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Abstract: Integrated Flood Management (IFM) offers a holistic and sustainable approach to addressing
the increasing challenges of urban flooding, which are exacerbated by climate change, rapid
urbanization, and unregulated land use. Unlike conventional flood control methods that focus primarily
on structural solutions, IFM emphasizes a balanced combination of structural and non-structural
measures across the entire flood management cycle—from prevention and preparedness to response and
recovery. This study explores the application of IFM strategies in urban areas with a specific focus on
the integration of Land Use and Land Cover (LULC) data for flood risk assessment and mitigation
planning. Using tools such as QGIS and Google Earth Pro, the research analyzes spatial data to map
flood-prone areas, simulate flood scenarios, and assess the impact of land use changes on flood
vulnerability. The methodology includes data collection, GIS-based flood modeling, vulnerability
mapping, and stakeholder engagement to ensure contextual understanding and validation. The case
study of Nashik city demonstrates how LULC insights can support informed decision-making, enhance
urban resilience, and guide sustainable development practices. The outcome underscores the importance
of adopting data-driven, integrated strategies for flood management that not only reduce disaster risks
but also promote environmental and social sustainability in urban planning

Keywords: Integrated Flood Management, Urban Flooding, Land Use Land Cover, GIS, Flood Risk
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L. INTRODUCTION

Flooding is among the most frequent and devastating natural disasters worldwide, and its impact is particularly severe
in urban areas where high population density and infrastructure vulnerability compound the risks. As cities grow and
climate patterns shift, urban flooding has become a recurring challenge that disrupts economic activity, damages critical
infrastructure, displaces communities, and in some cases, results in loss of life. The increasing frequency and intensity
of rainfall events due to climate change, coupled with unsustainable urban development, have heightened flood risks in
many cities, especially in developing countries where planning systems and infrastructure are often inadequate.
Traditional flood control approaches, which largely focus on constructing barriers or improving drainage systems, have
proven insufficient in addressing the complex, dynamic nature of urban flooding.

In response to these challenges, Integrated Flood Management (IFM) has emerged as a comprehensive and adaptive
framework designed to manage flood risks while supporting sustainable development. IFM emphasizes the integration
of land, water, and environmental management strategies across the entire flood management cycle, including risk
assessment, prevention, preparedness, response, and recovery. Unlike conventional methods that prioritize structural
solutions, IFM promotes a balance between structural measures (such as levees, retention basins, and drainage systems)
and non-structural measures (such as land use planning, early warning systems, and community engagement). This
holistic approach aims to reduce flood risks while enhancing ecological integrity, economic efficiency, and social
resilience.
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A critical component of IFM, particularly in urban settings, is the effective use of geospatial data such as Land Use and
Land Cover (LULC) information. LULC data provides valuable insights into how land is utilized and how these
patterns influence water flow, runoff generation, and flood susceptibility. Rapid urban expansion often leads to the
replacement of natural, permeable surfaces with impervious ones such as concrete and asphalt, reducing the land's
capacity to absorb rainwater and increasing surface runoff. By analyzing changes in land cover over time, urban
planners and disaster risk managers can identify areas of increased flood vulnerability, model flood scenarios more
accurately, and develop targeted mitigation strategies.

Geographic Information Systems (GIS) and remote sensing technologies play a pivotal role in this process. Tools like
QGIS and Google Earth Pro allow researchers to visualize spatial data, overlay multiple thematic layers, simulate
flooding events, and produce detailed vulnerability maps. These technologies support evidence-based decision-making
by enabling the assessment of flood risks at various scales and timeframes. By integrating LULC data with hydrological
and topographical information, it is possible to create models that predict the extent of flooding under different rainfall
scenarios, helping authorities design more effective urban planning and disaster response strategies.

This study focuses on applying IFM strategies in an urban context, with a specific case study of Nashik, a rapidly
urbanizing city that faces periodic flooding primarily due to the overflowing of the Godavari River. The study involves
creating LULC maps using QGIS, analyzing spatial growth, identifying flood-prone zones, and simulating flood extents
under various conditions. By comparing land use patterns over time and correlating them with historical flood data, the
research seeks to uncover the underlying factors contributing to urban flood vulnerability. Furthermore, the study
emphasizes the importance of stakeholder engagement, including collaboration with local authorities, NGOs, and
community members, to ensure that proposed strategies are both feasible and contextually appropriate.

