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lkj & HkwVku 26°70′ & 28°35′ mÙkjh v{kk’kksa vkSj 88°50′ & 92°30′  iwohZ ns’kkarjksa ds chp iwohZ fgeky; 
ds nf{k.kh <ky esa fLFkr LFky ls f?kjk ,d ioZrh; ns’k gSA HkwVku ds fofHkUu LFkkuksa esa fofHkUu izdkj dh 
tyok;q feyrh gS tSls fd m".kdfVca/kh; eSnkuh {ks= ] 'khry 'khr _rq  vkSj xeZ xzh"e _rq okyh e/; 
?kkfV;k¡ rFkk dM+kds dh 'khr _rq vkSj 'khry xzh"e _rq okys ioZrh; {ks=A HkwVku dh LFkyk—fr ds vR;f/kd 
vleku gksus ds dkj.k ogk¡ dh tyok;q vR;ar fefJr izdkj dh gSA blds vykok HkwVku cfg&m".kdfVca/kh; 
ifjlapj.k vkSj ,f’k;kbZ ekulwu ifjlapj.k dh ifjf/k ds Øe’k% mRrj vkSj nf{k.k esa fLFkr gSA ;s lHkh fLFkfr;k¡ 
HkwVku dh tyok;q dks cgqr fefJr cuk nsrh gsA bl 'kks/k&i= esa 1990&1999 rd ds o"kksZa esa         44 
dsUnzksa ds rkieku vkSj o"kkZ ds vk¡dM+ksa dk mi;ksx djds HkwVku dh tyok;q dh fo’ks"krkvksa dk v/;;u djus 
dk iz;kl fd;k x;k gSaA ekfld U;wure vkSj vf/kdre rkieku ds okf"kZd izksQkby ls HkwVku ds vf/kdka’k 
dsUnzksa esa tqykbZ esa vf/kdre vkSj tuojh esa U;wure rkieku dh ;wuheksMy fo’ks"krk dk irk pyk gSA 
nf{k.k&if’peh HkwVku ds QaV’kkWfyax esa rkieku lcls vf/kd 37-2° lsa- jgk vkSj if’peh e/; HkwVku ds MªdtSy 
tk¡x esa rkieku lcls de &8-2° lsa- jgkA rkieku ds LFkkfud forj.k ls HkwVku ds e/;orhZ] if’peh e/;orhZ 
vkSj mRrjh Hkkxkas ds ioZrh; {ks=ksa esa de rkieku dh rFkk nf{k.kh  ?kkfV;ksa esa vf/kd rkieku gksus dh fo’ks"krk 
dk irk pyk gSA ekfld o"kkZ  ds okf"kZd izksQkby ls bldh ;wuheksMy fo’ks"krk dk irk pyk gS tks vf/kdka’kr% 
tqykbZ esa vf/kdre vkSj tuojh esa U;wure jghA flilw esa vf/kdre okf"kZd o"kkZ 5866 fe-eh- gqbZ vkSj 
fxMkdkWe esa lcls  de 628 fe-eh- o"kkZ gqbZA HkwVku ds e/;orhZ Hkkxksa vkSj mÙkjh Hkkx esa vis{kk—r de o"kkZ 
gqbZA ns’k dh vkSlr o"kkZ ls irk pyk gS fd HkwVku esa 1679-4 fe-eh- o"kkZ gqbZ ftlesa ls 70 izfr’kr o"kkZ ekulwu 
_rq esaa vkSj 19-9 izfr’kr o"kkZ ekulwu _rq ls iwoZ gqbZA ns’k esa gqbZ 10 o"kksZa dh vkSlr ekulwu o"kkZ dh okf"kZd 
le;Ja[kyk ls 3&4 o"kkZsa dh ifjorZu’khyrk dk irk pyk gS ftlesa ifjorZu dk xq.kkad ¼lh- oh-½ 5-5 izfr'kr 
jgkA vf[ky Hkkjrh; ekulwu o"kkZ ¼,- vkbZ- ,e- ih-½ vkSj HkwVku esa gqbZ ekulwu dh o"kkZ dh rqyuk ls irk pyk 
gS fd ,- vkbZ- ,e- ih- dh rqyuk esa HkwVku esa ifjorZu dh voLFkk yxHkx foijhr jghA lglaca/k fo’ys"k.k ls 
udkjkRed lglaca/k dk irk pyk gS ftlesa lglaca/k xq.kkad &0-64 jgk tks 0-05 Lrjksa ij ik;k x;k gSA 

