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中  文  摘  要

	东亚冬季风是北半球冬季最活跃的气候系统成员之一，其年际、年代际变化正受到人们越来越多的关注。本论文利用ERA40再分析资料、中国160站气温降水资料、NOAA/CPC全球陆地降水资料以及英国哈德莱中心的历史SST、陆地气温资料，从东亚冬季风的重要成员－东亚大槽的变化出发，对东亚冬季风强度和路径的年际变化进行了分析，并在年际和年代际时间尺度上分析了上游乌拉尔山地区的环流异常以及下游北太平洋地区的海洋、大气状况对东亚冬季风变化的影响。此外，我们还利用德国马普气象研究所的大气环流模式MAECHAM5的敏感试验，对影响东亚冬季风路径年际变化的因子进行了考察。论文主要研究内容和结果如下：

（1）东亚大槽槽线倾斜的变化与东亚冬季风路径的关系。东亚大槽年际变化的第二模态描述了大槽槽线倾斜的变化，它可以反映东亚冬季风两支气流间的相对强弱。当东亚大槽槽线偏竖时，冬季风的南支气流偏强而东支气流偏弱，更多的冷空气会沿冬季风的南支气流进入赤道，因此，东亚北部大范围的地区温度显著增加；同时，由于南下的冷空气增强，赤道的对流活跃区被向南推移，中南半岛的降水有所减少。当东亚大槽槽线偏斜的时候，结果基本相反。由于冬季风路径变化所引起的温度异常可能会超过冬季风强弱所引起的温度异常，因此考虑冬季风路径的变化对冬季气候预测有非常重要的意义。此外，这种变化对后期气候预测也有一定的指示意义。当冬季风南支气流偏强时，随后的春季南海－西太平洋区域温度偏低，暖湿空气北跳延迟，这会导致华南地区降水减少，前汛期偏弱。资料分析表明，北太平洋的海温异常是引起东亚大槽轴向变化的重要因子，正（负）的北太平洋海温会对应偏竖（斜）的东亚大槽。这种影响可能是通过东亚－太平洋地区温度梯度的改变，进而影响大气中的斜压波来实现的。大气环流模式MAECHAM5的敏感试验对上述观测有较好的再现，并支持了北太平洋海温异常对东亚大槽倾斜的强迫作用。

（2）东亚冬季风强度的与上游乌拉尔山地区环流异常的关系及其年代际转变。东亚大槽年际变化的第一模态反映了大槽强度的变化，它可以代表东亚冬季风的强弱。我们分析了影响东亚大槽强度和东亚冬季风强度年际变化的因子，并着重关注了乌拉尔山地区环流异常的影响。通过定义一个乌拉尔山阻塞指数UBI发现，乌山环流异常对东亚冬季风的影响主要是通过一个穿越欧亚大陆的波列来实现的。平流层低层的极夜急流可能会通过影响大尺度行星波的传播从而影响到乌山环流异常的年际变化，二者之间的关系在平流层信号超前一个月时最好，这为平流层环流影响东亚冬季风提供了一种可能的途径。1976/77年气候突变以后，乌山环流异常与东亚冬季风的年际关系较突变前有明显的加强，这不仅体现在与乌山阻塞相关的信号更多的出现在东亚地区，而且还体现在乌山阻塞与东亚大槽和西伯利亚高压间关系的显著增强。平流层极夜急流的变化在这一过程中起了重要作用：1976/77年后，平流层极夜急流和极涡显著增强，这抑制了乌山环流异常的信号向平流层的传播，于是更多的乌山环流异常的信号被限制在对流层中并向下游的东亚地区传播，因此，乌山地区的变化与东亚地区的气候更加紧密的联系在一起。

（3）PDO对ENSO－东亚冬季风关系的调制作用。年代际时间尺度上，北太平洋海温异常也对东亚冬季风的两支地面气流的相对强弱有影响，表现为PDO正（负）位相时东亚地区有异常南（北）风。在这种南（北）风异常的年代际背景下，秋季东亚地区南下的冷空气偏弱（强），菲律宾海的反气旋无法（可以）充分发展，在这种情况下，太平洋－东亚遥相关无法（可以充分）建立，ENSO对东亚地区的影响不显著（非常显著）。

（4）NPO与东亚冬季气候关系的年代际变化。1976年前后，NPO的年际变率发生了显著的变化，与此相伴随，它的空间形态及其与东亚冬季气候的关系也发生了显著改变。1976年之前，NPO表现为北太平洋地区南北振荡的局地偶极子，此时NPO只与欧亚大陆东南沿岸的气温有关，而与东亚内陆的气温几乎没有关系。1976年之后，NPO表现为环绕北半球赤道外地区的波列形态，此时NPO与东亚内陆气温关系密切，而与欧亚大陆东南沿岸气温几乎没有关系。大气中的定常波活动的差异以及赤道中东太平洋海温不同的强迫作用是NPO产生这种变化的原因。
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Variabilities of the East Asian Trough and Its Association with the East Asian Winter Monsoon
Wang Lin
ABSTRACT

