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,

Zh
a n X :‘: hi(湛绪志)

,

S : ‘, , L i (孙 力) a n d C/I
e
叮 Z hig a

馆 (程志刚)

In st itu te o f G e o g r a Phy
,

A ea d e m ia S in ic a ,
B eijin g

R ec e iv e d Ju n e 2 6
,

19 8 9

A BS T R A C T

B a se d o n fo u r tre e一 rin g e h ro n o lo g ie s w liie h w a s a n a lyse d w itl飞 a PPro Pr ia te e o lle e tio i l a lld a c e u r a te d a tin g

in the m id d le T ibe ta , 1 Pla te a u , a n e sse 一飞tia l P ro ee d u re o xl r ec o n s tr u e tio n o f Pa st e lim a te ha s b ee n Po illte d o u t

in this Pa P e r
.

F jrs t , th e re sPo n se fu n c tio n o f e a e h d en d r o e h拍
11 o lo g y h a s b ee n bu ilt a n d u s ed to es tim a丈e h o w

rin g
一

w id th g ro w th re s p o n d s to v a ria tio n s in m o n tllly c lim a tie e h an g e
.

S ec o n d
, th e e lim a te fa eto rs w h ie h e o u ld

be Pr o d u c e d w ith d iffe re n t tre e 一r in g s er ie s ha v e bc e n se le c te d
.

T h e xl ,

th e tra n sfe r fu n c tio n e q u a tio n ,

in e lu d in g

a n e w se t o f o r tho g o n a l v a r ia b le s , e a n be u se d to r ee o n s tr u e t lo e a l Pa s t te m Pe ra tu r e o r Pr ee iPita tio n
.

It

sh o u ld be e m Ph a siz e d tha t Pr io r g r o w th h a s be en c o n sid c r e d in th e r e la tio n s hiP be tw e en e lim ate fa e to r a n d

tr ee 一 rin g e hr o n o lo g y
,

B e s id e s , s o m e d iffe
r en t p e r io d s fo r ea libr a tio n a n d ver ifi e a tio n h a v e be en d iv id ed

.

A n d

so m e sta tistie s a n d o ther k in d s o f P r o x y d a ta l1 a v e be e n a d o Pte d a s tes t a PPro a eh es
.

A s a re su lt
, th e v a ria tio n s

o f a ir te m p er a tu re d u r in g th e la s t 6 0 0 yea r s a n d p r ec iPita tio n d u rin g th e la st 3 4 0 y ea rs w e re rec o n stru ete d

b y c o m b in in g the s a m e tyPe s o f tro e 一r in g se ries in th e rn id dle T ibe t
.

1
.

IN T R O D U CT IO N

It 15 n o d o u b t tha t the v a r ia tio n o f tre e一r in g w id th w 址eh re sPo n d s to lo e a l e lim a tic

cha n g e ca n be u se d to e stim a te th e v a ri a tio n o f elim a te fa c to r
.

A s Pro x y d ata w liieh m a y

be a ssig n e d a c eu r a tely t o a Pa r tieu la r ye ar a n d Pla ee ,

tr ee一 rin g eh ro n o lo g y lia s b ee o m 。

o n e o f m aj o r a PPr o a ch es w id ely u sed t o stu d y tli e elim ate eha n g e d u rin g H isto riea l T i,n e in

the w o r ld
.

In C hin a ,

d e n d ro elim a tie w o rk w h ic h m a y d e r iv e the v a r ia tio n o f lo ea l Pa st tem Po ra -

tu r e a n d /o r Pr ee iPit atio n b eg a n in th e 19 3 0 5 ,

b u t the system a tie stu d y o n d e n d r o c lim a to
-

lo g y ha s im Pr o v ed d u r in g re c e ll t 10 ye a r s a n d m o r e
.

E sPee ia lly
,

th e r e ha s b e en s tr ik in g

a d v a n e es in the fi eld o f t re e 一r in g a n a lys主5 fo r r ee o n str u e tin g Pa st eljm a tie fa c to r s o f a ir

tem Per a tu re
,

Pr ec iPita tio n a n d se a 一lev el Pr e ssu r e d u rin g th e la st yea r s (W u a lzd L o u g h
,

19 8 7 ; W
u et a l

. ,

19 8 8)
.

In o r d er t o yie ld r elia b le a n d a d v a n ta g e o u s tre e 一r in g eh ro n o lo g ie s ,

W u et a l
.

(19 8 8) ha ve d em o n str ated th e “thr ee 一steP d atin g
, ’

m e th o d a s a n e
ffe

etiv e a PPr o a eh

to d o e r o ssd a tin g
.

It sh o u ld be n o ted th at fo u r fi n a l tre e 一rin g e hr o n o lo g ie s lo c a ted in th e

m id d le T ib et w er e e sta blishe d
.

A m o n g th em
,

tw o a r e lo e a te d in N yin g eh i C o u n ty ; the

o ther s a r e in M a in lin g C o u n ty a n d Lh位n z hu b C o u n ty
, re sPe etiv ely

.

T he se e ho n o lo g ie s a r e

in d iv id u a lly n am e d (N Y I) l
,

(N Y I)2
,

(MA I) l a ,记 (L H U ) 1
.

T h e d a ta se ts ea n b e b a si
-

c a lly Pu t in to tw o ea te g o ries
.

O n e 15 n e a r the 、xPPe r lim its o f fo re sts w ith 11ig h a ltitu d e
.

T he

o th e r 15 fr o m a rid a r ea o f lo w e r altitu d e
.

牛
T he Pr oj ec t 15 s u PPo r te d by N a tio n a l N a tu ra l S c ie n e e Fo u n d a tio 一1 o f C hin a

.
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T he d e ta ils o f tli e sa m Plin g site s ,
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,
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欣

e ti V c s a 一n plin g
,

in e a s u r in g
,

d a tin g a n d e u r v e fi tt in g
.