 

ABSTRACT. Bhutan is a land locked mountainous country situated on the southern slopes of the eastern 
Himalayas between 26° 70′ - 28° 35′ N Latitudes and 88° 50′ - 92° 30′ E Longitudes. Bhutan has a spatially diversified 
climate- tropical in southern plains, cool winter and hot summer in central valleys and severe winter and cool summer in 
the mountains. Extremely non-uniform topography makes the climate of Bhutan very complex. More over, Bhutan is 
situated in the periphery of the extra-tropical circulation and Asian monsoon circulation in the north and south 
respectively. These situations make the climate of Bhutan more complex. An attempt has been made to study the 
characteristics of the climate of Bhutan using the data of temperature and precipitation of 44 stations for the years 1990-
1999. Annual profile of monthly minimum and maximum temperature shows the unimodal character attaining maximum 
in July and minimum in January for most of the stations of Bhutan. Extreme highest temperature was 37.2° C at 
Phuntsholing in the southwest Bhutan and extreme lowest temperature is −8.2° C at Drukgyel Dzong in the west central 
Bhutan. Spatial distribution of temperature shows that the mountainous areas of the central, west central and northern part 
of Bhutan are characterized by low temperature and the southern valleys by high temperature. Annual profile of monthly 
precipitation manifests the unimodal nature attaining maximum mostly in July and minimum in January. The highest 
annual precipitation was 5866 mm at Sipsoo and lowest annual precipitation of 628 mm at Gidakom. The central and 
northern part of Bhutan has relatively low precipitation.  The country average precipitation shows that Bhutan gets 1679.4 
mm of annual precipitation of which about 70 % occurs in the monsoon season and 19.9% in the pre-monsoon season. 
The yearly time series of country average monsoon precipitation for 10 years shows a variation with timescale of 3-4 
years with a coefficient of variation (CV) of 5.5%.  Comparison of monsoon precipitation of Bhutan with All India 
Monsoon Precipitation (AIMP) shows that the former undergoes more or less opposite phase of variations with respect to 
AIMP. The correlation analysis shows negative correlation with correlation coefficient of -0.64 which is significant at 
0.05 levels.  
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1.   Introduction  
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Bhutan is situated on the southern slope of the 
eastern Himalayas, between 26° 70′ - 28° 35′ N Latitudes 
and 88° 50′ - 92° 30′ E Longitudes. The topography of 
Bhutan is extremely inhomogeneous with elevation within 
the range from 97 m (the lowest point at Dragme Chu) to 
7553 m (the highest point at Kangri). Elevation of the 
country increases from south to north. The population of 
Bhutan is about 7, 50,000 (http, 2004) and the total land 
area is approximately 38,500 km2 (Department of Energy, 
2005). Economy of the country is based on agriculture and 
forestry (Ministry of Agriculture, 2002). Bhutan has a 
spatially diversified climate: tropical in the southern 
plains, cool winter and hot summer in central valleys and 
severe winter and cool summer in the mountains. The 
local severe storms, cold waves, landslides and land 
erosions are the major disastrous events. Bhutan has 
extremely complex characteristics of climate because of 
its location in the mountains of Himalayas with extremely 
non-uniform topography. Moreover, the country is 
influenced by both the extra-tropical and monsoon 
systems. The country as a whole has three climatic zones: 
(i) the Duars plain has a subtropical climate characterized 
by high humidity and heavy rainfall, (ii) the central belt of 
flat valleys is characterized by cool winter and hot 
summer with moderate rainfall and (iii) the high valleys 
have cold winter and cool summer. Over 5000 m the land 
is permanently covered with snow and glaciers                
(http, 2004).   
 

In this study the mean climatic characteristics have 
been investigated for Bhutan using the maximum and 
minimum temperature and precipitation for the period 
1990 to 1999 for 44 stations.  The country average 
precipitation and coefficient of variation on monthly, 
seasonal and annual basis have been calculated. The inter-
annual variability of monsoon precipitation of Bhutan 
with respect to All India Monsoon Precipitation (AIMP) 
has also been investigated.  
 
