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A B S T R A C T  

Using the dataset of 1998 TIPEX,  the data of 6 automat ic  heat balance observational stations (AWS) 
from May to August  1998, a datase t  of 52 surface observational stat ions over the Tibetan Pla teau  (TP) 
and its adjacent  region, the daily rainfall amounts from about  300 stat ions in China, the outgoing longwave 
radiation (OLR) da ta  received by the National  Satell i te Meteorological Center(NSMC) of China, and TBB 
data from GMS remote sensing of Japan,  the characteristics of the seasonal variation of the surface to ta l  
heating over TP  and its surrounding area in summer 1998 and its relationship with the convection over 
the subtropical  area of the western Pacific is studied in this paper.  The results show tha t  the surface to ta l  
heating over TP  had a close relationship with the  onset of the rainy season, and after the onset of the rainy 
season, the regional mean surface to ta l  heating over T P  decreased distinctly. ~ r t h e r m o r e ,  the regional 
mean surface to ta l  heating over T P  had very good negative correlation with TBB over the subtropical  
area of the western Pacific along 20-30~ which shows tha t  the surface to ta l  heating over T P  was able to 
affect the convection over the subtropical  area of the  western Pacific. 
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1. I n t r o d u c t i o n  

As a s t rong  hea t  source  in summer ,  which  rises to  
the  he igh t  of the  midd l e  t r oposphe re ,  t he  h e a t i n g  ef- 
fect f rom the  unde r ly ing  T i b e t a n  P l a t e a u  (TP)  is fa i r ly  
i m p o r t a n t .  Ji  (1984) s t ud i ed  the  r e l a t i onsh ip  be tween  
the  surface  ne t  r a d i a t i o n  over t he  wes te rn  T P  a n d  the  
onse t  of t he  I n d i a n  monsoon ,  and  i n d i c a t e d  t h a t  when  
the  d e p a r t u r e  of  t he  surface  ne t  r a d i a t i o n  over  t he  Shi- 
quanhe  s t a t i o n  of  t he  wes te rn  T P  h a d  a pos i t ive  (neg- 
a t ive)  value  in May, t he  onse t  of the  sou thwes t  mon-  
soon of  I n d i a  was la te  (ear ly) .  For  t he  cha rac t e r i s t i c s  
of t he  s p a t i o - t e m p o r a l  d i s t r i b u t i o n  of  t he  surface ra-  
d i a t i on  ba l ance  over TP,  t he  s tud ies  of  some scholars  
(The  first  p r o g r a m  group  of Q X P M E X ,  1984) showed 
that the seasonal variation of the surface radiation over 
most parts of TP had little change at all. The mid- 
dle and lower reaches of the Brahmaputra River was an 
important area for the balance of radiation energy over 
TP. Wu (1984) studied the surface heating condition 
over TP by defining the intensity of surface heating as 
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the  s u m  of  sens ible  hea t  a n d  l a t en t  hea t  of  e v a p o r a t -  
ing condensation and indicated that for the mainland 
of TP in 1979, the intensity of surface heating lay in 
a decreasing phase for nearly I0 days before the on- 
set of the rainy season, while after the onset of the 
rainy season, it increased immediately. Zhao (1999) 
studied the spatio-temporal distribution of the 35-year 
mean surface total heating over TP from 1961 to 1995 
and indicated that in the process of seasonal variation, 
the range of variation of the surface total heating over 
the southwest part was much greater than over the 
east part. Furthermore, they found that the impact 
of the surface total heating on the atmosphere over 
the western TP was possibly more distinct than over 
the eastern TP during spring and summer. In this 
paper, the characteristics of the seasonal variation of 
the surface total heating over TP during the period 
of May-August 1998, as well as the relationship with 
the convection over the subtropical area of the West 
Pacific, are studied through correlation analysis. 
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2. D a t a s e t s  

The datasets used in this paper are: 
1) Routine surface data  of 12 stations over TP  pro- 

vided by 1998 TIPEX;  routine daily observational data  
of 194 stations covering China (which includes about  
52 stations in TP  and adjacent area); 

2) Radiation data  of 6 AWS stations of T P  (Lhasa, 
Xigaze, Nagqu, Nyingchi, Gerze, and Shiquanhe) from 
May to August of 1998 with interval of 20 minutes; 

3) Daily precipitation data  of 300 weather stations 
covering China from May to August 1998; 

4) OLR data  received by NSWC during the period 
of May to August 1998, two times per day, covering 
the domain 0~176 80~176 with a resolution of 
0.5~215176 

