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A BS T R A C T

T he te n 一
y ea r m e a n a n o m a lie s o f sea so n a ! a n d a n n u a l te m Per a tu re s w e re rec o n str u e te d o n th e ba s is o f

his to riea l d o e u m e n ts o f e o ld e v e n ts su e h a s sev e re s n o w in g a n d fr ee z in g o f la k es a n d r ive
rs

.

T h e a sso rte d e v e n ts

w e re e a lib ra ted w ith in stru m en ta l o bser v a tio n s o f te m Per a tu re a n d tra n sfo r m e d in to te n 一

ye a r m ea n a n o m a lie s
.

Th
e r ee o n stru e te d te m pe

ra tu r e ser ie s sho w Pr e d o m in a n ee o f e o ld e lim a te in th e fi rs t fo
u r hu n dre d yea rs o f th e

Pe rio d ex a m in e d
.

T he ee
n ten a ry se a so n a l te m p e ra tu re a n o m a lies fo r th e 1 6 th to th e lg th e e n tu ry v a r y be tw e e n

习
.

1 a n d 一 7K
.

T he e o ld e st dec a d e s e o nc en tr a te d in th e m id d le o f 17 th a n d 19 th e e n tu rie s
.

It Pr o v id e d th e

irre fu ta ble e v id e n e e o f the o ee

urr
e n e e o f th e Little Ice A g e in Ch in a

.

T he m in im a o f ten
一
ye a r m e a n te m pe

ra tu r e

a n o m a lie s ra n ge d a b o u t 一 1
.

5 to 2
.

0K in sP rin g a n d w in te r
.

M
ea n w h ile

, the v a ria n e e o fte n
一

ye a r m ea n te m Per a -

tu r e w as in cr e a se d b y m o r e th a n 2 0 % in eo m Pa r iso n to the 2 0t h e en tu ry
.

1
.

IN T R O D U C T IO N

T he g lo ba l a v er a g ed su

rfa
e e te m Per a tu r e ha s be en in e rea sed b y a b o u t 0

.

5K sin e e 18 50

A D (W
a n g

,

1 9 82 )
.

T he 19 8 0 5 b ee o m es the wa rm
e st d ee ad e in the la st 150 ye a rs o r 5 0

(J o n e s ,

19 8 8 )
.

T his w a n ”in g w a s u su a lly a ttri bu ted to the in e re a se o f C 0
2

in th e a tm o -

sPhe r e (Wi g ley
,

19 8 6)
.

H o w ev er ,

to e stim a te a eeu r ate ly th e

am
Plit u d e o f the w a r m in g

,

k n o wl ed g e o f the tem Pe ra tu re v a r ia tio n s b efo r e 18 5 0 15 e r itie a l
.

It 15 tr u e esPee ia lly fo r th e

m o d er n w a r m in g fo u n d in th e 20 th een tu ry tha t ha s fo llo w e d a Pro lo n g ed e o ld Pe rio d fr o m

ab o u t 1 5 50 to 18 5 0
,

w hieh 15 g e n er a lly r efe r r ed to as th e L ittle Iee A g e
.

T her efo r e , ex -

te n d in g the te m Pe ra tu re se ries to th e Pe rio d e a r lier tha n th e in str u m e n ta l tim e w ill e o n -

tribu te g r ea tly n o t o n ly t o u n d er sta n d in g the elim a tie eh a n g e
,

b u t a ls o to e stim atin g th e

im Pa et o f g r een ho u se e
ffe

et a n d Pr ed ie tin g the tr en d in tem Pe r atu r e v a r ia tio n s
.

V ari o u s Pro x y d a ta su c h a s t re e r in g se r ie s ,

ie e c o re s a n d his to r ic a l d o e u m e n ts w er e

u sed to r ec o n str u c t the Pa leo te m Per a tu r e s
.

T he eo n ten t a n a lysis h as b ee n w id ely a PPlie d

in C h in a in e x a m in in g tem Pe r a tu r e va r iatio n s d u rin g hist o r ie al tim e
.

C hu (19 7 3 ) in d ie a te d

tha t th e fo u rth e o ld Pe r io d in the la st 5 0 00 yea r s o c eu r re d b e tw e en the 1 5th a n d th e 19 th

een tu r ies w ith a tem Pe ra tu r e m in im u m o f IK o r m o r e lo w e r tha n the m o d e rn o b s e r v a tio n s
.

Z h a n g e t al
.

(19 7 6) fo u n d fo u r sev er e e o ld Pha se s in th e la st 5 0 0 ye a rs : 14 7 0一1 52 0
,

16 2 0一
172 0

,

184 0一 18 9 0 an d a ft er 19 4 5
.

T he m in im a o f th e tem Pe ra tu r e in th e fi r st th re e Pha ses

w e r e ab o u t 1K lo w er th a n tha t at Pre se n t
.

T he a fo rem en tio n ed PaPe r s o
ffe

r ed a b a sic u n d e r -

sta n d in g o f elim a tie eh a n g e in Ch in a ,

b u t s o m e a m bigu itie s still r em a in ed in the tim e sea le

a n d se a so n a lity to be stu d ie d
.

E sse n tia lly th o se PaPer s u sed o n ly the ev id en ee o f w in ter

sev e rity t o r e e o n str u e t the te m Per a tu re se rie s, a n d d id n o t in d ic a ted w h e th e r th e se r ie s

w a s a te n 一

yea r m ea n o r a n a n n u a l o n e
.

