
V o l
.

7 N o
,

l A C T A M E T E O R O L O G ICA S IN IC A 19 9 3

C L IM A T E C H A N G E IN C H IN A A N D IT S IN F L U E N C E O N

A G R IC U L T U R E P R O D U C T IO N IN T H E L A S T 4 0 Y E A R S

Zh
a n g ji 声a (章基嘉),

Ch 元n e se A e a d e m y o f M e te o r o lo gie a lS c 一e n ee s
,

Be lji n g 10 0 0 8 1

Xu X ia n g de (徐祥德) a n d M ia o j u n户n g (苗俊峰 )

T ia n Jin M e te o r o lo g ie a lB u r e a u
.

T ia n jin 3 0 0 0 7 4

R e e e iv e d N o v e m b e r 2 8
,

19 9 1 : r e v ise d Ju ly s
,

19 9 2

A B ST R A C T

U sin g rh e m e te o r o lo g ie a l d a ta s e t fo r 19 5 1一 19 9 0 o v e r 16 0 st a tio n s
,

a s e r ie s o f 10 一 yea r r u n n in g m ea n e u r v e s o f

tem Pe r a t u r e a n d Pr e eiP 一ta tio n a v e r a g ed fo r the e o u n try a n d its 7 elim a te r e g lo n s
,

a s w e ll a s fo r e a eh se a s o n
,

a r e o b ta zn e d

an d a n a lyz e d
.

T he slx a sP e e ts o f m a in r e s u lts c a n b e su m m a r zz e d a b o u t th e e lim a te eh a n g e ln Ch ln a a n d its in fl u e n e e o n

ag r le u ltu r e p r o d u etio n in the la st 4 0 ye a r s
-

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

a g r le u lt u r e Pr o d u e tl o n
,

te m P er a tu r e
,

Pr ee iP ita tio n
,

Ph o to syn th e sls a n d t em Pe r a t u r e P o te n

tia lp r o d u e tiv ity o f e r o p s (PT PPC )

D A T A
,

G R A PH S A N D MA PS

U sin g a n n u a l a n d m o n thly m e a n tem Pe r a tu r e a n d P re eiP ita tio n d a ta se t fo r 19 5 1一 1 9 9 0

o v e r 1 60 s t a tio n s P r o v id e d by N M C / SM A in B e ijin g
,

th e fo llo w in g g r a Ph s a n d m a Ps h a v e

b e e n o b ta in ed :

(l) T h e 10 一ye a r r u n n in g m e a n c u rv e o f a n n u a l m e a n tem p e ra t u r e a v e r a g ed o v e r the 16 0

s ta tio n s fo r 19 5 1一 19 9 0
.

(2) T he 10 一ye a r r u n n in g m e a n c u r v e s o f a n n u a l m e a n tem p e r a tu r e a v e ra g e d o v e r c a eh e li
-

m a t e r e g io n in C hin a (in e lu d in g N o r th e a s t C hin a
,

N o r th C h in a
,

e a s t p a r t o f N o r th w e s t C hin a
,

w e s t p a r t o fN o r thw e s t C hin a
,

S o u th C h in a
,

S o u th w e s t C h in a a n d th e m id d le a n d lo w e r v a lle ys

o f the C h a n g jia n g R iv e r , a n d th e s am e h e rein a ft e r )
.

(3 )T h e 10 一ye a r r u n n in g m e a n c u r v e s o f e a c h s e a s o n a lm e a n te m p e r a tu re (sPr in g
,

s u m m e r ,

a u tu m n a n d w in te r ) o v e r th e c o u n tr y
.

(4 ) T h e d e e a d e 一 a v e r a g e d t em p e r a tu re a n o m a ly d is tr ib u tio n fr o m 19 5 0 5 t o 19 8 0 5 o f th is

c o u n try
, r e la tiv e to th e 4 0 一ye a r a ve r a g e fo r 19 5 1一 19 9 0

, a n d the m e a n tem Pe r a tu r e d iffe
r e n e e

d is t rzb u tio n b e tw e e n 19 8 0 5 a n d 1 9 50 5 o v e r th e e o u n t ry
.

(5 ) T he 10 一ye a r r u n n in g m e a n e u r v e o f a n n u a l to ta l Pr e eip ita t io n a v e r a g ed o v e r th e 16 0

s ta tio n s fo r 19 5 1一 1 9 90
.