T h u s ,

tlle y a ,
‘

e z
‘

e lia ble 五z飞: ‘! e ll l
‘

o lzo lo g ie s fo r l
’

c c o n s t rllc tin g th e p a s t c lim a tc in th e m id d le p a rt o f

T ib c t
.
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I n d e lz d r o e l一m a to lo g y
, r e sPo n s e fu n c tio li ha s b e e n w ld e ly u se d to e stim a te h o w r一n g

一

w id tll

g r o w tll r e sPo n d s to v 比r ia tio ll s in m o n thly e lim a tie e o n d itio n s
.

It 15 n e e e s s a ry to b e e s
-

t ab llsll e d b o fo re 一e e o lls t一、xc til飞9 p a st e lim a te
.

F ritts a n d W u (19 8 6) a n a lyse d t h r e e d ilTc
r e n t

r e sPo n se 一

fo lle tio z z Pl
·

o g la m s
.

T h e r e s u lt、 w e r e d e s e r ib e d a n d e o m Pa re d o n e to a n o the r

a s w e ll a s to t ll o s o o b ta in e d fr o rn s o m e o th e r re g re s s io n m e tllo d s
.

A ls o
, the r a tio n a le fo r

t h e d iffe
re n t r e sPo n s e 一

fu n e tio n s o lu tio n s w a s d ise u s s e d
.

T he d e ta ils o f m e t ho d a n d e a l
-

c u la tio n o f r e s p o n se fu n e tio n a re n o t n e c e s s a ry to b e d e sc rib e d in t h is Pa Pe r
.

H e re , s e v e r al k e y s te Ps e o n e e r n e d w ith th e m id
一

T ib e t d e n d ro c h r o n o lo g ie s w ill b e lll e n tio l卜

e d
.

o n e o f th e m 15 ab o u t th e s e le e t io n o f n e a r m e te o ro lo g ic a l st a tio 一飞 a s b a s ic re fe r e n e e

Po jn t
.

I t 15 s u r e tha t th e N yin g chi M e te o ro lo g ie a l S ta t io n w h ic h 15 tho n e a re s t o xi e t o b o th

s更te s o f (N Y I ) 1 a n d (N Y I ) 2
,

5 km a n d 30 k m d is ta n t fr o m th e m r e sP e e tiv e ly
, e a n b e

e o n s id e r e d a s a re fe re n e e Po in t
.

S o m e tim e s
,

it 15 n o t e a sy to fi n d a PPro Pr ja te s ta tjo n s

a s s u e h Po in t s b e e a u se o f th e Ia e k o f o b se r va tio n d a ta in T ib e t
.

Fo r (L H U ) 1
, the re 15 n o

m e te o r o lo g ie a l s ta tio 一1 in this c o u n ty
.

T li e n e a r e s t s ta tio n 15 in D a m x u n g C o u n ty
,

b u t

the r e 15 a h u g e b o d y o f th e N y a in q e li t a n g lha R a n g e b e tw e e n the s ta t io n a n d the t re e
一rin g

s ite
.

O f e o u rs e ,
t he s ta tio n e a n n o t b e a s r e fe r e n c e Po in t fo r (N Y I ) 1 b e e a u se o f d iffe re n t

e lim a te tyPe s
.

Fo rt u x: a te ly
,

w e fo u ll d tha t Lha s a M e te o r o lo g ie a l Sta t io n ,

w h ie h 15 a b o u t

12〔) k 211 d j、ta 一l t fi
·

0 11 : tll e tr e e sjte
, e o t lld b e t ,s e d a s a re fe re n e e P o in t

.

A s a sPe e ia l ca s e ,

(M A I少1 15 lo c a te d o : 1 th e s o u tll b a n k o f the Y a r lu n g Za
n g b o R iv e r

.

T h e r e a r e a e o uP le o f

In e te o 一o lo g ie a l s ta tio r飞s 一le a r t l飞e t一e e s ite
,

b u t th e o b s e r ve d re e o rd s o llly le s s tha n 20 ye ars
,

w Ilie ll 15 11 o t e z飞o u g ll 10 e ale t一I: 、te tlle s ta b le 一e sPo lls e 几1一le t io ll
.

A e tu a lly
,

we
e o u ld n o t fi n d
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a n y m e te o ro l哈ca l sta tio n s a s tli e r efe ren ee Po in t
.

A s a re su lt
,

th e re sPo n se fu n etio n o f

(MA I) 1 ha s n o t bee n an alyse d in this p a p e r
·

A n o th er k cy ste P 15 a b o u t the d eter l刀in a t主o n o f elim a te fa e to r n u m be r,

w hich 15 eo n -

ce r n ed w ith the len g th o f o b se rv ed r e e o r d
.

It ea n b e ad o Pted fo r Lha sa St atio n to selee t

m o n th ly m ea n a ir tem Per atu r e a n d t o ta l Pr ee iPita tio n fo r 12 m o n ths sta r tin g w ith o eto be r o f

the la st yea r b eea u se its len gth o f su eee ssiv e o b ser v ed r e e o r d 15 m o r e tha n 30 yea r s
.

T o g ethe r

w ith thr ee Prio r g r o w in g fa eto r s,

the to tal Pr ed ie to r s a m o u n t to 2 7
.

S im ila r ly
, eig ht

一

m o n th

Ien g th 15 selec ted fo r N yin g eh i Sta tio n b eea u se jt h as o n ly 2 5
一

ye a r d a ta
.

In o r d er to ke eP

the in fl u e n c e o f Prio r w in te r ,

th e fi r s t m o n th in re sPo n se fu n e tio n e q u a tio n star ts w ith Ja n u a -

ry
.

T h e t o ta l Pr ed iet o r s m u st be 19
.

By e a r ryin g o u t a n a lysis o f a n o r tho g o n a l t ra n sfo rm atio n an d a ll
一 ste P m u ltiPle r eg r es -

sio n o n th e tr ee 一r in g ehr o n o lo g y th e r esPo n se fu n etio n fo r c hr o n o lo g y (N Y I) 1 w ith N yin g eh i

c lim a tie d a ta h a s b een der iv ed a n d sh o w n in Fi g
.

l
,

A ll o f the eige n v eeto r s (10 0 %) w e r e in
-

e lu d ed a s the i币 tial r e g r essio n in e aeh Pro g r a m
.

