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l A CT A M E T E O R O LO G IC A SIN IC A 1 9 9 8

ST U D IE S O N C L IM A T E C H A N G E IN C H IN A

IN R E C E N T 4 5 Y E A R S

C h e n L o n g x u n (陈隆勋 )
,

Z 人u W
e , :宁in (朱文琴 ) w a n g W e n (王 文 )

,

Z h o u X i咐i (周秀骥) a n d L I I币乍ilia n g (李维亮 )

C h in e s e A ea d e m y o f M e t e o r o lo g ie a l S e ie n e e s
,

B e iji
n g 1 0 0 0 8 1

R e ee iv e d Fe b r u a r y 2 0
,

1 9 9 7 : r e v is e d Ju n e 2 3
,

1 9 9 7

A BS T R A C T

B a s e d o n th e d a ta o f m o n thly m e a n a ir te m p e r a t u r e a n d p r e e ip it a tio n fr o m a b o u t 4 0 0 st a tio n s

in 1 9 5 1 一 1 9 9 5
,

a n d t he d a t a o f m a x im u m a n d m in im u m a ir te m p e r a tu r e s
r

r e la tiv e h u m idit y
,

t o t a l

e lo u d e o v e r a n d lo w
一elo u d e o v e r

.

s u n s h in e d u r a tio n
,

e v a P o r a tio n
,

w in d s Pe e d
,

s n o w
一e o v er e d d a ys

a n d d e P th
,

a n d 5 0 11 t e m Pe r a tu r e s in 8 la ye r s fr o m 0 m d o w n t o 3
.

2 m fr o m 2 0 0 o d d s t a tio n s in 1 9 6 1

一 1 9 9 5
,

th e e lim a te e ha n g e a n d its eh a r a e te risties in C hin a in r e ee n t 4 5 ye a r s h a v e be e n a n a lyz e d

a n d s tu die d e o m p r e h e n siv e ly
.

T h is p a p e r
,

a s th e fir s t p a r t o f t he w o rk
,

ha s a n a ly z e d th e e lim a te

ch
a n g e a

nd
r e g u la r itie s o f su e h me

te o r o lo g ie a l e lem e n ts a s m e a n a ir te m p e r a t u r e
,

m a x im u m a n d

m i址m u m a ir te m Pe ra t u r e s
,

Pr e e ip ita t io n
,

re la tiv e h u m idity a n d s u n s h in e d u r a tio n
.

T h e Po ss ib le

m ee h a n is m o n e lima
te e hang e in C hin a a n d th e e lim a te e h a n g e a n d r eg u la r itie s o f o th e r

m e te o r o lo g iea l e le m e n ts w ill b e d ise u s se d in a n o the r p a p e r a s th e s ee o n d p a r t
.

K e y w o rd s : e lim a te e h a n g e in C h in a air t em p e ra tu r e a n d p re e ip ita tio n m a x im u m a n d m in im u m

a ir te m p e r a tu r e s r ela tiv e h u m idity a n d s u n sh in e

1
.

IN T R O D U C T IO N

S in e e 1 9 8 0 5
尸

C h in e s e e lim a t o lo g is t s h a v e p a id m u eh a tt e n t io n t o s tu d ie s o n th e

m o d e r n e lim a te e h巨n g e in C h in a a n d it s r e g u la r it ie s
.

Z h a n g e t a l
.

(1 9 8 2 ) s t u d ie d the

v a r ia t io n in g r a d e s o f a ir t e m p e r a t u r e a n d p r e e ip ita t io n in C hin a in th is e e n t u r y b e fo r e 1 9 8 0

b y u s e o f th e g r a d e d d a ta o f b o th e le m e n t s
,

a n d fo u n d tha t s in e e 1 9 0 0 C h in a h a s it s

w a r m e s t a ir t e m p e r a tu r e in the 1 94 0 5
,

a fte r w a r d s th e a ir t e m p e r a t u r e d e e r e a s e s
,

the 1 9 7 05

h a s its a ir te m Pe r a t u r e lo w e r th a n the 1 9 4 05
.

T h e e lim a te in C hin a t e n d s to b e a r id sin e e

th e 1 9 5 0 5
.

S u b s e q u e n t ly
,

T u (1 9 8 4 ) Z h a o e t a l
.

(1 9 8 9 ) a n d L in e t a l
.

(19 9 0 ) m a d e

fu rth e r s t u d ie s o n the v a r ia t io n o f a ir t e m p e r a t u r e a n d p r e e ip ita t io n
.

C he n e t a l
.

(19 9 1 :

1 9 9 2 : 1 9 9 4 : 1 9 9 5 ) h a v e m a d e a s e r ie s o f s t u d ie s o n the s a m e t o p ie in Ch in a in r e e e n t 7 0

y e a r s
,

a n d in d ie a t e d th a t e v e n th o u g h the 1 9 8 0 5 15 in e lu d e d in
‘

e o n s id e r a t io n
.

the a ir

te m p e r a t u r e in C h in a r e m a in s t o b e w a r m e s t in the 1 9 4 0 5
,

a n d p r e e iPit a t io n ra n ks fir s t in

the 1 9 5 0 5
.

Sin e e la t e 1 9 7 05
,

th e a ir t em p e r a t u r e h a s in e r e a s e d o b v io u sly
.

T he y ele a rly

p o in t ed o u t th a t th e w a r m in g r e g io n in C h in a 15 m a in ly in the a r e a n o r th o f 3 5
0

N
,

a n d a

e o o lin g r e g io n e x is t s in a r e a s o u th o f 3 5
o

N a n d e a s t o f l0 0
0

E
,

a n d tha t th e e o o lin g r e g io n

ha s a e e n t r al a r e a o f S ie h u a n Pr o v in e e a n d it s s u r r o u n d in g s
,

a n d th e p r o v in e e a s th e

e o o lin g ee n te r h a s ha d its a ir te m p e r a t u r e g r a d u a lly d e e r e a s e d s in e e 1 9 4 0 5
.