2.  Data used and methods of analysis 

 
In this study climatological data of monthly 

minimum and maximum temperature and precipitation of 
44 stations of Bhutan for the maximum period of 10 years 
1990-1999 have been considered (Fig. 1). The data were 
received from Meteorology Section, Department of 
Energy, Ministry of Trade & Industry, Royal Government 
of Bhutan. The database was subjected to rigorous quality 
checking and cleaning operations to get rid of the 
erroneous data. Severe data gaps have also been noticed 
for many stations. Thus, for generating the time series of 
the country average precipitation, data of 22 stations 
(shown as parabolic symbols in Fig. 1) having better 
temporal coverage was used. The data gaps were filled up 

through spatial interpolation of the data of the above 
mentioned 44 stations. The annual profiles of the mean 
monthly minimum and maximum temperature and 
precipitation have been prepared and analyzed. Spatial 
distribution of minimum temperature of winter, maximum 
temperature of southwest monsoon season and annual 
precipitation has also been presented. Besides, the country 
average mean monthly, seasonal and annual precipitation 
and coefficient of variation (CV %) have been calculated. 
The four seasons considered in this study are winter 
(December-January), pre-monsoon (February-May), 
monsoon (June-September) and post-monsoon (October-
November). For estimating the total or average of a 
parameter for the winter of one year, the data of January 
and February of that year and December of the previous 
year is used. The time series of the country average 
monsoon precipitation of Bhutan has been analyzed with 
respect to AIMP using temporal plots and statistical 
correlation analysis. For comparison, the precipitations of 
Bhutan and AIMP were expressed as percentage departure 
from long term normal. The AIMP data were obtained 
from electronic site of Indian Institute of Tropical 
Meteorology (IITM). 
 
3.  Results and discussion 
 

The results of the analysis of temperature and 
precipitation have been discussed in the following sub-
sections. 
 

3.1.  Thermal characteristics 
 

The Fig. 2 shows the profiles of maximum and 
minimum temperature for 6 selected stations. The figure 
indicates that both maximum and minimum temperature 
follows unimodal variation with minimum in January and 
maximum in July. In fact the high temperature prevails 
from April-October. The temperature curve is very flat 
from May-September both for maximum and minimum 
temperature profiles. The amplitude of annual variation is 
found to be low for the maximum temperature compared 
to minimum temperature. Very high amplitude of annual 
profile of minimum temperature (16-20° C) and that of the 
maximum temperature (10-14.5° C) are obtained over the 
mountainous areas of the central and west-central parts of 
Bhutan where very cold temperatures prevail. The 
southwestern and south-central parts of Bhutan have 
relatively low amplitude of the annual variation for both 
minimum and maximum temperature.  
 

Fig. 2 shows that the diurnal variation is stronger in 
winter than in summer. Very high amplitude of diurnal 
variation (14-16° C) is observed over the high mountains 
of  the  central,  central-western  and northern Bhutan. The  
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Fig. 1.  The map showing the location of 44 climatological stations of Bhutan. The contour shows the lines of 

equal elevations in meters based on the elevation of the stations. 22 stations which are represented by 
open circles have been used for generating the time series of country average precipitation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Annual profile of monthly maximum and minimum temperature for 6 geographically distributed stations of Bhutan 
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Figs. 3(a&b). Spatial distribution of (a) summer maximum and (b) winter minimum temperature (o C) of Bhutan 
 
 
 
stations situated over southern Bhutan exhibit very low 
diurnal variations with amplitudes around 6-10° C.  
 

The spatial distribution of average winter minimum 
and monsoon maximum temperature [Figs. 3(a&b)] and 
the records of extreme temperature during the period 
1990-1999 show that average highest maximum 
temperature occurs over the southwestern and southern 
Bhutan. The extreme highest monthly maximum 
temperature of 37.2° C was observed at Phuntsholing. 
Very low average minimum temperature below freezing 

level   (-1 to -5.6° C) was found in the central, west-
central and northwestern mountainous areas of Bhutan. 
The extreme lowest minimum temperature was recorded 
as -8.2° C at Drukgyel Dzong which is located at the west-
central Bhutan. The above analysis depicts that southern 
part of Bhutan with low elevation has relatively warmer 
climate and the central, northern and northwestern 
mountainous areas have cold climate. The meteorological 
observations over the inaccessible high mountains and 
peaks do not exist; as a result the paper cannot highlight 
the climatic characteristics for those areas. 

