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1 Ú ó

20 ­V����¥íÿæz\ì [1,2], ¥Ií
ÿCæ²w [3]. 1970 c�"�í�6u)c�S
âC, ÀægGº²w~f [4−6], ¥IÀÜ¥yH
U�Â�Û¡ [7]. ,
, C 50 cÜ�ÀÜÚÜÜü
YA�¥��Czª³ [8]. 1980 c�¥Ü�ÜÜ
üYÅìOõ, Ñy�dzª³, àA»6O\, �
Ñ¡È*�, )��¸Ð= [9]. kïÄíÿÜ�Ü
Ü (#õ9[�ÜÜ) �íÿ�U�3l “æZ.”

� “æ�.” =z [10]. *ÿ©Û�«, í§,pÌ
�´Cæª³��z; üY�O\Ì�u)3c�
SºÝ (A�c) þ [11]. ¥I��±å=ì�., å
=ì±ÀáuÀæGº«, ��­V����XÀ
æGº~füYªu~�; å=ì±Ü!�õp�

±��Ü�ÜÜáuSºZÂ«, �)#õ![�
�àÜrIÚS���C.õ��, ù�«�Àæ
gGºJ±��, UííÿÌ�ÉÜº�9Ùþ�
6ÄK�, íÿCz�ÅnØÓuÀÜGº«. �
um�Q�â��¸P¹��ïÄJÑ·ISº
ZÂ«�#­íÿCz�Üº�ª [12]. 'u 1987

c±5Ü�ÜÜüYO\�Ån®²k�X�ï
Ä. �[È�@���Ü�7ÄÚ4µ¡ÈCz�
U´Ü�gGüY�Ì�K�Ïf [13]. ëW��
lUíÆ�Ý©Û
�gGüYOõéA��6
A�=¥æpÝ| $, p�:6HØ� [14]. 
ê
r�uyÁG#õüYO\�Üº�YðÑxO
\kéÐ�éA'X [15].

�¥Cæ���í¥�Uþ�YðÌ��Ý
\¯ [16], 4àUííÿ¯�kO\�ª³ [17]. ü
YP¹�©Ûuy, 1987 c�#õüY�O\Ì
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�´gGrüY½4àüYªgO\��z [18].

�,, ��íÿCæ#õÁG�Èªg½��O
\ [19]. ÏdØ
���Uííÿ©Û	, I�?
�ÚïÄE¤Ü�ÜÜrüYO\�Ôn�Ï. �
¥IÀÜGº«ØÓ, SºZÂ«üYÌ�dÜº
�þ�]CµÄ9Û/9é6üÜ©�z. ²þ�
í�6´Ù�µ. Ïd7LéYðÑx�?1©)
©Û, ±B©O�	íÿ�µYí!½~Å�]C
Å [20,21] ��CzÚ�z. ½~ÅÏ~��6|�
²þøB (½~Å�Å¸�Å�), Ì�É�ºÝÉ
~°§°Ä. ]CµÄÌ�L«Üº�þ£Ä5U
íºÝ6Ä½ÅÄ, �N
UíL§�rÝÚªÝ,

ÙÉ~QÓH�9å�Ék', ��½~ÅCz�
éX. ÏdïÄSºZÂ«üYCz7,�9ùn
��¡�Ï�. �©[l�µ�íYð¹þ!Yð
Ñx9]CµÄ��c�SCz©ÛÜ�ÜÜü
YCz�S3Ån.

2 êâ�O��{

�©O�¤^êâ�g�I[íÿ¥%�Ñ
�¥I 160 �IOí�Õ�üYþ!�¥üYí
ÿ¥% (GPCC) ��²þêâ8 [22] Úî³¥Ï
ê�ý�¥% (ECMWF) ÅF2©Û]�8 ERA-

40[23], �ö�)é6��Ø¡º!pÝ!'���
üYþ�, ©EÇ� 2.5 × 2.5 ²�Ý. GPCC üY
©EÇ� 0.5 × 0.5 ²�Ý. �üYþL«ü ¡È
���í�íÎ¥�Yð¹þ, �¡��í�üY
þ (precipitable water), =íÎ¥¤kYðÑv(¤
üY/¤�üYþ. ]CµÄL«����mºÝ
±eí�Cþ���, Ï~�±^F²þí�V¹
O�. ��ÅFP¹ y �±©)�

y = y + y′, (1)

