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1 Ú ó

�ÆïÄy¢, <a¹Ä��
C 50 c5�
�¥ÊHO§, ýO�X�í¥��z%�§¿í
NßÝ�?�ÚO\, � 2100 c�¥²þí§ò
,p 1.4 ◦C—5.8 ◦C. �¥Oæ�ò��/¥íÿ
XÚu)��Cz, 3�¥íÿCz��µe, 4
àUííÿ¯��u)ªÇÚrÝ²wOr [1,2].
duíÿCz�<a¹ÄÚ)����', Ïdé
ÙCz9�ý�5�ïÄ´�¥'5�9:, Cz
c5�íÿCz�´<�'5��:. ¡éíÿC
zé<a�¬²L�5�wÍK�, IS�¬I�
��ÚûÐ�íÿCznÜ&E, 5µ�¿È4A

éíÿCz [3]. íÿCz�ê´8ck'íÿCz
ïÄ+��c÷�K, �I�?ÚïÄ<
�±Ï
LíÿCz�ê5¼�k'�¥9«�íÿCz
�Æ¯¢�{�Vã. 8c, IS	3íÿCzï
Ä+��3XNõäN�ê [4−7], �'unÜ�ê
�ïÄ%�~�� [8,9]. 2009 céÜIíÿCz¬
Æ@�nÜ�ê�ïÄ�¥9«�íÿCzJø

�^#�!�1�g´.

íÿâC´ÊH�3uíÿXÚ¥��«
�y�, ´�íÿl�«½� (½½±Y�C
zª³) a�ª/=C�,�«½� (½½±
Y�Czª³) �L§, §Ly�íÿ3��þl
��ÚOA��,�«ÚOA��:ìCz [10].
�©òÄu§ÝÚüY�ü����ê�íÿC
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z&E?1nÜ, ����nÜ�ê±µ�ØÓ/
«éíÿCz¯a5. ù�nÜ�ê�±3�¥
½�I��¡?1O�, ¿�±Ú�¥½�I��
¬!²L�ê�'�, äk�Ð�·^5. duí
ÿCz�êéu�«ëê�b��6��~�, �
©?�Ú�âyk��Æ¤J [10−12] éíÿCz
nÜ�ê�k�5?1
é'©Û.

2 ]���{

�©ïÄ8�´^��nÜ�ê5?Ø¥I
C 50 c5�íÿCz9Ù«�¯a5, ¤±Äk
I�é�U�LíÿCz�nÜ�ê. ��ó,
²þí§´�LíÿCz�Ä��ê [13], �Cc
5�IïÄö�ÊH@�UCüYÚ4àíÿ¯
����©Ù���Ué�¸Ú�¬XÚk�r
�K� [13−15], �IS	Æö�ÊH@�3��
mSíÿCz�íÿK�Ñäkù��ª³, �Ò
´4àíÿ¯��u)´Oõ� [16−19]. Ïd, �
©ÀJo�ü��ê, =cþí§�Cz, cüY
þ�Cz, 4àí§�Cz, 4àüY�Cz. òù
o�ü��ê?1nÜ±����íÿCznÜ
�ê, �Ð/J�íÿCz��&E.

ÏLíÿCz�ê�±ïÄíÿâCc��
íÿCz. ü��êO�´Äu¥I 614 �ÄO
Õ�ÅF/Lí§ÚüYêâ (]�5u¥Ií
�ÛI[í�&E¥%). du3 20 V 70 c�
"!80 c�Ð�¥íÿXÚu)
�gâC (e
©J��âCþ�ùg), ò§ÝÚüYêâ©¤
ü�� 15 c�âCc (1961—1975 c) ÚâC��
ã (1986—2000 c), ÀJù���ãÑ�
Ø½
�âCÏ. 3¢SO�¥± 1971—2000 c��ë
�íÿ�, âCcÚâC��ë�íÿ��å²©
O��O�S�, =

jmi = mi − m̄, i = 1, · · · , 15, (1)

Ù¥, jmi �Lå²�, mi �âC�½âCc�c
�*ÿêâ, m̄ � 1971—2000 c 30 c�íÿ²þ
�. d (1) ªò¦�âC��âCc�§ÝÚüY
�cå²S�.

