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Abstract
As part of the JICA/JST Glacial Lake Outburst Floods (GLOFs) project, we carried out a social survey in
central Bhutan in 2010 to acquire fundamental information about local communities and means of communication in case of disasters.The surveyed areas were the Mangde Chhu basin, the target area of the project,
and the neighboring Punatsang Chhu and Chamkar Chhu basins. The survey was conducted interview-style,
using questionnaires to seek information from local governments, residential communities and schools. The
findings of the survey were as follows.
Some communities in the Mangde Chhu basin, especially temporary camps for construction workers
located on riverbanks, have a potential risk of human damage from GLOFs. In Zhemgang Dzongkhag, the
ratio of residents with no communication tools is very high (42%), compared with the other areas (0% - 13%).
Generally, traditional communities in Bhutan are safe from floods, including GLOFs. However, temporary
residents of local communities, such as people living in workers camps on riverbanks, are highly vulnerable to
floods. Accordingly, a concrete disaster mitigation plan, including off-limits zones based on accurate hazard
maps, is necessary. Also, early warning systems are very effective at mitigating damage from GLOFs. As for
devices to alert the residents, other than sirens and loudspeakers, radio and mobile phones are most appropriate because of their high ownership ratios. In general, schools are well equipped with communication tools,
and teachers have a good understanding of their local communities, thus, schools can act as a foothold for disaster mitigation measures providing regular disaster education to entire communities through their students.
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1. Introduction
Bhutan is a small country, but it has a diverse natural
environment – from subtropical plains to high Himalayan
ridges – and the disasters it encounters are similarly
diverse. Furthermore, due to the recent retreat of glaciers
in high mountain areas worldwide, formation and expansion of glacial lakes have also been reported in the
country (Bahracharya et al., 2007). Since these glacial
lakes were dammed by moraines, which are generally
fragile, many of them have a potential risk of glacial lake
outburst floods (GLOFs). As described below in Section
3, in October 1994, a GLOF that originated from the
Luggye glacial lake rushed 80 km downstream to the old
town of Punakha, killing more than 20 people and
destroying part of a local government building. The International Center for Integrated Mountain Development
(ICIMOD) has listed 24 glacial lakes in Bhutan with the
potential risk of GLOFs (Mool et al., 2001).
The JICA/JST GLOFs project has been launched to
mitigate the threat of GLOFs,. Its objectives are to
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evaluate the risk of GLOFs, create hazard maps and propose suitable early warning systems in the Mangde Chhu
area of central Bhutan (“Chhu” means “river”). As part of
the project, we carried out a social survey in central
Bhutan to acquire fundamental information about the
local communities, such as their location, size, GLOF
awareness of the residents and means of communication
in case of disasters.

2. Outline of the Survey Area and Methods
The survey was carried out from mid May to early
June 2010. Since the JICA/JST project targeted GLOFs
in the Mangde Chhu region, the Mangde Chhu basin, and
the neighboring two river basins, Punatsang Chhu and
Chamkar Chhu, were chosen as the study areas (Fig. 1).
Interviews were carried out at local government
offices, in communities and at schools, using different
questionnaire sheets prepared for each group (the
questionnaire items used for each group are listed in
Table 1). To avoid linguistic problems, and unnecessary
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Fig. 1 Location of study areas. The broken blue dotted lines show the Punatsang Chhu, Mangde Chhu and Chamkar Chhu areas, from left
to right. The black dashed lines show the borders of the dzongkhags with the locations of dzongs in red solid circles.
Table 1 Questionnaire items.
Que stionnaire ite ms fo r lo cal go ve rnme nt
1. Dzongkhag disaster prevention division
2. Disaster prevention measures
3. Disaster prone areas
4. History of disaster damage
5. Emergency information relay
Questio nnaire items for local reside nts
1. Basic social information
2. Knowledge of natural disasters
3. Ownership of information tools
4. Awareness of disaster prevention
5. Awareness of GLOFs
Que stionnaire ite ms fo r schoo l te ache rs
1. Basic social information
2. Knowledge of natural disasters
3. Ownership of information tools
4. Awareness of disaster prevention
5. Awareness of GLOFs

