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EXTENDED ABSTRACT  

The Tibetan Plateau (TP), the highest and largest 
plateau on Earth is characterized by very complex 
terrain and 1/3 of the plateau is over 4800m a.s.l. 
However, there are no meteorological observato-
ries in the mountain area over 4800m. Ten simple 
automatic meteorological systems were set on a 
south facing mountain slope from 4300m to 
5530m in the central part of the TP. The observa-
tion shows an uniform lapse rate about 0.69 º
C/100m along the slope, in summertime. The lapse 
rate is a little bit greater than that of averaged over 
the TP. However, there is a very lower lapse rate 
about 0.09ºC/100m at lower portion of slope (be-
low 4800m) and a relatively larger lapse rate about 
0.9ºC/100m at higher portion of the slope in win-
tertime. Due to strong radiation cooling based on 
lower humidity and cold air run-off from a higher 
mountain region into the valley or basin by a local 
circulation, the air temperature in the valley or 
basin becomes lower and lower during night in 
wintertime. This process occurred and a tempera-
ture inversion layer exited almost every day during 
wintertime. The temperature inversion was formed 
around sunset (before 20:00 BST, local time is 
about 2 hours earlier) and developed gradually 
until next morning. Inversion layer reached to 
5100m at about 8:00 BST and disappeared rapidly 
after sunrise.  

The averaged lapse rate for the TP (calculated by 
using thirty years (1950-1080) mean air tempera-
ture of 85 stations) is 0.57 ºC/100m in July and 
0.56 ºC/100m in January. Our observation shows a 
greater lapse rate about 0.69ºC/100m along the 
slope in July. This may be the effect of higher 
temperature between 4400m to 4800m. Our ob-
served lapse rate in winter was completely differ-
ent from the average due to the existence of tem-

perature inversion. 

The YSA’s (Yamada Science and Art) A2C at-
mospheric modeling solution (NEW HOTMAC 
model) is used for illustrating this local circulation. 
The HOTMAC Model gives very clear result that 
the local circulation in the mountain has an effect 
on the vertical profile of air temperature in winter-
time.  

On the other hand, The TP has been considered to 
be one of the most ecologically fragile and sensi-
tive ecosystems on the earth. Grassland occupies 
about 50% of the Tibetan Plateau and distribute 
even to 5200m a.s.l. in high mountain region. An 
over three times increasing in livestock production 
in the Tibetan Plateau has occurred since 1978. 
Historical meteorological data showed that the 
elevation of air temperature on the Tibetan Plateau 
is greater than for the whole China and East Asia 
within the same period. In our observation site, 
vegetation cover as well as species number and 
root biomass in the lower part of the slope below 
4600m is much lower than that around 5000m. The 
decrease of species number, vegetation cover and 
root biomass may be related to the grazing pres-
sure. These may have had effect on the tempera-
ture distribution in our observation results such as 
increasing air temperature in lower part of the 
slope. Therefore, the lapse rate is a little bit greater 
than the average in summertime. Meteorological 
observatories’ data on the TP is not ideal for as-
sessing meteorological characteristics in high 
mountain regions, especially for wintertime. Hu-
man activities (mainly grazing) may have great 
effect on the temperature distribution. Long-term 
meteorological observation and ecological investi-
gation in high mountain region will be very impor-
tant in high mountain regions in the future. 
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1. INTRODUCTION 

The Tibetan Plateau (or Qinghai-Xizang Plateau, 
hereafter TP) is the highest (averaging >4000m) 
and largest plateau on Earth. The TP is character-
ized by very complex terrain and 1/3 of the plateau 
is over 4800m. TP is of immense importance both 
to climate and to ecosystems of the Asian conti-
nent and even the whole world. Research on the 
climate change in the TP has received increasing 
attention since mid-1970s (e.g. Zheng et al., 2000). 
There is strong evidence that the TP exerts pro-
found thermal and dynamical influences on the 
local weather and climate as well as on atmos-
pheric circulation (e.g. Manabe and Terpstra, 
1974) and some studies suggest that the TP is one 
of the most sensitive areas to respond to global 
climate change (e.g. Liu and Chen, 2000). Liu and 
Chen (2000) showed that the main portion of the 
TP has experienced statistically significant warm-
ing since the mid-1950s, especially in winter, 
which exceed those for the Northern Hemisphere 
and the same latitudinal zone in the same period. 
Most of the works concerning climate change in 
the TP attempt to link the climate change to at-
mospheric circulations or global warming related 
to the atmosphere greenhouse gases (e.g. Yin et al., 
2000; Liu and Chen, 2000).  

