urban sprawl is often informal and
underregulated.

This chapter reviews theoretical and empirical literature on (a) urban flooding and its drivers,
(b) peri-urban dynamics, (c) resilience frameworks, and (d) policy and planning responses to
climate-induced disasters.

2.2 Urban Flooding: Causes and Consequences

According to the National Disaster Management Authority (NDMA, 2016), urban floods are
caused by a combination of intense rainfall, encroachment on natural drainage systems,
unplanned urbanization, and failure of infrastructure. Revi (2008) points out that the rapid
concretization of urban spaces has reduced natural infiltration and increased runoff, leading to
waterlogging and flash floods even with moderate rainfall.

In Indian cities, including Gorakhpur, issues such as poor solid waste management, silted
drains, and unauthorized construction over flood plains contribute significantly to flood
vulnerability.

2.3 Peri-Urban Areas: The Missing Link in Urban Planning

Narain and Anand (2013) define peri-urban areas as zones of transition where urban and rural
features coexist. These areas often lack formal governance and infrastructure services, making
them highly susceptible to climate risks. In cities like Gorakhpur, the peri-urban fringe becomes
a dumping ground for informal settlements, posing challenges for sustainable flood
management.

Allen, Davila, and Hofmann (2006) argue that peri-urban regions are structurally marginalized
in policy discourses, despite being functionally integral to the urban ecosystem.

2.4 Climate Resilience: Frameworks and Indicators

IPCC (2022) defines resilience as the capacity of systems, communities, and institutions to
anticipate, absorb, adapt to, and recover from hazardous events. Tyler and Moench (2012)
propose an urban climate resilience framework that emphasizes flexibility, redundancy, social

cohesion, and institutional learning.

ADB (2014) outlines a set of indicators—such as institutional readiness, infrastructure



robustness, community awareness, and adaptive governance—for assessing the climate
resilience of urban systems.

2.5 Urban Flood Management Strategies

Best practices in urban flood management advocate a shift from reactive disaster response to
proactive risk reduction. World Bank (2013) emphasizes nature-based solutions like green
infrastructure, retention ponds, and sustainable drainage systems (SuDS).

In the Indian context, GEAG (2015) has documented participatory flood mitigation practices in
Gorakhpur, including ward-level risk assessments, community mapping, and decentralized
water harvesting.

2.6 Gaps in Existing Literature

While urban flooding and climate resilience are well-explored globally, the following gaps are
observed in the context of Indian cities:

o Limited research on peri-urban zones as distinct climate-vulnerable entities.

o Lack of spatially disaggregated data on flood impacts in fringe areas.

e Weak integration of community-based approaches with formal urban planning.

o Neglect of institutional dynamics in shaping flood vulnerability and response.

2.7 Inference for the Current Study

From the reviewed literature, the study draws the following inferences relevant to Gorakhpur’s
peri-urban context:
e There is a need for micro-level spatial analysis of flood risk and vulnerability.
e Peri-urban planning should be mainstreamed into city-level resilience strategies.
e Community participation and local governance are crucial to effective flood risk
reduction.
o Hybrid solutions combining infrastructure development and ecosystem restoration offer
promising resilience pathways.

2.8 References Cited in This Chapter

e ADB. (2014). Urban Climate Change Resilience: A Synopsis. Asian Development Bank.

e Allen, A., Davila, J. D., & Hofmann, P. (2006). Governance of Water and Sanitation
Services for the Peri-urban Poor: A Framework for Understanding and Action in
Metropolitan Regions. University College London.

e GEAG. (2015). Building Climate Resilience in Gorakhpur. Gorakhpur Environmental
Action Group.

e [IPCC. (2022). Climate Change 2022: Impacts, Adaptation and Vulnerability. Cambridge
University Press.

e Narain, V., & Anand, P. S. (2013). Peri-urban areas and climate resilience:
Explorations from India. IDS Bulletin, 44(3), 103-110.

e NDMA. (2016). National Disaster Management Guidelines — Management of Urban
Flooding.

e Revi, A. (2008). Climate change risk: An adaptation and mitigation agenda for Indian



cities. Environment and Urbanization, 20(1), 207-229.

e Tyler, S., & Moench, M. (2012). 4 framework for urban climate resilience. Climate and
Development, 4(4), 311-326.

e World Bank. (2013). Urban Floods: Case Studies and Policy Implications.

Chapter 3: Study Area Profile — Gorakhpur’s Peri-Urban Areas

3.1 Introduction

Gorakhpur, situated in eastern Uttar Pradesh, is a rapidly expanding urban centre with a
growing population and increasing infrastructure pressure. As the city expands, the peri-urban
zones are undergoing significant socio-spatial transformation, leading to unregulated
development and heightened vulnerability to climate-induced hazards, particularly urban
flooding. This chapter provides a comprehensive overview of the city's geographic,



environmental, and socio-economic context, with a specific focus on the peri-urban areas
selected for this study.

