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CLIMATE CHANGE COUNTRY RISK ASSESSMENT 

A. Introduction 

1. Bhutan’s main development policy is guided by the concept of Gross National Happiness 
(GNH), with four main pillars of development that include: (i) equitable and sustainable 
socioeconomic development, (ii) environmental protection, (iii) cultural promotion, and (iv) good 
governance. The country continues to formulate policies that will ensure that natural resources, 
which are closely linked to their cultural heritage, are well protected.  
 
2. Bhutan is a small landlocked country situated on the eastern end of the Himalayan 
mountain range, covering about 38,394 square kilometers (km2). Elevation ranges from 100 m 
in the south to more than 7,000 meters (m) in the north with the Kulha Gangri (7,544 m) as the 
highest point. Climate varies with altitude as year round snow in the north, heavy monsoon rains 
in the west, drier but temperate central and eastern areas, and humid and tropical in the south.1 
Annual monthly temperature in Bhutan ranges from sub-zero to 18 Celsius (oC); while rainfall 
ranges from zero to 425 millimeters, highest mostly in July.2  

 

3. Bhutan is currently a net negative emitter of greenhouse gas (GHG), and tallied in ─4.8 
million tons carbon dioxide equivalent in 2000.3 The country aims to maintain this status despite 
striving to develop its economy. Awareness of the country’s vulnerabilities to climate change 
impacts is high, and the government is proactively responding by formulating and implementing 
policies that will both mitigate and help the country adapt to the impacts of climate change.  

 

B.  Climate Change Impacts on Bhutan 

 

4. The Intergovernmental Panel on Climate Change estimates that by 2100, South Asian 
countries, including Bhutan, will experience increase in average temperatures, with increases in 
daily minimum and maximum temperatures, mostly taking place at higher altitudes. A 5% 
decrease in precipitation is expected during the dry season, and an 11% increase during the 
wet season is expected in the long-term. Current evidence shows that Bhutan will experience 
more extreme weather events (both more extreme and with increased frequency), but impacts 
are likely to be incremental in the near future and will only become more evident in the coming 
decades (NEC, 2009). The actual severity of the impacts will depend on the country’s 
vulnerability, which is mostly a function of poverty level, governance, capacity, remoteness and 
resource management, among others (NEC, 2009).  
 
5. Bhutan has been experiencing frequent hydro-meteorological and geological disasters 
such as glacial lake outburst floods (GLOFs), earthquakes, landslides, windstorms, forest fires 
and the like. Currently, climate-related impacts are evident in the melting of the glaciers and 
attention is being given to the risk of GLOF, which occurs with regularity in the valleys and in 
low lying river plains. Bhutan has a total glacier cover of 1,317 km2. There are 2,674 glacial 
lakes and 24 have been identified as potentially dangerous that could pose a threat in the near 
future. Incidence of GLOF occurred in 1957, 1960 and most recently in 1994 (with the failure of 

                                                           
1
 United States Library of Congress Country Studies. 1991.  

  http://lcweb2.loc.gov/cgi-bin/query/r?frd/cstdy:@field(DOCID+bt0027). 
2
 Figures are average for 1990─2009. The World Bank. Climate Change Knowledge Portal. 

3
 As per estimate submitted by NEC (2011) to the United Nations Framework Convention on Climate Change 
(UNFCCC) and includes LUCF (land-use change and forestry), the figure is an improvement from 2.2 million tons in 
1994.  
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the moraine dam at Lugge Tsho) (Ghimire, 2005). The average rate of glacial retreat in Bhutan 
from 1963 to 1993 is estimated to be about 2m per year vertically and about 7m per year 
horizontally, with 8.1% area shrinkage in 66 selected glaciers in 30 years. Rising temperatures 
have caused much accelerated glacial melting and the subsequent increase in glacial lake 
storage volumes, and the results are significant aggravation of the risks of GLOFs.4 
 
6. The most severe floods reported in the past have been GLOFs, which are among the 
most serious natural hazard potentials in the country. Projected increase in annual mean 
temperature within the cryosphere of the country by the global climate model ensemble is above 
2.8oC. Dry season temperature (November to March) is projected to increase by as much as 
3.4oC (2.9oC on average). Analysis using satellite images shows a decrease in snow cover in 
the eastern Himalayas by 24.6% from 1970s to 2000.  
 
