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Executive Summary
In Bhutan, there are about 3027 high altitude lakes recorded in the northern belt of the country and
these lakes are the main tributaries of major river systems, which ultimately serve millions of people
downstream. The effects of climate change on high altitude wetlands have been evident around the globe,
thus the high altitude lakes of Bhutan are no exception.
We mapped about 30 high altitude lakes using Unmanned Aerial Vehicles (UAV) that captured highresolution images. The images captured information such as lakes’ location, area, site characteristics
and vegetation type within the periphery of the lakes. The obtained UAV images were processed to
create orthomosaics and 3D models. The study not only described the geographical features around the
lakes but also documented the socio-cultural significance and beliefs related to the lakes. The baseline
information can be used to assess and monitor changes in high altitude lakes associated with climatic
and anthropogenic disturbances. Further, the study suggests carrying out limnological and hydrological
assessments to consolidate the existing baseline information.
1. Introduction
The Himalayan landscape hosts an extraordinarily high mountain chain spanning about 2500 km from
west to east across five countries (Bhutan, China, India, Nepal and Pakistan) in Asia, encompassing a
diversity of flora, fauna and cultures. There are approximately 15000 glaciers and 9000 glacial lakes
in the Himalayan mountains that feed most of the major perennial river systems in the region, serving
approximately 10% of the world’s population (Bajracharya, 2007). Most of the natural lakes are located
in rugged mountain terrains in the Himalayan countries. As of now, Nepal has recorded the highest
number (5358) of lakes (Raj Bhuju et al., n.d.), followed by India with 4699 lakes (Ahmad, 2012), while
China and Pakistan documented 2693 (Ma et al., 2011) and 2420 (Khan & Baig, 2017) lakes respectively.
Like many other Himalayan countries, the Kingdom of Bhutan hosts thousands of lakes spread across the
country. Mool et al. (2001) recorded 2674 glacier lakes, with 24 posing potentially high risks. Currently,
3027 high altitude lakes have been documented in Bhutan that covers an estimated 0.3% of its land area
(Sherub et al., 2011; Wangdi & Sherub., 2013). The high altitude lake is defined as an enclosed body of
water (usually freshwater) surrounded by land and with no direct access to the sea (Mitra et al., 2014).
High altitude lakes are located in the northern belt of country that forms the main tributaries of four
major river systems (Amo Chu (Toorsa), Wang Chu (Raidak), Punatshang Chu (Sunkosh) and Drangme
Chu (Manas)) in Bhutan. Most of the high altitude lakes are fed by seasonal snow-melts, precipitation
and spring water.
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High altitude lakes are one of the most important water bodies of high altitude wetland, characterized
by a unique diversity of water sources, habitats, species, and communities with less rampant human
interference compared to other wetland ecosystems (Kumar & Lamsal, 2016). The lakes play a significant
role in the hydrological cycle and water resources for lower plains and harbor unique biodiversity. In
Bhutan, the lakes not only support aquatic ecosystems but also act as a freshwater source for highlanders
and downstream communities. Apart from regulating micro-climatic conditions, the high altitude lakes
play a crucial role in cultural, spiritual and livelihood of local communities. The outflow of lake not
only serve as the lifeline for both the nomadic pastoralists and yaks, but also function as a boundary
demarcation of pastureland between herders.
Freshwater resources are vulnerable to climate change that leads to numerous consequences for human
societies and the ecosystem (IPCC, 2007). Many scientific studies on lakes have revealed that annual
variations in the weather have major effects on their physical characteristics (George et al., 2007; Sharma
et al., 2009). For instance, climate change has adverse effects on Canadian freshwater quantity and
quality. High altitude lakes of Finland have completely changed its lake ecosystem irrespective of the
lake type and catchment characteristics (Sorvari et al., 2002). Variation in water residence time for the
lakes of the English Lake District was related to the impact of climate change (George et al., 2007).
As a result of global warming, the glaciers have been retreating continuously which resulted in a rapid
increase in lake sizes (Cenderelli & Wohl, 2001; Salerno et al., 2008).
Similarly, there are many unsubstantiated reports on how the high altitude lakes of Bhutan are changing
in terms of area, depth, and its substrate compositions. However, a few scientific studies have been
conducted to ascertain the claims and its causes. While some studies had been conducted to assess the
ecological and socio-economic significance of high altitude lakes, very few studies were conducted to
assess the vulnerability of lakes to climate change and other anthropogenic activities. In addition, except
for some occasional satellite-based mapping exercises, there is no detailed systematic study and mapping
being conducted. This study was carried out to generate baseline data on area, site characteristics and
vegetation composition of high altitude lakes. The baseline information generated from this study would
be used to carry out periodic analyses of how high altitude lakes dynamic changes in response to climate
change and other anthropogenic factors.
We have chosen Dagala as the first phase of our study area as there was an unsubstantiated claim of
having thousands of lakes located within the Dagala mountain range and most of the lakes are easily
accessible. These mountain areas are used as pastureland for the yaks of highlanders from Chamgang
and yak herders know the location of lakes making it easy to locate lakes for the study. Furthermore,
Dagala has become one of the most prominent tourist attraction sites for trekking due to the stunning
beauty of mountains and lakes, with unique nomadic livelihood culture still being widely practiced. The
Dagala lakes are considered to be the main water catchment source for downstream communities of four
dzongkhags – Chukha, Thimphu, Wangdue Phodrang, and Punakha.
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2. Description of Study Area
Dagala is one of the eight gewogs under Thimphu dzongkhag. The gewog is located at an elevation
range of 2240 to 4720 masl with a total area of 204.2 km2. Bhutan is known to have six major agroecological zones determined by elevation gradient and climatic conditions. Vegetation types range from
warm temperate to alpine scrub, characterized by meadows, conifer forests, rhododendron shrubs, and
rocky outcrops. Temperature varies according to elevation; snow in the winter with extreme cold, and
abundant rain in summer (Table 1).
Table 1: Major Agro-ecological Zones of Bhutan
Temperature (degree Celsius)
Agro-ecological Zone Altitude (meter) Monthly Monthly Annual
(max)
(mean)
(mean)
Alpine
3600-4600
12
-0.9
5.5

