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Abstract 
  

The recent oil spill incidents such as oil rig blow up on 

20th April, 2010 at Gulf of Mexico and ship accident on 7th 

August, 2010 at Mumbai has drawn attention of coastal 

managers to adopt proactive approach to manage the oil 

spills in marine environment. The oil spill in marine water 

has direct impact on coastal resources and community. Prep-

aration of Environmental Sensitivity Index (ESI) map is the 

first step to assess the potential impact of an oil spill and 

minimize the damage of coastal resources. In this paper an 

attempt made to prepare an ESI map for sensitivity to oil 

spills of Kakinada coast. The Kakinada coast is subjected to 
high threaten to oil spill because of port, off shore oil explo-

ration, dense mangrove forest and many industrial activities. 

Mapping the coastal resources, shoreline and coastal struc-

tures was carried out using Satellite images and GIS tech-

nology. The dataset used for the study include high resolu-

tion CARTOSAT-1 PAN (2007) image of 2.5 m resolution 

and LANDSAT ETM (2001) image of 30 m resolution. The 

Digital Image Processing software (ERDAS) & GIS soft-

ware (ARCGIS 10) used for the satellite image processing 

and feature extractions. The coastal features classified into 

three major categories as: Biological, Human and Habitat. 
Mapping carried out upto 2 km into the land from shoreline. 

Coastal resources identified, mapped and extracted from 

satellite image by Supervised Classification technique with 

83% accuracy. The important resources classified into man-

grove, mudflat, coastal structure (Break Water, Jetty and 

Port), sandy beach, saltpan, tidal flats, etc. The sensitivity of 

shore was ranked as low to high (1 = low sensitivity; 10 = 

high sensitivity) based on geomorphology of Kakinada coast 

using NOAA standards (sensitivity to oil, ease of clean up, 

etc). The ESI map prepared at 1:25,000 scale and digital 

database have been generated for the Kakinada coast. The 

ESI maps are useful to the oil spill responders, coastal man-
agers and contingency planners. 

 

Keywords: Coastal, Contingency, Geomorphology, Super-

vised Classification. 

 

 

Introduction 

 

Though there is a reduction in the ship accidents in the 

past few decades, but still some accidents caused oil spills in 

the navigational channels of world coastal waters. There are 
countless opportunities for oil to get out of control. Many are 

due to mechanical failure of the equipment, or due to human 

carelessness and mistake. Since the world’s main petroleum 

producing areas do not coincide with the areas of greatest 

consumption, the transportation of petroleum has increased 

with consumption. This increasing movement and storage of 

products has also increased the risk of inland water contami-

nation. The recent oil spill incidents such as oil rig blow up 

on 20th April, 2010 at Gulf of Mexico and ship accident on 

7th August, 2010 at Mumbai has drawn attention of coastal 

managers to adopt proactive approach to manage the Oil 

Spill in marine environment. Though many spill models 
available, the common widespread trajectory Oil Spill mod-

eling is known as GNOME (Beegle-Krause, 2001).  

 

 The oil spills are the major environmental issues for 

coastal and marine environment which can change coastal 

ecosystems, valuable fishing grounds, long recreational and 

tourist beaches. Many environmental resource areas are lo-

cated along and/or near the coast, “A sensitive Sea Area is 

the area of the coastal line which is vulnerable and in need 

of special protection due to ecological, social, economical, 

educational reasons and or scientific reasons in face of natu-
ral causes or human actions, especially marine navigational 

activities and requires special protective measures.” 

(Danehkar, 2002). Many factors, such as local currents, 

weather, water temperatures and the composition of the oil 

itself, among others, affect the degree of long term environ-

mental damage from oil spills. The potential threat from 

operational and accidental spills events evoke visions of 

deposited coasts, oiled birds/turtles and economic losses 

from the ruined fisheries, closure of cooling water intakes/ 

power plants. 

 
 It is important to show all the coastal information in one 

map. Because, during a spill event, the responders should 

take the decision with a matter of time to minimize damage. 