2.1 üüü������êêê���OOO���

4àUííÿ¯� (e©{¡4à¯�) ´�
VÇ¯�, 8céu4à¯�K���ëê(½�

{¥, A^�õ�´ Bonsal JÑ��«z© K
��{ [20−22]. éuâC�ÚâCc�§ÝÚüY
�cå²S�, 4à¯��K�¦^z© �{5
(½, ¦^���\È�Ý¼ê�1 95%Ú 5% z
© ¤éA������§Ý!üY4à p ( 
$) �K�. Uìã 1 éâC�½âCc�§Ý!
üY�cå²S�?1,Sü��, ëì (2) ª¦
�4à¯��K�,

p = (s − 0.31)/(n + 0.38), (2)

Ù¥ n � 15, p � 95%½ 5%. �\ (2) ª�±¦
� s, s  éA�B´K�. du¦�� s Ø�½´
�ê, ¤± s éA���3 [s]  Ú [s] + 1  �m
�5��.

o��ê|�£ã�L 1. ���ê�O��
lÓ���K [8], O�6§Xã 1 ¤«, =(½3
âC�ÚâCc�ãS¤u)�4à§ÝÚüY
¯��gê��. Äké�©]�?1å²?n,
,�é?nL����]�Uìc©J��?1
âCc!âC�©a. ©Oé����âC�Úâ
Cc�êâ,Sü�, ±ØÓ�z© ¦ÑâCc
S�§Ý!üY4à p ( $) �K� a, dK�
¦ÑâCc�ã§Ý!üY4à p ( $) ¯�
u)�gê T1, ,�òK� a �\âC�S�¥,
éÑK� a 3âC�S�¥éA�u)VÇ p, |
^úª (2) ¦ÑVÇ p 3âC�S�¥¤éA�
� b, ± b �K�2g�\âCcS�¥, ¦ÑâC
cS��§Ý!üY4à p ( $) ¯�u)�
gê T2, T2 − T1 =�¤¦�ê.

d (2) ª��, � n � 15, p � 95%½ 5%�,T1

�u 1, T2 ��0u 1 � 15 �m, ¤¦�ê T2 −T1

���½´0u 0 � 14 �m�. 31�|�ê “c
S§Ý�Cz” ¥kü��êI�O�, �Ò´â
Cc�âC��ã��9c�� IHOTyear Ú�e
c�� ICOLDyear, �3§Ý\OVÇ�O�¥b
½§ÝêâÑl��©Ù; 31��|�ê “cS
üY�Cz” ¥aq/�kü��êI�O�, =
âCc�âC��ã�öUcê�� IWETyear Ú
ZÂcê�� IDRYyear, 3üY\OVÇ�O�¥
b½üY]�Ñl³ç©Ù, ¿¦^��q,�
O (MLE) �{5��³ç\È�Ý¼ê.

duíÿ�G!Cz¬é�
�'��1
�, ~Xà�!Y]!UÚ<aèxÑké
��K�, ¤±1nÚ1o|�êÀJ�´£ã
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G!Cz�4àíÿ¯�, XZÂ!öU!9L
Ú$§e³�, ïÄÀ��G!�gG (JJA) Ú
ÁG (DJF). 3 “4à§ÝCz¯�” ¥, âCc�
âC��ã�gGÚÁG��9!�ec���
¡� IHOT-JJA, ICOLD-JJA Ú IHOT-DJF, ICOLD-DJF.
aq/, 3 “4àüY¯�¥” ½Â
o��ê: â
Cc�âC��ã�gG��ZÂÚ���cê
��, ©OP� IDRY-JJA Ú IWET-JJA; âCc�â
C��ã�ÁG��ZÂÚ����cê��, ©
OP� IDRY-DJF Ú IWET-DJF.

2.2 ���êêê���nnnÜÜÜ

du¤k�êþ�L3âC��ã¥õu)
�§Ý!üY4à p ( $) ¯��gê, ¿�Ù
�´0u 0 � 14 �m, ¤±ØI�?�Úéü�
���ê?18�z. �
éù
ü����ê
?1nÜ, éz��êÑ©����Ïf, �©
ò�²þ©��z���ê. nÜíÿCz�
ê¦^ (3) ª5?1O� [8], dunÜíÿCz�
ê CCI (climate change index) ´dü����ê\
�²þ¤¦��, ¤±Ù�E,0u 0 � 14 �m.

