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C L IM A T IC A B R U PT CH A N G E IN T H E N O R T H E R N

H EM IS PH E R E FO R 19 2 0 5 A N D 1 9 5 0 5

A i
肠

n x iu (艾婉秀)a n d L in Xu
e eh u n (林学椿)

C h in es e A e a d e m y o fM e化o r o lo g ie a lSe ie n e es ,

B e ijin g
,

1 0 0 0 8 1

R e c eiv e d A u g u st 18
,

19 9 3 : r e v ised M a y 18
,

1 9 9 4

A B S飞
,

R A CT

In re e en t ye a r s
,
a la rg e n u m b er o fP a Per s o n the cliIn a tic su d d en eha n g e h a v e b e e n Pr e se n ted F r o m the v iew Po in t o f

e lim a tic su d d e n cha n g e , tw o m e th o d s o f stu d yin g e lim a tie su d d e n e ha n g e a r e a PPlie d in this P a Pe r
.

T he N o r th e rn H em l
-

sPhe re la n d te m Pe r a tu r e (N H L T ) d u rin g 1 8 5 1一 19 8 4
,

C hin a te m pe
r a tu re (C T ) d u rin g 18 7 3一 19 9 0 a n d the N o r the r n

H e m isPh er e s e a 一lev e lP res su r e (N H SL P) a t ea e h g r id P o in t d u r in g 1 89 9一 19 8 7 a r e a n a lyz e d by the m o V in g T-- te st
.

T he

r e su lts sh o w tha t the r e e x is t tw o e lim a tie su d d e n e ha n g es 一n the 19 2 0 5 a n d the 19 50 5 d u rin g the Pa s t 10 0 yea r s
,
a n d the n

fe a tu r e s o f eir e u la tio n fo r the tw o su d d e n e ha n g e s a r e d ise u ssed by the N H SL P d a ta
.

K e y w o r d s : elim a te
,
e lim a tie su d d e n c ha n g e

,

th e N H S LP (the N o r the r n H e m isPhe r e sea 一le v e lPr e ssu r e )

IN T R O D U C T IO N

In re een t ye a r s
,

the fr e q u e n t e lim a tic a b n o rm a lity
,

th e d iseo n tin u ity a n d j
u m P o f e lim a tie

v a r iatio n h a v e be e n a ttr a etin g m a n y seie n tis ts
’ a tten tio n

.

T he c o n c ePtio n o f th e e lim a tic su d d en

e h a n g e 15 Pr elim in a rily fo rm
ed

,

m e a n in g th a t the r e e x ists a tu r n in g m o d e b etw een tw o sta b le

c lim a tie tyPe s
.

T h e Ph e n o m e n a o f j
u m P h av e b ee n Pu t fo rw a r d in an a n a lysis o f syn o Ptic a n d se a s o n a l

se a le eh a n ge s
.

Y e h e t al
.

( 19 5 8 ) fi r st n o ted the sea so n a lj
u m P o f the a tm o sPh e re eir c u la tio n in

A sia m o n s o o n r e g io n
.

L a te r ,

Z h a n g e t al
.

(19 8 3) d is c o v er ed the
sta g e s o f th e lo n g 一 term

v a ria
-

tio n o f the a tm o sPh er ie a etiv e c e n ter s : its tu r n in g Po in t w a s in th e 19 3 0 5
.

L in (19 86 ) also d is c o v
-

e r ed the sta g es o f th e lo n g 一te r m v a r ia tio n o f the u ltr a月o n g w ave s , a n d th e tu rn ing P o in t w a s jn

th e 19 2 0 5
.

In Ja Pa n , se v e r a l c lim a tie elem e n ts
, su e h a s se a一le v el Pr e ssu r e (S LP) in su m m er ,

tem
-

Pe r a tu r e a n d Pr ee iPita tio n ih sPrin g
, e x ist tw o

j
u m Ps in the 19 2 0 5 a n d 19 5 0 5 in th e Pa st

10 0一ye a r s (Y
am am o to e t a l

.

19 8 6 )
.

F u a n d W
an g (19 9 1)fo u n d th e su d d e n c ha n g e o f the s o u th

-

e rn A sia m o n s o o n a b r u Pt ch a n g e in the 192 0 5 ,

w hieh o e eu rr e d a lm o st sim u lta n e o u sly w ith th e

ju m P o f th e g lo b a lte m Pe r a tu re w a rm in g
.

Y a n (19 9 0 a ; 1 9 9 0 b) d i
seu ssed th e sPa ee一tim e d istrib u

-

tio n s o f Pr e eiPita tio n ,
te m Pe r a tu r e ,

SL P a n d 50 0 h Pa h eig h t v a r ia tio n s in the N o r ther n su m m e r

fo r th e Per io d o f 1 9 5 1一 19 8 0
.

A ll ab o ve m e n tio n e d sh o w s th a t the stu dy o f elim a tic ju m P h a s

re a eh ed a e o n sid er a bly hig h lev e l
.

In th is Pa Pe r ,

Se e tio n 1 15 to d iseu ss th e m e th o d o f e x a m in in g e lim a tic a b ru Pt eh a n g e
.

See
-

tio n 11 15 to a n a lyz e th e d a ta o f the N o r the r n H em isPh er e la n d tem Per a tu r e (N H LT ) fr o m 18 5 1

t o 19 8 4
,

C hin a te m Per a tu re (C T ) fr o m 18 7 3 to 19 9 0
, a n d th e elim a tie se rie s o f m o re tha n tw en ty

sin g le sta tio n s
.

See tio n 111 15 to d isc u ss th e eircu latio n fe a tu r e s b efo r e a n d a ft er th e a b r u Pt

e ha n g e o f the N o r th e r n H e m isPh er e se a 一lev e lPr essu re (N H S LP)(189 9一 19 8 6)
.
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M E T H 0 D S O F D E T E R M IN IN G T H E C LIM AT IC SU D D E N CH A N G E

T h ere a r e m a n y m eth o d s in d ete eting ju m Ps o f elim a tie series
,

bu t o n ly tw
o o f th em a r e

u sed e o m m o n ly : M a n n 一K e n d a ll R a n k S ta tis tic (a b bre v ia te d to M一K ) a n d T-- te st
.