 

 

Monsoon Tmax 

Winter Tmin 

 

 

(a) 

(b) 
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Fig. 4. Annual profile of monthly precipitation (mm) for 6 geographically distributed stations of Bhutan 
 
 
 
3.2.  Precipitation characteristics 
 
3.2.1.  Annual profile of monthly total precipitation 

 
The annual profile of the average monthly total 

precipitation for 6 geographically distributed stations of 
Bhutan (Fig. 4) shows that the precipitation of Bhutan 
manifests monsoonal characteristics and exhibits 
unimodal variation with lowest in January and highest in 
the month of July for most parts of the country except a 
few stations in the southern parts where the highest occurs 
in the month of June. Very high precipitation between 500 
- 1263 mm/month occurs in the monsoon months (June to 
September) over the southern valley of Bhutan with 
highest amounts realized in the southwestern part. The 
rapid increase of precipitation from May to June indicates 
that monsoon onset over Bhutan takes place in the month 
of June. The lowest monthly mean precipitation from 0.0 - 
5.0 mm is observed over the central and northern 
mountains (Gidakom and Khomachu) during the months 
November – February. 

3.2.2.  Spatial distribution of annual precipitation  
 

The spatial distribution of annual precipitation          
(Fig. 5) shows that the southern valley of Bhutan receives 
high annual precipitation ranging from 2500 – 5866 mm 
with highest in the western side of the valley. The 
precipitation was found to decrease from west to east over 
the valley. Relatively lower amount of precipitation in the 
range from around 1000 – 2500 mm occurs along the 
northern parts of the southern valley of Bhutan on the foot 
of the mountains. Very low precipitation occurs in the 
central Bhutan situated over the high mountains where the 
annual precipitation is below 1000 mm but mostly 
concentrate around 700 mm. The lowest annual 
precipitation of 628 mm was observed at Gidakom. As 
compared to Central Bhutan relatively high precipitation 
occurs in northern Bhutan with highest occurring over the 
northwestern Bhutan (2245mm at Gasakhatey). This is 
due to the fact that these areas are likely to receive some 
precipitation from the sub-tropical westerly disturbances. 
The distribution of monsoon precipitation and topographic  
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Fig. 5. Spatial distribution of annual precipitation (mm) of Bhutan 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Distribution of monsoon precipitation (mm) and elevation (m) along longitude 90° 50′ E as function of latitudes 
 
 
 
height (elevation) along a north-south transect through the 
longitude of 90° 05′ E (Fig. 6) demonstrates that the 
monsoon precipitation rapidly decreases from south to 
north with the increase of elevation up to 27° 5′ N in the 
upper slope of the high mountains. Thereafter, the 
precipitation has shown slight increase over the northern 
Bhutan. 
  

3.2.3.  Characteristics of country average 
precipitation 

 
The 10 year’s mean country average monthly, 

seasonal and annual precipitation of Bhutan has been 
shown in Table 1 along with the coefficient of variation 

(CV %). The annual profile has been drawn using the 
monthly country average precipitation (Fig. 7), which 
again indicates that high rainfall occurs in the monsoon 
months with maximum in July. The country average mean 
annual rainfall of Bhutan was found to be 1679.4 mm. The 
country average precipitation of winter, pre-monsoon, 
monsoon and post-monsoon are 63.5, 334.2, 1175.3 and 
106.4 mm respectively. The percent distribution shows 
that 70.0 % of the annual total precipitation is received in 
the monsoon season and 19.9 % in pre-monsoon.  The 
post-monsoon and winter contribute to 6.3 and 3.8 % 
respectively. High CV of 37.6 and 39.9 % are observed in 
post-monsoon and winter compared to 5.5 and 10.0% in 
the monsoon and pre-monsoon seasons respectively. 

