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ABSTRACT 

岛'Iay' 2001 

The transition of the global atmospheric circulation in the end of 1970、阅n clearly be detected in the 
atm05pheric tem归rature， wind velocity, and 50 on. Wavelet analysis reveaIs that the temporal scale of this 
change is larger than 20 years. Studies in this work indicate that the trend ofthe transition over the mid-lati
tude Asia is opposite to that of global average for some variables at the middle troposphere. Another fmding 
of this research is that the African-Asian monsoon circulation is weaker and the trade wind over the tropi
cal eastern Pacific is weaker as well after this transition. Such a signal may be found in the summer precipita
tion over China as well 

Key ,.ords: Asian monsoon circulation, Weakening, Transition 

1. Introduction 

It is becoming widely accepted that human activities have changed the global climate. As 
a result of the increase of the greenhouse gases in the atmosphere the global temperature wi11 
be higher, together with many related changes occurring in the climate system (Wang et al., 
1993). In order to realize and predict the climatic change scientifically, we need to know the 
decadal to centennial scale climate variability and its mechanism. Therefore, the decadal to 
centennial scale climate variability is listed as one of the major objectives of the International 
Program on Climate Variability and Predictability (CLIVAR). 

Many facts in the decadal scale climate variability have been found through the analysis 
on the observed records and the reconstructed data for the surf沁e air temperature (Jones et 
al., 1999; Kelly and Jones, 1999; Wang et al., 1999; Shi et al., 1999), for example, the 10a scale 
climate variability. Researches revealed that the 1940's and the 1990's are the warm decades, 
while the 1960's is a ∞ld decade. The variability in 20a or longer time scale was also found as 
well in the variation of the general circulation (Karoly et al., 1996; Chen et al., 1998; Wang 
and Zhu, 1999). Abrupt c1imatic change in the 1960、 is another field of interest (Yan et al., 
1990). 

In this paper, long-term changes of the Asian monsoon accompanying the transition of 
the general circulation in the decadal scales are studied by using the reanalysis data 
(1949-1998) from the National Centers for Environmental Prediction (NCEP) and the Na
tional Center for Atmospheric Research (NCAR). The sudden transition in the end of the 
1970's for the general circ.ulation is examed in different pressure levels. In this analysis, 
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KZCX2-203 and the key program of the National Natural Science Foundation of China under COÌ1-

tract 49894170. 



NO.3 wαngH讪ijun 377 

(a) (b) 

:::kνwT丫斤1ι

857565554535251 
76

·3

4321 

8 
(c) 

7.5 
7 

6.5 

4 

3.5 
3 

2.5 
2 

1.5 
1 

Fig. 1. The tempora1 variation of the g1oba1 annua1 mean temperature (DC) and the rea1 part of its 
wave1et transformation at 500 hPa (a), 200 I_lPa (b), and 100 hPa (c), In the 10wer pane~ the 
abscissa is time in year, and the ordinate is 'a' (20

-
1 is the time sca1e in year) , 

we find that the African-Asian monsoon circulation is weakened. At the same time, the trade 
wind over the eastern Pacific is also reduced significantly. 

2. The transition of the global mean air temperature 

As the basis of this study, the changes of the global mean temperatures in the free atmos
phere are analyzed. First we plot the temporal variation and the wavelet analysis on the air 
temperature at the 500 hPa, 200 hPa, and 100 hPa pressure levels in Fig. 1, The temperature 
changed suddenly from a cold phase to a warm phase in the end of the 1970's at the three lev
els. Table 1 shows the global annual mean temperature differences between 1979-1998 
a verage and 1949-1976 a verage for 17 pressure levels. The changes for the above three levels 

are 0.320C , 0.910C , and 1.080C, respectively, and the changes are statistically significant at 
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Table 1. The global annual mean air temperature before and a仕.er the transition and their differences at pressure levels 

pressure 1949一1976 1979-1998 differences eC) 
significance 

(凹的 average (K) average (K) (t-test) 
1000 287.91 288. 17 0.27 >99% 
925 283.81 284.20 0.39 >99% 
850 280.21 280.79 0.58 >99% 
700 272.81 273.19 0.38 >99% 
600 266.14 266.57 0.43 >99% 
500 257.82 258.15 0.32 >99% 
400 247.08 . 247.47 0.39 >99% 
300 233.03 233.69 0.66 >99% 
250 225.60 226.37 0.77 >99% 
200 218.71 219.62 0.91 >99% 
150 21 1.77 212.88 1.1 1 >99% 
100 205.66 206.74 1.08 >99% 
70 208.30 208.15 -0.14 <90% 
50 212.74 212.03 -0.71 >99% 
30 217.94 217.73 一0.21 <90% 
20 221.53 222.01 0.48 <90% 
10 227.69 230.76 3.06 >99% 
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Fig. 2. The geographical distribution of the annual mean temperature differences (OC) between 
1979-1998 a verage and the 1949一1976 average at 300 hPa. Shaded areas indicate significant 
changes at 95 % level, estimated by a local student t-test. 