Rainfall (mm per year)
<650

Cool Temperate

2600-3600

22.3

0.1

9.9

650-850

Warm Temperate

1800-2600

26.3

0.1

12.5

650-850

Dry Subtropical

1200-1800

28.7

3

17.2

850-1200

Humid Subtropical
Wet Subtropical

600-1200
150-600

33
34.6

4.6
11.6

19.5
23.6

1200-2500
2500-5500

Source: RNR Research Strategy and Plan Document, MoA, 1992.

Topographically, Dagala falls within Wang River Basin (WRB) and embraces a majestic snowcapped mountain, ridges, and alpine meadows covered with screes, shimmering lakes, streams and a
pristine environment. These mountains are also known for its rich habitat for high altitude medicinal
plants and recorded a total of 100 plant species (Wangchuk et al., 2016). It is believed that the Dagala
mountain constitutes a chain of mountains that begins from Lhasa in the North and ends in India in
the South. These mountains host as many as 108 lakes within the Dagala mountain range (Penjore,
2003). Nomadic herders believe that Dagala has the highest number of lakes in the country [Penjor, T.
Personal Communication, 2020], while others commonly believe that the mountain holds thousands of
lakes.
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Fig 1: Map of the study area
The gewog has a total population of 2094 inhabitants, with five chiwogs (villages) and 153 households.
The majority of the people are nomadic herders (Bjops) whose livelihoods depend on livestock
particularly on yaks. In recent years, the collection and sale of medicinal plants such as Rhododendron
sp and Neopicrorhiza sp are gaining popularity among the herders [Ugyen, Personal Communication,
2020]. They migrate with the yaks to high mountains during summer and descend to lower valleys in
the winter when mountains are covered with snow.
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Table 2: Basic statistics of the study area
Category

Dagala Gewog

Total area (km2)

204.24

Altitude Range (masl)

2240-4720

Total Population (male)

1387

Total Population (female)
Total Village (number)

707
5

Total Household (number)

153

Jersey & Thrabum (head)

48

Yak (head)

3408

The Dagala mountains are considered as the citadel of Aum Jomo Dagam- the mountain goddess of
cattle. The lakes of Dagala are socio-culturally significant to the northern belt people of four dzongkhags
(Dagana, Chukha, Thimphu, and Wangduephodrang). In recent past, the Dagala mountain was considered
to be one of the popular high altitude trekking destinations for international, regional and local tourists.
The visitors are treated with numerous picturesque lakes and vibrant nomadic yak herding cultures
along the trail. The mountains not only offer a scenic beauty of natural landscape within itself but also
provide stunning view of the entire Himalayan mountain range including Mt. Everest, Jomolhari and
Masang Gang.
Study limitations
A few lakes located within rugged mountain terrains and in-between steep gorges were not covered
in this report. The team couldn’t operate the drone due to flight obstruction from the surrounding
landscapes and limitations posed by drone’s visual line of sight. In addition, due to erratic weather
condition, the flight operation time was limited and it affected the quality of image captured. Another
limitation was posed by limited flight duration due to rapid battery exhaustion in cold climate. Thus,
flight operation window in a day was very minimal. Similarly, due to non-availability of power source,
the team had to carry a generator to recharge the drone battery. Considerable amount of time was spent
transporting the generator from one place to another. Notably, the birds attack on drone was another
drawback of operating flight at high altitude. Finally, due to strong local and cultural beliefs and
restrictions, some lakes had to be left out from drone mapping exercise. Nevertheless, an estimated
95% of total lakes in Dagala landscape have been covered in this study.
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3. Methodology
3.1 Study design
Prior to carrying out the field activities, the preliminary assessments of sites were carried out using
Google Earth. Using the satellite imagery, the location of each lake, number of lakes, site accessibility,
terrain and approach treks were digitized and maps were produced. The coordinates of each lake were
entered and saved into hand-held Global Positioning System (GPS) devices to facilitate its mapping and
location in the field. Also, tentative flight take-off and landing sites were identified and recorded.

Fig 2 : Location of lakes on Google Earth
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3.2 Unmanned Aerial Vehicle Survey (Conservation Drone)
Unmanned Aerial Vehicles (UAVs) are remotely operated aircraft equipped with digital cameras that
are used to photograph a time-series of high-resolution aerial images for mapping and monitoring of
environmental landscape (Yucel & Turan, 2016; Eisenbeiss et al., 2004). In recent years, UAV-based
mapping applications used to create orthomosaics and digital elevation models (DEM) are on rise
(Liardon et al., 2018). For the mapping exercise, the project used Phantom4 drone with following
specifications:
Sl.no
1
2
3
4
5
6
7
8

Weight

Parameters

Specifications

1380 g

Max flight time

28 minutes

Satellite positioning system

GPS / GLONASS

Operating temperature range
Effective pixels
Image size

0-40 degree Celsius
12.4 M
4000 X 3000

Output

Photo (JPEG, DNG), Video (MP4,MOV)