L i e t a l
.

(1 9 95 ) h a v e fu r the r s t u d ie d th e e o o lin g in S ie h u a n Pr o v in e e a n d in d ie a t ed the g r a d u a l



A C T A M E T E O R O LO G IC A S IN IC A V o l
.

1 2

d e e r e a s e o f g lo b al r a d ia t io n a n d v is ib ility the r e
.

A p o s s ible e a u s e h a s b e e n p r o p o s e d tha t

a n in e r e a s e o f a tm o s p he r ie a e r o s o ls m a y le a d t o e o o lin g in Sie h u a n
.

T h e s a m e e o n elu sio n

ha s b e e n d r a w n in s tu d ie s o n e lim a t e eh a n g e o f G u i
z
h o u Pr o v in e e

.

R e fe r r in g t o th e r e s u lts

m e a s u r e d b y C h in a A e id R a in N e tw o r k
,

w e h a v e fo u n d tha t b o th S ieh u a n a n d G u iz ho u a r e

the rn a x im al fr e q u e n e y e e n te r in o e e u r r e n e e o f C hin a a e id ra in
,

a n d a r e a ls o th e m in im a l p H

e e n te r o f a e id r a in
.

T he r e fo r e it m a y r e s u lt fr o rn s u lfa t e a e ro s o ls
.

T a n g (1 9 9 6 ) a n d W
a n g

(1 9 9 6 ) ha v e m a d e the fu r the r s t u d ie s o n e lim a Le eh a n g e in C hin a b a s e d o n the d a t a o f a ir

te m p e r a t u r e a n d p r e e ip it a t io n fr o m 4 0 0 o d d s ta t io n s t hr o u g ho u t C h in a in 1 9 5 1 一 1 9 9 0
,

w hieh w e r e p r o e e s s e d u n d e r th e p r o g r a m o f elirn a t e 一t。。k lin g d u rin g th e e ig hth fiv e 一y e a r

P e r io d
,

a n d the s im ila r e o n e lu s io n s a r e d r a w n
.

O n th e o th e r ha n d
,

C h e n e t a l
.

(1 9 9 4 ) P r o Po s e d tha t a ll a r e a s in C h in a e x e eP t fo r th e

lo w e r a n d m id d le r e a eh e s o f the C ha n g iia n g R iv e r a n d p a r t s o f the H u a ihe R iv e r B a s in
,

h a v e ha d the ir P r e e iPita t io n d e e r e a s e d s in e e 1 9 5 0 5
,

a n d the d e e r e a s e in t e m P e r a t u r e

d iffe r e n e e b e tw e e n s e a a n d la n d m a y r e s u lt in th e d e e r e a s e o f p r e eip it a tio n
.

In o r d e r t o

fu r the r s t u d y th e elim a t e e ha n g e in C h in a a n d it s r e g u la r it ie s
,

th e law s in v a r ia t io n o f o th e r

m e te o r o lo g ie a l e le m e n t s b e s id e s a ir t e m p e r a t u r e a n d p r e e ip it a t io n sh o u ld als o b e

in v e s t ig a t e d
.

T h r o u g h s t u d ie s o f the la w s in elim a t e e h a n g e o f th e s e m e t e o r o lo g ie a l

ele m e n ts
,

w e m a y o b ta in m o r e in d ie a t iv e o f e lim a t e e h a n g e in Ch in a
.

T his 15 th e p u r p o s e

o f the p a p e r
.

T h e m e te o r o lo g ie a l e le m e n t s u n d e r in v e s t ig a tio n in e lu d e a ir t em p e r a tu r e a n d

p r e e ip it a t io n
,

m a x im u m a n d m in im u m m e a n a ir t e m p e r a t u r e s
,

r ela t iv e h u m id ity a n d elo u d

e o v e r
,

s u n sh in e d u r a t io n a n d s e a la r w in d s p e e d
,

s n o w
一 e o v e r e d a r e a a n d d e p th

,

a n d a ir

p r e s s u r e a n d 5 0 11 t e m p e r a t u r e s a t 8 la y e r s fr o m 0 m d o w n t o 3
.

2 m
.

M o r e o v e r
,

a ir

te m p e r a t u r e in Ch in a ha s in e r e a s e d o b v io u s ly sin e e 1 9 9 0 5
.

T he r e fo r e th e d a t a o n a ir

te m p e r a t u r e a n d Pr e e ip it a t io n a r e s u Pp le m e n t e d t o 1 9 9 5 5 0 a s t o s t u d y th e v a r ia t io n d u r in g

1 9 5 1 一 1 9 9 5
.

T his p a p e r 15 the fir s t p a r t o f the w o r k
,

a n d e m p ha s is 15 p u t o n a ir

t e m p e r a t u r e
,

P r e e iPit a t io n
,

r e la t iv e h u m id it y a n d s u n sh in e d u r a t io n
.

T h e p o s s ib le

m e e ha n is m o n e lim a te eh a n g e in C h in a a n d s t u d ie s o n o th e r m e t e o r o lo g ie al e le m e n t s w ill b e

p r e s e n t ed in th e s e e o n d p a r t o f th e w o r k
.

11
.

D A T A A N D M E T H O D S O F S T U D Y

D a t a fr o m 4 0 0 o d d s t a t io n s a r e u s e d in o u r s t u d y
.

In o r d e r t o o v e r e o m e th e

in h o m o g e n e ity in d a t a d is t r ib u tio n in th e p r e v io u s s t u d y
,

1
.

e
.

th e r e a r e d e n s e r s ta t io n s in

e a s t p a r t o f C hin a a n d s p a r s e r s ta t io n s in w e s t w e a d d d a t a in s t a t io n s w e s t o f IOS
O

E a s

m u eh a s p o s s ib le a n d p r o p e r ly d e e r e a s e d a t a fr o m s t a t io n s in e a s t p a r t
.