So the first priority should be more on the high sensitive 

resource region. Mapping the coastal resources can be 

achieved using Satellite images, GPS surveying & GIS tech-

nologies (IMO 2010).  
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 Prediction of the behavior and persistence of oil in inter-

tidal habitats is based on an understanding of the dynamics 

of the coastal environments, not just the substrate type and 

grain size. The intensity of energy expended upon a shore-

line by wave action, tidal currents, and river currents directly 
affects the persistence of stranded oil. The need for shoreline 

cleanup activities is determined, in part, by the slowness of 

natural processes in removal of oil stranded on the shoreline. 

The potential for biological injury, and ease of cleanup of 

spilled oil, are also important factors in the ESI ranking. 

Generally speaking, areas exposed to high levels of physical 

energy, such as wave action and tidal currents, and low bio-

logical activity rank low on the scale, whereas sheltered are-

as with associated high biological activity have the highest 

ranking. There is no single best possible approach for coastal 

habitat discrimination and mapping (Edwards, 2000; Seto 

and Fragkias, 2007). Some of the variables to consider when 
determining the appropriate methodologies are: i) Desired 

end product; ii) Extent of the study area; iii) Accuracy; iv) 

Time; v) Cost; vi) Field work (e.g. accessibility) Logistics. 

Remote sensing was used here as it constitutes a cost-

effective approach for the synoptic sampling and mapping of 

resources of large areas over time, for land planning and 

monitoring purposes (Dahdouh-Guebas, 2002; Giri et al., 

2008; Mumby and Edwards, 2000; Mumby et al., 2000; Thu 

and Populus, 2007). A systematic and effective coastal re-

source mapping carried out from the satellite images of 

LANDSAT ETM (2001) (for technical information 
http://eros.usgs.gov/products/satellite/landsat7.html) and 

CARTOSAT (2007). With all the above information an at-

tempt made to prepare ESI map for sensitivity to oil spills of 

Kakinada coast.  

 

Study Area Details: 
 

 Kakinada situated in the Andhra Pradesh state in the East 

Godavari district. Kakinada port is one of the intermediate 
ports in Andhra Pradesh located at latitude 16.9738ºN and 

longitude 82.2774ºE along the East Coast of India. Construc-

tion of deep-water port, establishment of fishing harbour and 

construction of breakwater are some of the events that have 

taken place in the recent years. Significant changes in the 

beaches on the east coast of India are expected. This coastal 

city is witnessing rapid growth of a Special Economic Zone 

(Presence of mangroves). It is a core to all the exploratory 

activity in the region due to its deep-water sea port and its 

proximity to the gas fields. The presence of a small island 

called Hope Island about 5 km from Kakinada coast makes 
Kakinada a natural harbor. Mangrove channels in the Goda-

vari delta, one of India's largest estuarine systems. 

 

 The study area lies between the latitude of 16.73ºN to 

17.02ºN and longitude of 82.2ºE to 82.36ºE. The area was 

restricted with 2 km to 5 km from the shoreline covering the 

entire Godavari mangroves (figure 1). 

 
Figure 1. Research Area - Kakinada Coast, Andhra Pradesh, 

India 

 

Materials & Methodology: 
 

 The research area is situated in the Andhra Pradesh, along 

the East Coast of India, The Kakinada boundary of this re-

search shown in figure 1. The boundary was fixed by 2 km 

buffer in the northern region and 2 to 5 km in the southern 

region to cover the Coringa mangrove forest. LANDSAT 

ETM and CARTOSAT-1 (PAN) images (figure 2) were 

used for the mapping of coastal resource, shoreline & coastal 

structures. The common environmental classification was 

followed based is on http://response.restoration.noaa.gov/. 
 

 Satellite image classification technique (Supervised) was 

used to identification and mapping the coastal resources 

(Foody G.M, 2002). Field verification was carried out for 

the training sites. The resources were imported into the GIS 

environment for the preparation of Environmental Sensitive 

map with different map scale. The shoreline and coastal 

structures were digitized from the CARTOSAT 1 in ArcGIS 

10 and were ranked based on the NOAA ESI 2002 guide-

lines. All the coastal information brought down into three 

types; 1. Shoreline Type, 2. Biological Resources, 3. Hu-

man-use-Resources.  
 

Shoreline Type: 
 

 The boundary between land and coastal water knows as 

“shoreline". It is difficult to survey all along the coast to 

identify the type of shore (Michel, J., et al 1978). The satel-

lite image interpretation is a simple way to map the large 

area in a short time. Here we used image classification tech-
nique to classify the sandy beaches, vegetative beaches etc... 
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Figure 2. Satellites Images used for the Study. Left:Cartosat1 & 

Right: Landsat ETM. 