5) TBB data  from GMS remote scnsing of Japan, 
with observational domain 0~176 80~ 460~ with 
resolution of 1~215 1 ~ 

. C h a r a c t e r i s t i c s  o f  t h e  s e a s o n a l  v a r i a t i o n  o f  

t h e  s u r f a c e  t o t a l  h e a t i n g  o v e r  T P  a n d  i ts  
s u r r o u n d i n g  a r e a  d u r i n g  t h e  p e r i o d  o f  M a y  
t o  A u g u s t  1998 

The surface total heating calculated in this paper 
is defined as: 

H s = S H + L E + R e  

where SH is sensible heat at the surface, LE is latent 
heat of evaporating condensation, and Re is surface 

effective radiation. After interpolating the calculated 
surface total  heating from each station to its nearby 
grid points, we performed a regional average for each 
grid point value. Figure 1 shows the daily variation of 
the calculated regional mean surface total  heating over 
T P  and its components during the period of May to 
August 1998. It can be seen that  during this period, 
the regional mean surface total  heating over TP  was 
between 120 W m - 2 -  270 W m -2, and had obvious 
change before and after the onset of the rainy season. 
Before the onset of the rainy season, the surface total 
heating was strong, while afterwards, it decreased ev- 
idently; besides, an obvious catastrophe phenomenon 
occurred in the variation of the regional mean surface 
total heating, which means that  it can increase or de- 
crease promptly during some period. Wu and Li (1990) 
studied the cata.~trophe phenomenon of the intensity 
of surface heating over T P  from August 1982 to July 
1983 and found that  2--4 catastrophes occurred during 
the increasing and decreasing periods of the intensity 
of surface heating over the Lhasa, Gerze, and Nagqu 
stations. In addition, seen from the daily change of 
surface heating and its components, the earth effective 
radiation accounted for the main part  in the surface 
total  heating, and the second part  was sensible heat, 
for from May to August, the daily changes of surface 
total  heating and earth effective radiation were almost 
synchronous. After the onset of the rainy season, the 
decrease of both the earth effective radiation and sen- 
sible heat resulted in the decrease of the surface total 
heating. 
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Fig. 1. Daily variation of the regional mean surface total heating over the Tibetan Plateau and its 
components during May-August 1998. Hs: surface total heating, Re: surface effective radiation, SH 
sensible beating, LE: latent heat of evaporating condensation. 
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The distr ibution of the surface total  heating over 
T P  during the period of May to August  was basically 
weak over the southeastern par t  while strong over the 
western and northern par ts  (Fig. 2). Wi th  the coming 
of the rainy season, the surface to ta l  heating over the 
monsoon region of T P  mainly decreased. The  rainy 
season over the eastern T P  came earlier and the whole 
eastern region entered into the rainy season until June. 
Therefore, from May to June, the surface to ta l  heating 
over most  of the T P  region east of 95~ decreased by 
50%. However, from then  on to July, there was little 
cloud over the northern and western TP;  the radia- 

t ion heat  was strong, which made the intensity of the 
total  heating over these regions increase, whereas the 
decreasing tendency of the surface heating from east 
to west was still shown. The  rainy season over the 
western T P  s tar ted  later, and the rainy season over 
some stations of this region did not s tar t  until August,  
therefore the surface total  heating over the western T P  
decreased more obviously than  in June and July. The  
Chadamu Basin of the northern T P  is arid during the 
whole year, which made the surface total  heating over 
this region mainta in  a high value above 350 W m -2.  
From the distr ibution of the monthly  mean surface 
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Fig. 2. Distribution of monthly mean surface total heating over the Tibetan Plateau during May-August 1998. 
(a) May; (b) June; (c) July; (d) August. 
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Fig. 3. Lag correlation between the regional mean surface total heating over the Tibetan Plateau 
and the TBB over other regions. (a) contemporary correlation; (b) 3 day surface total heating 
leading TBB; (c) 5-day; (d) 7-day; (e) 9-day; (f) ll-day (+0.21 reached 95% credibility, solid line 
denotes positive correlation, dashed line denotes negative correlation). 
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Fig. 4. Daily variation of the surface total heating over the Tibetan Plateau (TP) and TBB over the 
western TP during June-August 1998. (solid line: TBB over the western TP, dashed line: surface 
total heating). 

total  heating over T P  from May to August,  we can see 
tha t  the intensity of the surface total  heating over the 
western T P  was about  3 t imes tha t  over the eastern 
part ,  which indicates tha t  the heating effect of the sur- 
face total  heating on the a tmosphere  was far stronger 
over the western T P  than  over the eastern par t  in sum- 
mer. So tha t  is to say tha t  the heating effect was more 
prominent  over the western TP. 

