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�©ê��[¿�ä©Û
 2009 c 7 �u���gÒ<UL§, ©Û
p§p�Uí��6A�,§Ý!�Ý
�Y²ÚR�©ÙA�, µ©ÙA��. ©Ûuy, dgÒ<U¯�p���í^5�6�pØ��, Y²©Ùã
þ, $��é�Ý�. R�¿¡þ, ¥$��e�í6Úæ�«, k²w�YðFÝÚR�§ÝFÝ, k��� µ
©Ù. Q,Ò<Uu)3gGÊHp§���¸�e, Ïd�üX�§Ý½�Ý5Äå£OÚ�äÒ<U, k��
JÝ. �©84u�/«Ò<UL§p§!p�!p µ�A:, Ú\��·ÜuÒ<U��9å µëê (MTPV,

§L«� ∇q · (∇θ ×∇Q), ùp q ´�Ý, L«��í½ö�¥YðÚ¤kYvÔ�oÚ, θ ´ §, Q ´ µ), é
Ò<U?1Äå�ä©Û, ¿ÏL¢S�~�O�©Û�Ñ{z. �~©Ûuy, dgp§p��Ò<UL§�
� MTPV �É~. �, 2009 c 7 �dgu�/«Ò<UL§k�p�§Ý, ����ÝÚ�� µuÐ, �´ü�
Cþ�����u·��ïÄ�u�/«Ò<U��u��. (Üùn�CþÚ\� MTPV 9Ù{z/ª,ÃØ
l²��´��¿¡ã5w, MTPV �É~��«�é8¥3�®9Ù±>�u�/«é6��$�, ¿�±. Ï
, MTPV 9Ù{z/ªþUédgp§p��Ò<U?1�Ð�Äå£O.
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1 Ú ó

3�¥Cæ�íÿ�µe, du<a¹ÄÚ
¢½9��A, p§p�L§ (I	¡9L, Heat
Wave, ¥I�¡ “Ò<Uí”) ®¤�.��Sª
�u)�4àUí¯�, c±�¢½�$. .�
Iép§p�Uí�ïÄéõ, �´�8��vk
Ú��½Â. p§p�Ï~´��ãØÓÏ~�4
<a��9!�Ýq��Uí, ���±±YAU
$��±, ¦<NFå�L�Ý��u¾$�k�.
p§p�Uíª�u)3<��8��¢½, �Ù
�'�èx¯KÚå
�5�õ�'5 [1−5]. â{
IIS;¾ý���¥%ÚOw«: ��c°�,
{Izc�kC 400 <kugG�9Uí. gG�
9Uí´=guÁGÈ³�º/þ�g,/³, Ù

�³5���. p§p�¬�<¬)¹Úóà�)
��5K�, cÙ´^Y!^>�I¦þ:ìþ,,
E¤øIgñ, îK�)¹Ú)�. ,	, p§p
�¤�5�ÀZ��í^�¦�¢½/«�À/
ÔØU*Ñ, l\�9Uí¤�5��xØå,
E¤����èx¯K. ~X: 1966 c, {I�´´
d¢���9k'�k�ÚOL², 3¢½¥�8
���Úp¢/«k�Ç�p, ù
/«��í
�þ3p§p�Ïm�é�. ù¦�p§p�é<
Nèx�K�¯K¤�NõISÅ�, X.í�
|� (WMO)!.¥)|� (WHO)!éÜI�¸
5yÝ (UNEP) Ú�Ií�!�¸Ú61¾��¡
�Æ['5��:. Cc5, ·I�p§p�Uí
�ª�Ñy, X 1999 c 8 �, ôH!uHÑy±Y
p§p�Uí. 2006 c 7 �¥Í� 8 �, �!A
À!
Ü!ñH�/;É¾��±Yp§9LQ
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Â, Ù¥���î, �/�pí§p� 44.5 ◦C,
�!oAü/��²L���L 150 ·� [6].

