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Abstract 

 

Flooding poses a significant challenge to sustainable development in low-lying regions like Bangladesh. This study 

evaluates climate change impacts and inundation risks to enhance disaster preparedness in the Matamuhuri River 

Basin. A hydrological model, developed using HEC-HMS with topographical and climatic data, employed the 

SCS-CN method to simulate historical flood hydrographs, achieving calibration (NSE = 0.69; R² = 0.82) and 

validation (NSE = 0.56; R² = 0.84). Future flood risks were assessed using downscaled precipitation from the 

ACCESS-CM2 model under SSP1-2.6, SSP2-4.5, and SSP5-8.5 scenarios. Flood inundation maps, generated via 

HEC-RAS, projected inundation areas of 122.85 km², 124.59 km², and 132.03 km², covering 26.84%, 27.22%, and 

28.85% of the basin, respectively. Following the IPCC AR5 framework, a composite flood risk index revealed 

34% of the basin as high-risk and 20% as moderate-risk, with low and moderate-risk areas shifting to higher-risk 

zones. Integrating hydrological, hydraulic, and socio-economic models, this study offers a framework for 

prioritizing mitigation and informing policies to bolster resilience against future flood risks.  
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1 Introduction 

 

Natural hazards defined as potentially damaging events occurring within a given timeframe that pose significant 

risks to human lives, livelihoods, and infrastructure (Islam, Khan et al. 2020). Flooding is among the most 

devastating, causing widespread socio-economic disruption and higher mortality than many other disasters 

(Ibarrarán, Ruth et al. 2009). Between 1998 and 2017, floods accounted for 43.4% of global disasters, affecting 

over 2 billion people and inundating approximately 260,000 km² across 85% of deltaic regions (Udie 2019). Flood 

frequency and severity have increased due to climate change altered precipitation, rising temperatures, and 

intensified storms alongside urbanization and unsustainable land use (Chang and Franczyk 2008). Bangladesh, a 

densely populated low-lying deltaic country with a subtropical monsoon climate, faces acute flood risks. It receives 

an average of 2,300 mm of annual rainfall, ranging regionally from 1,200 mm to over 5,000 mm (Uddin, He et al. 

2024). Annually, about 20% of Bangladesh floods, with extreme events submerging up to 68%, causing damages 

of USD 1.1–2.3 billion and agricultural losses of 4–10% in rice production (Rahman, Alam et al. 2025). Flood 

mitigation in Bangladesh includes structural measures embankments, river training, channel improvement, and 

coastal defenses though these can cause adverse effects like elevated riverbeds and drainage obstruction (Rahman, 

Alam et al. 2025). Non-structural approaches employing hydrologic and hydraulic models integrated with GIS 

offer cost-effective, reliable tools for flood risk assessment and management. GIS facilitates integration of spatial 

data like land use, elevation, drainage, and geomorphology to generate flood hazard maps and evaluate catchment 

risks. Combined with models like HEC-HMS and HEC-RAS, GIS supports simulation of flood events, inundation 

mapping, and early warning systems. Numerous studies illustrate these models’ efficacy: Maidment (2002) 

highlighted GIS’s role in hydrologic modeling; Karamouz (2021) applied HEC-HMS for rainfall-runoff in urban 

catchments; Tam, Abd Rahman et al. (2019) reviewed flood inundation models endorsing HEC-RAS and GIS 

integration; Nama, Maatooq et al. (2022) used HEC-RAS/GIS for flood risk in Syria; Chakraborty (2021) modeled 

runoff under varying land use with HEC-HMS and GIS; Thapa, Manandhar et al. (2024) combined HEC-HMS 

and HEC-RAS for flood hazard mapping in Nepal. Similarly, the other regions of Bangladesh, The Matamuhuri 

River Basin is highly vulnerable, experiencing frequent floods impacting agriculture, settlements, and economies. 

But limited study conducted focus on flood risk analysis 
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This study applies HEC-HMS and HEC-RAS integrated with GIS to simulate flood hydrographs and develop 

hazard maps for the Matamuhuri River Basin. Using climate projections from the IPCC AR5, it assesses future 

flood risks under climate scenarios. Objectives include analyzing flood trends and frequencies, mapping flood 

hazards, and supporting sustainable flood risk management by identifying vulnerable areas and quantifying 

inundation. The results aim to inform local preparedness, adaptation, and policy development.  