4. R e l a t i o n s h i p  b e t w e e n  t h e  surface to ta l  heat-  
ing o v e r  T P  a n d  t h e  c o n v e c t i o n  o v e r  t h e  s u b -  
t r o p i c s  o f  t h e  western  Pac i f i c .  

To s tudy the relationship between the surface total  
heating over T P  and its adjacent area and the convec- 
tion over the subtropics of the western Pacific, we per- 
formed a lag correlation analysis of the regional mean 
surface total  heating over T P  and its adjacent area 
and TBB over other regions (Fig. 3). We found tha t  
the surface total  heating over T P  had a good negative 
correlation with TBB over the subtropical  region of 
the western Pacific along 20 ~ 30~ and the correla- 
tion lasted at least 11 days. The  intensification of the 
surface total  heating over T P  was able to enhanc@ the 
convection center over the above region and make it 
move northward (Fig. 3d-e).  Li and Chen (2000) stud- 
ied the relationship between the convection over the 
western T P  and tha t  over the subtropical  region of the 
western Pacific along 30~ in summer  1998 and indi- 
cated tha t  a zonal circulation existed between the two 
regions, and tha t  the intensification of the convection 

over the western T P  could make the western Pacific 
subtropical  high move either northward or southward. 
Thus we can see tha t  the result shown in Fig. 3 is very 
similar with tha t  conclusion. To further s tudy the phe- 
nomenon, we performed a daily variation analysis of 
the regional mean surface total heating over TP and 
the TBB over the western TP for June-August (Fig. 
4). The result showed that the changes in the two pa- 
rameters were approximately in phase with each other. 
The correlation coefficient reached 0.64 during the 92 
days of June-August, which means that the regional 
mean surface total heating over TP had a negative 
correlation with the convection over the western TP 
(because it had a positive correlation with TBB, and 
strong TBB corresponds with weal{ convection). That 
is, when the intensification of the surface total heat- 
ing over the whole TP was strong (weak), the convec- 
tion over the western TP was weak (strong). In fact, 
when there was little cloud in the sky, the earth ef- 
fective radiation was strong, thus making the surface 
total heating strong, whereas when the convection was 
deep, the cloud amount was comparatively more, and 
the decrease in the ear th  effective radiat ion led to the 
weakening of the surface total  heating. From the figure 
we can also find tha t  the change of the surface to ta l  
heating was a little in advance of tha t  of the T B B  over 
the western TP, and this means tha t  for most  regions 
of the whole T P  and its surrounding area, the change 
of surface to ta l  heat ing over the western T P  was a 
little later than  the former regions. 
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5. C o n c l u s i o n  

In this paper,  the characteristics of the spatio- 
t empora l  distr ibution of the surface total  heating over 
T P  and its adjacent region during the period of M a y -  
August  1998 is discussed. The  results show that:  

1) The surface to ta l  heating over T P  and its adja- 
cent region had a close relationship to the onset of the 
rainy season: before the rainy season, the surface total  
heating was strong, while afterward, it decreased ob- 
viously. The surface total  heating during the period of 
May-Augus t  1998 had obvious catas t rophe phenom- 
ena; 

2) The surface total  heating over the eastern T P  
was weaker than  over the western TP, while the sea- 
sonal variation of the surface total  heating over the 
eastern par t  was more evident; 

3) The regional mean surface total  heating over T P  
had a good negative correlation with TBB over the 
subtropical region of the western Pacific along 20 ~ 
30~ and had an obvious lag correlation.The cor- 
relation lasted for at least 11 days, which indicated 
tha t  the intensification (weakening) of the surface to- 
tal heating over T P  could enhance(weaken) the con- 
vection center over the above region and make it move 
northward; 

4) The change of the regional mean surface total  
heating was a little in advance of tha t  of the TBB over 
the western TP. During the period of June-Augus t ,  
their changes were almost in phase, which indicated 
tha t  for most  regions of the whole T P  and its sur- 
rounding area, the change of surface total  heating over 
the western T P  was a little later. This occurred be- 

cause the convection affected the ear th effective radi- 
ation first, then the ear th effective radiat ion affected 
the change of surface total  heating. 
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