u�/«'�ZÂ, Ø�·IH�Ü©/«g
G�Ï?up§p���¸¥, ¦�<Néù«U
í"yý´5Ú�¸·A5, lE¤����³,
îK�
<���~)¹, E¤
ã��²L�
�. �, Ùu)Fªª�, ´����pK�U
íy�. éÙ?1ïÄ, ´·I~�p§p�Uí
E¤�<
ú�Ú²L���½�I�, ´I[�
/~/�����¡. L�éu�/«p§p�
Uí�ïÄ±,�/«�p§UíÚO9Ù�í
�6©ÛØõ [7−9]. pÅË� [10] ©Û
 2002 c 7
� 30 F —8 � 4 F�®/«;.p§p�Uí�
�6!§�A�ÚYðÑxA�, �Ñ3É~ Ü
Ú ��B9�pØ��e, e�í6³�
$�
Yð��,, ¦�YðÈà3é6�$�, ´��
p§p�Uí����Ï. 2005 c 8 � 15 F, d
uÉB9�pØ��, ¿±ÀHº�Ì, ù��þ
�Yð�Ñx�
�®½þ�, 2\þ�u 30◦C
�p§, ÏdÒ/¤
�®�9���Ò<Uí.
2006 c 7 � 15 F, du “+|d”(+|d�º�º
�®²~f¤�9�º�) �	� Àí6K�,
�þ�°þYð�Ñx�u�þ�, \ì
�®½
��í�Ý (�m���é�Ý��
 90% ±þ),
E¤
�®�p§p�Uí.

�,±þép§p�Uí?1
éõ�ïÄ,
�õ�´ u�6/³�ïÄ, �´ÒÙ[��]
�©ÛÚÄå�ä¿vk�9éõ. ��p§p�
Uí�[�]�©ÛÚÄå�ä�Æþ�:I\
±)û, ±Ï~�ùapK�Uí�5��³. Ï
d�©31 2 Ü©JÑ��·^uÒ<U�#�
ÄåÏf —– �9å µëê, ¿)º§�Ôn¿
Â±9Åð5. 1nÜ©|^�9å µëê5Ä
å£O 2009 c 7 ���gÒ<UíL§. ���
Ñ�(.

2 �äÒ<U�ÄåÏf —– �9å
 µëê

2.1 ���999ååå   µµµëëëêêê���JJJÑÑÑ

âÚO©Û�®/«gGp§�9Uí�G
!S©ÙA�, uyp§UíÌ�8¥3 6 �eÍ
Ú 7 �, �p§  �L 40 ◦C, �9Uí (Ò<

U) � 3/4 ±þ8¥3 7 �¥Í� 8 �þÍ [9], Ò
<U�í§�ØX 6 �°üX�p§Uíu)
�í§p. �´du�p��Ý, ¦�<� “a�
�” '��9. ��, �,Ò<Uu)3gGÊH
p§���¸�e, ��üX�§Ý5�äÒ<U,
k��JÝ. duÒ<U�p�, Yð�A�´�
�7L�Ä�Ï�. l®k�ïÄ¥, Ò<U´u
)3gG�é½�æ5pØ����í�6�
µe, Ïd µ´Ò<U����Ïf. ± 2009
c 7 �u���gÒ<UL§�~, ©ÛÙ�6Ú
Yð�©ÙA�, uydgÒ<U¯�p���í
^5�6�pØ�� (ã 1(a)), Y²©Ùãþ, $�
�é�Ý� (ã 1(b)), n�/��®¤3 �. R�
¿¡þ, ¥$��e�í6Úæ�« (ã 2(a), (b))),
kY²YðFÝ (ã 1(b)) Ú²w�R�Yð!§
ÝFÝ (ã 2(a), (b)), �k��� µ©Ù (ã 2(c)).
(Ü±þA:, ùpJÑ��·^uÒ<U�#�
ÄåÏf —– �9å µëê (MTPV), éÒ<U
?1Äå�ä©Û. §�L�ª�

MTPV = ∇q · (∇θ ×∇Q)

=
∂θ

∂x
Jyz(Q, q) +

∂θ

∂y
Jxz(q,Q) +

∂θ

∂z
Jxy(Q, q)

a b c (1)

ùp q ´�Ý, θ ´ §, Q ´ µ, ÙL�ª

�Q =
ξa · ∇θ

ρ
, ξa�n�ýéµÝ¥þ, ρ ´�Ý.

(1) ª¥, a �¥�

Jyz(Q, q) =

∣∣∣∣∣∣∣∣
∂Q

∂y

∂Q

∂z

∂q

∂y

∂q

∂z

∣∣∣∣∣∣∣∣ =
∂Q

∂y

∂q

∂z
− ∂Q

∂z

∂q

∂y
,

b Ú c �¥�

Jxz(q,Q) =

∣∣∣∣∣∣∣∣
∂q

∂x

∂q

∂z

∂Q

∂x

∂Q

∂z

∣∣∣∣∣∣∣∣ ,

Jxy(Q, q) =

∣∣∣∣∣∣∣∣
∂Q

∂x

∂Q

∂y

∂q

∂x

∂q

∂y

∣∣∣∣∣∣∣∣ .

