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Satellite imagery has been used to collect data from coastal habitats and observe the 

changes in the environment for years. The data from 1987 to 2020 is Landsat data taken 

from October because October has the most amount of vegetation present. Figure 3 

shows a climograph for the Gulf of Kutch area. Large amounts of vegetation occur in 

October because it is after the rainy season and has an adequate amount of sunlight seen 

in Figure 3. Landsat data was used to gather imagery over 34 years in about five-year 

increments. This allowed for data to be collected from the 1980s for the area of study. 

Row 44 and path 150 were used for the tile number to collect data. Data from 2017 and 

2019 have been dissected in-depth to point out specific changes. The data is from the 

Sentinel 2 satellite because the resolution is better at 10 m compared to Landsat's 30 m 

resolution. Tile number T42QXL was used to cover the area of study. These changes are 

significant because the area had placed strict restrictions on industrialization in the Gulf 

of Kutch, but businesses were not following or finding loopholes for the restrictions. 

Bands in the sensors were rearranged to highlight contrasts such as the vegetation using 

the normalized vegetation index (NDVI). NDVI uses bands 4 and 8 to highlight the 

vegetation. Band 4 is red, and band 8 is near-infrared. The ratio between these bands 

creates a new band specifically for vegetation. Land cover data was used to highlight 

the different types of vegetation in the Gulf of Kutch. The data shows various plant life 

and gives percentages. The combination of all the materials provided significant data in 

understanding why the mangrove are depleting, and the Kahari camels are going extinct 

even with the sanctions.

Industrialization is a key aspect of the evolution of life, but industries are pushing past 

the limits hindering the lifespan of ecosystems and species. India is home to thousands 

of acres of mangrove forests which are depleting due to the build-up of fisheries, salt 

farms, and other industrial buildings. Specifically, in the Gulf of Kutch, the urbanization 

increased so dramatically the mangrove forests depleted from 238.5 sq km to 33.4 sq

km between 1960 and 1980 (Biswas, 2009). Mangroves are a special type of vegetation 

that have intricate root systems to support them in shifting sediments. Mangroves are 

the most important natural barriers between land and sea for the following reasons: 

shoreline stabilization, protection from storms, maintenance of channel depth, marine 

life conservation, coral conservation, wildlife conservation, and carbon sequestration 

(Khanna, 2020). The destruction of the mangrove in the Gulf of Kutch is significant 

because a special breed of camels, known as Kharai camels, have lived in this 

ecosystem for years. Since the rapid industrialization, the Kharai camels are losing their 

natural habitat and on the way to extinction (Tanushree Gangopadhyay, 2019). 
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Figure 2:Climate Graph for the Gulf of Kutch.

Overall the depletion of mangroves still occurred due to urbanization. False color 

imagery is the best for vegetation because plants reflect best in the near-infrared In 

1987, the amount of vegetation, mostly mangroves, in the delta was significantly higher 

than all other later years. The northeastern part has more vegetation in the water and 

along the coastline. In 1992, the northeastern part of the waterway reduction of 

vegetation is seen. Also, along the coastline, a significant depletion of vegetation is 

apparent. In 1997, the vegetation around the coastline grew back, but the number of 

industries built up increased significantly. Industries are the bluish color around the 

coastline. Between 1997 and 2008, the number of industries continued to increase. In 

2013, the vegetation around the shoreline and the northeastern mass depleted 

significantly. Also, the industries in the area still increased. From 2013 to 2017, 

urbanization continued to increase. The northeastern mass of vegetation decreased 

between 2017 and 2020. Overall even with the increased coastal security, the trend is 

not going in the right direction because the mangroves are still diminishing leading to 

the extinction of the Kharai camels.

Taking a closer look at 2017 and 2019 using Sentinel 2 imagery in false color. With the 

coastal security increased there should not have been more buildings and farms built, 

but this was not the case. Looking through the coastline the difference became more 

abundant and apparent on why the people of India are upset with the way the problem is 

being handled. These may seem small but add up quickly and destroy the natural 

ecosystems which have been and still are home to many species.

Figure 5: Land Cover for Gulf of Kutch in 2017.
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Figure 1: Gulf of Kutch with cities labeled. .

After all of the analysis, the conclusion is clear the mangroves are still depleting, and 

the Kahari camels still face extinction. With the use of Landsat, Sentinel 2, and land 

cover, the facts are all present. Humans are using their power to benefit only themselves 

and not the earth. They are one of the main reasons for the damage and destruction the 

Gulf of Kutch has been experiencing (Pillai, 1979). There are still people out there who 

look after the Kharai camels and herd them to areas of safety. Coastal security is a step 

in the right direction but more needs to be done. First, people need to be educated on the 

matters to ensure they have an understanding of the problem. The empowerment of 

people will bring them to decide to save their land and the Kharai camels. 

Figure 7: Protected areas in Gulf of Kutch.

Figure 4: A Sentinel 2 imagery from Gulf of Kutch in 2017. B Sentinel 

2 imagery from Gulf of Kutch in 2019.

Figure 6: Land Cover for Gulf of Kutch in 2019.

Figure 8: Kahari camels with their herd in the Gulf of 

Kutch.

Figure 3: Landsat imagery from 1987 to 2020 in false color.

Table 1: Differences between 

2017 and 2019 for NDVI.
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