Battery

6000 mAh LiPo 2S

Following an approval from concerned authorities, the drone operation was carried out in line with the
standard operating procedures developed by UWICER. Basically, it involved the following activities:
1) Prior to flight operation, lakes and nearby area were scanned for any obstacles that might obstruct
the flight operation. Most preferably, to minimize the obstruction, an area that stands above other
areas was chosen as flight take-off and landing location. Also, the area was scanned for presence of
any birds and possible attacks.
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2) Once the area was identified safe, the flight mission planning was carried out. It involved planning
the flight path using flight planning apps such as DJI GO and Drone Deploy.
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3) Flight mission was executed as per the flight plan and map. This was done for lakes that had relatively
gentle slopes and less obstructive views. For lakes that lie at steep terrain and with obstructive views,
the manual controlled flight operation was carried out to map and capture images. However, for the
lakes located on the plain ground, the drone was auto-launched with the fixed flight path and was set
to perform auto-landing on the same flat area near the lake. Flight altitudes ranged from 131m to 647m
depending on the size of the lake and the height of surrounding alpine rocky cliff mountains. Manual
control flight was used to capture 5 consecutive images at one shot to help us select high-quality
images for processing. For auto-flights, the lateral and longitudinal image overlap was set to be 90%
while for the manual flights, we tried to maintain at least 60% overlap.
Though weather conditions would have been much favorable during autumn, the mapping was
conducted during summer to map out not only lakes but also the surrounding landscapes at its peak
growing seasons. To ensure high quality map, the flight was operated early in the morning before the
sunrise or/and after sunsets. However, some images had to be captured when the area was overcast
with clouds. To ensure generation of high quality maps and 3D views, the flight path was planned to
have at least 80% horizontal and 70% vertical image overlap. Also, depending on site and topography,
the flight was operated at height ranging from 100-700 m above the take-off point.
3.3. Post flight activities
The post flight activities included the following:
1) Image sorting, cleaning, annotation and post processing
Right after each flight operation, the images were offloaded from drone into external drive. The
offloaded images were inspected for its quality and blurred images were removed. Wherever
necessary, images that needed annotation (reassigning number) were carried out to ensure that each
image have unique ID. Next, the images were post processed in the Adobe Photoshop to improve
color, tone and texture composition.
2) Image processing in Pix4D
Among others, the Pix4D is one of the image processing software used to process drone images.
Images from each lake were imported into Pix4D and processed to generate orthomosaics, DEMs
and 3D mesh. The processing was carried out at highest spatial resolution (2-3 cm). Also, the output
from Pix4D was further processed using Quantum Geographic Information System (QGIS), which
involved clipping the orthomosaic map to area of interest.
3.4 Social and cultural significance
We selected three nomadic herders who have spent almost 40 years in yak farming, as their primary
source of livelihood which was passed down across many generations. We have used an openended questionnaire to interview the selected nomadic herders about the socio-cultural significance,
associated beliefs, folk stories, songs and ballades of the lakes. We also validated the names of the
lakes from each participant to ensure correct common name.
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4. Results
1) Physiographic setting:
We mapped 30 high altitude lakes with altitudes ranging from 4000 masl to 5100 masl within the
Dagala mountain range. Except for few, most of the lakes are accessible for mapping. The lakes
are located at the base of a steep rocky cliff with partially open landscape surrounded by shrubs,
rhododendrons, screes and boulders. These lakes are permanent water bodies and the majority of them
are fed by water discharge from snow-melts and monsoon rain. The highest altitude lake mapped was
the Bjagaytsho, at an elevation of 5109 masl while the Dreytsho in Pangkhar was the lowest at 4309.5
masl. Within the Dagala ridge, the Hetsho was the largest lake, with an area of 35 acres, followed by
Hentsho with 30 acres. The Throtsho was recorded as the smallest lake with about 0.1 acres. Majority
of lakes appeared deep, clean and without much pollution at the time of mapping. Few appeared to be
shallow and mild brown with some sediment deposits and algae bloom. A detailed description of the
surrounding vegetation and landscape of all the lakes can be accessed from the web-based GIS portal
(https://www.arcgis.com/apps/Shortlist/index.html?appid=be0e513c277b458588b1102ec5361b6c)
developed as a part of this project.

Fig 3: Elevation profile of lakes
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2) Ecological and cultural significance
During the fieldwork, we observed that the lakes provide immense benefit to the wildlife and highland
communities around the lake. For instance, the lakes act as a roosting ground for Bar-headed geese and
drinking water source for blue sheep and snow leopards. The water discharge networks from the lakes act
as the pastureland boundary demarcations between yak herders as well serve as a source of livelihood for
highlanders as it nourishes to grow various edible herbs around the lakes and streams. Some of the lakes
host fishes, but the nomadic herders have never fished them as the lakes are revered as the sacred sanctity
in the community. Algae bloom was observed in some lakes. For instance, the Throtsho is believed
to have a Thro (Vessel) inside the lake, and surprisingly three vessel shaped greenish container-like
structure can be distinctly seen. The Tshatsho (Salt Lake) is believed to be the Lhatsho (Goddess Lake)
of Ruddy Shelduck as the birds spend most of their summer breeding season in and around the lake. Also
the lake serves as the main summer roosting ground. A huge duck-like bird footage was captured in the
UAV image inside the lake.
4.1.