MTPV 84
u�/«Ò<UL§p§!p
�!p µ�A: (ã 1 Úã 2). Ïd�±^5Ä
å£OÒ<U.
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ã 1 2009 c 7 � 8 F 06 �6|!�é�Ý��Y²©Ù (a) 200 hPa 6|; (b) 1000 hPa º| (m·s−1) Ú�é�Ý| (ÒK, %)

ã 2 2009 c 7 � 8 F 06 �6|!�Ý|!ýé§Ý! µ�R�©Ù (a) 6|Ú�Ý| (ÒK, ü  g·kg−1)
÷ 39.9◦N �R�¿¡ã; (b) ýé§Ý (ü  K); (c) µ (ü  PVU) ÷X 116.5◦E �²�R�¿¡ã
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2.2 ÔÔÔnnn¿¿¿ÂÂÂÚÚÚÅÅÅððð555

Xã 3 ¤«, 3(k��IX¥, e y ¶ (x ¶)
L«H� (ÀÜ) ��, b½ §dH��4~,  
µdÀ�Ü4~, Yðdþ�e4O�dH��
4~. K�ÝFÝ ∇q! §FÝ ∇θ ±9 µF
Ý ∇Q ���3 x, y, z ¶�¤�(k��IX¥
Xã 3 ¤«. dúª (1), MTPV L«�ÝFÝ!
 §FÝ±9 µFÝ�·ÜÈ. §�Ôn¿Â²
(, Ù��L«d ∇q, ∇θ ±9 ∇Q �¤�8¡N
�NÈ, ���ûunö���. ��¤ MTPV �
��, �,�k��YðFÝ! §FÝ±9 µ
FÝ. 3�½ ∇q, ∇θ ±9 ∇Q ��cJe, en�
FÝ3Ó�²¡þ, MTPV �� 0, &Ò�f; �k
�¦��¤.�Ý/��8¡N��ÿ, NÈ��,
MTPV &Ò�r.

'uÙÅð5, �l Ertel[11] �ëY�§�í
��Ñ. Äk, wëY�§� Ertel /ª´XÛ�Ñ
� [12].

ëY�§���/ª�

(dρ/dt) + ρ∇ · v = 0, (2)

ùp v ´�Ý¥þ.

²Ll(k��I�2Â�I�=�, ¿^'
N α �O�Ý ρ, �§ (2) �±��¤Xe/ª [12]

d
dt

[αJx(q1, q2, q3)]

=αJx(q1, q2, q3)
∂q̇n

∂qn
, (3)

ùp Jx(q1, q2, q3) = Det(∂qj/∂xi), e M j
i. ´Ý


 (∂qj/∂xi) ���Ý
, Kk

ã 3 �ÝFÝ ∇q! §FÝ ∇θ! µFÝ ∇Q ���«¿
ã. x ¶, y ¶©OL«ÀÜÚH���



∂

∂q1

∂

∂q2

∂

∂q3

 =
(

∂xj

∂qi

)


∂

∂x1

∂

∂x2

∂

∂x3

 =
(M j

i.)
Jx(q1, q2, q3)


∂

∂x1

∂

∂x2

∂

∂x3



=
1

Jx(q1, q2, q3)


M .1

1. M .2
1. M .3

1.

M .1
2. M .2

2. M .3
2.

M .1
3. M .2

3. M .3
3.




∂

∂x1

∂

∂x2

∂

∂x3

 =
1

Jx(q1, q2, q3)


Jx( , q2, q3)

Jx(q1, , q3)

Jx(q1, q2, )

 . (4)

ùp Jx( , q2, q3) =



∂

∂x1

∂

∂x2

∂

∂x3

∂q2

∂x1

∂q2

∂x2

∂q2

∂x3

∂q3

∂x1

∂q3

∂x2

∂q3

∂x3


. A^ (4) ª, Kk



∂q̇1

∂q1

∂q̇2

∂q2

∂q̇3

∂q3


=

1
Jx(q1, q2, q3)


Jx(q̇1, q2, q3)

Jx(q1, q̇2, q3)

Jx(q1, q2, q̇3)

 . (5)

139201-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 13 (2012) 139201

ò (5) ª�\ (3) ª, Kk

d
dt

[αJx(q1, q2, q3)]

=α[Jx(q̇1, q2, q3) + Jx(q1, q̇2, q3)

+ Jx(q1, q2, q̇3)]. (6)

ù p ¤ k � � m � ê Ñ ´ ' u ( k � � I X
�. �§ (6) Ò´ëY�§� Ertel /ª [11]. ù

p q̇i =
dqi

dt
.