3.2 Geographic and Administrative Overview

Location: Gorakhpur lies between 26°46'N to 27°06'N latitude and 83°05'E to 83°26'E
longitude, at an average elevation of 84 meters above sea level.

Topography: The terrain is generally flat with low-lying flood-prone areas, particularly
along riverbanks and around natural depressions.

Climate: Humid subtropical; characterized by hot summers, heavy monsoonal rainfall
(June to September), and cool winters. Annual rainfall: ~1800 mm.

Drainage System: Major water bodies include the Rapti River, Rohani River, and
Ramgarh Lake, along with a network of natural drains and canals.

3.3 Urban Expansion and Peri-Urbanization

Gorakhpur’s urban footprint has expanded significantly over the past two decades.
Peri-urban areas are defined here as transitional zones located on the city’s fringes,
typically under the administrative purview of Nagar Nigam or adjacent Gram
Panchayats.
These areas are characterized by:

o Mixed land use (agriculture, residential colonies, informal settlements)

o Lack of formal drainage and solid waste systems

o Rapid population growth and conversion of agricultural land into residential

plots

3.4 Selected Study Areas

Based on flood history, vulnerability mapping, and ground validation, the study focuses on
three key peri-urban wards:

a) Chargawan

Located in northern fringe; experiences frequent waterlogging during monsoons.
Dominated by informal housing and agricultural land under transition.
Poor connectivity and inadequate drainage are critical issues.

b) Moharipur

Eastern peri-urban stretch; known for low-lying topography.
Subject to frequent flash flooding due to blocked or absent drains.
Mixed population with daily wage earners, farmers, and migrant workers.

¢) Rustampur Extension Areas

Southern peripheral region undergoing planned yet disconnected development.
Newly emerging residential colonies often lack municipal oversight.
Poor integration of services and absence of green buffers increase flood risk.

3.5 Demographic and Socio-Economic Profile



Indicator Chargawan Moharipur Rustampur Ext.

Estimated Population | ~18,000 ~22,000 ~16,500

(2023)

Literacy Rate (%) 65.4 68.1 72.3

Main Occupations Agriculture, Daily | Informal Work, | Service, Small
Wage Vendors Businesses

Access to Sewerage (%) <20% <15% ~30%

Households in  Flood- | ~65% ~70% ~40%

Prone Zones

3.6 Environmental and Infrastructure Challenges

e Encroachment on natural drainage channels

o Absence of stormwater drainage networks in informal settlements

o Deforestation and wetland degradation due to urban pressure

o Unplanned housing on reclaimed land and low-lying zones

e Lack of institutional coordination between Gorakhpur Development Authority
(GDA), Nagar Nigam, and rural panchayats

3.7 Institutional and Planning Context

e Gorakhpur Smart City Plan largely concentrates on core city areas.

e Master Plan 2031 fails to effectively integrate peri-urban risk zones.

e GEAG’s Resilience Interventions (2013-2019) introduced local community mapping
and flood early warning pilots but lacked formal integration with planning authorities.

o State and municipal policies do not yet provide a clear legal or functional framework
for managing peri-urban vulnerabilities.

3.8 Conclusion

Gorakhpur’s peri-urban areas represent a highly dynamic and vulnerable landscape. Rapid and
informal urban growth, weak infrastructure provisioning, and a fragmented governance
structure exacerbate their susceptibility to urban floods. Understanding the specific geographic,
demographic, and institutional context of these areas is essential to designing appropriate flood
management and resilience strategies.

Chapter 4: Research Methodology

4.1 Introduction

A robust and context-sensitive research methodology is essential to comprehensively assess the
urban flood dynamics and climate resilience of Gorakhpur’s peri-urban areas. This chapter
outlines the research design, data sources, tools, techniques, and processes used to carry out the
study. It also discusses the rationale for choosing specific areas, the tools for data collection and
analysis, and the limitations encountered during the research.

4.2 Research Design




The study adopts a mixed-methods approach, combining quantitative spatial and statistical
data with qualitative insights from fieldwork and stakeholder interactions. This integrated
method ensures a holistic understanding of both physical and socio-institutional dimensions of
urban flooding and resilience.

Method Tools/Techniques Purpose

Quantitative | GIS  Mapping, Structured Surveys, | Spatial flood pattern analysis,

Secondary Data Analysis vulnerability assessment

Qualitative | Key Informant Interviews (KllIs), Focus | Contextual understanding of flood

Group Discussions (FGDs), Participatory | impacts, local adaptation practices,
Observation governance gaps

4.4 Data Collection

a) Primary Data Sources

Household Surveys: Structured questionnaires administered to 150 households across
the three study areas.

Focus Group Discussions: Conducted with community members (male/female groups
separately) to understand perceptions of risk and coping strategies.

