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CLIMATE CHANGE RISK ASSESSMENT 

 
I. Background 

 

1. With its mountainous terrain and abundant rivers, Bhutan has large potential for 
generating clean renewable energy through the available hydropower resources. The 
hydropower potential in the country is estimated at 26,760 MW, of which a very small 
proportion (6%) has been put to use. At present the installed capacity is about 1,500 MW, of 
which Bhutan exports more than 70% of the generated electricity to India. It is envisaged 
that sustainable hydropower development in Bhutan will enhance regional energy security 
and the country’s social and environmental benefits.  
 
2. In order to meet the development priority of the country and promote regional clean 
power trade in South Asia, the Asian Development Bank (ADB) approved the Green Power 
Development Project in 2008. One of the key project components was to develop a run-of-
river Dagachhu hydropower plant. The generated power from the project (126 MW) is 
planned to be sold to India through the existing transmission network between the two 
countries.  
 
3. To ensure the Dagachhu’s output and performance, it is meaningful to develop and 
assess a set of climate projections at suitable spatial and temporal resolution for the area 
containing Dagachhu hydropower development, including the catchment areas upstream of 
the project site. This study will make critical inputs to the project’s climate risk assessment 
and adaptation planning. It will also assess the current project design, implementation and 
management plans to ensure that they are sufficiently effective in light of the potential 
impacts of climate change as reflected in the projections and scenarios developed.  
 
4. For these purposes, the assessments focus on hydrological assessment of the 
Dagachhu watershed and the likely hydrological and other risks associated under climate 
change scenarios. The analyses used geographic information systems and remote sensing 
based integrated model Soil and Water Assessment Tool (SWAT).1 They present scenarios 
where changing climate would create risks and opportunities for the hydropower project. The 
outcomes are based on simulation of eight climate models from Coupled Model 
Intercomparison Project Phase 5 (CMIP5).2 The data sets include: (i)  the Indian Institute of 
Tropical Meteorology (IITM), Pune, (ii) the historical data for the period of 1986–2005 (i.e., 
present century simulation), and, (iii) the projected data is for the scenario Representative 
Concentration Pathway (RCP) 4.5 for the middle of the next century, 2041–2060. 
 
5. The eight climate models used are as follows: 
 
Model name Modelling Group No. of Long. No. of Lat. Grid Size 

1. BCC Beijing Climate Center, 
China Met Agency, PRC 

   128      64 2.8125 x 2.8125 

2. BNU-ESM College of Global Change 
and Earth System Science, 
Beijing Normal University, 
PRC 

   128      64 2.8125 x 2.8125 

3. CanESM2 Canadian Centre for Climate 
Modelling and Analysis, 
Canada 

   128       64 2.8125 x 2.8125 

4. CCSM4 University of Miami 288   192 1.25 x 0.9375 

                                                           
1
  SWAT is physically based, dynamic, computationally efficient, time-continuous model with spatially explicit 

parameterization, applicable to ungauged/partially gauged watersheds. 
2
  CMIP5 is meant to provide a framework for coordinated climate change experiments for the next 5 years and 

thus includes simulations for assessment in IPCC AR5. 
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Model name Modelling Group No. of Long. No. of Lat. Grid Size 

(RSMAS), the US 
5. CSIRO-MK3.6.0 Commonwealth Scientific 

and Industrial Research 
Organization in collaboration 
with Queensland Climate 
Change Centre of 
Excellence, Australia 

192    96 1.875 x 1.875 

6. GFDL-ESM2M National Oceanic and 
Atmospheric 
Administration’s Geophysical 
Fluid Dynamics Laboratory, 
the US 

144    90 2.5 x 2.0 

7. IPSL-CM5A-MR Institute Pierre-Simon 
Laplace, France 

144  143 2.5 x 1.2587 

8. MIROC5 Atmosphere and Ocean 
Research Institute (The 
University of Tokyo), 
National Institute for 
Environmental Studies, and 
Japan Agency for 
Marine-Earth Science and 
Technology, Japan 

256  128 1.40625 x 
1.40625 
 

  
II. Assessment 
  

A. Methodology 
 

6. The main objective of this study is to assess the hydrology as well as impacts of 
climate change in the hydrological regime of the Dagachhu watershed, which forms part of 
the larger Punatsangchhu River system, one of the longest rivers in Bhutan. The watershed 
has sub-tropical climate with average temperatures between 18°C to 24°C in summer and 
6°C to 11°C in winter. The elevation of the watershed varies between 315 m above mean 
sea level (amsl) and 4,690 m the above mean sea level (amsl), with occurrence of 
orographic precipitation formation. The monsoon period brings on an average about 2,500 
mm precipitation.  
 
