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Title of the thesis: HYDROLOGICAL MODEL BASED FRAMEWORK FOR FLOOD 

ANALYSIS AND MANAGEMENT 

 
Abstract: 

Effective flood management practices lead to flood control and mitigation besides minimizing 

losses to life and damages to infrastructures and other physical losses. Systematic study of a river 

basin is required to understand the factors responsible for flooding to take adequate remedial 

measures for controlling and managing floods. Nowadays, flood events all over the world have 

increased due to climate change effects even in the areas which are normally not prone to flooding. 

This has further necessitated proper hydrological modeling of a river basin to assess various flood 

scenarios in the event of fluctuating rainfall patterns and also changes in the land use pattern with 

time. Therefore, in the present study part of the Upper Sabarmati River basin, commencing from 

Udaipur, Rajasthan to Derol Bridge, Gujarat having a total catchment area of 6114.5sq.km is 

considered for hydrology modeling. The study was carried out in four phases: 1) Land use land 

cover change analysis, 2) Rainfall Trend analysis, 3) Feedback analysis from expert opinion survey 

for understanding floods and their parameters; and 4) Selection and development of hydrological 

models, sensitivity analysis and flood control measures. 

The hydrological modeling of the river basin was done using two different models: 

ArcSWAT and HecRAS. The ArcSWAT model is a physical conceptual hydrological model which 

provides a basin-wide view to estimate the sediment load, runoff, nutrient transport, etc by using 

climatic factor as well as spatial data on a daily time scale. The ArcSWAT model was run using 30 

years period (1990 to 2019) of rainfall data to estimate simulated runoff output which was 

compared with observed runoff data. Sensitivity analysis was carried out using the SUFI-2 

algorithm in the SWAT-CUP tool for daily time steps using five years observed data (1990 to 

1994). The Model was successfully Calibrated with R2 0.73, NSE 0.71 and validated with R2 0.70 

and NSE 0.63 values respectively. The Calibrated and validated model was applied to four land use 

and three hypothetical land use scenarios (specific critical strategy based scenarios) to estimate the 

impact of forest land cover change on surface runoff for reducing flood risks. From the sensitivity 

analysis, it was observed that Alpha_Bnk, Alpha_Bf and CN2 are the top three parameters among 

the 12 critical parameters that are very sensitive in the study area. 

The HecRAS model focuses on the river reach scale which includes reach length, width, 

cross-sections, velocity, etc. The model was run using monthly peak data of 2006 to estimate the 

flood inundated maps from the real-time Google Satellite images. The steady flow analysis was 
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performed using four profiles based on various discharge values that gave flood inundated maps to 

estimate the need for additional downstream measures such as levees and check dams. The steady 

flow analysis was performed again with addition of the artificial levees and check dam structures 

to mitigate the flood risk in the downstream area based on the flood inundated maps generated 

from HecRAS model using the RAS mapper tool. 

The present research study proposes a Framework for flood analysis and management 

(FFAM) for proper flood risk assessment and mitigation effect of floods in the area using 

ArcSWAT and HecRAS hydrological models, to reduce adverse socio-economic impacts and for 

development of the basin area.  

 
Brief description of the state of the art of the research topic: 
A flood is now a day considered as a risk towards life in many countries or cities where the river is 

flowing dangerously meandering here and there, destroying the nearby banks or floodplain areas in 

the vicinity. Flood occurs not only due to higher precipitation inputs, but it may occur due to the 

reduction in the green cover in the nearby areas, that was earlier used to be fruitful in eliminating 

this life threatening disaster. Hence a lot of new techniques used, structures tried, and a lot of 

research work is contributed in detail towards management of floods. But still it is a big issue in 

every country during monsoon seasons. Hence a basic framework is needed for putting all the 

related information for fighting the flood. 

 
Definition of the problem: 

The increasing demand for the safety from the floods has become a major challenge now-a-days 

for the Government of the countries. Flood disasters are not a new word for many countries 

around the world. In India floods occur in every year in many parts of thecountry destroying lots 

of the property as well as precious lives of people. As there are many rivers in India flowing 

dangerously specially in monsoon season despite of provision of huge flood control 

infrastructures. 

