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Abstract 
Maintaining proper preparedness for GLOF hazards and drawing attention to the task of mitigation are 

important goals, necessitating exploration of past cases of outbursts. The frequency of GLOF occurrences is 
still unknown, because major outbursts which cause significant damage downstream are rare and records have 
been kept on them for only the past several decades. We have to collect as much data on past outburst events 
as possible, including unpublished and previously unknown incidents. As is obvious in the traces of known 
GLOFs, an outburst event leaves typical topographical and sedimentological features, i.e., 1) V-shaped 
trenches, 2) huge debris fan depositions and 3) subsequent devastated river beds. Hence, these features can be 
used as proof of past outburst events. We describe the 2009 Tshojo flood as the most recent case of a GLOF in 
the Bhutan Himalayas. The flood, which was initiated by dam leakage and water splashing on the surface 
from en-/sub-glacial passage, was a potentially dangerous hazard. Attention to such outburst events from 
invisible sources will be required in the future. 

As for evaluating the frequency of GLOF incidents, besides the six cases reported in previous studies, we 
revealed a total of 15 other outburst cases in the Bhutan Himalayas using field survey data; Corona KH-4A, 
Hexagon KH9-9, Landsat7/ETM+, and ALOS/PRISM satellite data; and images from Google Earth. These 21 
cases were found on the Tibetan branch of the Kuri Chu, and the Chamkhar Chu, Pho Chu, Mo Chu and Soe 
Chu rivers. Lake outbursts at the foot of cliffs with hanging glaciers were the most frequent cases, accounting 
for ten of the GLOFs. Seventeen of the 21 cases occurred before the 1970s, while four cases were counted dur-
ing the period from the 1970s to 2010. Hence, the current frequency of outburst occurrences does not seem to 
have increased. Further research is urged, covering minor outburst events, and the scope has to be broadened 
at least to the Sikkim and Nepal Himalayas. 
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1. Introduction 

 
Glacial lake outburst floods (GLOFs), a form of 

natural disaster, are a serious issue in Bhutan and other 
Himalayan countries. Hazard mitigation work and 
awareness building have also been carried out in Bhutan. 
Nevertheless, fundamental information related to the 
GLOF issue, i.e., which rivers have hazardous conditions 
and which rivers seem to be safe, and how often GLOFs 
occur at present and may occur in the future, is still un-
clear. Fortunately, Bhutan has not experienced a severe 
GLOF disaster since the 1994 Luggye flood. Even so, 
previous studies have recorded six cases in the water-
sheds of major Bhutanese rivers (Fig. 1). In order to 
achieve disaster mitigation, we need a clear understand-

ing of where and how often such events have occurred in 
Bhutan in the past, through clear evidence. A considera-
ble number of studies have compiled GLOF records and 
their characteristics in the Tibet, Bhutan and Nepal 
Himalayas (e.g., Yamada & Sharma, 1993; Xu & Feng; 
1994). Further compilation work in this region by 
Richardson and Reynolds (2000) shows the chronologi-
cal frequency on the basis of a total of 33 records from 
the 1935 Tara Cho GLOF in Tibet to the 1998 Sabai Tsho 
GLOF in Nepal. According to their study in the 1990s, 
outburst incidents on average showed an almost biennial 
occurrence and their frequency was judged to be 
increasing toward the 1990s and the future. Regarding 
the global warming issue, such remarks on “frequent 
outbreaks” can be seen in various kinds of reports, gen-
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eral journals and newspapers. However, this frequency 
has not been reflected equally between the compilation 
data and actual cases in the last decade or more in the 
region. Such a discrepancy means it is impossible to 
estimate the frequency based on simple compilation of 
major GLOF records, because such major events, e.g., 
the 1994 Luggye flood, are a rare phenomenon. On the 
other hand, there is a possibility that relatively minor 
events have also been recorded recently due to moderni-
zation in rural areas around the Bhutan Himalayas. If the 
accuracy of this record has changed over the years, the 
earlier studies have a problem with consistency of data. 
Hence, to acquire the above mentioned “clear under-
standing,” further study with collection of a sufficient 
number of data is required. In this study, we show unre-
ported small incidents which were just moraine dam 
breach events without severe flooding in the lower 
reaches, using field- and satellite-data-based compilation. 
Furthermore, we consider the spatiotemporal tendency of 
outburst occurrences in the Bhutan Himalayas based on 
our compilation and recent published information. 