However, the meteorological observatories on the 
TP are biased to the populated lower-elevation 
area (<4800m) in the eastern and southern TP. 
Observational data is not ideal for assessing long-
term trends on the TP (Frauenfeld et al., 2005). 
The results obtained from the studies described 
above can only represent the available data sources 
they used. They indicate an obvious warming cli-
mate on the TP in recent decades. Frauenfeld et al. 
(2005), however, found that there are no signifi-
cant trends on the TP in its 2-m temperature from 
European Centre for Medium-Range Weather 
Forecasts (ECMWF) Reanalysis (ERA40; Sim-
mons and Gibson, 2000). Kalnay and Cai (2003) 
suggested a potential explanation for the difference 
between reanalysis and station trend is the exten-
sive local and regional land use changes during 
recent decades. Du et al. (2004) suggested that 
degradation of grassland by over grazing on the TP 
should have an effect on the climate change on the 
TP. This may be one of the reasons why climate 
warming on the TP is greater than on other places. 
Therefore, it is very important to know the mete-
orological characteristics, especially the tempera-
ture distribution and variation in the unpopulated 
higher-elevation area (>4800m) on the TP. This 
paper shows some observational results of tem-
perature distribution on a mountain slope from 
4300m to 5530m a.s.l. in the central part on the TP 
and simulation result for clarifying the local circu-
lation effect on the temperature distribution. 

2. OBSERVATIONS  

2.1. Observation site 

 

 
Figure 1. The main topography over the Tibetan 
Plateau (up) and observation stations (down). The 
Tibetan Plateau is shown as the shaded region 
where elevation is higher than 3000 m a.s.l.. Black 
contour lines show topography with an interval of 
1000 m (up) and 100m (down). The triangles indi-
cate the observation stations. 

Figure 1 shows the main topography over the TP 
and the observation sites. There are no meteoro-
logical observatories in the area over 4800m a.s.l. 
which occupied 1/3 of TP showed as  dark areas in 
Figure 1 (up). We set up 11 observation stations on 
a south slope of Mount Nyainqentanglha as shown 
in Figure 1 (down) at Dangxiong (30º28-32’N，

91º02-03’E). One of the 11 stations is a basic 
automatic station at about 4300m in the valley 
(hereafter AWS). All the meteorological elements 
including short and long wave radiations, wind 
speed and direction, air temperature and humidity, 
soil temperature and water content etc. were meas-
ured there by using measurement system of Camp-
bell Scientific, Inc. Data were recorded with a 
data-logger (CR10X; CSI) at 30 min intervals. 
Measurement system on the other 10 stations are 
Hobo weather stations (Onset Computer Corpora-
tion) settled at 4300m, 4400, 4500m, 465m, 
4800m, 4950m, 5100m, 5200m 5300m 5530m on 
a south slope. Air temperature and humidity at 2m 
and soil temperature and soil water content at 5cm, 
20cm and 50cm are sampled at 1 min intervals and 
the mean value were recorded with a data-logger at   
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30 min intervals. The air temperature data from 
August 2005 to January 2007 are presented in this 
study.  