99% level (using student t-test). It is noted that the magnitude of the changes is larger at the 
higher levels than at the lower levels in the troposphere. 

The temporal scale of the transition is larger than 20 years, as could be seen from the 
wavelet analysis. However, in the scale of about 10a, there is also a transition in the end of the 
1970's. At 50 hPa, the trend of the change is opposite to that at the levels mentioned above in 
the troposphere. 
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3. The spatial structure of the transition and the specialty over Asia 

The geographical distribution of the temperature change at 300 hPa between the two pe
riods (1 979一1998 and 1949-1976) is presented in Fig. 2. The change of the temperature is pos
itive at most areas of the globe, with significant changes over the tropical Indian Ocean, the 
western Pacific, the mid-latitudes of the Southern Hemisphere, America, and the mid-lati-
tudes of Asia. Interestingly, the sign of the change over the mid-latitudes of Asia is negative, . 
opposite to that over most areas of the globe. Such a reverse change in Asia exists at all the 
levels below 200 hPa, with slightly different geographicallocations. This is called by us the 
specialty at the mid-latitudes of Asia for this transition. 

Now we consider the vertical structure of the transition for the air temperature. The cross 
section of the change along 1200 E is depicted in Fig. 3. The sign of the change over the 
troposphere is positive for most latitudes, except the Northern mid-latitudes (in Asia) at the 
levels below 200 hPa and at the high latitudes in the Southern Hemisphere near 500 hPa. At 
the lower levels near 50 hPa in the stratosphere, the sign of the change is negative, which is 
opposite to that in the troposphere in general. From the geographicallocation of the mid-lat
itudes of Asia, the specialty at this area may be connected with the existence of the Tibetan 
Plateau, but the physical reasons remain unc1ear at present. 

Our analysis also reveals that the above-mentioned transition in the end of the 1970's ex
ists for not only the annual average, but also for the summer and winter seasons. Our interest 
is in the JJA case in this paper. Figure 4 depicts the June-July-August (JJA) 500 hPa 
geopotential height differen臼 for the above-mentioned two periods. Significant positive 
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Fig. 3. The latitude-height distribution of the annual mean temperature differences e C) between 
1979-1998 average and the 1949-1976 average at 120oE. Shaded areas indicate significant changes 
at 95% level, estimated by a local student t-test. The abscissa is latitude with negative value in the 
Southern Hemisphere, and the ordinate is the pressure levels corresponding to 1000, 925, 850, 800, 

700, 600, 500, 400, 300, 250, 200, 150, 100, 50, 30, 20, and 10 hPa. 
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Fig. 4. Same as Fig. 2, but for the 500 hPa geopotential height in m. 
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Fig. 5. Same as Fig. 2, but for the sea-level pressure in hPa. 

changes appear in the tropics, with the largest changes in the African-Asian monsoon region, 
the subtropical Indian Ocean, and part of the Antarctica. It is interesting to note that the 
changes between the African-Asian monsoon region and the Antarctica have the 
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Fig. 6. The geogra phical distributions of the J uly wind differences (m / s) between 1979-1998 av
erage and the 1949-1976 average for 850 hPa (a) and 100 hPa (b). Shaded areas indicate significant 
changes at 95% level, estimated by a local student t一test.
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opposite signs. Such a feature could be found in the whole middle and lower troposphere. 
From the change of 1000 hPa geopotential height, we would see that the largest changes are 
located over the mid-latitude Asia and the Antarctica, with positive and negative signs, 
respectively (figure not shown). 

The above transition can also be found in the changes of other quantities. But the spatial 
patterns of the transitions may be slightly different from that of temperature. 
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Monsoon is hasi.同时。riginated by tbe land-sea ωntr蝇飞 which 出o be expressed by tbe 
low-Ievel air temperature. the sea-Ievel pressure (SlP), and ooon. We first plot SLP cha nge 
for JJA io Fig. 5. As mentioned above, SlP is iocreased 0呻门he A剖ao ∞副ioent， while the 
change over the lod ian and weslern Pacific 。因aos io much smaller. Therefore, Iho change of 
SLP betw时n Asianωnlinent and Ihe neighboring oceans is decreased (b饵川吼 in the 
c1imatologi.四1 stat., SlP is omaller over the Asian contineot lhan 0\'时 Ihe neighboring 
m刷ns). Hence‘ the Asian m。时000 is suppr.s槌d aft.r this transition. 