A Pr er e q u i
-

site fo r u sin g the M一K m e th o d 15 th a t th e c lim a tic se ries m u st be sta b le a n d r a n d o m
, a n d th e

Pr o b a bility d istribu tio n m u st ke eP u n e ha n g ed
.

T he d e ta ils o f th e M 一K ea leu la tio n m e th o d r e fe r

to Fu a n d W
a n g (19 9 2)

.

T h e

T-- tes t m e th o d 15 a ela ssic sta tistie m eth o d
.

It e a n b e u sed t o te st

th e sig n ifi e a n t d iffe r e n c e be
tw

e en tw o sam Ple a v e r a ge s
.

5 0 w e have d esig n e d th e m o v in g 升
te st

to ex a m in e the sig n ifi ea n t d iffe
r e n e e b etw een tw o a

dj a c e n t su bseries in a tim e se rie s 耳 (i二 l
,

2
,

3
,

⋯
,

N)
, a n d to d e term in e th e e lim a tie su d d e n eh an g e Po in ts

.

G iv en a hyPo the sis (H
。): 召一召2 “ 0

,

th is m ea n s th a t th e m ea n v a lu es o f tw
o su b se ri e s ha v e

n o d ifl七r en e e
.

A sta tis tie 15 d efi n ed :

戈
, 一戈

2

(n
, 一 l)S

j l

+ (n
Z 一 ‘)S二

了
n l

+ n ,

一 2

几
一

一

万不万一
w h ef C

2jlZ户
SS戈

1 = Y
‘十 J 刀一 人

一

游
(y , + , 1 一 , 一

风
1

)
’

、

艺同1�nl

Y , + z ,

一 会答
‘y , + , 2 一 , 一

风
2

)
’

艺同
1一气一一一爪

j
、 = 1

,

2,. 二

了2 二了1

N 一 n , 一 n Z 一 b
,

+ n l + b
,

w h e re jZ d e n o t e s th e s e c o n d j p o in t in th e s e r ie s
, n 」,

戈
1 a n d Sj

l a r e the le n g th
,

m e a n v a lu e a n d

v a r ia n c e o f ‘h e fi r s‘s u b s e r ie s ; n Z ,

戈
2 a n d 今

a r e th o s e o f ‘he s e c o n d s u bs e r ie s
,
r e sp e c ‘iv e ly

·

b 15

the n u m b e r o f ye a r s b e tw e e n th e tw o adj
a ee n t su bs e r ie s

.

T he n 爪 d e fe r s to T (n 、+n 厂2 ) d istri
-

b u t io n
.

G iv e n the s ig n ifi e a n e e le v el : = 0
.

0 5
,

w e e a n o b ta in a e r itie a l v a lu e T
。

(T0 刀5 = 士 1
.

9 6 )
,

w h e n

{兀
2

{1
5 le s s ‘h a n

}T
。

{
,

‘he h yp o ‘he s is H 。 15 a CC e p‘e d
·

W h e n

}界
2

{1
5 g r e a‘e r ‘ha n o r e q u a l

‘o

}T
:

{
,

H 。 15 n o
“

r u e
·

T his m e a n s ‘ha
“he re e x is‘5 a s ig n ifi c a n c e d iffe

r e n c e b e‘w e e n ‘h e m e a n

v a lu e s o f tw o s u b s e ri e s
.

I f tw o s u bs e ri e s a re r e g a rd ed
a s tw o d iffe re n t s t ab le e lim a tie s ta te s ,

th e

cl im a tie s u d d e n e h a n g e r e q u ir e s th a t th e le n g ths o f th e tw o adj a ee n t s u b se r ie s
, n l a n d n Z , sho u ld

b e fa r g r e a te r th a n the tr a n s iti o n tim e (i
.

e
.

b )
.

T h e tre n d o f s e r ie s e a n b e d e te

mn
n e d by th e s ig n

o f爪
·

In th is p a p e r , n , , n : a n d b a r e 2 0
,

2 0 a n d l
,

i
·

e
·

n , , n Z >> b ; the s e v a lu e s a re e o n s is te n t w ith

the d e fi n itio n o f e lim a tie a b ru Pt c ha n g e
.

A n o the r s ta tis tie m e th o d Y a m a m o t o (19 8 6 ) u s e d 15 s ilni la r to 升te s t
.

W
e d e fi n e d a

s ig n a l一to 一n o is e r a tio J = S / N, w hie h 15 5 1而la r to 爪
.

W he n
}J }>> l

,

the o c e u rre nce
o fj

u m p
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15 p o ssib le ; w he n
】J】>> 2

,

the str o n g j
u m p w ill ha p p e n

.

Fr o m her e w e se e tha t th e sig n ifi c a n ee

le v el o f this m e th o d 15 le ss th a n th a t o fthe m o v in g T--
te st

.

F ig u r e 1 sh o w s the tim e se ries c u r v e s o f N H LT d u rin g 1 8 5 1一 19 8 4 (Jo n es e t a l
.

1 9 8 6 )
,

the

10一ye a r m o v in g av e r a g e v a lu e a n d th e m o v in g T v al u e , an d th e
M 一K te s t

, r e sPe etiv e ly
.

T h e

c u rv e s in d iea te th a t a n a b r u Pt in e re a se o f the tem Per a tu r e o ec u r r ed in th e 19 2 0 5 , a n d a n a b r u Pt

d e e r e a se o f th e te m Pe r a tu r e o e e u r re d in th e 19 5 0 5
.

T he g r ea te st n e g a tiv e a n d Po sitiv e v alu es o f

th e m o v in g T o e e u r r ed in 19 2 4 a n d 19 5 4
, r e sPee tiv ely

.

T he ir sig n ifi e a n c e lev e ls e x e e e d 0
.

