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Research progress on the response of radial growth to climatic
factors at different altitudes
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Abstract: The relationship between radial tree growth and climatic factors is the basis of
dendroclimatology. Studying the responses of radial growth to climatic factors could contribute to a better
understanding of the relationship between them. In this article, we summarized the researches on radial
growth responses to climatic factors at different altitudes, and reached the conclusion that at the same and
the similar climate zones, the variation of growth-climate responses is same when altitude changes.
Usually, radial growth at the upper tree limit closely relates to temperature while precipitation effects
those near lower timber line most. But in some regions of special climate patterns, the relationship is
simple: in extremly arid areas, the limiting factor is always precipitaion regardless of altitude variations,
and in humid conditions, temperature is critical to tree ring growth. Radial growth variability is primarily
associated with local climate changes and interspecific growth variations play an insignificant role.

Key words : different altitudes; radial growth; climatic factors; response

H 20 424 Douglass Bl ST FEAEAL 24 LUK | B4 WA 5 T AR A ARG 25 (Hughes 2002) , #%)
ARREE ORI A A M 0 ) 3 Fem R 2T ST TAE, Fr il 2 7 F ot ad 24t

Y75 B H#A:2012-04-10

ESWH: PEARF AR TLH AL E R E KA FH K % (2010CB50101) ; F B A 5 & &K owk i 58 F A 3H + 7R
(XDA05080201) ; Bl & & KA+ 4 (41071061)

B IEE : 88 5 4 , E-mail ; Shaoxm@ igsnrr. ac. cn



846 HBRFRIE 224l

EORE

2000 4 UK HAT 473 BRI AL BFIE H ( Briffa
et al, 1995; Esper et al, 2002; Mann et al, 2008) ,
ABEAAERBIVER o TR AR 1] AR < 5 A i B
R A G 2 )2 R A 48 AT R e
HELELA

VA e T8 52 W K AR I3 E , DA T 3 — 2B 52 W)
PR A T A K (Fritts, 1976) o Bl TR o 1) T
1o, BRI AR AP AR E 2 A AN A] AR
WA AR5 T B A OC R BHAA [ i K
JEE AR AR [1) A A AR U S, % T EAT R RE R
fEE ETAEAE & EA$E F1EH (Grace and
Norton, 1990; Shao et al, 2010) , Milk, EFHNIPE £
TR T 3522 A [a] T 44 1 B BB A o) A RIS
TEANTR) 2 B X AR Y b T R AR AR ] 2R K BT 48 7R
e i SCREEE AR = i i) B A AT Il — 15—
IR,

ASCHY H X 50 4F DLk 0 [ N AP [
P BB RS MUR BEAT B4 B AN IR Vi 4 s
JEE AR AR [ A A i i 7 1) A PR, S A [ i

R E AR AR 1] A AN A 2 3R B e I R, A
WEHHE TARRMIE S HEE

1 #RFFTE

ARSCHTH FRE S B 2R A T 1965 4% 2011
A [ N AP e e ) 06 TN [T o B2 AR AR AR T AR
XL 22 M0 o7 7 TR SCHR . SCHP It AR A AR A28 1)
AR DI R B B AR S IR 4 R AL 22 45 48
XA B M REF ST AR AL S AE N

B 1 JRIR T ASCIr g K B A 98 TAERRE
SR, PR S AR A SR T (AR G
SR rh LAY 22 205 BE AT AR 1, a0 SO AR R ]
e FERE B A B D0 B AT S Ak 1) 48 245 B R A T A
) o BUA AN R R SR A 0B AR [ A O S
LR (W0 N A SE AL SE R R A
DX, B .25 (B o A AN X, AR FAS TR S 5600
PRI , A 1 B T BT 0% 4 s e AL | A SRR R R i il
Ab B 7 B LA ST AR B SR X (Peel et al, 2007) , 53
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Fig. 1 Sample sites of the research on radial growth response to climatic factors at different altitudes
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W, AR5, DA L S DA R R S S A
A, Fritts et al (1965 ) 7E WA 2 AL AL ( Northern
Arizona ) H ARAR A B B AR AR N F0 30 0T 214K =
JEWFR T BRI 10 AR K I RRAE . LA SR 48, 7E4%
RT3 320 AR AAR 1) A K Ll FRAR P 3 B Ay UK 227
FEHEF IR, ZI0H TRV, &%
MBEZFER KR EZER MK T, Kienast et al
(1987) 1E BB i Z M ( Colorado ) IIBFFEIN N : FEK
2 A 2R AR R A A 1) AR K A 2 BRI R T
TG B A T A v B T o, K 2 3, R A P 1
Bk TE R IR A & A B 3% A K, LaMarche Jr
(1974a) A & Hughes and Funkhouser (2003 ) JfJ& T
AN T VA v AR A AR [ A A 6 S A PR AR AR TR A R
Dy A RS AT B 58 — B0 N, 7E S AR
Z DI T R B 42 A K 2 A — 4R R B
PLECHAER K 52, DL ERFsR R 6 5
DX, B TR A D R ARAR 1) A= 4 A 32 22 R A1
T2 K (B 5T 2 W 7E PR 3 1) — 2 ¥
PR B 9 Bl PN BR A P o AR K R R, pi