La ter
,
ten

一

yea r m ea n w in ter se v er ity in d ex ser ie s



N 0
.

4 T E M PE R A T U R E V A R IA T IO N S S IN C E 14 7 0 A D IN E A ST C H IN A 4 2 9

w e re o b ta in e d fo r e ae h o f e ig h t r eg io n s o v er S o u th C hin a (Z ha n g a n d Z h u ,

19 8 1)
.

Fo u r

e o ld Pha ses
we

r e id e n tifi e d fo r th e lo we
r re ae he s o f C ha n gji

a n g R ive r : b e fo r e 15 20一 15 40
,

16 10一1 7 30
,

17 8 0一19 0 0 a n d a ft e r 19 50
.

T h e m in im a o f ten
一

ye a r m e a n a n o m a lies w er e

a b o u t 一 1
.

5K
.

Fo r av o id in g the se aso n a l b ia s ,
th e se a so n a l tem Pe r a tu r e ser ie s fo r s u m m er w e re r e c o n -

str u eted in d ePen d en tly (W
a n g S ha o w u e t a l

. ,

19 89 )
.

T he n ,
the a ss o r te d eo ld ev en ts w er e

w ei g hted wi th th e in st ru m en tal o bserv a tio n s o f te m Pe ra tu re (W a n g R ishe n g e t a l
. ,

19 8 9)
.

R eee n tly
,

the te ehn iq u e o f r ee o n str u etio n w a s fu r the r im Pr o v e d
.

M o r e in fo r m a tio n a b o u t

th e fr o st w a s
jo i

n ed in to the a n a lysis
,

It 15 esPee ia lly im p o r tan t fo r g e ttin g a re Pr esen ta tiv e

se ri e s in a u tu m n a n d sPrin g
.

In r ee o n str u etio n o f the w in te r s e r ie s , n o t o n ly the e x tr em el y

e o ld
,

bu t also the ex tre m ely w a r m ev en ts w er e ta k en in to c o n sid e ra tio n
.

In fo rm in g th e

su m m er tem Per a tu re se r ie s m o r e d ir ee t in d iea tio n s o f eo ld c lim a te w e re u sed in ste a d o f the
in d ir ee t e vid e n e e su eh a s fl o o d o r d ro u g ht

,

tho u g h the su m m er tem Pe r atu re s u su all y c o
rre

-

la te n e g at iv ely w ith the Pre eiPita tio n s
.

Fin a lly
,

ten
一

ye ar m ea n a n o m al y se ri es o f se a so n a l

te m pe ra tu re w ere o bta in ed fo r th e Perio d 14 70 to 19 8 8
.

n
.

SO U R C E S A N D PR O C E S S IN G O F D A T A

F o r the sea r eity o f d a ta eh ar a ete ri zi n g th e te m pe r a tu re a n o m al ies
,

it 15 im Po ssib le to

r ee o n st ru et the a n o m a ly m aPs a s it w as d o n e in stu d外
n g the Pre eiPi tat io n v a r ia tio n s in

histo ri e a l tim e
.

Fo rt u n a tely
,

the sPat ial seal e o f te m Per a tu re a n o m a ly 15 m u
ch gre

a te r

th a n tha t o f Pre e iPita tio n ,
5 0 the re g io n a v er a ge d ten 1Per atu re serie s in stea d o f a sin g le statio n a l

ea n b e r ec o n str u eted
.

Fig
.

1 gi
ve s the eo r rela tio n e o e ffi eien ts be tw een the se a so n a l tem Per a tu re s o f S ha n

gh
a i

Fig
.

1
.

C o rr elatio n e o e ffi e ie n ts b etwe
en se a so n a l te m Pe ra tur es o f sh a n g ha i (d o t) a n d e lse w he re o

ver Ch in a
·
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a n d else w her e o ve r C hin a
.

T he m o n ths u sed in m a kin g the sea so n a l m ea n a r e D e c
.

to Feb
.

(w i
n te r)

,

M a r
.

to M a y (
sPrin g)

,

Ju n e to A u g
,

(
su m m e

r) a n d S eP
.

to N o v
.

(
a u tu m n

)
.

T he sha d ed a n d er o ss一sha d e d a r ea s ar e sig n ifi e a n t at 9 5
.

0%
a n d 9 9

.

9% e o n fi d e n ee lev el
,

r esPe etiv ely
.

N ea ri y th e s am e r e su lt w a s o b ta in ed w he n o ther sta tio n s r ePla ce d Sh a n g ha i
.

B esid es
,

E O F an alysis a lso sho w s g o o d ae eo rd a n ee o f sea so n al tern Pera tu r es o v er th e lo we
r

r ea eh es o f C h an
gj ia n g R iv er

.

T h er efo re ,

it seem s r atio n a l t o r eeo n str u e t o n e tem Per a tu r e

se ri e s fo r E a st C hin a w hieh e o v er s m a in ly th e lo w er re a ehe s o f C ha n g ji
a n g R iv e r ,

in c lu d in g

Sh an
gh

a i
,

A n hu i
,

Jia n g su ,

Z hej ian g a n d Jia n g x i Pr o v in ee s
.

A n o ther d iffi eu lty in c o n ten t a n a ly sis o fPa le o te m Per a tu re s w a s th e b ia s o f d a ta to w a r d s

the eo ld ev en ts
.

Fo r e x a m Ple
,

the v o lu m e o f Pr o c esse d hi sto riea l d ata (S ha n g h ai M e teo r
.