 
2. Study Area and Method 

 
The study area of the Bhutan Himalayas is the border 

region between Bhutan and China and the Kulha Kangri 
massif region on the Tibetan side (Fig. 1). This area 
encompasses the upper watershed of the Jamuna 
(Brahmaputra) River as well as inland rivers of southern 
Tibet. These rivers take their rise in the main Himalayan 
range and branching ridges, at altitudes ranging from 
4000 to 7500 m. There are several square kilometers of 
cirque glaciers and several valley glaciers of ca. 10 km2 
in the headwater watersheds. Most valley glaciers on the 

northern side of the main range and the Kulha Kangri 
massif simply flow to the north, whereas those on the 
southern side randomly flow to the south. The glaciers in 
the Bhutan Himalayas also show distinct retreat due to 
global warming (Ageta & Iwata, 1999; Karma et al., 
2003), and have many pro- and supra-glacial lakes in the 
same manner as the other eastern Himalayas.  

During our field surveys of some GLOF-devastated 
sites in the eastern Himalayas, we witnessed gaping val-
leys (V-shaped trenches) and obvious debris fans at the 
outwash of glaciers (noted as “V” and “F” in the photo-
graph of Fig. 2). These extraordinary landscape features 
made us realize that dam breaches had, in fact, occurred 
in the past. Furthermore, a bare river bed with volumi-
nous boulders could be seen downstream along the river 
(“D” in the photograph of Fig. 2). These particular types 
of topographies due to outbursts, especially moraine- 
dam breaches, have been described in numerous studies 
as typical traces of outbursts (Gansser, 1983; Vuichard & 
Zimmermann,1987; Clague & Evans, 2000; Dwivedi  
et al., 2000; Richardson & Reynolds, 2000; Osti et al., 
2010). Satellite photographs taken in the 1960s and 70s 
by US reconnaissance satellites Corona KH–4A and 
Hexagon KH-9-9, and subsequent satellite imagery, 
Landsat ETM and SPOT, have clearly and continuously 
captured such particular types of topographies. On the 
other hand, common melt-water naturally has sufficient 
force to cause erosion and deposition at the outlets and 
the outwashes of glaciers and glacial lakes. However, 
such small streams cannot create (1) sharp and uniform 
V-shaped trenches, (2) huge debris fan depositions and 
(3) subsequent devastated river beds. Hence, the differ-
ence between breached and non-breached moraine dams 
has to be identified by the above three types of evidence 

 

 
Fig. 1 Study area and locations of reported GLOF events in previous studies. Red circles and four-digit 

numbers show the locations and the years of outburst occurrence. The red star indicates Luggye 
Tsho, which was breached in 1994. Yellow circles are the locations of outbursts of which the year 
of occurrence is unknown. The blue circle is the location of the Tshojo glacier. The red letter “L” 
indicates Lhedi Village. K.K. is the Kulha Kangri massif. 



 Glacial Lake Outburst Events in the Bhutan Himalayas 61 
 

 

in field surveys and satellite photographs/imagery  
(Fig. 2). In this article, we have extracted traces of 
breaches from satellite data and field information. 

 
3. The Latest GLOF Event in Bhutan  

 
Prior to illustrating the results of our selection, we 

will describe an outburst case involving the Tshojo glac-
ier in 2009, because it is the most recent event in Bhutan 
and previously unreported in general. 

 
3.1 Outline of the Tshojo flood 

The Tshojo glacier is a typical debris-covered glacier 
and the largest glacier on the southern side of the Bhutan 
Himalayas. At 3 AM on the 29th of April 2009, a basic 
health unit staff member of Lhedi Village in the Lunana 
region (‘L’ in Fig. 1), which is three kilometers down-
stream from the terminus of the Tshojo glacier, heard a 
roaring sound from the main Pho Chu river (“Chu” 
means water or river in Bhutanese language). He subse-
quently observed flooding in the Gotey Chu (Fig. 3, 
lower left), which comprises the outlet of the glacier and 
is a western tributary of the Pho Chu. This was the first 
observation of any unusual discharge from the Tshojo 
glacier. Subsequently an alert from the staff was sent out 
via a radio transmission and personal cell phones to citi-
zens who lived in Punakha City, approximately 70 km 
downstream, so they could keep watch on the Pho Chu. 
On hearing the warning, some citizens tried to evacuate 
with their belongings, because they had previous experi-
enced a flood hazard in 1994 due to an outburst in the 
Luggye Tsho in Lunana. Fortunately, however, there was 
no damage, even along the murky and swollen river. This 
was the first occurrence of possible trouble since the 
1994 GLOF. Compared with a few days earlier, a dis-
charge meter in the Pho Chu recorded less than approxi-

mately 0.5 million m3 of flood water. This value certainly 
shows a suddenly increased discharge volume from the 
Tshojo glacier, because the records in the other watershed 
areas were static during this period.  