7. Monsoon brings torrential rains from June to September. Western Bhutan is particularly 
affected by monsoons which bring between 60% and 90% of the region's rainfall annually. Flash 
floods are triggered by monsoon rains particularly in the southern Bhutan along the border with 
India where the terrains are intensively dissected with deeply eroded, steep and closely spaced 
gullies, gorges and river valleys, combined with low permeability or saturated soils. Flash floods 
produce the most damage in urban areas. Landslides are also of annual occurrences in the 
southern and eastern foothills during the monsoon season due to steep slopes. Landslides also 
lead to the unstable formation of natural dams and lakes, which later burst as their structure 
fails.  
 
8. Bhutan has also been severely hit by a storm in 1995 that affected 65,000 people and 
left 17 dead. For a country with a population of around 733,000 (NSB, 2013), this number is 
quite significant. The country has also had two devastating flash floods, one in 1994 and 
another in 2009 (GNHC, 2011; Paliwal, 2013). The current rapid urbanization in Bhutan─about 
one-third of the Bhutanese already live in urban areas─compounds the country’s climate 
challenge. The severity of these impacts has yet to be determined.  
 
C. Sectoral Climate Change Risks  

9. Impacts are also expected to be felt in the agriculture, energy (hydropower), 
infrastructure and health sectors, with the severity of the impacts still uncertain but potentially 
serious (NEC, 2009). Precipitation patterns will be erratic, which could lead to flash floods and 
drought in the dry season in combination with lower glacier run-off (NEC, 2009).   
 
10. Water and other urban infrastructure and services. With increased mean 
temperatures, water availability for drinking and sanitation will be reduced (leading to water 
scarcity). Flooding incidences would cause damage to infrastructures (including hydropower 
plants, irrigation systems, power lines and roads), and human settlements, as well as reduce 
water quality. 
 
11. Agriculture, natural resources and rural development. Water security is heavily 
threatened in the country, affecting agricultural production, as climate change poses the risk of 
water shortage5 (affecting irrigation), change in crop diversity, delayed sowing with shifting 

                                                           
4
 Information from Bhutan’s National Paper on Biodiversity Persistence and Climate Change. 2011. 

5 The country’s Human Development Report (GNHC, 2011) reveals that water shortages occurred in 11 out of 28 

urban centers and future water constraints were possible in additional 7 towns by 2013. However, localized water 
shortages occur in various areas due to growing population and not exclusively by extreme dry periods (drought). 
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seasons, decrease in agricultural yield (loss of production and quality) as brought about by 
drought, loss of soil fertility due to erosion and loss of nutrient due to seepage, and increased 
risk from existing and new diseases and pests. Rice growing areas will also be heavily affected 
and with the possibility of increasing temperature, agro-ecological zones are expected to shift 
northward and to higher altitudes (GNHC, 2011). Thirty-five per cent (35%) of respondents in a 
2007 household survey was reported to be experiencing food shortages, and over half of these 
have inadequate food for at least four months of the year (GNHC, 2011).6 Drought can only 
aggravate the food supply situation in the future.  
 
12. Forest lands and biodiversity are also at risk, with increased risk of forest fires brought 
about by a combination of drought and increased lightning strikes, changes in wildlife migration, 
and loss of biodiversity, all of which would increase ecosystem vulnerability. Bhutan is prone to 
frequent forest fires which mainly occur during the dry winter months (November to April) and 
brought about mainly by the burning of crop residual. Risk of forest fire is likely to be aggravated 
by the projected rise in temperature and reduced fuel moisture content during the dry season. 
Changes in phenological characteristics of plants are also likely. Soil erosion causing landslides 
can result in habitat loss and irreversible land degradation.  
 
13. Energy. With increased frequencies of drought and flooding, sedimentation can result, 
which would not only affect agriculture but also hydropower. Furthermore, hydropower 
generation is likely to decline with reduced precipitation in the long run,7 although in the shorter 
term this may be balanced or compensated by glacier melting.8 Most hydropower plants 
constructed in Bhutan are of run-of-river type (as opposed to storage type) and are therefore 
highly dependent on natural run-off and susceptible to climate change and variations. Overall, 
this will also affect export of electricity, which is the main driver of the economy. Flooding will 
also lead to siltation of water ways and the filling-up of hydropower reservoirs, which can cause 
costly damage.  
 