Hydrological Modeling is being introduced into the management of floods at an increasing 

rate. And forecast indicates that this trend will continue for the foreseeable future. Research in  

the area of flood management has followed several thorough studies and research. The real 

hydrological system consists of numerous components. Hence it is difficult to convert the real 

system on hydrological model system. Most hydrological model only treats a part of the cycle i.e., 

runoff or groundwater flow. The hydrological models can range from sand filled boxes to 

complicated computer program. The first type is called scale models. In these real system is 
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reproduced on a reduced scale. The second type, where a number of equations stand for the real 

system, is termed mathematical (or symbolic) model. In models all parameters have to be 

quantified and specified. There exists a strong need to explore simulation techniques that not  only 

represent complex dynamic systems in a realistic way but also allow users in model development 

to increase their confidence in the modeling processes. Numerous models have  been developed 

by different researchers to simulate Rainfall-Runoff processes. 

 
Flood management consists of several strategies or technologies, but the coordination between all 

these is not done carefully. Flood disasters lead to loss of lives and damages to properties etc. 

Flood disasters will have much effect on socio-economic systems. 

 
Objectives and scope of work: 
 

The specific objectives of the study are as per the followings: 

• To evaluate specific critical strategies employed in flood management.  

• To demonstrate the use of hydrological modeling in flood analysis and management. 

• To generate ArcSWAT and HecRAS model scenarios to reduce flood risks. 

• To develop a framework to reduce the socioeconomic vulnerability through technological 

interventions. 

 

The scopes of the work of the study are as per the followings: 

• The area of study is confined within the Upper Sabarmati River basin extending from 

Aravalli Hills near Tepur village, Udaipur district of Rajasthan (La 23°35’; Long 72°35’) 

to Derol Bridge, Gujarat (Lat 24°55’; Long 73°45’). 

• Creation of different flood management scenarios in the study area of catchment for the 

hydrological model studies. 

• Introduction of flood management techniques to prevent flooding of the area. 

• To survey flood prone areas to collect and consider expert people’s responses on flood 

management. 

 
Original contribution by the thesis: 
 
The Upper Sabarmati basin (72°35’ to 73°45’ East longitudes and 23°35’ to 24°55’ North 

latitudes) has been selected as the study area, extending from Rajasthan to Gujarat having an area 

of 6114 Sq.km with a maximum length of 138 km (80 km from the origin to Dharoi dam (5475 

km² catchment area) and 58 km from Dharoi dam to Derol Bridge) and the average width of 150 
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km. The study basin area is bounded by Aravalli hills in the north and north-east, by Rann of 

Kutch in the west and by an alluvial plain in the South near Ahmedabad city. The Sabarmati River 

originates from Aravalli hills at an elevation of 762 m near village Tepur, in the Udaipur district of 

Rajasthan and debouches in the Gulf of Khambat (Cambay) in the Arabian Sea. The total length of 

the river from the origin point to Derol Bridge is 138 km which is up to the endpoint of the study 

area. The Dharoi gravity dam (24°0’16’’N, 72°51’13’’E) was constructed on the Sabarmati River 

in the 1978 year near Dharoi, Satlasana Taluka, Mehsana, district. 

Figure-1: Location map of Upper Sabarmati river basin 

 
 

For the study purpose the three decadal maps were acquired from the decadal maps of India 

website in the raster format and LULC 2017 map is acquired from BISAG, Gandhinagar. These 

maps were then first extracted to the new folder file and then pre-processed in ARCGIS software. 

In pre- processing, the pixel processing is done by supervised classification by identifying 10 

classes in LU/LC maps using ARCMAP software. 
 

Table 1. Characteristics of four LU/LC maps 
Data period Satellite type Sensor used Resolution of data 
1984-1985 Landsat 4 MSS 56 m 
1994-1995 Landsat 5 & IRS 1B TM & LISS-I 30 m & 72 m 
2004-2005 Landsat 5 & Resourcesat ETM+ & LISS-III 30 m 
2016-2017 Landsat 8 L8 OLI/ TIRS 30 m 

Source: Website earth data, daac.ornl.gov/decadal lulc of india 

https://en.wikipedia.org/wiki/Sabarmati_river�
https://en.wikipedia.org/wiki/Mehsana_district�
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The four LULC maps were pre-processed using ARCGIS software. Then comparative analyses 

were performed based on the supervised classifications of the maps. Then identify the maximum 

and minimum change land areas and relating them with the key parameters that causes floods. 
 