The topographical and sedimentological evidence 
which was acquired by PRISM (Panchromatic Remote- 
sensing Instrument for Stereo Mapping) onboard the 
ALOS (Advanced Land Observing Satellite) and field 
surveys in 2009 and 2010 shows deep eroded channels on 
the lower end of the glacier, and spreading debris in front 
of the outlet and along the riverbed of the Pho Chu  
(Fig. 3A). These characteristics prove that some flood 
event occurred on the lower part of Tshojo glacier. 
Further sedimentological and geomorphological aspects 
are as follows: 
1) There are debris lobes with partly reverse-graded 

sand gravel at the bottom of the newly opened wide 
channel (Fig. 3B).  

2) The lobes overflow the bank of the channel and 
bushes on the glacier, as well as the junction of the 
Gotey Chu and Pho Chu.  

3) The channels suddenly vanish on the upper side.  
4) Small mounds with crater-like hollows on the top 

remain (sand/gravel volcanoes) at the bottom of the 
upper end of the channel (Fig. 3C).  

5) These mounds consist of well sorted sand and fine 
depleted gravel sediments. 

6) The sandy units show massive facies, indicating that 
the units were formed by a short-term event. 

7) A fresh ice wall was exposed at the terminus of the 
Tshojo glacier in 2009, whereas that part as well as 
the adjacent slope was almost covered by talus debris 
by 2010. 
Aspects 1 and 2 prove that some debris flow occurred 

on the glacier. Aspects 3, 4 and 5 show that the debris 
flow originated from a sand/gravel fountain with a large 

 
 

Fig. 2 Schematic view of the three proofs for identification of past outburst events. The 
lower left photograph shows an actual case of proof of outburst from the Tarina 
glacial lake. 
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amount of flood water from underground, i.e., via 
englacial or subglacial channels. The well-sorted units 
may have been left due to blown water in the final phase 
of the flood. 

 
3.2 Source of the flood water 

Figure 3 shows the schematic sequence of the esti-
mated model based on the above-mentioned facts in 
connection with the Tshojo outburst event. In the field 
survey of 2010, we could find fresh traces of water 
lowering in supraglacial lakes at 1.3 and 4.7 km upstream 
from the glacier terminus (lakes X and Y in Fig. 3). These 
bowl-shaped depressions show that lake water had emp-
tied in recent days. ALOS/PLISM (January 17, 2010) 
satellite data also show shrinkage of these water areas. 
However, the estimated volume of the empty lake ponds 
is insufficient for estimating the discharge volume. We 
could not obtain reliable evidence of the source of the 
flood water. After the field survey, a remote sensing 
analysis using ALOS/ PALSAR data (March 3, 2009 and 
July 23, 2009, which are before and after the event), 
showed the abrupt disappearance of a supraglacial lake 
with a radius of 300 ~ 500 meters at 5.5 km upstream 
from the outlet (Lake Z in Fig. 3) (Yamanokuchi et al., 
2011). This lake grew abruptly after 2008 and its  
area finally expanded by a factor of at least three (ca. 

60,000 m2). These lakes provide strong evidence of an 
outburst event as the source of the water, sand/gravel 
fountains and debris flow.  

A similar sudden discharge event on a debris covered 
glacier has been documented in previous studies, i.e., the 
GLOF at the Lipmoshar glacier, central Nepal, in 1991 
(Yamada & Sharma, 1993; Fujiwara & Gomi, 1995). The 
1977 GLOF in Mingbo Valley, eastern Nepal, which was 
described as a moraine failure (Fushimi et al., 1985), can 
also be considered an outburst of a supraglacial lake on 
the Nare glacier, because the source of the flood in the 
1962 Corona satellite photo and recent satellite data 
seems to have been in the debris-covered part of the Nare 
glacier rather than a proglacial lake with a moraine. 
Furthermore, such expansion and shrinkage of supra-
glacial lakes had been well studied on the Ngozumpa 
glacier, one of the biggest glaciers in the eastern Nepal 
Himalayas (Benn et al, 2001). 