2.2. Daily mean air temperature distribu-
tion 

Figure 2 shows daily mean air temperature distri-
bution with height during one year from Aug. 6, 
2005 to Aug. 5, 2006. Temperature decreased 
gradually with height in summer (Jun. to Aug.). 
However, there was a height where daily mean air 
temperature was higher than that in the lower 
places. A temperature inversion layer exited along 
the lower part of the slope. The inversion height 
became higher and higher gradually from middle 
of November to late of December and disappeared 
rapidly in April. Inversion height was about 500m 
high  (about 4800m) in January. 

2.3. Temperature profiles  

Monthly mean air temperature profile also shows a 
clear temperature inversion during wintertime as 
shows in Figure 3. Figure 3 shows an uniform 
lapse rate about 0.69ºC/100m along the slope in 
summer (July and August) and early autumn (Sep-
tember) and shows a very lower lapse rate about 
0.09 º C/100m at lower part of slope (below 
4800m) and a relatively larger lapse rate about 0.9
ºC/100m at higher part of the slope in wintertime. 

2.4. Formation of air temperature inversion  

As mentioned above, air temperature inversion 
existed almost every day during winter in our ob-
servation area. Figure 4 shows an example of the 
formation and variation of the air temperature in-
version during Jan. 8 to 9, 2007.  A temperature 
inversion was formed around sunset (before 20:00 
BST, local time is about 2 hours earlier) and de-
veloped gradually until next morning. Inversion 
layer reached to 5100m at about 8:00 BST and 
disappeared rapidly after sunrise. Figure 5 gives 
the diurnal variation of solar radiation, net radia-
tion, relative humidity, wind speed and direction 
for the same period. It can be concluded that this 
was a typical nocturnal invasion by radiation cool-
ing in a valley. After sunset (solar radiation 
changes to zero), net radiation changed form plus 
(heating effect) to minus (cooling effect) and wind 
speed decreased rapidly. After several hours cool-
ing, inversion layer became thinker and thinker 
and wind direction changed from SSW, valley 
wind to NNE, wind from the mountain slope. 

50 100 150 200 250 300 350
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Figure 2. Daily mean air temperature distribution 
with height along a south slope at Dangxiong, TP 
during one year from Aug. 6, 2005 to Aug. 5, 2006. 
The bold line indicates the warm centre on the 
slope in wintertime. 
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Figure 3. Variation of monthly mean temperature 
profiles along the south slope from July 2006 to 
January 2007. 
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Figure 4. Variation of air temperature profiles 
along the south slope from 16:00 BST Jan. 8, 2007 
to 10:00 BST Jan. 9, 2007. 

2.5. Cause of temperature inversion  

As mentioned above, our observed temperature 
inversion is a nocturnal inversion in valley or basin 
mainly deduce by nocturnal radiation cooling. 
Usually, this kind of temperature inversion occurs 
on clear calm night. It is well known that calm day 
is not prevailing on the TP, especially in winter-
time. As shown in figure 5, the wind speed at our 
valley station was more than 1m/s in the night. It 
seems that certain wind can accelerate heat ex-
change within a valley or basin and let the inver-
sion layer developed to a higher place.  
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Figure 5. Diurnal variation of solar radiation, net 
radiation, relative humidity, wind speed and direc-
tion on Jan. 8-9, 2007. 

In order to clarify the cause of temperature inver-
sion on TP to explain why the inversion was ex-
isted only in wintertime, daytime (from 10:00 to 
20:00 BST) and night time (21:00 to 8:00 BST 
next day) value of radiation, humidity and wind 
were calculated. Figure 6 shows annual variation 
of net radiation, relative humidity and wind speed 
for daytime and night time. We can see that al-
though wind speed of daytime was much greater in 
wintertime, wind speed at night time was similar 
as summertime. Ret radiation at night time was 
very lower in wintertime and relative humidity 
(both daytime and night time) was lower than 
summertime. Compared with Figure 2, strong ra-
diation cooling under relative dry condition is the 
main cause for the temperature inversion.  