T he v e r tie al lin es d e sig n a te the 0
.

9 5 c o n -

fid en e e r a n g es
.

A n d th e sig n ifi e an t elem en ts w e re m a rked w ith “ * ” in the fi g u re
.

A ee o r d in g to th e resPo n se fu n e tio n , a Po sitiv e r esPo n se o f (N Y I) 1 to s o m e
一

m o n th tem
-

Pe r a tu r e ea n b e see n
.

T he sig n ifi ea n t fa c to rs s u g g est tha t h ig h tem Pe ra tu r e in Ja n u a ry a n d

Ju ly w o u ld b e o f ben efi t t o n u tritio n 一

m a ter ial a c e u ln u la tio n an d e a m biu m a e tiv ity o f the se tr ee s

a t the site
.

H o w ev er ,

the h ig h te m Pe ra tu r e in Ju n e ,

w hich 15 r ela te d w ith sta rtin g o f r a in

s e a so n ,

m a y b e e a u sed by less Pre c iPita tio n
.

Th
u s it e o u ld le ad to th e ex ce ssive ex Pe n se

o f n u tr itio n m a ter ia l in tr ee a n d Iim ited tr ee g ro w th
,

he n ee
,

the sig n ifi e a n tly n e g ativ e r esPo n se

to Ju n e tem Pe r a tu r e fo r (NY I) 1
.

T e m p er a tu r e
Pre e iPit政tio n

R 布o r

G r o w t h

、、、、、、

\\\\\ T 」」
。的0�P口

Les ~ ~ 一一一J 巨目. . . . , 日

一
~占 ~ ~ 叫

~ 州副

- 一习

J F M A M J J A

M o n t h Y e a r

Fig
.

1
.

R . s Po n s e fu n o t io n o f (N Y I ) 1
.

T he r e sPo n s e t o r a in fa ll in Fig
.

1 Po rt ra ys th a t fi v e o f al l e igh t fa c t o r s a r e sig n lfi e a n t
.

T h e m a正n fe a ture
o f re sPo n se 15 n e ga tive d u r in g the Pri o r Pe ri o d o f g r o wi n g s e a s o n ; a n d i t

15 p o s it iv e d u r in g the g r o w in g s e a s o n , e sPe e ially in Ju ly a n d A u g u st
.

I t d e m o n s tr at e s tha t

m o r e ra in fa ll d u r in g g r o w in g se a so n m u s t b e he IPfu l to t re e gr o w t h in su e h a r id a re a
.

T he

r e la tio n sh iP b e twe
e n e lim a te a n d tr e e g r o w th fo r (N Y I) 1 15 b a s ie a lly in a e e o r d w ith tha t fo r

m o s t d e n d ro ch
r o n o lo g ie s in a r id a r e a

.

A s fo r Pr io r g r o w th
,

b o th o n e 一

ye a r a n d tw o 一

ye a r

la g s a re 主m Po r ta n t fo r e u rre n t ye a r g ro w th
,

T he o n e
一

ye a r ]a g s e e m s Po s it iv e r e sp o n se : a n d th e

tw o 一

ye a r la g n e g at iv e
.

T h e m u ltiPle e o rr e lat io n c o e ffi e ie n t (R ) o f fi n a l r e g r e ss io n e q u a tio n w h ie ll e o llta i‘15 19
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M o n t h Y e a t

F ig
.

3
.

R e印o n se fu n e io n o f (LH U )

fa e t o rs e a n r e a e h 0
.

8 8
.

T h e v a r ia n e e e x Pla in e d b y Pr io r g r o w th 15 16
.

6 %
,

b y e lim a t ie fa e t o r

15 60
.

1%
,

th e t o ta l 15 7 6
.

7 %
.

I t a ls o sh o w s t ha t the r e 15 m u e h v a lu ab le e lim a te in fo rm a tio n

in t he e h ro n o lo g y (N Y I) 1
.

T a k in g t hre e t re e 一r in g e hr o ;l o lo g ie s a s sa m Ple s to e o m p a r e wi th

(N砚) l
,

th e y ar e fr o m th e a r id a re a o f w e s te rn A m e r ic a : tw o a r e in C alifo rn ia a n d on e

in s o u th e ,
·

n A ri z o n a (Fr itts a n d W
u ,

19 8 6 )
.

O n a n a v e r age
, t h e va ria n ce fo r the m ex Pj al

n -

e d by p rio r g r o w th 15 17
.

4%
,

w h ie h 15 a lit tle b igg e r tha n t l、a t fo r
(N Y I) 1

.

T he ir ave r ag ed
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V a ria n c e exP la in ed by e lim a tic fa c to r 15 4 8
·

7 %
·

It 15 lo w e r tha n the v a ri an e e fo r (N Y I) 1
.

T he to tal va ri a n ce fo r thr ee ehr o n o lo g ies 15 a lso lo w er th a n th a t fo r (N Y I) 1
.

It ha s b e e n

r ePo r ted tha t the v ari an ce ex Pla in ed by elim a te fo r 102
一site e h ro n o lo g ies w hic h ca n b e u sed

fo r r ec o n str u c tin g p a st lo c a l clim ate in w e ster n U
·

S
·

15 ab o u t 60 % (G r a ybill
,

19 5 2)
.

T his

statistica l re su lt sho w s a er iter io n o f g o o d q u a li*y eh ro n o lo g y
.

It 15 o bv io u s tha t the ehr o n o -

lo gy (N Y I) 1 m ay b elo n g to the s am e c ate g o ry a n d in d ic a te the e lim a tie e lla n g e , esPe e ia lly

the v a r la tio n o f lo ea l r a in fa ll
.

O the r tw o r esPo n se fo n c tio n s d e r iv ed fr o n l (N Y I) 2 a n d (LH U ) 1 a r e sh o w n in Fjg s
.

2 a n d 3
, r esPe etiv ely

.

