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ABSTRACT

To understand the local atmosphere and heat transfer and to facilitate the boundary-layer parameter-
ization of numerical simulation and prediction, an observational campaign was conducted in the Eastern
Himalayas in June 2010. The local atmospheric properties and near-surface turbulent heat transfers were
analyzed. The local atmosphere in this region is warmer, more humid and less windy, with weaker solar ra-
diation and surface radiate heating than in the Middle Himalayas. The near-surface turbulent heat transfer
in the Eastern Himalayas is weaker than that in the Middle Himalayas. The total heat transfer is mainly
contributed by the latent heat transfer with a Bowen ratio of 0.36, which is essentially different from that
in the Middle Himalayas and the other Tibetan regions.
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1. Introduction

The Tibetan Plateau is one of the most important
geographic features in the Northern Hemisphere, with
an average elevation of more than 4000 m above sea
level and an area of approximately 2.3×106 km2. The
strong solar radiation on the elevated surface makes
the plateau a heating source to the atmosphere. This
surface-heating effect not only drives the complicated
local atmospheric motions but also controls the Asian
climate systems and impacts the global atmospheric
circulations (Ye and Gao, 1979; Yanai et al., 1992).

The Himalayas are the greatest mountain system in
the world; they form the ridge of the Tibetan Plateau,
with an average height of more than 6000 m and a
length more than 2000 km. The great inhomogeneity
of the geographic features causes difficulties in under-
standing the local atmospheres and heat transfers in
the Himalayas and in proving the boundary-layer pa-

rameterizations of numerical simulations and predic-
tions.

Shen and Gao (1975), Zou et al. (2008) and Zhou et
al. (2011) revealed a distinct local atmospheric system
with strong surface heating and down-valley air flow
on the northern slope of Mt. Everest in the Middle
Himalayas. Ludecke and Kuhle (1991) mentioned that
the weather patterns in the Himalayas can be different
from those in the other Tibetan mountains. Zhu et al.
(2006) showed a pollutant transportation driven by the
local atmosphere in the Mt. Everest region. Tartari
et al. (1998) and Hindman and Upadhyay (2002) re-
ported that the weather system on the southern slope
of Mt. Everest differs from that on the northern slope.
Egger et al. (2000) and Zängl et al. (2001) showed that
the weather system in the Kali Gandaki Valley of the
Middle Himalayas differs from that of the Mt. Everest
region. Ye and Gao (1980) estimated the near-surface
turbulent heat transfers on the northern slope of Mt.
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Everest using empirical methods and showed a dra-
matically large heat flux in early summer, with an av-
erage sensible heat flux of 232.8 W m−2 and a latent
heat flux of 43.6 W m−2. Zou et al. (2009) directly
measured the near-surface turbulent heat transfers us-
ing an ultrasonic anemometer system in the same re-
gion and obtained sensible and latent heat fluxes of
69.9 W m−2 and 32.2 W m−2, respectively, in June
2006. These studies were mainly focused on the mid-
dle range of the Himalayas, and thus far, we do not
have any knowledge of the local atmosphere and near-
surface heat transfer in the eastern range of the Hi-
malayas.

Compared with the middle range, the eastern range
of the Himalayas is characterized by lower altitudes
and more vegetation cover, and this region is impacted
by the moist and warm air from the Bay of Bengal
(Gao et al., 1985; Yang et al., 1987). These geographic
and climatological features could make the local at-
mosphere and heat transfer differ from those in the
Middle Himalayas.

To understand the local atmosphere and the heat
transfer in the Eastern Himalayas and to facilitate
boundary-layer parameterization in numerical simula-
tion and prediction over the Tibetan Plateau, a study
was conducted based on an observational campaign in
June 2010. This article discusses the local atmosphere
and near-surface turbulent heat transfer in the Eastern
Himalayas compared to the Middle Himalayas.