14. Health. With changes in temperature and weather patterns, risk of increased incidences 
and expanded range of vectors for malaria, dengue, and water-borne disease from 
contaminated reservoirs used for drinking water are likely. GLOF would increase risk of mortality 
and occurrence of serious injuries. If problems in agriculture are not abated, food shortage can 
cause malnutrition and poor health of citizens overall.  

 

15. Transport. Registered vehicles in Thimphu and Phuentsholing grew rapidly from only 
13,600 in 1997 to 62,707 in 2012. This rapid growth can only signal increasing carbon dioxide 
emissions for the country. The current pace of road development falls short of the growing 

                                                                                                                                                                                           
The long term mean annual flow of the entire country is estimated at 73,000 million cubic meters (m

3
); current per 

capita mean annual flow availability is 109,000 m
3
; and per capita minimum flow availability is 20,000 m

3
. Estimates 

suggest that 422 million m
3
 of gross consumptive water was needed to meet demand in 2002. This demand is 

forecasted to grow to 541 million m
3
 by 2022. Irrigation demand accounts for 93% of the total demand. On the other 

hand, current municipal demand of 2.3% is expected to increase to 3.7% by 2012 and 7.0% by 2022 with the 
growth of population. 

6
 The survey was conducted by the Planning Commission in 2007 for their report on Bhutan Millennium Development 
Goals–Needs Assessment and Costing Report. 

7
 The Climate Change Knowledge Portal of the World Bank Group shows that average monthly temperature and 
rainfall in the country from 1900 to 2009 did not vary significantly, albeit incremental increases in temperature and 
lower precipitation are noticeable.  
(http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate&ThisRegion=Asia&ThisCCo
de=BTN). 

8
 United Nations Development Programme. 2014. http://www.adaptationlearning.net/bhutan/profile. 
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demands of vehicles. Roads built must be climate resilient to meet the extreme temperature 
changes and to carry the traffic volume. 
 
16. Overall assessment. Germanwatch (2013) ranks Bhutan 143rd on its Climate Risk 
Index of 2012 out of 178 countries.9 The index indicates a level of exposure and vulnerability to 
extreme events that countries should interpret as a warning to be prepared for more frequent 
and/or more severe events in the future. The index is based on the most recent data available 
from 2012 of weather related events and losses (in terms of deaths and percentage of gross 
domestic product). Bhutan being ranked low shows that it is one of the least affected countries 
in 2012 together with the countries of Hong Kong, China; Qatar; Equatorial Guinea; and Sao 
Tome and Principe. This index is, however, based on the past data and cannot be used as a 
basis for extrapolation of climate impacts. 
 
17. On the other hand, the Global Adaptation Institute (GAIN) index (2011) places Bhutan at 
117th out of 177 countries (with a score of 54.5) showing a high vulnerability score and low 
readiness score requiring investments and innovations to improve climate change readiness.10 
Denmark, ranked at number 1, has a score of 83.5, making it the most prepared country in 
tackling climate change and the least vulnerable to climate change impacts, while Afghanistan 
(ranked 176th, score of 36.0) and North Korea (ranked 177th, score of 34.3) are the most 
vulnerable countries.  
 
18. The GAIN index further shows that Bhutan ranks 125th (out of 183) in the vulnerability 
score (higher ranking means less vulnerable) and 108th (out of 179) in the readiness score 
(higher ranking means greater readiness to climate change). Factors that are considered in the 
scoring include food capacity where Bhutan’s scores reflect the fact that the country has low 
agricultural technological capacity and high import dependency, few health workers per capita, 
and the country’s participation in international forums scored low.11 As for readiness factors, 
Bhutan is low in financial and investment freedom, especially as sectors are still operating 
inefficiently and under government control. Vehicles for freedom of expression and media need 
improvement.  
 