LaMarche Jr (1974b) #£ &% 1L #i X ( The Snake
Range ) X JREEHA ( Pinus longaeva ) WFFE P8 H . 76 5
AR AL | B K B 2 TR B R OB E ] 2 A
B2 B RS RE Le e a R St &1
FHE 4y, PRI B 2 0 B %oF b R A 1) A R P
SEMERIVERT o AN (] PR 458 B AR R AR 1) A R
G ZR WA N AT 5 22 R T v A0 B 1 i o 34 )
WFFT, I F A X e — A 2 2% i o7 AU ) s A o B
T LA™ FLE . I, Salzer et al (2009) X I FR
FILLUT BIBA A KA AR R R AT T XL oF
G, TS BIR AR A X il 85 W JO7 4 T 4 e S S LT
PAFEE . AT A EBR 150 m LA A9 AR Y 32
SRR PR 7y A 2 il R T i B DL R
A KRS B R B K B, SRR CRE
o 2 bR i  5E 1 v Y 3 g J ot X F ik SR A 5 5%
B X — DX AR AR 1] AR Y BRI DF 7~ 2 O AR K
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Fig.2 Sample sites of the research on radial growth response to climatic factors at different altitudes in North America
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7K 5 ITE 600 ~ 800 m , B A A% 1] A 4 5 A (K 1
G ZR B0 s , BRI 5 I F AN B i 75 T 800 m 4k
FIAE A AR AR A8 o) A G 5 A A 2 1 Tl B A DG 32
Fo R T T PR AR AN [ S A 4
fE AR A K 5200 |, Dittmar et al (2003 ) 75 _E A WF
FE LA L, SO BRI 224> i B3 1L B 8% ( Nothofagus
genus) PEATAIGY . HMFFE 450 W | 7R 78 B 0 e 38
RS LB A K EES 6.7 A FEKIEAM
K, BRI R R A A AR B K 5 T iR A 5 S
PR 14 G Z 1A 1A R R, 388 v ) T B DA S B 7 1 i ok
MR SR A S A I BRI A, TEPTBE
7F AR AL (930 m) WA RIAER S 6 H 1Y
JERAR, 5 6 HMFEKIEASE, 7E 1170 m 4b4E
FHAK T A OG5 A K F= K R G
H T HCR AR A AR A B R el [ B B 2 2
Makinen et al (2002 ) 7 £ [E] 74 5 78 F1 2% RS 8 Bl 2=
1% (Picea abies) #t17 TWF5Y, 45 KR M . FEHp Il I,
RE A A X AN [r] A2 2R 1 i 7 B VA LA B i IX
AV ARk (L = AL, 7 L DX 1 i iy 35— 3, 1
S RSB AR 1] A K 5 7 ZE I i TAAH G,
55 H ZERE K EAR DG ; MR i R B AAR o) A 4 U
58 FREIEMAX, 55 FREKAMEE, Meyer
and Braker (2001 ) 7E 3~ Pl 7 S 307 L1y b DX 30 2o Xt
B AZ ST A IR, L T e TR A AL 4 4 o B A 3R
567 HIREIEA I R AR RS 6
7 ARG, 5 4—6 A MFBEKIEMSC, HIFEAR
2 R AT T 5 N7 b SR A SR AR AR AR ) A KX
SEEE R M A 1) i FEZ M -, Affolter et al
(2010) U5 1, W45 A7 & = T 1450 m B R A AR 1]

A B A TR A T R, X R SR R 4R
% AR TR 1000 m AbEIREA S 6 F BIREK L
S sePDSI 2 EAHOC , B B A= 4 BRI A o 1 4%
(AR AN ] ) B o T 1 52 o 3 114 0% B 5 A 25
S (AR BRI 48— 5, Leal et al(2007) 7E
A b ORI 35E PN A4 B R BT L X A AR 9 R I O B Ak
IR B2 2K R | 1 e R A i A
AR EZZARKZERBERR M, AR08 0 5
GEINEIR O S 73 508 O TR Rl 161 R O )
AR EHHR S EE R A H I SC &R, Di Filippo
et al(2007 ) X434 T2 KA g SCJe e, B A
HERA T 200 ~ 1500 m 9 11 B REHEAT 0D 53t 36
R EE AR B X (200 ~ 800 m) LAHb g < Mgy 32,
ERFENTE 6—7 AMBEKIEMK, 56—7 AK
R TR G, B 25 SR A AR AR 1) AR KA L BR
K5 ik (> 1300 m) AER S 5 H IR IEARSC,
SRR SAADC, A K AT B A R AR A K i 3
FERR P 5 10 A [A]AE 4K (800 ~ 1200 m) YR A5 S,
ERFRISERIFRNEE, Jump et al (2007 ) X PGB
ZRIAEFR I R RIRISE S - 76 i AR AL AR AR AR 1) A
K5 4—7 J i TE AR G, IR AR AL B R AR 1) A=
K5 4—7 H R EE R G BE AR TN BRAR AR 1) 32 22
BRI T 25 L RTIR 72 W P, 4 g 3 X B R
AR G R Z RO R MR R, — M5,
BRI AR A AR ) 2E K 322252 A K FR IR A FR
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Fig.3 Sample sites of the research on radial growth response to climatic factors at different altitudes in Europe
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2.3 KIERMABURXFNARKOEESEX