 

 

2 Methodology and Model Setup 

 

The primary objective of this study is to analysis future flood and prepare the hazard and risk maps for Matamuhuri 

River floodplain under future climate change impact. For this purpose, the future streamflow hydrographs are 

generated from HEC-HMS simulation at the outlet of Matamuhuri for SSP1-2.6, SSP2-4.5 and SSP5-8.5. Later, 

an HEC-RAS 1D and 2D model simulation are performed to generate future flood hazard for Matamuhuri River 

basin to generate the flood risk maps. The risk maps are prepared multiplying the hazard index with vulnerability 

and exposure indices as the new integrated risk framework of IPCC AR5. Figure 1. shows the flow chart of the 

steps of the methodology to achieve the objectives of the study. 

 

 
Figure 1. Summary of methodology flow chart 

 

2.1 Study Area 

 

The Matamuhuri River (Figure 2), a major hill-originated river in southeastern Bangladesh, originates near 

21°14'N, 92°36'E in the hills bordering Arakan (Myanmar) and Chittagong. Flowing northwest through the 

Chittagong Hill Tracts into Cox’s Bazar district, it then turns west and empties into the Bay of Bengal near 21°45'N, 

91°57'E, forming a broad delta from Bhola Khal to Khutakhali. This delta, morphologically similar to the 

Sundarbans, features tidal creeks, mangroves, and islets, with much land reclaimed for cultivation via 

embankments. The river stretches approximately 287 km. This study focuses on the upper reaches and adjacent 

floodplains mostly covering Lama, Alikadam, and Chakaria upazilas due to their high flood vulnerability. 
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Figure 2. Study area map 

 

2.2 Data Collection 

 

To develop hydrologic and hydrodynamic models for the Matamuhuri River Basin, a comprehensive set of recent 

and historical datasets was collected from diverse sources. These datasets support model calibration, validation, 

and simulation for accurate flood assessment. Geometric data (river cross-sections, bathymetry) informed 

hydraulic modeling, while hydrologic data (rainfall, discharge, water level) supported flow simulations. Land 

surface data including DEMs, flood inundation maps, LULC, and soil characteristics defined surface runoff and 

catchment response. Data were sourced from national agencies such as BWDB, BMD, and SoB, as well as global 

repositories like NASA’s SRTM and USGS. All datasets were standardized for spatial and temporal consistency 

across modeling components. 

 

2.3 Hydrological Model Development with HEC-HMS 

 

A hydrological model of the Matamuhuri River Basin was developed using HEC-HMS 4.12 to simulate runoff and 

streamflow under current and future climate scenarios. The process involved watershed delineation (using SRTM 

DEM with reconditioning and sink filling), basin and meteorological model setup, and calibration/validation. The 

SCS-CN method estimated direct runoff based on land use, soil, and moisture conditions, while runoff 

transformation used the SCS Unit Hydrograph with lag time from Kirpich’s formula. Channel routing employed 

the Muskingum method. Calibration with 2015 discharge data at Lama Transit (SW203) produced NSE = 0.69 and 

R² = 0.82; validation with 2017 data yielded NSE = 0.56 and R² = 0.84. The model performed satisfactorily, though 

pre-monsoon peaks were slightly underestimated due to coarse rainfall resolution. Future flow projections used 

CMIP6 precipitation data under SSP1-2.6, SSP2-4.5, and SSP5-8.5 scenarios. Extreme flood risks were assessed 

using 99th percentile flows, providing critical input for long-term flood risk management under climate change. 

 

2.4 HEC-RAS Model Set Up 

 

Hydraulic modeling of the Matamuhuri River Basin was conducted using HEC-RAS for both 1D and 2D flood 

inundation simulations. The 1D model assessed main channel flow using Saint Venant’s equations, while the 2D 

model simulated floodplain dynamics through shallow water equations, neglecting Coriolis, frictional, and viscous 

forces. Geometric inputs included bathymetry from BWDB and GeoTIFF-based terrain data, integrated via RAS 

Mapper. Cross-sections were interpolated every 500 m for accurate river geometry. The 2D model used one 

upstream inflow and five downstream outflow boundaries, applying normal depth at outlets. Calibration and 

validation against Lama Transit (SW203) water levels for 2015 and 2017 showed strong agreement (R² = 0.8833 

and 0.8153), with Manning’s n values between 0.020–0.021. Simulated 2D flood extents closely matched satellite 

imagery from 2018 and 2022, confirming the model’s reliability for floodplain inundation mapping. 

