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ABSTRACT 
Oil spills can devastate ecosystems and severely impact water quality. The Environmental 
Sensitivity Index [ESI) was developed to reduce the environmental consequences of a Oil 
spill and help prioritize the placement and allocation of resources during cleanup efforts.  
These maps are prepared in advance of arrival of oil spill. They show the respective 
vulnerability of coast. The present study is carried out with the objective to map the 
vulnerability of the coast for oil spills Strait of Hormuz using satellite images and field 
observations at 2014. The study area is the Strait of Hormuz (East coast of Hormozgan 
province). Accordingly, ranking was given on the scale of 1 to 10, where 10 are highly 
vulnerable and 1 is least vulnerable. Altogether, 5 categories for shoreline sensitivities 
were distinguished. The lowest sensitivity shoreline type are classified as 3A and 1B, and 
The mangroves ranked highest with scores of 10D respectively support the fact that 
mangroves are about the most sensitive in terms of impact of oil spill on biodiversity in 
shore line. So in the study area ,61% were defined as  High sensitivity areas and 39% low 
sensitivity areas. As this study was carried out up to Strait of Hormuz, it will be of immense 
help to initiate the preventive measures at local level decision makers in case of spill 
approaching the coast. It is necessary to have this kind of maps for all eco- sensitive coasts. 
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INTRODUCTION 

 

 The mapping of the sensitivity of the environment to accidental oil pollution is an essential step in oil 

pollution preparedness, response and cooperation efforts, and maps are a crucial tool to assist responders during 

an incident (IPIECA/IMO/OGP 2012) . The ESI scale categorizes coastal habitats in terms of their susceptibility 

to spilled oil, taking into consideration a number of natural physical and biological factors. Because the scale 

was constructed on the basis of spill experience and fieldwork in each of the habitat types, the need for 

extensive fieldwork when assessing a region’s sensitivity to spilled oil is reduced (NOAA, 2002) . Oil spill now 

a days creating major environmental attention due to the sudden increase in the transportation through the sea. 

These spills occur due to the leakage in the oil super tankers, leakage in oil pipe lines, and also due to the off 

shore oil exploitation. Oil spill is having tendency to float over the water surface and it can easily reach the 

shore with the wave or tidal actions (Murali et al., 2010). Once this spill reaches the shore it creates major 

ecological damage. 

  Protected areas, important areas for biodiversity (not legally protected), sensitive ecosystems, critical 

habitats, endangered species and key natural resources are considered sensitive to oil spills because they are:  

1. of environmental, economic, or cultural importance;  

2. at risk of coming in contact with spilled oil; and  

3. likely to be affected once oiled or affected by the oil even without direct contact (IPIECA/IMO/OGP 2012). 

A major spill can disturb the coastal ecology which could potentially create long term problem. There are 
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various oil sensitive organisms such as marine birds, bottom dwellers and others suffer more when spills reach 

the coastal area.  

 The concept of mapping coastal environments and ranking them on a scale of relative sensitivity was 

originated in 1976 for Lower Cook Inlet in the United States (NOAA, 2002). Since that time, the ranking system 

has been refined and expanded to cover different shoreline types for most of North America, Central America, 

and some areas in the Middle East (NOAA, 2002). Environmental Sensitivity Index (ESI) mapping method has 

also been used in recent times along the Iranian coastal areas successfully. For example, Nouri et al., 2007 and 

Habibi et al., 2010 have used this method for classification and ecological sensitivity ranking of some coastlines 

successfully. 

 Another useful method which has also been used to describe and evaluate the coastlines is IMO 

(IMO/MEPC, 2006) method for ranking of sensitive coastline areas. This method has also been widely used in 

Iranian coastlines mostly for identification and ranking of protected areas (Rouzbehi et al., 2009). Davar et al., 

2010 compared the IMO coastal sensitivity classification method with NOAA-ESI method along the coastline of 

Sistan and Baluchistan Province by SWOT matrix to examine the advantage of these two methods in relation to 

each other regarding the prevailed environmental conditions and different habitats and rich fauna and flora 

diversity of Iranian coastlines. Habibi et al. 2010 also compared the usefulness of these two methods by SWOT 

matrix in another region and both found that NOAA ESI method has the privilege of describing the faunal and 

habitat diversity more in details and precision than IMO method.  