DI PG ¥ 2% I B it AR il 22/, AR A T, HAC
W2, SERA T2, R TR e,
ML YE N 2 5 ( Scandinavian Peninsula ) P83 H X )&
MR AR E R IGRIE ARk 25k B R
T S 3 by DX H 332 rh R LLBR OGS 6 DR P P B i )
REBHASVE A, Jm FE A e, il T IS L X AR AR
T AR S R e O A AT 4 SR s — 3k,
Grace and Norton (1990 ) i i X A% 2 WK - T
270 ~600 m [fE ¥ ( Pinus Sylvestris ) A2 ) A K
H5EMBEEZRNRERZMATVIIE, MK w78
Ay 0L 2 BR A B A A 1) AR Y 2 ] AT
Wed (1.2 ) BT XS R A il AR K A — 5 1Y
SO, AHLCT R T RE R B A A= 4 i BR i 4 F 2R
FREAK BN SRR 4R AL . Makinen et al (2002)
TEIR IR R TR AT T 2 B 7 it b, e s AR AL AR A
WARmAE K S HR B EWIRE A, B TRKS
M TR YOG R U L, H S B A= K R ARG s 78
i M NIVRT e S A S R
Andreassen et al (2006 ) X A 9 Jg 35 P 588 A i
BTSRRI AL RO AR 252 6 F By Bk iy
BEL T v v 4 R A8 R 2252 6 0 il B 9 BRI
RIAR AR 6 F 03 il B2 0 e A7 7R — A 12 ~
13°C BEE L, KL B ¥ 44 3 2 0 400 ~ 500 m; 7F
PR rE TR, AR 6 03 I A A R, A% AR 3 AR
KA LA ST 5 ER 5T A0 6 0 Tt 3 it 4
PEA S BAE RAEA XS R R rh, B2, 458
D PG 8 LK s A vy T S0 L () A AT~ B L R <8
VT XSRS (AL 3 i zs ) 2R WY R T 4K 55 v 114
T5 B ARAR 1) A= R A F2 R A 7 AR K FE R TR
28 2 1) BE N T2 DX AR AR AR o AR KAy — S 152
Wi 5 TR K R R BRA ARAR 1] A A A BR ) DX 5 F
A

XL Y AR R R 9 2R 1 ¥ 7 L SR P
2 A ZRR AN | 5 2 AR il e 4, DU 2= 2
PRI, JB TR A M P S0, % X6 T AR AR
1] A X A A 2R o 7 P P SRR B AL R TS A
MU 4 Frs . Hd, Buckley et al(1997) X
KA W E By & J8 W 44 ( Tasmania ) # & i
( Lagarostrobos franklinii ) W 75 32 B, 16 15 4K = &
700 m LA_F AR AARS ] A A 52 3 A 4K 2R i 1) R 21
SO 5 AR 700 m DLR B ARAR ) A2 K5 AE K R
TR TEAR G, {H I 8 X0 A A Y BR A 4T3 9K 358 il
B, BRI A K 22 0 T EE R AR AR ] 2B K 1 PR

TR T 6 G 6 45 s B2 1 5 00T 386 58 . Brookhouse
and Bi (2009) 75 K WA 4 A< w95 i (0 AF 50
N AR R R AL AR R 5 (9—12 A) ik
el S 3 ARG B8 A 70 A1 F A Ak 1 4F 3% 5 1 S LA
SRR K 35 TE A5G Ti o [B] 9 4k ) 4R 3R 5 AU
BRI RAA B2 Norton (1984) 7E 57 74 2 Hb
XAFFEIN , AR AR A 7 B TR = EEAS— L (H
el BRI A K IR T (1—3 ) MR 4=
KARHEE, D' Arrigo et al (1998 ) & IA [] 4k 5
(244 ~1000 m ) FYARFAAR ] AR 1 55 A K = 1Y) Tk
BEIEAZE, Cullen et al(2001) 7587 FH 22 WF 5% 1 i
7, BRSO AR AAR 1) A K FE PR A 7 Ry 2 4F
HEMRE (1.2 A) ., 2 ERrid, e i v
S X B IS 45 2R R PG BRI X A 5T 235 R A
VT, i — PR TER ALK IR S SRR AR
PRAS AL /N ) 11X AR AR o) A A 1 B ) PR 347 A Tl
&gk R 2E SRR
2.4 PDUAex=EmEIES 40 iR AKRKEKE
ETRBFESEX

AR () I T Al 9 R S, FE AL L PE AR L 4
40° LAAE AT 3t DX, 53 20 52 R PR v TR 52
AR 1 B 2% | HA (] 9 4 e B R R A8 1) A
KXo A B R 1 o 75 AU PG T I (R A5 2 SR AT
—dbx2 U0, Ettl and Peterson (1995) 7F 3¢ [F &
A BEL AR DT 53 111 (the Olympic Mountains ) X . 5
LLI%‘{/?\*Z(A[JL.BS lasiocarpa) AIBIF ¢ 22 HH , Z A S Y
REAAR [ A AR 5 A 4K 2 1 T B8 TE AR OG5 78 W&y 4K
DL 0 1 7, A8 R B 48 1) AR I8 A R iR
ARG 5 T v ) LA R S5 AR T AT A AR AR A A 1] A
KW 32 5 7 K FR |, Peterson and Peterson
(2001 ) BYBIFSE A B0 - TE A BRI LA K AR 480 X JH LR
R R AN AZ ( Tsuga mertensiana) 72 A4 K 5
BRI, 54 KR B AR
TEARHERAL | A4 2 B B 7K 0y AR ) A KA 2 82
SR F- . Peterson et al (2002) JE—AWF5E £ ,
2 DI V. e L V2 AZ RS A PR 1 g i I A 2 5 K
AZ I A 2 — 2, Case and Peterson (2005 ) X}
AL AN AL FEAR ( Pseudotsuga menziesii ) BIWEFY H1 48
TR AL A AR R 5 AR K ZR IR K EAR G, 524
KT A g il B B OG5 g v Ak R AR R I 5 A K 2
R I E AR OGO B A — 4F 2 22 /9 PDO &2 LR G
Case and Peterson (2007) i) —WF 516 7 AR
(Pinus contorta) 7 18] A= A< Y BR ] K 1~ 5 FE FEAA B AH
[/, 7E N5 K& 518 L4 ( British Columbia) ,