7. Digital elevation data, land use/land cover data and soil data used in this study were 
based on information from satellite and remotely sensed records maintained by the US 
National Aeronautics and Space Administration (NASA), the Food and Agriculture 
Organization (FAO), and the International Water Management Institute (IWMI).3 In addition 
to the observed precipitation, stream flow data available from the feasibility study was used 
for calibrating and running the hydrological model. A spatially distributed hydrological model, 
SWAT was used for describing hydrological processes including snow, sub-surface water 
and stream flows (river flow or discharge).4  
 
8. The results from multiple climate simulation models with the RCP 4.5 scenario were 
used to determine precipitation and temperature time series for the period of 1986–2060. 
The resultant changes in minimum temperature averaged over the Dagachhu watershed are 
0.6°C to 2.4°C by 2060 during the winter months, and 0.8°C to 2.5°C during summer months 
for 1986 to 2060 across a range of the eight global climate models used. Similarly, change in 

                                                           
3
  IWMI represents the global irrigated area map. 

4
  SWAT model is both deterministic and stochastic modelling tool, to analyse physical and hydrometeorological 

datasets (such as weather generators) that are representative of orographic changes and vertical gradients 
especially considering that the watershed is located on the Southern slopes of the Western Himalayas. 
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maximum temperatures are approximately 0.7°C to 2.4°C (winter months) and 0.5°C to 
2.7°C (summer months), across the global climate models. 
 
9. The rainfall in mountainous regions have tendency of frequent and larger variations 
because of limited representation of local climatic effects of varied topography in general 
circulation models. The ensemble mean projections for the watershed indicate around 8% to 
12% increase in monsoon precipitation by 2060. Depending on the model and its scenario, 
however, the range of ensemble results is broad, making such projections with certain 
degree of variations. Overall, the change in mean annual precipitation sums from 1986–2005 
to 2041–2060 are mostly positive and indicate increase in available discharge in the river. 
 
10. These precipitation and temperature time series were used as inputs to the calibrated 
hydrological model for the period of 1986–2060. The hydrological model results for the water 
balance and the stream flow of the Dagachhu watershed was considered in this study, with 
particular emphasis on the control period of 1986–2005 and projection period of 2041–2060. 
The hydrological model simulations are transient, i.e. hydrological model was run from 1986 
until 2060, where the results of for the control and projection periods were extracted from the 
transient simulations. The hydrological model has a high precision with regard to simulating 
stream flows with both input from meteorological data and from climate model data. 
Increasing concentrations of greenhouse gases (GHGs), resulting in increasing ground 
temperatures and precipitation will lead to changes in the land phase of the hydrological 
cycle with impacts on runoff. 
 
11. Mean annual discharge available for hydropower production has been estimated for 
the Dagachhu hydropower plant at the outlet of the weir as 34.8 m3/sec. Flows 
corresponding to 95% exceedence are close to 12 m3/sec. Higher precipitation and 
temperature increase projected under climate change models for the RCP 4.5 scenario is 
likely to result in increase in discharge. The change in the mean annual flow available for 
hydropower production from 1986–2005 to 2041–2060 is estimated to increase by 10%. 
Inter-annual analysis reveals an increase in flows in the monsoon months (June to October) 
of around 10% to 15%, and a slight increase in non-monsoon months (November to March) 
of around 1% to 4%. The flow duration curves show an increase in peak flows and a slight 
rise in lean flows. 
 