Ultimately, the goal of this research is to demonstrate how integrated, data-driven approaches can enhance urban
resilience to flooding. By leveraging LULC data and GIS tools within an IFM framework, cities can better anticipate
flood risks, minimize damage, and plan for long-term sustainability. The findings aim to inform policy
recommendations and urban planning practices not only for Nashik but also for other cities facing similar challenges,
contributing to a broader understanding of sustainable flood management in urban environments.

II. PROBLEM STATEMENT
Urban areas are increasingly vulnerable to flooding due to rapid, unplanned urbanization and inadequate infrastructure,
necessitating a sustainable and data-driven approach to identify flood-prone zones and mitigate risks effectively.

II1. OBJECTIVE
e To identify and map flood-prone areas using LULC and GIS data.
e To assess the impact of land use changes on urban flood vulnerability.
e To develop LULC maps for different time intervals using QGIS.
e To simulate flood scenarios and estimate affected zones.
e Torecommend sustainable urban planning strategies for flood risk reduction.

IV. LITERATURE SURVEY
GIS Framework for Spatiotemporal Mapping of Urban Flooding
This study presents a GIS-based framework for modeling and mapping urban flooding in micro-watersheds. By
integrating rainfall data, land cover types, and drainage capacities, the framework enables spatiotemporal analysis of
flood events. The research emphasizes the importance of incorporating building footprints and surface depressions to
enhance model accuracy, utilizing tools like ArcGIS for visualization and calibration.

Citizen Science Flood Monitoring in Urban Informal Settlements
This research explores the role of citizen science in flood monitoring within informal urban settlements in Fiji and
Indonesia. By engaging community members to collect over 5,000 flood-related photographs, the study demonstrates
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how participatory approaches can enhance data collection, empower local communities, and inform flood risk
management strategies.

Comprehensive Performance Evaluation of LID Practices for Sponge City Construction

Focusing on Guangxi, China, this paper evaluates the effectiveness of Low Impact Development (LID) practices in
sponge city initiatives. Using the Storm Water Management Model (SWMM) and the Analytical Hierarchy Process
(AHP), the study assesses various LID scenarios, highlighting the benefits of bio-retention facilities and sunken green
spaces in reducing runoff and enhancing urban resilience.

Urban Flood Mapping Using Satellite Synthetic Aperture Radar Data

This review examines the application of Synthetic Aperture Radar (SAR) data in urban flood mapping. It discusses the
advantages of SAR, such as all-weather capabilities, and evaluates various methodologies, including Polarimetric SAR
techniques. The study also addresses challenges like spatial resolution limitations and the need for open-access datasets
to advance deep learning applications in flood mapping.

Urban Flood Resilience Evaluation Based on GIS and Multi-Source Data

Analyzing Changchun City, this research develops an index system to assess urban flood resilience across four
dimensions: infrastructure, environment, society, and economy. By integrating remote sensing, GIS data, and statistical
information, the study provides a comprehensive evaluation framework to inform urban planning and flood mitigation
efforts.

GIS-Based Urban Flood Resilience Assessment Using Urban Flood Resilience Model

This study introduces the Urban Flood Resilience Model (UFResi-M) to assess flood resilience in Peshawar City,
Pakistan. Utilizing GIS and AHP, the model evaluates sensitivity, exposure, and coping capacity to identify vulnerable
areas. The findings underscore the significance of socioeconomic factors and infrastructure in shaping urban flood
resilience.

A Systematic Review of Urban Flood Susceptibility Mapping

This comprehensive review analyzes various approaches to urban flood susceptibility mapping, including remote
sensing, machine learning, and multi-criteria decision analysis. It highlights the importance of selecting appropriate
datasets and methodologies based on specific urban contexts and emphasizes the potential of integrating multiple
techniques to enhance flood risk assessments.

Data-driven Flood Emulation: Speeding up Urban Flood Predictions by Deep Convolutional Neural Networks
Addressing the computational challenges of flood modeling, this paper proposes using deep convolutional neural
networks to emulate flood predictions. By treating flood depth prediction as an image-to-image translation problem, the
approach significantly reduces computation time while maintaining accuracy, offering a promising tool for rapid urban
flood assessments.