B u r ea u et a [
. ,

19 7 9) eo n ta in s a b o u t tw e n ty th o u sa n d item s o f the e lim a tie ea la而tie s,

bu t

o n ly o n e h u n d re d a m o n g the m e o n e er n e d th e w a r m ePiso d e
.

T lle ye a rs w ith u n a m big u o u s

in d ie at io n s o n th e eo ld ePiso d e a m ou
n te d to ab o u t 3 5 %

o f th e yea r s ex am in e d
,

w hile the

Pe r een ta ge d e ere a se d t o s% fo r the w a rm e Piso d e
.

T h er efo re ,

it 15 im Po ssible to fo rm
a

su ee essiv e a n n u al se r ie s o f te m Per a tu r e a s w a s d o n e fo r the Pr ee iPita tio n
.

H o w ev er ,

it w a s

fo u n d th at th e te n
一

yea r m e a n tem Per a tu r e a n o m alies elo sely eo rr ela te t o the su m o f the

sev e r ity in d e x in the d eea d e (W a n g R ishen g e t a l
. ,

19 8 9)
.

T he sev e rity in d e x w a s ta k e n a s

一 0
.

5
,

一 1
.

0 o r 一 2
.

0 w h en the sea so n a l tem Pe ra tu re a n o m a ly w a s 一 0
.

5一一 0
.

9K
,

一 1
.

0一
一 l

.

g K o r簇 一 2
.

0K
.

Se ve rity in d ex o f 一 1
.

0 eo o r re sPo n d s to ten
一

ye a r m ea n tem Per a tu r e

o f 一 0
.

2K
.

A刀 a lysis sh o w s v a lid ity o f th e e o rre sPo n d en ce fo r w in te r sea so n s 15 a lso fo u n d in

sPr in g
, su m m er a n d a u tu m n se a so n s

.

C o n seq u e n tly
, the te n ·

yea r m e a n se a so n a l te m Per a tu re

an o m a ly se rie s ea n b e r ee o n str u c te d w he n the se ve rity in d ex serie s
we

r e e stim a te d fr o m

h ist o rie al d ata so u r ees
.

A r ee en tly Pu b llshed Pa Per o f W ig ley (19 88) Pr o v id e d g o o d a r
gu me

n ts t o su PPo r t the

aPPr o a e h o u tlin e d a b o v e
.

T he re in
,

th e va riatio n s in the fre q u en cy o f the elim a tie e x tr em e s

w ith the e ha n g ing
o felim ate w er e ex a m in ed

.

Fig
.

2 sh o w s the ch a
ng e in Pr o b a bility o f ex eee d in g

a sPee ifi ed ex tr m
e v alu e a s th e m e an v a r ies fo r n o rm al ly d is州bu te d d a ta

.

A s a n ex a m Pl e ,

八失不

0
.

0 0 4

0
.

0 06

0
.

0 08

0
.

0 10

0
.

()2

月任叹Un八nUn八U0
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.

⋯
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0
.

2

0
、

4
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1 2 3

C h a n 即 i n m e a n ( S
.

D
.

I丁n i ts )

Fi g
.

2
.

R o lat i o n sh i p be tw e e n th e e ha n g e s o f fn . a n s a n d fre q u e n ey o f c lim a ti e e x tr e m e s ,
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a n e v e n t w ith a n in itia l Pr o ba bility o f P = 0
.

0 0 1 (Po in t A ) b ee o m e s 14 0 tim e s 一n o r e Iikely

(P 二 0
.

14
,

p o in t B ) if the m e an 15 in e re a se d by tw o sta n d a rd d e v ia tio n s
.

O n e e a n u se this d iag r a m in a re v er se w a y to fi n d the cha n g e o f m e a n v a lu e fr o m the

v a r ia tio n o f fr eq u en ey o f e o ld ev en ts
.

T a ble 1 g iv es the fr e q u en ey o f eo ld e v en ts w ith d if-

fe re n t sev erity in d iee s in se aso n s fo r Sha n gh ai d u rin g 18 7 3一 19 7 2
.

T . ble 1
.

Fre q uen cy
’

S

一 ⋯
o f C o ld E v

en ts w ith D iffe re n t Se v e rity In d ie es d u r in g 18 7 3一 1 9 7 2 in S ha n g h a i

Va
ria n e e 口 :

(K )

Seve rity in d ex

一 0
.

5 一 1
。

O 一 2
。

O

SPr in g

S Um m er

A U tU m fl

W ln tCr

0
.

68 1

0 7 0 2

0
.

7 6 8

0 9 7 0

0
.

15 0 (0
.

1 6 0 )
中

0
.

1 5 0 (0
.

1 6 1 )

0
.

2 0 0 (0
.

1 6 2 )

0
.

1 3 0 (0
.

1 5 2 )

0
.

0 9 0 (0
.

0 7 0 )

0
.

1 0 0 (0
.

0 7 5 )

0
.

0 8 0 (0
.

0 9 1 )

0
.

1 0 0 (0
.

1 3 1 )

0
.

00 0 (0
.

0 0 2 )

0
.

0 0 0 (0
.

0 02 )

0
.

0 1 0 (0
.

0 05 )

0
.

0 4 0 (0
.

02 0 )

* Fig u re s in the Pa re n th e ses a re th e

fre q u e nCy ea leu la te d fr o m no
r m a ld istrib u tion wi th th e var ia n c e in d ie a ted

.

