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Abstract 

Mapping of flood hazard is an important component for appropriate land use planning in flood-prone areas. The creation of 

flood hazard maps would promote greater awareness about the risk of flooding.  Taking Krishnai river basin of Assam as an 

example and using available data from government agencies, a composite hazard index has been devised incorporating 

variables like flood frequency, drainage density, slope, population density, access to potable water, and availability of 

elevated area and maximum risk zones were mapped accordingly. Therefore, in the present paper an attempt has been made 

with an objective to produce flood hazard map based on climate, geomorphology, hydrology for flood preparedness, and 

emergency response and propose an integrated flood management (IFM) that can be used to promote sustainable flood risk 

management measures. Geographic Information Systems (GIS) are frequently used to prepare flood hazard maps.  It 

provides an effective way of assembling information from different maps and digital elevation models. The extent of flooding 

can be calculated by comparing local elevations with extreme water levels using GIS. It can support planning and 

development by identifying high risk locations and steering development away from these areas.  
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Introduction 

The flood is a frequent event of occurrence in the Krishnai 

watershed of Goalpara districts of Assam and East Garo Hill 

district of Meghalaya in India. The major causes of flood in these 

areas are occurrence of cloudburst during the monsoon season 

due to strong convection associated with orographic forcing over 

the East Garu Hill or rainfall and their frequency and magnitude, 

regional topography and man’s interference on natural 

environment. It becomes hazardous when the flood ferocity has 

caused massive destruction and threatens to human lives, 

properties and countries natural resources. In the present study, 

Krishnai watershed of Goalpara district in Assam experienced 

repeated flash flood hazard during 2004 and 2014. Flash flood 

modeling and hazard mapping are to be conducted to identify 

hazard prone areas. Flood hazard mapping is a vital component 

for appropriate land use planning in flood prone areas. It creates 

easily-read, rapidly accessible charts and maps which facilitates 

the administrators and planners to identify areas of risk and 

prioritize their mitigation efforts
1
. The creation of flood hazard 

maps would promote greater awareness of the risk of flooding.  

This can be beneficial to the residents of hazard zone to prepare 

themselves before the occurrence of flash flood. Flood hazard 

maps are designed to increase awareness of the likelihood of 

flooding among the public, local authorities and other 

organizations. With regards to the flood hazard map, the primary 

objectives are, to prevent loss of people’s live, properties and 

helps smooth transfer of affected people from home to evacuation 

shelter as well as to notify the residents about potential flood 

damage and enhancing their awareness about the importance for 

flood disaster preparedness. Geographic Information Systems 

(GIS) are frequently used to produce flood hazard maps.  It 

provides an effective way of assembling information from 

different maps and digital elevation models
2
.  Using GIS, the 

extent of flooding can be calculated by comparing local 

elevations with extreme water levels. Flood hazard maps can 

support planning and development process by identifying high 

risk locations and steering development away from these areas.  

In order for this to occur, the consideration of flood hazard maps 

must be integrated into planning procedures.  

 

The study aims to prepare flood hazard zone maps of Krishnai 

watershed based on multi criteria assessment using remote 

sensing and GIS tools. The study is limited to factors such as 

rainfall distribution, slope, drainage density, and distance from the 

main channel, land use, soil type, village level population density 

to prepare flood hazard risk zone map. 

 

The Krishnai or Damring River is a tributary stream of Dudhnoi 

River and originates from Garo hill of Meghalaya. In Assam part, 

it drains over Goalpara district through an area of 199.45 km
2
. 

The present study area is located between 25
o
53ʹ51ʺ and 

26
o
07 36ʺ North Latitude and between 90

o
35ʹ01ʺ and 92

o
45ʹ14ʺ 

East Longitude. Geologically, it comprises of Quaternary, 

Tertiary and Mesozoic sediments folded over the Achaean 

basement rocks. The southern part of the basin is occupied by 

Meghalaya Plateau and northern part comprises of alluvial plain. 

The location map of the study area is shown in figure-1. 
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Figure-1 

Location map of Krishnai watershed 

 

Methodology  

To identify flood hazard zone, a multi parametric dataset 

comprising satellite data, conventional maps including Survey 

of India (SOI) topographic sheets has been used for preparation 

of thematic maps of drainage density and surface water body. 

The details of the required database and their sources are 

mentioned in Table-1. 

 

The detailed methodology is given in the flowchart
3
 (Figure-2). 

The SOI top sheets covering the study area were scanned 

separately and all the scanned images were rectified and 

geometrically corrected. These images were then mosaicked to 

form a single image and ARC GIS 9.3 software has been used to 

prepare thematic layers, namely study area boundary, stream 

network for drainage density, contour map for slope. Basic 

parameters to prepare flood hazard risk map are analyzed 

below- 

 

Soil Influences: Soil type and texture are very important factors 

for determining the water holding and infiltration characteristics 

of an area and consequently affect flood susceptibility
4
. Some 

soil types can cause very rapid runoff even in dry conditions
5
. 