It 15 e lea r th a t the ir re sPo n se v a ltj e s t o a ir tem Per atu re see m to b e Po sitiv e in m o st

m o n ths
.

T he v alu e s aPPe ar n e g ativ e in a fe w m o li tlls
,

bu t the y n ev er re a elz the sig n jfi ea n t

lev e ]
‘

E sPee ially
, eig ht o f all 12 m o n ths a PPe a r sig n ifi e a n t Po sitiv e r esPo n se fo r (LH U ) 1

.

It 15 n o t e a sy t o b e seen fo r o ther tim be r lin e e hr o ,l o lo gi e s
.

A s a r es u lt
,

b o th o f th em a re

sen sitiv e t o tem Pe ra tu re v a ria tio n
.

A s fo r re sPo n se to r a in fa ll
,

th ey se em n o t sim ila r e a eh

o ther b ee a u se o f d iffe
r en t sm a ll g r o w in g sites

.

H o w e v er ,

the Po sitiv e r esPo n se d u r in g the

g r o w in g sea s o n to r a in fa ll fo r th em se e m s o b v io u s
.

A s fo r the re sPo n se to Prio r g r o w th
,

the o n e 一

yea r la g 15 sig n ifi e an tly Po sitiv e
.

T he m u ltiPle c o r rela tio n eo em eien t (R ) o f the re sPo n se re g r essio li fo r (N Y I) 2 15 0
.

9 0
,

a n d 0
.

8 6 fo r (L H U ) 1
.

T h e v a r ia n e es e x Pla in ed by elim atie fa et o r fo r th e m a r e 60 %
o r 50

.

T h eir to ta l v a r ia ,飞e es a r e 8 2 %
an d 7 3 %

, r e sPee tiv ely
.

T he sta tistie s fo r the m a r e liste d in

T a b lC 2
.

T 汕le 2
.

S ta tistie s o f T hre e R e sP o n se F u n etio n s

2

一一
C hro n o lo g y (N Y I) z (N Y I) (L l{ U ) 1

Va
r ian e e (%)

Pr io r g ro w th

C】im a te

T o 亡a l

1 7
、

4 4

6 4
.

2 5

8 1
.

6 9

1 4
.

1弓

5 9
.

2 4

7 3
.

3 9

M u irjPle R

T o ta l fa e to r s

5 ig n 主fi ea n t ele m e n ts

000 8 7 666

111 999

0
.

90 4 0
.

8 5 7

1 9 2 7

1 0 13

T he a n a lyse s o f e sta b lish in g re sp o n se fu n e tjo n ha v e d em o n stra te d th at these e hr o n o -

lo g ie s

g ro w tll

a r e Po sitiv e in r esPo n s e t o e lim a te

a t th ese eo lle etio zl sites
.

O f eo u r se ,

it

a n d e o in eid e n t wi th bio lo g ic a l the o z,y o f tre e

w ill b e Po ssible to u se th em fo r r e e o n str u e tio r飞

o f lo ea l elim atie e ha n g e
.

111
.

R FC O N ST R U CT IO N O F C LIM A T E F A C T O R S

A s fo r e lim a tie Pre d ie ta n d s ,

it ea n b e c a rr ied o u t fr o m th e re sPo n se fu n etio n a n d

re la tio n shiP b etwe
e n eh ro n o lo g y a n d elim a te

.

(N Y I) 2 a n d (L H U ) 1 w e re fr o m tim b e r

1in e in T ib et
.

T h e v a r ia n ees e x Plain e d b y c lim a te fo r them e a n re a ell 6 0 %
.

T he ehr o -

n o lo乡
e s e an b e u se d fo r re c o n str u e tin g Pa st tem p e r atu r e v a ria tio n

.

A e eo r d in g t o the d istr i
-

b u tio n o f sig n ifi e an t ele m en ts ,

the sp ,
·

in g sea s o n (A p ril一Ju n e) m ay b e th e m o st a c tiv e fo r

gr o w in g in (N YI) 2 site
,

T he e o rre lo tio n c C。币cien t ( r ) b etwe
e , 1 tre e

一r in g in d e x a n d 、p rjn g



O口一.
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一

Y E A R MID D LE
.

T 】BE T D EN D R O C L IM A T O L O G IC A L R E CON ST R U C T ION

t曲Per a tu re 15 0
.

7 5
,

Pa s幼n g si g n ifi c a n e e tests a t

eo n sid er the

AP
ri卜刁un

e

ave
r ag e te m Pe r a tu re a s

the 9 5 %
e o n fi d e n e e lev e l

.

the Pr ed ie ta n d fo r (N Y I)

T hU s
.

w e

2

w e hav e fo 仙d tha t the re sPon se to tem p e r atu re m ig h t b e m o r e sig n ifi e a n t in
5 1而la rly

,

e ithe r Per io d
,

sPri n g se a son o r
Pri

o r wi nt e r
.

By ta k in g the p r io r O e to b e r th r o u g h Se p te m ber a s a yea r ,

th e e o n ℃la tio n eo日五d en t b e twe
e n r in g in d e x a n d ye a r’ 5 t e n l p e r a t u re js 0

.

7 5
.

O f e o u r s e ,
the

Pre d ict an d fo r (LH U) 1 eo u ld b e d eter n lin ed
·

(N Y I) 1 belo n gs t o an o the r k il记 o f eh r o n o lo g y w llieh w a s fr o m lo w er tre e Iin e in a r id

a re a
.

Its v ari a tio n 15 o ft e n e o n eer l、e d w itll r a in fa ll v a r ia tio n
.

B a se d o n its r esPo n se fu n e -

ti o n
,

the sig n ifi ea n tly Po sitiv e v alu e a PPea r ed in tlle g r o w illg sea so n
.

T I飞e e o r re latio n e o ef-

五ci en t b etw een r in g in d e x a n d r a in fa ll o f M a y thr o u g iz A u g tls t 15 0
.

73
.

O f e o u r se ,

the Pre -

ciP fta tio n fr o m M a y thr o u gh A u g u st 15 e o n s id e r ed a s the Pr ed ieta n d fo r (N Y I) 1
.