850 HBRFRIE 224l

30°S

40°S < 2

y3)
50°S )
MR AT BRI R
v R
0 250 500 1000 km A Pk
X KRR
140°E 150°E 160°E 170°E

4 R YN [V HA oy FEE AR AR [ A XA 2 2R i L AP S 153 A P

Fig.4 Sample sites of the research on radial growth response to climatic factors at different altitudes in Oceania

Splechtna et al (2000 ) %} V. & 1L ¥ 42, Zhang and
Hebda (2004 ) X} FETEFA LI K Lo et al (2010) Xf 24~
P FR AT 5 — B3R B o AR AR AR 1) A R i oy 52 =X I
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B AA R I R R R AR AR AL , A K21
Rk R BRI AR ] AR Ky B A, 25 B
IO 5 ] PG b F LA R B DR P e S A T T X3
(aniE 2 fros) i, b BRAR AR 1] AR K i 32 2 BRI
W RAAERKBENRE, REZXREREZ HE
Ze IR LD TEARAR P AR LA S BRAR T BRAR AR

[ AR RATE 32 B A K 2 [ K A ) 24 3 ELAS Rl B Ao v <
A% 2 3R B o WA U — B
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Fig.5 Sample sites of the research on radial growth response to climatic factors at different altitudes in China
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3.1 FERX

R A gl X, &2 L gE s  H 2
e, L S G, oo 3 R 2 b
TR AR R M JE R X SR N TR, R
FIZEVTIA (1994 ) 78 K 1L PG &R 1 X 3518 25 42 ( Picea
schrenkiana) WHBFFEIN R ,3 H 5—6 H W REK & H
AR R B2 5—6 H FRK (R 520 3
i, ARUFIESE (2004 ) TITA 7, 35 1) AN [) , BR a7 A
B AR ERN AR, HAR A 7w KL
Je3 PR, B s ER AR SR 11 H 2244
1 P25 S Il 3 22 5 3 E AR OG ; T B /K 2 b R il
RSB ARAR T BRAR AR i 2 K A BR Al R, e 7.8
RO BK RS2 ma e A 3 BT BRAR A AR 1) A
XS A B 2 R N T ARAR R AE K L,
Wang et al (2005 ) #5327 , ZRAR T FRAEFR S5HT—
8 ALIICYAE4 5 AMREKIEMX, 5 6.7 Al
B RO s TR Al AR B AR 3R 5 44 5 H DL T —
AE 8 H MREKIEAR G ; 1M EBR A 4FE 3R 511 —4FE 8 A
MR K DL R YA 2 AR IE A G, 56 A AL AR
(2007) 45-EZE7TIA(1989) FUBFFTHE H , K1l b
AR A B2 R KR JE 51 B 52 2, 4
FEREUT MR AL | (I A BRIV P A R B R

A3 LA, 75 6 e i ) e A ity , B A T P X
AR 2 X A S o | B K B A R A ST
B EWFZES(2001) BF5ETE 1, FF K48 L
AR A2 (Picea crassifolia) 78 17 HE 4 A PR ]
K, A IRAESE(2004) 78 BL A58 O S50 L, 38
THEN LR S, PR BRI R A
A BRI P R A K B VA v B
e AR o DR R 7K X RS A A A 114 P FH A
I R R B 118 A A AR e v, T BR AR A
BB R AR LA,

SEIRORZE M 1L B TE S SR ARAE . KK
A5 (2008 ) TE 58 TA A b (%) 25 30 30 ik 9 e W, 7
FRACERR WA AR £ 7 A0 R TR IE A
O R HT—4F 7.8 F 03 143 13 A% Akt A 5 B B 1 i)
IO 5 A AR A5, A4 7K 40 2% AR X A5 2 11 1t A
ARBREEKY S 6 AUy BRI IEAH,

3.2 EERX

Liang et al(2010 ) XF 7 #& = J5L 5 36 (0 2= P 1L
LU%Q%&E‘(@B(AM% georgei var. smithii) BB 5%
IR, 12 X 38832 1 A 2 XU 5% T, [ K A = T, X1
BRKEARZME,T A B AR & T =2
BRI DR, i V4 e B RS TR B 7K 5 R 4 i
H Bt = AR Ak, (HIE 1% i B B A AR [ A X6 A48 1) i)