(6 ) T he 10 一ye a r r u n n in g m e a n e u r v e s o f a n n u a l to t a l p r e e iPita tio n a v e r a g e d o v e r e a c h e li
-

m a t e re g io n in C hin a
.

(7) T he 10 一ye a r r u n n in g m e a n e u r v e s o f e a c h se a s o n a l to ta lp re eip ita tio n o v e r the e o u n try
.

(8) T he d e c a d e一 a v e r a g ed p re c ip ita tio n a n o m a ly d istr ,b u t io n fr o m 19 5 0 5 t o 19 8 0 5 r ela tiv e to

the 4 0 一ye a r a v e r a g e fo r 19 5 1一 19 9 0
,

a n d the m e a n P re c lp ita tio n d iffe
re n e e d is t rib u t一o n b e tw e e n
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19 8 0 5 a n d 1 9 5 0 5 o ve r the e o u n tr y
.

In a d d itio n
,

w e h a ve e a le u la te d th e a n n u al Ph o t o syn the sis a n d tem Pe r a tu re p o ten tia lP r o d
-

u c tivity o f e r o P s (PT PPC ) (L i e t a l
. ,

19 8 8 ) fo r e a e h o f l60 s ta tio n s fo r l9 5 1一 19 9 0
, a n d o b ta in ed

the fo llo w in 艺 g r a Phs a n d m a P s :

(9 ) T he 10 一ye a r r u n n in g m e a n c u r v e o f the a n n u a l PT PPC a ve r a g ed o v e r the 16 0 s ta tio n s

fo r 19 5 1一 19 9 0
.

(10 ) T h e 10 一ye a r r u n n in g m e a n e u rv e s o f the a n n u a l PT PPC a ve r a g ed o v e r e a e h e lim a te

re gio n fo r 19 5 1一 19 9 0

(川 T he d e e a d e 一 a v e r a g e d a n n u a l PT PPC a n o m a ly d is tr ib u tio n fr o m 19 5 0 5 to 19 8 0 5 re la
-

tiv e to th e 4 0 一ye a r a v e r a g e fo r 19 5 1一 19 9 0
, a n d th e a n n u a l PT PPC d iffe

re n c e d is t rib u tio n b e -

tw e e n 19 80 5 a n d 19 50 s o v er the e o u n try
.

11 R E SU L T S

W jth the a b o v e g r a Phs a n d m aP s a e o m P re he n sive a n a lys is o f e lim a te eh a n g e a n d it s in fl u
-

e n c e o n a g r ie u ltu r e Pr o d u e tio n in the la s t 4 0 ye a r s ha s b e e n m a d e
.

T he m a in r e s u lts e a n b e

s u m m a r iz e d a s fo llo w s :

(1) 19 8 0 5
,

a s w ell k n o w n ,

15 the w a rm e s t 10 ye a r s o f the e a rth in th e la s t e en tu ry
,

m ea n
-

w hile
,

a s Po in te d o u t in th is s t u d y
,

th is d e e ad e 15 a ls o the m o st e le a r w a rm in g 10 ye a r s in C hin a

fo r th e la s t 4 0 yea r s a t le a st
.

T h e te m Pe r a tu r e a v e r a g ed o ve r the e o u n try fo r 19 8 0 5 ha s in e re a s ed

by 0
.

16 ℃
,

r ela tiv e t o th e m e a n v a lu e fo r 19 5 1一 19 9 0 (Fig
.

l
, c u r v e T)

,

w hieh 15 v e ry e lo se to the

g lo b a l e lim a te w a rm in g a m Plit u d e (0
.

2 0 ℃ ) fo r th e la s t d e e a d e (W MO / IC S U
,

19 9 0 ;

W M O / U N E P
,

19 9 0 )
.

(2 ) H o w e v e r
,

the e lim a te a n o m a lo u s w a r m in g (i
.

e
.

in e r e a se o f tem Pe ra tu r e a b o v e n o r m al)

o f 19 8 0 5 in C h in a h a s it s c le a r r e g io n a la n d se a s o n a l sPe eia lity
.

T h e N o r the a s t a n d N o r th C hin a ,

a s w ell a s the m o st P a r t o f the N o r th w e st C h in a a r e the m o s t o b v io us w a r m in g re g io n s o f the

e o u n tr y (tem p e ra tu r e a n o m a lie s in the la s t d ee a d e re a eh ed + 0 5℃
,

+ 0
.

33 oC a n d + 0
.

