
Application of Remote Sensing and GIS Techniques in Gravity 
Based Flood Mitigation Modelling of Nagavali-Vamsadhara 

River systems with Special Emphasis on Nagavali River, 
Srikakulam, Andhra Pradesh

Gara Raja Rao*, G. Sandeep, Y. Vinay Kumar, Dona Augustine, M. Jagannadha 
Rao

Department of Geology, Andhra University, Visakhapatnam, 530003.

Abstract: Flood mitigation studies are very important in management and controlling flood 
water movement in flood hazard areas. It has become very difficult to monitor and control 
floods by conventional methods. Remote sensing and GIS has become important tool in 
monitoring floods from the recent times. In this study, the flood inundation maps along with 
slope, aspect and altitude maps are generated to understand the flooding patterns of Nagavali 
River. SRTM DEM data overlapped on satellite data is used for the effective generation of 
slope, aspect and altitude maps using ArcGIS 9.3, a GIS based software. The above maps are 
overlapped to delineate gravity affected area base on watershed and other important 
parameters. The flood susceptible areas are determined by taking an account of flood 
inundation and gravity affected areas. This paper gives necessary suggestion in flood 
management by making suggestive canals with proper geomorphic and geologic 
considerations.
Keywords:  Slope, Aspect, Altitude, DEM, Gravity, Flood Mitigation, flood inundation, 
Canals.

Introduction
Floods are most common and dangerous natural hazards with regards to human and economic 
loss globally. In general flood risk is defined as the result of the likelihood of flooding and its 
related possible damages over all flood events [1]. In this regard effective modelling to 
encompass and mitigate flood risks is very important to restrict these zones in managing 
future floods. Flood mitigation is the process of management and controlling of flood water 
movement enhancing the redirection of flood run-off by using floodwalls and flood gates, 
rather than preventing floods altogether [1]. Flood mitigation includes various structural 
measures like floodwalls, floodgates, levees and evacuation routes. Remote Sensing (RS) and 
Geographic Information system (GIS) embedded together plays a crucial role in the 
evaluation of such natural hazards. These techniques help us in mapping flood susceptibility 
zones and helps in taking necessary remedial measures [2, 3, 4, 5]. In this context, remote 
sensing and GIS techniques are used in the present study in locating gravity affected 
hazardous zones and necessary remedial measures for flood inundation are suggested with 
special emphasis on Nagavali river system. 

Study Area
The present study encompasses the areas of Nagavali and Vamsadhara fluvial systems in the 
coastal tracts of Srikakulam District of Andhra Pradesh. This study area (Figure 1.) comprises 
of nearly 2285 sq. km and the area lies within latitude of 18° 40’ N to 18° 09’ N and 
longitude 84° 10’ E to 83° 39’ E. Vamsadhara and Nagavali covers two major river systems 
in northern Andhra Pradesh well demarcated by Eastern Ghats and with a low slope from 
north to south. River Nagavali originates from a hill near Lakhbahal village of Kalahandi 
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District of Odisha. It touches Nakrundi, Kerpai, Kalyansinghpur and Rayagada of Odisha and 
merges into Bay of Bengal near Kallepalli village in Srikakulam of Andhra Pradesh. Total 
length of the river is 256 km, in which 160 km are in Odisha and rest is in Andhra Pradesh. 
This river basin annually receives 1000 mm of average rainfall. River Vamsadhara originates 
from the border of Thuamul Rampur in Kalahandi district of Odisha, which runs for a 
distance 254 km where it joins Bay of Bengal at Kalingapatnam, Andhra Pradesh. This river 
basin receives average annual rainfall of 1400 mm. Nagavali river system is mostly flood 
prone and is influenced by gravity based flood zones.

Figure 1. Study Area Map

Materials and Methods
In the present study, SRTM DEM and AWiFS datasets coupled with land-use/land-cover, 
geomorphology, soil and interpolated rainfall surface maps have been used to identify the 
potential routes in geospatial domain for interlinking of Vamsadhara- Nagavali River 
Systems in Srikakulam district, Andhra Pradesh. The first order derivatives are derived from 
DEM and road, railway and drainage networks have been delineated using the satellite data. 
The inundation map has been prepared using AWiFS derived Normalized Difference Water 
Index (NDWI). The Drought prone areas were delineated on the satellite image as per the 
records declared by Revenue Department, Srikakulam. Physical geographic features 
(Elevation, slope, aspect landcover etc) of the river systems are studied to analyze the 
characteristics for flood risk potential assessment. The elevation, slope and aspect models of 
the study are generated using Remote Sensing and by using ArcGIS-9.3 (GIS based software) 
methods. These models are further used to delineate gravity affected area of the flooding 
zone of the Nagavali River. 