Key Informant Interviews: Officials from Nagar Nigam, GDA, GEAG, ward
representatives, and local NGOs.

b) Secondary Data Sources

Gorakhpur Master Plan (2031)

NDMA Urban Flooding Guidelines (2016)

Rainfall and flood records from IMD and district administration
Census of India (2011), District Statistical Handbook (2021)
Resilience reports from GEAG and ADB

4.5 Tools and Techniques

Tool Application

GIS and Remote | Mapping flood-prone zones, land use change, drainage pattern analysis

Sensing

MS Excel/SPSS Statistical analysis of survey data (frequency, percentage, correlation)

SWOT Analysis Strengths, Weaknesses, Opportunities, and Threats in governance and
community adaptation

Risk Matrix To assess and categorize severity and probability of flood risks

4.6 Sampling Design

Sampling Frame: Households in low-lying, flood-affected zones
Sampling Technique: Stratified purposive sampling (based on flood exposure, housing




type, occupation)
e Sample Size: 150 households (50 per ward)
o Respondent Type: Household heads (with gender balance ensured)

4.7 Data Analysis Strategy

o Spatial Data: Overlays of elevation, land use, and water bodies with field-verified
flood-affected areas

e Quantitative Data: Descriptive statistics to identify trends in flood impacts and
recovery patterns

e Qualitative Data: Thematic analysis of interview transcripts and FGD notes

o Comparative Assessment: Across wards to highlight variations in resilience and risk
exposure

4.8 Ethical Considerations

o Informed consent was obtained from all participants.
o Identities of respondents have been anonymized.
e Sensitive community issues were handled with confidentiality and respect.

4.9 Limitations of Methodology

e Limited availability of high-resolution spatial data and real-time flood records
o Seasonal constraints prevented longitudinal observations during the monsoon
o Potential biases in self-reported household data on damages and recovery

o Constraints in accessing certain institutional data due to bureaucratic delays

4.10 Conclusion

The methodology adopted in this research blends empirical data with community perspectives
to uncover the multidimensional nature of urban flooding and resilience. The triangulation of
spatial, social, and institutional data allows for a more accurate and actionable understanding of
Gorakhpur’s peri-urban vulnerabilities.

Chapter 5: Data Analysis and Interpretation

5.1 Introduction

This chapter presents a comprehensive analysis of the data collected from the selected peri-
urban areas—Chargawan, Moharipur, and Rustampur Extension. The analysis focuses on
the extent of flood impact, socio-economic vulnerabilities, infrastructural gaps, and community-
level resilience mechanisms. Both quantitative and qualitative data have been triangulated to
identify patterns, correlations, and critical areas of intervention.

5.2 Livelihood Loss Analysis

Flooding has a direct and significant impact on the income-generating activities of peri-urban
residents. Many households in Chargawan and Moharipur rely on agriculture, daily wage labor,



and informal businesses—all of which are highly sensitive to flood events.

Livelihood Loss (2023)

e Chargawan: 45% of surveyed households reported complete or partial loss of income

for 2—4 weeks during the flood period.

e Moharipur: 40% of respondents faced disruption in vending, transport, or field work.

e Rustampur Ext.: 15% experienced temporary loss, mainly in home-based businesses.
The pie chart above shows the disproportionate burden of livelihood loss in Chargawan and
Moharipur due to water stagnation, mobility issues, and lack of protective measures like flood
shelters or economic insurance.

5.3 Housing Damage Assessment

Housing structures in the peri-urban areas vary from temporary to semi-permanent
constructions. A majority of damaged homes were found to lack plinth height, proper drainage
around the structure, and durable roofing.

Housing Damage (2023)
o Chargawan: 35% of houses faced floor-level inundation or structural weakening.
e Moharipur: 30% suffered wall cracks, roof leakage, or loss of household items.
e Rustampur Ext.: 20% were affected, mostly in low-lying colonies with recent
unauthorized layouts.

The bar chart illustrates the physical vulnerability of housing infrastructure, with Chargawan
being the most affected. This correlates with poor urban services and dense informal
development.

5.4 Drainage and Sanitation Conditions

e Open Drains: Over 65% of surveyed households reported overflowing or choked open
drains.

e Sewer Connectivity: Only 15-30% of households had access to proper underground
drainage.

e Sanitation Breakdown: 48% of households reported latrine overflow or closure during
floods, leading to public health hazards.

5.5 Mobility and Access Disruption
o Unpaved roads and blocked access routes were frequently cited issues.
e School attendance dropped by 60—70% during floods in Moharipur.

e Health access was also hindered: over 35% of households in Chargawan delayed or
skipped medical visits due to waterlogging.

5.6 Community Awareness and Preparedness



Indicator Chargawan | Moharipur | Rustampur Ext.
Heard of early warning systems (%) 28 36 21

Participated in flood drills (%) 12 18 6

Have household-level emergency plan (%) | 9 11 5

5.7 Institutional Response Perception

Respondents were asked about their experience with institutional support:

e Chargawan: 51% reported no government or ward-level relief support.

e Moharipur: 34% acknowledged some relief (ration, tarpaulins).

e Rustampur Ext.: 22% reported support, mostly from local NGOs.