T h e sim ila rity o f the fi g u r es o b ser ve d a n d ea leu la ted m ani fe sts fi n e n o
rm

ali ty o f se a so na l

tem Per a tu re seri es o f Sha n g h a i
.

T he eo ld e ve n ts w ith seve ri ty in d ice s o f 一 0
.

5
,

一 1
.

0 a n d

一 2
.

0 ini tia lly ha v e th e
fre q u e n ci es o f 0

.

15
,

0
.

13 a n d 0
.

02 re s户沁 tivel y (
see Ta bl e l)

.

Su P
-

Po se the ten
一

yea r m ea n te m Per a tu re w a s d eerea
sed by 0

.

5K
,

w hi eh c o

rre sP o n d s to the

wi n ter va ri a n Ce o f a b o u t 0
.

5
,

then the fre q u en cy w o u ld be in cre
a se d to 0

.

30
,

0
.

2 5 a n d 0
.

0 6

a ee o r d in g to 日9
.

2
.

C o n seq u en tly
,

the su m o f th e sev eri ty in d ex fo r tha t ten
一

yea r Perio d

w o u ld b e in e re a se d (lo w ere d in the n eg a tiv e v alu e) a s fo llo w s :

【(0
.

3 0 一 0
.

15) x (一 0
.

5)+ (0
.

2 5 一 0
.

13) x (一 1
.

0) + (0
.

0 6一 0
.

0 2) x (一 2
.

0) ] x 10 = 一 2
.

8
.

T he sev e rity in d ex o f 一2
.

8 eo rr esPo n d s to th e ten
一

ye a r m ea n te n 1 Per a tu r e o f 一 0
.

5 6K
.

T h is

15 in g o o d a ee o r d a n ee w ith the Pr o Po se d lo w e ri n g o f te n
一

ye a r m ea n te m Pe r a tu re
,

W
e m a y

in fe r th at th e eha n g e o f ten
一

ye a r m ea n tem Pe r a tu r e e a n b e e s tim a te d if the e ha n g e o f the

fr e
qu

en cy o f e o ld ev e nt s w ith d iffe
r en t sev er ity in d ic e s 15 id en tifi ed e o r r eetly

.

111
.

SE V E R IT Y IN D E X

T he im Po r ta n t steP in ree o n stru ct io n o f the tem Perat u r e ser ie s 15 t o id en tify the se v er ity

in d e x o n the b a sis o f histo ri ea l d o eu m e n ts
.

T he ee n tr a l Pr o ee d u r e in th is steP 15 t o e alib ra te

the e o ld ev en ts by u se o f the in str ume
n ta lly o b se rv ed tem Per a tu r e s

.

N o w th e Pr o e ed u re w ill

b e d ise u sse d se a so n by se a so n
.

Wi
n te r : M o st o f the a v a ila b le d a ta in histo r ie a l d o

cu m en ts e o n ee rn the sn o w in g o r

fre
ez in g o f la k e s a n d ri v e rs

.

A ee o r d in g to the r

ece
n t o bse rv at io n s (Fen g et a l

. ,

19 8 5 )
,

h e a v y sn o w in g o ee u rr ed a lo n g the lo w er a n d m id d le re ae he s o f C h an gj ia n g R iv er in w in te r

o f 19 54一 19 5 5
.

In th is w in te r the m a x im u m o f ae e u m u late d s n o w r ea e hed 1 m o r m o re
.

N e a rly a ll riv er s b u t the C ha n gji
an g R iv er w e r e fr o z en w ith a n iee e o v er o f a fe w te n th

t o o n e m e ter thiek
.

A n o ther sev e re w in te r in th e Ia st a fe w d ee a d e s w a s fo u n d in 19 76一
1 97 7

.

A t th a t tim e ,

the B o h ai Sea w a s fr o z en wi th a d ee P iee
.

T he se a w a ter wa
s fr o ze n

fo r m o r e tlia n fi v e kilo m eter s a lo n g the e o a st o f W eih ai Po r t in Sh an d o n g Pro vi n e e
.

T he

r n a x im u m d e Pth o f the iee rea e hed 0
.

6 m
.

E v e n the T a ihu L a ke a n d D o n gt in g L ak e in so u th

C hi n a w e re fr o z en fo r a fe w d a ys
.

H ea v y sn o w in g a n d g la z in g o eeu

rre d fre q u en tly in thi s

w in ter a lo n g the C ha n g jia
n g R iv er

.

Th
r ee sn o w in g Pro e esse s

we re o b se

rve d in Ja n u a ry o f

19 77 in H a n gZ ho u
, a n d the s n o w e o v o r w a s k ePt fo r 24 d a ys

.

In b o th 19 54一 19 55
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Ta ble 2
.

D cfi n itio n o f Seve rity In dex

Ill d e x S Pr in g S U m m er A u tu m n
W in te r

一 0
.

5 Sn 0 W lll g
,

fr 0 St

P r o lo n g e d ra in
,

1ig ht sn o w in g

Pr o lo n g e d r a in

S n 0 W in g
,

fr o st

h ea vy sn o w in g

g la z in g

一 1
.

0 fr o st d a m a ge
to g ra in

,

heav y

Sn 0 W lll g
,

g laz in g

fr o st
s

g la z in g
,

Sfl 0 W lll g
,

fl0 O d

fr o st d a m a ge

to gr a in
,

he a v y

Sfl 0 W i n g
s

g laz in g

介ce z in g o n

the gr o u n d
,

fr o z e n w e ll
,

fr o z en la ke

O f rlV C r

一 2
.