 

2.5 Preparation of Flood Inundation, Hazard and Risk Maps 

 

Flood depths in the Matamuhuri River Basin were classified into five categories: F0 (0–0.3 m), F1 (0.3–0.9 m), F2 

(0.9–1.8 m), F3 (1.8–3.6 m), and F4 (>3.6 m), using RAS Mapper and processed in ArcGIS. Risk assessment 

followed the IPCC AR5 framework, calculating risk with the risk equation, where hazard represents flood depth, 

exposure includes population density, households, and cropped land, and vulnerability encompasses socio-

economic indicators. All indicators were normalized to a 1–100 scale and equally weighted to compute composite 
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exposure and vulnerability indices. The resulting risk values were categorized into five levels Very Low, Low, 

Medium, High, and Very High and mapped at the union level in ArcGIS to visualize spatial flood risk distribution. 

 

3 RESULTS AND DISCUSSIONS 

 

3.1 Streamflow analysis of Matamuhuri River 

 

The HEC-HMS model, calibrated and validated with observed precipitation data from the Bangladesh Water 

Development Board, simulated daily streamflow for the Matamuhuri River from 2000 to 2023. The results reflect 

strong seasonal variability, with pronounced monsoon peaks, such as a maximum flow of 1,491 m³/s in 2015, 

driven by intense rainfall and runoff. Inter-annual variability showed elevated flows in 2013, 2015, and 2017, 

likely linked to extreme rainfall events and climate phenomena like El Niño and La Niña. Dry season flows remain 

low, underscoring the basin’s monsoonal climate and water resource challenges. Projected daily streamflows for 

2024–2050, based on CMIP6 precipitation data under SSP1-2.6, SSP2-4.5, and SSP5-8.5 scenarios, indicate 

increasing flood risks during the monsoon. Under SSP1-2.6, median discharges reach approximately 10,000 m³/s 

in July and 12,000 m³/s in August, with minimal activity outside the monsoon. SSP2-4.5 projects intensified 

flooding, with August flows exceeding 20,000 m³/s. SSP5-8.5 further amplifies risks, with August peaks near 

15,000 m³/s and sustained high flows into September. Trend analysis using the Mann-Kendall test shows 

significant positive trends in daily discharge (p < 0.0001), with Kendall’s tau ranging from 0.0287 (historical) to 

0.0555 (SSP1-2.6). Sen’s slope suggests stronger increases under SSP1-2.6, indicating potential benefits of 

sustainable pathways. Flood frequency analysis with the Gumbel distribution indicates rising flood magnitudes, 

with 500-year peak flows increasing by 17.6% under SSP5-8.5 and decreasing by 12.8% under SSP1-2.6, 

highlighting the varied impact of climate scenarios on future flood risks. 

 

 

3.2 Analysis Flood Risk of Matamuhuri River 

 

3.2.1 Flood Inundation Maps of Historical Flood Events 

 

The HEC-RAS model, integrating one-dimensional (1D) and two-dimensional (2D) simulations, was calibrated 

and validated against historical flood events in the Matamuhuri River Basin for 2013, 2015, and 2017. Inundation 

maps classified flood depths per the National Water Management Plan (NWMP) into five classes (0–0.3 m to >3.6 

m). In Chakaria Upazila, Magnama exhibited the largest inundation extent, varying from 31.51 km² (2013) to 20.35 

km² (2015) and 25.45 km² (2017), reflecting inter-annual hydrological variability. Bheola Manikchar’s flood extent 

declined markedly from 15.90 km² (2013) to 5.80 km² (2017), potentially due to mitigation efforts or altered runoff 

patterns. Other unions, including Kakhara and Harbang, showed decreasing flood areas, indicating effective 

interventions or reduced precipitation intensity. Lama Upazila experienced minimal flooding, with Fasayakhali 

recording no inundation post-2013 and Gajalia’s flooded area decreasing. Future inundation (2024–2050) was 

projected using CMIP6-driven peak discharges under SSP1-2.6, SSP2-4.5, and SSP5-8.5 scenarios. Under SSP1-

2.6, inundated areas increased from 16.38% (2035) to 26.84% (2038) before stabilizing; SSP2-4.5 showed steady 

growth up to 27.22% (2045), while SSP5-8.5 peaked at 28.85% (2040) with a slight decline thereafter. Magnama 

and Bheola Manikchar remained the most flood-prone areas. Flood risk also expanded in Lama Upazila, with 

Fasayakhali and Lama union showing increased inundation. These findings highlight intensifying flood risks 

driven by climate change, underscoring the necessity for adaptive flood management and mitigation strategies. 