W飞e may ftnd tbe dccreasing of the summ盯 monsoon directly from the change of the 
wiod in Fig. 6. The significant change of the wiod for July ex.ÎSts over limited 四gioos like 
As由n monsoon regioos and tl醋 tropical e.stem Pacifíc, Tbe South Asiao and East Asian 
summl町皿0田。00 winds at 850 hPa be∞阳、...aker .ner the end of tbe 1970卢S. 10 fiι 7， 附
depict the cross-如ction of the zonal wind chaoge for JJA 31 120oE, in which the ∞ntours 

sbow Ihe climalolog阳1 51.lc 3nd the shaded .r四s indiωte 山怠 signift曲时 cha略目 (at 95% 
significsoce Icvel). The dark and tint shadings indicate posil.ive aod neg8ti"e changes, 
r<SF地clively. Therdore, fig. 7 indicates thal the mid- latitude jet at the troposphere L~ 



NO.3 Wang Huijun 383 

55N 

50N 

45N 

40N 

35N 

30N 

25N 

20N 
70E 75E BOE B5E 90E 95E 100E 105E 110E 115E 120E 125E 130E 135E 140E 

Fig. 8. The geographical distribution of the JJA rainfall differences (%) over China between 
1979-1998 a verage and the 1949一1976 average. 

enhanced and that anti-cyclonic anomalies appear over the middle and high latitudes over 
Asia in the lower atmosphere. This means that westerly wind is enhanced at the high一latitude

Asia but weakened over the mid-latitudes As i.a, which, again, indicates the weakening of the 
Asian monsoon circulation. At 100 hPa the eastward monsoon wind over Africa and Asia is 
also weaker after the transition. 

Connected with this change, the JJA rainfall is decreased over the lower reaches of the 
Yellow River and the H uaihe River, but increased over the lower reaches of the Yangtze Riv
er (Fig. 8). 

Over the tropical eastern Pacific, the trade wind velocity is decreased in both summer and 
winter. This is important, because the weakening of the trade wind helps to weaken the upwel
ling of seawater causing the increase of the sea surface temperature (SST). 

To check this speculation, we depict the temporal variation of the annual mean SST 
anomaly and its wavelet analysis averaged over the Nin03 region (150-90oW, 50 S-50 N). We 
do find the significant transition to a warmer phase and that the strength of El Nino events 
becomes larger after the transition (Fig. 的. The 1982 / 1983 event and 1997 / 1998 event are 
the two strongest events in the 20th century, and 1990-1994 is the long periods with positive 
SST anomalies over the Nin03 region. This change of SST is consistent with the transition of 
the trade wind in the atmospheric circulation. 

5. Summary 

To summarize the study in this work, we conclude the following findings, with the em
phasis on the African-Asian monsoon circulation changes. 
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Fig. 9. Same as Fig.1a, but for the Nino3 SST anoma1y. 
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Fig. 10. Same as Fig. 1a, but for the surface ~ir temperature anoma1y (1 856一1998).

(1) The globa1 annua1 mean free air temperature undergoes a transition in the end of the 
1970、 to a warmer period at al1 the pressure 1eve1s be10w 200 hPa, with the reverse change at 
the levels near 50 hPa; 
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(2) As for the spatial pattern of the transition, the mid-latitude Asia has its clear 
specialty where the change of air temperature is opposite to that of the global average at the 
levels below 200 hPa; 

(3) The Asian and African summer monsoon circulation becomes weaker after this tran
sition; 

(4) The trade wind over the tropical eastern Pacific in summer and winter is weakened 
after the 1970's, and, accordingly, the SST over the Nin03 region is increased at the same 
ttme; 

(5) The summer precipitation in some parts of China undergoes a transition as well, es
pecially.over the Yangtze River, Yellow River, and Huaihe River valleys. 

Besides the NCEP / NCAR reanalysis, the SST, and the precipitation over China, we al
so analyzed the observed surfa臼 air temperature (1856-1998) data set and confirmed the 
sudden transition in the end ofthe 1970's (Fig. 10). 

The physical reasons for this transition may include both the human impacts (e.g. , in
creases of the green-house gases, aerosols, dust etc.) and the natural climate variability at 
scales of 10a to several decades, and calls for further researches. 
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亚洲季风环流在 20 世纪 70 年代末之后的减弱

王会军

摘要

Vol. 18 

全球大气环流自 20 世纪 70 年代末之后的转变可以很清楚地在大气温度、风场等的变化

上得到发现.子波分析的结果证实这次转变的时间尺度在 20 年以上.本文的研究着重揭示:

在对流层中层，亚洲中纬度区域的转变趋势同全球平均的转变趋势相反;更重要的是，在这次

转变之后亚洲和非洲的季风环流变弱了，同时热带东太平洋区的贸易风环流也变弱了.而在

降水的变化中也可以发现这次转变。

关键词:亚洲季风环流，减弱，转变