Ù¥ (1) ªmàü�©O� y ��²þ�Ú�éu
�²þ� �, cö´�ºÝ�µ, �ö�äNU
íL§�éX. ]CµÄ TE ½Â����SUí
ºÝL§���

TE =
∑
t<M

y′2, (2)

Ù¥¦ÚÒe��I t��m (U), FÏ, M ��
�Uê. �©O�Y²��YðÑx½Ïþ. (2) ª
¥vk�Ý5�zÏf, Ï��©=O�ÙCzz

©Ç. �²þÏLR�ü ¡È�YðÏþ�±©
)�²þí6Ñx�]CµÄÑxüÜ©, =

ρV q = ρV q + ρV ′q′, (3)

Ù¥ ρ��í�Ý, q��í'�, V ��Ø¡Y²
º¥þ. �Ä��íÎYð¹þ3 300 hPa ±þ®
²é�, O�é6�YðÑxÈ©�, þ>.��
� 300 hPa, P� P300. é6��²þü �mÏL
R�ü °Ý�¡�YðÑx½Â�

1
g

∫ Ps

P300

V qdp =
1
g

∫ Ps

P300

V qdp +
1
g

∫ Ps

P300

V ′q′dp,

(4)

Ù¥ Ps L«/¡íØ, g �­å\�Ý. (2) ª
�Òmà1�!��©OL«é6�²þí6
½½~ÅYðÑx (SWMT) 9]CµÄYðÑ
x (TEMT). � Qλ, Qϕ ©OL«YíÑx���Ú
²�©þ, YíÑxÑÝ Dq ^eªO�, =

Dq =
∂Qλ

a cos ϕ∂λ
+

∂Qϕ

a∂ϕ
, (5)

Ù ¥ a �/ ¥ � »; λ, ϕ © O�² Ý Ú�Ý.

é 6 � Y ð Ñ x 9 Ù Ñ Ý ü © O� kg·s−1

Ú kg·s−1m−2. e©¥, ò (5) ª�Òmà1�!�
�©O¡���Ú²�YðÑxÑÝ (e©¥{¡
� “��YðÑÝ” 9 “²�YðÑÝ”). 
 SWMT

� TEMT �ÑÝ�þd (3) ªO�. YðÑÝO�
/Ï�í�Æ;^^� GraDS�¤. d	, �©½
O��²þ 200 hPa ]CµÄrÝ TE[24].

�©O� 1987—2000 c�éu 1973—1986 c
YðÑx9ÙÑÝ�É, = 1987 câCc�§�
�c�SCz. �Qã�Bå�, e©½^ “å²”

�cL« “c�SCz”. �Ä�]CµÄ!�üY
þÚüY��m�É��, �©O�¦��c�S
Czz©Ç, ½Â�c�S��Ùíÿ��'. �
Ä�G!üYþ�u 1 mm ��:éO��éCz
z©Ç�¯a5, 3±ã (�ã 3 Úã 4) �òù�
�
�:��"��, Øë\±ã.

3 *ÿ��üYüC

Ü�ÜÜüYO\²w�«�3#õ¸S. #
õk 12 �IOí�*ÿÕ, �)¥�!i�!Ú
X!�"!eo!¿°7à!�h!©¢!CV
�!¿�!é°�ÚM��Õ. C 50 c 12 �Õ²
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þ�cüYþÚG!üYþüCÑ¥yÑ²w�
c�SºÝCzA� (ã 1). ^ 3 gõ�ª[Ü�
��5ª³�Ù/w«Ñ���U�õc�ºÝ
¤©üC, Ù�mºÝ��3 60 c�m. é²w,

C 60 c#õcüYüC�c�SCzÌ�dù�
ºÝ¤©��. 1950 c�� 1987 c�§?u� ,

#õüY õ; 3 1960 c� 1980 c�¥Ï�K 
�éAu#õüY �. #õÁ!gGüY�üC
�cüYüCª³aq. X¤±�, üY�YðÑ
x��'é, �n)üYCz�ÅnI�ïÄYð
Ñx�c�SCz.