0 1 a n d

0
.

0 5
, r esPe etiv e ly

.

A s t o th e M 一K te st e u r v e ,
o n ly o n e c r o ss一o v er Po in t o c eu r re d in 19 18一 19 19

be tw ee n th e eo n fi d en ee in te r v a ls o f 0
.

0 5
.

T h er e fo r e ,

th e M 一K te st h a s the sig n ifi e a n t re a c tio n to

the N H LT in er e a s e in the 19 2 0 5 , a n d n o r e a c tio n t o th e d e e re a se in the 19 50 5
.

M o r eo v er ,

th e te m Per a tu re series 15 d iv id e d in to th re e d iffe re n t le n gth se r ie s
.

Fir s t
,

w e d is
-

c u ss h o w the a b ru Pt ch a n g e Po in t 15 in flu e n e ed b y th e series le n g th eh a n g e
.

T a b le 1 sh o w s tha t

the a b r u Pt c h a n g e Po in ts o b ta in ed b y u sin g th e M 一K m e th o d a r e d iffe
re n t

.

L i e t a l
.

0 0

0
.

5 0

0
.

0 0

一 0. 一 0 5 0

一 以 一 1
.

0

6
.

0

2
‘

0 0

0
.

0 0

一 2
.

0 0

一 4
.

0 0

一 C
.

0 0

4
.

0

2
.

0

0
.

0

一 2
.

0

一 4
.

0

一 6
.

0

一 8
.

0

8
.

0

6
.

0

4
.

0

2
.

0

0
.

0

一 2
.

0

�Q�习�n-昭�卯众日。一

巳8.