A s a r e s u lt
,

th e

n u m b e r o f

u n d e r o u r

S ta t lo n S 、V e s t
o f 1 0 5

o

E h a s a e e o u n t e d fo r Z / 5 o f th e to ta l n u m b e r o f s t a t io n s

s tu d y
.

T he t im e p e r io d o f d a t a s e q u e n e e u s e d 15 fr o m 1 9 5 1 to 1 9 9 5 fo r a ir t em Pe r a t u r e a n d

p r e e ip it a tio n a n d fr o m 1 9 6 1 t o 1 9 9 5 fo r o th e r m e te o r o lo g ie a l e le m e n t s
.

5 0 11 t e m

t ak e s m e a s u r e m e n ts

8 0 e m
,

w h o le

1
.

6 m a n d 3
.

a t 8 la ye r s fr o m o

2 m
.

A n n u a l a n d

e m (s u r fa e e ) d o w n t o 5 e m
,

1 0 em
,

2 0 em
,

Pe r a t u r e

4 0 e m
,

s e a s o n a l m e a n e u r v e s a r e s t a t is t ie a lly n e e d e d fo r th e

C o u n t r y T he m e a n
C U r V e S

thr o u g ho u t C h in a a r e

(1 ) A n o m alie s

a n d 8 r e g io n s
.

fr o m m e te o r o lo g ie a l 1 ll e a n In 1 9 6 1 一 1 9 9 0 a r e t a k e n

fo r

m a d e a s fo llo w s :

fo r m e t e o r o lo g ie a l

ele m e n t s a t e a eh s t a tio n
.

(2 ) M e a n a n o m a lie s
a r e

e a le u la t e d s t a t io n s in 5
0

X 5
0



N o
.

1 S T U D IE S O N C L IM A T E C H A N G E IN C H IN A

(lo n g
.

/ la t
.

) g r id m e s h in C hin a
.

(3 ) T h e n a t io n w id e m e a n s a r e e ale u la t e d by m u ltip lyin g

a r e a 一

w e ig h t e d e o e ffie ie n t
.

M e a n w h ile
,

the lin e a r t e n d e n ey d is tr ib u tio n a n d th e e o r r e la t io n

d is t r ib u t io n a r e a ls o e a le u la te d fo r m e t e o r o lo g ie a l e le m e n t th r o u g h o u t C h in a
.

T h e lin e a r

t e n d e n e y e o e ffieie n t s a r e g a in e d b y th e le a s t s q u a r e m e tho d
.

T h e 8 r e g io n s in m a in la n d

C h in a a r e (1 ) N o r the a s t C hin a (N E )
,

in e lu d in g H e ilo n g jia n g
,

Jilin a n d L ia o n in g Pr o v in e e s

a n d n o r th e a s t e r n In n e r M o n g o lia ; (2 ) N o r th C h in a (N ) ; (3 ) E a s t C hin a (E )
,

in e lu d in g

Jia n g s u Jia n g x i
,

Z h e jia n g A n h u i a n d F u jia n Pr o v in e e s ; (4 ) S o u t hw e s t Ch in a (SW )
,

in e lu d in g Sie h u a n a n d G u iz ho u P r o v in e e s : (5 ) S o u t h C h in a (S )
,

in e lu d in g G u a n g d o n g a n d

H a in a n P r o v in e e s a n d G u a n g x i R e g io n : (6 ) Q in g h a i
一

X iz a n g
一

Y u n n a n r e g io n (Q Z Y )
,

in e lu d in g Q in g ha i a n d Y u n n a n Pr o v in e e s a n d X iz a n g R e g io n : (7 ) N o r t h w e s t C h in a (N W )
.

in e lu d in g X in jia n g a n d N in g x ia R e g io n s a n d G a n s u a n d S ha a n x i Pr o v in e e s : a n d (8 )

C e n t r a l
一

So u th C hin a (C )
.

in e lu d in g H e n a n
,

H u n a n a n d H u b e i P r o v in e e s
.

In th e

e a le u la t io n s o f a ir te m P e r a tu r e e u r v e s a n d lin e a r t e n d e n ey
,

th e d a t a fr o m 2 7 e a Pit a ls

(e x e e p t Lh a s a ) o f p r o v in e e s o r r e g io n s
,

a s w e ll a s B e iiin g a n d T ia n iin ha v e b e e n r e m o v e d

be e a u s e o f th e in flu e n e e d u e t o u r ba n he a t isla n d
.

111
.

CL IM A T E CH A N G E IN A IR T EM PE R A T U R E

Fig u r e 1 g iv e s a n n u a la n d s e a s o n a l m e a n a ir t e m p e r a t u r e a n o m a lie s in C h in a in 1 9 5 2 一

1 9 9 5
,

a n d the a n o m a lie s a r e ta k e n fr o m the d e p a r t u r e s in r e la t io n t o 3 0
一

ye a r (1 9 6 1 一

1 9 9 0 ) m e a n s
.

In th e fi g u r e
,

s o lid lin e s d elin e a t e ye a r ly (o r s e a s o n a l) a ir t e m p e r a t u r e

a n o m a ly e u r v e s
,

a n d d o t t e d lin e s d e p ie t the e u r v e s by m e a n s o f s一ye a r m o v in g a v e r a g e s
.

Fr o m th e a n n u a l m e a n in Fig
.

la it e a n be s e e n tha t
,

air t em p e r a t u r e ha s it s lo w e s t v a lu e in

1 9 5 7 w h ieh h a s be e n th e d e ep e s t v a lle y sin e e d e e r e a sin g fr o m the w a r m in g p e a k in 1 94 0 5
.

S u bs e q u e n tly
,

.

th e a ir te m p e r a tu r e e u r v e h a s 5 flu e tu a tio n s w ith p e a ks a t 1 9 6 1 1 9 7 3
,

1 9 8 2
,

1 9 9 0 a n d 1 9 9 4 a n d v a lle ys a t 1 9 6 8
,

1 9 7 6
.