 

MATERIALS AND METHODS 

 

2.1. ESI Mapping: 

 Environmental Sensitive Index (ESI) mapping is done prior to the oil spills. These maps represent the shore 

line in colour code which shows the vulnerability of shore line to oil spill. Shore lines are ranked on the scale of 

1 to 10 in which 1 show the minimum vulnerability and 10 maximum (Oyedepo et al., 2011). It has been an 

integral component of oil-spill contingency planning and response since 1979. Significant effort has been put for 

developing sensitivity mapping components of oil spill contingency plans around the world (NOAA, 2002) .  

 The Environmental Sensitivity Index (ESI) system is an international scheme that classifies and ranks the 

overall  sensitivity of different coastal habitats to oil spills. Several factors are used to determine the sensitivity 

of the coast including: substrate type (sand, mud, rock, mixed, etc.), exposure to wave action, slope of the shore, 

general biological productivity and ease of cleanup. Key to the rankings is an understanding of the relationships 

among physical processes, substrate type and associated biota that produce predictable patterns in oil behavior 

persistence and biological impact.  

ESI maps are comprised of three general types of information : (NOAA, 2002) 

 Shoreline Classification–ranked according to a scale relating to sensitivity, natural persistence of oil, and 

ease of cleanup. 

 Biological Resources–including oil-sensitive animals and rare plants; and habitats, which are used by oil-

sensitive species or are themselves sensitive to oil spills, such as submersed aquatic vegetation and coral reefs. 

  Human uses resources–specific areas that have added sensitivity and value because of their use such as 

beaches, parks, marine sanctuaries, water intakes and archaeological sites. 

 

2.2. Study area: 

 The Strait of Hormuz is a strait between the Persian Gulf and the Gulf of Oman . It is the only sea passage 

from the Persian Gulf to the open ocean (India Ocean) and is one of the world's most strategically important 

choke points. On the north coast is Iran, and on the south coast is the United Arab Emirates and Musandam, an 

exclave of Oman. At its narrowest, the strait is 21 nautical miles (39 km) wide. About 20% of the world's 

petroleum, and about 35% of the petroleum traded by sea, passes through the strait making it a highly important 

strategic location for international trade. The study area is East coast of Hormozgan province from Bandar 

Abbas to Koh Mobarak with length of about 258 km (Fig 1). The upper boundary of the coastal zone was 

specified in accordance with the Hazard Line determined by the ICZM National Project in Iran (PMO, 2009) 

and the lower boundary was regarded down to the -20 meter depth to cover all important coastal habitats (PMO, 

2009). 

 The area comprises estuaries, sandy and muddy beaches along the coastline. This area include many 

Estuaries and two protected area : 1) Hara-e Tiab and Minab protected Area, 2) Hara-e Roud-e Gaz protected 

Area with mangrove habitat. These estuaries are having Mangroves which are rich in biodiversity. The major 

estuaries are including : Azini, Kolahi, Tiyab and Tasbar. Also,There are several fishing pier in this area. 
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Fig. 1: Location map of the investigated area (Source: Google Map). 

 

2.3. Methodology for ESI mapping: 

 Shoreline Classification: 

 Shoreline habitats are at risk during spills because of the high likelihood of being directly oiled when 

floating slicks impact the shoreline. Oil fate and effects vary significantly by shoreline type, and many cleanup 

methods are shoreline-specific. The complete list of standard ESI shoreline rankings is composed of categories 

for four environmental settings: estuarine, lacustrine, riverine, and palustrine (NOAA, 2002). The classification 

scheme is based on an understanding of the physical and biological character of the shoreline environment, not 

just the substrate type and grain size.  

The sensitivity ranking is controlled by the following factors : 

1. Relative exposure to wave and tidal energy 

2. Shoreline slope  

3. Substrate type (grain size, mobility, penetration and/or burial, and trafficability) 

4. Biological productivity and sensitivity  

 

 Biological Resources:  

- Animals, plants and habitats potentially at risk from oil spills are segmented into seven elements based on 

major taxonomic and functional groupings. 

- Number of species present along the shoreline area, (shore line species are vulnerable to oil spill so 

classification of species is necessary in order to present a ESI atlas).  