IO E[ AT U 2 WA FEE 1 AR A T 52 B A Y
A 3K AT RE AR IR A 2 b R KRR G 45 22 o KRR il
AR B 8 BT 18 A

DT LA DU )48 B e LA R, 3] 237w I 2 8L
R | B 7K 230, A& 2 o B A2 7 XU I A 52 T, T
TR Al R B, Bt P45 (2010) A AT
A AR EBR (3700 m) %S e 8 505 244 7 H
13 -5 70 8 22 B 3 1 1, 55 R KR I R O B A
53550 m AEE VAR ELS 7 H 4 B R 1E AR G,
(B2 MAE 3100 m LA K2 3050 m Ab A4 56 5 %1
AR5 2M4E 3 H iR S IR AR G 7R VR 2800 m Ab

58 A 5 AR KA BE IR B I e 1, S P

FXF R AAR [ A VAT A S A B VR

XPRE T 1L DX 75, 3 27 e S R 2R R ) %
TR 5 & 232 0 v B 2 U S I, S ABE AR G L
8 Fan et al (2009 ) BB 5T 2 B, 2B K78 i 4R
PRI AL BB A X 4 2 I AR IR B 58 Rk s 7R ARV 4R
A 75 75 1) R K R A A e %) IR o DR 5 7 A 1L X
T R IR BB AR R ) A K 32 35 T AR THIR AR )
JEA R TR
3.3 KEHEMSER

K (LA T3 B A AR BB, a8 T iR A KB
A, AR K IER B B i AR TE
W OBRBEZN ELZE, Yu et al(2006) XK H 1L
o X A% 75 #2 ( Picea jezoensis ) B 5T 8 H, IR LA
F T PR A6 2 AZ A B AR R AR RC, XA 118 M o
WU, X T2 KA Z W TR, FR
PEASZ A K B B (IR R 38 2 | T AR R i vh
BB FEEAZ H A LAY RN
3.4 SEFEHMKX

57 F 75 148 2= g 30 04 Bl JE F R0 L0 b IX ) s
JEr I FE A7 T s W R e, 52 SIS (2007 ) Fl A
V%5 (2010 ) X3 DX 388 3 18 41 ( Sabina przewalskii
Kom. ) B9 om ARG IR AR m A K 5 5 A
(AR K 8 35 TE A 6, A i 30 A B /KO HL R 2 1)
B P ; i 0 4 s R T v, 5—T7 H IR KOG
B B BRI VR FH I 55 5 7 i gk b A= K 22 (7 H) iR
FE R E R BRI K, 52 Q0655 (2007 ) X 7 i
AN BN A K 5104 10 A0 A ¥k
WEEIEAIE, 5Hi—4F 8 HA44E 5.6 H iy H¥E
WE AR 5H—4E 9 .10 A FRY4E 5 H kK &
AR IEAOG . 2% X AR AL 1Y) 75 16 = A2 AR )
AR SZ IR R K )5 2 L R IR A B T 3 O
[ F12% DX S AR [ A 7 AR LT PR A AR KA

ZE L TIR . E IFR  — SR R = A



852 HBRFRIE 224l

EORE

MEARAR I A K R E R A R WS E s R AH
RIBFFE LR AT VFZ AR Z AL, ANFEFR I PG 30+ 5
DXARRT FRBR AR i) A 4 Y 32 BRI 5~ S K
H T 7K T B4 e 2 A 384 g 3, BRAR A 14
BIR i A5~ IS .3 7R 5 i ) JBCAR T s DX, A A
A2 i) AR Y 2 EERR ] A 1 O 2K il B, R K Y
Ml 187 AN A 5 [ A0 g ] s DX B DB L1 X, ey 4%
2 N R T AU 2 W), AR v HLH R, EER
PSR ) A R 2 &R AR, X B R Bl S
A ZRACHIX T 55, 32 2= KGR, b BRA A Y 32 2 fR
il 7o AR R AR TR BROVAE R F MR,

4 INES

FE] PN I T AN R R AR E R AR AR i AR R 5 R
RER IR CRIT T REMBBTE T, Hp
DR SE 55 E K X i 58 TARRE P . & i —
R TSR e L W 7 ) 2 S BIF T, O B0 — R e 22
3R W7 PR A 1o JBE BT BRE W 5 AEBIF S O 1 |
C LB AR S BT, 8 B R A [R] 91 5% L py i
WX HE 3T o 23 AT IR AN [R) A X A B BIF S IR
R IRAEAR ) B ARRL A58 DX P A8 AR 1) A= 4K 0o A f
AR W N7 B PR e RE AR R A S — B, BRI
P BRI TR BRI AR A RN TR S A
FEANTR] . a1 A A 3 7 AN RRAR Y 30 B LA
L IS T 5 B R o 5 — A T 3R W o o
— BT BRARHY b R AR [ A RAEAE 5 R
DIASE AR BRB AAR 1) A 1 S FEK 3 U HE C
TEH T REHIX , FRESHA—E @] A
PR TCIEARAR b T BRYY 52 BK A5, 4038 [
VAR 5 X TR K 0 2R O FE R R I, A2
BICIERRAR L R BR BEAAR [ 2R K 5 A A2 Al
TEEARSC, AR PE R A R R X, LR TRl —
A DX A AS [ 238 1 H AN [ b 1E 5 235 2R 3R B, AR
AR T R 52 25 M SRy S AR A S, AN RIS
A% 2 3R e 7 BT 3 g P AR A R A 25 S O AN I