0 介c c z in g o n

th e gr o u n d
,

bitter eo ld
,

fr o ze
n Ia k e

O r IIV e r

Se祀 re fr 0 St

b itter C O Id

fr o z e n la ke

o r f lV e r ,

bitte r e o !d

bitter eo ld
,

fr o ze n s e a ,

fr o ze n la r g e

la k e o f r iV e r

a n d 19 7 6一19 7 7 w in ter s th e sea s o n al tem Per a tu r e a n o m a lie s w er e a b o u t 一ZK o v er Pr e d o m
-

in en t te r rito ry o f C h in a
.

T h e wi n te r o f 19 6 8一 19 6 9 w a s e o ld t o o ,

b u t w ith a little Iess se -

v er ity
, a n d the tem Per a tu re a n o m a ly w a s 一 IK o r m o r e in N o r th C hin a

.

T he B o h a i Sea

a n d H u a n gh e R iv e r w ere fr o ze n
.

T he r e
一

fr eez in g o f the H u a n g h e R iv er in the late w in te r

er ea ted serio u s ie e一fl o o d
.

T he g la z in g w a s fo u n d o v er a e x te n siv e a r ea o f E a st C h in a
.

T he re
-

fo re
, sev erity in d ex fo r th e w in ter s w ith sn o w in g o n ly w as d e fi n e d a s 一 0

.

5
, an d tha t w ith

fr o z e n la k e o r ri ve r a s 一 l
.

0
.

o n ly in the w in ter s w ith fr o z en la r ge la k e o r th e C ha n g ji
a n g

R iv er w a s the sev eri ty in dex g iv en by 一 2
.

0 (se e Ta ble 2)
.

Su rn ro er : Sea so n a l te m Pe ra tu re w a s elo s ely e o r
rel

ate d to the Pr ee iPita tio n
.

F o r

ex am Ple
, ser io u s fl o o d w a s o b se rv ed a lo n g the C ha n g ji

a n g R ive r in 19 5 4
,

w h ile th e a r ea w ith

一 IK o r m o r e tem Per atu r e a n o m a ly e o v er ed w h o le E a st C hin a
.

In o ther su m m er s wi th

Pla n tfu l Pr e e iPita tio n the se aso n a l te m Pe r a tu re a n o m a lies va r ied b etw ee n 一 0
.

3K a n d

一0
.

5K
, a n d the sev e rity in d e x w a s d efi n ed a s 一 0

.

5 o r 一 1
.

0
.

T he su m m er fr o st m e an s th a t the

fi r st fr o st m a y o eeu r a b o u t tw o m o n th s ea rlie r th a n th e n o

rm
a l

,

the n the se aso n a l te m Pe r -

a tu r e m a y b e lo w e re d b y a b o u t ZK in c o m Pa r iso n w ith th e n o r m a l T h u s fo r the su m m e rs

w ith fr o st th e sev e r ity in d ex w a s tak en a s 一 2
.

0
.

SPrin g a n d a u tu m n : It h a s b een fo u n d th a t au tu m n tem Per a tu re w o u ld d ec re a se by

0
.

3K if the fi r st fr o st o eeu r s ten d a ys e a r ly
, a n d sPrin g tem Per a tu r e w o u ld lo w er b y 0

.

4K

w he n th e last fr o st a PPea r s ten d a ys la te
.

Fo r e x a m Ple
,
the la st fr o st w a s d elaye d in a b o u t

te n d a ys in 19 5 7 a n d 19 6 5
.

T h e sPrin g tem Pe ra tu r e a n o m a ly w a s a b o u t 一0
.

5K
.

In 19 7 0

a n d 19 8 0 the la st fr o st ea m e a b o u t tw en ty d ay s la te r tha n the n o rm al
, an d tem Pe r atu r e a n o m

-

a lie s in b o th sPr in g s w e re 一 1
.

OK o r m o r e
.

T he fi r st fr o st w a s o bser v ed in te n t o tw e n ty

d a ys ea rlier tha n th e n o r m a l in 19 5 6 a n d 19 7 6
,

w h ile the a u tu m n te m Per a tu re a n o m a ly w a s

a b o u t 一 IK
.

C o n seq u e n tly
,

the a u tu m n s w ith e a rlier fi r st fr o st o r sPrin g s w ith la te r la st

fr o st tw e n ty d a ys o r m o r e tha n the n o r m a l
, o r the sea s o n s w ith h ea v y fr o stin g w hieh ser io u sly

d a m a g ed the ha rv est w ere r efe r r ed t o a s eo ld a n d d en o ted w ith sev e rity in d e x o f 一 l
,

0 o r

一 2
.

0
.
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T h er e w e re s o m e o tller d e sc riPtio n s o n the c o ld ev e llts in th e histo r iea l d o e u m en ts
, su eh

a s w e a rin g e o tto n
j
a
ck

et in su m m er , o r Pa ssin g o f c a rr iag es o ve r the fr o z en la ke o r r iv er
.

In tho se sea so n s a n d in th e sea so n s w ith sev er e fr o stin g
, sn o w in g o r fr eez in g a t lea st fo r tw o

m o n ths th e sev eri ty in d ex w a s giv en a s 一 3
.

0
.

Fo u r e x a m Ple s a r e g iv en a s fo llo w s :

W in ter o f 16 7 0一16 7 1
.

T he H u a ihe R ive r w as fr o z e n fo r thr ee m o n th s
.

C a rr ia g es

Pa ssed thr o u gh the riv er o n the ie e
.