一 2
.

~~~

屺勺人厂\
〔
、、

一 4.

F ig
.

1
.

0 0扣一一一一一一

一
一一

-

-
一一—

一
1 8 5 0 1 8 7 0 1 8 9 0 1 9 1 0 1 9 3 0 1 9 5 0 1 9 7 0 1 9 9 0

Ye a r

0

1 :
(

渐了顽才万了而 1 9 3 0 1 9 5 0 1 9 7 0 1 9 9 0

Y e a r

J
斗OC�八

一�一

T h e tim e se r ie s o f N H LT d u ri n g 1 8 5 1一 19 84
,

(a )

th e 10一ye a r m o v in g a v e r a g e v a lu e : (b ) m o v in g

T v a lu e : ( e ) M 一K v alu e
.

F ig 2
.

T h e te m Pe r a t u r e in C h in a d u r in g

th e 10一ye a r m o v in g a v e r a g e v a lu e ;

T v a lu e ; ( e ) M 一K v alu e
.

18 7 3一 19 9 0
.

( a )

(b ) th e m o v in g
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T a ble 1 R e su lts o f T w o M e th o d s

MMMMM一 K m e tho ddd M o v in g 一T tes ttt

PPPha se sss 18 5 1一 19 30 18 9 1一 19 50 19 0 1一 19 8 4 18 5 1一 19 8 444 18 5 1一 19 6 0 1 89 1一 19 6 0 18 9 1一 19 8 4 18 5 1一 19 8 444

AAA b r u P ttt 19 2 1 19 2 3 19 19 19 1888 19 24 1 92 4 19 2 4
,

19 54 19 2 4
,

] 9 5 444

ccc ha n g e Po 一n tsssssss

(19 9 1) fo u n d th a t the tem Pe ra tu r e se r ies o f B e
ijin g

an d Sh a n g h a i c a lc u la te d by u sin g th e M 一K

m e th o d h a v e a b r u Pt e ha n g e s fr o m e o o l t o w a rm in 19 19 a n d 19 3 2
, r esPec tiv ely

.

T h e r e su lts in

T a b le 2 ea le u la te d by u sin g th e m o v in g T m e th o d in d iea te tha t elim a tie a b ru Pt e ha n ge s fr o m

e o o lto w a rm in Sh a n g ha i o c c u r r ed o n ly in 19 1 3
,
an d in B e

iji
n g in 19 3 1

.

B u t
,

in B e
ijin g

, a n o th er

a b r u Pt eh a n g e fr o m w a r m to e o o l o c c u r re d in 19 4 7
.

C o m Pa re d w ith the m o v in g T m e th o d
,

th e

M 一K m e tho d is se n sitiv e to the fi r st a b r u Pt e ha n g e Po in t
, n o t s e n sitiv e to th e se c o n d

.

So in this

Pa Per ,

th e m o v in g 升te st 15 a PPlied t o a n a lyz e elim a tic ser ie s
.

111
.

A N A L Y SIS O F S IN G L E S T A T IO N SE R IE S

A e e o r d in g t o th e d iv isio n o f the tem Per a t u r e g r a d e ,

th e tr en d o f tem Per a tu r e in C hin a 15

alm o st e o n sis te n t w ith th a t o f N H LT (W
a n g 19 9 0) T h e te m Pe r a tu re v a ria tio n in C hin a d u rin g

18 7 3一 19 9 0 15 sho w n in Fig
.

Za (Lin e t al
.

19 9 5 )
.

W
e e a n se e th a t the r e is a sm a ll w a v e b e fo r e the

19 2 0 5
.

B u t in th e 19 2 0 5 ,

the tem Per a tu r e in e r ea sed r aPid ly a n d a hig h tem Pe r a tu r e Per io d ea m e :

in th e 1 9 5 05
,

it d e er e a sed r a Pid ly a n d a lo w er tem Pe ra tu r e Per io d e a m e
.

T he m a x im u m n eg a tiv e

a n d Po sitiv e m o v in g T v a lu es a re in 19 19 a n d 19 5 3
, r esPec tiv ely (see Fig

.

Zb )
.

T hey ex c ee d the

sig n ifi ea n ee lev el o f 0 0 1
.

It m e a n s tha t the re e x ist tw o a b r u Pt eh an g e s in the C T se r ie s in the

19 2 0 5 a n d th e 19 50 5
.

O n ly o n e er o ss一o v er Po in t 15 sho w n in F ig
.

Ze
.

A sm a ll w av e o bta in ed by

u sin g the m o vin g T va lu es c a n n o t re a e h th e sig n ifi e a n ee le v el o f 0
.

0 5
.

Fr o m th e a b r u Pt e ha n g e

p o in ts a n d t r en d s ,

C T e h a n g e 15 a lm o st sim ila r to th a t o f N H LT
, a n d slig htly e a rlie r

.

M o r e o v er ,

m o r e tha n tw e n ty se rie s , su eh a s se v er a l eities
’

te m Per a tu re series in C h in a ,
the

n u m b e r o f b r o ke n d a y s o f S o u th A sia n s u m m e r m o n so o n (Pa r tha sa r a th y an d Pa n t 19 8 5)
,

the

n u m b e r o f w est w in d d a ys in G re a t B r ita in Isla n d (L am b 1 9 7 7) a n d the a n n u a l Prec iPita tio n in

m o r e th a n te n r eg io n s o f In d ia (Pa r th a sa r a thy et a l
.

19 8 7 )
, ete

.

a r e teste d b y u sin g the m o v in g

T m e th o d (see T a b le Z )
.

T he v a ria tio n o f the n u m be r o fw est w in d d a ys in G r e a t Bri ta in 15 c o n sid e r
ed

a s a n in d e x o f

glo b a le ire u la tio n en er g y eh a n g e (L am b 19 7 7 )
.

T h e e n e r g y a b r u Ptly in c r ea sed in the ea r ly 18 90 5 ,

ab r u Ptly d ee re a sed in the 19 4 0 5
.

T h e n u m b er o f b r o k en d a ys su d d en ly d eer e a se d in the 19 2 0 5

an d a r e la tiv e a c tiv e Pe r io d c a m e ,

w hie h 15 c o n sisten t w ith th e re su lt o b ta in e d by u sin g th e M一K

m e th o d (F u a n d W a n g 19 9 2 ); in the 19 6 0 5 ,

th e n u m b er o f b r o k e n d a ys o f s o u th A sia n su m m er

m o n s o o n su d d e n ly in e r ea se d alo n g w ith a n in ac tiv e Pe r io d
,

w hic h e a n n o t b e o b ta in e d by th e

M一K m e tho d
.

A s N H L T
,

the tim e o f a br u Pt c ha n ge (the n u m ber o f b r o k en d a ys o f so u th

A sia n su m m e r m o n so o n
) l

a g s b e hin d tha t o f the g lo b a l eircu la tio n e n e rg y