As mentioned above, the cause of the Pho Chu flood 
in 2009 has been revealed to be an outburst event from 
supraglacial lakes on the Tshojo glacier. This event also 
formed the topographical and sedimentological charac-
teristics of an outburst, i.e., a V-shaped trench and debris 
fan. Hence, this event is equated to past outburst events 
which are featured in this study, although the scale of the 
disaster was small. 

 
Fig. 3 Photo A: a fresh debris fan (lower center) and V-shaped trench (middle left) at the terminus of the Tshojo 

glacier. The Pho Chu and Gotey Chu meet at the lower right. Photo B: 80 cm thickness of fresh debris lies on 
the original ground surface. The flood sediment partly shows reverse-grading and fine-depleted fabrics. Photo 
C: a sand and gravel mound near the upper end of the channel, which is a source of debris flow. A small 
amount of water remains at the bottom of the funnel (middle right). Lower half: an explanatory diagram of the 
2009 Tshojo flood. The water conduit (blue colored channel in the diagram) is tentatively placed at the middle 
depth of the ice.  
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4. Outburst Events in the Bhutan Himalayas 
 
Besides the six reported cases in the previous study, 

15 outburst cases were found using field and satellite data 
in the Bhutan Himalayas. Figures 4 - 18 illustrate these 
outburst cases. Table 1 lists location data, present condi-
tions, materials used in distinguishing outburst events, 
dates of events and probable outburst triggers. The loca-

tion type "cliff foot” (e.g., Fig. 6) means the lake was 
located at the foot of a steep cliff with a hanging glacier. 
Such a condition is similar to that of the “proglacial lake” 
type, but, this topographical condition distinctly differs 
from that of a typical proglacial lake, which is in direct 
contact with the glacier snout in a horizontal orientation. 
Table 2 explains the impact of each outburst  downstream 
and gives additional information on each event. 

 
Fig. 7 Bird’s-eye view of a breached lake 3 km west of Tomo La. 

The base image is copyright of Google Earth. The length 
of the lake is approximately 1.7 km. 

 

 
Fig. 8 Corona satellite photo of Simdong Goi Tsho. The width of 

photographed subject is approximately 1.5 km. 
 

 
Fig. 9 Corona satellite photo of a glacial lake in the northern 

Gangju La pass. The width of photographed subject is 
approximately 3 km. 

 

Fig. 4 Corona satellite photo of northern Jichudrake. The width 
of the photographic subject is approximately 5.5 km. 

 

 
Fig. 5 Corona satellite photo of southern Jomohari. The width of 

the photographic subject is approximately 700 m. 
 

Fig. 6 Field view of the upper Chokham Tsho. Photo taken in 
May 2011. The width of the moraine is approximately 
500 m. The glacier ice on the steep cliff is also distinct. 
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4.1 Distribution and topographical features of 
lake outbursts 

The compiled data of past outburst cases make it possible 
to discuss their spatial characteristics, i.e., GLOF prone 
areas in the Bhutan Himalayas. According to the listed 
cases, nineteen instances are found along the border with 
Bhutan and China, i.e., the main Himalayan range (Fig. 
19). Another two cases, one of an unnamed lake and the 
other of the Gangri III lake (index number 21 and 9 in 
Table 1 and Fig. 19), are located along the ridges dividing 
the Kuri Chu and Chamkhar Chu, and the Pho Chu and 
Mo Chu, respectively. Looking at individual watersheds, 
the Pho Chu basin and the Tibetan side (beyond the 
watershed of Bhutanese rivers) had the largest number, 
with five cases, followed by four cases on the Tibetan 
side of the Kuri Chu, three cases along the  

Chamkhar Chu and two cases along the Mo Chu and Paro 
Chu (Soe Chu). Despite the the presence of glacial lakes 
in various other glacierised areas, there are no outburst 
records in the following watersheds: Jaidakha Chu, Amo 
Chu, Ha Chu, Thimphu Chu, Mangde Chu, Dangme Chu, 
Nara Ama Chu and Dhansiri Chu (Fig. 1). As for varia-
tion by elevation, outburst cases are seen at altitudes from 
4,200 m to 5,200 m with a peak from 4,700 m to 4,900 m. 
This elevation range corresponds to the major range of 
glaciers existing in the Bhutan Himalayas.  