5 IXEE

M H BTSSR, A [R] 44 g B2 A4 o) A
R UM EEZR AR L 23 A P 22 55, AN R] A X AR
ARAR [ A AR A 3R A 10 B T4 s JEE A2 AR )
PR, AN [) Mg DA [R] R 34 e JBE BB AR AR i A
RS EE KA BT )2 0T i IR 1T F AR
PSR ) AR — SR G A B B , B A 15
7N A T A v R R AR AR 1) A A T A S Y A
SC AR H BB R R BT 58 TARR T AR I T 2%

BE. SERRA L, EE N ENFRELT
JUA I THI 5 Bt .
5.1 fmEER R ik S & X A 7 [543 Fh e 5z A9

T3

H T2 BFFE X N HUE 38 55 R R 52 m), 5 [
AMIFFEAR EE , P B IO BIF 5 3 78 AN [] AR e X <4
BEE e 0L TR AR B AR AR R 22 R R, TR
VEFRATTREAS [R] SAi DX Il AN ] Vg 4 1 B2 AR AR AR ) A
K — AR IR, A, IO AH [ DL A i i
A DX N AN TR AR Al 1o 7 %6F LU ARG
52 #—SPRUSKSREZEMENFRASENRE

R

36 T 52 X T AR i) AR KX M2 2 1 M
O] AHUR i JE Y AL 2 AT, o R A AR 18] AR KA R
YA DL S AT R SR R W A B
FeRAEH . B I IT R I Z2 h BE R B AR A A
I ABIFE  (EN B — M S 2% i) 7 R 4 i
PRSP B FEAT R A TF R, TSR A 4 [EVE
RS HEAT T R e i A, i d i
SAEEERWASA A, 72 BL IRl A b ZEXAS ] X
SN (R AR o B AR AR AR [ AE K T 7 19 S X
AT RGN, XL, 76 TF R AS [ i 34 5 5 X B
AR o) A X S A B 2 1 e g A 5 ) () B g 3 —
TR S8 3% i oy B R 1 S AT
5.3 ARAEMELHSEZEMEXS LR

3 o A R 3 m Jo 6F EL AT, T LB IR A
TRARER S EMARN AR STEERN X
R BRI AN IR 5 B A i) 07 25 2 15 2 32 AR A
PRI 22 52 T, 3 2 () B A2 AN [ ) S R R R s ), %
S AN [] (14 77 2K 7 ] — A fige B8 32 A5 n] R, PR
FFFRAR — SMELR IR, I T 2 A e i
5 TARRRLE B 2% AR & BN [R5 )
B AAZ 1) A A X6 A M2 2 i by A6 A S8 A 7 T
it — I,

S 3k

BOloF, Fmimn, f A, % 2010, SUSLLAREAS R IR
o PE RS 0 8 0 A A A B R R [T ). A BT, 21
(11): 1940—1949. [Duan J P, Wang L. L, Xu Y, et al.
2010. Responses of tree-ring width to climate change at
different elevations on the east slope of Gongga Mountains[ J].
Geographical Research, 21(11) ; 1940—1949. ]

BbedE BRE IR, Mlted, . 2004, 8% L b s XA
GLREAR SRR BE T R FE I AL [T ] &R, 24
(1): 172—176. [Gou X H, Chen F H, Yang M X, et al.
2004. Analysis of the tree-ring width chronology of Qilian



55 3 10 s R AR AN TR TR e R R AR i) A RO A R e L ) W 853

Mountains at different elevation[ J]. Acta Ecologica Sinica,
24(1) . 172—176. ]

AA, XIME, AT A, % 2007. Kl A Beb A A Kt
SR ERBEE PR RL [ D). BB , 27(3) : 322~
331.[ Guo Y Y, Liu HY, Ren J, et al. 2007. Responses
of tree growth to vertical climate gradient in the middle
section of the Tianshan Mountains [ J ].
Sciences, 27(3) : 322—331. ]

ZEVTIAL. 1989, BlAFFe TAFRE K SCIFE [ M]. dbnt. & H
fgl, 1—192. [1i J F. 1989. Studies of dendroclimatology

Beijing: China

Quaternary

and dendrohydrology in Xinjiang [ M ].
Meteorological Press, 1—192. ]

TEE, A, BRRIE, 5. 2007a. Bl JE 500 AR % [
FAAR 1) A X A B8 R 15 [ 0] A B4R, 62 (7))
742—752. [Peng J F, Gou X H, Chen F H, et al. 2007a.
Horizontal variations of climate responses of Qilian Juniper
( Juniperus przewalskii) in the Anyemagen Mountains|[ J].
Acta Geographica Sinica, 62(7) ; 742=752. ]

WO, AR, BRKIR, . 2007b. B e B L A )
WH B A2 (Picea crassifolia) B HE 1 Rk K S ek
BN [T]. 2 FEIR , 27(8) : 3268—3276. [Peng J F,
Gou X H, Chen F H, et al. 2007b. Characteristics of
ring-width chronologies of Picea crassifolia and their
responses to climate at different elevations in the
Anyemaqen Mountains[ J]. Acta Ecologica Sinica, 27(8) :
3268—3276. ]

EWE, BREIE, AbesE, 4. 2001, #B85%E L #R AESR
TERE 5 D iR O R S AR L) ]
Z&, 21(2): 135—140. [Wang Y J, Chen F H, Gou X H,
et al. 2001. Study on response relationship between
tree-ring and climate factors and climate reconstruction in
middle region of Qilianshan Mountains [ J ]. Journal of
Desert Research, 21(2) : 135—140. ]