A s fo r (M A I) l
,

it e o u ld n o t be a n a lys ed by re sPo n s e 几 , le tio , 1 b ee a u se o f sllo r te r o b s e r y -

ed se r ie s
.

T he e hr o n o lo g y m ig llt b e s e n sitive t o r a in fa ll d u e to e o llee tio n site a n d re la
-

tio n sh iP e ale u la t io n
.

A t la s t
,
th e ye a r

’

5 Pre e iPita tio n fr o ln Pr io r O e to b e r rhr o u g h s ePtern b e r

ha s b ee n e】lo se n a s re e o n str u e tin g Pr ed ie ta n d
.

W lze zl t !le sin g le eh r o n o lo g y a t o n e sjte 15 t xsed fo r r e eo n str u e tin g P :l, t e lilll a te
,

tll e

g e一lera l tr a n sfe r fu n e tio n 15 o ft e n d er iv e d fr o n、 lin e a r re g re ssio n
.

T h e Pr io r g r o w tll (o n e t o

tllr e e ye a r s’ la g) w ill b e in elu d ed in tll e reg re ssio n e q u a tio n
.

In o r d er to g u a ra n te e in d e -

Pe n d e n e e o f a ll P re d ie to r s in th e eq t la t io n
,

tl飞e e , n p ir ie a l o r th o g o n a l fu n e tio n (E O F) h a s

b e e n a d o Pted fo r t r a n sfo rm atio n o f Pre d ieto r s
.

T llu s,

the tr a n sfe r fu n etio n w ill b e b ased

o n th e r e g r essio 一1 eq u a tio n in elu d in g tl飞e d e p a rt u re o f elim ate Pr ed ie ta n d a n d fo u r in d ePe n d
-

e n t Pr ed ieto r s
.

T ho d iffe
r e n t d ePen d ellt ea lib ra tio xl a lld in d ePe n d e n t ve r ifi e atio l飞 Pe r io d s e a n b e se lee t

-

ed in r e c o 一lstr u e tio n Pro e e s s in to r m s o f d ifl’e
re n t le 一飞g tl飞 o f o b se rv ed In e te o x

·

o lo g ie a l

d a ta
.

T h e ea lib r atio n Pe rio d fo r eh r o n o lo gy (LH U ) 1 w o u ld b e 2 5 ye a r s (19 6 0一 19 8 4)
,

a n d tlle v e rifi e a tio n 7 ye ar s
(19 5 3一 19 59 )

.

Fo r (N Y I) 1 a n d (N Y I) 2
,

the ea lib r a tio n a n d

v e r ifi e a tio n w o u ld b e 20 a n d 5 yea r s , r esPe etive ly
.

C o n sid er in g the sllo r t o b g e r ved d a ta
.

a ll 17 ye a r s a r e e o n sid er ed a s ea lib l
·

atio n
.

A 11 a n n u a l v a lu es , o b se rv e d a rld re e o n s tr u ete d d ePa r tu re , ,

11a ve bee n d r a w rl in Fjgs
.

4 a n d s
,

B o th tem Pe ra tu re a n d Pre eiPita tio n estim a te d v a lu e s (b r o k e n lin e) d e月v ed fr o 一n

tr a n sfe r eq u a tio n a r e e lo se to o b ser v ed d a ta (so lid 11, , e)
.

T lle d ev ia tio n b e tw ee n o b ser v ed

d a ta a n d e stin la ted v a lu e s fo r ea eh tr e e 一1
·

jn g site ha s b e en g iv e n in T ab le 3
.

T he av e ra g ed

d e 、,

ia tio n (d ) o f a ir tenl Per a tu r e 15 n ea r o
,

2
“

C T lle larg er d v alu e o f Pree iPita tio n 15

o n ly 4 0 m m a n d m o r e
.

E sPeeially
,
the ir t re n d s o f fl u e ttl a tio n fo r e ae h site lo o k

一

lik e sim ila r
.

It seem s t]l at th e r e eo n st ru etio n s a r e r elia ble
.

R ed u c tio n o f er r o r (R E ) 15 Po Pu la r ly ad o Pted in v er ifi e a tio n te st fo r d en d r o cl im at ie

ree o 一lstr u etio n s
.

T h e sta tistie 15 a m o st r ig o r o u s te st o f the r eliab ilit y o f the estim a ted

elim a te (G o rd o n ,

19 8 0)
.

T h e R E sta tistie e a n r a n g e fr o m 一 co t o a m a x im u m va lu e o f 1
.

0
.

G en er ally
,

R E > 0
.

3 15 o ft en ta ken a s a e r ite rio n to j
t ;d g e the r eeo n str u etio n

.

T he e aleu la te d r esu lts ha v e sh o w n th a t e v ery R E v alu e fr o m the e o m Pa r iso n betw e en

a etu a l d a ta a n d e a leu lated v a lu e s fa r ex e e ed s 0
.

3 fo r fo u r tr ee 一 rin g e h ro n o lo g ie s
.

T he la rg
-

est o n e r ea ehe s 0
.

7 6 (s e e T a ble 3 )
.

It als o m ea n s tha t tl, e se re e o n st ru etio n s w o u ld b e

re ti比le
.

W e ha v e a ls o tr ied to fi n d s o m e lo e al histo r iea l d o e txm e n t s,

in w h ie h sev e re e o ld o r

d r
ou gh t ev en ts ha v e been r eeo rd ed fo r the tes t o f r eeo n str u etio n

.

F o r e x a m Ple
,

it w a s a n o : 21 -

拟o u s oo ld in Lha sa in 19 0 5 aee o r d in g t o a fo rm er t o p o ffi eer to T ib e t,

Y o u Ta i
, 5 d ia ry (L in
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.

一
C a lib r a ti o n

一
一一
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八p�

n”

0.
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O

一 !
.

0

卜卜- V o r i
.

一叫 卜一
一

一一一
一

.