 

Table: 2 Change detection analysis of four LULC maps 

 
Sr. No. 

 
LU/LC types 

Area in percentage 

LULC 1985 LULC 1995 LULC 2005 LULC 2017 

1 Deciduous broadleaf forest 32.89 31.38 32.10 36.17 

2 Cropland 40.32 42.03 44.14 53.43 

3 Built up land 0.16 0.16 0.18 0.19 

4 Mixed forest 3.92 4.81 4.16 0.00 

5 Shrub land 10.70 10.78 9.33 0.00 

6 Barren land 0.50 0.41 0.65 0.00 

7 Fallow land 6.44 4.80 4.39 7.26 

8 Waste land 0.93 0.93 0.74 0.02 

9 Water bodies 3.80 4.39 3.95 2.93 

10 Plantations 0.33 0.33 0.35 0.00 

The above table represents LULC change detection analysis of four LULC maps which shows 

continuous increase in deciduous broadleaf forest and cropland by 4% and 9% respectively. The 

mixed forest decreases continuously by 0.50% approximately. 

 
Graph: 1 Percentage change in decadal LULC maps (1985, 1995, 2005 & 2017 maps) 
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This graph represents the total percentage area coveredunder various land use/ land cover classes. 

As per the graph the maximum land use is crop land which is more than 40% in all the four years. 

The deciduous broadleaf forest is at second maximum LULC typecovering more than 30 % area; 

fallow land is third LU/LC type covering 4% to 7% area out of whole watershed area. The three 

minimum land use/ land cover changes are barren land, wasteland and plantation areas. 
 
 

Table: 3 Percentage changes in lulc 2005 & lulc 2017 maps 

Sr. no. LU/LC types 2005 (% area) 2017 (% area) % Change in LU/LC 

1 Deciduous forest 32.10 36.17 4.06 

2 Cropland 44.14 53.43 9.29 

3 Built up land 0.18 0.19 0.01 

4 Mixed forest 4.16 0.00 -4.16 

5 Shrub land 9.33 0.00 -9.33 

6 Barren land 0.65 0.00 -0.65 

7 Fallow land 4.39 7.26 2.87 

8 Waste land 0.74 0.02 -0.72 

9 Water bodies 3.95 2.93 -1.02 

10 Plantations 0.35 0.00 -0.35 

As per (Guzha A.C. Et al, 2018), (Garg et al, 2019), (Vijtek et al, 2016) declining forest cover 

(0.7%) resulted in increase of runoff potential by 45%. 
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As per the graph, the cropland increases by 9 % in LULC 2017 as compared to LULC 2005. The 

mixed forest and shrub land is decreased with 4% and 9% respectively from LULC 2005. The 

fallow land also increases 3% in LULC 2017 map as compared with LULC 2005 map. 

Now as per predefined methodology, seven LULC map scenarios are developed using 

ARCGIS software. And then these scenarios are used and run in ARCSWAT model. 

Table: 4 ARCSWAT model simulation scenarios 
 

Sr 
no 

Model Scenarios 
 
 
 

Descriptions 

S1 S2 S3 S4 S5 S6 S7 

LULC 
1985 

LULC 
1995 

LULC 
2005 

LULC 
2017 

LULC 
2017 

Modified 
(3% 

FRST) 

LULC 
2017 

Modified 
(6% 

FRST) 

LULC 
2017 

Modified 
(9% 

FRST) 

1 Sub basins 8 8 8 8 8 8 8 
2 HRU's 59 66 64 57 59 58 49 
3 Warm up period 3 3 3 3 3 3 3 
4 Out time step Daily Daily Daily Daily Daily Daily Daily 

5 Watershed area 
(km2) 6114.47 6114.52 6114.52 6114.52 6114.49 6114.52 6114.49 

6 Precipitation 
method Measured Measured Measured Measured Measured Measured Measured 

7 Simulation length 
(Years) 30 30 30 30 30 30 30 

8 Average Curve 
number 63.17 63.26 63.55 64.21 63.28 62.6 62.01 

9 Precipitation (mm) 785.4 785.4 785.4 785.4 785.4 785.4 785.4 

10 
Evaporation & 
Transpiration 

(mm) 
261.6 263.3 292.2 259.7 267.4 274.5 285.4 

11 PET (mm) 1900.2 1900.2 1910.8 1900 1900.1 1900.1 1900.3 

12 Surface runoff 
(mm) 158.25 158.46 155.44 165.16 157.73 152.33 146.03 

13 Lateral flow 
(Water table) (mm) 66.31 65.4 65.04 61.25 62.72 62.47 62.7 

14 Return flow (mm) 288.05 287.03 279.63 287.66 286.32 284.95 280.55 

15 
Revap from 

shallow aquifer 
(mm) 