W W, A, 2R 5. 2010, T R IEZR LA A i
PR EEWHTE A A I LD ). oK1 £, 32(2) -
429—437. [ Yang T, Gou X H, 1i Y J, et al. 2010. Scatter
plot and linear regression applied in the tree-ring elevation
gradient analysis in northeastern Qinghai-Tibetan Plateau[ J ].
Journal of Glaciology and Geocryology, 32(2) ; 429—437. ]

REIL, 1. 1994, RINPEES s 2 RAER R AR K S
SRR V] BT Z 2R (FTAFF#IR) | 11 (4)
93—98. [ Yuan Y J, Li J F. 1994. The relationships
between tree-ring climate growth of spruce forest and
climate in the west part of Tianshan Mountain[ J]. Journal
of Xinjiang University, 11(4) ; 93—98. ]

KRR, RIRUR, ARG, 55, 2008. AN[F] A= 5248 3% B # 42
] A= RO SR AE A B B [ T . L 50l K%, 30
(3): 7=12. [Zheng Y H, Liang E Y, Zhu H F, et al.
2008. Response of radial growth of Qilian juniper to
climatic change under different habitats [ J ]. Journal of
Beijing Forestry Uniwversity, 30(3) : 7—12. ]

A, EANmN RS, S 2004, TS AL RS B8 1 X

SRR RS [T ). M EEE R, 59 (6) : 863 —870.
[Zhu H F, Wang L. L., Shao X M, et al. 2004. Tree ring-width
response of Picea schrenkiana to climate change [ J]. Acta
Geographica Sinica, 59(6) ; 863—870. ]

Affolter P, Biintgen U, Esper J, et al. 2010. Inner Alpine
conifer response to 20th century drought swings [ J ].
European Journal of Forest Research, 129(3) . 289—298.

Andreassen K, Solberg S, Tveito O E, et al. 2006. Regional
differences in climatic responses of Norway spruce ( Picea
abies L. Karst) growth in Norway[ J]. Forest Ecology and
Management, 222(1-3) . 211—-221.

Briffa K R, Jones P D, Schweingruber F H, et al. 1995.
Unusual twentieth-century summer warmth in a 1,000-year
temperature record from Siberia [ J ]. Nature, 376
156—159.

Brookhouse M T, Bi H.
sensitivity in Eucalyptus pauciflora Sieb. ex Spreng[ J].
Trees-Structure and Function, 23(6) : 1309—1320.

Buckley B M, Cook E R, Peterson M J, et al. 1997. A

changing

2009. Elevation-dependent climate

temperature  response  with elevation  for
Lagarostrobos franklinii in Tasmania, Austurlia [ J ].
Climatic Change, 36(3) . 477—498.

Case M J, Peterson D L. 2005. Fine-scale variability in growth
climate relationships of Douglas-fir, North Cascade Range,
Washington[ J]. Canadian Journal of Forest Research, 35
(11): 2743—2755.

Case M J, Peterson D L. 2007. Growth-climate relations of
lodgepole pine in the North Cascades National Park,
Washington[ J]. Northwest Science, 81(1) ; 62—75.

Cullen L E, Palmer J G, Duncan R P, et al. 2001. Climate
change and tree-ring relationships of Nothofagus menziesii
tree-line forests [ J |. Canadian Journal of Forest
Research-Revue Canadienne de Recherche Forestiere, 31
(11) . 1981—1991.

D’Arrigo R D, Cook E R, Salinger M J, et al. 1998. Tree-ring
records from New Zealand: long-term context for recent
warming trend[ J]. Climate Dynamics, 14(3): 191—199.

Di Filippo A, Biondi F, Cufar K, et al. 2007. Bioclimatology
of beech ( Fagus sylvatica 1. ) in the Eastern Alps; spatial
and altitudinal climatic signals identified through a tree-ring
network [ J ]. Journal of Biogeography, 34 1873—1897.

Dittmar C, Elling W. 1999. Radial growth of Norway spruce
and European beech in relation to weather and altitude[ J ].
Forstwissenschafiliches Centralblatt, 118(4) . 251—270.

Dittmar C, Zech W, Elling W. 2003. Growth variations of
Common beech ( Fagus sylvatica 1.) under different
climatic and environmental conditions in Europe—a

study [ J ].
Management, 173(1-3) . 63—78.

Esper J, Cook E R, Schweingruber F H. 2002. Low-frequency
signals in long tree-ring chronologies for reconstructing past

temperature variability[ J|. Science, 295 2250—2253.

dendroecological Forest  Ecology and



854 HERIF AR %34

Ettl G J, Peterson D L. 1995. Growth response of subalpine fir
(Abies lasiocarpa) to climate in the Olympic Mountains,
Washington, USA [ J]. Global Change Biology, 1 (3):
213-230.

Fan Z X, Brauning A, Cao K F, et al. 2009. Growth-climate
responses of high-elevation conifers in the central Hengduan
Mountains, southwestern China [ J]. Forest Ecology and
Management, 258(3) ; 306—313.

Fritts H C, Smith D G, Cardis J] W, et al. 1965. Tree-ring
characteristics along a vegetation gradient in Northern
Arizona[ J]. Ecology, 46(4) : 393—401.

Fritts H C. 1976. Tree Rings and Climate[ M]. New York,
Academic press, 1—567.