ã 1 1951—2008 #õ 12 �í�Õ²þüYþüC

4 �í�6c�SCz

�/�UííÿÌ�É�í�6��. SºZ
Â«YðÑx|Cz��Ï��´¥p�Ý�í
�6u)
c�SCz. 1987 câCc� 500 hPa

pÝ|Czw« (ã 2(a)), gGSºZÂ«Ñ��
pÝå²��. c[*Þ¬uy#õÀÜüý�k
���pÝå²¥%, #õ´���é$�«, /
¤k|u#õüY� “ÀpÜ$” /³|. l��
��w, ¥æÚÜË|æ�´��KpÝå²«,

#õ uù�pÝå²|�¤�C/|¥%Üý,

kr�Ü� - ÀH�í6ËÜ, kÏuOrH��
9å�É9\r5g���#õ�YðÑx�Ë
Ü, E¤SºZÂ«�íYð¹þO\.

ÁG, lÀî�ÜË|æ´��¡Kå²¥%,


H�þ´�pÝå²«, p!o°�#õ´�é
$�« (ã 2(b)), L² 1987 c�îæ�º¥�ÝO
½~Å�À¤£. ù��¡Or
lî³�Ü�¥
æÚ#õ�Üºí6YðÑx (ë�ã 3(b)), E¤

SºZÂ«�íYð¹þO\, ,��¡�/¤

'uSºZÂ«�ºÝ� “ÀpÜ$” /³|, �
©k|u#õÁGüÈ�O\. Ïd, �ºÝ�6
�Cz´E¤Ü�ÜÜÁ!güYO\�Ì��
6�µ.
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%
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(b)

ã 2 1987—2000 �éu 1973—1986 c²þ 500 hPa 
³pÝ� (ü : ³�) 9�üYCzz©Ç (çÚ) (a)

gG; (b) ÁG

5 YðÑx9íÎYð¹þ

Ü�ÜÜüYO\Ó�/þ�íÎYð¹þ
½�üYþ, ±9YðÑx|�Czk'. O�L
², 1987 c�SºZÂ«9±>�íYð¹þ²
wO\, k|uüY. gG, �Ü�ÜÜ�Üº�Y
ðÑxO\, SºZÂ«ÀÜ9Hõ�/�3�Ü
�YðÑxå² (ã 3(a)), L²�í�6�c�S
Cz��gG�Ü�ÜÜ�YðÑxO\¿�3
YðËÜ. ù�U´Ü�ÜÜ�íYð¹þO\�
�Ï��. YðÑx�©)©ÛL², SWMT å²
' TEMT ���þ?, cöÓâ
YðÑxå²�
Ì�Ü© [25]. ã 3(b) w«, gG3SºZÂ«�
Ü TEMT å²Ñk�Ü½Ü�©þ, kÏuÜ�Ü
ÜYð®Ü, O\�í�Yð¹þ. Ï�T«íÿ
²þYðÑx�À [26].
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(d)

ã 3 1987—2000 c� 1973—1986 c²þé6�YðÑx�9�üYþ (�Ý) �éCzz©Ç; (a), (b) g!ÁG
oYíÑx; (c), (d) g!ÁG]CµÄYíÑx

ÁGSºZÂ«9Ù±>�í�üYþ�k
²wO\ (ã 3(c), �3�|lp!o°�#õ�Ü
�YðÑxå²�. �gGØÓ, ÁG¥æ� TEMT

å²��� SWMT å²�C (ã 3(d)), þ��À½
À�, `²¥æ]CµÄ\r
ÁGÜº��#õ
½SºZÂ«�YðÑx. u´, ÁGYðÑxÚ
�üYþ�c�SCzÑk|uÜ�ÜÜüÈO
\. ,	, Ü�AÏ/n�¸eÜº�YðÑx�
\r�#õüYO\�'X�Q� NCAR/NCEP