2 9 ℃
,

r e sP e e tiv ely)
,

the ir a n o m a lo u s w a r m in g 15 n o t o n ly a b o v e the m ea n a m Plitu d e o fw h o le e o u n try
,

b u t a ls o hig h er th a n the g lo b a l m e a n v a lu e
.

A s fo r the v a s t t e r rit o r y s o u th to th e C h a n g jia n g

R ive r ,

the tem p e ra tu re a n o m a lie s in 19 8 0 5 a r e 一 0
.

0 0 to + 0
.

0 3℃ o n ly
.

It im Plies tha t the re 15 n o

o e e u r re n c e o f elim a te a n o m a lo u s w a r m in g in thi. w id e a re a P r a e tie a lly
.

Th
e so u thw e st re g io n o f

天 (。m ) 了
‘“C -

1 2 5 6

:::;

思
.口 、

11,

1 2 3 6

1 2 3 2

叹2 2 8

1 2之4

1 2 2 0

护, . . .

. 、 , R
、 ,

、、 尹 ,

西夔 飞J 6 2 64 6 6 6名 7 0 7 2 7 4 7 6 7吕 8 0 8 2 8 4 1 9 86

F 19 T he 10 一ye a r r u n n in g m ea n c u r ve s o f a n n u a l m e a n t em p e r a t u r e (T) a n d to t a l p邝 ezp lt a tio n (尺)
,

a v er a g e d

o v er 16 0 st a tz o n s fo r 19 5 1一 19 9 0
.
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7

只 又m m ) T (
。C )

10 6 0 ::
.

:: l 、

10 5 0

::::
、

104 0

1 0 3 0

1 0 20

1 0 1 0

1 4石8

1 4石4

14 石0

14
.

5 6

1 4万2

, , 、
, ,

一
、 , , , ‘

’

、‘、 、

I 、

矛 、

火 、

“ 砂产 、

19 58 6 0 丽 面 6 6 6 8 7 0 7 2 : 7 4 7 6 7 8 8 0 8 2 疖

F l g
.

2
.

A s in Fig
.

l
,

b u t fo r So u thw e st C h in a

R (m m )

不
‘。C

卜
、

::
t

::仁
2 3

.

8 0

nn,‘,.‘Jf‘峪

劝. . . . , . .

2 3
.

76

4 0 0 2 3
.

72

、 产 一 、 、 , 、、

23
.

6 8
、 ~ , , 、 、

23石4

砂 气 、 护 八 \
39 0 \ 只

::
.

::
1 9 5 8 60 6 2 6 4 66 朋 7 0 7 2 7 4 7 6 7 8 8 0 日2 84 1 9 8 6

Fig
.

3
.

A s in Fig
.

l
,

b u t fo r su m m e r
.

C hin a 15 a r a the r sPe eia l a r e a fo r elim a te eh a n g e , a s its a n n u a lm e a n te m P e r a tu r e in th e la s t d e e
-

a d e w a s n o t in e r ea se d
,

b u t s till r em a in ed b e lo w n o rm a l
,

w ith te m P e r a t u r e a n o m a ly o f 一0
.

0 7 ℃

(r ig
.

2
, e u r v e T)

.

It 15 sh o w n by th e 10 一ye a r r u n n in g m e a n e u r v e s o f s e a so n al m e a n tem p e r a tu r e a v e r a g ed

o v e r th e e o u n try
,

th a t rh e c lim a te a n o m a lo u s w a r m in g o f C hin a in the Ia s t d e e a d e o ee u r r e d o w
-

in g to a n o m a lo u s w a rm in g o f w in te r , sP r in g a n d a u tu m n (the ir e o n tr ib u tio n s a re + 0
.

4 ℃
,

+ 0
.

12℃ a n d + 0
.

14 ℃ r e sp e e tiv e ly)
.

A s fo r th e su m m e r ,

th o u g h its s e a s o n a l m e a n tem p e r a t u r e

w a s r isin g sin e e e a r ly 19 7 0 5
,

it s till rem a in ed b e lo w n o rm a l
, u n til to e a r ly 19 9 0 5 (Fig

.

3
,

C u r v e T)
.

It m a y a e e o u n t fo r th e sP e c ia lity o f “w a r m in g w in te r a n d e o o lin g s u m m e r , , in e lim a t e eh a n g e o f

C hin a fo r 19 8 0 5 o n th e b a e k g r o u n d o f g lo b a l e lim a t e w a r m in g
.

