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Significance of Asian Elephants
Bhutan is a small country located in southeast Asia with a size of

38,394 km2. Bhutan ensures a minimum of 60% of the land is

under forest cover. The forests support rich biodiversity, roughly

51% of the country is protected (Dorji, Rajaratnam, & Vernes,

2019): 41% as protected areas and 10% as biological corridors for a

wide range of species. Asian elephants (Elephas maximus) are a
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keystone wildlife species whose conservation is essential for the

functioning of forest ecosystems. They tend to occur in southern

Bhutan’s forests and are an endangered species facing threats of

habitat loss, poaching, and retaliatory killings (IUCN, 2017; Nature

Conservation Division, 2018).  

In Bhutan, elephants are not only considered important because of

their environmental significance but also because of their important

role in religion and culture. Elephants are considered as one of the

most precious possessions (Phuntsho, 2017) and portrayed as an

integral part of religion and culture in many Bhutanese tales.  

Conservation Efforts
Despite the country’s reverence and its effort to conserve the

species, in the southern foothills of Bhutan, habitat fragmentation

and poaching continue to be detrimental to the survival of the Asian

elephant. Additionally, due to rapid urbanization and human

activities on known elephant feeding grounds, there is an increasing
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Human-Elephant Conflict (HEC). Intervention to prevent threats to

human life and property overlaps with the issue of Asian elephant

conservation.  

Various studies have attested to the effectiveness of biological

corridors in the conservation of wildlife. Bhutan's protected areas

were also found to be effective in conserving key mammals, but

there is a lack of evidence about their effectiveness for enabling

elephant movement between protected areas.

The map shows the protected areas in pink and the blue areas are

existing biological corridors.
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A map identifying the protected areas
Click on the pink areas to view its size in square Km.
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What did the 

DEVELOP 

team do?

The NASA

DEVELOP

Southern

Bhutan Ecological

Forecasting II team

partnered with the

Bhutan Foundation,

the Bhutan Tiger

Center, and Bhutan

Ecological Society

to address

these issues.

Realignment of the

biological corridors

with proper

empirical guidance

has the potential to

bring substantial

improvements for

the conservation of

elephants and other

endangered

species in Bhutan.

The

team utilized vario

us satellite datasets

to create Land Use

and Land Cover

(LULC) change

maps and

model potential

biological

corridors. 
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Habitat Suitability Model
In conjunction with existing protected areas data, the team used

habitat suitability models generated by the previous term based on

the use of NASA Earth observation data and Bhutan elephant

surveys to develop potential biological corridors connecting

Bhutan's protected areas for aiding seasonal elephants' migrations.

We used this map as the main input to construct a movement

resistance map which was later used to identify corridors.

Earth observations satellites and sensors used
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Earth observations satellites and sensors used from left to right: Landsat 5  Thematic Mapper (TM) ,

Landsat 8  Operational Land Imager (OLI) , Terra Moderate Resolution Imaging

Spectroradiometer (MODIS) , and Shuttle Radar Topography Mission (SRTM) 

Example Products
Images of True Color Composite for years 2010 and 2015

To obtain the annual cloud-free Landsat images, the team used

Google Earth Engine (GEE) codes. 

0

Figure 1: True color composites of years 2010 and 2015

Images of LULC for 2010 and 2015

The team utilized NASA Earth observations to produce Land Use

and Land Cover (LULC) maps for the years 2010 and 2015.We
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generated the LULC maps of the years 2010 and 2015 by

mosaicking the Landsat images, and performing an unsupervised

classification method. We started with 20 different classes of land

which we then manually regrouped and reclassified into five classes:

mature forests, immature forests, cultivated lands, barren lands, and

water bodies.

Land classes in the LULC maps

0

Figure 2: Images of LULC 2010 and 2015

To get a better visualization, you can use swipe to compare the two

different maps.

0

Figure 3: Figure comparing 2010 true color and LULC map
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Figure 4: Figure comparing 2015 true color and LULC map

Potential Biological Corridors
Using Circuitscape Linkage Mapper, we used a habitat suitability

model for the Asian elephants calculated by the previous term to

create a potential corridor map. We were able to map corridors

connecting the protected areas in southern Bhutan that are the

most suitable for Asian elephants' movement. We also

found suitability for corridors as gradients in terms of distance away

from the ideal corridors. Areas less suitable for elephant corridors

are further away from ideal paths and down the gradient (brown to

white tones). 
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We compared the existing corridors with the potential corridors we

identified and found that there were a few overlaps with some of the

existing corridors. A few others were very close to the ideal corridors

and occurred in areas with higher suitability. Our primary corridor

of interest is that connecting the three key protected parks for Asian

elephants: Royal Manas National Park, Phipsoo Wildlife Sanctuary,

and Jomotshangkha Wildlife Sanctuary. While the existing corridor

lies in areas of medium to high suitability, we identified two other

linkages as being best suited for elephant movement between these

three corridors. Based on elephant habitat suitability, these two

corridors have the potential to be better suited to the elephants and

may alleviate human-elephant conflicts. It will be useful to keep in

mind that our model does not take urban settlements into account,

so although the most suitable linkages according to elephant

habitats have been identified, they may not actually be the most

feasible. 
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About the Team
NASA DEVELOP is part of NASA’s Capacity Building Program.

Future Work

The corridor map,

along with the

habitat suitability

model outputs, will

inform the partners

on suitable planning

and placement of

elephant movement

corridors to

promote the

conservation of

Asian elephants and

avoid human-

elephant conflicts.

These results

encourage the

integration of

NASA Earth

observations for

future studies and

project planning for

conservation efforts

in Bhutan. For

future work, there is

an opportunity to

build upon these

results and those of

the previous term to

examine future

habitat change

based on patterns of

landscape use.

There is also

potential to

consider urban

settlements to

discern the

feasibility of the

potential corridors

identified. 
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NASA DEVELOP projects allow participants to conduct applied

research that highlights NASA Earth observation's capabilities to

determine solutions for environmental issues and concerns. The

Southern Bhutan Ecological Forecasting II spring 2021 team worked

at the Goddard Space Flight Center. The team is comprised of 5

students: Thinley Yidzin Wangden (Team Lead), Kezang Choki

Tshering, Karma Dema, Kelzang Jigme, and Thinley Jurmi. The

team's educational background includes Computer Science,

Biology, Mathematics, and Physics.  
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Asian Elephants: Partner, Bhutan Foundation
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