1 9 8 4 a n d 1 9 9 2
.

H o w e v e r
,

fo r th e 3

flu e t u a t io n s b efo r e 1 98 5 the ir a n o m a lie s a t p e ak s a r e Pa r a lle l
,

1
.

e
.

the ir v a r ia t io n s

be tw e e n flu e tu a t io n s a re s m a ll
.

Fr o m 1 9 8 5 o n
,

a ir t em p e r a t u r e a br u p t ly h a s in e r e a s e d

g r e a tly
,

re a eh in g a hig h p o s itiv e a n o m a ly in 1 9 9 4
,

w h ieh 15 e o m p a r a b le t o th e v a lu e in

1 9 9 0 a n d h a s b e e n th e h ig h e s t a n o m a ly sin e e 1 9 5 2
.

It 15 fo u n d th a t t h e d iffe r e n e e in a n n u a l m e a n a ir t em Pe r a tu r e fr o m 1 9 5 7 t o 1 9 9 4 e a n

r e a eh 1
.

7
o

C
,

bu t th a t b e tw e e n the fir s t 5 y e a r s in 1 9 5 0 5 a n d the fir s t 5 ye a r s in 1 9 90 5 15

o n ly 0
.

3
o

C
.

A e e o r d in g t o C h e n e t al
.

(1 9 9 5 ) th e p e a k a ir t e m p e r a t u r e in th e 1 9 4 0 5 in

a r e a s e a s t o f l0 0
0

E 15 a b o u t 0
.

4
o

C h ig he r th a n t h a t in th e fir s t 5 ye a r s o f 1 9 5 0 5
.

If this

e o n e lu s io n 15 s p r e a d to th e w ho le e o u n t r y
,

it 15 a s s u m e d tha t the a ir t em p e r a tu r e in th e

fir s t 5 ye a r s o f 1 9 9 0 5 m a y n o t e x e e e d th a t in 1 9 4 05
.

C o n e e r n in g s e a s o n a l v a r ia t io n s
,

th e

w in t e r a ir t e m p e r a t u r e a n o m a ly h a s th e la r g e s t a m p lit u d e o f flu c t u a tio n
,

a u t u tn n a n d

s u m m e r a r e n e x t
,

a n d s p r in g ha s the s m a lle s t a m p lit u d e
.

5 0 fa r a s w a r m in g a ft e r the m id
-

t e r m o f 1 9 8 0 5 15 e o n e e r n e d
,

w in t e r a n d a u t u m n w a r m in g s h a v e m a d e the m o s t

e o n tr ib u t io n s
.

F ig u r e 2 sh o w s a n n u a l a ir te m p e r a t u re a n o m a lie s fo r 8 r e g io n s
.

It e a n b e

s e e n th a t w a r m in g in N o r the a s t C hin a (N E ) a n d N o r th C hin a (N ) 15 th e e le a r e s t
.

e s p e eia lly in N r e g io n (Fig
.

Zb )
.

In N E r e g io n
,

the w a r m in g be fo r e 1 9 8 5 15 m o d e r a te
,

b u t

h a s be e n o bv io u s s in e e 1 98 5 (F ig
.

Za )
.

T he r e e x is t s w e a k w a r m in g in Q in g ha i
一

X iz a n g -

Y u n n a n (Q X Y ) r e g io n (F ig
.

Zf)
.

W a r m in g in E a s t C h in a (E )
,

So u th Ch in a (S ) a n d
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1 2

(C )

0
.

8

0
.

6

0
.

4

0
.

2

0
.

0

一 0
.

2

一 0
.

4

一 0
.

6

一 0
.

8

a n n u a l ‘

思
a ll t ll n l n

111诊

1
.

0

0
.

5

0

一 0 5

, {几

(a )

一 ]
.

0

一 1
.

5

(d )

( C )
二n 二于。 。

’
·

5

尸1
.

0 卜

‘
、

轰:
、V ln t e T

0
.

5 0
.

5

乍J{ \’

一 O
,

5 一 0
.

5

一 1
.

0

一 1
.

5
(b )

一 1
.

0

一 1
.

5
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1 9 9 0
,
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b e fo r e 1 9 8 6 a n d a ft e r w a r d s in e r e a s e s o bv io u s ly (Fig
.

7 d )
.

A s p o in t e d in S e e t io n 111 t ha t
,

t he a n n u a l m e a n a ir t e m P e r a t u r e in m a in la n d C hin a ha s a s t a ble v a r ia t io n b e fo r e 1 9 8 5
,

a n d

a ft e r t h a t it in e r e a s e s a b r u p tly a n d g r e a tly
.

T he s e a s o n a l m e a n m a x im u m a ir t e m p e r a t u r e s

ha v e a ll in e r e a s e d s in e e th e s e c o n d 5 y e a r s o f 1 9 8 05
,

e s p e e ia lly fo r s u m m e r a n d a u t u m n

s e a s o n s
.

T he r e fo r e
,

w a r m in g in t h e w h o le e o u n t r y a ft e r 1 98 5 15 n o t m a in ly a t t r ib u t e d to

w in t e r w a r m in g
.

C o n v e r s e ly
,

s u m m e r w a r m in g m a k e s a e o n s id e r a b le e o n t r ibu t io n
.

Fr o m Fig
.

8 o f a n n u a l a n d s e a s o n a l m e a n m in im u m a ir t e m p e r a t u r e a n o m a li e s d u r in g

Pe r io d s o f 1 9 6 1 一 1 9 9 5 w e e a n s e e t ha t
,

in r e la t io n t o a n n u a l m e a n
,

t he m in im u m a ir

t e m p e r a t u r e ha s o b v io u s ly in e re a s e d in r e e e n t 3 0 y e a r s
,

e s p e e ia lly a ft e r 1 9 8 5 (Fig
.

sa ) : in

r e la t io n to s e a s o n al m e a n
,

t he y a ll tu r n to w a r m in g (Fig s
.

sb一 s e )
.