Results and Discussions
Slope Analysis Using ArcGIS
The slope tool in ArcGIS calculates the maximum rate of change in value from that cell to its 
neighbors of a raster. Basically, the maximum change in elevation over the distance between 
the cell and its eight neighbours identifies the steepest downhill descent from the cell. This 
technique in ArcGIS is generated by using the elevation DEM input raster (Figure 2).

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue XI, November-2020

ISSN NO: 1781-7838

Page No:99



Figure 2. Terrain inputs

In this study, Shuttle Radar Topographic Machine (SRTM) satellite DEM data is used. Using 
the input of DEM data, the slope tool is run from spatial analyst extension in Arc GIS and the 
output slope raster has been generated. The created slope raster can be calculated in two types 
of units either degrees or percentage.  The study area slope is calculated in the present type.  
The percentage rise can be better understood by considering it as the rise divided by the run, 
multiplied by 100 because, when the angle is 45 degrees, the rise is equal to the run, and the 
percentage rise is 100 percent. As the slope angle approaches vertical 90 degrees, the 
percentage rise begins to approach infinity. The slope map of the study area is shown in 
Figure 4, that the resulting value of the study area is clearly described in the map below. 
Percentage rise is shown the clear index and which tells the 90% of area is covered the nearly 
level and very gently slope i.e., 0% to 10% and 5% area comes under gently slope i.e., 11% 
to 15%, and remaining 5% only covers the Moderately sloping, strongly sloping, moderately 
steep to steep sloping and very steep sloping i.e., 16% to 20% or greater than 20%.

Aspect Analysis using ArcGIS
Aspect identifies the downslope direction of the maximum rate of change in value from each 
cell to its neighbors expressed as the slope direction. The values of each cell in the output 
raster indicate the compass direction that the surface faces at that location. It is measured 
clockwise in degrees from 0o to 360o north, which comes full circle and overlap with 0o and 
360o in north place. Flat areas having no downslope direction are given a value of – 1. The 
value of each cell in an aspect dataset indicates the direction the slope by individual cell or 
pixel.

By the concept of GIS, the Aspect tool fits a plane to the z-values of a 3 x 3 cell 
neighborhood around the processing or center cell. The direction the plane faces is the aspect 
for the processing cell. A moving 3 x 3, 5x5 or 7x7 kernel window visits each cell in the 
input DEM raster (Figure 3), and for each cell in the center of the window, an aspect value is 
calculated using an algorithm that incorporates the values of the cell's eight neighbors. The 
aspect map is generated by using spatial analyst tool of ArcGIS software. The classifications 
explained in Table 1.
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Table 1. Classification of cell aspect for the downslope direction
Sl. No. Cell Classification Sl. No. Cell Classification

1. Flat (-1) 6. South (157.5-202.5)
2. North (0-22.5) 7. South West (205.5 -247.5)
3. North East (22.5-67.5) 8. West (247.5-292.5)
4. East (67.5 – 112.5) 9. North West (292.5-337.5)
5. South East (112.5-157.5) 10. North (337.5-360)

The aspect map of the study area is created based on the above 10 directions (Figure 5). The 
slope and aspect are mutually related, slope express the degree or percentage of ground where 
aspect gives the slope direction and both will perform high role in hydrological studies. From 
the earlier studies of Raja Rao et al. [6], the study area covers the maximum number of 
streams within 10 watersheds. Each streams have their own direction and own flowing index. 
The created aspect maps also help us to understand the water flows in which direction and 
also it proves the study area is covering numerous streams because it gives the maximum 
direction in the entire study area. Based on the above study, the slope and space aspect in the 
western side of the basin is characterized by effective slope aspect encompassing only river 
Nagavali of Nagavali-Vamshadhara river systems.

Figure 3. Elevation Raster of the Study Area

Figure 4. Slope Raster of the Study Area
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Figure 5. Aspect Map of the Study Area

Gravity Effected Area
This study is carried out to classify the maximum gravity effected area with the help of slope 
and aspect analysis using ArcGIS software. From the study, different watersheds are 
identified and established APVSWS10 watershed is having maximum runoff, rainfall area 
and high drainage density [6]. The overlain watershed boundary to slope map helps in 
understanding the slope condition and similarly the direction of slope and which resulted that 
slope direction effects the NNE to S and SW to WSW. North East area is having moderate 
slope and high altitude and all water flows towards the south and south west direction of 
APVSWS10 which is said to be gravity effected area out of 10 watersheds. This area is 
highly populated covering maximum number of mandals, much of the area is agricultural 
land and with flat terrain and the watershed pour point located is near to the ocean. The 
watershed is covered highly by streams and overland flow.