CCI = ([IHOT + ICOLD]year + [IDRY + IWET]year

+[0.5(IHOT + ICOLD)JJA

+0.5(IHOT + ICOLD)DJF]

+[0.5(IDRY + IWET)JJA

+0.5(IDRY + IWET)DJF]) /4. (3)

d (3) ª�±wÑ, CCI nÜ
c²þ§Ý�
Cz!c²þüY�Cz!c4à§Ý�Cz!
c4àüY�Czo«&E. Ïdd (3) ªO��
�� CCI U
�N§Ý!üY!4à§Ý!4à
üY���&E, �5�nE,�íÿ&Ey3^
��nÜ�êB�±?Ø¥IC 50 c5�íÿC
z9Ù«�¯a5, nÜ� CCI äkÙ`�5.

3 (J�?Ø

3.1 üüü������íííÿÿÿ���êêê

ã 2 Úã 3 �Ñ
�éuâCc (1961—1975
c) ó, 3âC��ã¥ (1986—2000 c) §ÝÚ
üYoNCz� 12 ��ê��m©Ù. l4à$
§�ê ICOLD (ã 2(a)) �±wÑ, ¥I�Ü/«3
âC��ãS4à$§�êÑ��, 4à$§¯
�Ã²wCz; 3àHÜÜ!ñÜHÜ!��
ÜÜ4à$§�ê��, 4à$§¯�²wOõ;
d	, �°ÀHÜ!oAHÜÚ�H�Ü�ÛÜ
/«�4à$§�ê���. ÒÁG4à$§¯
� (ã 2(b)) ó, �°ÀÜ�ÁG4à$§�ê
 �, `²ù�/«ÁG�4à$§¯�²wO

L 1 o�ü��ê9Ù`²

�ê `²

c²þí§�Cz

1) 4àp§¯� IHOT âCc�âC��ã

2) 4à$§¯� ICOLD �4à§Ý¯���

cüYþ�Cz

3) üY4à �¯� IDRY âCc�âC��ã�

4) üY4à õ¯� IWET 4àüY (ZÂ) ¯���

4à§Ý�Cz

5) ÁG4àp§¯� IHOT-DJF

6) gG4àp§¯� IHOT-JJA âCc�âC��ã�G!4à§Ý

7) ÁG4à$§¯� ICOLD-DJF ¯� (ÁG DJF, gG JJA) ��

8) gG4à$§¯� ICOLD-JJA

4àüY�Cz

9) ÁGüY4à �¯� IDRY-DJF

10) gGüY4à �¯� IDRY-JJA âCc�âC��ã�G!4àüY

11) ÁGüY4à õ¯� IWET-DJF ¯� (ÁG DJF, gG JJA) ��

12) gGüY4à õ¯� IWET-JJA
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� � �
� �� � � ��� � � � � �� � � � � �	� 
 � �� � � �� �  � �

ã 1 ���êO�6§

õ, éíÿCz�A¯a; ¥IÙ{/«�ÁG
4à$§�êÃ²wCz, éíÿCz�AØ¯
a. éugG4à$§¯� (ã 2(c)), gG4à$§
�ê²w ��/«8¥3u�ÜHÜ!Ü�
/«ÀHÜ!��ÜÜ!ô�ÜÜ!ôÇÚô
H�Ü, 3�wHÜ![�ÀHÜ!�°ÀÜÚ
#õÜÜÛÜ/«�gG4à$§�ê�²w
  �, ` ² ù 
 / « g G 4 à $ § é í ÿ C z
¯a, gG4à$§¯�O\; c±�ê���
Ñy�/«, �)àH!ñÜHÜ!��ÜÜÚ
�HÜ�Ü, ÙéíÿCz��¯a, gG4à
$§¯�wÍO\. lã 2(a)—(c) ��±wÑ,
gG4à$§�ê�Cz�uÁG4à$§�
ê, `²gG4à$§éíÿCz��AruÁ
G4à$§, gG4à$§¯�O\�\wÍ;
¥IÜ�ÚÜH/«c4à$§�ê�CzÉÁ
G4à$§�êK���, =íÿCzéÜ�Ú

ÜH/«ÁG4à$§�K���; Ù{/«
c4à$§�ê�CzKÉgG4à$§�ê
K���, íÿCzéù
/«gG4à$§�
K���.