2.6. Comparison of the lapse rate along the 
slope to that of averaged over the TP 

Thirty years (1950-1080) mean air temperature of 
85 stations was used for calculating the averaged 
lapse rate by removing latitude and longitude ef-
fect. Figure 7 shows the relationship between mean 
air temperature and height for these 85 stations. 
Our observation results were also showed in Fig-
ure 7. The averaged lapse rate for the TP is 0.57 º
C/100m in July and 0.56 ºC/100m in January.  Our 
observation shows a greater lapse rate about 0.69º
C/100m along the slope in July. This may be the 
effect of higher temperature between 4400m to 
4800m. Our observed lapse rate in winter was 
completely different from the average due to the 
existence of temperature inversion.  
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Figure 6. Annual variation of net radiation, rela-
tive humidity and wind speed for daytime and 
night time (from Aug. 6, 2005 to Aug. 5, 2006) 
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Figure 7. Relationship between air temperature 
and height on the TP in July and January.  

All the meteorological observatories on the Ti-
betan Plateau are biased to the populated lower-
elevation area in valleys or basins lower than 
4800m. Therefore, meteorological observatories’ 
data is not ideal for assessing meteorological char-
acteristics in high mountain region, especially for 
wintertime. 

2.7. Importance of temperature distribu-
tion on high mountain regions  
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The TP has been considered to be one of the most 
ecologically fragile and sensitive ecosystems on 
the earth. Grassland occupies about 50% of the 
Tibetan Plateau and distribute even to 5200m a.s.l. 
in high mountain region. An over three times in-
creasing in livestock production in the Tibetan 
Plateau has occurred since 1978 (Du et al., 2004). 
However, degradation (such as vegetation cover 
decreasing) of grassland due to over grazing on the 
TP has been a problem (Zhu and Li, 2000). De-
creasing in vegetation cover reduces evapotranspi-
ration thereby allowing an increase in local tem-
perature levels (e.g. Du, 1996, Balling et al., 1998). 
In our observation site, vegetation cover as well as 
species number and root biomass in the lower part 
of the slope below 4600m is much lower than that 
around 5000m. The decrease of species number, 
vegetation cover and root biomass may be related 
to the grazing pressure. These may have had effect 
on the temperature distribution in our observation 
results such as increasing air temperature in lower 
part of the slope. Therefore, the lapse rate is a little 
bit greater than the average in summertime. Long-
term meteorological observation and ecological 
investigation will be very important in the future. 

3. SIMULATIONS 

3.1. Model equations 

Since our wind observation is only obtained by 
AWS at the valley, we used the New HOTMAC 
model (Yamada Science and Art) to simulate the 
local circulation. The basic HOTMAC equations 
for mean wind, temperature, mixing ratio of water 
vapour, and turbulence are similar to those used by 
Yamada and Bunker (1988). 

In order to accurately treat surface boundary con-
ditions, a terrain-following vertical coordinate sys-
tem is used: 
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where z* and z are the transformed and Cartesian 
vertical coordinates, respectively; zg is ground ele-
vation; H  is the material surface top of the model 
in the z* coordinate and H is the corresponding 
height in the z coordinate. 

The governing equations following the coordinate 
transformation are 
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In the above expressions, U, V, and W are velocity 
components in x, y, and z directions, respectively, 
〈 〉 indicates an average over a horizontal surface. 
The second terms on the right-hand side of eqs. (2) 
and (3) indicate the effects of ground slope, which 
are resulted from the coordinate transformation. 

For simplicity, H is specified as 

(7)                                                                  maxgzHH +=  

where zgmax is the max height of ground elevation 
in the study area. 

The geostrophic winds Ug and Vg are computed 
from 
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where vΔΘ  ≡ vΘ - 
vΘ , and the abbreviated sym-

bols ( )HU g
 ≡ Ug(x, y, H , t), ( )HVg

 ≡ Vg(x, y, H , 
t), etc., are used.  

A turbulence kinetic energy equation is given by 
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where q2 = 222 wvu ++  is twice the turbulence 

kinetic energy, vwθ  turbulence heat flux, θv the 
fluctuation part of virtual potential temperature, 
and (F1, F2, Sq, Sl, and B1) = (1.8, 1.33, 0.2, 0.2, 
and 16.6) empirical constants determined from 
laboratory experiments (Mellor and Yamada, 
1982). 