We also attempted to categorize these cases according 
to outburst triggers. Based on the features of the 
topography surrounding the lake and its relation to the 
glacier ice, the 21 listed cases could be classified into the 
following three main categories: type 1) plunging of 
glacier ice down a cliff foot, type 2) glacier advance or  

 
Fig. 10 Corona satellite photo of a lake with Huang Tsho (right) 

and Sangwang Tsho (left). The width of photographed 
subject is approximately 6 km. 

 

 
Fig. 11 Field view of the outlet of Luggye Tsho. Photo taken in 

September 2009. 

 

 
Fig. 12 Corona satellite photo of Poge Tsho. The width of photo-

graphed subject is approximately 2.5 km. 

 
Fig. 13 Bird’s-eye view of the upper Jiejiu Tsho. The base image 

is copyright of Google Earth. The width of photographed 
subject is approximately 2 km. 

 

Fig. 14 Bird’s-eye view of Upper Shegong Tsho. The base image 
is copyright of Google Earth. The width of photographed 
subject is approximately 2.5 km. 

 

 
Fig. 15 Corona satellite photo of the Cuoalong glacier. The width 

of photographed subject is approximately 12 km. 
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calving at the snout of a proglacial lake, and type 3) ice 
deformation around a supraglacial lake. Type 1, as 
represented by the cases of the 1957 GLOF at Tarina 
Tsho (Fig. 2 and index No. 8 in Fig. 19) and Upper 
Chokham Tsho (Fig. 6 and index No. 5 in Fig. 19), is the 
most common outburst condition (ten cases, 48%). These 
outburst cases seem to be triggered by ice plunging into 
the lake from hanging glaciers or unstable glaciers atop 
cliffs. The next most common condition, with seven 
cases (33%), is type 2, which is represented by the case of 
the Sangwang Tsho GLOF in 1954 (Fig. 10 and index No. 
11 in Fig. 19). The three occurring at the headwaters of 
Tibetan rivers were triggered by glacier advance and/or 
large glacier calving upstream of the lakes. Furthermore, 
the triggers of two outbursts in proglacial lakes, Luggye 
Tsho (Fig. 11 and index No. 14 in Fig. 19) and the 
Cuoalong glacier (Fig. 15 and index No. 18 in Fig. 19) 
seem to be a landslide and/or ice avalanche in each case 
(Komori et al., 2005; Fujita et al., 2008). The triggers of 
the remaining two cases are unknown. As for the third 
category, two cases (10%) involving supraglacial lakes, 
the Tshojo glacier flood in 2009 and the Chubda Tsho 
outburst appeared to be triggered by ice deformation of 
one or more supraglacial lakes. The ice avalanche and 
calving which were defined as the major triggers (53% of 
the total) in Richardson and Reynolds (2000) correspond 
to the above mentioned “type 1.” On the other hand, we 
could find no apparent outburst cases due to moraine 
failure and collapse among these 21 cases. While there is 
insufficient previous evidence, moraine failure has been 
considered as a scenario for triggering a deadly GLOF at 
Thorthormi Tsho in Lunana. Hence, further research and 
compilation work is required concerning such categori-
zation of lake conditions and triggers of outbursts,.  

 

  
Fig. 19 Locations of the outburst events based on compilation work of the present and previous 

studies in the Bhutan Himalayas. The numbers correspond to the index numbers in 
Tables 1 and 2 and Fig. 20. The numbers 8, 11, 14, 18, 19 and 21 indicate recorded 
events, with dates of outburst (Fig. 1) noted in Gansser (1983), Xu and Feng (1994), 
GSB (1998), Karma and Taman (1999) and Komori et al.(2005). The outburst 
occurrences of numbers 4, 5 and 6 were recognized by Ageta and Iwata (1999) and 
Chiyuki Narama (personal communication in 2011 June). 

Fig. 16 Field view of the outlet of Tarikha glacier. Photo taken in 
July 2010. The width of the photographed subject is 
approximately 500 m. 