ã 2(d)—(f) �N
4àp§�ê�Cz. l
ã 2(d) ¥�±wÑ, c4àp§�ê IHOT ���
/«Ì�8¥u��ÜÜ!ô�ÜÜ!ôÇ!ô
H9oA!�H�ÜÚÀÜ!B²�/, ç9ôÜ
Ü!#õ�Ü!�°HÜ�c4àp§�ê��
�, ù
/«3âC��ãSc4àp§¯�Cz
Ø�; 2��¥I��9uH!ôHÀÜ!�H
¥ÜÚHÜ!Üõ�/�c4àp§�ê��, 3
âC��ãSc4àp§¯�²wO\. ¥I��
ÚôHÀÜ!ôÇ!�H�Ü�ÁG4àp§�
ê��. ÒÁG4àp§¯� (ã 2(e)) ó, ÁG
4àp§�ê IHOT-DJF ���/«Ì�8¥u¥
IôH!�°HÜ!�wHÜ!#õÜ�Ü9�
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HÀ�Ü�/. ù
/«3âC��ãSÁG4à
p§¯�CzØ�; 2��¥I��9uÀ!ô
HÀÜ!�H¥ÜÚHÜ!Üõ�/�ÁG4à
p§�ê��, 3âC��ãSÁG4àp§¯�
²wO\. dã 2(e), �±ýOÁG4àp§ (æÁ)

ò¤�3�õê/«�IO. ã 2(f) �N�´¥I
�gG4àp§¯�, §�~�u9�, æ9�/
«Úp�Ý/«. �±wÑ2À!2Ü!°H!�
H!S��!#õ�/gG4àp§¯�ªu, �
AAO¯a.

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

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

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

� � � � � �
� � � � � �

� � � � � �
ã 2 ¥I�/§ÝCz�ê (a) c4à$§�ê ICOLD; (b) ÁG4à$§�ê ICOLD-DJF; (c) gG4à$§�
ê ICOLD-JJA; (d) c4àp§�ê IHOT; (e) ÁG4àp§�ê IHOT-DJF; (f) gG4àp§�ê IHOT-JJA

lã 2 ��±wÑ, âC��ãS��I�/
4àp§¯�Cz��, 4à$§¯�Cz��.
¥I��c4àp§�ê��uH�, cÙ±u�
ÚÀ��²w, ùü�/«Aép§¯�ÚÁG4
àp§¯��Uå�, �A¯a. �éu�c�4
à§Ý¯�, G!4à§Ý¯�w«Ñr§O�:
3 15 c�âC��ãS, 4àp§G!, 3��g
Gu)
 6—14 g, 3��ÁG�u)
 6—14 g.
oN5ù�´¥yH����ª³. Ò�Ió,
4àp§¯��éu4à$§¯��\ª�. ¥I
íÿÄ�¥y,§ª³, ù��¥Cæ���µ´
�ÎÜ�, k7�\réù
/«�4àp§¯�

�'5.
+�jÚ?4¬ [23] �Ñ, ¥I¸S�p§Ý

3 95◦E ±Ü9�à±�/«ÊH¥O§ª³, 
3ÀÜ�à±H%¥ü§ª³; �$§Ý3�IÊ
H¥O§ª³, 3p�Ý/«Oæ�²w. ¶�®
Ú�¡� [24] �Ñ, ¥ICzc53À�!u�Ú
Ü�ÜÜ�/«4àp§¯�ªu. ëdm� [25]

�Ñ�XgGò�, ØuÀ±	¥I�Ü©/«4
àp§ªgO\. ½5'�, �±uyÃØ´O§
ª³, �´4à§Ý¯�ªu�«�Ñ��©�*
:Ä�ÎÜ.

dã 3 ��, �§ÝCzª³��, üY�C
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zª³Ø²w. ã 3(a)—(c) �N
üY4à õ
�ê�Cz, ©Oo(
 15 cSâCc�âC�
�ã�cÚG!üY4à õ¯���. lã 3(a)
�±wÑ, ¥Iý�Ü©/«cüY4à õ�
ê��, cüY4à õ�ê IWET =3Ü�/«
ÜÜ!S��ÀÜ±9ô�ÀÜ��, `²ù