19. The results on the GAIN index above is closely linked with Bhutan’s premise in the 
Human Development Report that the severity of the impact of climate change is dependent on 
the country’s readiness, which is a function of economic development, institutional capacity, and 
social factors. 

 

D. Measures: Policies and Current Actions 

 

20. The National Environment Commission (NEC) is a high-level autonomous agency and 
mandated to look after all matters on environmental management and has a secretariat 
responsible for implementing the policies. It is also the national focal agency for climate change, 
thus making it the country’s main driver for implementing various policies. With the GNH pillars 

                                                           
9
 The Germanwatch Global Climate Risk Index is an analysis based on data sets available on the impacts of extreme 
weather events and associated socio-economic data. Bhutan was ranked 83rd for the period of 1993─2012. 

10
 The GAIN Index, a project of the Global Adaptation Institute, summarizes a country’s vulnerability to climate 
change and other global challenges in combination with its readiness to improve resilience. It aims to help 
businesses and the public sector better prioritize investments for a more efficient response to the immediate global 
challenges ahead. The higher ranked the country is, the more it is climate ready and less vulnerable to climate 
change impacts.  

11
 Food capacity measures agricultural technological capacity as the average of two best scores from the use of 
fertilizers, the level of mechanization and the use of irrigation in agriculture.  
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serving as guiding principles, the government acknowledged the problem of climate change 
early on by submitting its Initial National Communication under the United Nations Framework 
Convention on Climate Change (UNFCCC) as early as September 2000. It continued its 
commitment by completing its Technology Needs Assessment (TNA) Documents for Climate 
Change Mitigation and Adaptation in March 2013.12 
 

21. Two of landmark policies are the National Adaptation Programme of Action (2006) and 
the National Strategy and Action Plan for Low Carbon Development. The former identifies the 
country’s adaptation needs and suggests priority activities to address the needs, while the latter 
provides various development scenarios that will guide the government to meet its commitment 
to staying carbon neutral. These policies are translated into activities that either mitigate or help 
adapt to climate change, such as the designing of climate resilient buildings and infrastructure.13  
 
22. The country also has the Bhutan Trust Fund for Environmental Conservation, a grant 
making autonomous organization financing conservation projects, and currently has an 
investment portfolio of $44.18 million (as of 30 June 2013). Included in their strategic funding 
objectives, are climate change adaptation strategies that address the short and long term 
impacts of climate change on ecosystems and vulnerable species.  
 
23. Being a least developed country (LDC), Bhutan has access to some specialized funds, 
such as the UNFCCC’s LDC Fund (with Global Environment Fund), Special Climate Change 
Fund and the Adaptation Fund. The upcoming Green Climate Fund can also be a potential 
financing source. The LDCF is supporting the country to reduce climate change induced risks 
and vulnerabilities from GLOF in the Punakha-Wangdi and Chamkhar Valleys by artificially 
lowering the Thorthomi Lake waters.  
 
24. There are other various measures to address climate risks. Some are associated with 
time tested methods based on culture and community practices, while others use market 
mechanism, innovative technology, and skills and capacity building. Specifically some of these 
measures include: 

 

(i) Traditional ecological knowledge (TEK). Indigenous natural resource 
management system exists in the communities in central and eastern Bhutan, 
which defines monitoring, accepting leadership, sanctions, and seasonal 
harvesting of sustainable bamboo. The foundation of these indigenous 
arrangements is that it empowers users, limits excessive harvesting, and 
monitors ‘free riders’ from harvesting the same resource base. In a similar 
manner, ladam or ridam (seasonal prohibition of mountain scavenging) restricts 
entrance for humans and domestic animals into parts of forested areas to allow 
shoots to mature unhindered in many bamboo harvesting communities. Sacred 

                                                           
12

 For document links to the initial communication, TNA reports and related documents visit UNFCCC Country 
Reports page: http://unfccc.int/ttclear/templates/render_cms_page?TNR_cre.  