stress to the interviewees, the interviewers were
Bhutanese participants. In terms of administration,
Bhutan is divided into 20 dzongkhags (districts). The
survey was conducted in five dzongkhags (Punakha,
Wangdue Phodrang, Trongsa, Zhemgang and Bumthang).
Each dzongkhag consists of gewogs (villages), and
chewogs (settlements). The interviewees at the dzongs,
the local government offices of the dzongkhags, were
mainly officials in charge of disaster prevention. We also
attempted interviews in gewogs and chewogs as well,
although no such officials were posted in most cases.
Furthermore, we interviewed residents of communities that were specified as flood disaster-prone areas by

the local government. Naturally, these communities were
located along rivers. Teachers from schools that were
located near the rivers were also interviewed. In general,
the interviewees were principals or vice-principals of the
schools.
Additionally, where possible, on-site inspections
were also conducted. If a gauging station existed in the
area, available records of floods (hydrographs) were also
collected.

3. Results
3.1 Local governments
Table 2 shows a summary of the results of this survey,
based mainly on the interviews of local government
officials.
The following were commonly observed among the
local governments of the dzongkhags. The officials in
charge of disaster prevention were also assigned to other
posts, such as development, forestry or environment
divisions. Additionally, their terms at the post tended to
be relatively short. In case of an emergency, the officials
were charged with relaying the information to the gewog
personnel using either fixed-line phones or mobile
phones. In areas where such communication means were
not available, on-foot messengers were used instead.
In May 2009, when Cyclone Aila caused heavy
flooding in all three of the river basins, damage to workers camps, farmland, roads and bridges was observed,
although no human damage was reported.
3.2 Community Residents
Table 3 shows the statistical results of the questionnaire surveys of community residents.
Regarding occupation, in most areas, more than
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Table 2 Summary of the survey results.
Dzongkhag

Watershed

Phunaka

Phunatsang
Chhu

Wangdue

Phunatsang
Chhu

Trongsa

Mangde
Chhu

Characteristics of the Region

Other Notes

# DDM*1 implemented CBDRM*2 at the
# Farmlands, arterial roads and high school grounds
dzongkhag and gewog levels, and had planned
were inundated by Cyclone Aila.
to extend it to the chewog level.
# Roads on the left bank of the Phunatsang Chhu and
# DDM was implementing a "School Safety
three houses at Bajothang were inundated by
Plan" at schools.
Cyclone Aila. Many reports of inundation of
farmlands.
# DDM completed a flood hazard map along the
Phunatsang Chhu.

Disaster Prevention Measures

Disaster Prone Area

# Infrastructure such as roads and means of
communication such as fixed-line phones
were well developed.

# Phunaka experienced GLOFs in
1957, 1960 and 1994.

# The dzongkhags had activities to develop
disaster prevention awareness among local
residents.

# Electricity, fixed-line phones and mobile
services were unavailable in upstream areas.

# More than five bamboo shelters were on the lower
terrace along Mangde Chhu at Bjeezam.

# In the 1994 GLOF, more than
twenty workers were killed, and
part of the dzong and some houses
were destroyed.

# A worker’s camp was washed away by Cyclone
Aila at Yurmung.
# An arterial road was washed away by Cyclone Aila
for 1.5km in length at Yurmung, Langthel Gewog.
The road was blocked for 1.5 months.

Zhemgang

Mangde
Chhu

# Farmlands and roads near Takabi were washed
away by Cyclone Aila.

# Average household income in survey areas
was low.

# A natural dam was formed by debris flows at the
confluence of the Mangde Chhu and Chamkhar
Chhu. It had an outburst with a water level five
meters higher than usual.

# Average disaster prevention awareness of
local residents was low.
# Development of infrastructure such as roads
and means of communication was behind
that of other dzongkhags.

