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Climate-growth relationships of Abies faxoniana from different elevations at

Miyaluo, western Sichuan, China

XU Ning', WANG Xiaochun', ZHANG Yuandong™* , LIU Shirong®
1 Center for Ecological Research, Northeast Forestry University, Harbin 150040, China
2 Institute of Forest Ecology, Environment and Protection, Chinese Academy of Forestry, Key Laboratory of Forest Ecology and Environment, State Forestry

Administration, Betjing 100091, China

Abstract: Tree rings which can record the past climatic events allows for retrospective analyses of climate-growth
relationship. Generally, it is assumed that the relationships between tree growth and climate are elevation-independent and
age-independent if the biological growth trend related to elevation and age is removed from the tree-ring data. However, if
tree growth of different elevations or ages responds differently to climatic conditions, a dendroclimatic analysis based on
samples at different elevations or with different ages may be biased in capturing climatic variability throughout the length of
the chronology.

In our study, tree cores of Abies faxoniana were taken from three different elevations ( High altitude; Middle altitude
Low altitude) to represent the trees growth in Miyaluo of western Sichuan, China (total 132 cores, 37 at Low altitude; 51
at Middle altitude and 44 at High altitude). Three residual chronologies were developed from the cross-dated ring width
series using the program ARSTAN, the longest was 170 years (1842—2011). Response analysis showed that the

correlation between temperature and chronologies was almost negative, at low altitude there was the highest correlation
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coefficient. The positive correlation between PDSI ( April and May of the current year) and the chronologies of Middle
altitude and Low altitude showed that drought stresses inhibited the tree growth. In addition, a significantly positive
response to precipitation ( April of the current year) found at Low altitude explained that the precipitation was quite
important for the tree growth.

Furthermore, analysis of different age classes (old or young) showed that the response of old tree growth to climate
change were more obvious than that of the young tree growth. It revealed that climate conditions would affect tree growth
differently between different ages. Physiological processes and hydraulic constraints related to tree ages could possibly be

the main causes of these age-dependent responses, so the relative sampling strategies should be considered.

Key Words: Abies faxoniana; tree rings; climate response; Tibetan Plateau

SEBRAMEAR AL 2 R b ER A S R G0 IR T IRE S, R M A 28 B AR A7 2 T T Rk % R, IRy
P A et A S R G A o mE AR X BRI S R G R, B AR AR AR,
S W e L AR AR R AR 25 R e T O AR Y ARk, AR RS R R L M X TR AR AR R
B RGE , F e Xt S A A8 pmi g R 0 S A E B 7 TR T TR TAED . A A Xt A TR b 14 52
M) AN [ 4914, ek B8 T R DR b 2 i B — A o 14 2 e | 06 55 — AR 2 A T RV R — A A AN R
AN FEEARMESE L, AR SRR BAEZES Y RESE TR IR T AR
RIARERK 5SBERRGVIE ARG RZEAAE—ENES ., RILTBEIW 242 (Picea schrenkiana ) B AR
AR FEZR—F 7 8 HEIRACYAE 4 5 H BN R FE T2, R E T SR AL KR Y R i
VERRA LB PG 2 28 1 A TR AR AL 95 A ( Larix principis-rupprechtii ) A AR 0] A= K 52 31 3T
SRR e R AV i AA 2 BRI A BR ] . BRI TR R BRI AR 5 A KRB K Y O R N IEAR G
WG R AR ST LR [ = R A A AR K 5 T 3500 B 1 S IR A G 45 S B AT R W A T R
DX, SV fe L AR AR A A K AT i = A7 R K B 5 10 T 90 X ST e 1 R AR A K AT i R A R R R, (H
WATHIGE R I T 25 LIRS A A KX S AR A UB A IS, 5 1 LLRER T2 232 A0 K 2 i B PR i iR e A
PR TR )1 PG b b X AR A A K SR B A2 B S IR (1 S R 2 R4 S LT B kS R K AR fb X
PR K 5SMBER ERAMRLEZ M 7 B T AU B KRG — a2 W e, B2 5 S X AR A K A —
FERZM 7 XL [A] AT T R AR .