Grace J, Norton D A. 1990. Climate and growth of Pinus
sylvestris at its upper altitudinal limit in Scotland; evidence
from tree growth-rings [ J ]. Journal of FEcology, 78
(3): 601.

Hughes M K, Funkhouser G. 2003. Frequency-dependent
climate signal in upper and lower forest border tree rings in
the mountains of the Great Basin[ J]. Climatic Change, 59
(1-2) . 233—244.

Hughes M K. 2002. Dendrochronology in climatology-the state
of the art[ J]. Dendrochronologia, 20 69—78.

Jump A S, Hunt J] M, Penuelas J. 2007. Climate relationships of
growth and establishment across the altitudinal range of Fagus
sylvatica in the Montseny Mountains, northeast Spain [ ] ].
Ecoscience, 14(4) ; 507—518.

Kienast F, Schweingruber F H, Braker O U, et al. 1987.
Tree-ring studies on the conifers along ecological gradients
and the potential of single-year analyses [ J]. Canadian
Journal of Forest Research-Revue Canadienne de Recherche
Forestiere , 17(7) : 683—696.

LaMarche Jr V C. 1974a. Frequency-dependent relationships
between tree-ring series along an ecological gradient and
some dendroclimatic implications[ J]. Tree-Ring Bull, 34
1—-20.

LaMarche Jr V C. 1974b. Paleoclimatic inferences from long
tree-ring records[ J]. Science, 183 1043—1048.

Leal S, Melvin T M, Grabner M, et al. 2007. Tree-ring growth
variability in the Austrian Alps: the influence of site,
altitude, tree species and climate [ J]. Boreas, 36 (4):
426—440.

Liang EY, Wang Y F, Xu Y, et al. 2010. Growth variation in
Abies georgei var. smithii along altitudinal gradients in the
Sygera Mountains, southeastern Tibetan Plateau [ J ].
Trees-Structure and Function, 24(2) : 363—373.

Lo Y H, Blanco J A, Seely B, et al. 2010. Relationships
between climate and tree radial growth in interior British
Columbia, Canada[ J]. Forest Ecology and Management
259(5) : 932—942.

Makinen H, Nojd P, Kahle H P, et al. 2002. Radial growth

variation of Norway spruce ( Picea abies (L.) Karst. )

across latitudinal and altitudinal gradients in central and

northern Europe[ J]. Forest Ecology and Management, 171

(3):243-259.
Mann M E, Zhang Z, Hughes M K, et al. 2008. Proxy-based
reconstructions  of  hemispheric and  global  surface

temperature variations over the past two millennia [ J].
PNAS, 105(36) : 13252—13257.

Meyer F D, Braker O U. 2001. Climate response in dominant
and suppressed spruce trees, Picea abies (L. ) Karst. , on
a subalpine and lower montane site in Switzerland [ J ].
Ecoscience, 8(1) : 105—114.

Norton D A. 1984. Tree-growth-climate relationships in subalpine
Nothofagus forests, South Island, New Zealand [ J]. New
Zealand Journal of Botany, 22(4) . 471.

Peel M C, Finlayson B L., McMahon T A. 2007. Updated world
map of the Koppen-Geiger climate classification [ J ].
Hydrology and Earth System Sciences, 11 (5 ):
1633—1644.

Peterson D W, Peterson D L, Ettl G J. 2002. Growth responses
of subalpine fir to climatic variability in the Pacific
Northwest[ J]. Canadian Journal of Forest Research-Revue
Canadienne de Recherche Forestiere, 32(9) ;. 1503—1517.

Peterson D W, Peterson D L. 2001. Mountain hemlock growth
responds to climatic variability at annual and decadal time
scales[ J]. Ecology, 82(12) ; 3330—3345.

Salzer M W, Hughes M K, Bunn A G, et al. 2009. Recent
unprecedented tree-ring growth in bristlecone pine at the
highest elevations and possible causes[]J]. Proceedings of
the National Academy of Sciences of the United States of
America, 106(48) . 20348—20353.

Shao X, Xu Y, Yin Z Y, et al. 2010. Climatic implications of
a 3585-year
northeastern Qinghai-Tibetan Plateau [ J ].
Science Reviews, 29(17—18) : 2111—2122.

Splechtna B E, Dobry J, Klinka K. 2000. Tree-ring characteristics
of subalpine fir (Abies lasiocarpa (Hook. ) Nutt. ) in relation

tree-ring  width  chronology from the

Quaternary

to elevation and climatic fluctuations [ J ]. Annals of Forest
Science , 57(2) : 89—100.

Wang T, Ren H B, Ma K P. 2005. Climatic signals in tree ring
of Picea schrenkiana along an altitudinal gradient in the
central Tianshan Mountains, northwestern China [ ] ].
Trees-Structure and Function, 19(6) ; 735—741.

Yu D P, Wang Q L, Wang G G, et al. 2006. Dendroclimatic
response of Picea jezoensis along an altitudinal gradient in
Changbai Mountains [ J ].
Technological Sciences, 49 : 150—159.

Zhang Q B, Hebda R J. 2004. Variation in radial growth
patterns of Pseudotsuga menziesii on the central coast of
British Columbia, Canada[ J]. Canadian Journal of Forest
Research-Revue Canadienne de Recherche Forestiere, 34

(9) : 1946—1954.

Science in China Series E.