B itter e o ld
.

T he w ells a n d sp r in g s w er e fr o z en
.

T re es

w er e w ith er e d
.

Sn o w in g la ste d fo r m o r e tha n o n e m o n th
.

Few Pa ssen g e r s ha d b ee n fo u n d

o n th e
wa y

.

A u tu m n o f 14 9 3
,

H ea v y sn o w in g w a s Pr o lo n g ed fr o m o eto be r thr o u g h A Pr il o f n ex t

ye a r
.

M o re th an o n e m ete r d eeP s n o w e o v er w a s a ee u m u la ted
.

T he v isib ility w a s sig n i
·

fi e a n tly d e er ea sed
.

R iv er s w e re fr o z en
.

N o bird s w er e fo u n d in the sky
.

Su m m er o f 1 6 6 1
.

Sn o w in g w a s o b se rv e d in Ju n e
.

Fr o st w a s fo u n d in ea ri y Ju n e wi th

b itte r e o ld
.

Fr o st d a m a g ed the v eg etab le s t o d e a th
.

B itte r c o ld o cc u rre d in ea rl y A u
gu

st
,

w h ile s n o w a n d fr o st W e re o b se rv ed
.

SPr in g o f 16 2 8
.

B itter e o ld w ith sn o w in g ap Pe ar ed in M a rc h
.

Fi sh d ied in fr o

zen
r iv e r

.

F ro st d am a ge d th e g ra in to d ea th in A Pri l
.

T h e ex tre m el y eo ld sea so n s wi th the
sev eri ty in d ex o f一 3

,

0 we
r e id en tifi ed

.

The ch ro n icl e

o f ex tre m ely eo ld sea so n s 15 gl
v en in Ta ble 3

.

T he w in te r o f 14 7 6 d e n o te s tha t of 147 6一 147 7
.

介目e 3
.

C hro n iele o f Ex tr em e」y C o ld Se a so ns

SPr in g 1 5 19
,
1 5 8 8

,
1 5 9 5

, 1 62 1 , 1 6 2 8
,

1 7 2 1
,

1 7 4 3
, 1 7 4 6

,
1 7 8 6

,
1 8 0 1

S u m m e r 15 7 7
, 16 6 1

,
1 6 7 0

, 1 7 5 5
, 17 94

, 1 8 5 9

A u tu m n 1 4 9 3
, 1 5 3 2

,
1 6 55

, 1 68 9
, 1 8 3 2

,

1 8 4 1
, 1 8 4 8

认Zln ter 1 4 7 6
, 1 透9 3

, 1 5 0 1
, 15 13

, 15 9 6
,

1 6 5刁
, 16 5 5

,

1 6 7 0
, 1 6 8 3 , 1 6 9 0

, 1 7 95
, 18 4 1

, 1 8 4 5
, 1 8 6 1

, 1 87 7
, 1 8 92

llll
es
.

!
esl.esles

!

⋯

M o re o ve r ,
t o sim u la te e lo sely th e w a r m d eea d e s ex tr e

me ly w a r m ev en ts w er e

id en tifi ed in a d d itio n to th e e o ld a n d e xt re m ely e o ld e v en ts
.

T he sev er ity in d e x o f a n e x -

t re m ely w a

rm
se a so n w a s g iv en as + 1

.

5
.

H ow ev er , o n ly th e d e se riPtio n s w hieh rea lly

in d iea te a n ext re m ely h ig he r te m Pera tr e th a n the n o
rm

a l we
re e o n sid ere d in id e n tify in g the

e x t r em el y w a rm eve n ts
.

Th
e eve n ts su ch a s d r o u g hts o r re

一

fi o w er in g o f fr u it tre e s w er e

o
而 tte d

,

fo r th cy lin k in g en er a lwi th a w a
rm

er sea so n ,

b u t n o t m u st b e a n e x tr em ely w a rm

o n e
.

F o u r ex a m Ple s a re o u tlin e d in the fo llo w in g
.

W in te r o f 152 2一 15 2 3
.

W
a rm a s in sPrin g

.

A u t u m n o f 17 59
.

E x tr em e ly w a r m in SePtem b e r
,

T h e r o o t s o f g r a in w er e ea ten b y

the in seets
.

Su m m e r o f 16 7 1
.

E x tr em ely h o t
.

N o r a in fr o m Ju n e th ro u g h A u g u st
.

G r a ss a n d

tr ee s w er e w ith ere d
.

Sp r in g o f 18 7 2
.

H o t in A p r il a s in su ln m er
·

T he e x tr em ely w a rm se a s o n s a r e liste d in T a b le 4
.

A lto g ether 3 2 ex tre m ely w a rm

sea so n s w e re id en tifi ed
,

w hieh w a s a litt[e le ss tha n th e to tal n u m b er o f e x trem el y e of d sea
-

so n s (39)
.

Bu t 1 1 o f 3 2 e x tre m ely w a rm sea s o n s o ecu r r ed in th e 2 0 th e en tu ry
.

M ea n

wh ile,

n o o n o ext r em ely eof d s ea so n w a s fo u n d in th is Per io d
,

It m a n ife sted w d l the wa m lin g pf
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4

the e lim a te in C h in a a t Pre se n t tim e
.

A s a re su lt
,

th e c o ld a n d ex tr em ely e o ld eve n ts a n d ex tre m e ly w a rm eve n ts we re id e n -

tifi e d fr o m 1 3 80 thr o u g h 19 8 8
.