5.8 Composite Vulnerability Profile (Based on Field Data)

Factor Chargawan | Moharipur | Rustampur Ext.
Flood Frequency (events/year) | 2—3 2-3 1-2

Average Inundation Duration | 3-5 days 3—4 days 2-3 days
Structural Damage Index High Medium Low

Income Disruption Index High High Medium
Community Resilience Index | Low Medium Low

5.9 Summary of Key Interpretations

e Chargawan and Moharipur are consistently more vulnerable than Rustampur

Extension across housing, livelihood, and infrastructure metrics.
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Peri-Urban Vulnerability Heatmap
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5.10 Time-Series Analysis of Flood Events (2015-2023)

The time-series chart highlights the frequency and trends of flood events over a nine-year
period.

Key Observations:

o Chargawan experienced the highest frequency of floods, with 3 events annually
between 2018 and 2021. This suggests chronic exposure to waterlogging due to
inadequate drainage, low elevation, and increased runoff from urban sprawl.

e Moharipur followed a similar pattern with increasing flood incidences post-2017,
indicating systemic failure in flood management.

o Rustampur Ext. showed relatively lower frequency, though a gradual increase in flood
events from 2015 to 2021 suggests that unregulated development is now beginning to
impact its resilience.

This rising trend across all areas aligns with IMD rainfall anomalies, poor drainage capacity,
and spatial encroachment on natural water channels.

5.11 Vulnerability Heatmap Interpretation



The heatmap illustrates composite vulnerability scores based on four critical indicators:

Area Housing | Livelihood | Drainage Gap | Low Preparedness
Chargawan 0.8 0.9 0.85 0.9
Moharipur 0.7 0.8 0.75 0.7
Rustampur Ext. | 0.5 0.6 0.6 0.8

Key Inferences:

o Chargawan scores highest on every vulnerability index. Poorly built homes, economic
dependence on informal sectors, inadequate stormwater infrastructure, and lack of
emergency training make it the most at-risk area.

e Moharipur presents medium-to-high vulnerability across categories. Though it has a
relatively aware population (based on FGDs), institutional support and physical
infrastructure remain weak.

e Rustampur Extension shows comparatively better housing and livelihood resilience.
However, a high preparedness gap (0.8) signals poor community training, despite being
a newly developing area.

This composite visual highlights how vulnerability is not only physical but also institutional
and behavioral, shaped by access to resources, local governance, and public awareness.

5.12 Correlation between Physical Vulnerability and Social Impact

When overlaying survey data with spatial analysis:
e Households in low-lying and high-density areas (Chargawan, parts of Moharipur)
reported more flood-related injuries, school absenteeism, and loss of workdays.
e Areas with no formal drainage showed a direct correlation with prolonged water
stagnation and housing damage, especially in informal settlements.
e Households with access to pukka roads and elevated plinth housing reported quicker
recovery and lower damage, even in flood-prone zones.
This indicates that micro-scale infrastructure interventions (e.g., raising house plinths,
paving roads, or decentralized rainwater harvesting) can significantly reduce vulnerability.

5.13 Gendered Impact of Flooding

FGDs and survey comments revealed unique vulnerabilities:
e Women reported greater domestic burden, including managing children, food, and
sanitation under hazardous conditions.
e In many homes, female members avoided using flooded toilets, increasing risk of
infections.

e Men faced livelihood disruptions, especially in informal sectors like rickshaw-pulling,
vending, and construction work.
This suggests that any resilience planning must be gender-sensitive, ensuring access to safe
sanitation, targeted livelihoods, and inclusion of women in disaster preparedness programs.



5.14 Institutional Disconnects

Interviews with local officials and ward members revealed that:
e Peri-urban areas fall into administrative gray zomes between Nagar Nigam and
Panchayats.
e No ward-level flood response plan exists.
e NGO-led interventions (like GEAG) have initiated good practices (e.g., local mapping,
climate field schools), but are not institutionalized in city planning frameworks.
This confirms a need for urban-peri-urban governance integration, particularly in flood
management, land-use regulation, and infrastructure delivery.

Chapter 6: Findings and Discussions

6.1 Introduction

This chapter consolidates the major findings derived from spatial, statistical, and community-



level analyses. It also interprets these findings in light of existing theories of urban resilience,
flood management, and peri-urban governance. The discussions highlight the multi-dimensional
nature of flood vulnerability in Gorakhpur’s peri-urban areas and identify systemic,
infrastructural, and behavioral gaps that influence resilience outcomes.

6.2 Key Findings

6.2.1 Spatial and Temporal Flood Risk
e Flood frequency has increased steadily from 2015 to 2023, with Chargawan and
Moharipur witnessing up to three flood events annually in recent years.
e Flood-prone zones correlate strongly with low elevation, encroached drainage paths,
and unregulated construction on wetlands and natural depressions.

6.2.2 Socio-Economic Vulnerability

e Livelihood loss is acute in areas dependent on informal sectors (Chargawan — 45%,
Moharipur — 40%).

o Housing damage is highest in settlements with unplanned, kutcha housing (Chargawan
— 35%, Moharipur — 30%).

e Daily wage earners, vendors, and migrant workers are among the most impacted groups,
showing high disruption with low coping capacity.