# DDM*1 implemented CBDRM*2 at the
# A landslide caused by Cyclone Aila killed six local
dzongkhag and gewog levels, and had planned
people picking Cordyceps in the headwaters area
to extend it to the chewog level.
(>4,000m a.s.l.) of the Chamkhar Chhu.
Bhumtan

Chamkhar
Chhu

# DDM was implementing a "School Safety
Plan" at schools.

# Farm roads, farmlands and wooden bridges were
washed away by Cyclone Aila.

# Electricity, fixed-line phones and mobile
# DGM had completed a flood hazard
services were unavailable in upstream areas.
map of the Chamkar Chhu, but the
local government hadn’t received it
yet.

# DDM completed a flood hazard map along the
Phunatsang Chhu.

*1 DDM: Department of Disaster Management, Bhutan.
*2 CBDRM: Community Based Disaster Risk Management.

Table 3 Statistical results from the questionnaires provided to community residents.
Dzongkhag
Category

Item

Punakha

Mobile Phone

Wangdue
Phodrang

Trongsa

Zhemgang Bumthang

Average

100%

100%

71%

39%

67%

0%

0%

5%

0%

0%

1%

Radio

75%

71%

85%

39%

97%

77%

TV

73%

57%

0%

6%

27%

24%

0%

13%

10%

44%

3%

13%

Agriculture

87%

100%

38%

83%

83%

74%

Occupation
Livestock
(multiple answers allowed) Shopkeeper

92%

31%

24%

61%

80%

66%

20%

13%

29%

6%

10%

14%

Government Employee

0%

40%

29%

0%

7%

10%

0 Nul

0%

0%

0%

28%

3%

7%

1-500 Nul

0%

0%

14%

44%

3%

13%

Ownership ratio of
information tools

Fixed Phone

No Tools

Income of household
(Nul/month)

501-5000 Nul

63%

67%

62%

22%

40%

46%

5001-10000 Nul

31%

33%

0%

6%

27%

17%
15%

10001-20000 Nul

6%

0%

24%

0%

20%

Above 20001 Nul

0%

0%

0%

0%

7%

2%

5,156

5,000

5,264

837

12,013

6,765

75%

100%

81%

68%

93%

83%

16

5

21

19

30

Total 91

Average
Awareness of GLOFs

71%

Yes

Sample Number

80 percent of the residents were engaged in agriculture if
cases in which agriculture was a side-job are included. In
most dzongkhags, the majority of monthly household
incomes range from 500 Nul to 5,000 Nul (100 Nul is
about 2.2 USD as of August 2011). Only in Zhemgang
Dzongkhag, downstream of Mangde Chhu, in the southern, low-altitude part of the survey area, more than half
of the interviewees’ household incomes were less than
500 Nul. On the other hand, the incomes of the residents
of Bumthang were considerably higher than in other
areas, which might be due to the area being popular
among foreign travelers, and some of the residents
having side-jobs picking Cordyceps fungi, which are
traded at a high price.
The ownership ratio of radios is very high in all areas,
and generally, the ownership ratio of mobile phones is
also very high, except in Zhemgang Dzongkhag and

upstream areas, where mobile phone networks are not yet
available. It is worth noting that the ratio of “no tools” in
Zhemgang Dzongkhag is therefore comparably high
(42%), compared with the other dzongkhags (0% - 13%).
On average, there was high awareness of GLOFs
among community residents (83%) – whether or not the
interviewee knew what a “GLOF” was. Even in
Zhemgang Dzongkhag, despite residents being considered less well informed, it was 68%. Surprisingly, in
Punakha, despite their experience of three GLOFs, the
most recent being in 1994, and the fact that most of the
interviewees were living on the banks of the Punatsang
Chhu, the awareness was comparably low (75%).
Concrete measures, such as having discussions on
disaster prevention among residents, had never been
taken in any of the communities.
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3.3 Schools
The results of the questionnaire survey of school
teachers are summarized as follows.
Some students were walking to school for more than
two hours each way, since some schools are in very
mountainous areas. Most schools had disaster education
and drills once a year. In Punakha and Bumthang
Dzongkhags, a School Safety Program is being enforced
under the leadership of the Department of Disaster
Management (DDM).
The schools were well maintained, and equipped with
communication tools, such as phones (either fixed-line or
mobile), modems and PCs. Additionally, most teachers
had a good understanding of the individual life circumstances of their students. Therefore, for example, they
were able to send messages to the students’ homes
instructing them not to come to school when Aila was
approaching in May 2009.
3.4 On-site inspections
The following is a summary of our inspections of sites
of past flooding.
The GLOF that originated from the Luggye glacial
lake in the Lunana area, on a weekend morning in
October 1994, killed more than 20 people in Punakha,
Punakha Dzongkhag. They were construction workers
who were camped on a riverbank of the Punatsang Chhu.
Furthermore, a part of the dzong wall was also destroyed.
At Bjeezam in Trongsa Dzongkhag, there were several bamboo shelters on the lower terrace of the bank of
the Mangde Chhu for construction workers, numbering
more than ten, and described by local community residents as “temporary residents,” most of whom were
absent when we visited. Perhaps the absence of their data
elevated the average monthly income of the region and
ownership ratio of information tools in Table 3. Although
Aila’s flood did not damage any of these shelters, the
water level came quite close to the terrace.
At Yurmung in Trongsa Dzongkhag, a worker’s camp