9 ERA40 2©Û]��O�y¢ [25]. �,Ø
Y
ðÑx	Ü�ÜÜ�íYð¹þ9üY�Cz�
���/�í¥Yð�ËÜËÑ'é.

6 YðÑÝ

YðËÜ´üYu)�7�^�, üY�Cz
�7,��YðÑÝ�Cz. O�L², 1987 c�
Ü�ÜÜ±�üY��ºÝYðÑÝÑu)
²
w�c�SCz. GPCC üY]�w«, Á!gS
ºZÂ«üYk²wCz (�ã 4), Ù¥ÜÜ�#
õO\��²w, gGÀÜüYCzØ� (ã 4(a)),

�ÁGk¤O\ (ã 4(b)). gGÜ�ÜÜüYO\
«�¿��YðÑxå²ËÜ«éA, �kÙ�Ü
?uYðå²ËÜ«. #õHÜ uYðå²ËÑ
«, �ÜüYO\�²w�«� uTËÜ�¥%
NC, `²#õ�ÜüYO\��ºÝYðËÜO
rk'. 
#õHÜüYO\  ��ÜYðÑx
O\'é. Ï�©p7�n¡�ì�Àm�.

©)©ÛL², SWMT ÑÝå²©Ù (ã 4(c),

(d) �quoYðÑÝå² (ã 4(a), (b)), `²Ü
�ÜÜYðÑÝÉ~Ì�´ SWMT É~��z.

TEMT ÑÝå² (ã 4(e), (f)) � SWMT å²ÑÝ
Óþ?, �ÌÝ�u�ö, `² TEMT ÑÝ½é
­�, Ø��Ñ. lã 4(e) ¥�±uy, gGÜ�
ÜÜ ü Y O \ « � TEMT Ë Ü « �¬Ü. ù L
²gG#õ�ÜüYO\�Ì��Ï´ TEMT

Ú SWMT E¤�YðËÜOr, 
#õHÜ=©
p7�/üYO\ATÌ�´ TEMT ËÜOr�
�z. ùL² 1987 c�gGÜ�ÜÜe�í¹
ÄªgO\��íYð¹þþ,´#õrüYª
gO\�Ì��Ï. ��gGÜ�ÜÜüY�O
\Qk�ºÝ½~ÅYðÑxËÜ��µ, �k
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]CµÄYðËÜO\��z. cöO\
�¸
�íYð¹þ, k|u�/üY�u), �öL«
UíºÝüYL§ªÝO\, ¦�rüYÑy�V
ÇC�.

©p7�/áu4àZÂíÿ«, üY4�.

lã 3(a) �±w��/¥k²w�ÜxåYð²
Ñx¿���üYþO\, L²�/ÜÜATk²
w�YðËÜ. Ï��/ÜÜ//p��4Ü. �

ã 4(c) w«gG�/¥½~ÅYðÑÝå²�u
", `²�HõüYO\�éX�YðËÜ�UÌ
�u)3�/>�/��Ì��]CµÄ¹ÄO
r'é. Ù¢�/�]CµÄQ�±5gÜº�,

��±5gÀ¡!$�H¡��õp�, Ù�é­
�5ÿ�?�ÚïÄ.

ÁGSºZÂ«üYå²��ºÝYðÑÝ
å²kéÐ���'X.� � � �� � � �� � � � � � � � � � � � 	 	 � � �
� � 
� 
 
� � 
 � 
 
 
 � 
 � 
 � 
 �� � � �� � � �� � � � � � � � � � � � 	 	 � � �
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 � 
 
 
 � 
 � 
 � 
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 � 
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 � 
 �

� � � �� � � �� � � � � � � � � � � � 	 	 � � �
� � 
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� � 
 � 
 
 
 � 
 � 
 � 
 �
� � � �� � � �� � � � � � � � � � � � 	 	 � � �
� � 
� 
 
� � 
 � 
 
 
 � 
 � 
 � 
 �� � �

� � �
� � �

� � �
� � �
� � �

ã 4 1987—2000 � 1973—1986 c²þYðÑÝ� (10−6 kg·s−1) Ú�A�üYþCzz©Ç (�Ý); (a), (c), (e)

�g�gGo!½~Å9]CµÄYðÑxÑÝå²; (b), (d), (f)�ÁG(J; Ù¦Óã 3

lã 4(b) ¥�±w�, Ü�ÜÜ, =SºZÂ
«ÜÜ, üY�²wO\�þ uYðËÜOr
«; SºZÂ«¥Ü�üY~�«éAuYðË
ÑOr«, SºZÂ«ÀÜüY�O\«Üý�
éAuYðËÜOr«, `²ÁGSºZÂ«ü
ÈO\��ºÝYðËÜOr'é. '�ã 4(d),