T h e r e fo r e
,

w e e a n s a y



N o
.

1 S T U D IE S O N C L IM A T E C H A N G E IN C H IN A 1 1

( C )

1
.

6

1
.

2

0
.

8

0
.

4

0
.

0

一 0 4

一 0
.

8

一 1
.

2

一 1
,

6

a n n u a l S U t U m fl

(a )

( C )

1
,

6

1
.

2

0
.

8

0
.

4

0
.

〔)

一 口
.
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.

8

一 1
.
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.
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.

4
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0
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6

1
.

2

0
.
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0
.

4
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.

4

一 0
.
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.

6
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.

0
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.
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.
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1
.

6

1
.

2
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0
.

4

0
.

0

一 0
.

4

一 0
.

8

一 1
.

2

一 1
.
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Fig
.

8
.

A s in Fig
.

7 b u t fo r m in im u m
.

( c .
) }

1 9 6 5 70 7 5 8 0 8弓 9 ( ) 1 9 9三

tha t e lim a t e i n Ch in a b e fo r e 1 9 8 5 15 e ha r a e t e r iz e d b y a s lig h t e o o lin g o f d a y t im e a ir

te m p e r a t u r e a n d a w a r m i n g o f n ig ht t im e a ir t e m p e r a tu r e
,

b u t th e la t t e r la r g e r t ha n t he

fo rm e r
.

T h is 15 in a g r e e m e n t w i th t he g lo b a l e ha n g e o f a i r t e m p e r a t u r e
,

1
.

e
.

t he m a x im u m

a ir t e m p e r a tu r e ha s s lig h t v a r ia t io n b u t t he m i n im u m o n e w a r m s e v id e n t ly
.

H o w e v e r
,

b o t h

m a x im u m a n d m in im u m a ir t e m p e r a t u r e s h a v e w a r m e d s in e e 1 9 8 5
,

1
.

e
.

w a r m in g in C h in a

a ft e r 1 9 8 5 15 n o t w h o lly a t t r ib u t e d t o w a r m in g o f m i n im u m a i r t e m p e r a t u r e
.

Fig u r e s 9 a n d 1 0 d e li n e a t e lin e a r t r e n d s o f a n n u a l m e a n m a x im u m a n d m in im u m a ir

t e m p e r a t u r e a n o m a lie s in 1 9 6 1一 1 9 9 0
,

re s p e e t iv e ly
.

I t 15 s e e n fro m Fig
.

9 t ha t
,

w a r m in g

a re a 15 lo e a t e d in t h e a r e a e a s t o f 1 0 5
o

E a n d n o r t h o f 3 6
o

N
,

a n d e o o lin g a r e a 15 lo e a t e d

S Ou t h o f 36
0

N
.

T h e y a g r e e n e a r ly w it h a r e a s o f w a r m in g a n d e o o lin g o f a n n u a l m e a n a ir

te m P e r a tu r e
.

H o w e v e r
,

in a r e a w e s t o f 10 5
o

E
,

Po s itiv e a n d n e g a t iv e v a lu e s o f lin e a r tr e n d

o f a n n u a l m e a n m a x im u m a i r t e m p e r a t u r e a n o m a li e s a re d is t r ib u t e d ir r e g u la r ly
.

I t 15 s e e n

台om Fig
.

1 0 t ha t
,

t he w ho le C hin a e x e e p t w e s t e r n X iz a n g h a s a lm o s t b e e n w a r m in g in t he
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5 0
o

N
产

护
创

4 O

3 O

2 O

口

办S CS
90 1 0 0 1 1 0 12 0

o

E

F ig
.

9
.

L in e a r t r e n d o f a n n u a l m e a n m a x im u m a ir te m p e r a t u r e a n o m alie s in m a in la n d C h in a in 1 9 6 1 一

1 9 9 0 (u n it : 0
.

0 1
o

C a 一 1 )
.

lin e a r t r e n d o f m in im u m a ir t e m p e r a tu r e
,

w ith its w a r m in g r a t e h ig h e r th a n tha t o f

m a x 一m u m a lr t e m Pe r a t u r e
,

In s u m m a r y th e fu r the r n o r th
,

th e m o r e o b v io u s w a r m in g
.

T he r e fo r e
,

it 15 fo u n d

fr o m lin e a r tr e n d s o f m a x im u m a n d m in im u m a ir t e m p e r a t u r e a n o m a lie s th a t
,

t he w a r m in g

a r e a e a s t o f I0 0
0

E a n d n o r th o f 3 5
o

N ha s b o th m a x im u m a n d m in im u m a ir t em Pe r a t u r e s

w a r m e d
.

B u t w a r m in g in m in im u m a ir te m p e r a t u r e 15 m o r e e v id e n t
,

a n d th u s it p la ys a

m o r e im p o r ta n t r o le in w a r rn in g o f a ir t em p e r a tu r e
.

O n the o the r h a n d
,

th e e o o lin g a r e a

s o u th o f 3 5
o

N ha s m a x im u m a ir t em Pe r a t u r e e o o le d b u t m in im u m a ir t em p e r a t u r e w a r m e d
,

w ith th e a b s o lu t e v a lu e o f e o o lin g in m a x im u m a ir te m p e r a tu r e h ig he r th a n tha t o f

w a r m in g in m in im u m o n e
.

T hu s th e e o o lin g in m a x im u m a ir t em p e r a t u r e p la y s a n

im p o r t a n t r o le in e o o lin g o f a ir t em p e r a t u r e
.

T he a b o v e m e e ha n is m 15 s u ita b le fo r X in jia n g

e o o lin g a r e a
,

b u t n o t fo r e o o lin g a r e a o f w e s te r n Q in g ha i
一

X iz a n g P la te a u
,

b e e a u s e o f b o th

e o o lin g in m a x im u m a n d m in irn u m a ir t em p e r a t u r e s the r e
,

e s p e e ia lly e o o lin g in m in im u m

O n e
。

V l
.