,

bu t th eir tr e n d s a r e

the sa m e
.

T em Pe r a tu re s o f tw o e itie s in S o u thw e st C hi n a h av e b een d r o PPin g in r eee n t l0 0 yea r s

a n d ha v e tw o a b r u Pt eh a n g e Po in ts in th e 1 9 50 5 a n d the 19 6 0 5 (b ee o
面n g e o o le r)

.

B u t the tw o

a b r u Pt e ha n g es in S he n g ya n g in N o r the a st C hin a a r e tu r n in g t o w a

rm
e r

.

T a ble 2 sho w s th a t th e a b ru Pt ch a n g e p o in ts o f all tim e ser ie s m o stly g a the r ed in th e 19 2 0 5

(19 16一 19 26 ) a n d the 19 50 5 (19 4 5一 19 5 5 )
.
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T a b le 2
.

A b r u Pt C ha n g e P o in ts o fs in g le sta tio n se rie s

11111 8 9 0一 1 9 00一 19 1 0一 19 2 0一 19 3 0一 19 4 0一 19 50一 19 6 0一 19 7 0一一

11111 8 9 9 19 0 9 19 19 19 2 9 19 3 9 19 4 9 19 5 9 19 6 9 19 7999

GGG u iya n g TTT 19 5 5 19 6 777

CCC h o n g q 一n g TTT 19 4 9 1 9 6 777

SSSh e n g ya n g TTT 19 16 19 7 000

SSSh a n g h a i TTT 1 9 3 111

BBBe
iji

n g TTT 19 13 19 4 777

NNN H TTT 1 9 2 4 19 5 444

CCC hin a TTT 19 19 1 9 5 333

BBB D
***

19 2 0 1 9 6 000

WWW D
水水

18 9 0 19 4 000

CCCir e u la tio n
WWW 1 9 0 0 19 3 222

CCC ir e u la tio n EEE 1 92 6 19 5000

CCC ir Cll la tl o n CCC 1 9 0 2 19 3 2 19 4 777

RRR SD 0 3
申申

1 9 0 2 19 5 444

RRR SD 0 444 19 5 888

RRR SD 0 555 19 4 000

RRR SD 0 666 19 4 777

RRR SD 0 777 19 2 6 19 6 333

RRR SD 2000 19 5 0 19 6 222

RRR SD 2666 19 3 2 19 5 000

RRR SD 1 111 18 9 999

RRR S D 1888 18 9 6 19 4 222

RRR S D 1999 18 9 5 19 4 000

RRR S D 2 333 18 9 9 19 4 555

RRR S D 3 000 19 18 19 4 777

RRR SD 3 222 19 18 19 4 666

RRR SD 1333 19 5777

RRR SD 1444 19 4 5 19 5 888

RRR SD 2 555 19 3 999

RRR SD 2 777 19 4 777

RRR SD 2 888 19 4 555

TTT o ta lll 5 2 5 4 5 14 10 5 111

N o te : B D re P re se n ts the n u m b er o f b r o k e n d a ys o f So u th A sia n m o n so o n
.

W D r e P re se n ts the n u m b e r o f w e st一w in d

d a ys in G r e a t B rit a in lsla n d
.

R SD N re Pr e se n ts the r a in fa llin the N th su b v isio n o f ln d ia
.

IV
.

A N A L Y SIS O F T H E A B R U PT C H A N G E O F T H E N O R T H E R N H E MISPH E R E C IR C U L A T IO N

T he a im o f a n a lysis o f the sin g le sta tio n tim e ser ies 15 to a n a lyz e e irc u la tio n Pa tter n s
.

A s

o n e o f the m o st ae tiv e clim a tie system s , a tm o sPhe r e eir eu la tio n a ttr a ets m o re a n d m o r e se ie n
-

tists
’ a t ten tio n

.

T he ea c h g rid o f S Lp tim e ser ies o f the N o r the r n H em isPhe re (2 0一 8 0
0

N
,

50 4

g rid Po in ts) d u r in g 18 9 9一 19 8 6 15 a n a lyze d by the m o v in g T me tho d 5 0 a s to fi n d o u t the v a r ia
-

tio n o f th e lo w er la ye r eir c u la tio n
.

Fir st
,

th e Po in t n u m b e r s a t w h ie h T v a lu e s o f th e N H S LP Pe r yea r ex e ee d th e sig n ifi e a n e e

le v el o f 0
.

0 5 a re e a lc u la te d
.

Fig u r e 3 sh o w s the ye a r w h e n th e Po in t n u m be r re a e hes the m a x i
-

m u m 15 in 19 2 3
.

M o r e o v e r ,

th e o th e r tw
o Pe a k v a lu e s a r e in 19 44 an d in 19 5 4

,

b u t the d u r a tio n
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o f th e Pe a k v a lu e in 19 4 4 15 sh o r te r tha n th a t in 19 54
.

A c e o rd in g to th e v a ria tio n o f th e c u r v e ,

the Pea k a r o u n d 19 4 4 c a n be e o n sid e r ed
.

a s a sm a ll w a v e in the d e seen d in g see tio n a ft e r 19 2 3
.

C o m Pa r ed the a b r u Pt eh a n ge Po in ts o f N H L T (19 2 4 a n d 19 54 ) w ith tho se o f C T (19 19 a n d

19 5 3 )
,

the m a in a b r u Pt c ha n g e s o f th e N H SL P o ee u r re d in 19 2 3 a n d in 19 5 3
, a n d the r e g io n o f

the a b r u Pt eh a n g e o e e u r r ed in the 19 2 0 5 15 la r g er th a n tha t in the 19 5 0 5
.

T he Po sitiv e a n d n eg a
-

tiv e T v a lu e s a b o v e th e sig n ifi c a n c e lev e l o f 0
.

0 5 a re c a le u la te d r esPe c tive ly
.

T h e re su lt s sho w

th a t th e n u m be r o f Po sitiv e T Po in ts r e a eh es the m a x im u m in the 19 2 0 5 , a n d th e n u m b e r o f

n eg a tiv e T Po in ts re ae h es the m a x im u m in th e 19 5 0 5 , a n d the ye a r w he n th e m a x im u m Po sitiv e

T Po in t n u m b er o e c u r r ed 15 Ju st th e yea r w h en the m in im u m n eg a tiv e T Po in t n u m be r

o ec u rr e d
, a n d v ic e v e r sa

.

5 0 it c a n be o b ta in e d tha t th e r e e x ist tw o e lim a tie a b r u Pt c ha n g es in

the 1 9 2 0 5 a n d 19 5 0 5 , r e sPe c ti v e ly ; th e fo rm er 15 the Pr essu r e d e seen d a n d the la te r 15 the Pr essu r e

r is e
.

T h e r eg io n o f the fo r m e r is la r g er tha n tha t o fth e la te r
.