As a general rule, runoff from intense rainfall is likely to be 

more rapid and greater with clay soils than with sand.  In 

Krishnai watershed, he soil layer was prepared by digitizing the 

soil map. There are two type of soil taxonomy are found i.e. 

Fine Typic Kandihumults and Fine Aeric Haplaquepts. The 

spatial distribution of soil in Krishnai the watershed is shown in 

figure 3. 

 

Surface slope: Land surface slope is one of the effective 

elements of flood. The danger from flash flood increases as the 

surface slope increases. It is a reliable indicator for flood 

susceptibility
6
. The flow velocities in the river will increase 

when river slope increases
7
. Slope map of the study area is 

prepared using SOI top sheet having 20 meter contour interval 

within GIS environment. Slope angle of each pixel is generated 

from TIN (Triangular Irregular Network) in Arc GIS 9.3. 

Krishnai watershed has been  demarcated into  five classes of 

slope i.e. level to nearly level 0
o
 -2

o
, gently sloping 2

o
 -5

o
, 

moderately sloping 5
o
 -15

o
, Moderately steep sloping 15

o
 -30

o
 

and steep sloping more than 30
o
. The distribution map of slope 

of the study area is shown in Figure 4;  

 

Drainage density: Drainage density is the length per unit area 

of the basin. If the drainage network is dense at any area, it will 

be a good indicator to high flow accumulation path and more 

likely to get flooded
8
. Drainage flow can be integrated into the 

GIS program to identify areas most likely to be in the risk of 

flash flooding
9
. There are five classes of drainage density are 

categories in Krishnai watershed i.e. Very poor below 1 

km/km
2
, poor 1-1.5 km/km

2
, moderate 1.5-2.5 km/km

2
, Good 

2.5-3.5 km/km
2
, and very good 3.5-4.8 km/km

2
 in figure 5.
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Figure-2 

Flow chart of methodology
3
 

 

 
Figure-3 

Soil map of Krishnai watershed 
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Figure-4 

Slope map of Krishnai watershed 

 

 
Figure-5 

Drainage density map of Krishnai watershed 
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Distance to main channel: Areas located close to the main 

river channel and flow accumulation path are more likely to get 

flooded
8
. Therefore, line buffer of main channel is created as 

100 meter, 500 meter and 1000 meter in figure 6. Flood affects 

mostly those people settled close to the river. Its ferocity 

decrease toward far from the main channel. 

 
Land cover: land use and land cover is another important 

influencing factor of flood hazard
9
. The thematic layers of Land 

use prepared using satellite image acquired from the NRSA by 

visual observation. Image Interpretation is process in GIS 

environment (ERDAS 9.1) which is registered in UTM/WGS-84 

projection system. For the LULC mapping visual interpretation 

technique has been adopted and created vector layer in the form 

of shape file in Arc GIS. A field visit was conducted before the 

interpretation and some information regarding ground truth has 

been collected. On the basis of these data base we have prepared 

the LU/LC map shown in Figure-7. Land use classes of the 

study area are identified as settlement, crop land, forest, 

plantation, grassland, scrub land, wetland, pond, river, and sand 

bar.  

 

Population density: Population pressure is another important 

factor of hazard map. Flood is a natural climatic event. It 

becomes hazardous when the flood ferocity has caused massive 

destruction and threats the human life, properties and country’s 

resources. According to 2011 census, the density of population 

per square kilometer area in villages of Krishnai watershed is 

ranges 0 to 4245 persons in Figure-8.  

 
Rainfall distribution: Flash floods are best described as events 

involving too much water in too little time
11

. When excessive 

amount of water in the form of rainfall reaches land within a 

short span of time, causing submergence of land surface under 

water – at places, where, land surface is usually not covered by 

water is referred as flood. The major cause of flood in the 

present study area is due to high intensity of rainfall. The flood 

hazard is a frequent event of occurrence in krishnai watershed 

including Goalpara and kamrup districts of Assam and East 

Garo Hill district of Meghalaya. The major causes of floods in 

these areas are occurrence of cloudburst during the monsoon 

season due to strong convection associated with orographic 

forcing over the East Garu Hill or rainfall and their frequency 

and magnitude, regional topography and man’s interference on 

natural environment. It was observed from Indian 

Meteorological Department (IMD), cloud bursts in Goalpara on 

22nd September 2014 were up to 32.4 cm in an hour (total and 

average hourly rainfalls for the day are 191.2 cm and 7.96 cm 

respectively). In Williamnagar  in East Garo hills of Meghalaya, 

rainfall due to  cloudburst  occurred up to 31.9 cm in an hour 

(total and average hourly rainfalls for the day are 496.2 cm and 

20.67 cm respectively) often in the form of extremely large 

droplets. Such event of   intense rainfall may have occurred in 

the upper reaches of streams flowing down  of Garo Hills with 

sparse populated area, may  have produced a flash flood which 

affected communities residing in the downstream. The flood 

fury has caused massive havoc in West Garo Hills, South West 

Garo Hills and North Garo Hills Districts causing 55 deaths and 

affected 1.58 lakhs population in Meghalaya and 40 deaths and 

affected 5.50 lakhs population in Assam. Therefore awareness 

and prior knowledge about flash floods at all levels among 

communities, practitioners, and a policy maker is highly 

essential for hazard preparedness.   