 

3.2.2 Flood Exposure and Vulnerability Assessment 

 

Union-wise exposure and vulnerability indicators for the Matamuhuri River Basin, obtained from the Bangladesh 

Government Portal and BBS District Statistics, were normalized on a 1–100 scale and equally weighted to compute 

composite indices. Exposure was classified into five levels Very Low (0–20), Low (21.01–40), Medium (40.01–

60), High (60.01–80), and Very High (80.01–100) covering 29%, 27%, 29%, 8%, and 7% of the area, respectively. 

Unions such as Badarkhali, Bara Bakia, Baraitali, Bheola Manikchar, and Purba Barabheola showed low exposure 

due to sparse populations and limited cropland, while Harbang and Pekua exhibited high exposure linked to dense 

populations and households. Vulnerability followed a similar classification, with Very Low to Very High zones 

covering 13%, 12%, 18%, 12%, and 46% of the area. Fasaikhali and Baraitali were among the least vulnerable, 

supported by low dependency ratios, balanced gender distribution, low poverty, and strong infrastructure 

(paka/semi-paka houses, communication, health centers, flood shelters, and growth centers). However, Fasaikhali, 

despite low exposure, ranked highest in vulnerability due to a high dependent population, poverty rate, and limited 

infrastructure (Figure 3). 
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Figure 3. Flood exposure and vulnerability map for Matamuhuri River Basin 

 

3.2.3 Flood Risk Assessment under CMIP6 Scenario 

 

Flood risk in the Matamuhuri River Basin was assessed following the IPCC AR5 framework, where risk is a 

function of hazard, exposure, and vulnerability. Hazard (flood depth), exposure (population density, households, 

cropped land), and vulnerability (socio-economic indicators) were derived from Population and Agriculture Census 

data and kept constant across future scenarios. Risk was calculated for each union using the risk equation, with 

values ranging from 310.20 to 94,024.07 across SSP1-2.6, SSP2-4.5, and SSP5-8.5 scenarios. These were 

normalized to a 1–100 scale using normalization equations. Risk was categorized into five zones Very Low (0–

20), Low (20.01–40), Medium (40.01–60), High (60.01–80), and Very High (80.01–100) to map spatiotemporal 

changes. Historically (2013–2017), Very Low risk areas decreased from 33% to 21%, while Low risk areas 

increased from 27% to 50%. Moderate risk areas declined from 22% to 8%, and High-risk areas remained stable 

at 18–21%. For SSP1-2.6 (2033–2038), Very Low risk areas ranged from 13–21%, Low from 39–52%, Moderate 

from 6–20%, and High from 13–29%. SSP2-4.5 (2040–2045) showed similar trends, with High-risk peaking at 

25%. SSP5-8.5 (2033–2046) indicated heightened risk, with High-risk areas reaching 34% in 2046. Unions like 

Gajalia, despite high hazard levels, exhibited moderate to very low risk due to low exposure and vulnerability, 

highlighting the influence of socio-economic factors in mitigating overall flood risk. 

 

 

   

   
Figure Error! No text of specified style in document..2 Flood risk map for different scenarios. 

 

3.3 Discussions 

 

This study evaluates flood hazard and risk in the Matamuhuri River Basin under SSP1-2.6, SSP2-4.5, and SSP5-

8.5 climate scenarios, revealing increasing flood extent and severity from historical to projected periods (2033–

2049). Inundation maps show controlled flood magnitudes under SSP1-2.6, while SSP2-4.5 and SSP5-8.5 project 
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intensified monsoon flooding driven by elevated CO₂, global temperature rises exceeding 1.5°C (except SSP1-

2.6), and sea level rise, consistent with IPCC projections. Flood severity varies by land use, with croplands most 

affected (56.93–67.99% under SSP5-8.5 in 2040), followed by built-up areas (6.92% to 14.09%), and minimal 

impact on tree cover (9.45–10.94%). Risk assessment employed the IPCC AR5 framework, combining hazard 

(HEC-RAS 2D flood depth), exposure, and vulnerability (from census data, held constant). Risk maps reveal 

spatial variability: high-hazard areas like Gajalia show moderate risk due to low exposure/vulnerability, whereas 

low-hazard Magnama exhibits high risk from socio-economic factors. Harbang ranks very high risk despite 

moderate hazard due to dense population and infrastructure exposure. These results highlight that hazard zoning 

alone is inadequate; integrating exposure and vulnerability is essential for effective flood management, informing 

tailored interventions. Limitations include static exposure/vulnerability assumptions and equal indicator weighting, 

which could be improved via Principal Component or Multi-Criteria Analyses. Nonetheless, this study pioneers 

IPCC AR5-based risk mapping for Matamuhuri, offering insights for Bangladesh’s Delta Plan 2100 and local flood 

preparedness. By integrating statistical, hydrological, and hydraulic modeling, it provides a scalable framework 

for climate-driven flood risk assessment in small basins, encouraging further research in flood-prone regions. 