Improving Urban Flood Resilience: Urban Flood Risk Mitigation Assessment Using a Geospatial Model

This research evaluates various hydrological models, such as SWAT and InVEST, to assess flood mitigation strategies
in urban river corridors. The study emphasizes the role of green infrastructure and land cover changes in enhancing
flood resilience and provides insights into selecting appropriate models based on data availability and urban
characteristics.

Relationship between Design Floods and Land Use Land Cover Changes in a Tropical Complex Catchment
Focusing on the Kelantan River basin in Malaysia, this study investigates how LULC changes influence design floods.
Using GIS and the HEC-HMS model, the research demonstrates that urbanization and deforestation significantly
increase peak runoff and flood volumes, highlighting the need for sustainable land use planning in flood-prone regions.

V. METHODOLOGY
5.1 Overview
The methodology outlines the structured approach used to integrate Land Use Land Cover (LULC) data with GIS tools
to assess and manage urban flood risks. The workflow involves data collection, preprocessing, spatial analysis, flood
modeling, and interpretation using QGIS and complementary tools. The selected study area is examined for flood

vulnerability through spatial datasets field observations, and historical records.
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5.2 Study Area Selection

The city of Nashik, Maharashtra, India, was chosen as the study area due to its rapid urbanization, proximity to the
Godavari River, and history of frequent urban flooding.

The area includes critical zones of urban development, open spaces, natural watercourses, and low-lying regions prone
to water accumulation.

5.3 Data Collection

Impact Factor: 7.67

Data Type Source Details

LULC Satellite | Landsat 8, Sentinel-2 Multi-year imagery for change detection

Imagery (e.g., 2005, 2015, 2023)

River Water Level | Government Water Resources Dept. Daily/seasonal water level trends of Godavari

Data River

DEM (Digital | SRTM or ASTER For topographic analysis and flood flow

Elevation Model) modeling

Rainfall Data IMD (India Meteorological Department) | Historical rainfall trends for intensity-
duration-frequency analysis

Ground Survey & | Field  verification,  high-resolution | For accuracy validation and feature

Google Earth images identification

5.4 Tools Used
5.4.1 QGIS (Quantum GIS)
e Open-source GIS tool used for spatial data analysis, map creation, and flood modeling.
e LULC classification, hydrological analysis, and flood simulation are performed using QGIS plugins (e.g.,
SCP, Hydrology toolbox).

5.4.2 Google Earth Pro
e  Used for visual verification, historical image comparison, and identifying landscape changes.
e  Supports drawing and exporting georeferenced KML/KMZ data into QGIS.

5.4.3 Remote Sensing and GIS Integration
e Satellite data processed and analyzed using supervised classification.
e LULC change detection performed using post-classification comparison method.
e Overlay analysis with flood-prone zones, urban infrastructure, and drainage lines.

5.5 Data Preprocessing
o Image Correction: Atmospheric and geometric corrections applied to raw satellite imagery.
e Clipping: Study area is clipped from satellite images using the shapefile of Nashik boundary.
e Classification: LULC classification into categories such as built-up, vegetation, water bodies, barren land, and
agriculture using supervised classification in QGIS.
e DEM Analysis: Slope, aspect, and elevation maps derived to identify flow direction, accumulation zones, and
drainage paths.

5.6 Flood Vulnerability and Hazard Mapping
e Hydrological Modeling: Flow direction and accumulation layers generated from DEM to model runoff paths.
o Buffer Zones: Buffers created around rivers and drainage channels to assess flood spread zones.
e Overlay Analysis: LULC layers overlaid with flood buffers and DEM-derived flood-prone zones.
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Flood Risk Zonation: Based on elevation, land use, and distance from river channels, areas classified as high,
medium, or low risk.

5.7 LULC Change Detection

Multi-temporal LULC Comparison: Classification maps from different years compared to detect urban
expansion, deforestation, and changes in open spaces.

Change Matrix: Used to quantify changes (e.g., conversion of vegetation to built-up) and assess their
correlation with increased runoff and reduced infiltration.

5.8 Validation and Accuracy Assessment

Ground Truthing: Verification of classified maps using field observations and Google Earth imagery.
Confusion Matrix: Used to compute classification accuracy, kappa coefficient, and reliability of LULC data.

5.9 Reporting and Decision Support

Copyright to IJARSCT
www.ijarsct.co.in

Flood Maps: Generated showing vulnerable zones under different rainfall scenarios.

Mitigation Strategies: Based on findings, areas recommended for green infrastructure, improved drainage,
and no-development zones.

