MAUSAM, 58, 1 (January 2007), 9-16

551.58 (541.31)

Climatic characteristics of temperature and precipitation of Bhutan

DEWAN ABDUL QUADIR, MD. AMIRUL HUSSAIN, M. N. AHASAN
KARMA CHHOPHEL* and KINZANG SONAM*
SAARC Meteorological Research Centre (SMRC), Dhaka, Bangladesh
*Meteorology Unit, Division of Power, Ministry of Trade & Industry, Bhutan
(Received 26 October 2004, Modified 4 July 2006)

e mail : dquadir@yahoo.com

AR — M 26°70" — 28°35" I AeATHT 3R 88°50" — 92°30' YAl IRl & dra ydi fRHIe™
% <faroll e d Red we 9 fiR1 U uddiy < 21 e & A= el # A ger @l
Sy el 8 o 6 Swieleddy #er &F |, diida 9d kg iR W WIS kg arell wed
oIl T Herd B N kg AR M W™ Fg drel Yadid &7 | YT B RIATPIA D JAD
IRF BN & BRYT T8l Bl Sfefary I A3 UdR &1 § | $9P Ifclal e afe—Iwibiedd
IRETRET iR YRS A aREeRer @ oRfY @ AW IR SR <l # Rerd 21 3 v Rerfort
e @I SRy B 9gd AT a9 < 1 $9 WE—F H 1990—1999 Tb & Iui 44
BHal B AIAM SR T B el BT STINT IR Y BI Sfofarg Bl favgareii & F&R—= &
&1 v A war g A1fie gAad &R fedd e & aTfie UIhisd 9 S & STey
Tl H garg # If¥ean iR THal H gAdH dOEE @ Jmed fOyvdr &1 ouar denm 2
SleTor—uftedl Ye™ & BeulfeiT H aTuae Jad Afdd 37.2° A &1 iR Ufterll #ed e & Sdhold
SIRT # AYHM FeH BH —8.2° ¥, ET| AIYHM & RATNE fAaReT | e & weadi, ufterdl Hegadi
3R SR 9N & Ui &3 § B qrgHd Bl a ferl  enfedl H Afdd arg|r g @l fauwar
BT Ul gl 2| WIS 987 & aiffed MHTgel | SH@] FHred fINYdT BT gdr Fel § Si STty
Sts H Sffead SR Sl H =Aad 8| oy # aftean aifie aul ssee AL 8% SR
frere™ § wad $9 628 WAL a7 83| YT & HeAAT] W 3R I 9FT H el B aul
B3| SV @I 39 99T | U1 e © b qer H 1679.4 . auf g8 R 9 7o ufwa awf AR
g # 3R 19.9 Uy auf AT g ¥ g 82| <9 H §S 10 991 P! I ARG a1 BT d1iep
FAISRISAT ¥ 3—4 U $I IRAATYIAAT BT g1 ol & orad gRad= &1 ore (1 1) 55 ufrera
RET | IRae AR AR 97 (T 37g. UH. W) 3R e H §8 "9 $I gui Bl gl I g1 =e
2 fF g o wa 0 & gorr # e # uRada @Y sraven o ki € | Aeddy fawmer |
TPRIHAS AeHae B UdT Iell & fS79H Fedae old —0.64 38T Sl 0.05 WRI IR YRIT AT 2|

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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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 km?® (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
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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 (1ITM).

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
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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 (° 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
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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.
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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
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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
precipitation

country  average

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
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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 216 306 531 1028 1784
CV (%) 647 57.0 345 2438 16.4

306.2 3643 3076 1972 881 183 113
13.4 14.1 13.3 8.0 442 918 755

Seasons Winter Pre-monsoon Monsoon Post-monsoon Annual
Mean 63.5 334.2 1175.3 106.4 1679.4
CV(%) 39.9 10.0 55 37.6 47
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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.

(if) 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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