TR ARG = L AR AR A, BB IE A2 Bk JEM AN TRl — X B R [l 4k a7 b, HoAR &
BRI A P2 A ARt 75 s S bR R 1 22 P L R B 2 ek /| B X AR AL 2 TR X, 1P KT 2 K
DA )1 P I8k 1 X i 2 R b X, P Ji 22l XS T T A A A 4 5 S0 R A9, R TRl S fe FAR [
PR TR K-SR AT A 2540 T8 . R SCH i #E ST K% Hb X R VT8 42 (Abies faxoniana ) B¢
AR BT IR AR X IRV T4 A2 A K 5 S R D R B2 ), A E— 25 i 9 2108 i b DX A 2 R g v e s Ak
) i 07 B A
1 HARREBASHRF X
1.1 R XA

TFE XA T PG KA B AKX (31°24'—31°55'N,102°35'—103°4"E , #E4K 2200—5500 m) , J& 5 i 0 I 45
GEREAOH SNGERR Sy . MR LI B L e g 3 B £ 350 L) b @ LA, LATREIR 2760 m YK B A
1], A4 K B 700—1400 mm , 4E 78 & 1000—1900 mm, EZEREEH, & E THRES KA HA N1 H
(-8%C) , H\M N7 H(12.6°C), =10°C HIAEFRIR N 1200—1400°C . K V.2 Ak X Al 9k 3 s B G, SR
e S AR R I T A 5o AR ZRAR A THFIR 2400—4200 m 22 (8], LI 5 1L bRy 32 O 29k b i
LR FNE R =42 (Picea purpurea) o
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1.2.1 FESFCRESERET

T 2011 457 A4y 3R 8162 N R IE sh R /NG XK, 2 IR 3 LSRR (K1), T
R AAE S EICHE RS, e K R AP ARV A2 HEA TR ISR, . AR 5.3 mm AR HEAE M = 4k (1.3
m) R R IO, KB REA A SRS N I T R, AR AR R AE 1 MERRREE . BEA
S T SR A A BB B A AN TE B A IS (AR RS i 5 JR AR B 132 AR SLIRFRE , I Ak ag
SMEAE,

Rl NBERTIFHRES . FR3 MBERRRESRER

Table 1 Information for three sampling sites ( High-altitude, Middle-altitude, Low-altitude) at Miyaluo, western Sichuan

FEH Sites 2353 g MR PRSI
- Longitude (E) Latitude (N) Elevation/m Core numbers

I Low-altitude 102°47'88" 31°40'79" 3095 37

3K Middle-altitude 102°48'48" 31°40'31" 3453 51

i ER High-altitude 102°48'05" 31°41'61" 3773 44

AEFERE T TUAL PRI AR L HR Frives' ™ R A 5 Ik UEAT, 8B 2 L FTBE S, A6 U A Be T kAT H AL AS
SOEAE, ARG VELMAX 4R8I0 5 (SO0 5 4 48 B8 B8 X RGN 0,001 mm, W & J5 A A 48 FEAS 17 91 1
COFECHA 2 774 Xof i A7 AN det 25 BEEA TG 50, 5 T8 B a4 R B 8 0 el R o b B R 25 . 3 58 B AR 1Y
AERRIES R ARSTAN 23R 7 FS Bal 2k vk s B A T B SRR oAk > H A2 R BRI A Tt 3
o AR FR1 AT A SR R AN ) T 4 A A9 52 0 5 PSR S 240 A TAR AR I 2k AR AL, e o 3 IR IR VTV
AR, WAERGIHRHME T A, 22 (H AR RIS TG HRIE X 8 TAREAR 2R, 40 . B R 25 (H AR R FEAAR
FMEH 0.94 R TARMEAER Y 0. 90 ; 2 EAFE RIS —FEAR Ty Z MR 34. 77% , R ThRUE4ER Y
26. 19% 55 , PR HE ] 28 (A AR RIFA T AR S-S R A0 HT
1.2.2 SRS 280 4 30