13
 Building code and its enforcement: Bhutan does not have standard codes for buildings such that it is built to 
withstand impacts of natural disasters, such as earthquakes. Instead, Bhutan draws upon the codal provisions of 
Indian Standards. The Government of Bhutan made the relevant seismic codes mandatory in 1997. Bhutan Building 
Rules 2002 has a section on fire safety (7.8), and structural design of buildings needs to conform to structural code 
for seismic design (9) and refers to Indian Standards IS 1893─1984: Criteria for earthquake resistant design of 
structures, IS 875–1987: Code of practice for design loads (other than earthquake), IS 4326–Earthquake resistant 
design and construction of building. All new buildings need to be designed by an engineer and comply with the 
Bhutan Building Rules during the approval process (Source: Regional Consultative Committee on Disaster 
Management. 2011. Mainstreaming Disaster Risk Reduction in Housing Sector).  

http://unfccc.int/ttclear/templates/render_cms_page?TNR_cre
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groves and landscapes across rural communities often contribute to watershed 
protection and are viewed as an indigenous forest management practice (GNHC, 
2011).  

 

(ii) Community based disaster risk management (CBDRM). The concept being 
closely linked to TEK relates that rural communities are most exposed to climate 
related disasters and must be prepared to deal with these when they occur. The 
Department of Disaster Management under the Ministry of Home and Cultural 
Affairs has been working on CBDRM, in particular, highlighting the dangers 
posed by GLOFs, and has been training communities to identity, plan and 
respond to disasters. This approach establishes linkages between disaster risk 
management and other ongoing development activities, which is a link crucial to 
effectively implement the approach. With the recent enactment of the Disaster 
Management Act (2013), the implementation of CBDRM will be strengthened 
across the country.  

 
(iii) The use of market mechanisms through participation in the carbon markets and 

emissions trading is another measure. This does not currently seem useful given 
that certified emission reduction prices under the clean development mechanism 
(CDM) process are too low, making it an unattractive investment.14 Payment for 
Environmental Services (PES) is another useful approach and such a scheme 
has been implemented in the town of Mongar, for the protection of drinking water 
source, with an annual payment of $1,156 per annum from at least 5,000 water 
users (SNV, 2011).15 The country is party to the UN Program on Reducing 
Emissions from Deforestation and Forest Degradation in Developing Countries 
(UN-REDD). Although the program is still in the readiness phase in the country, 
through the assistance from the World Bank and the Forest Carbon Partnership 
Facility, Bhutan will eventually engage in REDD+ that could enhance 
conservation activities while potentially earning revenues for the government 
through the creation of a financial value for the carbon stored in forests.16 
 

(iv) Climate technology intervention. Bhutan has acknowledged the importance of 
climate technology with its completion of a Technology Needs Assessment and 
Technology Action Plans for Climate Change Mitigation and Adaptation (March 
2013).17 Scaling-up use of innovative technologies and practices can lead to 
various benefits, such as increased water savings, higher resilience in 
infrastructure and the like. Use of more efficient irrigation methods has also been 
cited, which also addresses issues in agriculture technologies that will save water 
and/or improve irrigation.  

                                                           
14

 There are currently two CDM registered projects in Bhutan─the Chendebji micro hydropower project and the 
Dagachhu hydropower project. The Punatsangcchu hydroelectric project is currently being reviewed (CDM 
Registry–UNFCCC).  

15
 PES is an incentive-based direct approach to conservation of natural resources whereby service providers receive 
payments that are conditional on acceptable conservation performance. It is based on the beneficiary-pays rather 
than the polluter-pays principle. The core principles of PES schemes are that those who provide environmental 
services should be rewarded for doing so, and those who use the environmental services should pay for their 
provision. 

16
 REDD+ refers to activities that reduce emissions from deforestation and forest degradation through conservation, 
sustainable management and enhancing carbon stocks. 

17
 Acknowledging the importance of climate technology in addressing the impacts of climate change, the UNFCCC 

during COP 16 in Cancun established the technology mechanism that aims to help facilitate the implementation of 
enhanced action on technology development and transfer.  
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(v) Enhanced capacity and information needed to manage climate risks. 