(3 ) T he a n n u a l m e a n tem Pe r a t u r e v a r ia tio n s in C hin a fo r th e la s t 4 0 ye a r s e o n sis t o f

q u a si一P e r io d ie o s eilla tio n s w ith a Pe r io d a b o u t 14 ye a r s a n d sh o r t一 tim e fl u e tu a tio n s w ith a n in
-

te r v a l n e a r 3 ye a r s
,

w hie h d is a PP e a r ed a ft e r 10 一ye a r r u n n in g m e a n
.

In ea r ly 19 6 0 5 a n d la te

19 7 0 5 , e lim a te o f C hin a w a s w a r m e r th a n n o r m a l
,

w he r e a s in e a r ly l9 7 0 s the r e w a s a m in im u m

o f a n n u a lm ea n te m P e r a tu re a n d th e c lim a te w a s b e e o m m in g e o ld e s t (Fig
.

l
, e u r v e T)

,

in P a r tie u
-

la r in the n o r the a s t r e g io n o f the c o u n t ry w ith te m p e r a tu re a n o m a ly o fo
.

3 ℃ b e lo w n o r m a l
.

Ju s t

in this Pe r io d e o ld d a m a g e o c e u rr ed fr e q u e n tly a n d e x er te d a n u n fa v o r a ble im Pa e t o n e r o P
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Pr o d u e tio n In this a re a
.

B e g in n in g fr o m e a r ly 19 8 0 5 a n n u a l m e a n tem Pe r a t u r e in w h o le e o u n t ry

ha s a g e n e r a l te n d e n c y t o r is e a b o v e n o r m a l
,

i e the e lim a te b ee a m e r e a lly a n o m a lo u s w a r m in g
.

In N o r th e a s t
.

N o r th a n d N o r thw e s t C h in a ,

the
一

s a m e te n d e n ey w a s o b s e r v ed
, o n ly in th e

s o u thw e s t re g 一o n a n n u a lm e a n te m Pe r a tu r e h a s d e e r e a s ed sin e e e a r ly 19 5 0 5 (Fig
.

2
, e u r v e T)

‘

(4 ) In the la s t 4 0 ye a r s ,

th e v a r ia tio n s o f a n n u a l to ta lP r e e ip it a tio n a v e r a g ed o v e r the e o u n
-

tr y e o n sis t s o f a 14 一ye a r q u a si一P er io d ie o se illa tio n w ith a lte r n a te d r y a n d w e t e Pis o d e s a n d a

g e n e ra l te n d e n ey to d ry sin c e e a r ly 19 5 0 5 (F ig
.

l
, e u rv e R )

.

T he Ph a se o f q u a si一 p e r io d ie

o s c illa txo n s in b o th tem P e r a t u r e a n d p r e e iPita tio n w a s n e a r ly o p p o site to e a e h o the r
,

fo r m in g a n

a lte rn a tio n o f tw o b a sie c lim a te Pa tte r n s o f
“ w a r m in g 一d ry” a n d “ e o o lin g 一w e t,,

.

S u eh e o m b in a
-

tio n s o f te m P e r a t u r e a n d Pr e c ip ita tio n o ft e n b r in g s e r io u s d iffi e u lty to e ro P p r o d u c tio n in th e

a re a o f w a te r d e场e ie n e y
.

Fr o m the v ie w Po in t o f r eg io n s ,

th e n o r th P a r t o f N o rthe a s t C hin a ha s

thr e e d e e a d e s w ith P r e e iPit a tio n a b o v e n o rm a lin th e la st 4 0 ye a r s , a n d in Pa r t ic u la r ,

the 19 8 0 5

e lim a te Pa t te r n o v e r the r e m a in t a in s “ w a r m in g 一w e t”
,

w hie h 15 v e ry b e n efi c ia l fo r a g r ie u lt u re
.

C o n v e r se ly
,

N o r th C h jn a
,

in c lu d in g Sh a n d o n g P r o v in c e 15 c ha r a e te r iz ed b y a “ w a r m in g 一d ry”

p a tte rn in 19 8 0 5
,

b e in g u n fa v o r ab le fo r a g r ie u ltu r e
.

In s o u th w e s t r e g io n o f C h in a th e fi r s t 2 0

ye a r s w e r e r ieh in p re c iPit a tio n
,

b u t th e la s t 2 0 ye a r s
一一 d efi eie n t

,

fo r m in g a “ c o o lin g 一d ry ,,

p at te rn (Fig
.

2 e u r ve s T a n d R )
.