The internal heat energy equation is written as  

( ) (12)                 .  ⎥⎦
⎤

⎢⎣
⎡ −
∂
∂

−
+⎥

⎦

⎤
⎢
⎣

⎡
∂
Θ∂

∂
∂

+⎥⎦
⎤

⎢⎣
⎡

∂
Θ∂

∂
∂

=
Θ

∗ θw
zzH

H
y

K
yx

K
xDt

D

g
yx

 

A conservation equation for mixing ratio of water 
vapour is given by 
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The turbulent fluxes in eqs. (2), (3), (10), (11), 
(12), and (13) are obtained from simplified second-
moment turbulence-closure equations (Yamada, 
1983) 

3.2. Simulations 

We deployed nested grids 3 of domains to include 
both large topography (a part of Mount Nyainqen-
tanglha) and small topography (only the valley and 
the slope where observation obtained) as shown in 
Figure 8. Simulations initiated at 14:00 Jan. 8 and 
stoped at 14:00 Jan. 10. Initial wind directions 
were westerly (250º) and wind speeds in the upper 
levels were 2 m/s. Potential temperature gradients 
in the vertical direction were 0.001 K/m for the 
first 1000 m above the ground and 0.003 K/m in 
the levels greater than 1000 m above the ground. 
The top of computational domain was 10000m 
above the highest ground elevation, which was 
5530 m for the present study. 

 
Figure 8. Grid lines and topography of computa-
tion domains. The bold line indicates observation 
transection and ● indicates the AWS with wind 
observation.  

3.3. Results  

 

 
Figure 9. The modelled wind and temperature 
distributions in Domain 1 at 2 m above the ground 
(up: 16:00; down: 07:00). Arrows indicate wind 
directions and wind speeds are proportional to the 
lengths of arrows. 

 

 
Figure 10. The modelled wind and temperature 
distributions in the vertical cross section along the 
observation slope. (up: 16:00; down: 07:00). Ar-
rows indicate wind directions and wind speeds are 
proportional to the lengths of arrows. 

Figure 9 shows the modelled horizontal wind dis-
tributions in domain 1 at 2 m above the ground at 
16:00 and 07:00 local time. During the daytime 
westerly wind was proving in the whole domain 
area and air temperature is higher in the lower val-
ley. As the ground began cooling, westerly breezes 
changed to hill breezes and upslope flows changed 
to down slope flows over the hills. In the valley, 
westerly wind changed to easterly wind due to 
down slope flows from both mountain sides (north 
wind and south wind) just like the observation as 
shown in Figure 5 and air temperature was lower 
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than that on the lower part of the mountain slope. 
The local circulation between mountain and valley 
was very thin, especially during the nigh time as 
shown in Figure 10. However, this circulation ac-
celerated the cooling process in the valley (bring 
cold air from higher place to lower places).   

4. CONCLUSIONS 

In order to clarify the vertical pattern of air tem-
perature in high mountain regions where no mete-
orological observatories, we set ten simple obser-
vation stations along a south slope from 4300m to 
5530m in central part of the TP since August 2005. 
New HOTMAC Model (Yamada Science and Art) 
was used to simulate the local atmospheric circula-
tion based on the observation in this mountain re-
gion. The observation results show that the lapse 
rate in summer time is similar to that of averaged 
over the TP. The lapse rate in winter, however, is 
much lower than the average for the lower portion, 
but much greater than that for the upper portion of 
the slope, which indicates a temperature inversion 
layer on the slope due to strong radiation cooling 
and local circulation system. The New HOTMAC 
atmospheric modelling solution can be used to 
simulate the local circulation and temperature pro-
file in high mountain region. Human activities 
(mainly grazing) may have great effect on the tem-
perature distribution. Long-term meteorological 
observation and ecological investigation will be 
very important in high mountain regions in the 
future. 
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