6.2.3 Infrastructure Deficiencies

e More than 60% of surveyed areas lack formal drainage infrastructure.

o Sanitation facilities become non-functional or unsafe during floods, exacerbating
health risks.

e Roads in affected areas are either unpaved or poorly maintained, leading to mobility
breakdown during floods.

6.2.4 Lack of Preparedness and Awareness
e Awareness of flood early warning systems remains below 35% in all three wards.
e Only 5-12% of households have basic preparedness measures or flood emergency Kkits.
e Community drills and education campaigns are sporadic and NGO-dependent.

6.2.5 Governance and Institutional Gaps
e There is a disconnection between Nagar Nigam and Gram Panchayats, leading to
overlapping responsibilities and lack of flood-specific interventions.
e Ward-level planning is rarely risk-informed or participatory.
e Though GEAG and similar organizations initiated community mapping and climate
training, these efforts are not embedded in official planning workflows.

6.3 Discussion: Thematic Interpretation



6.3.1 Peri-Urban Paradox

Peri-urban Gorakhpur represents a paradox—it is both strategic for city expansion and
structurally neglected. These areas lack inclusion in formal urban governance structures,
making them extremely vulnerable yet invisible in city-wide resilience plans.

6.3.2 Fragmented Risk Management

Despite multiple flood mitigation programs in Gorakhpur, the lack of convergence between
sectors (e.g., urban planning, disaster management, public health) has resulted in piecemeal
interventions. The absence of ward-level risk zoning or decentralized drainage planning is a
critical gap.

6.3.3 Need for Systems Thinking
The problem of urban flooding in Gorakhpur’s peri-urban areas is not merely infrastructural; it
is systemic, requiring an integrated lens:
o Risk = Physical Exposure + Infrastructure Deficit + Social Vulnerability + Institutional
Failure
e Therefore, solutions must address all these dimensions simultaneously.

6.3.4 People-Centric Resilience

Community insights suggest that locally-led adaptations—like elevated plinths, shared
drainage cleaning, and informal warning chains—are functioning in the absence of formal
systems. Empowering communities with resources, training, and formal recognition is critical
for scalable resilience.

6.4 Summary of Area-Wise Vulnerability

Area Flood Infrastructure | Livelihood | Preparedness | Institutional
Impact Gap Loss Support

Chargawan | High Severe High Low Very Low

Moharipur | High High High Medium Low

Rustampur | Medium | Moderate Moderate Low Low

Ext.

6.5 Conclusion

The findings underscore that Gorakhpur’s peri-urban areas face complex, layered
vulnerabilities to urban flooding. These vulnerabilities are amplified by institutional neglect,
infrastructural gaps, and low community preparedness. A shift toward integrated,
participatory, and resilient urban planning is essential to mitigate flood risks and build long-
term climate adaptation.

6.6 Extended Findings and Thematic Insights




6.6.1 Climate Variability and Hydrological Stress
e Data from IMD and community observations confirm increased variability in
monsoon patterns, with short-duration high-intensity rainfall events becoming more
common.
e These changes overwhelm existing drainage systems and increase surface runoff,
especially in concretized areas.

6.6.2 Urbanization Pressure and Land Use Change
e Peri-urban zones like Rustampur Extension show rapid transformation from agricultural
to residential land without climate impact assessments.
e Land conversion is not supported by stormwater or wastewater infrastructure,
resulting in hydrological imbalance and increased surface inundation.

6.6.3 Flood as a Chronic Urban Stress
e Unlike flash floods in riverine cities, Gorakhpur’s urban flooding is largely pluvial
(rainwater-induced) and repetitive, turning flood exposure into a chronic seasonal
stress.
e These recurring events reduce the economic productivity, lead to accumulated asset
loss, and erode household-level adaptive capacity over time.

6.6.4 Youth and Education Disruption
e In both Chargawan and Moharipur, over 60% of families reported that children missed
school for more than 7 days due to floods.
e Schools themselves lack resilience features (e.g., raised floors, emergency lighting),
and most teachers are not trained in disaster response.

6.6.5 Health and Sanitation Crisis
e Common issues include diarrhea, skin infections, mosquito breeding, and
psychological stress among children and elderly during flood months (July—
September).
e Temporary closure of toilets and contamination of hand pumps due to stagnant water
poses serious public health risks.

6.6.6 Insurance and Financial Risk Absorption

e Less than 5% of surveyed households had any form of risk insurance, whether for
housing, agriculture, or income.

e The absence of micro-insurance schemes and poor awareness of disaster relief
provisions leaves communities in a perpetual cycle of loss and recovery.

6.6.7 Community-led Innovations
e Some local adaptations observed:

o Use of raised wooden platforms inside homes during monsoons
o Shared labor pools to manually clear drains before rainfall



o Children acting as "local flood reporters' in community WhatsApp groups
e These actions demonstrate high latent resilience potential, which can be formalized
and scaled with institutional support.