R E G U L A R IT IE S OF C LIM A T E C H A N G E IN R E LA T IV E H U M ID IT Y

Fr o m

V V e C a n S e e

1 0 % (F ig
.

a n o m a lie s
.

F ig
.

tha t

1 1 o f a n n u a l a n d s e a s o n a l m e a n r e la tiv e h u m id it y a n o m alie s in 1 9 6 1 一 1 9 9 5
,

the a n n u a l m e a n s e e m s to b e s t a b le b e fo r e 1 9 8 5
,

w In a n

1 la )
.

H o w e v e r
,

it in e r e a s e s a ft e r 1 9 8 6
,

a n lll C t e n le fl t

a m Plit u d e o f

o f Z% 一 3 %

T he e le a r e s t in e r e a s e o e e u r s in 认
产In t e r S e a S 0 n

w ith

(Fig
.

lle )
,

a n d n e x t In S U lll ll飞e r
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O

N

厂

4 0

补
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E

F ig
.

1 0
.

A s in F ig
.

9
,

bu t fo r m in im u m
·

(Fig
.

1 1e )
.

In r efe r e n e e to p r e e ip it a tio n a n o m alie s (F ig
.

4 )
,

the w in te r p r e e ip ita t io n

(F ig
.

4 e ) 15 n o t fo u n d to in e r e a s e o bv io u s ly
.

F r o m th e lin e a r t r e n d o f a n n u a l m e a n r e la t iv e

h u m id ity a n o m a lie s (fig u r e o m itt e d ) w e e a n s e e th a t
,

th e r e 15 a n in e r e a s e b e lt o f r e la t iv e

hu m id ity be tw e e n C h a n g jia n g R iv e r a n d H u a ih e R iv e r
,

a n d d e e r e a s e a r e a s a r e lo e a t ed in

N o r th e a s t C hin a
,

N o r t h C h in a
,

lo w e r a n d m id d le r e a e he s o f the C h a n g iia n g R iv e r
,

a n d

a re a s s o u th o f u p p e r r e a e he s o f th e C h a n g iia n g R iv e r
.

T he s e a r e a s o f in e r e a s e o r d e e r e a s e

a r e in a g r e em e n t w ith th o s e o f p r e eip it a t io n
.

T h e y h a v e e e n tr a l v alu e s o f 0
.

1% a 一 ‘
fo r

e ithe r d e e r e a s e o r in e r e a s e a r e a s
,

a e e o u n tin g fo r a v a r ia t io n o f 3% in 3 0
一
y e a r r ela t iv e

hu m id ity a n o m a lie s
.

It 15 als o s e e n tha t
,

n o r th e r n X in jia n g a n d w e s te r n X iz a n g a r e

inc
r e a s e a r e a w ith a e e n te r o f 0

.

1 5 % a 一 ’ o r m o r e
,

a m o u n t in g t o a n in e r e a s e o f 4
.

5 % in 3 0
-

ye a r re la t iv e h u m id ity a n o m a lie s
.

In a d d it io n
,

s o u th e r n X in jia n g d e s e r t a n d m id
一
w e s t p a r t

Of the Qin g ha i
一
X iz a n g Pla t e a u a r e in d e e r e a s e a r e a

.

In a w o r d elim a t e eh a n g e 15 n o t

o b v io u s in re p r e s e n t a tio n o f r ela tiv e h u m id ity
.

V n
.

C LIM A T E CH A N G E IN SU N SH IN E D U R A T IO N

Fr o m Fig
.

1 2 o f a n n u a l a n d s e a s o n a l m e a n s u n s hin e d u r a t io n a n o m a lie s in 19 6 1一 1 9 9 5

饥 can
se e tha t

,

the ye a r 1 9 6 5 h a s th e la r g e s t s u n s hin e d u r a tio n in the la s t 3 5 ye a r s
,

a n d

此bse q u e n tly alw a ys d e e r e a s e s u n t il 1 9 9 0 5 (F ig
.

1 2a )
.

Fr o m the s e e o n d 5 y e a r s o f 1 9 6 0 5 to

th e fir s t 5 ye a r s o f 1 9 9 05
,

it s a n o m a lie s d e e r e a s e a p p r o x im a te ly lin e a rly fr o m + 6 0 h a 一 1 to

一 9 0 h a 一 1
,

a m o u n tin g to 1 5 0 h in 3 0 ye a r s
,

o n a n a v e r a g e d e e r e a se o f 5 h a 一 ‘
,

W
e a ls o

. 山 袱
tha t

,

th e m o s t d e e r e a sin g s e a s o n 15 w in t e r (Fig
.

1 2 e )
, a

nd n e x t 15 s u m me
r
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F ig
.

1 1
.

A n n u a l a n d s e a so n a l m e a n r e la t iv e

h u m i d it y a n o m a lie s in m a in la n d C h in a

in 1 9 6 1一 1 9 95 ( u n it :
% )

.

‘气, 1
1 9 6 5 7 0 7 5 8 0 8 5 9 0 1 9 9 5

(F ig
.

1 2e )
.

Fig u r e 1 3 d e p i e ts t he lin e a r t r e n d o f a n n u al m e a n s u n s hin e d u r a t io n
.

I t 15 s e e n

fr o m t he fig u r e t h a t t he a r e a n o r t h o f 3 5
o

N 15 m a in ly th e a r e a o f in e re a s e
,

a n d s o u th o f

3 5
o

N 15 t h a t o f d e e r e a s e
.

I n e o m p a r is o n w it h t h e lin e a r t r e n d s o f a ir t e m p e r a t u r e (F ig
.

3 )
,

m a x im u m a n d m in im u m a i r t e m p e r a t u r e s ( F ig s
.