In 19 8 0 5 th e m o s t p a r t o f N o rthw e st C h in a w a s eh a r a e te riz ed

b y a “ w a rm in g 一w e t , , Pa t te rn ,

th u s ,

the e o n d itio n s fo r a g r ic u ltu r e b e e a m e b e t te r tha n th o se in

19 7 0 5
,

in P a r tie u la r o f its e a s t P a r t
.

(5 ) A s a n in d e x o fa g r ic u ltu r e e lim a te re s o u re es ,

the PT PP C e a n n o t b e e o n st a n t
,

b u t v a r ie s

w ith the e lim a te eh a n g e
.

T he r e w e re tw o Pe rio d s w ith a n n u a lly a ve r a g ed m a x im u m o f PT PPC

b e fo r e 19 80 5 (F ig
.

4 ): o n e w a s o b s e rv e d in the m id 19 6 0 5 , a n d the o the r
一一in the la te 19 7 0 5 ,

w he re a s in the e a r ly 19 7 0 5 a m in im u m o f PT PPC w a s o b s e r v ed
.

T he d iffe
r e n e e b e tw ee n m a x

.

a n d m in
.

15 a b o u t 4 3 k g
·

m u
一

‘ ·

ye a r 一 ‘ (一5 m u = 1 h e e ta re )
,

w h ie h 15 eq u iv a一e n t to 3
.

5 0;0 o f it s

4 0 一ye a r m e a n
.

T h e pT p p C h a s a c le a r te n d e n e y t o in e r e a s e in 19 5 0 5 ,

w ith 2 6 k g
·

m u 一 l ·

ye a r 一 1 b ein g h ig he r tha n its n o rm a l
.

xt im p lie s th a t c lim a te w a r m in g e o u zd b e fa v o r a ble t o a g r i
-

c u lt u re
、

b u t s u eh fa v o r a b le P o ssib ility e a n b e r ea liz e d o n ly by a P r o P e r s u PPly o fw a te r r e s o u r ee s

In the s a m e a r e a
.

(6 ) T he r e g io n a l v a r ia b ility o f PT PPC 15 e le a r ly d iffe
re n t fr o m e a c h o th e r In N o r the a st

C hin a its r e la tiv e v a r ia b ility 15 5
.

9 %
,

w h e r ea s in N o r th C h in a
一一 10

.

4 %
.

T he e a s t P a r t o f

N o r th w e s t C hin a h a s a r e la tiv e v a r ia b ility o f 5
.

7 %
,

a n d its w e s t Pa r t

—
16

.

2%
,

b e in g the hig h
-

e s t in th e e o u n try
.

In S o t lthw e s t a n d S o u th C hin a the re la t iv e v a r ia b ility 15 3
.

6% a n d 3
.

9 %
,

12 5 0

1 2叨

1 2 3 0

12 20

12 1 0

1 2 0U

1 190

11 8 0

1 9 5 8 6 0 6 2 6 4 66 6名 7 0 7 2 7 4 7 6 7 8 8 0 吕2 8 4 1 9 8 6

F一9
.

4 T he 10 一ye a r r u n n in g m e :‘n e u r v e o f a n n u a lPT PPC
,

a v e r a g ed o v e r l6 0 s ta t lo n s (u n l t: s k g / m u )
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r e sPe c tiv e ly
,

w hile in the m id d le a n d lo w e r v a lle ys o f the C ha n gjia n g R iv e r it d e c r e a s e s to 3
.

2%
,

w hic h 15 th e m in im u m va lu e o f th e e o u n try
.

T he r efo r e ,

it 15 ele a r th a t the r ela tiv e va r ia b ility o f

PT PP C jn the n o r th P a r t o f C hjn a 15 s u ffi c je n tly hig h e r th a n th a t in the s o u th
.

O b v io u s ]y
,

th e

hig he r th e re la tiv e v a ria b ility o f PT PPC
,

the g r e a te r the in s t a b ility o f the e lim a te r e s o u r e e s o f

ra d ia tio n a n d he a t
, a n d v ic e v e r s a

.

It sh o u ld b e P a id m o r e a tt e n tio n in m a k in g a lo n g 一 t e r m

Pr o g r a m o f a g r ie u lt u r a l Pr o d u e tio n
.

T h e P ra e tie a l c a leu la tio n ha s sh o w n tha t the PT PPC in d e x

15 m o s tly d e Pe n d e n t o n the te m p e r a tu re ,

th e re fo r e ,

the im p r o v em e n t m u s t b e e a r rie d o u t o n tw o
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