V a ria tio n o f N H L T 15 r e la ted to th a t o f N H S LP
.

T he ir a b ru Pt eh a n g e s o ee u r r ed in the

19 2 0 5 a n d in the 19 5 0 5
.

In g e n e r al
,

th e in e r ea se o f la n d tem Pe r a tu r e is u su a lly a c eo m Pa n ied b y

the d e e re a se o f S LP a n d the d e c re a se o f tem Per atu r e 15 a e c o m Pa n ie d b y the in e r e a se o f SL P
.

O n

the b a sis o f the a b r u Pt eh a n g e tim e o f N H LT
,

C T a n d SL P (Fig
.

3)
,
th e N H SL P tim e se r ie s 15 d i

-

v id e d in to th r e e sta b le Ph a ses
.

T he fi r st Pha se 15 in 18 7 3一 19 18
,

the see o n d in 19 2 4一 19 5 2 a n d

th e th ir d in 19 5 6一 19 9 0
.

T h ey r ePr esen t th r ee s ta ble c lim a tie sta g e s b efo r e a n d a ft e r tw o a b r u Pt

e ha n g e p o in ts
, r e sPee tiv ely

.

T he n the d iffe
re n c e o f SL P a m o n g th re e Ph a ses e a n be d ete ete d

.

T he m ea n Pre ssu r e a n o m a ly o f e v ery Pha se 15 e a le u la ted (se e F ig
.

4 )
.

In th e fi rst Ph a se (se e

F ig
.

4 a )
,

th e Po sitiv e Pre d o m in a tes o v e r the n e g a tiv e
.

T h e Po sitiv e ce n te r 15 lo c a ted a r o u n d th e

Po le a n d ex te n d s to A sia a n d A m e r ic a
.

T h e n e g a tiv e e en ter lie s a r o u n d th e U r a ls
.

E u r o Pe ,

N o rthe rn A fr ie a a n d the hig h一m id la titu d e s o f the Pa eifi e a n d th e A tla n tie a r e n e g a tiv e r eg io n s
.

In th e sec o n d Ph a se (Fig
.

4 b )
, o n ly the m id d le 一so u th er n N o r th A m er ic a

,
the A tla n tie

,

th e U r a ls

a n d N o r th A fr ie a a r e Po sitiv e a r e a s : the Po le
,

A sia a n d N o r th A m e r ie a b e e o m e n e g a tiv e c e n te rs
.

In the thir d Ph a se (F ig
.

4 e )
,
th e Po sitiv e r e g io n Pr e d o m in a te s o v e r the n e g a tiv e o n e a g ain

.

T he

Po sitiv e r e g io n a lm o st fo rm
s a z o n e r o u n d th e m id一la titu d es

.

T h e n e g a tiv e r eg io n 15 still lo e a ted

ar o u n d th e Po le a n d the lo w 一la titu d e s
.

C o m Pa r in g F ig
.

4 a w ith Fig
.

4 b
,

the r eg io n w he r e the sig n

o f a n o m a ly eh a n g e d 15 a ro u n d th e Po le
,

A sia
,
the U r als

,

the lo w 一la titu d e s o f the Pa e ifi e a n d the

A tla n tic O e e a n s
.

C o m Pa r in g F ig
.

4 b w ith F ig
.

4 c ,

in re g io n s o f E a st A sia
,

th e m id d le一s o u the r n

N o r th A m e rie a ,

m id一 so u the r n E u r o Pe a n d N o r thw est A fr ie a the sig n s o f the a n o m a lies d iffe
r

.

F ig u r e 5 sho w s the d iffe
r e n ee o f T v a lu e a t e a c h g rid be tw e en a dj

a e en t tw o Pha se s ; ha te he d

a r ea s a n d c r o ss一h a tc he d a r e a s d e n o t e n e g a tiv e a n d Po sitiv e r e g io n s w h ic h e x ee e d the sig n ifi
-

ea n ee lev e l o f 0
.

0 5
, r esPee tiv ely

.

5 0 the r eg io n s w he re N H SL P a b r u Pt eh a n g es o ee u r r ed in th e

19 2 0 5 a n d in th e 19 5 0 5 a r e c le a rly d isPla yed
.

F ig u r e sa sh o w s the r e g io n s w he re a b r u Pt e ha n g e s

o c e u r re d in th e 19 2 0 5 a re in the Po le
,

A sia la n d
,
the m id一lo w la titu d es o f th e Pa ci fi e a n d th e

A tla n tie O e ea n s
.

SL P in th ese r eg io n s a b ru Ptly fe ll
.

T he a b r u Pt c ha n g e r eg io n s o f in er e a sin g

S LP a r e o n ly in the U ra ls
,

N o r th A fr ic a a n d N o r th A m e rie a
.

F ig u r e sb sh o w s th a t the r eg io n s

w he r e a b r u Pt e ha n g e o e e u rr e d in th e 19 50 5 a r e less th a n tho se o f the 19 2 0 5
.

T h e T v alu es tha t

re a c h the sig n ifi e a n e e lev e lo f0
.

0 5 a r e in the A sia C o n tin en t
,

So u th E u r o Pe ,

So u th A m e rie a a n d

5 0 o n
.

S LP in M id d le A sia
,

E u r o Pe an d th e n o r the a ster n A m e r ie a r o se a b ru Ptly a n d d r o PPed

a b r u Ptly in the lo w 一la titu d es o f A m er ic a
,

th e A tlan tie
,

N o r th A fr ie a a n d So u th一E a st A sia
.
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2 5 0

2 0 0

1 5 0

1 0 0

0
o 1 8 0

0

1 9 1 0 1 9 2 0 1 9 3 0 1 9 4 0

Y e a r

1 9 5 0 1 9 6 0 1 9 7 0

F ig
.

3
.

T he Po in t n u m b e r o f T v a lu e o f N H S L P P er

yea r a b o v e the sig n ifi ea n c e lev e l o f o
,

0 5

90
o

E

9 0
o

w
9 0

D

W

/
一

下于介
二

1 80 。、V

0
O

18 0
。

9 0呢
90

O

E

9 0
O

W

一
0

o

、

一
!

了

一

架止选带 义汤
立 止冬

一

泛
‘ -

90 O E
(e )

F19
.

4
.

M e a n p r e ssu re a n o m a ly o f th r e e p ha ses (sha d ed

a r e a s sh o w Po sitiv e r eg io n s
)

.

(a ) the fi r st Pha se

(18 9 9一 1 9 1 8 ); (b ) the see o n d (19 2 4一 19 5 2); (c ) the

thir d (19 5 6一 19 8 6 )
.

Fig
.

5
.

T h e d iffe
re n e e o f T v a lu e a t ea e h g r id b etw ee n a d

-

jac
en t tw o