- Identification of major oil sensitive organism: (there are some species inhabiting the shoreline which are 

particularly sensitive to the oil spill, like some birds whose nesting, feeding, resting site is the shoreline area.)  

 

 Human-Use Resources:  

Human-use resources can be divided into four major components : (NOAA, 2002) 

1. High-use recreational and shoreline access locations 

2. Management areas 

3. Resource extraction locations 

4. Archaeological and historical cultural resource locations 

 Initially satellite data and other spatial data such as topography map, geological map, and hydrological 

maps were acquired. From the topo-sheet base map of the study area is created. From the satellite map , through 

various digital image interpretation technique different land use and land cover type has been identified. 

Geological features, landforms, man made features, habitats such as wetland habitat, mangrove, and estuarine 

habitat are identified. 

 In the next stage these classified categories are overlaid on the base map. Extensive ground survey was 

carried out to collect the ground truth regarding the land form, ecology, species, and mangrove. The ground 

truth data has been taken into the GIS environment by using Arc GIS software. A GIS data inventory has been 

created for the collected non-spatial data and available data regarding flora and fauna present along the Strait of 

Hormuz coast. 

 

3. Results:  

 Table 1 presents the observations along the shores of the Strait of Hormuz coast. It guides in understanding 

the potential behaviour of oil slick along shores and the ESI types each shoreline belongs. For example :The 

mangroves substrates however have the finest grain size (0.0625mm). Along the Strait of Hormuz coast heavy 

quarried rocks were placed as shoreline fortification. This of course is the largest in terms of substrate size 

(>256mm).  Information in table 1 revealed 5 ESI types in the study area, this is more explicit in table 2. 1B 

(Exposed, solid man-made structures),  3A (Fine to medium-grained sand beaches), 7 (Exposed tidal flats ), 9A 

(Sheltered tidal flats ) and 10D (Mangrove).  Fig 1 shows the Percent Sensitivity of the study area and in the 
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end, we explain each of categories. Also, Figure 2 is the overall Biological resources map, Figure 3 is the 

Human- use resources and Figure 4 in the shoreline classes  which contains the positions in the area. 

 
Table 1: Physiographic characteristics of the shorelines in the Strait of Hormuz coast. 

ESI Shore location 

Dominant substrate 

type 

(mm) 