2. Topography and methodology

Figure 1 illustrates the topography around the ob-
servation site. The Eastern Himalayas elongate from
west to east with a main ridge elevation of ∼5000 m.
The Yarlung Tsangpo River rushes from west to east
with a water surface elevation of ∼2920 m at the north-
ern edge of the Eastern Himalayas. The land surface in
the valley of the Yarlung Tsangpo River is covered by
meadow with scattered short trees, and the northern
slope of the mountains is forests and mainly covered
by Pinus densata, Picea, and Abies. The observation
site (29◦26′54′′N, 94◦41′26′′E, 2930 m, denoted as a
solid dot in Fig. 1) is located on the south side of the
Yarlung Tsangpo River, 1.3 km from the water and 20
km from the mountain ridge.

The observational campaign was conducted from 3
June to 30 June 2010. The global and net radiation
fluxes were measured at 1.5 m by two pairs of pyra-
nometers and a pyrgeometer (CM21 and CG4 from
Kipp & Zonen, Netherland). The air temperature and
humidity were measured at 1.5 m, and the wind was
measured at 2.5 m. The soil-surface temperature was
measured by an autonomic weather station (MAWS-

Fig. 1. Topography of the observational region in the
Eastern Himalayas with a contour interval of 500 m. The
observation site is denoted as a solid dot.

201 from Vaisala, Finland). Additionally, the tur-
bulence heat fluxes were measured at 2.5 m by an
ultrasonic anemometer (CSAT3 3-D from Campbell,
United State) with sonic virtual temperature and
CO2/H2O measurements (LI7500 from Li-Cor, United
State) at a sampling rate of 10 Hz. The calculations of
vertical turbulent heat fluxes in this study were based
on the conventional eddy-covariance technique, with
a 30-min average and WPL correction (Brook, 1978;
Riehl et al., 1978; Webb et al., 1980; Stull, 1988).

The observational data obtained on the north-
ern slope of Mt. Everest in June 2006 (Zou et al.,
2008, 2009) were studied and are discussed here, and
NCAR/NCEP reanalysis data (http://nomad3.ncep.
noaa.gov/ncep−data/) were used in the 500-hPa syn-
optic situation analysis.

3. The synoptic background

Figure 2a shows the averaged streamline field at
500 hPa in June 2010 and the precipitation during the
observational campaign. The subtropical-high circu-
lation was centered at ∼20◦N and ∼130◦E, with ex-
tended impacts westward to the Bay of Bengal, and the
Arabic low circulation was centered at 15◦N and 65◦E.
A westerly trough appeared in the eastern part of the
Indian subcontinent between the two systems instead
of closed cyclonic streamlines. The observational site
(denoted by a solid dot) was northwest of the subtrop-
ical high and northeast of the westerly trough. This
synoptic situation resulted in mild weather at the ob-
servational region, and the westerly trough may have
brought clouds and showers to this region. Within this
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Fig. 2. (a) The 500-hPa streamlines over Asia averaged in June 2010
with the observational site denoted as a solid dot and (b) the hourly
precipitation in the Eastern Himalayas in June 2010.

synoptic background, cloudy skies were often observed
at the observational site during the campaign. The
precipitation records (Fig. 2b) show that the observa-
tional site experienced two major precipitation periods
with discontinuous but intensive showers from 3 June
to 7 June and from 19 June to 27 June. The total pre-
cipitation was 73.2 mm from 3 June to 30 June, with
a maximum hourly precipitation amount of 6.0 mm at
1900 LST on 23 June.

4. The local atmosphere

Figure 3 shows the averaged diurnal cycles of the
atmospheric properties measured in the observational
campaign in the Eastern Himalayas in June 2010.

In Fig. 3a, the global solar radiation flux varies in a
sine curve starting at 0530 LST, reaching a maximum
of 610.7 W m−2 at 1230 LST and ending at 1800 LST,
with an average of 186.8 W m−2. The net radiation
flux shows daytime heating from 0600 LST to 1730
LST, with a maximum of 427.3 W m−2 at 1230 LST,
and nighttime cooling, with a minimum of −43.4 W
m−2 at 1930 LST. The average net radiation flux was
104.4 W m−2. Compared with the averaged global and
net radiation fluxes (531.6 W m−2 and 131.6 W m−2,
respectively) measured on the northern slope of Mt.

Everest in June 2006 (Bai et al., 2007), the solar ra-
diation and radiant heating in the Eastern Himalayas
were weaker than in the Middle Himalayas, which can
be attributed to the lower elevation and larger cloud
amounts in the Eastern Himalayas.