 
Fig. 17 Field view of the Chubda glacier. Photo taken in July 

2010. The width of the moraine is approximately 600 m. 

 
Fig. 18 Vertical view of the upper Gangri Tsho. The base image 

is copyright of Google Earth. The width of the 
photographed subject is approximately 1.1 km. 
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4.2 Temporal tendencies of outburst occurrences 
Ten of the 21 cases of occurrence years could be de-

fined as between the 1950s and 2009 according to the 
data of this and previous studies (Table 1). As for the 
remaining eleven cases, we conclude these to have 
occurred before 1966, because landscapes subsequent to 
outbursts were already captured in 1966 Corona satellite 
photographs in each case. These outbursts had occurred 
from the inside of moraine ridges which were most proxi-
mal to the glacier ice. Hence, the breached lakes may 
have appeared after the termination of the Little Ice Age, 
which is generally accepted as the middle of the 19th 
century and may mark the beginning of the ongoing 
period of glacier shrinkage. This means that these out-
burst events, especially the eleven cases the ages of 
which are unknown, must have occurred from the middle 
of the 19th century to the 1960s.  

Figure 20A shows the chronological distribution of 
outburst occurrences in the Bhutan Himalayas in accord-
ance with the above evidence. The distribution clearly 
shows that of all the recorded cases, 17 occurred dis-
proportionately before the 1970s, whereas the occurrence 
tendency in the last 40 years seems to have dropped or  
at least not increased compared to before the 1970s. 
Figure 20B shows the frequency of GLOFs in Nepal, 
Bhutan and Tibet, based on previous studies, to the best 
of our knowledge. With reference to the most recent 
event in this region, previous studies have mentioned it as 
the 2003 and 2004 Kawache GLOF in the northern 
headwaters of the Madi River at the southeastern foot of 
the Annapurna Massif in Central Nepal (Ghimire et al., 
2005; Shakti, 2009). However, according to satellite 
image observations (Nov. 8, 2004 Landsat ETM; Dec. 13, 
1999 Landsat ETM; and Jan. 2, 2004 SPOT ), these flood 
events were not caused by lake outbursts but rather glac-
ier avalanches, since the lake showed stable conditions at 
those times and the flood marks ran down from a trace of 
an avalanche on the right bank of the eastern headwaters 
of the Madi River. The latest event should be considered 

the 1998 Sabai Tsho GLOF in the Khumbu Himalayas. 
Therefore, an increasing tendency of GLOF occurrences 
becomes hard to verify. However, since the evaluation of 
natural hazards is a sensitive subject and difficult to pre-
dict, this issue warrants further discussion with additional 
surveys. 

 
5. Conclusion 

 
In order to confirm the tendencies of GLOF occur-

rences in Bhutan, we investigated the most recent cases 
of GLOFs and minor outburst events in the past. Con-
cerning the latest event in Bhutan, the Tshojo Glacier 
flood in 2009 is mentioned as an outburst event from 
supraglacial lakes. The flood, which was initiated by lake 
water leakage, and water splashing to the surface via an 
en-/sub-glacial passage, points out a potentially danger-
ous hazard. The discrepancy in the estimated flood 
volume between observations and remote sensing data 
has been unsettling. There is a possibility that discharg-
ing of minor swollen water from one or more supraglacial 
lakes which could not be detected by water gauges, 
continued in the days following the 29th of April. In any 
case, attention to such outburst events from invisible 
sources will be required in the future. 

As for evaluating the frequency of GLOF incidents in 
the Bhutan Himalayas, a total of 15 outburst cases were 
recognized along with their years of the occurrence. A 
total of 21 outburst cases, including  some with published 
data, were found from the Kuri Chu Tibetan branch, 
Chamkhar Chu, Pho Chu, Mo Chu, Soe Chu and the 
Tibetan side of the northwestern border. About half of 
them were generated at the foot of cliffs with hanging 
glaciers. According to our investigation of various satel-
lite photographs and imagery, 17 of these occurred 
between the 19th century and the 1960s. On the other 
hand, there were only four cases of outburst incidents in 
the last 40 years. Hence, the frequency of outburst 
occurrence does not seem to have increased. For accurate 

Fig. 20 Occurrence tendencies of GLOF and outburst events. A:. outburst cases in the Bhutan Himalayas (this study). B: recorded 
GLOFs in the Himalayan Mountains of Nepal, Bhutan and Tibet (in previous studies). 
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preparedness and attention to GLOF hazard mitigation, 
field surveys and remote sensing research intended to list 
minor events have to be broadened to include at least the 
other areas of the eastern Himalayas. This would make it 
possible to discuss the conditions of outburst occurrences 
and triggers with sufficient evidence. 
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