and an arterial road were washed away by Aila’s flood.
The planned site of a power station for a hydroelectric
dam that is scheduled to operate in 2015 is also in the
vicinity.
In the Thingtibi district of Zhemgang Dzongkhag, a
settlement in Takabi suffered damage to farmland from
Aila’s flood. Generally, the quality and extent of infrastructure, such as road networks and communications
systems in the area was poor, compared with other areas.
In all of the traditional Bhutanese communities we
visited, we observed no serious damage from Cyclone
Aila.

4. Discussion
Figure 2 shows hydrographs of the 1994 GLOF and
the rain flood caused by Cyclone Aila, observed at the
Wangdue Phodrang hydro-station (Tenjin, 2009), about
10 km downstream of Punakha. Cyclone Aila brought
record-high rain at most of the rain gauge stations in
Bhutan (Komori et al., 2010). It should be noted that the
peak water level of Cyclone Aila was slightly higher than
that of the 1994 GLOF. From the results of the field study
and preliminary satellite imagery analysis in this project,
the Luggye glacial lake, from which the 1994 GLOF
originated, is comparable in area and volume to other
large glacial lakes in the Bhutan Himalayas. Furthermore,
although further detailed studies are needed, Cyclone
Aila’s peak water level can be used as a good rough visual reference for possible peak water levels of GLOFs,
since it is similar in magnitude, though slightly higher
than that of the 1994 GLOF, and unlike GLOFs, flood
marks made by Cyclone Aila have been observed in all
three of the river basins. Applying this reference to the
observations of this survey, we could say that, generally,
traditional communities along the major rivers in Bhutan
are established on terraces high enough to be safe from
floods, including GLOFs.
However, recent development has sometimes put