	By using the ERA40 reanalysis, the precipitation and temperature observations from 160 China stations, HadISST1, CRUTEM3, the NOAA/CPC land precipitation data sets, and ensemble simulations by the Middle Atmosphere European Centre Hamburg Atmospheric Model (MAECHAM5), the interannual and interdecadal variations of the East Asian winter monsoon (EAWM) and its relationship with the upstream/downstream circulations over Ural/North Pacific are investigated by analyzing the variability of the 500-hPa East Asian trough (EAT). The main contents of this paper include the interannual variations of the EAWM pathway, the interannual and interdecadal relationship between EAWM and the Ural circulation anomalies, the modulation effect of the Pacific Decadal Oscillation (PDO) on the interannual EWAM-ENSO relationship, and the interdecadal change of the EAWM-North Pacific Oscillation (NPO) relationship. The main conclusions are summarized as follows: 

(1) The interannual variation of the EAT trough axis and its association with the EAWM pathway.

On the interannual timescale, the EOF2 of wintertime 500-hPa geopotential height over East Asia describes the tilt status of EAT trough axis. It is closely related to the midlatitude baroclinic process and may represent the intensity of the eddy-driven jet over East Asia-North Pacific sector. When the tilt of the EAT is smaller-than-normal, the EAWM prefers to take the southern pathway and less cold air moves to the central North Pacific. However, the EAWM prefers the eastern pathway and brings more cold air to the North Pacific when the tilt of the EAT is larger-than-normal. These differences induce evident changes in both the precipitation and the surface air temperature over East and Southeast Asia. Furthermore, the tilt status of the EAT has a significant modulation effect on the regional climate anomalies related to the intensity of EAWM, with an increase in anomalous temperature and a clear northward/southward shift in the pattern when both the intensity and the tilt of the EAT are considered. Besides, the tilt status of the EAT can be used as a potential predictor for the following climate variations in East Asia, at least for the spring. Both the observational analyses and the numerical simulations by the MAECHAM5 suggest that the SST anomalies over North Pacific are dominant forcing factors for the tilt status of the EAT. 
(2) The interannual and interdecadal relationship between EAWM intensity and the anomalous circulations over Ural region.

On the interannual timescale, the first EOF of wintertime 500-hPa geopotential height over East Asia describes the intensity of EAT, which can be used to represent the intensity of EAWM. The factors influencing the interannual variations of the EAWM intensity are then investigated, with an emphasis on the circulation anomalies over Ural region. By defining an Ural blocking index (UBI), we found that the Ural circulation anomalies exert impact on the East Asian winter climate through a wave train pattern originating from the Western Europe. The UBI in turn is closely related to the lower stratospheric polar night jet (PNJ) which leads the troposphere by one month and influence the Ural circulation by modulating the upper tropospheric circulations. This result provides a possible mechanism through which the stratospheric circulations influence the EAWM.
After the 1976/77 climatic shift, the interannual relationship between Ural circulation and the East Asian winter climate experiences a clear transition, with more climatic signals related to Ural circulation anomalies appearing in the East Asia. In addition, the UBI is more closely related to the variations of the EAWM intensity and the Siberian High. The stratospheric circulation is found to play an important role in this transition. Since the stratospheric polar vortex intensifies significantly after 1976/77, the stronger PNJ suppresses the upward propagation of the Ural circulation signal. Therefore, more signals are confined in the troposphere and propagate eastward to the East Asia, and it enhances the Ural circulation- East Asia winter climate relationship.

(3) The modulation effect of PDO on the interannual ENSO-EAWM relationship.

On the interdecadal timescale, the North Pacific SST anomalies can also influence the tilt of the EAT axis and associated EAWM pathway, with anomalous north (south) wind along the coastal East Asia during negative (positive) PDO phase. This anomalous north (south) wind serves as a background and enhances (weakens) the autumn northerlies penetrating to the South China Sea and Philippine Sea. Therefore, the anticyclone over Philippine Sea can (not) develop well, and the Pacific- East Asia teleconnection can (not) establish, which leads to a significant (insignificant) ENSO- EAWM relationship during negative (positive) PDO phase.

(4) The change of the NPO- East Asian winter climate relationship around 1975/76.

The variability of NPO experiences a transition around 1975/76 with a typical period around 3 years during 1957-1975 and shifting to around 5-6 years after that. In the winters before 1975 the geopotential height field related to the NPO is characterized by a barotropic north-south dipole around the Pacific sector, which is the traditional NPO mode, and the NPO has no significant relations to the East Asian climate. In the winters after 1975, however, the atmospheric circulation related to the NPO exhibits a circum-global wave train pattern over the extratropical regions in the Northern Hemisphere, and the NPO has a close relationship with the circulation over East Asia during this period. The changes in the atmospheric stationary wave propagation and the remote forcing from the tropical eastern Pacific sea surface temperature anomalies are found to account for this transition.
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