T h e n ex t ste P 15 to tr an sfo rm sev erity in d e x in t o th e

ten
一

羚a r

T a ble 4
-

m e a n tem Pe r a tu re a n o m a lies
.

C hr o n ie le o f E x tre m e ly W a rm Sea so n s

SP rin g 1 4 7 4
,

1 6 1 8
,

1 6 39
,

1 8 7 2
,

1 9 1 9
, 1 9 2 8

, 1 9 4 1

SU m m e r 1 52 6
, 1 5 9 2

,

1 67 1
, 1 69 2

,
1 7 1 4

,
17 3 8

,

1 9 3 4
, 1 9 5 3

A U tU m n
1 7 3 2

,
1 7 5 9

,

1 7 6 8
,

1 85 5
, 1 9 2 5

,
1 94 5

,
1 9 4 6

W in ter 1 4 9 7
,

1 5 2 2
, 15 4 4

, 1 6 1 2
, 1 69 5

, 1 7 0 3
,

1 7 8 6
, 19 40

,
1 9 4 5

, 19 7 8

IV
.

T E MPE R A T U R E S E R IE S O F 1 8 8住一 19 79

T he im Po r ta n t steP in tr a n sfo rm in g th e sev er ity in d e x in to th e te m Pe r atu r e a n o m a ly

15 t o fi n d a tem Pe r atu r e seri es ,

w h ie h 15 lo n g e n o u g h a n d r ePre sen tativ e fo r th e stu d ie d

re g io n
.

T he tem Pe ra tu r e g r a d e d ata set Pr o v id e d the o n ly o n e h o m o ge n e o u s te m Pe ra tu r e

ser ies in C hin a ,

then it w a s u sed in ea lib ra tio n
(B

e
iji

n g M eteo r o lo g ie al Ce n te r ,

19 8 2)
.

T he

te m Per a tu re g ra d e s a r e ex Pre ssed by the fi g u r es o f 1 t o s
,

w hie h re Pr esen t m u eh w a r m
,

w a r m
, n o r m a l

,
eo ld a n d m u e h e o ld

, r esPee tiv ely
.

T h e g r ad es ar e d efi n ed by the fr eq u e n ey
,

5 0 the fre q u en ey o f g r a d es 1 an d 5 w a s 12
.

5 %
, a n d tha t fo r th e o the r g r a d e s w a s 2 5 %

.

Fir st
,

the g r ad es w e re fo u n d fo r ea eh sta tio n an d fo r ea eh m o n th
.

T he n ,

thre e m o n th a v e r -

a ge s
we

re ta k en to fo rm
a sea so n a lm ea n

.

Fin a lly
, r eg io n a lm e an w a s o bta in ed b y a v e r ag in g

the se v en sta ti o n s ,

Sha n gh ai
,

N a
nj in g

,

H a n k o u ,

Y ieha n g
,

C ha n g sha
,

Z h ijia
n g a n d W en z h o u

.

T h e e o v er a g e o f the se stati
o n s 15 n ea ri y th e sa m e a s in ex a m in in g the histo ri e a l d o e u m e n ts

,

5 0 it w a s u sed a s a re Pre s兮n tativ e d a ta set
.

M u ltiply in g the
ave r

ag ed g ra d e s by △T
, o n e ea n 罗 t th e sea s o n al tem p e ra tu re a n o m a ly

,

h ere △T wa
s l

.

OK
,

0
.

8K
,

0
.

9K a n d l
.

ZK fo r sPri n g
,

su m me 几 a u tu m n a n d wi n ter
,

re sPec
-

tiv ely
.

△T 15 th e ave ra 罗 d iffe
re n ee b e tw een th e tem Pe r atu r es fo r ea eh tw o s u eee ssive g r a d e s ,

1 a n d Z
,

2 a n d 3
, a n d 5 0 o n

.

T he g r a d e serie s b e g a n a t 19 10
, 5 0 th e an o m al ie s fo r d e -

ea d e s,

19 10 5 ,

19 2 0 5
,

⋯
,

19 8 0 5 w er e ea leu la te d by a ve r ag in g th e ten sea so n a l a n o m a lies
.

T he y w e re g ive n in Fig
.

3 by d o tted lin e
.

In eo m Pa r iso n w ith the m the te n 一

yea r m ea n te m
-

Per a tu re a n o m alies w e re a lso e ale u la ted ba sed o n sev eri ty in d ex d a ta set
, a n d d ra w n in

the sa m e d ia g r am by so lid lin e
.

Fig
.

3 sho w s g o o d Pa r a llelism b etw e en tw o ser ies
.

It in d iea te s th at th e r a tio o f sev e rity

in d iee s ,

一 2
.

0 to 一 1
.

0
,

w h ie h w ere fo u n d in Pr ev io u s PaPer(W
a n g R ishen g et a l

. ,

19 89 )
,

15 also ae ee Pta ble fo r th e o th er sea so n s b esid es w in ter
.

In a d d itio n ,

fo r g ettin g a r atio n a l a n o m a ly th e u sa g e o f a n aPPo site n o

rm
a l 15 v ery

im Po rt an t
.

A Perio d o f sev e n ty yea r s (19 10一19 7 9 ) w a s a little sho rt e r ,
a n d e o ve re d m ain ly

the w a

rm in g in th e 2 0 th ee n tu ry
.

T he re fo r e ,

the 10 0 yea r Per io d fr o m 18 80 to 19 79 w a s

ta ke n to fo rm
a n o rm a l

.