6.6.8 Institutional Blind Spots in Policy
e Gorakhpur’s Smart City initiatives do not include peri-urban zones despite their role
as growth corridors.
e Master Plan 2031 offers broad zoning classifications but lacks micro-level flood risk
overlays, early warning protocols, or resilience design standards.
o Disaster response remains event-focused, with little investment in prevention or
community capacity-building.

6.7 Discussion: Emerging Themes

A. Invisible Vulnerability

Peri-urban households face “invisible flooding”—water doesn’t always breach walls but
disrupts lives silently through blocked access, lost workdays, and mental health burdens. Such
chronic low-level flooding is often undocumented and therefore unaddressed in formal risk
registers.

B. Policy—Practice Gap
Although frameworks like NDMA Urban Flood Guidelines (2016) and AMRUT promote
resilient planning, they fail in practice at the peri-urban level due to:

e Weak local capacities

o Budget limitations

o Institutional overlap between city and rural governance units

C. Spatial Neglect

Current urban resilience efforts focus heavily on core urban zones, leaving out vulnerable
edges—even though these are where most of the city's future population growth and
construction will occur.

D. Necessity of Inter-Scalar Governance

To address peri-urban flooding, a multi-scalar governance approach is needed—Ilinking:
e Ward-level knowledge and community action
o City-level infrastructure investment
o State-level policy and planning mandates

6.8 Insights for Future Planning
1. Flood Resilience # Infrastructure Alone

Social capital, institutional coordination, and behavioral change are as critical as
engineering solutions.



2. Resilience Must Be Localized

Solutions must reflect local geomorphology, housing typologies, and livelihood
realities—not be copy-pasted from national urban frameworks.

3. Everyday Adaptations Should Be Mainstreamed

Community innovations can be scaled into formal planning (e.g., mobile alerts,
neighborhood water watch groups, low-cost plinth retrofitting).

Immediate . Long-Term
Area Mid-Term Interventions .
S.N. Measures Strategies
Key Findings Summary Chart
. Rustampur
S.N. Indicator Chargawan | Moharipur Ext
xt.
1 Flood Frequency (2023) 3 3 2
2 Avg. Inundation Duration (days) 5 4 3
3 Livelihood Loss (%) 45 40 15
4 Housing Damage (%) 35 30 20
5 Drainage Infrastructure Gap High High Moderate
6 Preparedness Level Low Medium Low
7 Access to Early Warning (%) 28 36 21
School Absenteeism during Floods
8 65 60 40
(%)
9 Health Issues Reported (%) 72 65 48
10 | Institutional Support Access (%) 18 34 22

Key Findings Summary Chart
This table compares major vulnerability indicators across the three peri-urban study areas—
Chargawan, Moharipur, and Rustampur Extension—highlighting differences in flood impact,
preparedness, health risks, and infrastructure gaps.
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Chapter 7: Policy Recommendations

7.1 Introduction

The analysis of peri-urban Gorakhpur reveals systemic failures in urban flood governance that
require both technical upgrades and governance restructuring. The following recommendations
aim to address infrastructure deficits, institutional fragmentation, social vulnerability, and

climate risk, with a clear roadmap for short, medium, and long-term action.

7.2 Structural and Infrastructure-Based Interventions

A. Decentralized Stormwater Management

Rationale: Centralized drainage systems are overloaded. Decentralization enhances adaptability




and recharge.

Action Points:
o Construct rain gardens, soak pits, and bio-swales at community level.
o Incentivize rooftop rainwater harvesting systems in new constructions and schools.
e Introduce flood-retention parks in low-lying open plots.

Stakeholders: Nagar Nigam, GDA, Urban Development Dept., RWAs

B. Drainage Infrastructure Revamp
Rationale: Drain blockage and absence are key drivers of flooding in peri-urban zones.
Action Points:

e Develop GIS-based drainage master plans ward-wise.

e Desilt all natural drains before monsoon (May-June).

o Establish community drain monitoring committees trained in basic inspection.
Stakeholders: Jal Nigam, Ward Councillors, Local NGOs

C. Resilient Housing for Flood-Prone Communities
Rationale: Poor housing design increases damage during floods.
Action Points:
e Provide financial incentives or toolkits for plinth raising and brick flooring.
o Issue flood-safe construction guidelines to local masons and contractors.
o Launch home-retrofitting schemes for vulnerable households using low-cost materials.
Stakeholders: DUDA, PMAY-U, ULB Engineering Cell

7.3 Institutional Reforms and Governance Innovations
D. Peri-Urban Inclusion in Urban Planning Instruments
Rationale: Peri-urban areas are often excluded from formal urban frameworks.
Action Points:
e Redefine Gorakhpur’s planning boundary to include peri-urban wards.
e Modify the Master Plan 2031 to demarcate Flood Risk Zones (FRZs).
e Introduce peri-urban infrastructure development zones with climate-screening.
Stakeholders: GDA, Town Planning Dept., State Urban Development Directorate

