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Fig. 1: Study region - the Western Ghats of India Fig. 2: The protocol employed for the delineation of ESR regions at disaggregated levels



[November

1106

2023] Ecologically sensitive regions in the western ghats, a biodiversity hotspot

1107

Fig. 1: Study region - the Western Ghats of India Fig. 2: The protocol employed for the delineation of ESR regions at disaggregated levels
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Pf =
(Proportion of number of forest pixels )

(Total number of non ‒ Water pixels in window )
(1)

Pff =
(Proportion of number of forest pixel pairs)

(Total number of adjacent pairs of at least one forest pixel)
(2)

Fig. 3: LU dynamics of the Western Ghats

Fig. 4: Endemic species of flora across a latitudinal 
gradient in the Western Ghats
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Fig. 5: Endemic species of fauna across a latitudinal 
gradient in the Western Ghats



[November

1110

2023] Ecologically sensitive regions in the western ghats, a biodiversity hotspot

1111

Fig. 5: Endemic species of fauna across a latitudinal 
gradient in the Western Ghats
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Fig. 6: Grid wise and village wise ESRs of the Western Ghats

Fig. 7: State-wise ESR distribution of villages that are part of the Western Ghats
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Fig. 6: Grid wise and village wise ESRs of the Western Ghats

Fig. 7: State-wise ESR distribution of villages that are part of the Western Ghats
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State name
 

Total Area Km2 
ESR-1

 
ESR-2

 
ESR-3

 
ESR-4

 

Km2 % Km2 %  Km2  %  Km2  %

Gujarat 6045 2160 36 1552 26  1126  19  1208  20

Goa 2409 1267 53 686 28  410  17  47  2

Karnataka 42021 23277 55 7123 17  8779  21  2842  7

Kerala 26240 13401 51 1483 6  5453  21  5904  23

Maharashtra 60323 12958 21 14668  24  28710  48  3987  7

Tamil Nadu 22961 10085 44 2135 9  4013  17  6728  29

160000 63148 39 27646 17 48490 30 20716 13

Table 1: State-wise distribution of ESRs

Fig. 8: Western ghats spatial decision support system for visualizing ESRs at village level

Table 2: Activities that could be allowed and restricted across ESRs

Sl. Activities Ecological sensitive regions 

ESR-1 ESR-2 ESR-3 ESR-4 

1 ENERGY
   

 

 

 

 

 

 

 a) Solar (Rooftop) 
b) Wind power     
c) Bioenergy    

      

d) Coal-based (Thermal power)     

e) Gas or liquid fuel-based     

f) Hydropower (Major)     

g) Hydropower (Micro)     

h) Nuclear power     

2 FORESTS     
    a) Land-use changes (Forest to 

non-forest usages) 
b) Monoculture plantations     
c) Extraction of medicinal plants 

(with strict regulations) 

    

VFCs

 

d) Forest improvement through     

e) NTFP collection (Strict 

regulation) 

   

3 AGRICULTURE      

    a) Agroforestry 

b) Organic farming     

c) Land-use change / 

Encroachments 

    

d) Genetically modified crops     

e) Animal Husbandry     

4 HORTICULTURE 

    

    a) Organic farming 

b) Nitrogen and Phosphorus   

(N and P) fertilizers 

   Dosage as 

prescribed by 

Agriculture 

department

c) Endosulfan     

d) Pesticide     

e) Watermelon and Muskmelon 

farming 

    

f) Ginger cultivation     

5 INDUSTRIES (Large scale)     

a) Agro processing      -   
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e) Watermelon and Muskmelon 

farming 

    
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Sl. Activities Ecological sensitive regions 

ESR-1 ESR-2 ESR-3 ESR-4 
 

    

b) Manganese    

      

c) Bauxite    

      
d) Limestone    

      
e) Quartz    

      
f)

 

Sand extraction (on sustainable 

basis by

 

Ban on exporting)



 



 



 



 

 
9 WASTE DISPOSAL

         a) Hazardous waste processing units

     

 
b)

 

Solid waste disposal

 



 



 



 

(For composting 

and manure 

preparation)

 c)

 

Liquid waste discharge

 



 



 



 

(Treatment 

plants (STP) for 

processing)

 d) Recycling and waste 

processing and units

   (compliant with 

PCB)

 

 

   

 
10 TRANSPORTATION    (Allowed only 

after strict EIA)

     

 

a)

 

Roads and expressways

 

b)

 

Rail and freight corridors

 

Subject to EIA

 

with the strict regulation and social audit

 
c)

 

Up-gradation of existing 

infrastructure



 



 

(Subject to

 
EIAs, strict regulation and

social audit)



 

Sl. Activities Ecological sensitive regions 

ESR-1 ESR-2 ESR-3 ESR-4  

 f) Nonpolluting (Green)      

6 INDUSTRIES (Small scale)     

    i. Garment  

a. Papad 

ii. Domestic (Home-based) 

 

    

b. Mango processing     

 

c. Areca nut processing and Coir     

d. Milk products and processing     

   

e. Dry fruits and Spices     
f. Fruit processing (Ex: Kokum 

Juice (Garcinia indica)) 

    

g. Fish products processing     

h. Bee keeping and bee nurseries     
i. Pongamia plantations for biofuel 

(in private lands)

    

  

 
j. Bio pesticides manufacturing     

k. Poultry farms and powdered 

eggs 

    

l.
 

Vegetable dyes; fruits and 

vegetables preservation


 


 


 


 

 
m.