Shore description Slope 
Exposure to 

wave energy 

10D Tasbar estuary > 0.06 Mangrove 0.15 Low 

10D Yek shovy estuary > 0.06 Mangrove 0.15 Low 

10D Heydari estuary > 0.06 Mangrove 0.15 Low 

10D Khezr estuary > 0.06 Mangrove 0.15 Low 

10D Takhte riz estuary > 0.06 Mangrove 0.15 Low 

10D Joli estuary > 0.06 Mangrove 0.15 Low 

10D Gari estuary > 0.06 Mangrove 0.15 Low 

10D Kalengaro estuary > 0.06 Mangrove 0.15 Low 

10D Zeyarat estuary > 0.06 Mangrove 0.15 Low 

10D Pori estuary > 0.06 Mangrove 0.15 Low 

10D Namaki estuary > 0.06 Mangrove 0.15 Low 

10D Podon estuary > 0.06 Mangrove 0.15 Low 

10D Majdar estuary > 0.06 Mangrove 0.15 Low 

10D Teyab estuary > 0.06 Mangrove 0.15 Low 

10D Kolahi estuary > 0.06 Mangrove 0.15 Low 

10D Nobor estuary > 0.06 Mangrove 0.15 Low 

10D Bandzark estuary > 0.06 Mangrove 0.15 Low 

10D Kargan estuary > 0.06 Mangrove 0.15 Low 

1B Kohestak pier Boulders > 256 Solid concretes >20 Moderate 

3A kohestak estuary 0.0625 – 0.25 Fine sandy beach 0.10 Moderate 

1B Karpan pier Boulders > 256 Solid concretes >20 Moderate 

3A Karpan estuary 0.0625 – 0.25 Fine sandy beach 0.10 Moderate 

1B Zeyarat pier Boulders > 256 Solid concretes >20 Moderate 

3A Terati estuary 0.0625 – 0.25 Fine sandy beach 0.10 Moderate 

3A Demil estuary 0.0625 – 0.25 Fine sandy beach 0.10 Moderate 

3A Garok estuary 0.0625 – 0.25 Fine sandy beach 0.10 Moderate 

1B Taheroei pier Boulders > 256 Solid concretes >20 Moderate 

3A Taheroei estuary 0.0625 – 0.25 Fine sandy beach 0.10 Moderate 

1B Sirik pier Boulders > 256 Solid concretes >20 Moderate 

3A Sirik estuary 0.0625 – 0.25 Fine sandy beach 0.10 Moderate 

3A Mishi estuary 0.0625 – 0.25 Fine sandy beach 0.10 Moderate 

10D Gaz estuary > 0.06 Mangrove 0.15 Low 

10D Azini estuary > 0.06 Mangrove 0.15 Low 

7 kerei estuary > 0.06 Mud 0.15 Low 

1B Khargoshi pier Boulders > 256 Solid concretes >20 Moderate 

1B Beriz pier Boulders > 256 Solid concretes >20 Moderate 

7 Gavan estuary > 0.06 Mud 0.15 Low 

1B Gazi pier Boulders > 256 Solid concretes >20 Moderate 

9A Sorghi estuary > 0.06 Mud 0.15 Low 

7 Kovar estuary <2 Coarse sand 0.15 Low 

7 Bonji estuary <2 Coarse sand 0.15 Low 

1B Koh mobarak pier Boulders > 256 Solid concretes >20 Moderate 

10D Kohmobarak estuary > 0.06 Mangrove 0.15 Low 

1B 

 

 

1B 

Kolahi pier 

 

Bonji pier 

Boulders > 256 

 

Boulders > 256 

Solid concretes 

 

Solid concretes 

>20 

 

>20 

Moderate 

 

Moderate 

 

Table 2: Shoreline by categories. 

Sensitivity Ranking 
ESI 
NO 

Shore types 
Dominant Sediment type and 

slope 

Total 

length 

(km) 

Percentage 

of entire 

shoreline 

L
o

w
 S

en
si

ti
v
it

y
 

1B 
Exposed, solid man-made 

structures 

Vary from Boulders and 

cobbles (> 64 mm) to solid 

concrete Moderate to steep 
slope (>20°) 

2.79 1.08 

3A 
Fine to medium-grained sand 

beaches 

Fine sand (0.0625 – 2.0 mm), 

Low slope(< 5°) 
98.55 38.13 

H
ig

h
 S

en
si

ti
v
it

y
 

7 Exposed tidal flats 
Coarse sand – mud (< 2mm), 

Low slope(< 5°) 
60.72 23.49 

9A Sheltered tidal flats 
Medium sand-mud 

(<0.5mm), Low slope(< 5°) 
8 3.10 

10D Mangroves 
Mud (0.625mm), Low slope(< 

5°) 
88.41 34.20 

Total   258.47 100 
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ESI 1B: Exposed, Solid ,Man-Made Structures:  

 Riprap structures are composed of cobble- to boulder-sized blocks of granite or limestone. Riprap structures 

are used for shoreline protection and  tidalinlet stabilization and Attached biota are sparse on exposed riprap. 

The important piers are including : Kolahi, Sirik, Koh mabarak and Kohestak that at this location the fishing 

boats are stopped. These beaches are moderate ranked in the ESI scale and has the Medium sensitivity.  

 

ESI 3A : Fine- To Medium-Grained Sand Beaches: 

 These beaches are flat to moderately sloping and relatively hard packed. Upper beach fauna include ghost 

crabs and amphipods; lower beach fauna can be moderate, but highly variable. They are utilized by birds and 

turtles. Fine grain does not allow the oil to percolate. Cleaning operation is easier if oil does not percolate into 

the sand. Spread oil on the beaches are again taken into sea by the wave action. So these beaches are low ranked 

in the ESI scale And are least sensitivity. 

 

ESI 7: Exposed Tidal Flats:  

 Exposed tidal flats are broad, flat intertidal areas composed primarily of mud. It is also high vulnerable area 

for oil spill. They are usually associated with another shoreline type on the landward side of the flat, though they 

can occur as separate shoals; they are commonly associated with tidal inlets. Kovar estuary and bonji estuary 

with coarse sand and Gavan, Kerei and Gazi estuary with mud bed are in this category. Also, Gazi and Beriz 

piers partially covered with sea grass. These beaches are high ranked in the ESI scale and has the highest 

sensitivity. 