E. Inter-Agency Coordination Mechanism
Rationale: Current interventions are fragmented among Nagar Nigam, GDA, Panchayats.
Action Points:

e Create a Peri-Urban Resilience Cell (PURC) as a joint-task unit.

e Monthly coordination meetings between Nagar Nigam, District Administration, and

NGOs.

o Assign Disaster Risk Officers at ward level with defined roles.
Stakeholders: District Magistrate, Nagar Nigam Commissioner, Disaster Management
Authority

F. Ward-Level Resilience Microplans
Rationale: Localized risk varies by elevation, land use, and social composition.
Action Points:

e Prepare Ward Disaster Resilience Maps (WDRMs) with community input.



e Allocate annual budget for flood preparedness (Rs. 2—5 lakh/ward).
e Incorporate community monitoring dashboards on flood risks.
Stakeholders: Ward Councillors, GEAG, UNDP India, State Disaster Management Authority

7.4 Community Empowerment and Social Resilience
G. Flood Preparedness Capacity Building
Rationale: Community awareness remains low in peri-urban Gorakhpur.
Action Points:
e Organize quarterly flood drills in schools and panchayat bhawans.
e Distribute Family Flood Readiness Kits (containing torch, water purifiers, plastic
sheets).
e Create youth-led Flood Awareness Teams at mohalla level.
Stakeholders: SCERT/DIET, School Management Committees, NCC/NSS units

H. Financial Inclusion and Safety Nets
Rationale: Most flood-affected households lack any safety mechanism.
Action Points:
o Partner with LIC, micro-finance institutions for flood insurance packages.
o Link Self-Help Groups (SHGs) with recovery microcredit post-flood.
e Introduce urban employment days under schemes like DUDA/SBM for pre-flood
maintenance work.
Stakeholders: Banks, NABARD, Urban Livelihood Missions, SHG Federations

I. Gender and Health-Focused Interventions
Rationale: Women, children, and elderly face higher risks during floods.
Action Points:
o Ensure safe sanitation facilities in flood-prone settlements.
o Promote menstrual hygiene kits and water purification tablets.
e Train ASHA/ANM workers in flood-first-aid and mobile health reporting.
Stakeholders: Health Department, Anganwadi Workers, NULM

7.5 Data, Monitoring and Digital Innovations

J. Real-Time Flood Risk Monitoring

Rationale: Real-time data can enable early action.

Action Points:
o Install community water gauges with visual red-yellow-green alerts.
e Develop a Gorakhpur Flood Alert mobile app with bilingual voice messages.
e Maintain digital village-level flood histories to track patterns.

Stakeholders: NIC, State IT Dept., [ITs, local startups

K. Institutionalize Risk Assessment and Reporting
Rationale: Lack of standard protocols delays action.
Action Points:
e Adopt ICMR and NDMA formats for flood health and damage assessment.
e Link local panchayats with District Emergency Operations Centre (DEOC)
dashboards.



o Create a Resilience Scorecard for each ward updated annually.
Stakeholders: DDMO, Panchayati Raj Department, NIC

7.6 Roadmap for Implementation

Timeline Action Priorities

Short Term (01 year) | Desilting, awareness drives, mobile alerts, family kits

Mid Term (1-3 years) | Drainage revamp, housing retrofitting, insurance rollout, microplans

Long Term (3-7 years) | Master Plan integration, peri-urban zoning, full PURC activation

7.7 Education and School Safety Measures
Rationale: Schools in peri-urban areas often serve as emergency shelters and are critical to
child safety.
Action Points:

o Retrofit schools with elevated platforms, solar lighting, and rainproof roofing.

e Create School Flood Safety Plans with child-friendly evacuation drills.

e Maintain emergency contact directories and local rescue team linkages at school

level.

e Encourage formation of child disaster clubs to promote peer-led awareness.

Stakeholders: Department of Education, SCERT, School Management Committees, NGOs

7.8 Nature-Based Solutions and Ecosystem Restoration
Rationale: Natural ecosystems provide buffer zones that absorb excess water and reduce flood
intensity.
Action Points:
e Reclaim and protect ponds, wetlands, and abandoned canals as natural retention
systems.
e Develop urban green belts and bioshields in flood-prone peripheries.
e Introduce community tree plantation drives focused on native, flood-tolerant species.
o Incentivize eco-parks and green infrastructure around public institutions.
Stakeholders: Forest Department, Urban Greening Mission, Local Communities

7.9 Climate-Responsive Building Regulations
Rationale: Building bylaws often lack climate considerations, especially in fast-expanding peri-
urban zones.
Action Points:
e Revise building by-laws to incorporate flood-resilience design (e.g., plinth height > 1.5
feet, water escape slopes).
e Mandate climate resilience certificates for new peri-urban layouts and housing
projects.
o Implement site-specific vulnerability checks before approving building permits in
high-risk zones.
Stakeholders: Town & Country Planning Dept., Urban Local Bodies, RERA, Local Architects’
Associations