/«cüY4à õ¯�²w õ. ÒÁGüY
4à õ¯� (ã 3(b)) ó, ÁGüY4à õ
�ê IWET-DJF 3¥I��SCz��. Ù¥±Ü
�ÜÜ!�°ÀÜ!Üõ9ç9ôÀ�Ü��, ù

/«éÁGüY4à õ¯��A¯a. �é
uc4àüY¯�ó, ÁG4àüY¯�3ô

HÜÜ!ôÇ/«±9ÜH/«À�Ü�ê�
�, `²ù
/«ÁGüY4à õ¯�ªu.
ã 3(c) �N�´¥IgGüY4à õ¯�. g
GüY4à õ�ê IWET-JJA 3ô�ÀÜ9ô
HÀÜ��, ù
/«éíÿCz��¯a, g
GüY4à õ¯�wÍO\. dã 3(a)—(c) �
±wÑ, üY�4àíÿ¯�éZÂ, �ZÂ«Ú
p�Ý/«K���. üY4à õ�êÄ�þ
Uì��.©Ù, ¥yH����ª³. 3p�Ý
/«, ü�þ²wO\, üY4à õ¯�ªu,
ù
/«AéüY4à õ¯�Uå�, éÙ'
�¯a.

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

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

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

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

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

� � � � � �
� � � � � �� ��  � � � �

ã 3 ¥I�/üYCz�ê (a) cüY4à õ�ê IWET; (b) ÁGüY4à õ�ê IWET-DJF; (c) gGüY4à õ
�ê IWET-JJA; (d) cüY4à ��ê IDRY ; (e) ÁGüY4à ��ê IDRY-DJF; (f) gGüY4à ��ê IDRY-JJA

ã 3(d)—(f) �N�´4àÂcÚ4àÂG. ù
A��êÊH �, `²ÙK�Ø�, ¥I��/
«u)üY4à �¯�Øõ, éüY4à �
ù«íÿCzØ¯a. l�ê¥�±wÑ, u�/
«!ÜH/«�éuÙ¦/«üY4à �¯�

 õ. ¥I���gU'���ÁUCz���r
�
. +�j� [26] �Ñ, ¥IÜ�ÜÜ!�ô9�
ô±H/«4àrüY¯�ª�, u�/«4àü
YþÓoüYþ�'~k¤O\. ,	, 3íÿC
æ�µe, YÌ�\ì. ïÄL², Ø�«�, AO
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3Cæ²w�p�Ý/«üYþO\; «�5��
O\Ú�í�ÝO\, �í¥Y©¹þO\�¬
ÚåÈ��Ñy�ªÇO\, l��X�¹Ä\
r, ù�±)º9�	/« (~Xp�Ý/«) ��
ÊHOõ��Ï.

3�I²þY²w5, ¥I¥yõ�. íÿâ
C��¥I�üY4à õ¯�'üY4à �
¯��\ª�, ¥I�/éüY4à õ¯��
\¯a, k7�\réüY4à õ¯�, ~Xö
U!Y�6¯��'5.

3.2 nnnÜÜÜ���íííÿÿÿCCCzzz���êêê

ã 4 �Ñ
nÜíÿCz�ê. ã 4(a) ´¥
I 614 �Õ:�íÿCznÜ�ê CCI �Ð«. �
ê�3 4 � 7 �m��@�´4àíÿ¯�, õê
�?3 2 � 4 �m. 3S���Ü!À�¥Ü!
u�¥Ü!�H±9Ü�¥Ü�/ CCI �ê��,
`²ù
/«�éuíÿâC�c4àíÿ¯�
ªu, AéíÿCzUå�, éíÿCzkér�

¯a5. lã¥�±��, 2���ô6� CCI �
ê �. ù
/«AéíÿCzUå�'uÙ¦
/«�p. lnÜ� CCI �ê�±��, íÿC
z3p�Ý/«Ú9�, æ9�/«Ly²w [13].
ã 4(b) ´ò¥I���°¥�¤kÕ:� CCI �
ê¦Ú¿¦²þ������°� CCI �ê. l
ã¥�±wÑ, ¥IôHÚÜHÀÜ�ê��,
`²ù
/�éíÿCzØ¯a; g�3ô�
Ú��, ¥�3uH; u�ÚÀ���, d?4à
íÿ¯�ªu; �H!þ°´��~	, `²«
�íÿA�éwÍ. ã 4(c) ´¥I 614 �Õ:�
CCI �ê���ã. éuíÿCz, ��ÚÜH'
�¯a; �à±H!�ô6�¿Ø¯a; ÷°
/«duÉGº, 9�º�5�rüY�K�,
�ê�é �. lã¥�±¼�, �êÄ�¥y
H������.©Ù. �â CCI �ê�«�A
�, kÏu�Ð/Aé4àíÿ¯�. Ó��´9
�!æ9�9p�Ý/«'�¯a, 4àíÿ¯
�ªu.

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

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

ã 4 nÜ CCI �ê (a) �Õ:� CCI �ê; (b) ���� CCI �ê; (c)CCI �ê���ã

?I�� [9] �Ñ, �IC 50 c5²þcp§
Fê!rüYFêÚZÂ¡Èz©Ç¥þ,ª³.
ù�©¥c©4àíÿ¯�Oõ�b½´�ÎÜ
�, üY4à õ�c°!üY4à õ�G!O

õ9c²þí§,p��
 CCI �ê¥yù��
©Ù. #� [7] �Ñ, ¥I�/«4àZÂ¯�C
zÌÝ�É²w, äk²w�«�A�, ���Z
Âzª³EòUY, «��ZÂ§Ý�kUY*�
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�ª³, C 20 cSu)4àZÂ¯��U5��,
H��Ü©/«3Ù«�íÿ^�e4àZÂ¯
�rÝ®²�����Ú�G�, CA�cSéJ
2u)��î�4àZÂ¯�. l�©��±¼
�, ¥I��!p�Ý/«4àíÿ¯�ªu, ä
k��� CCI �ê. ,ØÓ�´�©¥4àüY
 ��ê�éuÙ¦K�Ï����. qRº� [5]

�Ñ, ��ôà6�ZÂ¡È��LyÑO\ª³,
Ù¥tsô6�!�à6�!°à6�ZÂ¡È
ÑywÍ�O\ª³,�à6�!°à6�!�à
6�3 20 V 90 c�¥�Ï� 21 VcÏëY
êcÑy���ZÂ, H��õêôà6�ZÂ¡
È�Czª³Ø²w, �kÜHÃà6�kwÍ�
~�ª³. �'ó, íÿCz�êÓ��NÑ¥
I4àp§¯�ªu, üY4à õ¯��éuü
Y4à �¯� õ, ¥I��üY4à �¯�
ªu. �©°� [27] �Ñ, ¥Ií§ÚüYCzª
³�G!�ÉwÍ, ¥I��/«O§wÍ, ±p
�Ý/«��. ù��©*:����, ¥I��
/«!p�Ý/«4àp§¯�ªu, 4àüY 
õ¯�Oõ, �'ógGCzª³�ÁG��.
Î�RÚêÎI [28] �Ñ, Cc5¥I��ZÂz
Øä\ì, 4àüY!4à§Ý¯�ªu����
ZÂz. ½5'�, nÜ�íÿCz�ê�éuü
���êäkÙ`�5, ÏLù��ê�±¼�§
Ý!üY!4à§Ý!4àüY�õ«íÿCz
��'&E, l��Ð/Aé4àíÿ¯�Jø
�ä�â.

l CCI �êwÑ, duüY4à õ�c°,
üY4à õ�G!Oõ9c²þí§,p��

 CCI �ê¥yH������.©Ù. 9�, æ
9�±9p�Ý/«p� CCI �ê´düY�C
zÚG!5�§Ý¯� [13,15] Úå�. du9�!

æ9�/«Ùp§�ê�éuÙ¦?Û/«�²
þ�éCz�A�\r�, l��
ù�§Ý�
ì�Cz, Ï�9�/«�§Ýg,Cz'p�Ý
/«���õ.