� ψi ��?¿�Åðþ (ØCþ) �, ò ψi �
\ëY5�§ (6), ù�ëY�§�ù«/ªu�
Ù��`³. Ï�� ψi (i = 1, 2, 3) ´?¿�Åð
�|¼ê�, = dψi/dt = ψ̇i = 0 �, �§ (6) ��
>�u

d
dt

[αJx(ψ1, ψ2, ψ3)] =
d
dt

(α∇ψ1 · ∇ψ2 ×∇ψ3),

�§ (6) �m>�u". Kk

d
dt

[αJx(ψ1, ψ2, ψ3)]

=
d
dt

(α∇ψ1 · ∇ψ2 ×∇ψ3) = 0. (7)

3�©�ïÄ¥, Ò<UL§¥ÃüYu), ÃY
vÔKáÑí¬, Ïd,�í¬��Ý q �±@�
´CqØC�. � § θ Ú µ Q 3ý9Ã�Þ
�í¥�´Åðþ, ¤± MTPV = ∇q · (∇θ×∇Q)
3Ò<UL§¥´�CqÅðþ, Ïd�±^5Ä
å£OÚJlÒ<U.

3 �9å µëê3Ò<U¥�A^

·�|^ WRF �ªé 2009 c 7 � 7 F 00
� —10 F 00 �u���gÒ<UL§?1
ê�
�[. �ªÀ� 1◦×1◦ ©EÇ� NCEP/NCAR (Na-
tional Center for Environmental Prediction/ National
Center for Atmospheric Research) ]� (m� 6 h),
¿òÐ©���~5/¡!&�]�ÏL WRF-
3DVAR �¬Ú\�ª5UõÐ©|. �[æ^Y
²©EÇ©O� 27 km Ú 9 km �Vi@�Y,
äN�ëêz�Y�À���©z [13]. �[�Ð
©��� 2009 c 7 � 7 F 00 �, �È© 72 h, �
ªÑÑ]�m�� 1 h. é'ã 4 �� (¢¹) �m
� (�[), �ª�[�6|cÙ´p��pØ¥%
9Ù	��6 (ã 4(a), (b))!�Ý| (ã 4(c), (d))!

§Ý| (ã 4(e), (f)) ��¢¹þ�ÎÜ. e¡|^
�ªÑÑ]�, 5O��9å µëê.

lã 1 Úã 2 �©Û, �, 2009 c 7 �dgu
�/«Ò<UL§k�p�§Ý, ����ÝÚ�
� µuÐ, �´ü�Cþ�����u·��ï
Ä�u�/«Ò<U��u��. (Üùn�C
þÚ\��9å µëê MTPV, l²L�®/«
��� (� 39.9◦E, ã 5(a), (b)) Ú²� (� 116.5◦E,
ã 5(c)) �¿¡ã, MTPV �É~��«�é8¥
3�®9Ù±>/«é6��$�, ¿�±. ©
Û (1) ª¥� a, b, c � (ã 5(d)—(f)), uy c �ÓÌ
� (ã 5(d)), Ùþ?��� MTPV ��, ºX��
�!©Ù/�� MTPV ��~��. Ïd·��±
^ c �5Cq�O MTPV, l�Ñ{z, 5Äå£
OÒ<U.

l MTPV �½Â��, MTPV ��í§ÝÚ�
é�Ýk', 3©Û�ãS, YðÑxÚËÜ8¥
3�®9±>�u�/«, O�
T/«��é�
Ý, \þB9�pØ¥�e�O§, $��íp§
p�, 9p�p µ��eD, ÏdÑy
 MTPV
�É~.