Ph
a se s

.

(a ) the d iffe
r en ee

be 栩
。。n 飞he

fi r st Pha se a n d the se eo n d Pha se : (b ) the d iffe
ren c e

b etw ee n the sec o n d a n d the third Pha se s
.
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T h e a tm o sPh er ie a etiv e c e n ter s h a v e th e eh a ra c ter isties o f v a ryin g by sta g es (Z h a n g e t a l
.

19 8 3 )
.

T he m e an Pre ssu re a n o m aly v a lu e s o f sev er a la tm o sPh er ie a c tiv e c e n te r s d u r in g th e th r ee

Pha se s a re ea lc u la ted fr o m F ig
.

4 a n d F ig
.

5
.

T he fl g u re s in T a ble 3 sho w th a t th e d iffe
r e n ce s be

-

tw een th e Po le h ig h a n d the A sia la n d h ig h a r e sig n ifi e a n t b e fo re a n d a ft e r th e fi r s t Pha se
.

T h e

Pa r tieu la r ly sig n ifi c a n t c ha n g es o f th e Po le h ig h m ea n th a t the e o ld a ir c o m es in to a n in a e tiv e

Pe r io d a ft e r the fi r s t a b r u Pt c ha n g e
.

A ft er th e see o n d a b ru Pt e ha n g e ,

th e A sia la n d h ig h slig htly

in er e a se s ,

b u t c a n n o t r e tu r n to the lev e l befo r e th e fi r s t a b r u Pt eh a n g e , a n d its tr e n d s a re in e o r
-

r esPo n d e n c e w ith C T tre n d s d u r in g th e th re e Ph a ses
.

T he Po la r hig h
,

the Pa c ifi e hig h a n d the

A tla n tie hig h h a v e b ee n fa llin g
.

A c e o r d in g to th e N H S A T a n d N H SST e u rv e s w hie h w er e c a leu
-

la t ed by E llsa esse r e t a l
.

(19 86 ) u sin g C O A D S sh iP d a ta fr o m 18 6 0 to 19 80
,

tr e n d s o f the c u r v e s

kee P fa llin g fr o m th e en d o f la st c en tu ry to the be gin n in g o f th is c en tu ry
.

A ft er the 19 2 0 5 ,
the

tre n d s o f N H SA T a n d N H S ST tu rn to r ise
, a n d a ft er th e 1 9 5 0 5 th ey a lm o st k e e P u n c ha n g e d

a r o u n d th e m e a n v a lu e
.

A ltho u g h the d iv isio n o f th r ee Ph a ses 15 n o t o n the b a sis o f th e tr en d s o f

S A T a n d SS T
,

the fi g u r es in T a ble 3 a r e a lm o st c o n siste n t w ith the tre n d s o f SA T a n d SST
.

T a b le 3
.

T he M e a n P r e ssu r e A n o m a ly V a lu e s o f F o u r A tm o sPhe rie A e tjve C e n tr e s d u rin g T h r ee Pha se s

18 9 9一 ] 9 18 ] 9 24 一1 9 5 2 19 5 6一 19 8 6

P o la r hig h (hP a )

A sia la n d hig h (hP a )

Pa c ifi c h lg h (hP a )

A tla n tie hig h (h P a
j

3
.

0 0

1
.

0 4

0
.

7 2

0
.

5 9

一0 2 1

一0 9 0

一0
.

12

一0
.

0 5

一 1 7 5

0 3 6

一0 3 4

一0
.

4 6

V
.

C O N C L U SIO N S

O n the b a sis o f elim a tic a b r u Pt c ha n g e
,

th e d a ta o f th e N H LT d u rin g 18 5 1一 19 84 a n d C T

d u r in g 18 7 3一 19 9 0 a r e a n a lyz e d by tw
o m e th o d s

.

A ft e r the r e su lts a r e e ar e fu lly e o m Pa r ed
,

it e an

b e fo u n d tha t the m o v in g T m e tho d 15 su Per io r t o the M 一K m e th o d
.

T h e n N H S LP d u r in g 18 9 9

一 19 8 6 15 Stu d ied
.

Se v e r a lc o n elu sio n s a re a s fo llo w s :

(l) T he m o v in g T--
test m e th o d h a s tw o ad v a n ta g es o v e r th e M 一K m e th o d

.

Fir st
,

the M一K

m e tho d 15 se n sitjv e to th e fi r st a b r u Pt eh a n g e P o in t o f ser ies
, a n d ev e n n o r ea c tio n to the se eo n d

a b r u Pt c h a n ge Po in t
.

By u sin g the M 一K m eth o d
, o n ly o n e a b r u Pt eh a n g e Po in t o f ser ies 15 o b

-

ta in ed
.

B u t by the m o v in g T m e tho d w e e a n o btain a lla b ru Pt ch a n g e Po in ts o f series
.

Se c o n d
,

the a b r u Pt e ha n g e Po in t o b ta in ed by th e M 一K m e th o d h a s s o m e d r ift w h en len g ths o f the se rie s

v a ry
.

F o r the m o v in g T m eth o d
,

the a b r u Pt ch a n g e P o in ts ha v e n o d rift
.

5 0 th e m o v in g

T m e th o d 15 e ho se n to test e lim a tie a b r u Pt eh a n g e
.

(2 )N H LT ha s tw o a b r u Pt e h a n g e s in th e Pa st 10 0 y ea r s
.

O n e 15 te m Pe r a tu r e in c re a sin g in

192 4
, a n o th e r 15 tem Pe r a tu r e d e c re a sin g in 19 5 4

.

T he fo rm e r 15 s tr o n ge r in in ten sity tha n th a t o f

the la te r
.

C T a lso h a s tw o a b r u Pt eh a n g e s in th e Pa st 10 0 yea r s
.

O n e 15 tem Pe r a tu re in er e a se in

19 19
.

T h e o th er 15 tem Pe r a tu r e d e c r e a se in 19 5 3
.

T he a b r u Pt c h a n ge tim e o f C T is a little e a rlie r

th a n th a t o f N H L T
.

M o r e tha n tw e n ty e lim a tic se rie s a r e te ste d
.

It 15 fo u n d tha t th eir a b r u Pt

ch a n g e Po in ts r e la tiv ely c o n c e n tr a te in tw o Ph a se s ,

19 16一 19 2 6 a n d 1 9 4 5一 19 5 5
.

(3) T he Pe a k v a lu e s o f Po in ts a t w h ie h T v a lu e o fN H SL P Per yea r ex c eed s the sig n ifi c a n ee

le v el o f 0
.

0 5 a r e in 19 2 3 a n d in 19 54