 

 
Figure-6 

Line buffer of Krishnai River 
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Figure-7 

Land use map of Krishnai watershed 

 

 
Figure-8 

Population density map of Krishnai watershed 
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Table-1 

Database detail 

Database type Details of database Source of database 

Toposheet 78J/12 and 78K/09 Survey of India 

Rainfall data 
Rain gauge station- Goalpara, Boko, Williumnagar, 

Dhubri, Bongaigaon and Barpeta 

Meteorological Oceanographic Satellite 

Data Archival Centre, ISRO 

Thematic map Soil 
National Bureau of Soil Survey and Land 

Use Planning, Nagpur, India 

Satellite image IRS LISS IV, 09/03/2009 
National Remote Sensing Agency (NRSA), 

Hyderabad 

Village Population 68 villages 2011 census 

 

Table-2 

Rank and weightage for flood hazard zones 

Sl no Theme Class Rank Weightage 

1 Land use 

Wetland 1 

15% 

Crop land 2 

River 1 

Forest cover 5 

Scrub land 4 

Grass land 2 

Settlement 3 

Plantation 4 

Pond 1 

2 Soil 
Fine (Aeric haplaquepts) 1 

10% 
Fine (Typic Kandihumults) 2 

3 
Slope 

(in Degrees) 

< 2 1 

25% 

2 – 5 1 

5 – 15 3 

15 – 30 4 

> 30 5 

4 
Drainage Density 

(km/km
2
) 

< 1.5 1 

23% 1.5 – 3.0 2 

3.0 – 4.0 3 

5 
Rainfall distribution 

(in cm) 

246 – 274 5 

7% 

274 – 293 4 

293 – 312 3 

312 – 331 2 

331 – 363 1 

6 

 
Distance to main channel (in meter) 

0-100 1 

12% 100-500 2 

500-1000 3 

7 Population density (persons/km
2
) 

0-271 5 

8% 

271- 565 4 

565- 1009 3 

1009 – 2120 2 

2120 – 4245 1 
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Result and Discussion  

All features controlling flood hazard layers were converted into 

raster format. Raster classification is performed for all the five 

layers and spatial distribution of rainfall in Figure-9. Further, 

these raster maps are than reclassified. These reclassified maps 

are overlay in terms of Weighted overlay method using spatial 

analyst tool in ARCGIS 9.3. The weights of the different themes 

were assigned on a scale of 1 to 5 based on their influence on 

the flood hazard.  Suitable weights were assigned to the seven 

themes and their individual features after understanding their 

importance in causing flood hazard occurrence in the study area.  

The weight of each factor was given on the basis of its estimated 

significance into cause of flooding. The weight of each factor is 

described in Table-2.The weights assigned to different themes 

are shown in Table-2. Finally, flood hazard risk map is prepared 

in terms of very high, high, moderate and low. The flood hazard 

map of the Assam part of Krishnai watershed is prepared and 

shown in Figure-10. The hazard zones are categorized as high, 

moderate and low. 

 

Analysis of the flood hazard zones shows that the high flood 

hazard areas constitute 0.94% of the study area. More than 39% 

of the watershed area represent moderate flood which affects 

crop land and human settlements. The low flood hazard zone 

occupies 8.8% and 51 % of study area is not affected by floods.

 

Table-3 

Percentages of each flood hazard zones 

 Hazard zone Area in km
2
 Area in PC 

1 High hazard zone 1.89 0.94 

2 Moderate hazard zone 78.12 39.16 

3 Low hazard zone 17.72 8.88 

4 Safe zone 101.72 51.00 

Total 199.45 99.98 

 

 
Figure-9 

Rainfall distribution map of Krishnai watershed 
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Figure-10 

Flood hazard zone of Krishnai watershed 

 

Conclusion 

It may be concluded that the floods are natural phenomena 

which cannot be prevented. However, human activities are 

contributing to the increasing trend of likelihood and adverse 

impacts of extreme flood events.  Rainfall, slope, drainage 

system, land use, soil condition are considered to be important 

factors contributing to flood hazard. The present study shows a 

simple and cost effective way of using geographical information 

system for creating flood hazard map from the available data 

base. The flood hazard map prepared using Arc GIS and 

ERDAS Imagine software tools, flood prone areas can be 

identified.  It will help in appropriate planning for hazard 

mitigation. 
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