Socio-cultural significance of the mountain and lakes

In general, the mountains and high altitude lakes are revered as sacred sites (abode of Gods and Deities)
in Bhutan. Dagala mountain is revered as a place of sanctity for Aum Jomo Dagum particularly by
the northern belt people of Dagana, Chukha, Thimphu, and Wangduephodrang districts. Annually, the
nomadic yak herders gather to propitiate her with offerings including animal sacrifices, tshog offerings
and rituals. Jomolhari (Molha) and Jichu Drake (Pholha) are considered Aum Jomo Dagam’s sister
and brother respectively [Ugyen, Personal Communication,2020]. Herders believe that the lakes were
once a source of treasure for Aum Jomo Dagam, but today the lakes are left without treasure, as her
elder sister took all the treasures when she moved to Jomolhari. However, the lakes are still respected
and kept undisturbed as sacred sites for Aum Jomo Dagam. Thus, visitors associated with recent birth
and death incidents are restricted to visit the mountain as it is believed to bring misfortunes and cause
disasters such as heavy rainfall, storms, and hailstorms.
Even though the water bodies are generally considered sacred in Bhutan, different lakes have their
specific significance. The degree of social reverence depends on the perspective of how strongly the
locals believe the values and purposes the lakes served to their local guardian deities in the past. For
instance, Yutsho, Sertsho and Tshatsho were highly revered amongst others, as the locals consider that
these lakes produced turquoise, gold and salt respectively for Aum Jomo. Today, the locals continue to
respect and worship the lakes for the blessings of wealth and health for their life. Most of the lakes are
named based on their shape, color and belief attached to its sacredness.
5. Detailed description of the lakes
All the lakes were photographed and acquired Global Information System details using UAV and location
details were also captured using GPS. Ariel view images of all these lakes and its location details with
brief perspective on historical significance are descriptively presented in the following.
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Site description:
The lake is located in a flat area and the water appears to be quite shallow.
However, this lake is a permanent water body. The water outflow from
Drone height 131 m
Dhajangtsho and Throtsho feed this lake. The water outflow from this
Latitude
27.258187 lake drains out into the downstream channel and joins water discharge
from neighboring lakes of Nyemjatsho and Tatsho. The lake contributes
Longitude
89.697532
to the watershed of Chapcha gewog. The lower area of the lake is
Altitude
4449 masl dominated by gravels with occasional boulders, shrubby rhododendron
vegetations, and grasses. The upper area is dominated by boulders and
Area
0.50 acres screes with less vegetation.
Name

Bayetsho

Historical significance:
The locals believe that the lake is known to contain sheep’s wool. The belief was based on the story
that, once Aum Jomo was herding a flock of sheep and she felt deep asleep while the sheep grazed the
grassland. All of a sudden a Lachum (Musk Deer) appeared in the grazing ground and the scared sheep
accidentally plunged into the lake while hurrying away from the Lachum. Aum Jomo woke up to find
all the sheep drowned and disappeared into the lake. Hence its name Bayetsho (Dzongkhag: Baye =
Wool), while some believe that the lake as a source of wool for Aum Jomo. Also, the lake is associated
with the belief that the lake provides mineral contents similar to baking powder, thus, called Bayetsho.
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Name

Bjagyetsho

Drone height

647 m

Latitude

27.267388

Longitude

89.70635

Altitude

4462 masl

Area

25 acres

Site description:
The lake is located in a moderately sloppy area with a sporadic
presence of boulders, gravels, and grassland at its upper ridge. Its
upper area gradually ascends to a locally believed mountain ridge
known as an abode of Aum Jomo (the local deities). The lake is fed
by water discharged from a small, upper lake called Jomo Latsho
and seepage of water from the upper catchment areas. The water
discharge from its outlet contributes to Tshatsho (Salt lake) located
at a lower elevation. The lake is the permanent water body. Its main
source of water is from snow melt and monsoon rain. It contributes
to the watershed of Chhukha Dzongkhag.

Historical significance:
The lake has a shape of a flying vulture, and hence it is named as Bjagyetsho. The ‘Bjagyetsho’ literally
means vulture’s lake. However, the locals say that the name came from the fact that the lake was believed
to contain tea leaves (Dzongkha: Bja). Also, the locals believe that a saint named Lam Nawang Zangpo
mediated at the site to subdue the local deities (Aum Jomo). A small hermitage is constructed at the site
near its shore where the saint is believed to have meditated.
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Site description:

Name

Chukarzeytsho The lake is located at the upper ridge and backside of the Aum
Jomo’s mountain. The lake looks much shallower at its periphery
Drone height 208 m
Latitude

27.260011

Longitude

89.704644

Altitude

4438 masl

Area

5.46 acres

and deeper at the center. Though there is no well-channelled surface
water outlets, water sinks into the piles of boulders and runs as
underground water. The site has huge crevasses and boulders, and
some of the crevasses are very deep and narrow. This makes it
difficult for yaks to access the lake. Algae, other aquatic plants, and
fishes have not been observed in the lake.

Historical significance:
The surrounding area of the lake grows an abundance of Rheum nobile (Dzongkha: Chukar Metog)
– a giant perennial herbaceous plant species which grows up to a meter and half tall. Since the lake is
located on the upper ridge surrounded by Rheum blossoms, the lake was called Chukarzeytsho, meaning
the lake of Rheum ridge.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Dhajangtsho
624 m
27.260011
89.704644
4447 masl
19.9 acres

Site description:
The lake is located between two ridges that have a deep depression
bound in-between, where water has accumulated. The upper area is
bounded by a steep ridge and the lower area by a relatively flatter
ridge. The lake has no visible inlet water source and the water from
its outlet discharge into smaller nearby lakes (Dhajangtsho’s Bu)
located at relatively lower elevations. The water appears deep, dark,

Historical significance:
The local nomadic herders believe that the lake is shaped like an arrow, thereby the lake is named as
Dhajangtsho (Dzongkha: Dha = arrow). Undeniably, the lake resembles the shape of an arrow and it
is also recorded as the longest lake in the Dagala mountain range so far. However, some local herders
consider the lake as an archery playground range, thus; resulting in the name Dhajangtsho or Archery
Range Lake. However, the lake is very long, so it would be difficult for an arrow to reach from one end
to another for an ordinary human archer.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Dhajangtsho’s Bu
306 m
27.258748
89.701722
4414 masl
1.45 acres

Site description:
The lake is located just below the Dhajangtsho. The water
discharge from the Dhajangtsho feeds the lake. The lake
is shallow in the lower areas and much deeper in the higher
areas. The bottom of the lake appears green. Except for water
discharge from Dhajangtsho, no additional water sources that
feed the lake were seen. The water discharged from its outlet
drains into Bayetsho located few meters from the lake.