.

T ha t 15 t o sa y the N H S LP h a s tw o a b r u Pt e ha n g es in the
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19 2 0 5 a n d in the 19 50 5 , a n d its tr e n d s eo rr e sPo n d to th a t o f N H LT a n d C T
.

(4 )A c c o r d in g to the a b r u Pt e ha n g e tim e o f N H L T a n d C T
,

SL P tim e se rie s 15 d iv id ed in to

th re e Ph a se s
.

Fe a tu re s o f th e m ea n S LP in th e th r ee Ph a ses a r e th a t the Po la r hig h
,

the Pa eifi e

hig h a n d th e A tla n tie h ig h k e eP w e a k en in g
, a n d th e A sia la n d high e o n sid er a b ly w ea k en s a ft e r

th e fi r s t a b r u Pt c ha n g e , a n d st re n gthe n s a ft e r the se eo n d a b r u Pt ch a n ge
,

b u t d o es n o t re s to re to

its o rig in al e o n d itio n
.

R E F E R E N C E S

E llsa e sser
,

H
.

W
.

,

M a ee r a ek e n
,

M
.

C W
a lto n

,

J
.

J
.

a n d G r o tc h
,

5
.

L
.

(19 8 6 )
.

G lo b a l e lim a tie tr e n d s a s r e v ea le d by the

r ec o r d ed
,

D a t a R e v ie w s
of G e

叩勺
sics

,

2 4 : 7 4 5一7 9 2
.

Fu C o n g b in a n d W
a n g Q ia n g (19 9 1)

,

T he a b r u Pt e ha n g e o fthe so u th er n A sia m o n so o n a n d its o cc u r rin g sim u lta n e o u sly

w ith the
j
u m P o fthe g lo b al te m Pe r a tu r e w a r m in g

,

S c ie n c e 动 Ch in a
(S

e r
.

B )
,

3 4 : 6 6 6一6 72
.

F u C o n g b in a n d W
a n g Qia n g (19 92 )

,

T he d e fi n ltio n a n d d etec tio n o f the a b r u P t c lim a tie eh a n g e
,

S e i
.

A rn : o s
.

S in o l 6 :

4 8 2一4 9 2
-

Jo n e s
.

P
.

D
.

e t a l
.

(] 9 8 6 )
,

N o r the r n H em isPhe re su rfa e e a ir tem Pe r a tu r e v a ria tio n
,

18 5 1一 19 8 0
,

J
.

C I动la te APP I
.

M
e , e o r

2 5 : 16 1一 1 7 9
.

L a m b
,

H
.

H
.

(19 7 7)
,

C lim a te : Pr ese n t Pa st a n d fu tu re ,

Clin 刁a tie H is to ry a n d the

Fu tu r e
,

M ee hu e n a n d C o L T D
,

L o n d o n ,

V o l
.

2
,

19 8 PP
,

L iY u e ho n g e t a l
.

(19 9 1)
,

A p r elim in a ry a n a lysis o n a b r u Pt e lim a tie e ha n g e in Sha n g ha i a n d B e
iji

n g fo r the la s t 10 0

ye a r s
,

M
e te o r

.

M
o n o

1 7 : 1 5一 19 (一n C hin e se )
.

L in X u ee hu n (1 9 8 6 )
,

T he sho r t elim a tie o seilla tio n o f the u ltr a 一lo n g w a v e
,

Jo
u r n a l of A e a

de
刀砂 of M

e te o r o

log ic a l

S e ie刀e e
,

S
一

M
.

A
.

,

C hin a ,

l : 59一6 6 (in C hin ese )
.

L in X u e e hu n e t a l
.

(19 9 5 )
,

Chin a tem Per a tu re se rie s fo r the la st 1 0 0 ye a r s Pe r 1o d
,

S e i
.

A rm o s
.

S in
.

(a e c e p ted )
.

P a r tha sa r a th y a n d P a n t (19 8 5 )
,

p r o e e ej i”g s
of the

Fir
s r l犷再夕O 讨叹〕rk sh叩

。拄 rhe D哪
n o s is a n d p r e

dic
tto n

of M
o n thly

a n d

se
a s o 刀a l通 tm o切her ie Va

r必tio n s o ve r th e G lo b a l
,

C o lle g e p a rk
,

U
.

s
.

,

W M O / T D
,

N o 名7
,

p p
.

2 3 5一2 4 6
.

Pa r tha sa r a thy
.

B
o
S o n ta kk e ,

N
.

A
.

,

M o n o t ,

A
.

A
o a n d K o th a w a le

,

D
.

R
.

(19 8 7 )
,

D r o u g h ts / fl o o d s in the su m m e r m o n
-

so o n se a so n o ve r d iffe
r e n t m eteo r o lo g iea l su b d iv isio n s o f in d ia fo r the p erio d 18 7 1一 19 8 4

,

Jo
u r n a l of c l油

a zo l口g J
,

7 : 5 7一 7 0
.

W a n g Sh a o w u (19 9 0 )
,

V a ria tio n o f tem Pe r a tu r e in C hin a fo r the 10 0 ye a r Pe rio d in e o m Pa riso n w ith g lo b a l

tem Pe r a tu r e ,

M
e le o r

.

M
o n

.

,

1 6 : 1 1一 15 (in Ch in e se)

Y a m a m o to
,

R
.

,

Iw a sh im a ,

T
.

a n d Sa n g a ,

N
.

K
.

(19 8 6 )
,

A n a n a lysis o f elim a tie j
u m P

,

J
.

M
e te o r

.

So
e

.

去塑
.

,

64
: 2 73一

2 8 1
.

Y a n Z h o n g w e i
,

Ji Jinj u n a n d Y e D u z h en (1 9 9 0 a )
,

N o r the r n H em isPh erie su m m e r c lim a tic j
u m p d u rin g th e l9 6 0 s

,

Pa r t

I : r a in fa lla n d tem Pe r a tu r e ,

S c ie n ee in Chin a
,

(S
e r3 )

,

3 3 : 9 7一 10 3
.

Y a n Z ho n g w ei
,

Ji Jinj
u n a n d Y e D u z hen g (19 9 o b)

,

N o r the
rn H em isPh erie su m m er elim a tie j

u m p d u rin g the l9 6 0 s
,

p a r t

n : se a le v e lp r e ssu r e a n d 50 0 hp a h eig ht
,

S c ie n e e in Ch in a
,

(se r
.

B )
.

3 3 : 8 7 9一5 8 5
.

Y e h T u e
he

n g
,

T a o S hiya n a n d L i M a ie u n (19 5 8 )
,

T he A b r u Pt e ha n ge o fe ir e u latio n o v e r the N o r the r n H e m isPhe r e d u r
-

jn g Ju n e a n d O c to b e r ,

月e ta M
e te o r百in

.

,

1 6 : 2 4 9一2 6 3 (in C hin e se )
.

Z h a n g C hin g yu n ,

Y a n g Jia n e hu a n d L in X u ee hu n (19 8 3 )
,

T h e sta g es in lo n g一 r a n g e v a ria tio n s o f th e a tm o sPh er ic ee n te r s

o f a c tio n
,

S e i
.

A t阴0 5
.

Sin
。
7 : 3 64一3 7 4

.