(f) ��, ÁGYðÑÝ�Cz�Ì�´ SWMT

YðÑxCz��z. TEMT ÑÝå²���
�u", L²]CµÄé#õ�Ü�ÀHÜÁG
YðËÜ��z~f. Ï�SºZÂ«íÿ²
þ TEMT ÑÝ�K [26]. Ïd 1987 c�ÁGe
�í¹ÄªÝeü��ÈUíO\�Ì��Ï
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AT´ SWMT ËÜ9íÿæzE¤��µ�í
Yð¹þO\. ÏdgG�ÁGÜ�ÜÜrü
Y/üÈO\�ÅnØÓ, cöQk9åÆ�Ï�,

�kÄåÆ��Ï, 
�öÌ�´9åÆþ��Ï,

=�µ�íCæC�.

7 YðÑÝ2©)

Y ð Ñ Ý © O d ² � (∂qv/∂y) Ú �
� (∂qu/∂x) YðÑÝ�Ú�¤, éØÓ/«�
ö��é­�5�UØ��, Ï~ÎÒ��. O�
(JL², ÃØÁ!g��YðÑÝÉ~Ñ´Ü
�ÜÜc�SYðËÜOr�Ì��zö; ²�
YðÑÝå²���YðÑÝ ��� (ãÑ). ù
�ÀæGº«��ØÓ (ãÑ)[25]. ©)©Ûw«,

ü���oYðÑÝå²A� (ãÑ) ©O�qu
§��g� SWMT ÑÝå² (ã 4(c), (d)), `²½
~Å��YðÑxÉ~´ÙÌ�Ü©. 3Ü�Ü
Ü, Á!g½~Å²�YðÑxÉ~ÑE¤YðË
Ñ (ã 5(b), (d)),��ÑÝþ��YðËÜ (ã 5(a),

(c)). 5¿�Ü�ÜÜüYÉ~O\«þá3½~
Å��YðËÜ���¥%NC, `² 1987 c�

Ü�ÜÜ��ºÝYðËÜ9üYO\Ì��Ï
´½~Å��º|9ÀÜ��í�Yð¹þ|C
z�(J. ù�ã 3(a), (c) ¥�#õ���YðÑ
xOr9�üYþO\´���. ù´�í�6c
�SCzE¤�¥æpÝ| $�p�:6HØ
�7,(J [14].

8 ]CµÄ

Üº�þ£Ä5UíºÝ6Ä´�©O��
]CµÄ�Ì�Ü©, L«UíL§�rÝ�ªÝ.

§´gGØÛ/é65üY	SºZÂ«üY�
Ì��Eö. ¥p�Ý]CµÄ�4�¶¡�º�
´», Ï~�p�:6��. O�Ñ� 200 hPa �Ø
¡]CµÄc�SCzz©Çw«, gGØ
Sº
ZÂ«ÜÜÚÜHÜ]CµÄ~f	, Ù{/«Ñ
k¤Or (ã 6(a)), Ù¥üYO\²w�#õ�Ü
]CµÄk�²wO\. 5¿�ã 4(e) ¥]CµÄ
YðÑx3Ü�ÜÜE¤YðËÜ, `² 1987 c
�#õgGe�í¹ÄOr¿�EYðËÜ. Ïd
T«gGüYO\�k]CµÄ½e�í¹Äª
���z. Ï�§O\
üYL§�ªg.� � � �� � � �� � � � � � � � � � � � 	 	 � � �
� � 
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 � 
 � 
 �� � � � � �
� � �� � �

ã 5 1987—2000 �éu 1973—1986 c²þ½~Å���²�YðÑxÑÝc�SCz (ü : 10−6 kg·s1) 9ü
YCzz©Ç (�Ý); (a), (b) gG���²�ÑÝ; (c), (d) ÁG���²�ÑÝ
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 � � ��� 
 � � �� � �� � � 
 �� � � � � �� � � � � �
ã 6 1987—2000 c�éu 1973—1986 c²þ� 200 hPa ]CµÄ9üYCzz©Ç (çÚ) (a) gG; (b) ÁG