 

ESI 9A: Sheltered Tidal Flats  

 Sheltered tidal flats are composed primarily of mud with minor amounts of sand and shell. The sediments 

are very soft and cannot support even light foot traffic in many areas. Sorghi estuary with mud bed is in this 

category. There is a big sanbar in this area and utilized by birds for feeding. These beaches are high ranked in 

the ESI scale and has the highest sensitivity.  

 

Esi 10d : Mangroves: 

 Ranking 10 has been given to mangroves. Mangroves are most vulnerable to the oil spill. Mangroves tend 

to have higher ESI rankings due to the potentially long-lasting and damaging effects of both the oil 

contamination and cleanup actions. So these beaches has the highest sensitivity. In this study, Mangrove forests 

are located in Hara-e Tiab and Minab protected Area and  Hara-e Roud-e Gaz protected Area. The Hara-e Roud-

e Gaz protected Area contains both mangroves (avecina marina and rhiziphora). 

 

 
 

Fig. 2: Biological  resources of the area. 

 

 
 

Fig. 3: Human-Use resources of the area. 
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Fig. 4: Shoreline Classification map of the area. 

 

 
 

Fig. 5: The Percent Sensitivity of the study area. 

 

4. Discussion: 

 Oil spill sensitivity maps are an important tool to develop the best suited oil spill response strategies. 

Taking into account the various types of shore, and more impor tantly the most sensitive coastal sites, the oil 

spill sensitivity maps can also guarantee fast and effective oil spill response operations (IPIECA/IMO/OGP 

2012). This study is the first kind of  in this region to have an integrated approach using GIS which gives a close 

look at the vulnerability of the strait of Hormuz coast to oil spills. ESI method have been successfully used in 

several countries such as India (Murali et al., 2010) , Nigeria (Oyedepo  et al , 2011) , Florida ( Jensen et al , 

1998) and Portuguese (Santos  et al , 2009) and all researchers believed in its usefulness as a strong 

management tool in protecting the coastal environment against the oil spill. 

 GIS can be effectively used for the preparation of ESI map. It provides fast and cheap way to find out the 

different classes of shoreline present in the coast (Murali et al., 2010) . Looking at the importance attached to 

individual issues in ESI mapping, it was essential to dwell on the physical attributes of each shorelines. This lent 

some accuracy to prediction of the behaviour of oil and possibly guided in recommending the best clean up 

method (Oyedepo et al., 2011) . A complementary profile on the physical attributes of the shorelines and 

relative biological productivity contains shore information that borders on coastal dynamics and sensitivity. 

Impact of oil may not be so severe along the solid man-made structures since it is made of hard impregnable sea 

walls and pilings exposed to direct wave action. Any oil deposited on these sea walls or solid man-made 

structures will be rapidly removed from exposed faces, although oil persistence on any specific shoreline is 

related to the incoming wave energy which for most of these shore type is relatively weak compared to the 

ocean wave. The most resistant oil on solid man-made structures would only remain as patchy bands which can 

easily be recovered at or above the high water line. However to prevent leaching of the oil from the structures 

high pressure spraying with dispersant may be required to remove oil from the solid man-made structures. Clean 

up crews should make sure they recover all released oil. The Strait of Hormuz is a strait between the Persian 

Gulf and the Gulf of Oman. At its narrowest, the strait is 21 nautical miles (39 km) wide. About 20% of the 

world's petroleum, and about 35% of the petroleum traded by sea, passes through the strait making it a highly 

important strategic location for international trade. So, The ESI mapping of biological resources in this area 

clearly shows the ecological and biological importance of the region as well as its vulnerability to any possible 

oil slick. This area includes many Estuaries and two protected area : 1) Hara-e Tiab and Minab protected Area 

and 2) Hara-e Roud-e Gaz protected Area with mangrove habitat. The whole area is a very important nursery 