一
-

一
C a lib ra t io n se 一一一一一一一一一一一一一一一

19 5 5 19 6 0

F ig
.

4

1 9 65 19 7 0 19 7 5 19 8 0

Y e a t

R e c o n s tru e te a t e m Pe ra t u re v a lu e
.

(M A I ) I

‘右‘�。n�翻J.乙。O

一 30 0

( N Y I )

卜 V e r i
.

一叫 卜卜一一一一

—
- C a lib ra ti o n 一一

一
-

一一一一一叫

尸.J...Les‘‘es

es
.

卜,
.

‘

l
‘‘set‘卫.L..‘1..L

nU�日n�八曰n曰nnU以nU八U,‘、二、几、J曰
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Fig
,

5 R e e o o stru e te d Pr e e ip ita t io n v诀lu e
,

Y e a r



N o
,

3 600
一
Y EA R M ID D LE

.

TIB E T D E N D R O C L IM A T O L O G IC A L R E C O N ST R U C T IO N 3 0 1

a n d W u
,

19 84)
.

At the sar n e tlm e ,

w h ich ind i。妓ed a q u ite col d yea r o f

the re eo n str u eted te n 1Pe ra tu re d e Pa r tu re w a s 一 1
.

1
”

C
,

190 5
.

A n o ther e x a m Ple 15 a b o u t d r o u g ht
.

A ec o r d in g

to the T ibe tan ca lend ar in hi sto ry fi le
,

ar o也ld th e 面d dle Ti 忱t a re a (W u a n d

倒YD 互幼d (M AD 1 we re lar ge ‘

翻喇. e 礴场哪, 肠七贻h are n o t n e ce ssa ry

泊翻‘民
’

S以sst ics fo r R ec o n s tru c tio n

a n a n o m a lo u s d ro u g ht a PPe a re d in S ll m m C f o f 19 3 7

T he estim a ted P re eiPita tio n v a lu e s fr o m
·

tu re s in 19 3 7
,

In ad d itio n ,
th er e w e一e

to b e 11sted h er e
.

L D
.

(N Y I) 1 (N Y I) 2 (LH U ) l (M A I) i

行cd je ta n d Pr ee iPita tio n in T e m Pe ra tu re

s p ri n g

ln
A n n u a l te m pe r a tu re A n n u a l Pr e e iPita tio n

盯o w in g se a so n

ddddd

RRR EEE

CCCa llb段 tlo nnn

0
.

7 3 1 0
。

7 5 0 0
.

7 5 2 0
。

80 1

0
.

1 7℃ 0
.

2 2℃ 4 3
.

3 m m

0
.

7 6 0
。

5 5 0
.

6 7

1 96 5一1 9 8 4 1 9 6 0一1 9 8 4 1 9 68一 19 8 4

1 9 60一 19 64 1 96 0一1 9 6 4 1 9 5 3一1 9 5 9

IV
.

C LIM A T IC C H A N G E A N D IT S F EA T U R E S

By u sin g th e P o w e r sPeetru m a n a lysis
, so m e eyele s ha v e b ee n d er iv ed fr o m e ae h

tr ee 一r in g ehr o n o lo g y (
see T a b le 4)

.

In the fo u r tre e
·r室n g e hr o n o lo g ie s,

it 15 e o m m o n to eo n ta in a ey ele o f 2 yea r s o r m o re
,

w h ie h e lo sely e o in eid es w ith the 5 0 一ea lled “q u a si
一

b ien n ia l Pu lse ” in v a r io u s m ete o r o lo g ie al

r ee o r d s
.

T h is e ye le eo u ld be eo n eer n e d w ith the eo u Ple o se illa tio n o f a ir
一 se a in tera e tio n

a n d m a y b e the m o st d istin e t Perio d ex eePt the a n n u al eyele in m o st a r ea s
.

A s fo r o the r

o bv io u s eye ]e s o f 1 1 a n d 2 2 yea r s,

the y eo u ld b e e o n e er n ed w ith the so la r a etio n a n d sh o u ld

b e e o n sid ere d in lo n g
一

te rm elim a tie eh a n g e a n a lysis
.

M o re eye le s ,

in elu d in g q u a si
一

3
,

5
,

8
,

3 0

an d 80 yea r s o r m o re , ar e v alu a b le fo r u n d er sta n d in g the fe a tu r e s o f lo eal elim atie e ha n ge
.

Ta b le 4
.

S o m e C ye le s in Fo u r C h ro n o lo g ie s

q u a s i
·

e ye le s 2 ye a r s 1 1 y e a rs 2 2 ye a r s o th ers

(LH U ) z 2
.

1一2
.

3 1 0
.

3一 10
.

9

3
.

4
一

4
。

7一5
。

1
,

8
.

5一8
.

6
, 3 4

.

0 ,

7 8
.

0

(N Y I) 2 2
.

0一 2
.

3 10
。

4

(N Y I) 1 2
.

0一2
.

1 1 2
.

3一12
.

6

222 1
.

777

5
.

2
,

8
.

6一8
.

9
,

7 0
。

9

5
.

6一5
.

8
-

7
.

0一8
.

0
,

8 0
.

0

5 ,

5一 ⋯ { }
:

.

。
,

。
.

1

、
.

7
.

7
,

(M A I) l 2
.

0 一2
.

1 12
.

0 7
。

5一7
.

9 ,
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4

T h e er o ss一 sPe c tr u m an a lysis h a s be e li a d o Pted in e a eli tw o cl lro n o lo g ie s,

in d ie a tixzg

tem Per atu r e a n d Pre e iPit a tio n , r e sPec tiv ely
.

W hile the m aj
o r cy eles in T a ble 4 a r e s a m e fo r

tw o eh ro n o lo g ies ,
the ea le u la ted e o her e n ee v a lu es (R h) a r e m o stly m o r e th a n th e er itie a l

v a lu e
(R C)

.

Fo r ex a m Ple
,

w h en the c o m m o n eyele s fo r
(LH U ) 1 a n d (N Y I) 2 w er e sh o w n

to be 2
.

1
,

2
.