 

 4 CONCLUSIONS  

 

This study presents a comprehensive assessment of flood risks in the Matamuhuri River Basin under climate 

scenarios SSP1-2.6, SSP2-4.5, and SSP5-8.5 by integrating hydrological, hydraulic, and socio-economic analyses. 

Results reveal increasing flood hazards, with daily flows exceeding 1,500 m³/s by 2038 under SSP1-2.6, multiple 

exceedances between 2027 and 2041 under SSP2-4.5, and surpassing 2,500 m³/s by 2040–2041 under SSP5-8.5. 

Corresponding inundation areas expand from 122.85 km² (26.84%) under SSP1-2.6 to 132.03 km² (28.85%) under 

SSP5-8.5. Flood frequency analysis shows more frequent exceedances of the 25-year return period under higher 

emission scenarios, with SSP5-8.5 approaching 100-year flood magnitudes. Risk mapping based on the IPCC AR5 

framework identifies Harbang and Magnama as critical high-risk zones, with croplands and built-up areas most 

severely impacted under SSP5-8.5. To improve future assessments, the study recommends adopting high-

resolution elevation data, utilizing RadarSat imagery for real-time validation, incorporating additional hazard 

parameters such as flood duration and velocity, integrating updated land use and socio-economic datasets, and 

accounting for projected sea level rise. These enhancements will enable more accurate risk evaluations and bolster 

adaptive flood resilience strategies. 

 

References 

 

Chakraborty, T. (2021). Development of Spatial Cognitive Model for Estimation of Ungauged Runoff for 

Mesoscale Rivers. Water and Energy Management in India: Artificial Neural Networks and Multi-Criteria 

Decision Making Approaches, Springer: 23–54. 

Chang, H. and J. Franczyk (2008). "Climate change, land‐use change, and floods: Toward an integrated 

assessment." Geography Compass 2(5): 1549–1579.  

Ibarrarán, M. E., M. Ruth, S. Ahmad and M. London (2009). "Climate change and natural disasters: 

macroeconomic performance and distributional impacts." Environment, development and sustainability 11(3): 

549–569.  

Islam, M. R., N. A. Khan, M. M. Reza and M. M. Rahman (2020). "Vulnerabilities of river erosion–affected coastal 

communities in Bangladesh: A menu of alternative livelihood options." Global Social Welfare 7(4): 353–366. 

Karamouz, M. (2021). Water systems Analysis, Design, and planning: urban infrastructure, CRC Press.  

Maidment, D. R. (2002). Arc Hydro: GIS for water resources, ESRI, Inc.  

Nama, A. H., J. S. Maatooq and A. S. Abbas (2022). "Review and state of the art for the hydro-morphological 

modeling of transboundary rivers, Tigris River as a case study." Arabian Journal of Geosciences 15(11): 1043. 

Rahman, M. A., M. S. Alam, R. Sultana and R. Sultana (2025). "Assessing the interrelationship between monsoon 

flood disasters and major crop production in Bangladesh." International Journal of Disaster Risk Reduction 

121: 105401.  

Tam, T. H., M. Z. Abd Rahman, S. Harun, M. N. Hanapi and I. U. Kaoje (2019). "Application of satellite rainfall 

products for flood inundation modelling in Kelantan River Basin, Malaysia." Hydrology 6(4): 95.  

Thapa, P., S. Manandhar, S. Poudel, S. Shrestha, S. P. Tamang, R. Shrestha and N. Devkota (2024). "Flood 

Modelling of Madi River Using HEC-RAS by Rain on Grid Approach." KEC Journal of Science and 

Engineering 8(1): 87–93. 

Uddin, S. A., L. He, M. J. Hossain, N. Nusrat and M. Debi (2024). Ganges-Brahmaputra-Meghna River Delta. 

Delta Sustainability: A Report to the Mega-Delta Programme of the UN Ocean Decade, Springer: 89–116.

  

Udie, J. (2019). "Vulnerability assessment of critical oil and gas infrastructures to climate change impacts in the 

Niger Delta." 
 