Maps and Reports: Final outputs include thematic maps, 3D terrain models, flood risk assessment reports,
and recommendations for urban planning.
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5.10 Summary of Workflow

Data Collection —

Image Preprocessing —

LULC Classification —

DEM Analysis and Hydrology —
Overlay Analysis with Flood Zones —
Flood Risk Mapping —

Validation —

Reporting and Recommendations

VI. RESULT AND DISCUSSION
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6.1 Land Use Land Cover (LULC) Classification

Using QGIS and multi-temporal satellite imagery (2005, 2015, and 2023), LULC classification was performed to
evaluate changes in land use patterns over time. The results reveal a significant increase in built-up areas, accompanied
by a reduction in vegetation cover and open lands. This urban expansion has contributed to an increase in impervious
surfaces, reducing the natural infiltration capacity of the land and consequently increasing surface runoff during heavy

rainfall.
LULC Class 2005 | 2015 | 2023
Built-Up 12% | 22% | 35%
Vegetation 40% | 32% | 25%
Water Bodies 6% 7% 8%

Agricultural Land 30% | 25% | 20%
Barren/Open Land 12% | 14% | 12%
These trends indicate an unsustainable urban growth trajectory that exacerbates the risk of flash floods and

waterlogging in Nashik.

6.2 Flood-Prone Area Identification
Using DEM (Digital Elevation Model) and hydrological tools in QGIS, low-lying areas and floodplains along the
Godavari River were mapped. Areas located within 500 meters of the riverbank and at lower elevation points showed
the highest vulnerability to flooding. The analysis highlighted:

e High flood risk zones in Panchavati, Gangapur, and Old Nashik.

e Drainage paths blocked by new constructions, disrupting natural water flow.

e  Encroachments near riverbanks and wetlands that historically served as natural buffers.

6.3 River Water Level and Rainfall Analysis

Historical data from the Water Resources Department and IMD was analyzed to identify peak river discharge periods
and high-intensity rainfall events. Flood events in 2008, 2016, and 2021 were compared with current LULC conditions.
Findings show a direct correlation between increasing built-up area and rising frequency of surface flooding,
particularly in monsoon months (June—September). Areas where green spaces have been lost now show more frequent

and longer water stagnation.

6.4 Change Detection and Urban Impact
Change detection analysis showed that many flood-prone areas were previously agricultural or vegetated zones that
have now been converted into residential or commercial spaces. This transformation has significantly altered the land's
hydrological response, with:

o Increased runoff coefficient in built-up zones.

e Decreased recharge of groundwater due to reduced permeable surfaces.

e Localized flooding due to overloaded or absent stormwater drainage systems.

6.5 Validation and Accuracy

The flood hazard maps were validated against historical flood records and recent satellite imagery. Accuracy
assessment through confusion matrices for LULC classification showed an overall accuracy of 85%, which is
acceptable for urban planning applications.

Ground verification, community interviews, and municipal data supported the GIS-based predictions, indicating strong

reliability in the methodology.
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6.6 Discussion

The results clearly highlight how rapid urbanization without appropriate planning contributes to the growing flood risk
in urban Nashik. Key discussion points include:

Urban development is occurring in natural floodplains, violating ecological boundaries.

Green spaces and natural drainage lines are being lost or encroached.

LULC and GIS-based flood modeling proves effective in identifying risk zones and informing planning decisions.
There is a pressing need to integrate LULC insights into zoning policies, drainage planning, and infrastructure design.

VII. CONCLUSION

This study demonstrates that integrating Land Use Land Cover (LULC) data with Geographic Information Systems
(GIS) offers a powerful, data-driven approach to understanding and managing urban flood risks. The analysis revealed
that rapid and unplanned urbanization in Nashik has significantly increased impervious surfaces, reducing natural
infiltration and elevating flood vulnerability, especially in low-lying and river-adjacent areas. By mapping flood-prone
zones and assessing land cover changes over time, this research highlights the critical need for sustainable urban planning
practices that prioritize the preservation of green spaces, the restoration of natural waterways, and the implementation of
effective drainage infrastructure. The methodology and findings not only provide valuable insights for local flood
management strategies but also establish a scalable framework adaptable to other rapidly urbanizing cities facing similar
challenges. Ultimately, this integrated approach supports the development of resilient urban environments that balance
economic growth with environmental sustainability and disaster risk reduction.
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