9 a n d 1 0 )
,

it e a n b e fo u n d t h a t t h e

w a r m in g a r e a s e o r r e s p o n d to t he in e r e a s iri g s u n s h in e d u r a t io n a r e a s
,

a n d th e e o o lin g a r e a s

s o u t h o f 3 5
o

N e o r r e s p o n d to th e d e e r e a s in g o n e s
,

a n d t ha t t he d e e r e a s in g s u n s h in e d u r a t io n

a r e a s a g r e e w it h t he d e e r e a s in g a r e a s o f m a x im u m a i r t e m p e r a t u r e
,

in d i e a t in g t h a t a n a r e a

h a s d e e r e a s in g s u n s hin e d u r a t io n a n d m a x im u m a ir t e m p e r a t u r e
,

th u s d e e r e a s in g a ir

t e m Pe r a t u r e
·

V lll
.

CO N C L U S I ( )N S

A s t he fir s t p a r t o f t he w o r k : t his p a p e r

t e m Pe r a tu r e a n d Pr e e ip it a t io n in C h in a in r e e e n t

d e s e r ib e s

y e a r s
,

t h e e lim a t e e ha n g e

a n d t h e e lim a t e e ha

I n a lr

n g e I n45
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,

飞 Fi g
.

1 2
.

A n n u a l a n d s e a s o n a l m e a n s u n s h in e

d u r a t一o n a n o m a lie s in m a in la n d C h in a

in 1 9 6 1 一 1 9 9 5 (u n it h a 一 l)
.

‘气,
}

1 9 6 5 7 0 7 5 8 0 8 5 90 1 9 9 5

m a x im u m a n d m in im u m a ir t e m Pe r a t u r e s a s w ell a s in r e la t iv e hu m id ity a n d s u n s h in e

d u ra tio n
.

O n b a s is o f t he a b o v e a n a ly s e s th e fo llo w in g fa e t s in e lim a te e ha n g e e a n b e

e o n elu d e d
.

(1 ) A ir t e m p e r a t u r e in C hin a h a s r e a e he d t h e fir s t w a r m in g p e r io d o f t he e e n t u r y in

the 1 9 40 5 (Z ha n g e t a l
.

1 9 5 2 ; C he n e t a l
.

1 9 9 4 )
,

t he n a b r u p t ly d e e r e a s e d in the 1 9 5 0 5
,

a n d 15 s u b s e q u e n t ly fo llo w e d b y o s e illa tin g v a r ia tio n s
.

S in e e la t e 1 9 8 0 5
,

it h a s g r e a t ly

inc r e a s e d a g a in
,

a n d re a e he d th e s e e o n d w a r m in g p e r io d o f t l飞15 e e n t u r y in th e fir s t 5 y e a r s

o f 1 9 9 05
.

A n n u a l m e a n a ir te m p e r a tu r e in m a in la n d C I飞in a h a s b e e n in e r e a s e d b y 0
.

3
o

e

fr o m the fir s t 5 y e a r s o f 1 9 5 0 5 t o th o s e o f 19 90 5
.

It 15 e s tim a t e d fr o m the a b o v e fa e ts tha t
,

air t em p e r a tu r e in the fir s t 5 ye a r s o f 1 9 9 0 5 h a s n o t r e a eh e d
,

o r Ju s t ha s a p p r o a e he d t o tha t

of th e 1 94 0 5
.

M o r e o v e r
,

the elim a t e eh a n g e in a ir te m p e r a t u re 15 v e r y e o rn p lie a t e d in

v a r io u s r e g io n s
,

w ith w a r m in g a n d e o o lin g a r e a s s in l u lt a n e o u s ly d is t r ib u te d
.
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Fi g
.

1 3
.

L in e a r t r e n d o f a n n u a l m e a n s u n s h in e d u r a t io n in m a in la n d C h i n a i n 1 9 6 1 一 1 9 9 0

(u n it : 1 0 h a 一 1 )
.

(2 ) W
a r m in g o f m o d e r n a ir t e m p e r a t u r e in C hin a m a in ly o e e u r s in a r e a s n o r t h o f

3 5
o

N
,

w it h t he hig h e s t w a r m in g in X in jia n g a n d n o r th e r n H e ilo n g jia n g
.

O n t he e o n tr a r y
,

t h e r e e x is t s a n e x t e n s iv e e o o lin g a r e a fr o m ss
o

N s o u t hw a r d to 2 3
o

N a n d e a s t o f z 0 0
0

E
,

w i t h e o o lin g e e n t e r s m a in ly lo e a t e d in S ie hu a n
,

G u i z ho u a n d s o u t h e r n S h a a n x i
.

T h e

e o o lin g a r e a e a n e x t e n d to t he e o a s t a l a r e a s o f E a s t Ch in a fr o m Jia n g s u t o Fu jia n
.

T h e

w a r m in g a r e a 15 m a in ly e h a r a e t e r iz e d by in e r e a s e s o f m in im u m a ir t e m p e r a t u r e a n d

s u n sh in e d u r a t io n
.

D iffe r e n t fro m o t h e r r e g io n s
,

w a r m in g in C h in a 15 n o t m a in ly d u e t o

th e w a r m in g in w in te r
.

Fu r th e r m o r e
,

w a r m in g in s u m m e r e a n n o t b e ig n o r e d
,

a n d in s o m e

a r e a s it m a y e x e e e d t he w a r m in g in w in t e r
.

T he m a in e ha r a e t e r is t i e s o f t h e e o o lin g a r e a a r e

sh o w n in d e e r e a s e s o f m a x im u m a ir t e m p e r a t u r e a n d s u n sh in e d u r a t io n
.

T he r e fo r e
,

t he

e o o lin g a r e a 15 a rt r ib u t e d to t he d e e r e a s e o f d a y tim e s u n s h in e d u r a tio n
,

th u s th e d e e r e a s e

o f d a y t im e m a x im u m a ir t e m p e r a t u r e
.

C a u s e s fo r th is Phe n o m e n o n n e e d t o b e s t u d i e d

fu r th e r
.

Li e t a l
.