12. The risk analysis undertaken in this study aims to identify the climate variability and 
changes that can affect the Dagachhu plant's operations. The impact relationships between 
climate factors and direct and indirect impacts on the plant's operations have been carried 
out based on available information about the watershed. The analysis has also identified 
direct project risks, opportunities and vulnerabilities followed by adaptative measures.  
 
13. Overall, the annual cycle of meteorological processes in the watershed will not 
change during the 21st century in the sense that the largest amounts of precipitation will still 
occur during summer and the least during winter. At the high altitudes temperature will 
remain below freezing point during the winter and precipitation will occur as combination of 
snow and rainfall. The annual cycle of stream flow follows the same pattern as in the present 
climate with low flow during winter and high flow during summer as a result of the combined 
effect of snow melt, soil water movement and larger amounts of precipitation in the summer 
season than in the rest of the year. There is relatively small change in the magnitude of 
stream flow until the middle of 21st century.  
 

B. Results 
 

14. The salient key features, outcomes and likely hydrological and other climate change 
risks associated with the project are summarized in Tables 1 and 2.   
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Table 1: Salient Features and Hydrological Outcomes of the Project 
I. Location/Features  

i. Country, district Bhutan, Dagana Dzongkhag (district) 

ii. Name of the stream/river  Dagachhu River, tributary stream of Punatsangchhu River 
(Sankosh) that drains into Brahmaputra 

iii. Weir location  Latitude  27⁰ 01’50.2’’N; Longitude 89⁰55’27.7’’E 

iv. Powerhouse location Latitude  26⁰ 57’56.1’’N; Longitude 89⁰57’56.1’’E 

v. Watershed area (sq. km) 
- upto weir 
- upto Tashiding gauging site 

 
676 
 820 

vi. Installed capacity 126 MW 

vii. Type Run of the river 

viii. Annual average output 515 GWh 

ix. Gross head 304 m 

x. Topography of the Watershed  
a) Maximum elevation (m) 
b) Minimum elevation (m) 
c) Mean elevation (m) 
d) Std. deviation (m) 

m (amsl) 
4690  
315 
2430 
820 

II. Land use (up to Tashiding) 
Deciduous Forests 
Evergreen Forests 
Mixed Forests 

Area (sq. km) 
730.7 
86.5 
2.8 

Percent (%) 
89.1 
10.6 
0.3 

III. Soils  Sandy loam  and silty loam soils  
 

IV.  Hydro-meteorology (Precipitation)
 
 

Station Location Elevation (amsl) Annual avg. rainfall (mm) 

Daga Dzong
5
 27⁰04’16 N; 89⁰52’29E 1460m ~ 3000 (1990-2004) 

Grid
6
 26.5 N; 89.5E 

27.5 N; 89.5E 
370m 

3490m 
~ 3400 (long term average) 
~ 2960 (long term average) 

Temperature (Daga Dzong) 
 

Mean daily minimum (maximum) temperature: 6°C (11°C) in 
January to 18°C (24°C) in June. 

V. Potential and Actual 
Evapotranspiration

7
 

       
(based on simulation results using SWAT) 

Actual evapotranspiration temporally varies from 620 - 900 mm 
per year; averaging at ~ 730 mm per year 
Potential evapotranspiration temporally varies from 1000 - 1150 
mm per year; averaging at ~ 1050 mm per year. This is 
estimated using Priestly-Taylor as well as Hargreaves method. 

VI. Hydrology   

Simulated annual flows  
(based on simulation results of SWAT)  

Till Dagachhu Weir (m
3
/sec) Till Tashiding (m

3
/sec) 

Minimum  flows (mean monthly) 7.0 11.2 

Maximum flows (mean monthly) 160.0 220 

50 percentile flows 18.4 24.0 

75 percentile flows 15.8 19.0 

90 percentile flows 14.0 16.9 

95 percentile flows 12.4 15.0 

Water availability (SWAT model outcome) 
 
 
 

i. Mean specific runoff: 53 litres/sec/km
2
.  

ii. 50 % flow exceedence: 18.4 m
3
/sec ;  

iii. Mean flow: 34.8 m
3
/sec.  