TABLE 1 

 

 

Long. 90° 50′ E 
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Statistics of monthly and seasonal country average precipitation (mm) of Bhutan 

 
Months Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Mean 21.6 30.6 53.1 102.8 178.4 306.2 364.3 307.6 197.2 88.1 18.3 11.3 

CV (%) 64.7 57.0 34.5 24.8 16.4 13.4 14.1 13.3 8.0 44.2 91.8 75.5 

Seasons Winter Pre-monsoon Monsoon Post-monsoon Annual 

Mean 63.5 334.2 1175.3 106.4 1679.4 

CV(%) 39.9 10.0 5.5 37.6 4.7 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7. Annual profile of country average precipitation of Bhutan in mm 

 
 
The inter-annual variability of country average 

monsoon precipitation of Bhutan has been studied in 
comparison with AIMP. The time series of the 
precipitation of Bhutan and AIMP expressed in percentage 
departure from normal has been presented in Fig. 8. The 
figure clearly depicts that the monsoon precipitation of 
Bhutan and AIMP undergoes variations in the timescale of 
3-4 years with CV of 5.5 and 6.4% respectively. The 
figure illustrates that the monsoon activities of Bhutan are 
more or less in opposite phase with respect to AIMP; 
however, there is no one to one relationship. The 
correlation coefficient between AIMP and Bhutan 
precipitation is -0.64 which is significant at the 0.05 level 
(2–tailed). This implies that the monsoon is strong over 
Bhutan when it is weak over India as a whole and            
vice versa. 
 
4. Conclusions 
 

The study has the following conclusions. 
 
(i) The annual profile of monthly minimum and 
maximum  temperature  of  Bhutan  has  unimodal  pattern  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8.  Comparison of monsoon precipitation of Bhutan (solid line) 

and All India Monsoon Precipitation (AIMP) (dotted line) 
expressed as percentage deviation from normal. The normal 
for AIMP is 838.3 mm for the period 1971-2000 and that of 
Bhutan is 1175.28 mm estimated for the period 1990-1999 

 
 
attaining maximum in July and minimum in January. The 
amplitudes of annual temperature profile have wide spatial 
variations. High amplitude variations are observed over 
the mountainous areas of the west-central, central and 
northern Bhutan where cold temperature prevails. The 
amplitude of diurnal variation varies from season to 
season and place to place. The diurnal variation of 
temperature is strong in winter. The high amplitudes of 
the diurnal variation (14-16°  C) occur in the west-central, 
central and northern parts of Bhutan. 
 
(ii) The spatial distribution of temperature shows that the 
south-western and southern valleys are the warmest zones 
of Bhutan. The cold regions are situated over the central, 
west-central and northern mountains with temperature 
below freezing in the winter. 
 
(iii) The station wise annual profile of precipitation 
shows that Bhutan manifests unimodal variation of 
precipitation with lowest in January and highest in July for 
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most parts of the country except for a few stations in the 
southern parts where the highest occurs in June. High 
precipitation continues from June to September. The 
precipitation is governed by the southwest monsoon 
circulation. The winter is very dry over Bhutan. 
 
(iv) The southern valley receives relatively high annual 
precipitation from 2500-5866 mm. The western part of the 
southern valley receives the highest precipitation. The 
precipitation in the northern part of the southern valley in 
the foot hills of the mountains lies within the range 1000-
2500 mm. Very low precipitation occurs in the central 
Bhutan ranging from 700-1000 mm. The northern Bhutan 
receives relatively higher rainfall compared to the central 
Bhutan with maximum in the northwestern Bhutan. The 
north-south transects of monsoon precipitation and 
elevation along 90° 5′ E longitude show that the monsoon 
precipitation decreases from south to north up to 27° 75′ N 
with the increase of the topographic height; thereafter, it 
shows slight increase.  
 
(v) The country average monthly precipitation shows 
that maximum occurs in July. The country average annual 
precipitation as obtained from 10 year data (1990-1999) is 
1679.4 mm and the monsoon precipitation is 1175.3 mm. 
The latter constitutes 70% of the annual precipitation. The 
pre-monsoon precipitation constitutes about 19.9 % while 
post-monsoon and winter contribute to 6.3 and 3.8% 
respectively.  

(vi) The study of inter-annual variability of monsoon 
precipitation of Bhutan with respect to AIMP shows that 
the variation of Bhutan precipitation occurs more or less 
in opposite phase with AIMP. The correlation coefficient 
of AIMP and Bhutan precipitation is -0.64. Which 
indicates the negative relationship between the two 
monsoons. 
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