(1 9 9 5 ) h a v e p o in t e d o u t t h a t e o o lin g in S ie h u a n m a y b e d u e t o th e

in e r e a s e o f s u lfa t e a e r o s o ls e a u s e d by a ir p o llu t io n s t he r e
.

T h is p o s s i b ility m a y b e t r u e
,

a n d w ill b e s t u d i e d in t h e s e e o n d Pa r t o f t he w o r k
.

( 3 ) A n n u al p r e e ip it a t io n in Ch in a in r e e e n t 4 5 y e a r s ha s d e e r e a s e d s lig h t ly
,

w it h

m a jo r d e e r e a s in g a r e a lo e a t e d in N o r t h C h in a a n d s o u t h o f t he C ha n g iia n g R iv e r
.

Co n v e r s e ly
,

p r e e ip it a t io n in C h a n g iia n g
一

H u a ih e R iv e r B a s in 15 in e r e a s e d
,

m a in ly in th e

1 9 8 0 5 u p to 1 9 9 5
.

T his in e r e a s e 15 in a g r e e m e n t w it h t he s u m m e r 一 a u tu m n flo o d in g

o e e u r r in g fr e q u e n t ly t he r e in th e 1 9 8 0 5 u p t o 1 9 9 5
.
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R EF E R E N C E S

C h e n L o n g x u n e t a l
.

(1 9 9 1 ) P re lim in a ry a n a lys is o f e lim a tie e ha n g e d u r in g th e la s t 39 ye a rs in C hin a
,

Q
u a rt

.

J
.

of AP P
.

人介te o r
. ,

2 : 16 4 一 1 7 3 (in C h in e se )
.

C he n L o n g x u n e t al
.

(1 9 9 2 )
,

T h e C h a ra e te ris t ies o f in te ra n n u a l v a r ia tio n s o f th e E a st A s ia n M o n s o o n
,

J
.

人人于t
、

S o e
.

J aP
a 九

,

7 0 : 3 9 7 一 4 2 1
.

C he n L o n g x u n e t a l
.

(1 9 9 4 )
.

C lim a te e h a n g e in C h in a d u r in g th e p a st 7 0 界
a r s a n d it s r e la tio n s h ip to th e

m o n so o n v a r ia t io n s
.

C lim a te B IO3 Phe re In te ra ct io , : B io g e n ic E 胡 ission
s a n d E n v iro

n m en ta l 式fj 砂
e ts of

Cl im a te

Ch
a n

岁 E d ite d b y R ieh a r d G
.

Z e p p
.

J
o h n W ile y a n d So n s

,

In e
.

p p
.

3 1一 4 9
.

C he n L o n g x u n e t a l
.

(1 9 9 5 )
,

Pr e lim in a ry A n a ly , 15 o f H is to r ie a l T e m p e ra tu r e a n d P re e ip ita t io n Ba
s e lin e

fo r C h in a l一 4 3
,

S u b m it te d t o U
.

5
.

C o u n t ry S t u d ie s
M

a n a g e m e n t T e a m a n d De p a r tm e n t o f S e ie n e e

a n d T e e hn o lo g y fo r S o e ia l D e v e lo p m e n t
.

T he S ta te Se ie n e e a n d T e e h n o lo g y Co m m is s io n o f C hin a
,

Li X ia o w e n e t a l
.

(1 9 9 5 )
.

T he eo o lin g o f S ie h u a n P r o v in e e in re e e n t 4 0 y e a r s a n d its p r o b a b le

m e eh a n is m s
,

A c ta M
e忿e o r

.

S in ic a
,

9 : 5 7 一 6 8
.

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

(1 9 9 0 )
,

Clim a tie t r e n d in C hin a in r e ee n t 4 0 y ea r s
,

材亡t
e o r

.

材d n th ly
,

1 0 : 1 6一 2 1 (in

C h in e se )
.

T a n g G u o li (1 9 9 6 )
,

A n a lys is o f tr e n d v ar ia tio n s in st a n d a rd s e r ie s o f a ir t e m p e r a tu r e in C h in a in C o ll e c ted

P aP
er s

of Cl im a ie Ch a n

岁
a , d Its N

, m er ic a l 5 1,
u la tio n V o l

.

1
.

C h in a
M

e te o r
.

Pr e ss
,

B e ijin g
,

p p
.

1 9 6一 1 9 9 (in Ch in e s e )
.

T u
Q ip u (1 9 8 4 )

,

T e n d e n e y a n d Pe r io d o f a ir te m p e ra t u r e v a ria tio n s in C h in a in la st h u n d re d ye a rs
,

J
.

刀口
nj i, 9 1二 5

.

材七t
eo r

. ,

2 : 1 5 1 一 16 1 (i n Ch in e s e )
,

W
a n g B o m in (1 9 9 6 ) A n a lys is o f t r e n d v a ria rio n s in s ta n d a r d s e rie s o fPre eiPit a tio n in C hin a

,

in CO lle
c ted

PaP
e rs Of Cl im a te

Ch
a n g e a n d 15 5

N
u m eri c a l S im u la tio n V o l

.

l
,

C h in a
M

e te o r
.

Pr e s s
,

Be iiin g

p p
.

2 0 0 一 2 0 6 (in C hin e s e )
.

Zha n g X ia n g o n g e t a l
.

(1 9 8 2 )
,

S o m e e h a r a et e ris t ie s o f a ir te m p e r a tu re v a r ia tio n s in C h in a in th is e e n t u r y

A c ra 材
e te o r

.

S in ic a 4 0 : 1 9 8一 2 0 8 (in Ch in e se )
.

Zha o H a n g u a n g e t a l
.

(1 9 8 9 )
,

T e m p o r a l a n d s p a tia l v a ria tio n in a b n o rm a l w in te r w a rm in g in C hin a a

nd
a n a lys is o f its e ir e u la r io n e h a r a e te r is tie s

,

八岔e teo r
.

材
。n thly

,

5 : 1 6 一 2 0 (i n C hin e s e )
.