 

Biological Resources & Sensitive 
groups: 
 

 The distribution of biological resources is shown using 

many different conventions. The major convention is an icon 

associated with a point, line, or polygon that shows the spe-

cies’ areal distribution. In the map, importance is placed on 
the following order: 

• Rare, threatened, endangered, and special concern species 

(Turtle Beach) 

• Commercial and recreational species 

• Species of significance to the local community (Fish) 

• Areas of high concentration 

• Areas where sensitive life-history stages or activities occur 

(Nesting Beach) 

 

 When evaluating protection strategies, it is important to 

consider which species are most likely to be adversely ef-

fected to oiling at the time the spill occurs. Seasonality plays 
a significant role in where members of a particular species 

will congregate, and what life stages will be found. The ESI 

maps not only show the probable location and extent of var-

ious species, they also have supporting data tables that indi-

cate the monthly presence and abundance. All the biological 

resource are organized into five major groups: 1. Birds, 2. 

Mammals, 3. Fish, 4. Reptiles, 5. Invertebrates and 6. Ra-

re/endangered plants and special habitats. All these features 

are indicated by an icon placed in the general area (figure 3) 

 

Human Use Resources & Features: 
 

 Human use resources are those that might be sensitive to 

oil, useful during response operations, or may be vulnerable 

during response activities. These may include: 

• High-use recreational and shoreline access areas 

• Officially designated natural resource management areas 

• Resources extraction sites 

• Cultural resources 

 

 These resources should be considered from a variety of 
perspectives. Some of these resources may be sensitive to 

oiling; others may be even more vulnerable to damage from 

cleanup equipment or responder traffic. Still other resources 

may be useful in determining possible access or staging lo-

cations. All together, the resources mapped on the ESI pro-

vide a very good starting point for planners and responders 

in the event of a spill. However it is important to remember 

the data reflect the conditions that existed at the time the 

maps were made. All of these resources have the potential to 

change. The important human use resources were classified 

into 1. Airport, 2. Archaeological site, 3. Historical site, 4. 

Industrial Site, 5. Marina, 6. Park, 7. Beach, and 8. Port. 
Like biological resources these resources also indicated by 

an icon placed in the general area (figure 3) 

 

Results: 
 

 Classification of coast based on landforms using Image 

Processing Technique. The satellite images used for the 

study area were acquired and relevant bands were selected 
and stacked (Landsat). Georeferencing carried out with se-

cond order polynomial transformation of 10 Ground Control 

Point (GCP) collected from the field data collection using 

ARCPAD GPS with which the RMS error was minimized to 

0.5. The projection set to Universal Transverse Mercator 

(UTM) and Datum WGS-84. The CARTOSAT-1 was used 

for the training area identification and also rectified with 

reference to the LANDSAT 7 in the same projection. Image 

fusion of high resolution (PAN) with multispectral (MSS) in 

the case of LANDSAT 7 the color distortion is much more 

significant even if greater operator have been employed 

(Yun Zang 2002). The image was then subjected to level-I 
classification to identify the coastal resource such as beach-

es, mudflats, mangroves, settlements, water bodies, saltpan, 

aquaculture, etc. The image processing for the coastal re-

source identification was done using the “guided clustering” 

technique which involves training area polygons (for salt 

pans, mangroves and settlement) being delineated from the 

CARTOSAT-1 as well as from LANDSAT-7 (marsh lands, 

agricultural lands and vegetation). The classification proce-

dure as follows: 

a) Training site extraction for classes (LANDSAT-7, 

CARTOSAT-1).  
b) ISODATA-clustering using the training site (an automatic 

training site is extracted for the clustered image).  

c)  Maximum Likelihood Classification using the extracted 

training sites. 

d) Recoding of the assorted pixels. 

e) 3×3 filtering window used to minimize the bias.  
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 The final classification output with 12 classes of the 

coastal resources was generated (table 1). The overall classi-

fication accuracy was derived from the classified data and 

the ground verified for the 12 classes resulted 83% in which 

the Overall Kappa Statistics = 0.8005 
 

Table 1. Kakinada Coastal Resources 

 
S.No Resources 

Total Area 
(sq. km) 