39%

61%

Low 
Sensitivity

High 
Sensitivity
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ground and most of the shoreline ranks more than 7. Furthermore, within the sheltered area shoreline consists of 

intertidal mud flats which are very difficult for cleaning operations and sometimes impossible because of the 

prevailed hydrological regime with a tidal range of 4-5 meters. Mangrove forests (ESI- 10D) are rich in 

biodiversity providing a habitat for wide varieties of animal and plant species. They are dynamic areas, rich in 

food. Many of the fish caught commercially in tropical regions reproduce and spend time in the mangroves as 

juveniles or adults. Mangroves are also home to many birds ( wetlands.org). The mangroves ranked highest with 

scores of 10D respectively support the fact that mangroves are about the most sensitive in terms of impact of oil 

spill on biodiversity in shore line.  Oiling would certainly impact heavily on the area since it would be difficult 

to cleanse easily and several life forms would be affected. The mangroves have low exposure to wave energy 

but since the slope is a gentle one, slight tidal increase will get oil on to it. The beaches have High sensitivity. 

Under light oiling, the best practice is natural recovery. Heavy accumulations of pooled oil can be removed by 

vacuum, sorbents, or low-pressure flushing. Any cleanup activity must not mix the oil deeper into the sediments. 

Trampling of the roots must be minimized and Woody vegetation should not be cut (Rhode Island). 

 Exposed tidal flats (ESI-7) are broad, flat intertidal areas composed primarily of mud. It is also high 

vulnerable area for oil spill. Kovar estuary and bonji estuary with coarse sand and Gavan, Kerei and Gazi 

estuary with mud bed are in this category. Also, Gazi and Beriz piers partially covered with sea grass. These 

beaches are high ranked in the ESI scale and has the highest sensitivity. Cleanup is very difficult (and possible 

only during low tides). The use of heavy machinery should be restricted to prevent mixing of oil into the 

sediments (Rhode Island). Fine to medium grained sandy beaches  (ESI- 3A) are 38% under this category. This 

entire area is of almost 98.55 km. This shore line type is ranked low sensitivity, because of less penetration of 

oil into it and the accumulated oil can be driven back from shore by the action of tides and waves. Solid, man-

made structures (ESI- 1B) are such as seawalls, piers, and port facilities. They are often built to fisheries 

activities, and thus are exposed to rapid natural removal processes . All of the fishing piers are at this level such 

as : kolahi, Sirik, Azini, Khargoshi, Koh mobarak and ect. The beaches have Moderate sensitivity. Any oil 

deposited on solid man-made structures will be rapidly removed from exposed faces, although oil persistence on 

any specific shoreline is related to the incoming wave energy which for most of these shore type is relatively 

weak compared to the ocean wave (Oyedepo et al., 2011), So Cleanup is usually not required. Sheltered Tidal 

Flats (ESI- 9A) also occur in the Sorghi estuary, which is highly sensitive to oil. It is  present in calm-water 

habitats, sheltered from major wave activity. The sediments are very soft and cannot support even light foot 

traffic in many areas.  

 From the ESI map for the shorelines, two ready source of oil spill pollution are depicted clearly. With the 

ESI maps, distribution and the general attribute of the area can be seen at a glance; wildlife niches can be 

identified and easily protected. The mangroves and the most sensitive shorelines are coded with warm colours in 

order for field workers to know where first to protect. The wetlands ranked highest while the sandy beaches are 

about the lowest. The colour codes on the map generally point to the fact that the area has highly sensitive 

shorelines especially along the creeks. According to the law in Iran, Port and Navigational Organization of Iran 

(PNO) is responsible for combating oil pollution in water bodies with the assistance of the Department of the 

Environment. They have the defense team for combating the oil spills and they can easily know from the map 

how their shoreline habitats are ranked in terms of sensitivity and determining their priorities depending upon 

that. 

 From the findings of this study, The Strait of Hormuz environment is definitely highly vulnerable to oil 

spills but beyond this, it is generally speaking, a highly sensitive environment to oil spill. The data gathered 

required to be put in a seamless manner that could be managed by a robust information management system; 

this would guarantee update in real time and would help in decision support with respect to rapid response in the 

nearest future. From this study, GIS-supported Environmental Sensitivity Index mapping has proved very useful 

for this purpose. For a long time to come, GIS will remain one of the most important tools in contingency 

planning and rapid response to oil spill. The ESI maps will also sometimes find wider usage in areas such as 

coastal resource inventory/assessments, Environmental Risk Assessment, coastal and recreational planning, 

Environmental Impact Assessments and Baseline Environmental Studies. 
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