Historical significance:
It’s a small lake in comparison to Dhajangtsho. The locals believe that the lake is an out-casted son of
the Dhajangtsho. Generally, small lakes formed attached to bigger lakes are believed to be their sons
and daughters.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Dreytsho
216 m
27.310211
89.722438
4093 masl
1.31 acres

Site description:
The lake is located in a moderate sloppy area covered with sporadic
shrubby vegetation such as rhododendron, cotoneaster, etc. No direct
surface water inlet that feeds the lake was seen. The water from this
lake drains out through its outlet located in the lower area. The lake
forms one of the drinking water sources for yaks and cattle that graze
in that area. It’s easily accessible from all sides due to its location.
Boulders and screes can be seen in some peripheral parts of the lake.

Historical significance:
The lake is believed to be a scary by nature as it remains circadian covered by a thick foggy cloud. Thus,
it is named as Dreytsho (Devil’s lake). Nomadic yak herders hesitate to visit the lake and its surrounding
areas even during the daytime.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Drubtsho
222 m
27.274463
89.680991
4316 masl
1.20 acres

Site description:
The lake is located in an area with a relatively flat area and is used by
pastoralists as the drinking water source for their yaks and cattle. It
appears shallow at its mouth and deeper towards its base. There is not
much vegetation nearby the lake area and no direct water source inlet
feeding into the lake. The lake has two outlets at its base from where
the water is discharged.that discharge. Some boulders are found nearby
the lake.

Historical Significance:
The lake is located at the base, with cliff on the right side and gentle slope on the left. From the lake, at a
far distance downhill, one can sight a hermitage built on a rocky cliff, thus; the lake is named Drubtsho.
which literally means hermitage’s lake. However, the locals also call it as the Tingkujatsho due to
abundantly found Tingku bird in the area. The cliff next to the lake acts as breeding habitat for the bird.
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Name

Dungkartsho_1

Drone height

336 m

Latitude

27.284804

Longitude

89.709559

Altitude

4352 masl

Area

1.73 acres

Site description:
The lake is located in a flat area and the upper area has a steep
overlooking ridge. The lake has two inlet water sources: one
comes from Sertsho2 and another one from the runoff from the
upper catchment area. At the edge, it has an outlet that discharges
its water. It’s accessible and is used by yak herders as a water
source for their yaks and cattle. The water appears a bit turbid and
is much deeper at the upper edge compared to its lower edge. The
discharge from this lake joins the water outflow from other nearby
lakes to form a stream that flows through Gidakom village.

Historical Significance:
The lake is shaped in Conch, thus; resulting in the name as Dungkartsho, which literally translates to
Conch’s lake. It is believed that the Dagala mountain range holds a pair of Dungkartsho as a ritual etiquette for Aum Jomo Dagam.
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Name

Dungkartsho_2

Drone height 338 m
Latitude

27.276970

Longitude

89.722273

Altitude

4387 masl

Area

4.19 acres

Site description:
The lake has piles of boulders and screes on one side and flat
pastureland on the other. The area within the periphery of the lake
is relatively flat and is easily accessible from all sides.
Because of its accessibility, the lake forms the drinking water
source for yaks and cattle that graze in that area. The lake has one
surface water inlet that originates from Nyemjathso2 located at
a higher ground and one surface water outlet located at its lower
edge. The lake has some aquatic life, appears clean and no trace
of pollution can be seen.

Historical Significance:
The name of the lake is derived similarly to Dungkartsho_1. The lake is comparatively smaller in size
than Dungkartsho_1. Some believed that the lake is not a permanent water body as it dries during the
winter season.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Hentsho
342 m
27.259601
89.729861
4338 masl
30.00 acres

Site description:
The lake is located in the deep gorge surrounded by a steep rocky cliff,
boulders, and screes. The lake is difficult to access. The water from
Hetsho and nearby catchment areas drain into this lake. The water
drained from this lake’s outlet joins other downstream tributaries. The
water from this lake is also known to discharge as under surface water.
The lake appears deep and dark green.

Historical Significance:
Given that the lake is located between deep gorge, the locals belive the lake to be more furious and devil
than Hetsho, in terms of thier appearance.
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Site description:
The lake is located in a flat area. However, the area at its two sides
Name
Hetsho
is moderately steep. The area has shrubby vegetation and occasional
patches of boulders and screes. There is no visible surface water inlet
Drone height 351 m
that directly contributes to this lake, but the catchment zones from its
Latitude
27.267097 upper areas seem to drain into this lake. At the lower edge, it has an
outlet that drains water into another lake called Hentsho located 250Longitude
89.723761 300 m from its terminal outlet. The lake appears deep blue, clean, and
without any trace of pollution. This lake is the source of drinking water
Altitude
4418 masl for yaks and cattle that graze in the area. There are also a few temporary
makeshift herds nearby the lake which are used by the nomads while
Area
35.00 acres migrating from one grazing area to another.
Historical Significance:
Hetsho is considered to be the largest lake in Dagala by surface area due to the lake’s large size, Blood
pheasants, flying from one end of the lake to another during its migration, at times fall into the lake and
are feasted upon by fishes. The lake is considered to be mild and gentle comparing to Hentsho, thus the
surrounding grasslands are owned as grazing pasture for the yaks.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Lachum Lhatsho
151 m
27.271638
89.731669
4363 masl
0.52 acres

Site description:
The lake is located in an area with thick shrubby rhododendron
vegetation. Also, along the periphery of the lake, there are
boulders and screes. The lake has no visible surface water inlet
and an outlet. The water appears very clean and shallow. No
traces of pollution have been found in the lake.