TR P I I TR, RN 0| i [ |
BEFHARVIHE G0 (103°40" E, 31°01" N, 34K 698 m) \5 200 | \\ 1.2
1054—2011 4ER AR, Fofir T RbE SRR 100 2 160 | Y
km Ab (P 1) BFFEH B A SR A AR AR 5 0 | 1% 8
BT B K Bt R BT SR Cpalmer drought % 0 | H e
severity index,PDSI) ! 5 WS %4545, | T ALK 40 45 7

0 ﬁl [;1 D H H o

AN MAE 1 S0 5 A O A2 AR S B T Y 5 TR AT Tl
M, PR, BEE B AF 6—12 H 4 R4 4E 1—9 H 4y 1945 A 1 Month
AESRNTURE LA ADFURRTIFN g misresexssTo585 8 wcRNEL
S IRTTE R IAT o FTBURTT A A28 K4E Fig. 1 Monthly mean temperature and total precipitation at
WATE 1702 A2 47, B K 3 AN 4K A RIS H AR i 73 I K Dujiangyan, Sichuan, China
T 85a FI/INT 85a WL , M [RIVFHA A [ A i B 14 1 21 4
TS SR T AT 0T AEFRE SRR Z R ASC 4T SPSS 19. 0 SRR,
3 £R551%
3.1 AFESRAFE

FEKE 2 1l DX BT ERAS Y 3 A 25 (HAER T, B TAERGTHRIEE (3R 2) fEVR B B L3RBT — & 1
A SR REE 0.32—0. 42 ZJ8] SRR EAE 0. 17—0. 21 Z 18], H b Ry 3k e v, i HL X 2 80 A
KBRS 3 NIRRT AZAE RV IHUSE (50 L0 FEARR R ERR A X 34T, e W L3S A A7 4F
ARG
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MIE 2 WA 3 AN URTIIAZ 22 (H AR AR AL AL S BRI, Sl XS 3 AMFER BT Hr i i IR
TR M AR B AR AN SR 558 (0. 55 ), AR IRRCRIT IR AR SE PR R (0. 32) AOSEIE  (HE TTAYHH AR 1K 1)
T 95% WY IRV IX WK Z 1 AN [R) AR VLV A2 09 A BAT X — Sk

£2 JIBERTEFHRRIRIISHE 3 MBREEFRNEESITFE

Table 2 Major statistic characteristics for residual chronologies of Abies faxoniana from three sampling sites at Miyaluo, western Sichuan

; s - NG {273 R
JFHIHSE Time span 1863—2011 1857—2011 1842—2011
SEHHURE Mean sensitivity 0.21 0.18 0.17
FrifE2E Standard deviation 0.16 0.16 0.15
SEHAHZE 2B Mean correlation coefficient 0.42 0.39 0.32
{52 It Signal-to-noise ratio 21.38 21.15 16.61
FEARARF M Expressed population signal 0.97 0.96 0.94
5 —FRAEAR 7 2B i Variance in first eigenvector/% 37.88 34.74 34.77

3.2 AN[EPBIRIRITA A4 ) A K 5 A5 R A ek
H 2 3 WL, FPARIER 2 AR S R A X — 3K

AR DG |, RIVER -5 21 47 7 2 R A 347 d ey YL 22 W0 . 3 1 A

RRFR , H P ARV X 7 2 e oy Ui e vy B S 3 T PP 7R

WS IR N e B i[RI AR A S AR A

YU B 2 W 3 A OC IR S AR R - 1R A 2

FHRAOC, SRRV 24K 5T — 4 4 2= f iR

W ARSI FEK | S e il e A 2
M3 D i ARIRAR 25 2 4.5 BT DA 04840 1860 1850 1900 1920 1940 1960 1980 2000

K 5.6 Hmin Fame, migikiERk 5 24E4 H 4EA Year

PR 4 5 T35 i LA ST 8 T Sl e 60 B2 JIAXETHRRS. PR3 MFHIRTSZHEEER

MG, RIS 2 A O AR AIEANDCRE, 5 1A fos Residual chronologies of Abies fuvoniana at three