ÁGØ©p7�/Üà	Ü�ÜÜ�Ü©/
«Ñ u]CµÄ~f« (ã 6(b)) �éAu]C
µÄYðËÑ (ã 4(f)), `²]CµÄ�~fØ|
uÜ�ÜÜÁGüÈ. ù�U���¥ÁGíÿæ
z²w��4Ork' [28], Ï�§~f
���
1(¹«, ���)]CµÄªg~�, ÏdÜ�
ÜÜÁGüÈ½�ÈO\�½~ÅYðËÜOr
9íÿæzE¤��íYð¹þO\k'. ù?�
Úy²Ü�ÜÜÁGüÈOõÌ���µ�í9
åG¹UCk'.

9 ( Ø

nþ¤ã, 1987 c�Ü�ÜÜüYO\, �A
±>�]CµÄ!YðÑx9ÙÑÝ�Ñk²w
Cz, ÙÌ�A�Xe:

1. Á!g�Ü�ÜÜ�Üº�YðÑxO\,

�Ì�´½~ÅYðÑx��z;

2. Á!gÜ�ÜÜYðËÜOr¿���í
Yð¹þO\, Ù¥½~ÅYðÑxÉ~´Ì��
zö, ���YðÑxå²´ÙÌ�Ü©;

3. gGÜ�ÜÜ]CµÄOr, =gGUíº

Ý6ÄªÝ½rÝO\, ]CµÄYðËÜ\r¿
�üYO\«éA;

4. ÁGÜ�ÜÜ]CµÄ~f, UíL§~�,

��íYð¹þþ,.

Ïd, gGÜ�ÜÜüY½rüYO\Ì�´
du�ºÝYðËÜOr9e�í¹ÄªgO\;

ÁGe�í¹Äªg~�, �üÈ½�ÈO\�Ì
��ÏAT´íÿæz [7] 9�ºÝYðËÜOr
E¤T«±>�íYð¹þþ,¤�. ��, 1987

c�Ü�ÜÜüYO\=kÄåÆ��Ï, �k�
í9å(�Cz��z. XJ��¡�¥íÿæz
±Y, �í�±YðUå¬?�ÚJp, k|u¥
p�ÝüY [29]; ,��¡æz��4Or, �4°
X?�Ú~�, H�§�¬?�ÚC�, 1(¹«
¬Cf, Üº�Úº�´»k�U?�Ú�£, ü
YL§¬~�, qØ|u·IÜ�SºZÂ«�ü
Y. Ïd, ·ISºZÂ«�5üYCzª³Ø=
��í�6c�SCzk', ��ûuíÿCæ�
µe�5�íYð¹þ9]CµÄ�Czª³. �
u�í�69]CµÄc�SCz��Ï�U�
�Ü�°§�õc�ºÝ7Ä (AMO) �k', 3
��©?Ø.
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Abstract

There took place an inter-decadal climate change over the west part of Northwestern China at mid-1980s. One of the significant

characteristics is the increase in precipitation with more extreme rainfall or snowfall event. For understanding its mechanism our

calculation focuses on the difference of the geo-potential height on 500 hPa, transient eddy activity, column water vapor content

or precipitable water, moisture transport and its divergence between 1987–2000 and 1973–1986. The results show that the change in

height field is favorable for the increase in moisture transport to the region with moisture convergence, leading to more water vapor over

the region. Meanwhile the eddy activity became weak in wintertime and strong in summertime, leading to more synoptic processes in

summertime and less in wintertime. A further decomposition shows that the increase in the transport with convergence was contributed

mainly by its stationary-wave part along the west-east direction, while the transient eddy played a positive role in summertime and

a negative one in wintertime for precipitation. It turns out that the increase in precipitation in the region resulted from the moisture

convergence and the increase in eddy activity in summertime while the moisture convergence played a dominant role in wintertime.

Besides, the warming climate also played a positive role in increasing air water-vapor content in the region since the warm air can hold

more water vapors than the cold one.

Keywords: Northwestern China precipitation, inter-decadal change, moisture transport, transient eddy
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