1 Mangroves 115.34 

2 Beach with Vegetation 2.78 

3 Aquaculture 8.39 

4 Barren Land 6.02 

5 Beach 4.21 

6 Saltpan 0.44 

7 Agriculture 4.05 

8 Coastal Structures 0.09 

9 Mudflats 8.67 

10 Settlements 11.21 

11 Shrubs 4.36 

12 Water Body 10.57 

 

Shoreline, Coastal Structures Map-

ping & ESI ranking: 
 
 Shoreline & Coastal structures were mapped using digital 

images. The Costal structures like breakwater, sea wall, and 

jetty were identified and shoreline types were identified and 

shoreline classified in to 5 types (table 2) based on NOAA 

classification. The sensitivity of shore was ranked as low to 

high (1 = low sensitivity; 10 = high sensitivity) based on 

geomorphology of Kakinada coast using NOAA standards 

(sensitivity to oil, ease of clean up, etc).  

The shoreline is ranked on a scale from 1 to 10 based on 

sensitivity to oiling determined by: 

1. Relative exposure to wave and tidal energy 

2. Biological productivity and sensitivity 
3. Substrate type (grain size, mobility, penetration and 

trafficability) 

4. Shoreline slope 

5. Ease of cleanup 

6. Ease of restoration 

 

 Optimally, the priority would be to protect the shorelines 

ranked with the higher values, as these are the more sensitive 

areas and the areas where oil would be more apt to persist 

and cleanup, if even possible, would be the most difficult. 

Mangrove forests are to be considered as the most important 
resource in the Kakinada coast. The groups of protected an-

imals are of equal importance in the evaluation of protected 

areas of the Kakinada coastal area. The most important of 

these is the “Coringa Wildlife Sanctuary” in the back shore 

area, and the “Turtle Nesting Beach” in the coastal shore 

area. Amongst the recognized side effects, hydrologic forms, 

in particular estuaries are considered as a more important 

protective factor than other coastal genus. Amongst the vari-

ous coastal resources, followed by mud flats, play a more 

important role than other mangroves. Mangrove coast was 
ranked as 10D which is considered as high economic im-

portance and need to be protected first at the time of a spill 

event. The inter-tidal regions which are exposed during low 

tide and oil may strand on mudflats which is of high biologi-

cal resource region ranked (9) next to mangroves followed 

by sheltered structures (8). The Coastal structures like sea-

wall, port area and concrete jetties were ranked as 1 due to 

low biological resources and also these areas are easy to 

clean moreover oil cannot accumulate on the seawalls be-

cause of wave actions. 

 
Table 2. Kakinada Shoreline Classification with ESI Rank 

S.No Shore type 

ESI 

Rank 

Length 

(km) 

1 Riprap structures (Break Water) 6 1.14 

2 Sheltered coastal structures  8 0.22 

3 Coastal structures (Sea Wall) 1 3.72 

4 Fine grained sandy beach 3 57.73 

5 Mangroves 10D 25.58 

 

Environmental Sensitive Map: 
 

 Environmental Sensitive Map was generated in the GIS 

environment. The ESI map prepared with all the infor-

mation's covering the entire Kakainada coast with 1:150000 

scale figure 3. The ESI maps with clear information about 

the coast of 1:25000 scale also prepared. This will be more 

useful for planning purpose at the time of oil spill event and 

also for environmental planning (figure 4). 
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Figure 3. Classified Coastal Resources Overlaid on Cartosat 1 

with ESI rank 

 

 
Figure 4. Environmental Sensitivity Maps for Oil Spill Hazard 

for Kakinada Coast. 

 

 

 

 

Conclusion: 
 

 The Kakinada coast is subjected to high threaten to oil 

spill because of the presence of port, off shore oil explora-

tion, dense mangrove forest and many industrial activities. 

Environmental Sensitive Map can be prepared easily in GIS 

environment and the shoreline can be classified into differ-

ent classes using satellite image interpretation & classifica-
tion technique. Their presence of long sandy beaches, huge 

mangrove eco system and intertidal regions made these re-

gions to high threaten to oil spill. The Supervised classifica-

tion technique is useful to identify and map the large coastal 

resources. The ESI maps are useful to the oil spill respond-

ers, coastal managers and contingency planners. 
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