4 ( Ø

�©ÄuíÿCznÜ�ê CCI 5?Ø¥I
C 50 c5�íÿCz9Ù«�¯a5, CCI �ê
�`:3uU
ïþ�5íÿCz�éu8U�
g,CÇkõ��K�. CCI �ê����N�´
íÿâCc�4àíÿ¯��Cz, U
�Níÿ
âCéíÿCz�K�. l CCI �ê�±wÑ, �
êÄ�¥yH������.©Ù. S���Ü!
À�¥Ü!�H±9Ü�¥Ü�/ CCI �ê��,
`²ù
/«�éuíÿâC�c4àíÿ¯�
ªu. íÿCz3p�Ý/«Ú9�!æ9�/«
Ly²w [13], Ï�ÃØ´lü��� CCI �ê�
´nÜ� CCI �êÑ�N
3ù
/«4àíÿ
¯�ªu. ò¥I���°¥�¤kÕ:� CCI �
ê¦Ú¿¦²þ������°� CCI �ê, ¥I
ôHÚÜHÀÜ�ê��, `²ù
/�éíÿC
zØ¯a; u�ÚÀ���, d?4àíÿ¯�ª
u. éuíÿCz, ��ÚÜH'�¯a, �à±
H¯a5�f, ÷°/«duÉGº9�º�5�
rüY�K�, CCI �ê�é �, ¯a5�r.

íÿCznÜ�ê CCI äké��A^då,
�5����IïÄö�@Ó. �
?�ÚuÐ!
�õ CCI �ê, �±3ÙO�L§¥�Ä�õ�Ï
�, X�º!°²¡þ,�Ïf, ÏLïÄ��G
!¿æ^�õÏf�8¤5Jp CCI �ê��L
5Ú·A5.

[1] Soloman S, Qin D H, Manning M, Alley R B, Berntsen T 2007 Cli-
mate Change 2007: The Physical Science Basis (Working Group I
Contribution to the IPCC Fourth Assessment Report) (Cambridge:
Cambridge University Press) p299

[2] Ding Y H, Ren G Y 2007 National Assessment Report of Climate
Change (Beijing: Science Press) p33 (in Chinese) [¶�®, ?I
� 2007 íÿCzI[µ��w (�®: �ÆÑ��) 1 33 �]

[3] Organisation for Economic Cooperation and Development
(OECD) 2002 Aggregated Environmental Indices—Review of Ag-
gregation Methodologies in Use Rep. ENV/EPOC/SE

[4] Yang P, Liu W D, Wang Q G, Xiong K G, Hou W 2010 J. Appl.
Meteor. Sci. 21 29 (in Chinese) [±,4�À, �é1, =mI,
û% 2010 A^í�Æ� 21 29]

[5] Zou X K, Ren G Y, Zhang Q 2010 Clim. Environ. Res. 15 371 (in
Chinese) [qRº, ?I�, Ür 2010 íÿ��¸ïÄ 15 371]

[6] Wang J, Jiang Z H, Yan M L, Zhang J L 2008 Sci. Meteor. Sin. 28
1084 (in Chinese) [�F, ô�ù, î²û, Ü7 2008 í��
Æ 28 1084]

[7] Yang J, Hou W, Feng G L 2010 Acta Phys. Sin. 59 664 (in Chi-
nese) [#, û%, µI� 2010 ÔnÆ� 59 664]

149205-8



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 149205

[8] Baettig M B, Wild M, Imboden D M 2007 Geophys. Res. Lett. 34
L01705

[9] Ren G Y, Chen Y, Zou X K, Zhou Y Q, Wang X L, Jiang Y, Ren F
M, Zhang Q 2010 Clim. Environ. Res. 15 354 (in Chinese) [?I
�, ��, qRº, ±ä�, �� , ô�, ?4¬, Ür 2010 í
ÿ��¸ïÄ 15 354]

[10] Fu C B 1994 Chinese J. Atmos. Sci. 18 373 (in Chinese) [Î�R
1994 �í�Æ 18 373]

[11] Wang Q G, Zhang Z P 2008 Acta Phys. Sin. 57 1976 (in Chinese)
[�é1, ÜO² 2008 ÔnÆ� 57 1976]

[12] Yin Y H, Wu S H, Chen G 2009 J. Natural Resources 24 2147 (in
Chinese) [Ù�ä, Ç�ö, �f 2009 g,]Æ� 24 2147]

[13] IPCC 2001 Climate Change 2001: The Scientific Basis: Contri-
bution of Working Group I to the Third Assessment Report of the
Intergovernmental Panel on Climate Change (New York: Cam-
bridge Univ. Press) p881

[14] Allen M R, Ingram W J 2002 Nature 419 224
[15] Hegerl G C, Zwiers F W, Stott P A, Kharin V V 2004 J. Clim. 17

3683
[16] Zhang D Q, Yang J, Wang Q G, Feng G L 2009 Acta Phys. Sin.