Despite the policies in place to address climate change, the country is still faced 
with lack of skilled manpower. Literacy still remains low at 63% (NSB, 2012), 
although it has been in a steady upswing since 2007. Education level in the labor 
force remains low. In 2012 almost 70% of the population aged 15 years and older 
had not received any education (ADB, AusAID and JICA, 2013). There is still a 
shortage of professionals in the country (TNA, 2013), thus, development and 
diffusion of technology, as well as understanding climate financing could be a 
challenge. Although the government is currently implementing measures to 
address the issue, such as the construction of new schools and upgrading 
qualifications and competency of teachers, government expenditure on education 
is among the lowest in South Asia (ADB, AusAID and JICA, 2013). Capacity 
building may also be done through knowledge transfer with increased access to 
workshops, training, and higher education.  
  

E. ADB’s Strategy and Future Support  

 
25. The Asian Development Bank (ADB) is Bhutan’s largest multilateral development partner 
and has contributed significantly to alleviating poverty in the country by providing support for, 
among others, rural electrification, hydropower development, renewable energy development 
including off-grid solar power home systems, road improvements, and financial sector 
development.   
 
26. ADB also had a technical assistance (TA) project on capacity building of the NEC on 
climate change management with focus on energy and water resources.18 Furthering this 
initiative is a regional capacity development TA, approved in December 2013–Action on Climate 
Change in South Asia, which aims to help countries in the region, including Bhutan, to 
successfully transition to a low-carbon and climate resilient development path.19 The TA is 
expected to increase the capacity of the countries in developing and/or implementing climate 
change strategies and strengthening action plans. This TA can help build a more 
knowledgeable and skilled workforce in climate change management and directly supports the 
country’s strategy for low carbon development.  
 
27. With the country TNA completed, use of technology becomes key to Bhutan’s approach 
in tackling climate change risks. The TNA report highlights that water, agriculture, and natural 
disasters and infrastructure are priority sectors that the government should duly consider when 
formulating an enabling framework and technology action plan. The table below shows the risks 
each sector faces with climate change and the possible technologies that could address them. 
 
28. ADB has an opportunity to implement strategies that assist Bhutan in building climate 
resilience, starting off with developing an integrated water resources management strategy 
integrating standard practices and new climate technologies to address water concerns. ADB 
also has the knowledge to assess and introduce a vast number of climate technologies to 
address various sectors. Key to the usage is that a policy and legal framework has been set-up 
to support the environment for technology use and that financing is available and accessible.  
  

                                                           
18

 ADB. 2009. Technical Assistance Report: Capacity Building of the National Environment Commission in Climate 
Change. Manila. 

19
 ADB. 2013. Technical Assistance Report: Action on Climate Change in South Asia. Manila. 
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Summary of Climate Change Risk and Suggested Technology Intervention 

Sector Climate Change Risks Sample Technologies 

Water Resources   Reduced water available for 

drinking and sanitation 

 Reduced water available for 
agriculture 

 Micro and mini 
hydropower  

 Efficient irrigation 
methods (drip and 
sprinkler irrigation) 

 Water use efficiency 
methods- improved water 
distribution systems; 
water efficient fixtures 

 Rainwater harvesting 
structures (rooftop) 

 Storage and reservoir 
construction 

Agriculture   Reduction or loss of 
agricultural and horticulture 

      crop production  

 Agro-forestry  

 Development of drought 
resistant and pest 
resistant varieties of 
crops  

 Sloping agriculture land 
technology  

 Solar power irrigation 
(photovoltaic) 

Energy  Sedimentation and siltation of 
hydropower plants 

 Decline in water supply 

 Micro and mini 
hydropower 

 Biomass power 

 Waste to energy 
(combustion, digestion or 
gasification) 

 Demand side 
management: energy 
efficiency 

Natural Disasters and 
Infrastructure  

 With flooding, reduced 
accessibility due to damage to 
infrastructure 

 Increased risk of landslides 

 Flooding in cities dues to 

undersized infrastructure 

 Retreat of glaciers and glacial 
lake outburst flood 

 Real-time weather 
stations and weather 
forecasting (multi-range)  

 Climate resilient roads  

 Community based early 
warning systems  

 Artificial lowering of 
glacial lakes  

Transportation  Degradation of road 
connectivity 

 Intelligent transport 
system 

 Non-motorized transport 

 Mass transit 

 Several technologies to 
increase road durability 
and strength, such as use 
of improved asphalts and 
concretes  

Source: Asian Development Bank. 
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