It eo n sists o f n o t o n ly the w a rm in g Pha se
,

b u t a lso the en d in g Pa r t

o f the Ia st e o ld p ha se ,

L ittle Iee A ge
.

T her efo r e ,

the tem p er atu r e a n o m a lies e ale u lated

fr o m the g r a d e s sin ee 19 10 w or o a lso 玲d u e ed t o the an o m a l策e s w hioh r ofe rre d to the 100

yea r n o rm a l
,



N o
.

4 T E M PE R A T U R E V A R IA T IO N S S IN CE 1 4 7 0 A D IN E A S T C H IN A 4 35

(℃ )

即U一�d钓

C )(cU

:3

�口L公�匕n的

( ℃ )

口己�口�二招

火。Pu�卜4一�。̂。的

( ℃ )

�。�u一莽

18 8 0 万 1 90 口5 1 9之tjs 1 9生0 5 1 9 6 0 5

F19
.

3
.

T e 一1
一

了e a r m e a n

i n d e x 〔so lld

se a so n a l t e m Pe r a t u r e a n o m a lie s ba se d o n t e m p e r a tu re g r a d e s (d o t te d li n e ) a n d s e ve r lty

}111 e )
.

V
.

T E N
一

Y E A R M E A N T EM PE R A T U R E A N OM A L IE S S I N C E 14 7 0

O n e e the se v e r ity in d e x 15 fo u n d fo r e a e h se a s o n a n d d e e a d e
, I t 15 e a sy t o re c o n s tr u e t

the te n
一

ye a r m e a n te m Pe r a tu re a n o ln alie s by In u ltiPlyin g 0
.

2 a n d s u b tra e tin g th e n o r m a l
.

Fig
.

4 sh o w s t h e te m Pe r a tu re a n o m a ly s e r ie s fo r t h e se a so n s o f sPr in g
, s u m m e r , au tu m n

a n d w in t e r
.

T h e o rd in a te o n th e le ft in d ic a te s t h e s e v e r ity in d e x
, a n d tha t o n the rig ht

d e n o te s th e te m Pe r a tu re a n o m a ly
.

T h is s e e tio n w ill c o n c e n tr a te o n d is c u s sio n o f th e g e n e r a l e ha r a e te r ist ie s i n e ha n g e o f te n -

ye a r m e a n te 一n Pe r a tu re a 一lo m a li e s
.

T h e re su lt s a r e a s fo llo w s :

( l) T h e n u m b e r o f d e e ad e s w ith th e te m Pe r a tu r e a n o m a lie s lo w e r th a n th e a v e ra g e

fo r the Pe r io d b e fo r e 18 80 (sha d e d a r e a s 111 F ig
.

4 )
, v a r ie s fr o m 10 in a u tu m n t o 15 in

W lll te f
.

(2 ) T he m in lm u m o f te m Pe r a tu r e a n o m a lie s re a c he d 一 l
.

SK in a u t u m n s o f the 15 30 。

an d the 1 6 50 5
, a n d in w illte r s o f th e 16 50 5 a n d th e 184 0 5

.

T lle t e n
一

ye a r m e a n te m Pe r a t u r e

a n o m al y in w in te r o f t h e 18 40 5 e ve zl re d u e e d to a b o u t 一 ZK
.

B u t in su m m e r te m Pe ra t u r e

an
o m alie s w e r e r a re ly b e lo w 一 I K

.

(3) N o n e o f d e e a d e s w a s fo u n d w ith te m Pe r a tu r e a n o m a ly b e lo w 一 I K i :1 t h e Pre se n t

Ce ni u ry
.

o n ly su m m e r te m Pe ra tu re a n o m a ly in th e fi rs t d e e a d e o f t h e 2 0 th c e n tu r y w a s
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4

lo w er tha n th a t av e ra ge d fo r the Per io d be fo r e 18 80
.

(4) T h e m a x im u m o f ten
一

ye ar m ea n tem Per a tu re a n o m a lie s w a s fo u n d in th e 19 4 0 5

in all the sea so n s b u t su m m e r ,
the m a x iin u m a n o m a ly o f w hieh o ee u r r ed in the 19 3 0 5

.

T he m a x im u m o f Po sitiv e a n o m a ly w a s a PPr o x im a tely 1 K in th e a u tu m n o f th e 1 94 0 5
.

T h e m a x im a fo r o th er se a s o n s v a ry be tw ee n 0
.

6 a n d 0
.

8 K
.

(5) Fig
.

5 sho w s th e te n 一

yea r m ea n a n n u a l tem Pe r a tu r e a n o m a lies
.

T e m Pe r a tu r e

a n o m al ie s镇 一0
.

5 K w e re fo u n d in the e a r ly 16 th ce n tu ry
,

m id d le 17 th ee n tu ry an d m id
-

d le 19 th ee n tu ry
.

T he se a r e the th re e e o ld Per io d s in E a st Ch in a d u rin g the L ittle Iee

A g e.

(6) T he c en ten a ry a n n u al tem Per a tu r e a n o m a lies fo r the 16 th
,

17 th
,

18 th a n d 1 9th

c e n tu ry w er e 一 0
.

53 K
,

一 0
.

6 3 K
,

一 0
.

4 2 K a n d 一 0
.

6 3 K r esPee tiv e ly
.

W
e m a y in fe r

th a t th e tem Pe r atu r e in the Little Ie e A g e a s a w h o le w a s a b o u t 0
.

5K lo w e r tha n th a t in

th e la st 100 yea r Pe rio d
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