As discussed above, based on slope and aspect work on the two River systems- Nagavali and 
Vamsadhara rivers, including the aspect of watershed. It is very clear that Nagavali River has 
the geomorphological environment which is favorable for gravity applied diversion compared 
to Vamsadhara.  This may be because of the fact that the controls of geology, structural 
elements like lineaments which might have an effect the river basin little more intensively 
resulting more effective slope systems followed by development of effective watershed with 
more number of stream orders draining the basin.

It is very clear that the watershed no. APVSWS10 almost contributes 60% of streams in the 
total river system.  In the Eastern Ghats, a number of workers discussed on neo-tectonics on 
the river systems of the east coast. Murty [7] worked extensively on neo-tectonics that the 
intensity of neo tectonic movements in Nagavali may be higher in order than the Vamsadhara 
river system. This might have been modified the morphology river systems Nagavali at a 
later date resulting step like patterns. Perhaps this is the reason for effective slope 
development in the Nagavali basin than in the Vamsadhara river basin. Recent studies by 
Swathi Lakshmi et al. [8] has also worked with reference for interlinking both the river 
systems.
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Fig 6. Gravitational influence of the area Nagavali River system

In this study confirmed by watershed studies and slope aspects, it is very clearly established 
that both Eastern and Western sides of Nagavali River has geological control due to the hilly 
terrain between which the Nagavali is flowing through a narrow gorge. This natural 
geological set up especially in the eastern part of river Nagavali has created such an 
environment of effective slope from East to West. The hill ranges in the Eastern part, further 
aided the slope formation towards west, because of their trend NW-SE and dipping west, 
perhaps this is the explanation for better watershed prospects and slope aspects which is 
needed for studies on flood management.

The mountain ranges of the eastern side of Nagavali is starting from subadrapuram village in 
the south and continued towards North through villages/towns like Palakonda, Veeraghattam, 
Sanivada etc. This terrain belongs to Eastern Ghat mobile belt and the deep gorge formed 
within the Khondalitic terrain not only favored the slope, aspect of R. Nagavali but it has 
helped the river system to expose the rock formation beneath khondalites which are generally 
Leptynites. Such exposures have been observed at places within the Nagavali strongly 
supporting the concept of narrow gorge and steep dipping khondalitic flanks in the eastern 
side. This geological control further supported by other studies of neo-tectonics.

Under these conditions basing on the data obtained from watershed slope studies, field 
geology, it can be confirmed that the excess water during flooding can be diverted more 
effectively by gravity in-case of a Nagavali river system than the Vamsadhara river system as 
shown in the Figure 6. The slope from east to west can be used as an advantage for the 
construction of canals on the western side of river Nagavali. 

Flood Mitigation
The Nagavali and Vamsadhara river systems are continued under flooding during Monsoon 
of every year. The heavy rainfall on catchment area result huge quantities of flood water 
flowing into these river systems. The flood pattern is given below. The data are from 
governmental records is shown in the following table after Raja Rao et al. [6].
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Table 2. Flood Inundation Villages (Nagavali)
Flood Level 

(Lakhs 
Cusecs)

Total area 
in Eastern 
bank (Sq. 

Km)

Total area in 
Western 

bank 
(Sq. Km)

Villages under Inundation
Total 
Area

(Sq. Km)

1.70 47.206 60.00

J. K.Gumada, Sriharipuram, 
Chidimi, Bitiwada, 
Kummarigunta, 
Chinamangapuram, Regadi, 
Kondapuram, Ampili, Allena, 
Burja, Kondagudem, 
Ramarayapuram, Belalamam, 
Boddepalli, PathaSrikakulam

107.20

99.49 39.96 59.53

Veeraghattam, Magguru, 
Madduvalasa, Neelanagaram, 
Ampili, Allena, Khandyam, 
Burja, Vasudevapuram, 
Ramarayapuram, 
Garanaidupeta, Belalamam, 
Kalivaram, Singuru, 
Kusalapuram, Kallepalle

99.49

0.95 31.07 30.11

J.K. Gumada, Sriharipuram, 
Chidimi, Bitiwada, 
Neelanagaram, 
Gottamangalapuram, Regadi, 
Kondapuram, Ampili, Allena, 
Burja, Kondagudem, 
Ramarayapuram, Belalamam, 
Kinthali, Kallepalle.