2 a n d 2
.

3 ye a rs ,

R 人 v alu e s
we re eq u al t o 0

.

9 19
,

0
.

90 1 a n d 0
.

8 8 2
, re sPeetiv e ]y :

R 人= 0
.

80 1
,

0
.

8 8 1 a n d 0
.

87 1 w ith the eo m rn o n eyele b ein g 10
.

4
,

2 1
.

7 a n d 2 2
.

3 yea r s , re -

sPee tive
ly

, ete
.

A ll the 尸h v alu e s w e re m o r e tha n R c = 0
.

7 0 7 w ith the e o n fi d en e e lev el=

0
.

00 5
.

In m an y o ther eyc les ,

the sam e situ a tio n ha PPelle d
.

It 15 o bv io u s tha t the cl o se r ela
-

tio n sh iP b etw e e n th e se ehr o n o lo g ie s a t m o st sPe e tr a 15 r e a lly P re se n t
.

T he a n a lysis sho w s

tha t the sa m e c o n elu sio n c an b e d er ive
尽fo r o the r eh ro n o lo g ie s ,

(N Y I) 1 a n d (MA I) 1
.

In o rd er t o
一

d e ser ib e th e g en e r al Pie tu r es o f eliln a tie eh a n ge in the m id d le T ib et
,

w e n eed

t o rn a k e tw o eu rv e s 认
,

11ieh in d ie a te a n lz u a l m e a n te m Pe r a tu re a n d a n n u a l P re ci Pita tio n
.

T he re gr e ssiv e tra n sfo rm atio n h a s b ee n a d o p ted fo r eo m b in in g tw o d iffe
r e n t ty p e s o f eli

-

m a tie ser ie s
,

b a sed o n the g r ea t re latio n sh iP Pr o v e n by er o ss 一sPee tr u m a n a lysis a n d the 11 ig h

eo r r ela tio n e o effi e ien ts o f 0
.

8 4 a n d 0
.

8 1 fo r tem Pe r a tu r e an d Pr ee iPita tio n , r e sPe etiv ely
.

B y

e a rryin g o u t lo w
一

Pa ss fi lterin g
,

tw o eu rv e s a re sh o w n in Fig s
.

6 a n d 7
.

A tr en d eu rv e o f the a n n u al a ir te m Per a tu re v a r iatio n d u r in g the Ia st 6 0 0 ye a r s 15 11
-

lu str a ted in Fig
.

6
.

It e a n b e c lea r ly se e n tha t sev e ra l e o ld a n d w arm Pe rio d s ha v e a PPea r -

ed a lter n a te [y sin e e the Ia te 14 tli een tu ry
.

T he m aj
o r w a r m Per主o d s eo ve r the I6 th ee n tu ry

,

七he

e a rly 17 th一
ea rly 18 th e e n tu r y

,
tli e la te 1 8th a n d 19 th ee n tu ry

, a n d m o st o f the 2 0 th ee n tu ry
.

T he d istin e t e o ld Per io d s aPPea r in 142 0 5
一14 9 0 5 ,

16 3 0 5
一m id 16 7 0 5 ,

17 60 5
一 17 80 5 ,

the e a r ly

19 th ee n tu ry
一

m id 1 8 50 5 a n d 18 80 5
一 1 89 0 5

.

T he c o ld est o n e is a ro u n d the m id 17 th een tu ry
,

in w hich th e d ePar tu re o f a n n u a l m ea n tem Pe ra tu re r e aeh ed 刁
.

6
o

C o r m o r e
.

Sin c e the n ,

the tr en d h a s b een to sh o w the risin g tem Per a tu re
.

T h e d ePa r tu r e d u r in g tll e la st 3 0 o d d

ye ar s , a ve r ag ely
,

w a s 0
.

16
“

C h igh e r tha n the lo n g
一

term m ea n v alu e , a n d it see m s to k eeP

th e w a r
而n g tre n d

.

Th e fr a m e o f te m Per a tu re v a r ia tio n in the m id d le T ibe t ha s sho w n the

sa m e a s the fi u etu atio n in th e w ho le Plate a u
(W

u a n d L in
,

1 9 8 1)
,

a n d it eo u ld b e sim ila r to

the c ]im a tie e ha n g e in the w h o le C hin a eo n elu d e d by Pr o f. Z hu
(19 7 3)

.

Y e 合r

F ig
.

6
.

F lu e tu a tio n o f tem Pe ra tu r e in th e m id dle T ibe t
.

A s fo r Pr eeiPita tio n , s ev er a l d iffe
r e n t Pe ri o d s m ig ht b e d e m o llstr a ted d u r in g th e la st 3 4 0

yea r s
.

T he m aj o r w et Pe ri o d a PPe a re d fr o m tlle In id 17th th r o u g h th e ea r ly 18 th e e n tu r ies
.

A n o th er o n e ,

the e n d o f 19 th e en tu ry t o 19 3 0 5 ,

m ig ht b e a lo n g er ePis o d e ,

t o o
.

T he d e ta il

o f Pre e iPita tio n nu etu a tio n h as b een sh o w n in Fig
.

7
.

It sh o u ld b e em Pha siz ed th at tlle

m idd le T ib et h as e x Pe ri en eed d ry Perio d d u rin g th e last 30 o d d yea r s a n d 15 fa c in g the tren d



N o
.

3 60 0
一

Y E A R M ID D LE一IBE T D E N D R O C L IM A T O L O G IC A L R E C O N ST R U C T IO N 3 0 3

珊伽

0加

(‘任�。Jn,‘践占
�

- - -

一0 比 e r v e d m e a n v a lu e ( 1 9 56一 19 吕5 )

1 7口D 1 80 0

决ar

0 0 一一 一一竹时。。

F19
.

7
.

Flu e tu a t io n o f z) r e e iP it a t io n i n tlle m id d le T ib e t
.

o f k e e Pin g d ry
·

W e n e e d
, o f e o u r s e ,

m o r e d a ta a n d a zla lys e s fo r t一11 d e r s ta n d in g th e m o re fe a tu re s o n

c lim a tie e lla n g e in the l” id d le T ib e t
.