RIEAHX R B E, HIMNEE 7 ARKERZ NI,  sampling sites at Miyaluo, western Sichuan

TRA8 807, PRI A BB R IE A EE R,

O3 EARIEIRAE 24 3 4.5 Ay IR AE MAF 4 5 A ik BIEAH G 8 3, FARIRE 3R 8 PR 8 ik

FEFRATERS T 2R A R,

AR Tree-ring index

R3 FARBRIRISAHERSFTHTRETENEXXER

Table 3 Correlation coefficients between chronologies of Abies faxoni and se: 1 climatic variables
pEs e e Es A
Winter Spring Summer Autumn Annual
R High altitude ¥ Mean temperature 0.07 -0.02 -0.06 -0.03 -0.01
% i IR Maximum temperature 0.14 -0.07 -0.08 -0.12 -0.03
%I Minimum temperature 0.31" 0.12 0.15 -0.13 -0.11
[%7K Precipitation 0.06 -0.01 -0.12 -0.20 -0.19
iR Middle altitude Y47 Mean temperature -0.09 -0.23 -0.12 -0.11 -0.29 "
5 5 T Maximum temperature -0.12 -0.31" -0.13 -021 -0.35""
Fe K Minimum temperature -0.08 -0.13 0.07 -0.09 -0.02
[%7K Precipitation -0.01 -0.10 0.10 -0.11 0.011
{KVF3% Low altitude P75 Mean temperature 0.05 -0.27 " -0.03 0.015 -0.01
55 T Maximum temperature -0.14 -0.33" -0.25 -0.09 -0.29 "
AR Minimum temperature 0.16 -0.23 0.13 -0.12 0.11
[%7K Precipitation 0.11 -0.13 0.01 -0.13 -0.08

#* P<0.05;% « P<0.01
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Fig.3 Correlation coefficients between chronologies of Abies faxoniana at different elevations and monthly climatic data

<" RFEAT—4E, B0, -6 URAT—4E 6 H

3.3 AFIRHSURTLIAZAR ) A K 5 A A A DG

I 4 AT DL 78 S IR 3 AR, ISRV AZ % A0 PR~ 14 i g ALK 258 A WA, i 4 R A A X 2
AR | i 2 3 PO DG B AR R S R IR 2 0 3 B A G, 3 NI R P A g4k /)
B AR 55 A 18] e v T 2 B SRR G

H I 4 T LUE H R R A U RIS AR A 46 S A A8 Ak A i By 5 R SRR, AR/ NS 5
7 H B R 0 IE ARG TR /MR ST AR 8 T AR AR AN AR 4 5 T 0 9 e e L ORURE OG5 i
PMBIRTLYRAZ 5 9 H P EREE W MR E, 52 H SRR W3 EAC, 5/MERAM L, R 0 K
W5 Y45 .6 HOrEIR S5mTE T S TPk i KIS AR R 5 AT —4F 12 A S RS 2 B3 R oG
R RIS AR 5 2 A FK i W IEAR DG, P 2 AR B/ N AR 5 (IR A A AR A AR T, 35X 3 4
45 LA R B, BV T R 6 AT —4F 9 A RS AE 4 A BE/K S I IEAH A B8 PRI 3 T 2 A Oy FoK &
AT RS H PR R TR A B AR 3 i 9 PRI ) U G B E T m
4.5 A0y dsc s i AR OCA B ;2 H S IR A IEAR G T R
4 TR EHR
4.1 PRI AZ AR -S5O R 1R

PEAAE A 55 75 2R 230 R e il AR M R LA B S, B R RIS, R A S S a3 (3R 3) . W AR A
JEAY T — D RARHNR V-6, BE R PRI R T, B 330K 53 25 8 LA KA ) A (0 22 A T 3, 7K 43
FAAA T REAE BRI R 2 A 5 ML T A R ZE R AN . F MR IRIREE A A K 20 5¢
SR 7 Y AR L R R PR SR AN S SR AR SRS T AR ROK B 2 AL A KA 5|
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SCAAVEIBE S T 70 AR BE R B A KAMFIME I S 4b, R B 400 ) e R A0 18 4 e il b 1T 7K 4 28 K HE B
R A AR KA 30 AR BRIk B G AT AR KA g2 |