58 4354 (in Chinese) [Ù��, #, �é1, µI� 2009 Ôn
Æ� 58 4354]

[17] Gong Z Q, Wang X J, Zhi R, Feng G L 2009 Acta Phys. Sin. 58

4342 (in Chinese) [÷�r, �¡ï, |I, µI� 2009 ÔnÆ
� 58 4342]

[18] Huang D Q, Qian Y F 2008 Acta Scientiarum Naturalium Univer-
sitatis Sunyatseni 47 112 (in Chinese) [�û�, a[7 2008 ¥
ì�ÆÆ� 47 112]

[19] Barnett T, Zwiers D F 2005 J. Clim. 18 1291
[20] Bonsal B R, Zhang X B, Vincent L A 2001 J. Clim. 5 1959
[21] Zhang D Q, Feng G L, Hu J G 2008 Chin. Phys. B 17 736
[22] Folland C K, Miller C, Bader D 1999 Clim. Change 42 31
[23] Zhai P M, Ren F M 1997 Acta Meteo. Sin. 55 418 (in Chinese)

[+�j, ?4¬ 1997 í�Æ� 55 418]
[24] Ding Y H, Dai X S 1994 Meteorological Monthly 20 19 (in Chi-

nese) [¶�®, �¡� 1994 í� 20 19]
[25] Zhao J H, Feng G L, Zhang S X, Sun S P 2011 Acta Phys. Sin. 60

099205 (in Chinese) [ëdm, µI�, ÜZ, �ä+ 2011 Ô
nÆ� 60 099205]

[26] Zhai P M, Wang C C, Li W 2007 Adv. Clim. Change Res. 3 144
(in Chinese) [+�j, �ÔÔ, o% 2007 íÿCzïÄ?Ð 3
144]

[27] Chen W H, Liu Y X, Ma Z G 2002 Plateau Meteor. 21 251 (in
Chinese) [�©°,7ý�,êÎI 2002 p�í� 21 251]

[28] Fu C B, Ma Z G 2008 Chinese J. Atmos. Sci. 32 752 (in Chinese)
[Î�R,êÎI 2008 �í�Æ 32 752]

149205-9



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 149205

The research on the sensitivity of climate change in
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Abstract

Climate change index is one of advanced issues in climate change research. There exist many specific indices in climate change

research in China and other countries, but comprehensive indexes are very rare. So in this paper, a comprehensive climate change

index (CCI) is defined based on single factor of temperature and precipitation index to assess the sensitivity of climate change, and the

comprehensive information about climate change is obtained. Because the index size represents the difference in frequency between

before and after extreme climate events around abrupt climate change, reflecting the ability for one region to respond to climate change

and the sensitivity to the climate change, the index indicates a variety of information about climate change and can provide a certain

judgment basis to better deal with extreme climate events. According to the CCI, the climate change and its regional sensitivity in China

in recent 50 years are discussed. The results show that Inner Mongolia, northeast central, northwest and central Yunnan have higher

CCI indexes, which indicates that the extreme climate events in these regions happen more frequently after the abrupt climate change.

The mean CCI is computed of all stations in each province in China, showing that South China and east part of Southwest China each

have a minimal index, indicating that these areas are not sensitive to climate change; in the North and Northeast China extreme events

happen frequently. Climate change is obvious in high latitude and tropical and subtropical regions, the North and Southwest China are

more sensitive, while the South of the Yellow River is less sensitive. The coastal areas with relatively high CCI have strong sensitivities

due to the heavy rainfall influence from monsoon and typhoon.

Keywords: climate change index, temperature, precipitation, sensitivity
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