Fig. 2 Hydrograph of the 1994 GLOF and Cyclone Aila at Wangdue, about 10 km downstream
of Punakha. Note that the peak water level of Cyclone Aila was slightly higher than that of
the 1994 GLOF, but the former's ascent was slower when compared with the latter.
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schools, roads, worker’s camps and power stations closer
to the rivers. In particular, temporary residents of local
communities, such as people living in worker’s camps,
were highly vulnerable to floods. Since they were not
familiar with the area, they did not have enough knowledge of the risks. The above-mentioned temporary residents of bamboo shelters in Bjeezam, and workers in the
workers camp in Yurmung in Section 3 are such examples. Such targets requiring protection, especially those
with the potential risk of human damage, are expected to
increase as the development of Bhutanese land expands.
Accordingly, a concrete disaster mitigation plan, including off-limits zones based on accurate hazard maps, is
necessary.
One should note that while Cyclone Aila brought very
heavy rains to the basins, its hydrograph in Fig. 2 shows a
relatively slow ascent to the peak, taking 14 hours. Thus
the residents living on riversides were warned by unusual
rain and the rising water itself. In contrast, the 1994
GLOF’s hydrograph took only 2.5 hours to reach its peak.
The difference can be explained in terms of a rain flood
occurring as a result of concentrated discharge of
precipitation from various points throughout the whole
basin, whereas a GLOF occurs due to a sudden failure of
a moraine damming a glacial lake, releasing a huge mass
of water to rush down the valley. Unlike a rain flood, a
GLOF is not accompanied by any precursors, so a GLOF
that occurs at night or early in the morning can be much
more hazardous. Perhaps, this was part of the reason
there were more than 20 victims of 1994 GLOF that
occurred in the early hours on a weekend. Currently,
procedures to relay emergency information between
local governments and the communities are established,
but they are not instantaneous processes, and are likely to
be disabled at night.
On the other hand, a GLOF originates from a high
altitude, in sparsely populated areas, and takes several
hours to reach downstream communities. If an early
warning system’s sensor near the glacial lake detected a
GLOF’s occurrence, community residents could be
warned hours before its arrival. Therefore, riverside residents could safely evacuate, even if the GLOF occurred
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at night, provided that they had been educated based on
the disaster mitigation plan.
As for devices to alert the residents, in addition to
sirens or loudspeakers, radio and mobile phones would
the most appropriate options because of their high ownership ratios in the study areas.
Punakha suffered a GLOF only 16 years ago. Despite
this, the survey shows that 25% of riverside residents
have no awareness of GLOFs. This highlights the fact
that even experience of such fatal disasters can be
forgotten without regular reminders, such as disaster
education. However, it is not easy to provide such
education to local community residents in a developing
country like Bhutan. On the other hand, as described in
Section 3, most schools have disaster education and drills
once a year.
The DDM has been promoting a School Safety
Program, since young students are the most vulnerable
members of the communities. However, based on this
survey, it can be suggested that schools could play an
even more important role in disaster mitigation in communities, since Bhutan has schools well distributed
throughout the country (Fig. 3), which are well equipped
with communication tools. Additionally, teachers have
very good understanding of their local community, since
they have close contact with their students. If careful
planning were done, teachers could provide regular
disaster mitigation knowledge through their students not
only to the parents, but to the entire local community.
Therefore, schools could be countrywide footholds for
disaster mitigation measures in communities in Bhutan.

5. Conclusion
This social survey was carried out in central Bhutan to
acquire fundamental information about the local communities and means of communication in case of
disasters.
In Yurmung, Trongsa Dzongkhag, construction
workers camps located on riverbanks were washed away
by record-high flooding caused by Cyclone Aila in May
2009. At Bjeezam, Trongsa Dzongkhag, also, the water

Fig. 3 Students at a school in a remote community.
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level of Aila’s flooding came quite close to bamboo
shelters of temporary residents.
In Zhemgang Dzongkhag, the ratio of residents with
no communication tools is high (42%) compared with the
other areas (0% - 13%). Infrastructure, such as road networks and communication systems is also not well
developed.
Generally, procedures to relay information between
local governments and communities are established,
although sometimes they include on-foot messengers.
On average, the awareness of GLOFs among community residents is high (83%). However, riverside residents in Punakha have comparably low awareness (75%),
despite having been hit by a GLOF only 16 years ago.
In general, schools are well equipped with communication tools, and teachers have a good understanding of
their local community. Most schools have disaster
education and drills once a year.
Judging from the flood marks of Cyclone Aila, traditional communities along the major rivers in Bhutan are
generally established on terraces high enough to be safe
from floods, including GLOFs. However, temporary
residents of local communities, such as people living in
workers camps on the riverbanks, are highly vulnerable
to floods. Accordingly, a concrete disaster mitigation
plan, including off-limits zones based on accurate hazard
maps, is necessary.
Although a GLOF takes hours to reach downstream
communities from the glacial lake, unlike a rain flood, a
GLOF is not accompanied by any precursors, and its rate
of water level rise is much faster. For this reason, early
warning systems that detect a GLOF’s occurrence at its
origin are indispensable. As for devices to alert the residents, other than sirens and loudspeakers, radio and
mobile phones are most appropriate because of their high
ownership ratios.
As shown by the rate of awareness of GLOFs in
Punakha, without regular reminding, people forget even
the experience of such fatal disasters. School teachers can
provide regular disaster mitigation knowledge to their
entire local community through their students. Therefore,
schools can be countrywide footholds for disaster
mitigation measures in communities in Bhutan.
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