iv. Monsoon flows (averaged over June-Oct) > 60 cumecs, and 

                                                           
5
  Based on observed and estimated values of annual precipitation available from the project feasibility study. 

6
  Global gridded databases available from <http://swat.tamu.edu/> last accessed 16 June 2013. 

7
  SWAT model results validated through World Evapotranspiration Map, NASA’s Moderate Resolution Imaging 

Spectro-radiometer (MODIS) Database, ESRI Mapping Centre. 

http://swat.tamu.edu/
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> 100 cumecs in certain months. 
v. The slow and consistent release of around 10 cumecs is 
contribution from soil matrix and delayed yield from snow melt 
that mostly occurs in non-monsoon months. 

 
Table 2: Summary of Hydrological and Other Risks Associated with under Climate Change 

I.  Hydro-meteorology risk (Precipitation and temperature)
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 II. Associated Risk analysis based on hydrological assessment under climate change  

Associated risks Risk evaluation  Adaptation measures   

Hydrological variation 
during dry and wet 
seasons 

Risk is considered to be low.  
Monsoon flows are mostly higher in the wet season 
(June till October). In the dry season (November till 
March), the slow and consistent flow is contribution 
from soil matrix and delayed yield from snow melt. 
High confidence in projections of temperatures from an 
ensemble of 8 global climate models (1985–2060). The 
precipitation projection results showed a variance 
among models used. However, precipitation is mostly 
projected to increase for the middle of the next century 
period. Temperature is also projected to increase. The 
projected increase in annual precipitation is highly 
concentrated during the monsoon season. The lean 
period discharge is also expected to increase by the 
mid century between 1–4%.   
 

No adaptation actions 
required as the capacity 
addition has already been 
provided for higher 
monsoon flows. 
No adverse changes are 
expected in the stream both 
during pre and post 
monsoon seasons.  

Flood events Flood frequency is likely to increase towards the 
mid 21

st
 century.   

 
Flood may occur due to changes in precipitation as 
well as temperature. Under climate change, 
precipitation and temperature is projected to increase 
during the monsoon season.  
 
 

As an adaptive monitoring 
to be continued through 
local meteorological 
stations.  
 
The max flood discharge 
studies were carried out in 
the feasibility designs that 
indicated about 859 cumes 
of water in the river before 
diversion weir based on a 
1000-year flood 

Tropical Rainfall Measuring Mission (TRMM), NASA 

database, extracted for Dagachhu watershed shows 

the average areal precipitation of 2,200 mm, with 

spatial variability across the watershed ranging from 

1,200 to 3,800 mm. 

As can be seen from adjacent figure the southern parts 

of the watershed receive much higher rainfall 

compared to the central and northern part of the 

watershed. 
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computation under the 
Gumbel statistics. The 
project design has captured 
the same during 
construction of physical 
structure to withstand 
extreme flood discharge. In 
addition to this, the power 
plant has been made 
underground to make the 
design robust. 
   

Drought None. None. 

GLOF
8
 Risk is considered to be low. 

In Dagachhu watershed, there is no presence of 
glacier or huge moraine deposits/dams. While only few 
small lakes are visually identified in the extreme north 
of the Dagachhu watershed from the available satellite 
images, which are at a considerable distance from the 
site.  
 

As an adaptive monitoring 
to be continued through 
local meteorological 
stations.   

Landslides Risk is considered to be low, but there may 
temporarily affect on the project generation. 
 
Southern Bhutan falls within major fault lines of 
different geological formations and the watershed has 
steep gradient. This has been covered in the  
Initial Environment Examination for the project. 
Excessive sediment load during severe monsoons and 
floods may have impact on the plant operations.  
 

As an adaptive monitoring 
to be continued.  
 
During excessive sediment 
periods, the electricity 
production may need to be 
halted for that duration.  
 
To reduce the landsides, 
the project planted 9,100 
new trees for soil 
stabilization in the river 
bank and the community 
areas.  

Earthquakes
9
 Risk is considered to be low/moderate. 

A total of 30 earthquakes have been recorded in 
Bhutan during the period 1937–1998. Of them, the 
earthquake on 21 January 1941 with magnitude of 
6.75 is considered most powerful in Tashigang in the 
eastern region of Bhutan.  
 