0.14 0.14 0.14 0.14 0.14 0.14 0.14 

Sr. 
no. Description S1 S2 S3 S4 S5 S6 S7 

16 
Percolation to 

shallow aquifer 
(mm) 

303.26 302.19 294.4 302.86 301.44 299.99 295.36 

17 Recharge to deep 
aquifer (mm) 15.16 15.11 14.72 15.14 15.07 15 14.77 

18 Water Balance 
Ratios: -  

a Stream flow/ 
Precipitation 0.65 0.65 0.64 0.65 0.65 0.64 0.62 
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b Base flow/ Total 
flow 0.69 0.69 0.69 0.68 0.69 0.7 0.7 

c Surface 
runoff/Total flow 0.31 0.31 0.31 0.32 0.31 0.3 0.3 

d Percolation/ 
Precipitation 0.39 0.38 0.37 0.39 0.38 0.38 0.38 

e Deep recharge/ 
Precipitation 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

f ET/ precipitation 0.33 0.34 0.37 0.33 0.34 0.35 0.36 

19a 
Maximum upland 

sediment yield 
(Mg/ha) 

465.72 419.18 421.67 1206.27 1217.75 387.74 387.74 

b 
Average upland 
sediment yield 

(Mg/ha) 
23.18 21.74 18.76 27.74 22.58 16.8 11.15 

c Instream sediment 
change (Mg/ha) -22.38 -21 -17.94 -26.99 -21.79 -16.04 -10.38 

d 
Highest average 
sediment value is 

from HRU number 
19 25 21 8 11 14 14 

20a Total fertilizer N 
(Kg/ha) 8.85 9.698 10.451 11.836 8.987 6.538 6.065 

b Total fertilizer P 
(Kg/ha) 0 0 0 0 0 0 0 

21a Average biomass 
(Mg/ha) 4.2 4.3 4.3 4.2 4.5 4.7 5 

b Average yield 
(Mg/ha) 1.4 1.4 1.4 1.3 1.5 1.6 1.8 

22a Temperature stress 
days (Kg/ha) 6.51 5.29 3.42 6.7 6.98 7.09 4.41 

b Water stress days 
(Kg/ha) 76.29 76.46 75.75 71.81 76.72 80.01 83.93 

c Nitrogen stress 
days (Kg/ha) 3.99 4.2 4.29 3.06 3.7 4.59 4.56 

d Phosphorous stress 
days (Kg/ha) 0.28 0.27 0.27 0.25 0.28 0.29 0.29 

23 Reservoir details:  
a Sediment 93.57 92.47 93.95 92.48 93.51 93.48 93.9 
b Phosphorous 8.47 8.53 8.51 8.63 8.44 8.41 8.13 
c Nitrogen 5.02 5.05 5.04 5.13 5.08 5.07 4.95 
d Volume ratios 1 1 1 1 1 1 1 

Sr. 
no. Description S1 S2 S3 S4 S5 S6 S7 

e Fraction empty 0 0 0 0 0 0 0 
f Seepage 0 0 0 0 0 0 0 
g Evaporation loss 0.03 0.03 0.03 0.03 0.03 0.03 0.03 

 
 Table 4 presents the comparison of calibrated model run using seven scenarios of various types of 

land use land cover. S1, S2 and S3 are decadal maps and S4 is base map. Based on the S4 map, the 

other three hypothetical maps are generated by changing FRST to AGRL land use. The same 

amount of precipitation data is used with different types of land-use scenarios. S6 and S7 are more 

suitable maps as compared to other maps. Surface runoff, return flow, and average curve number 

decrease, and evaporation-transpiration and lateral flow increase in S5, S6, and S7 than S4.  
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Graph 3: Average CN numbers in all landuse scenarios 

 
        Graph 3 shows that with an increase in mixed forest cover in S5, S6 and S7 land-use scenarios, the 

average CN number decreases from the S4 land-use scenario which means a reduction in the 

surface runoff. 