�,, �©�©Û
 2009 c��gu�rÒ
<UL§, ¿}Á5�òJÑ��9å µëê^
udgL§�©Û. e�Ú�^�õ��~5u�
Ù�J. MTPV �¹
�íÄå!9å9Yð�n
Ü�^, �éu~^�§Ý!�Ý�Ônþ5`,
§U3�½§Ýþ�Nº|!§Ý|ÚYð|�
�p�^, lNyÑ�íCz�nÜ(J. �,
ÙÅð5�k|uÒ<U�Äå£OÚJl. Ï
Lí� MTPV 9Ù{z/ª c �����§, 5O
� MTPV ���, �â MTPV ���rf, Ò�±
ýÿ�5áÏu�/«p§p��Ò<U�u)
9rfª³. ù�´·�e�Ú���ó�.

4 ( Ø

�©ê��[¿�ä©Û
 2009 c 7 � 7
F 00 �¨ 10 F 00 �u�/«��gp§p�
�rÒ<UL§, ©Û
Ù�6A�, §Ý!�Ý
�Y²ÚR�©ÙA�,  µ©ÙA��. ©Ûu
y, �,Ò<Uu)3p§���¸�e, ��ü
X�§Ý½�Ý5£OÒ<U, �� �, k��
JÝ. ÏdÚ\��·ÜuÒ<U��9å µë
ê —–MTPV, ÏLO�éÒ<U?1�ä, uyp
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ã 4 2009 c 7 � 10 F 00 �¢¹��[�é' (a) ¢¹ 200 hPa 6|; (b) �[ 200hPa 6|; (c) ¢¹ 900 hPa �é�
Ý (%); (d) �[ 900hPa �é�Ý (%); (e) ¢¹ 900 hPa§Ý (K) (f) �[ 900 hPa§Ý (K)
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ã 5 MTPV 9úª (1) ¥�� (10−22 m−1s−1K2kg−1) �R�¿¡ã (a) 2009 c 7 � 8 F 06 � MTPV; (b) 9 F 06
� MTPV ÷X 39.9◦N ���¿¡ã; (c) 2009 c 7 � 8 F 06 � MTPV; (d) úª (1) ¥� c �; (e) úª (1) ¥� a �; (f)
úª (1) ¥� b �÷X 116.5◦E �²�¿¡ã

§p � � Ò < U � � MTPV � É ~. Ï L Ð
m MTPV �L�ª, uy (1) ª¥� c �´Ì��,
lé MTPV �ÑCqÚ{z. ©Ûuy, MTPV

9Ù{z/ªþUédgp§p��Ò<U?1
�Ð�Äå£O.
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Abstract

A “sauna” weather event in northern China in July 2009 is numerically simulated and diagnostically analyzed. The atmospheric

circulation characteristics, the horizontal and vertical distributions of temperatures and moistures, and the distribution of potential

vorticities are studied. It is found that anticyclone dominates the upper troposphere during the “sauna” weather event. In the horizontal

chart, the relative humidity in the lower troposphere is large. From the vertical sections, descending airflow dominates the moist and

warm sectors at the middle and lower levels. There are clear humidity gradient, evident vertical gradient of temperature, and slanting

distribution of potential vorticity. The “sauna” weather event occurs in the generally high-temperature environment of summertime, so

it is difficult to dynamically identify and diagnose the “sauna” weather depending on some single factor, e.g., temperature or moisture.

According to the high-temperature, large-moisture, and strong-potential vorticity characteristics during the “sauna” weather in northern

China, a moist thermal potential vorticity parameter MTPV, may be expressed as ∇q · (∇θ ×∇Q), where q is the sum of water vapor

and all hydrometeors including cloud water, rain water, cloud ice, snow and graupel; θ is potential temperature; Q is potential vorticity)

which is appropriate for “sauna” weather, is introduced. Then it is used to dynamically diagnose “sauna“ weather event. And it is

simplified by calculation analysis in case study. It is found that the MTPV anomaly is accompanied by the “sauna” weather process.

Although high temperature, large moisture and strong slanting potential vorticity development present in the “sauna” weather process

in northern China in July 2009, their coverages for these single variables are larger than our target region of this “sauna” weather event.

While for the MTPV and its simplified form combining these variables, their anomalies maintain in the lower troposphere around

Beijing and its peripheral areas in northern China, viewing from either zonal or meridional section. Therefore, both MTPV and its

simplified form can better dynamically identify this high-temperature and high-humidity “sauna” weather event.

Keywords: “sauna” weather, high temperature and high moisture, moist thermal potential vorticity parameter
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