61.18

0.84 31.8016 23.17355

J.K. Gumada, Sriharipuram, 
Chidimi, Bitiwada, 
Kummarigunta, 
Gottamangalapuram, Regadi, 
Ampili, Kondapuram, Allena, 
Burja, Kondagudem, 
Ramarayapuram, Belalamam, 
Singuru, Kallepalle.

54.98

From the results of  slope, aspect, geomorphological and geological issues, it is very clear 
that the flooding in these two river systems have been a natural hazard and a number of 
villages on the river bank have been under inundation during floods. The flood inundation 
maps have been analyzed. Three flood inundation maps namely, 1.70 cusecs, 0.95 cusecs and 
0.84 cusecs (in lakhs) has been shown in Figure 7, 8, 9, which will give any idea of flood 
situation in River Nagavali at different flood levels.
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Figure 7. Flood Inundation Map (1.49 Lakhs Cusecs)

Figure 8. Flood inundation Map (0.95 Lakhs Cusecs)
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Figure 9. Flood Inundation Map (0.84 Lakhs Cusecs)

The most important observations of flood inundation of the present study are:
 In general flooding in river Nagavali is more intense towards western side than the 

eastern side.
 The flooding during four different intensities recorded 60%, 59.53%, 30.11% and 23.17% 

respectively. This clearly shows that the western side is characterized by high flooding 
than the eastern side.

 The variation in flooding can be explained due to the slope aspect, which has a gradient 
towards west to east. This is due to the Khondalite hill ranges which are the eastern part 
of Nagavali created a slope aspect from east to west.

 To understand the variation in slope, a map has been prepared with altitude variation at 
different points of suggested canals as shown in Figure 10.

 The Table 2 indicates that the most common villages which are under inundation at 
different levels of flooding both in western to eastern side.

Suggested Flood Model
The study clearly indicates that the advantage of gravity can be effectively utilized in the 
western bank of Nagavali river systems. The advantage of gravity in the western side of 
Nagavali is very significant. This is also established by the work of Swathi Lakshmi et al. [8] 
in the interlinking of Nagavali and Vamsadhara.

It is suggested that the gravity based canal can be dug with a simple gate systems at entry 
points which can be lifted to divert the flood water by simple gravity from the main river 
system. For this purpose, five points are suggested for such gravity canals on the western side 
of Nagavali river system. The details of these five canals suggested by the watershed study of 
Raja Rao et al. [6] The Figure 10 presents the image showing the canal locations, and Table.3 
gives the canals of flood mitigation.
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Table 3. Details of suggested canals for flood mitigation
Canal 

No. Point of origin Length
( Km)

Altitudinal 
variation Geo-coordinates

1 Labham 3.53 105′ to 80′ N 18  28‘ 37“
E 83  48‘ 47“

2 Belalamam 2.9 58′ to 43′ N 18  23‘ 10“
E 83  50‘ 55“

3 Akkivaram 3.1 53′  to 35′ N 18  20‘ 53“
E 83  52‘ 00“

4 Jarapi Naidu peta 2.44 53′ to 38′ N 18  19‘ 42“
E 83  52‘ 55“

5 BontalaKoduru 1.9 45′ to 18′ N 18  14‘ 53“
E 83  54‘ 54“

Figure 10. Proposed Gravity based canals in the western bank of Nagavali River for 
flood mitigation

The 5 canals suggested can be considered as a basic proposal and more number of such 
canals can be successfully located depending upon the requirement of flood water diversion. 
Since these are unlined gravity based canals, the cost economics is very less in-fact the 
villagers on the part of these canals can initiate the voluntary help and can be taken up under 
national programs like National Rural Employment program.

Conclusions
It is very clear that the River systems are providing the most important water resource which 
could not be used to its fullest extent. The irony is one way the excess flood water is causing 
huge human and material loss and other way the adjacent villages are deprived of water for 
irrigation. Though they are vicinity of the River system, the data generated clearly established 
with planning and scientific approach. The river water especially from Nagavali can be more 
effectively used and it is beneficial in many ways. This will mitigate flood situation and 
prevent losses on one side and provide water for irrigation recharge groundwater levels on the 
other hand. In this study, only five canals are suggested in the lower reaches of Nagavali 
River. However more such favorable points for canal construction can be identified by using 
the data generated in this investigation.
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This work further can be applied in hundreds of other small and moderate River systems 
where the gravity based flood mitigation can be appropriate and successful implemented.
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