Graph 4: Surface runoff in all landuse scenarios 

 
       Graph 4 shows that with an increase in mixed forest cover in S5, S6 and S7 land-use scenarios, the 

surface runoff decreases. The surface runoff values in S5, S6 & S7 are even lesser than S1 & S2 

value which shows that the surface runoff will decrease with almost fewer values than land use 

1985 (S1) values i.e. before three decades.  

The HECRAS model is then used to find out the cross-sections of the main river, water surface 

profiles, velocity of flow and depth of flow. In HECRAS model the DEM is feeded and terrain is 

generated. The terrain map helps in getting cross-sections at various hypothetical stations on the 

main river. The steady flow is the flow which changes with respect to time. After that to generate 
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water profiles, the direct flow discharge values are inserted in steady flow data section. Then in 

steady flow analysis section, the water profile points are computed by running the steady flow 

analysis. Different water profiles are generated showing points from upstream to downstream. 

Figure -2: Cross-sections before and after addition of levees 
 

      

 
Cross-section 1 before and after the addition of levees 

      

       
Cross-section 2 before and after the addition of levees 
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Cross-section 3 before and after the addition of levees 

 

         

 
Cross-section 4 before and after the addition of levees 
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 Cross-section 5 before and after the addition of levees 

 

 
Cross-section 6 before and after the addition of levees 
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Cross-section 7 

 

 
Cross-section 8 

 
Cross-section 9 

  
Cross-section 10 
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Cross-section 11 

 

 
 Cross-section 12 

 

 
: Cross-section 13 

       Figure 2 shows various river cross-sections without and with addition of levees. The first six cross-

sections show that the water level rises in the main channel elevations and flood inundation occur 

in nearby low-lying areas. And after the addition of levees in these six cross-sections, the water 

level raises but flood inundation mitigates completely. This help in reducing flooding in low-lying 

areas of the downstream region. 
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Figure – 3: Map showing X-Y-Z perspectives of three profiles before and after addition of 

levees 
 

Map showing X-Y-Z perspectives of profile 1 before and after addition of levees 
 
 
 

                        
 
 
 
 

Map showing X-Y-Z perspectives of profile 2 before and after addition of levees 
 
 

             
 
 

Map showing X-Y-Z perspectives of profile 3 before and after addition of levees 
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Map showing X-Y-Z perspectives of profile 4 before and after addition of levees 

 

 

             
 
 

Figure – 4: Flood inundation maps for profile 1, 2, 3 & 4 before and after addition of levees 
 

Flood inundation maps for profile 1 before and after addition of levees 
 

            
 
 

Flood inundation maps for profile 2 before and after addition of levees 
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Flood inundation maps for profile 3 before and after addition of levees 

 

              
 
 

Flood inundation maps for profile 4 before and after addition of levees 

 
 

              
 

 
Methodology of Research and Result: 

The methodology consists of conceptual phase, data collection phase, data analysis phase and 

conclusion. The first is conceptual phase which consists of gathering theoretical knowledge 

through extensive literature survey. The second phase is divided into data collection phase- 1 

(Hydrological model based) and data collection phase- 2 (Survey based). And during data analysis 

and final stage, analysis and management of floods by using hydrological modelling based 

framework is executed. Data collection (phase-1) consists of data collection for SWAT model as 

well as HEC-RAS model. The data required for SWAT model are DEM (Digital elevation models), 

LU/LC (Land use/ land cover) map, Soil map, Rain- gauges, Temperature data, Stream gauges, 

Rainfall data etc. And the data required for HEC-RAS model are Plan of Sabarmati river, Cross-

sections of river, Flow data etc. The main five steps for HECRAS model are as follows: (1) starting 

a new project, (2) entering a geometric data, (3) entering flow data and boundary conditions, (4) 

performing the hydraulics calculations and (5) viewing and printing the results. The data for phase-
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1 is collected from various agencies like CWC (Central Water Commision), SWDC (State Water 

Data Collection), BISAG (Bhaskaracharya Institute for Space Applications & Geo- Informatics). 

And as was planned earlier, the questionnaire was structured for data collection (phase -2) keeping 

in mind all these critical parameters. The questionnaire was prepared for obtaining the expert 

opinion from the experts in water resources management field. Then the questionnaire was floated 

for getting the feedback of expert people. 