Historical Significance:
A serene minuscule lake is hidden amidst an uneven boulder on the gentle slope surrounded by a garden
of magnificent Rhododrendon blossoms. The lake is believed to be a Lachum’s (Musk Deer) sacred
drinking water pond, therefore named as a Lachum Lhatsho, which means the sacred lake of Musk Deer.
Locals say that in the olden days, Musk Deers were seen visiting the lake to quench their thirst.
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Name

Langtsho_1

Drone height

258 m

Latitude

27.279843

Longitude

89.695753

Altitude

4431 masl

Area

0.91 acres

Site description:
The lake is located in an area with a steep, rocky cliff at its upper edge
and a gentle, sloppy area at its lower edge. Few shrubby vegetation
especially rhododendron is seen in the area. There is no visible source
of surface water that feeds the lake. The lake appears deep at the
upper edge and shallow at the lower half of the edge. Though there
is no visible water outlet. It appears that the water from this lake
discharges as under surface water and feeds the nearby lake located
at the down slope area.

Historical Significance:
The lake is located a few meters below the trail from Labatama to Pangka. Its name means Ox’s lake,
named after the belief of having a bull inside the lake. Also, the shape of the lake is considered to be
similar to ox’s footmark. Given that the Langtsho_1 and Tatsho_1 are located adjacent to each other
sharing the shore boundary, the locals call them Tshobanee (Two lakes).
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Name
Drone height
Latitude
Longitude
Altitude
Area

Langtsho_2
223 m
27.308723
89.731506
4268 masl
1.00 acres

Site description:
The lake is located in an area with gentle sloppy areas. The area has
thick shrubby vegetation of rhododendron at its upper edge and flat
pastureland at its lower edge. The lake has no visible surface water
that directly feeds the lake. The lake outlet located at the lower edge
discharges the water. The lake appears deep and holds a substantial
quantity of water.

Historical Significance:
Langtsho means an Ox’s lake. (Dzongkha: Lang = Ox). The nomads believe that a bull yak used to appear
on the shore and impregnate cows in the olden days. The lake is located on the road to Dagana from
Labatama.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Nyemjatsho_1
291 m
27.253267
89.697075
4415 masl
1.95 acres

Site description:
The lake is located in an area with moderately sloppy areas. Its
upper edge has a rocky steep cliff and the lower area has sloppy
pastureland. The surface water runoff from the upper lake (Tagtsho)
feeds this lake. The lake discharges water from its outlet into
downstream tributaries. The lake appears deep, clear and no sign
of pollution is observed.

Historical Significance:
The lake is believed to be an embody of Aum Jomo Dagam’s earring, thus, named as Nyemjatsho
(Dzongkha:Nyemja) , which means an earring’s lake. The locals believe that the shape of the lake appears
like an earring and there is a pair of earring lakes in Dagala mountain. The lake is respected as a jewelry
source for Aum Jomo.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Nyemjatsho_2
242 m
27.270624
89.721478
4457 masl
1.00 acres

Site description:
The lake is located in a moderately sloppy area. The area has
boulders and screes at the periphery of the lake. The lake has no
neither visible surface water inflow nor discharge of water from its
outlet. The water appears deep, clear, and free of pollution.

Historical Significance:
The lake is believed to be one of the pairs for Nyemjatsho_1, as this lake also appears to be shaped like
an earring by surface area. Nyemjatsho_1 and Nyemjatsho_2 appears to be kindred in size.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Rilangtsho
409 m
27.242838
89.691843
4378 masl
13.40 acres

Site description:
Rilang tsho is located in an area with steep cliff at its upper edge and a
gentle slope at its lower edge. Compared to other lakes, the periphery
of the lake has fewer boulders and screes. The lake is fed by the surface
water runoff from two smaller, upper lakes. It has its outlet at the lower
edge and water flow out from it. The lake appears very deep, clear and
no traces of pollution have been seen.

Historical Significance:
Local nomadic herders believe that a Rilang is found inside the lake, thus the lake is named as Rilangtsho.
(Dzongkha: Rilang = Guar) means Guar’s lake. However, the locals believe a Zholey (Yak breeding
bull) is found in it. This belief was sustained by spontaneous increase of yak population over the years
for those households owning pastureland along the Rilangtsho’s outflow stream. Plausibly, the rise of
yak production was due to the blessing of the breeding bull (Zholey) residing in the lake.The locals also
believe that the lake can be quite devilish if mistreated. In the past, the people of Dagana dzongkhag
faced a drought. All the necessary rituals were performed but it was all in vain, without a drop of rain. As
a last option, they polluted the lake by throwing feces, and carcass of horses and animals into the lake.
The lake responded with ferocious heavy rainfall, storm and hailstones which caused more harm to the
people than benefit. Later, it was observed that carcasses were thrown out of the lake.
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Name

Rinchen Sergi Yumtsho
Drone height 199 m
Latitude
27.308110
Longitude
89.726878
Altitude
4276 masl
Area
1.54 acres

Site description:
The lake is located in an area with steep terrain and a narrow
gorge. The periphery of the lake has boulders and screes. As
the lake is located in a narrow gorge, it is difficult to access
the lake. There is no visible surface water inlet and outlet of
the lake. However, it seems that water drains out as under
surface runoff from its lower area.