V
.

C O N C LU S IO N S

T ll is st t ld y ha s d e m o n s t 一且 te d h o w to r e e o n s tr u e t Pa s t e lirn a ti e e h a n g e u s in g fo u r tr e e
·

r in g e hr o n o lo g i e s in t he m id d le T ibe t P la re a u
.

So m e r e s t一lts e o u ld b e s u m m a r a z e d a s fo llo w s :

( I ) By c a r ryin g o tl t :一s p o ,l se fu n e tio n a n a lysis
, so ln e r e sPo n se e lla r a e te r is tie s o f tr e e

-

r in g e h r o n o lo g ie s t o e lim a te ha v e b e e n e st im a te d
.

T h e y a re e o in e id e n t w ith b io lo g ie a l th e o r y

o f tr e e g ro w th a t e o lle e tio x飞 site s a n d h av e d e m o n st ra te d the Po ss ib ility o f r e e o n st ra c t in g

lo e a l e lil书a te
.

(2 ) Pr io r g r o w t h a n d o r th o g o n a l tra n sfo r m a t io n li a ve b e e n ad o p te d in e s ta b lish in g

tra n sfe r flj n e tio n
.

B o th e a」ibra t io n a n d v e rifi e a t lo ll ft ln e tio n s h av e b e e n e o n sid e r e d
.

A ll

r e s u lts h av e Pr o v id e d t h e r e lia b ility o f re e o n s tra e tin g Pa st te m Pe r a tu re a n d Pre e iPita t io n

in the m id d le T lb e t
.

(3 ) A e e o r d in g to th e fl u e tu a tio n tre n d
, th e m id

一

T ib e ta n e lim a t e e o u ld b e d iv id e d in to

s o m e d istin e t e o ld / t\, a r n 飞 a n d d ry/ w e t Pe r io d s d u r in g the la s t h u n d r e d s o f ye a r s
.

A t Pre
-

s e Jl t
,

it 15 in w a r一刀 a lld d r y Pe r io d
.

B e sid e s
, s o m e q u a s i

一 e ye le s o n e lim a tie e h a n g e ha v e e x
-

siste d
.

R E FE R EN C E S

Fr it ts
,

H
.

C
.

a n d W u X ia n g d in g ( 19 8 6 )
,

A e o m Par i so n b e tw e en r e s p o n se 一

fu n e t io n a n a lys is a n d o th e r r e g re s -

SIO n

G o rd o n ,

te e hn iq u e s ,

G
.

A
.

Tr e e R i月g 枷lle t in ,

46 : 3 1一4 6
.

V e r ifi e a rio n t e sts fo r d e n d r o e lim a t ie r e e o n st ru e ti o n s ,

Te
r方n I’c a lNO re 1 9 ,

的八e rs I’ty of
A r i z o n a

,

( 19 80)
,

]一3 2
.

G ra yb ill
,

D
.

A
.

( 19 8 2 )
,

Ch r o n o lo g y d e v e lo Pm e n t a n d a n a lys is
, in C lI’n

: o re 刀刃
I n 石

·

e e R i) 诊s , e d s
.

M
.

K
.

H u g h e s

e t a l
· , C a m b r id g e U n iv e r si ty Pr e s s ,

PP
.

2 1一2 8
.

L in Z h e n ya o a n d W
u X ia n g d in g ( 19 8 4 )

, T he c lim a t e o f L ha s a in tl飞e e a r ly 2 0 th e e n tu ry
,

P la t e a u 几介fe o r o l记切
, ,

3 : 1牛一2 0 (in C h in e se )
.

W u X ia n gd in g a n d L i n Z he n ya o ( 19 8 1 )
, S o m e e h ara e ter i st ie s o f 之he e ljm a tie e ha n g c s d u r盛n g th e H i stor ica ]

T ime o f Q in gh a i一x iz a n g p !a te a u ,

A e 了a 入4 e te 。, ,。109 1川 s l’l , l’c a , 3 9 ; 9 0一9 7 ( in Ch in e se )
,



3 0 4 A C T A M E T E O R O L O G IC A SIN ICA V o l
.

4

W u X ia n g d ing a n d Lin Z he n , ra o (1 9 8 7)
,

S a m plin g ill T ibe t
,

ir1 Me tho d s o f D e n droc
h ro n o lo弘 ed s

.

L
.

K a iriu ks tjs

e t a l
. ,

W O S I
,

W a r s
aw

,

PP
.

2 3一3 3
.

W u X la n g din g
,
Lin z h en ya o a n d S u n L i(19 8 8)

,

A p r elim in a仃 stu d y o n th e e lim a tie c h a n ge o f the H e n g d u a n

M o u n ta in s a re a sin ee 16 0 0 A
.

D
. ,

A dy
口 z矛c e s I’I了 A rz22o

胡he

rl’c Sc l’e n c尸s ,

5 : 4 37一朝3
.

W u X ian 郎in g a n d Lou gh
,
J

.

M
.

(1 98 7 )
,

E stim a tin g N o r th Pa e ifi c su m m e r s ea 一
leve l pre s su re b a e k to l600 u sin g

p ro x y e lim a te rec o rd s fr o m C hin a a n d N o rth A m e rie a ,

月dv a n e e s in A t一n o sP he 犷i亡 S e ie n 亡e s ,

4 : 7 4一84
.

W u X ian g d in g
,

S u n L i a n d C h en g Z h ig a n g (19 8 8 )
,

E s ta b lishm e n t o f so

me tre e 一 rin g e hr o n o lo g ie s in T ibe t ,

五触尤ue TO n g b a o
,

3 3 : 12 8 4一1 2 89
.

Zh
u
Ke zh en (19 7 3)

,

A Pre lim in a r y s tu dy o n th e e lim a tie fl u e tu a tio n d u r in g th e la s t 5000 ye a r s in C h in a ,

Sc ien
r彻 S动 ic a ,

1 5 : 16 8一1 89 (in C hin e se )
,