 
Figure – 5: Location map of a village at flood risk 

 

Chandap is a village in Gujarat, western India. This village is at high risk due to floods in 2006. 

But with levees this village is safe. 
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Achievements with respect to objectives: 

In order to achieve the objectives a hydrological model (ArcSwat) and a hydraulic model (HecRas) 

are used for flood analysis and management. According to (Jha et al, 2020), (Rivera et al, 2007), 

(Sholichin et al, 2020) and (Farooq et al, 2019) combining HecRas with Swat model helps in 

delineating flood inundation zones and assesses the vulnerability of critical infrastructures in the 

watershed. Total seven model scenarios in ArcSwat and three model scenarios in HecRas were 

used to reduce flood risks. Two specific critical strategies are employed in the study: (1) Natural 

way - Mixed forest cover vs cropland area (2) Artificial way - By adding appurtenant structures 

like levees. A framework for flood management (FFAM) is proposed to reduce the socio economic 

vulnerability. The framework for flood management (FFAM) is derived through the extensive 

literature survey done. The framework is classified as shown in Fig.6, which kick starts from the 

flood management goals, then data assimilation where obtaining or gathering of all the data 

including historical, GIS/RS, Rainfall runoff, physiological data etc is to be done. Next stage is 

hydrological model run stage where any type of hydrological models can be used, then model 

result analysis which will be used in DSS and then final implementation stage of the final decision. 

After implementation stage, there is a check that if flood is mitigated or not, if not then model is 

calibrated again by using different set of data based on critical parameters involved. Again then 

assimilate the calibrated data then again follow all the stages till the flood mitigation occurs 

completely. 

The Hydrological model-based Framework for Flood Analysis and Management (FFAM) is 

proposed to reduce the socio-economic vulnerability through technological interventions by using 

ArcSWAT and HecRAS models together to mitigate floods effectively as shown in figure 6. 
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Figure 6: Framework for flood analysis and management (FFAM) 

Flood management Goals and Objectives 

Identification of Study Area 

Vulnerability study by Rain fall trend analysis 

Study of existing conditions in the study area 

Feedback analysis study of Expert opinion survey 

Simulation modeling 

Hydrological model study using 
ArcSWAT model 

Hydraulic model study using 
HecRAS model 

Generate land use scenarios & 
few Hypothetical Land use 

scenarios by increasing forest 
land cover areas 

Existing decadal and base map 
Output study 

Compare all scenarios (Check 
Curve number & Runoff) 

Flood 
mitigated? 

Most suitable scenario recommended 
for long term goals 

River Cross-sections generated real 
time using Google Satellite imagery 

Steady flow analysis is performed using Profiles 
(calibrated discharges from ArcSWAT model & 

few hypothetical discharges) to get inundated 
maps of study area 

Addition of Artificial structures (Levees) 
at few Cross-sections followed by steady 

flow analysis again 

Flood 
mitigated? 

Implementation recommended for 
instant/ immediate relief 

Start 

Stop 

Yes Yes 

No No 
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Conclusions: 

• In the present study two simple and popular hydrological models namely ArcSWAT and 

HecRAS were used for the estimation of runoff and downstream flood management, 

respectively. 

• The ArcSWAT model was run using rainfall data of 30 years (1990 to 2019) period to 

estimate simulated runoff output and compared with observed runoff data.  

• Sensitivity analysis was carried out using the SUFI-2 algorithm in the SWAT-CUP tool for 

daily time steps using five years of observed data. The Model was successfully Calibrated 

with R2 0.73, NSE 0.71, and validated with R2 0.70 and NSE 0.63 values respectively.  

• The ArcSWAT model discharge outputs were used as an input in the HecRAS model to 

generate inundated maps which were used to identify the flood spread areas downstream. 

One of such probable areas identified is Chandap village having low profiles on both the 

banks.  

• Therefore, using the HecRAS model, flood protection measures such as artificial levees and 

check dams can be designed and constructed at such vulnerable locations to prevent 

flooding of low-lying areas depending on different flood scenarios.  

• Based on the ArcSWAT and HecRAS models study a Framework for flood analysis and 

management (FFAM) is proposed for the Sabarmati River basin which can be applied for 

flood mitigation in the downstream area using GIS techniques for proper development of 

flood-prone areas.  
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