Historical Significance:
People of Gatshelo gewog under Wangduephodrang dzongkhag revered this lake as a sacred for their
community. The locals believe that if the lake is brimmed with water during the winter season, then the
Gatshelo community will have a good crop harvests for the year. However, if the lake is half-filled, it
signifies poor crop harvests for the year and the community people need to plan for alternative
livelihood sources. From the scientific perspective, the lake filled with water for the year directly
corresponds to adequate rainfall for the year, thereby increasing the crop yield. Agriculture crops are
considered as a precious source of sustenance for farmers, thereby the lake was named as a Rinchen
Sergi Yumtsho (A precious golden mother lake). The locals also believe that the lake displays a
burning butter lamp and stack of holy scriptures to a person of good karma and positive merit.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Sertsho_1
366 m
27.269205
89.701428
4406 masl
5.71 acres

Site description:
The lake is located in an area with a relatively gentler slope. The upper
edge of the lake consists of steep rocky terrain and a gentle slope at its
lower edge. There was not much vegetation in its peripheral area. Also,
there was no visible surface water inlet the feeds the lake. The lake
drains out water into the lower lake (Yutsho) through the outlet located
at the lower edge. The lake appears golden yellow in its peripheral area,
thus it is also known as Gold Lake (Sertsho).

Historical Significance:
It is believed that a person of noble birth, good merit and positive karma can see a golden thro (vessel)
floating in the lake. Also, the colour of the water appears light yellow resembling the golden colour.
More importantly, the lake is believed to have served as a golden store for Aum Jomo Dagam, thus; the
lake is named Sertsho, which means Golden lake. There are two smaller lakes at the left of the lake,
which believed to be the son and daughter of the Sertsho. The locals regard Sertsho as one of the sacred
lakes in Dagala mountain.

31

Name
Drone height
Latitude
Longitude
Altitude
Area

Sertsho_2
296 m
27.280096
89.706532
4440 masl
1.23 acres

Site description:
The lake is located at the base of the steep and rocky mountain of Jomo
Phodrang (Abode of Daga Jomo). The site is flat at the base to moderately
sloppy at its upper ridge. There is no visible surface water inlet to the
lake. The water discharge from its outlet contributes to the lake
(Dungkartsho1) located just a few meters from it. Water appears deep,
clear and no traces of pollution are found. However, some siltation was
found at the periphery of the lake.

Historical Significance:
The lake was named after the similar belief as Sertsho_1 - having seen a golden thro (vessel) in the
lake and also due to the yellowish colour of the water. The lake is comparatively smaller in size than
Sertsho_1.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Tatsho_1
356 m
27.251337
89.700834
4435 masl
1.43 acres

Site description:
The lake is located in an area with a steep slope and confined to a
narrow gorge. Except for boulders and screes, there is not much
vegetation nearby the lake. The lake receives water from the upper
catchment areas and there is no lake at the upper areas that contribute
water directly to this lake. Water discharge from this lake contributes
to the lake below ( Nyemjatsho_1). Water appears deep, clear and no
traces of pollution can be found in the lake.

Historical Significance:
The lake is located adjacent to Langtsho_1(Ox’s lake) and also shares the boundary to form a common
outlet. The Tatsho (horse’s lake) is named after a horse is believed to have resided inside the lake. The
locals believe that a neighbor Ox from the Langtsho_1 frequently attacked the horse, as a result, the
horse bequeath the lake and remained hidden in a small pond located a few meters away from the current
lake. The belief was further substantiated by a horse footprint imprinted on a boulder while migrating to
the small hidden pond.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Tatsho_2
193 m
27.278910
89.696855
4514 masl
1.29 acres

Site description:
The lake is located adjacent to Langtsho_1(Ox’s lake) and also shares
the boundary to form a common outlet. The area is flat in the lower area
and sloppy in the upper area of the lake. The lake receives water from
the upper catchment areas and there is no lake at its upper area that
directly contributes water to the lake. The lake appears shallow in the
lower area and much deeper in the upper area.

Historical Significance:
The lake is named after a horse was found inside the lake. Literally, the name means a horse’s lake. The
local nomads believe that in the past the lake was quite large, but it has dried up after Aum Tshomen
escaped to some other place due to frequent attack by the Ox from the Langtsho_2. The Langtsho_2 and
Tatsho_1 are located adjacent to each other.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Throtsho
162 m
27.259927
89.697646
4384 masl
0.1acres

Site description:
The lake is located in a very flat area. The lake has no direct source of
water from upper lakes and it seems the lake has been formed due to
the accumulation of runoff from the upper catchment areas. Except for
the center area, the water appears very shallow and muddy. The lake
drains out water from its outlet to the adjoining stream.

Historical Significance:
The lake is named after a thro (vessel) like structure found inside. During our fieldwork, we could vividly
see three Thro (vessel) like container in green colour inside the lake. The locals believe that person with
merit and positive karma can see copper vessels inside the lake. We were told that the lake denied the
sight of the vessel for the last few years, however, from this year onward the visitors can clearly see
the vessel-like structure dipping in the lake. Their belief was confirmed through our UAV image which
prominently showed a vessel-like container inside the lake.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Tshatsho
298 m
27.262252
89.699760
4377 masl
2.79 acres

Site description:
The lake is located in an area with a steep slope at its upper edge and
a flat area at its lower edge. The lake receives water from the lake
(Bjageytsho) and discharges water to the lake (Yutsho). Also, vegetative
growth, possibly algae bloom, can be seen at the bottom of the lake. The
lake appears relatively shallow compared to the nearby lakes. Aquatic
life such as fishes can be seen in the lake.