Geological surveys of Bhutan opined that seismically 
active zone of the country had further shifted away by 
180 km from the Himalayan foothills to the Shillong 
plateau (in India). With the plate moving away, Bhutan 
has become safer. It has further been reported that the 
probability of a major earthquake (magnitude 7-8) is 
minimal. 
 

The project site is the 
western region of Bhutan.  
 
The magnitude of the 
designed basis earthquake 
has been taken as higher 
standards in the area.  The 
total expected seismicity of 
the area has been 
estimated for a life period of 
100 years. The method 
adopted by the designers is 
adequate for normal 
operation of hydropower 
plants. 

 
 
 
 

                                                           
8
  Glacial Lake Outburst Flood. GLOF events are severe geo-morphological hazards and their floodwaters can 

wreak havoc on all human structures located on their path. Much of the damage created during GLOF events 
is associated with the large amounts of debris that accompany the floodwaters. Damage to settlements and 
farmland can take place at very great distances from the outburst source.  

9
  http://saarc-sdmc.nic.in/pdf/publications/SEISMIC%20MICROZONATION.pdf 

http://saarc-sdmc.nic.in/pdf/publications/SEISMIC%20MICROZONATION.pdf
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III. Conclusion 
 
15. From the above analysis, it is concluded that the Dagachhu hydropower plant is 
hydrologically sound. It has low risks relating to climate change impacts in technical, 
financial, social, and environmental terms. Overall climate change is unlikely to impose 
negative effect on Dagachhu hydropower plant based on the following outcomes analyzed:  

 
(i) The hydrological assessment of the Dagachhu watershed shows the current 

mean specific runoff of the watershed to be estimated at 53 liter/second/km2. 
Mean flow of 34.8 cumecs is exceeded 34% of the time in a year. Flows 
higher than 20 cumecs and approximately 12 cumecs occurs almost 45 and 
95 percent of the time respectively. Monsoon average flows (averaged over 
June to October) are mostly higher than 60 cumecs and 100 cumecs in 
certain months. The slow and consistent release of around 10 cumecs is 
contribution from soil matrix and delayed yield from snow melt that mostly 
occurs in non-monsoon months (refer to Table 1). 

 
(ii) There is a good agreement among climate models on future temperature 

trends in this region; however projections of future precipitation differ widely. 
Projections of temperature for the area around the Dagachhu watershed 
indicate an increase across the eight global climate models, though the 
precipitation projection results show a variance among models used. For 
most models, increase in total annual precipitation for the middle of the next 
century period (2041-2060) compared to present century (1985-2005) is 
projected under the RCP 4.5 Scenario. For the monsoon peak months, June 
to October, climate models largely predict an increase in rainfall (8% to 12%). 

 
(iii) The change in minimum temperature is 0.6°C to 2.4°C by 2060 (winter 

months) across the eight global climate models while corresponding change 
in summer months is 0.8°C to 2.5°C by the 2060s. The change in maximum 
temperature studied in this analysis is approximately 0.7°C to 2.4°C (winter 
months) and 0.5°C to 2.7°C (summer months), across the models for the 
above time slice. 

 
(iv) Higher precipitation and temperature increase under climate scenario RCP 

4.5 is likely to result in increase of discharge. The change in the mean annual 
flow available for hydropower production from 1986–2005 to 2041–2060 is 
estimated as 10% increase. Inter-annual analysis reveals an increase in the 
flows in monsoon months (June to October) of around 10% to 15%, and a 
slight increase in non-monsoon months (November to March) of around 1% to 
4% estimated during period 2041–2060.  

 
(v) The flow duration curves provided in the report show an increase in peak 

flows and a slight rise in lean flows. 
 

(vi) The project is run-of-river scheme with electricity generation from renewable 
source. The Dagachhu hydropower plant has been registered with UNFCCC 
as a clean development mechanism project and will result in annual mitigation 
of 500,000 tons of CO2 during its useful life on a cross border basis in India. 
This is clearly a positive effect.   

 