As shown in Fig. 3b, the air temperature ranged
from a minimum of 11.2◦C at 0430 LST to a maximum
of 19.3◦C at 1230 LST, with an average of 15.1◦C and
a range of 8.1◦C. Compared with the air temperatures
in the Middle Himalayas measured on the north slope
of Mt. Everest in June 2006 (average temperature:
7.2◦C, range: 10.6◦C; Zou et al., 2008), this measure-
ment shows a warmer local atmosphere in the Eastern
Himalayas. The soil-surface temperature was higher
than the air temperature at most times of the day,
with a minimum of 11.7◦C at 0500 LST, a maximum
of 26.0◦C at 1230 LST, an average of 17.2◦C, and a
range of 14.3◦C. Compared with the soil-surface tem-
perature in the Middle Himalayas, measured on the
northern slope of Mt. Everest in June 2006 (average:
14.0◦C, diurnal range: 35.4◦C), the soil surface in the
Eastern Himalayas was warmer, with a smaller diurnal
temperature range, which is possibly due to the higher
soil moisture in this region.

As shown in Fig. 3c, the relative humidity had
high values at night and in the early morning and low
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Fig. 3. The averaged diurnal variations of the local at-
mospheric properties: (a) the global and net radiation
fluxes; (b) the air and soil temperatures and the soil-air
temperature contrast; (c) the relative humidity and the
water vapor density; and (d) the westerly and southerly
wind speeds, u and v, respectively, in the Eastern Hi-
malayas in June 2010.

values at noon and in the afternoon, with a minimum
of 56% at 1400 LST, a maximum of 92% at 0400 LST,
an average of 75%, and a diurnal range of 36%. The
water vapor density had high values in the morning
and low values the rest of the day, with a minimum of
9.2 g m−3 at 0430 LST, a maximum of 9.8 g m−3 at
0730 LST, an average of 9.5 g m−3, and a diurnal range
of 0.6 g m−3. Compared with the relative humidity
and the water vapor density in the Middle Himalayas,

with averages of 46% and 3.0 g m−3, respectively, mea-
sured on the northern slope of Mt. Everest in June
2006, the local atmosphere in the Eastern Himalayas
is more humid.

In Fig. 3d, the surface wind maintains a weak
southwesterly direction at night, possibly as a com-
bination of down-valley flows in the Yarlung Tsangpo
Valley (westerly) and the valley from the Himalaya
ridge (southerly). It then turns to a weak northeast-
erly in the morning, likely impacted by a turnover of
the up-valley flow in the river valley (easterly), and
it shifts to a stronger southeasterly direction in the
afternoon, seemingly due to a turnover from an up-
valley wind to a down-valley flow in the valley from
the Himalaya ridge. The surface wind in the Eastern
Himalayas is weaker, with an average speed of 1.0 m
s−1, than that in the Middle Himalayas, with an aver-
age speed of 3.3 m s−1, on the northern slope of Mt.
Everest in June 2006 (Zou et al., 2008).

Therefore, the local atmosphere in the Eastern Hi-
malayas is essentially different from that in the Middle
Himalayas. The local atmosphere in the Eastern Hi-
malayas has weaker solar radiation and radiant heating
from the surface, higher air and soil temperatures with
smaller diurnal ranges, higher humidity and weaker
winds than in the Middle Himalayas.

5. The turbulent heat transfer

Figure 4 shows the averaged diurnal variation of
the near-surface turbulent heat fluxes calculated from
the observation data collected in June 2010. As shown
in Fig. 4, the sensible heat flux was directed upward
during the daytime from 0530 to 1800 LST and down-
ward at nighttime, with a minimum of −5.9 W m−2

at 1900 LST, a maximum of 89.9 W m−2 at 1230 LST,
and an average of 22.9 W m−2. The latent heat flux
was directed from the surface to the air at most times
of the day, with a minimum of −12.2 W m−2 at 2330
LST, a maximum of 194.5 W m−2 at 1300 LST, and

Fig. 4. The averaged diurnal variations of the near sur-
face turbulent heat fluxes in the Eastern Himalayas in
June 2010.
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an average of 63.4 W m−2. The total heat flux as a
sum of the sensible and latent heat fluxes was directed
upward at most times of the day, with a minimum of -
13.5 W m−2 at 1130 LST, a maximum of 282.5 W m−2

at 1230 LST, and an average of 86.3 W m−2. The av-
eraged latent heat transfer was more than two times
the sensible heat transfer, expressed by a Bowen ratio
of 0.36, in the Eastern Himalayas during the observa-
tional campaign.