Historical Significance:
The lake was named after rock salt found in it. The locals believe that even the water tastes salty. The
lake is revered as the salt store for Aum Jomo and the locals observed that the lake served as the main
foraging and roosting habitat for Ruddy shelducks during the summer. Through our droning image, we
found a huge Ruddy shelduck shadow like image at the center of the lake, which seems to support the
local’s belief of the lake being Ruddy shelduck’s home.
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Name
Tsho Dorji
Drone height 281 m
Latitude
Longitude
Altitude
Area

27.262252
89.699760
4321 masl
2.15 acres

Site description:
The lake is located in a moderately sloppy area. The area nearby the
lake has a thick growth of shrubby vegetation such as rhododendron and
other plants. Also, its upper edge is dominated by rocky outcrops and
boulders. There are no lakes in the upper region that directly contributes
water to this lake. The lake receives water from its upper catchment
areas and drains water to the downstream lake (Tshochuchen). The
lake appears deep and clear.

Historical Significance:
The locals believe that the lake is shaped in Dorji (Vajra), thus, named as Tsho Dorji, which means a
Vajra’s lake.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Tshochu Tingrim
172 m
27.299945
89.723636
4197 masl
0.15 acres

Site description:
The lake is located in a flat area. The lake is relatively small
and water appears shallow in most of its area. However, water
appears very deep at the center of the lake and is confined to a
small area. Water is clear and no traces of pollution have been
found in the lake. There is no direct contribution of water from
other lakes to this lake. The lake seems to receive water from the
upper catchment areas.

Historical Significance:
The lake was relatively small and shallow with a long depth at the centre. The name of the lake has been
derived from the size and the depth. Even though the lake appears small in size, it is believed to have an
intense depth. Thus, it is named as Tshochu Tingrim, meaning a small lake with a long depth.
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Name

Tshochuchen

Drone height 374 m
Latitude

27.244192

Longitude

89.718129

Altitude

4232 masl

Area

4.91 acres

Site description:
The lake is located at the bottom edge of a steep ridge. The peripheral
areas of the lake are dominated by boulders and scanty shrubby
vegetation such as rhododendron and other plants. The lake receives
water from the upper lake (Tsho Dorji) and drains water from the
outlet as the surface water runoff. The lake appears deep and dark.
Water is clear and no traces of pollution can be seen. Also, the lake
forms the source of drinking water for yaks that graze in the nearby
pastureland.

Historical Significance:
The lake is believed to be shaped like an eye, thus; named as Tshochu Chen. Literally, it means a small
lake of the eye and in dzongkha, the chen is honorific for an eye.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Tshozhaw
253 m
27.272387
89.719467
4425 masl
0.13 acres

Site description:
The lake is located in a flat area and is easily accessible. The lake
receives water from the upper catchment areas and there is no lake that
directly contributes water to the lake. Also, no outlet was seen. The lake
is shallow and only appears deep at the center of the lake. Water is clear
and no traces of pollution have been found in the lake.

Historical Significance:
The lake is believed to be semi-permanent which gets dried out occasionally, thus; named as Tshozhaw.
the name means a blind lake.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Yaktsegortsho
252 m
27.283448
89.708242
4390 masl
0.31 acres

Site description:
The lake is located in a very flat pastureland. No visible surface
water inlet was seen. The lake drains out water from the outlet to
the adjoining small stream that contributes water to Dungkartsho1.
The lake appears ever deep at the center and much shallower at the
outer areas. Water appears clean and no traces of pollution have
been observed.

Historical Significance:
The lake is believed to be a pond for yaks to immerse for reducing body heat when there is scorching
heat from the sun during the summer grazing. Thus, it is named Yaktsegortsho, meaning Yak’s dipping
lake. The lake appeared to be shallow with a miniature depth at the center which makes a perfect dipping
pond for yaks.
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Name
Drone height
Latitude
Longitude
Altitude
Area

Yutsho
325 m
27.266830
89.698437
4331 masl
3.32 acres

Site description:
The lake is located at the base of the steep mountain ridge. Almost
two-third of its area is surrounded by ridges. The lake receives water
from Sertsho_1 and Tshatsho located at higher elevations. The lake
discharges water from its outlet to its adjoining stream. Water appears
every deep, clean, and no traces of pollution have been seen. The lake
has fishes.

Historical Significance:
The lake is believed to contain a turquoise and its color appears to be turquoise too, thus; it’s named
Yutsho (Turquoise lake). The lake is believed to have served as a turquoise jewelry store for Aum Jomo
and is also considered as one of the sacred lakes of Dagala since turquoise is an expensive jewelry. On
the other hand some locals believe the lake to be Aum Jomo’s Soelchu(drinking water pond).
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6. Conclusion
Our study mapped 30 high altitude lakes of Dagala mountain range for the first time using lowcost high-resolution UAV aircraft. The study contributes to document the baseline information on
the area, site characteristics and vegetation composition of high altitude lakes within the Dagala
mountain range. From the UAV images, high-resolution orthomosaics and 3D terrain models
were developed using Pix4D software. The use of UAV imagery not only obtained the lakes in
high resolution but also recorded the surrounding vegetation.
In recent years, the socio-cultural significance and aesthetic values of these lakes have attracted
many international, regional and local tourists. We documented the cultural significance of these
lakes and their associated social values. The lakes not only act as important watershed of four
dzongkhags but also play essential roles in elevating the livelihoods of nomadic pastoralists
under Dagala gewog.
Given the rugged terrain, high altitude lake mapping poses various challenges in terms of
accessibility, weather and altitude, thus; only a few wetlands have been studied in the past. More
importantly, the impacts of climate change on high altitude wetland ecosystems have not yet been
studied. Therefore, we envisage that this baseline information can be used for understanding the
changes of high altitude lakes dynamics in response to climatic and anthropogenic factors in the
future. We hope that our study contributes to scientifically understanding the high altitude wetland
ecosystems for effective conservation and management of the lakes. We suggest limnological
studies to be carried out while pursuing similar mapping studies for high altitude lakes in the
country.
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