 
Medicinal plants cultivation and 

processing


 


 


 


 

n. Aromatic plants and essential oil 

distillation; orchids and cut 

flowers harvesting  

    

7 TOURISM INDUSTRY  

 

 

 

 

 

 

 a) Ecotourism 

b) Organic village and homestay     

c)
 

VFC managed tourism
 


 


 


 


 

d)
 

VFC managed homestay
 tourism in higher forest cover 

regions and protected areas
 


 


 


 


 

e)
 

Arts and handicrafts museum 

and trade center


 


 


 


 

EXTRACTION
 

 8

 
MINING AND MINERAL 

 


 


 


 
a) Iron ore

 

c)
 

Red category (Polluting) 

 


 


 


 


 

d)     Garment     

e) New establishment     (Allowed only 

after critical review 

by local 

stakeholders and 

experts) 

 

b) Information Technology (IT) 

 

    

Remarks

 ESR-1 regions are ecologically susceptible, representing a zone of highest conservation, and maintain ecological integrity 
with no further degradation be allowed. ESR-2 has the potential to become ESR-1 provided with strict regulations and 
improved forests and their environs with more protection. Also, a small change in ESR-2 will have more adverse effects in 
ESR1.

 Linear (new major/ expansion of roads and railway lines) be allowed across the ESR-1 and 2 due to their ecological 
sensitivity. Essential expansion activities should be subjected to the Environmental Impact Assessment (EIA) and strict 
monitoring based on the social audit.

 Public utilities involving the construction of schools, hospitals, government offices, libraries, and other public amenities 
(large/small scale) be allowed and subject to strict monitoring with the social audit.

 Forest Rights Act to be implemented in its true spirit to support the genuine forest-dwelling communities.

 Monoculture plantations should not be allowed, and existing exotics should be replaced by planting endemic species. Fast-
growing native trees such as Madhuca longifolia (Mahua), Madhuca latifolia, Melia dubia, Azadirachta indica (Neem), 
Terminalia arjuna, etc., could be used, which not only aid in the eco-restoration but help in meeting the local timber 
requirements in ESR regions.

 Monoculture exotic species should be restricted even in coffee plantations of ESR-1.

 Promote decentralized electricity generation through location-specific renewable energy sources such as solar, wind, 
biomass, etc.

 Farmers need to be encouraged with incentives for practicing organic farming, agroforestry, beekeeping, etc.

 Fruit-yielding tree saplings to be distributed to farmers through decentralized forest nurseries, which would aid as an 
alternate income source.
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g. Fish products processing     
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processing
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distillation; orchids and cut 
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 a) Ecotourism 
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VFC managed tourism
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MINING AND MINERAL 

 

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
 


 


 


 

d)     Garment     

e) New establishment     (Allowed only 

after critical review 

by local 

stakeholders and 

experts) 

 

b) Information Technology (IT) 

 

    

Remarks

 ESR-1 regions are ecologically susceptible, representing a zone of highest conservation, and maintain ecological integrity 
with no further degradation be allowed. ESR-2 has the potential to become ESR-1 provided with strict regulations and 
improved forests and their environs with more protection. Also, a small change in ESR-2 will have more adverse effects in 
ESR1.

 Linear (new major/ expansion of roads and railway lines) be allowed across the ESR-1 and 2 due to their ecological 
sensitivity. Essential expansion activities should be subjected to the Environmental Impact Assessment (EIA) and strict 
monitoring based on the social audit.

 Public utilities involving the construction of schools, hospitals, government offices, libraries, and other public amenities 
(large/small scale) be allowed and subject to strict monitoring with the social audit.

 Forest Rights Act to be implemented in its true spirit to support the genuine forest-dwelling communities.

 Monoculture plantations should not be allowed, and existing exotics should be replaced by planting endemic species. Fast-
growing native trees such as Madhuca longifolia (Mahua), Madhuca latifolia, Melia dubia, Azadirachta indica (Neem), 
Terminalia arjuna, etc., could be used, which not only aid in the eco-restoration but help in meeting the local timber 
requirements in ESR regions.

 Monoculture exotic species should be restricted even in coffee plantations of ESR-1.

 Promote decentralized electricity generation through location-specific renewable energy sources such as solar, wind, 
biomass, etc.

 Farmers need to be encouraged with incentives for practicing organic farming, agroforestry, beekeeping, etc.

 Fruit-yielding tree saplings to be distributed to farmers through decentralized forest nurseries, which would aid as an 
alternate income source.
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 The local bio resource-based industry should be promoted. All should be strictly regulated and be subject to social audits.

 Adapt environment-friendly development projects and involve local community members in decision-making and ecological 
monitoring.

 The tourism Master Plan should be based on MoEFCC regulations (after considering social and environmental costs). The 
ban should be imposed on large resort construction and new tourism establishments in ESR-1.

 Controlled activities are permitted based on socio-economic importance, and activities such as depriving wetlands and 
natural forests and introducing alien invasive species are not allowed.

 Tribes and indigenous communities should be engaged in the conservation and protection of forests. Tribal women should 
be employed in the nurseries across the ESRs.

 The Western Ghats biodiversity information centers should be established at all the district headquarters of the region to 
sensitize students and citizens on conservation measures and issues. These centers work towards implementing a 
comprehensive plan for the protection of fragile ecosystems and livelihoods.

 Public hearings and timely consultations with all the stakeholders must be made mandatory for all the largescale/medium-
scale projects, including liner projects, to have a collective decision, which will also gain people's opinion, and help in 
stemming the impacts with alternatives.
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