In the earlier studies, Gao et al. (2000) measured
a total heat flux of 145.4 W m−2 and a Bowen ratio
of 1.44 at Nagqu in Central Tibet; Bian et al. (2002)
reported a total heat flux of 79.7 W m−2 and a Bowen
ratio of 1.21 at Qamdo in East Tibet; Li et al. (1999)
obtained a total heat flux of 81.0 W m−2 and a Bowen
ratio of 1.89 at Gaize in West Tibet from 8 June to 14
July 1998; and Zou et al. (2008) observed a total heat
flux of 102.1 W m−2 and a Bowen ratio of 2.17 on the
northern slope of Mt. Everest in the Middle Himalayas
in June 2006. Compared with the above results, the
total heat flux obtained in the Eastern Himalayas in
the same season of 2010 was lower than those obtained
in Central Tibet and the Middle Himalayas and was
higher than those in Western and Eastern Tibet. Al-
though the total heat flux in the Eastern Himalayas is
within the range of those observed in the other Ti-
betan regions and the Middle Himalayas, the main
carrier of the total heat transfer in the Eastern Hi-
malayas is essentially different from the others. The
latent heat transfer dominates the total heat transfer
with the Bowen ratio <1 in the Eastern Himalayas,
but the sensible heat transfer dominates with Bowen
ratios >1 in the other Tibetan regions and the Middle
Himalayas.

To further understand the driving forces of turbu-
lent heat transfer in the Eastern Himalayas, correla-
tion analysis was applied between the diurnal varia-
tions of the heat transfer fluxes and the atmospheric
properties. The correlation coefficients between the
sensible heat flux and the air temperature, the soil
temperature, and the soil-air temperature contrasts
were 0.66, 0.93, and 0.91, respectively. These values
indicate that the soil temperature has a stronger im-
pact on the soil–air temperature contrast, which is the
driving force of the sensible heat transfer, than the air
temperature. The correlation coefficients between the
latent heat flux and the air temperature, the soil tem-
perature, and the water vapor density were 0.79, 0.96,
and 0.59, respectively. The high correlation between
the latent heat transfer and the soil temperature may
indicate that the surface evaporation driven by the soil
temperature and the air diffusion ability expressed by
the air temperature have stronger impacts on the la-
tent heat transfer than the water vapor content.

6. Conclusions

After analyzing on the local atmosphere and the
near-surface turbulent heat transfer in the Eastern Hi-
malayas, the following conclusions can be made:

(1) The local atmosphere in the Eastern Himalayas
is essentially different from that in the Middle Hi-
malayas. Compared to the Middle Himalayas, the lo-
cal atmosphere in the Eastern Himalayas is warmer,
more humid, and less windy, with weaker solar radi-
ation and surface radiate heating. In this study, the
average global solar radiation flux was 186.8 W m−2,
the net radiation flux was 104.4 W m−2; the air tem-
perature was 15.1◦C; the soil surface temperature was
17.2◦C; the relative humidity was 75%; the water va-
por density was 9.5 g m−3; and the wind speed was
1.0 m s−1 in the Eastern Himalayas in June 2010.

(2) The near-surface turbulent heat transfer in the
Eastern Himalayas was directed from the surface to
the air at most times of the day, with an average total
heat flux of 86.3 W m−2, which is higher than in East-
ern and Western Tibet but lower than in Central Tibet
and the Middle Himalayas. The turbulent heat trans-
fer in the Eastern Himalayas was mainly contributed
by the latent heat transfer, with a Bowen ratio of 0.36,
which is essentially different from that in the other Ti-
betan regions and the Middle Himalayas.
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