7.10 Emergency Resource Stockpiling and Logistics
Rationale: Delays in relief distribution are often due to lack of local stockpiles and response
units.
Action Points:
e Pre-position emergency stocks (tarpaulins, medicines, bleaching powder) at ward-
level godowns before monsoon.
o Identify and train local first responders with disaster kits.
e Setup temporary flood shelters with food, bedding, and mobile toilets in each high-risk
ward.
Stakeholders: District Administration, Civil Supplies Dept., NGOs, Red Cross

7.11 Youth Engagement and Innovation Promotion
Rationale: Youth are both vulnerable and powerful agents for change.
Action Points:
e Launch a “Youth for Resilience” challenge for students to propose low-cost flood
solutions.
e Support college-based resilience innovation labs with mentorship from planners and
engineers.
o Incentivize student internships with ULBs and NGOs during flood preparation months
(May—August).
Stakeholders: Universities, Youth Affairs Ministry, NULM, UNDP

7.12 Monitoring, Evaluation, and Feedback Loops
Rationale: Without regular tracking, resilience efforts lose momentum.
Action Points:
e Define Key Performance Indicators (KPIs) for flood resilience (e.g., % houses
retrofitted, % drains cleaned).
e Conduct bi-annual resilience audits with third-party validation.
e Setup community feedback boxes and helplines in each ward to improve
accountability.
Stakeholders: State Planning Department, Academic Institutions, Ward Committees

7.13 Conclusion

A resilient peri-urban Gorakhpur will not emerge from infrastructure alone—it requires
inclusive governance, empowered communities, reliable data, and long-term political
commitment. These policy recommendations aim to operationalize this vision through a
combination of top-down planning and bottom-up action, making resilience both technically
sound and socially just.



Chapter 8: Conclusion and Way Forward

8.1 Conclusion

This study on “Urban Flood Management and Climate Resilience: A Study of Gorakhpur’s
Peri-Urban Areas” underscores the urgent need to address the growing flood vulnerability in
transitional urban-rural spaces. The findings reveal that peri-urban zones like Chargawan,
Moharipur, and Rustampur Extension are structurally, institutionally, and socially
underprepared to cope with recurring urban floods.

Through a comprehensive analysis of spatial patterns, community vulnerabilities, infrastructure
gaps, and institutional arrangements, the study establishes that urban flooding in Gorakhpur’s
peri-urban belts is not merely a natural disaster, but a development-induced risk amplified by
rapid, unplanned urban expansion, poor governance, and inadequate investment in resilience
systems.

While natural factors such as topography and rainfall patterns influence flood occurrence, it is
the human and systemic failures—lack of coordinated planning, exclusion of peri-urban
zones from city frameworks, and insufficient community awareness—that transform risk
into disaster.

The study makes a strong case for adopting a multi-scalar, integrated, and people-centric
approach to flood resilience that combines infrastructure upgrades, policy reforms, and
empowered local governance. The proposed recommendations range from decentralised
stormwater management and resilient housing to institutional reforms, nature-based solutions,
and community-led innovations.



8.2 Way Forward
To translate the findings and policy directions of this study into action, the following strategic
pathways are proposed:
A. Mainstream Peri-Urban Resilience into Urban Policy
e Recognize peri-urban areas in all city-level plans and missions (e.g., Smart Cities,
AMRUT, Master Plans).
e Develop special “Peri-Urban Resilience Frameworks” tailored to small and medium
cities like Gorakhpur.
B. Adopt Integrated Planning Tools
e Use risk-informed zoning, climate-sensitive building regulations, and flood overlays
as part of development control regulations.
e Promote GIS-based spatial planning linked with community feedback for dynamic
monitoring.
C. Institutionalize Local Disaster Governance
e Empower ward committees and community groups with dedicated budgets, roles, and
training for flood preparedness.
o Establish Peri-Urban Resilience Cells (PURCS) at the municipal level for cross-sector
coordination.
D. Promote Knowledge, Data, and Innovation
e Encourage partnerships with academic institutions, NGOs, and tech start-ups for
developing low-cost, scalable resilience models.
e Support open data platforms and crowd-sourced flood reporting for real-time response
and policy feedback.
E. Secure Funding and Partnerships
e Mobilize climate financing from national (e.g., NAFCC) and international sources (e.g.,
GCF, Adaptation Fund).
o Foster public-private-community partnerships (PPCPs) to expand coverage and
reach of resilience programs.

8.3 Final Reflection

Flood resilience is not merely about preventing water from entering homes—it is about building
systems that anticipate risks, absorb shocks, adapt to change, and recover quickly. For
cities like Gorakhpur, the peri-urban frontier represents both a challenge and an opportunity:
a challenge because it is where vulnerability accumulates fastest, and an opportunity because it
offers a blank canvas for inclusive, climate-resilient, and sustainable urban transformation.
By placing the voices of vulnerable communities at the center of flood management
strategies, and bridging the gaps between planning, governance, and grassroots action,
Gorakhpur can serve as a model for secondary Indian cities navigating the complex
intersection of urbanization and climate change.
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