*4 FABRARAEHRBIRILAEESTRBRATFHEXLXER
Table 4 Correlation coefficients between younger or older chronologies of Abies faxoniana at different elevations and seasonal

meteorological data

A T HZ [Es Ty
Winter Spring Summer Autumn Annual
YR R High altitude K% Older 0.13 -0.05 0.07 0.7 0.04
Temperature /N Younger 0.11 -0.10 0. 13 -0.08 -0.08
ik Middle altitude K Older -0.23 -0.28* -0.21 -0.22 -0.29"
/N Younger -0.18 -0.18 -0.17 -0.13 -0.22
K134 Low altitude K Older -0.16 0.11 -0.15 -0.17 -0.14
/N Younger -0.17 -0.15 -0.13 -0.16 -0.23
g i R K 0.05 -0.13 -0.03 0.08 -0.01
Maximum I -0.12 -0.18 -0.03 -0.05 -0.12
temperature gk Kit -0.24 -0.32" -0.18 -0.22 -0.37 **
N3 -0.19 -0.25 -0.22 -0.19 -0.32"
iRk Kit -0.19 -0.11 -0.22 -0.09 -0.16
N -0.22 -0.17 -0.13 -0.13 -0.28
AR TR PNt 0.22 0.017 0.27* 0.01 0.19
Minimum N 0.12 -0.21 0.19 -0.11 0.11
temperature gk Ki -0.01 -0.13 -0.12 -0.11 -0.11
N 0.12 -0.15 0.15 -0.11 -0.03
iR PN -0.02 -0.06 0.09 -0.19 -0.03
AN -0.05 -0.16 -0.01 -0.16 -0.14
Rk TR PN 0.03 -0.08 0.18 -0.15 -0.03
Precipitation NS 0.19 -0.06 0.04 -0.20 -0.08
IR PN 0.13 0.16 -0.04 -0.05 0.02
N 0.14 0.12 0.05 -0.05 0.06
Rk PNt 0.17 0.09 0.12 -0.18 0.13
AN 0.06 0.11 0.12 -0.11 0.01

#*P <0.05;* % P<0.01

PRI IRTT Y AZ A K S 5 A il A 4 5 A feiil GO 38 RITRF il il TR AL R, X152
SR 0L B JE BRI L XS5 A2 S A SR AR & 78 AT I8 . R R TS IR
AR B DG (R 3) R IR B 0 v, TR] I R 2 K i 20, (T SRR EEhJa) . PDST 75— 2 FRJE I
TS T REK A R AR BE R K 3 A R AR LR IR R R SR | PRI IRIR T SRR 5 4.5 A0y
PDSI Z [AIFAAE 235 IEA G (I 3) AR E S 3 H 5 PDSI AT B35 IEAH O ZR | [R] I RF Bl % sl 24 0 | i e A%
i | e e il P S TSGR W] T R R R T R IME AT, RIS 7 8 A B K AL T — 4R K
R AUELEL, SRR TV A2 AR ER S 7 H K25 SO 5, R, B2 e B0 — 5 8 B2 A IE AR 5G| 32y T3l
JEFNFE K Z [0 B SR OGS R BT AE Y o Fh T R B ) W S 0, S B30 B2 A T A BRI S BOL B 1R A
ORI BEAR, 77 A SR ALK I b 20 A HLAD i 2 0 T I R A A 2 K20 AT LA TERF 58 X N
FRIEERRY 7.8 A AR AR I 22 h T IS A T R

IR RN P RN RV A2 BB e R ] M A R (1 A Z 4 ) IREEXT AR A KA 5 U
A EAE T, TR 5 7 3 A g T TR AR A AT BRI RZ MR, NI AK DXL 0K S22 0K DX AR g R, S i 18
VUG X, AF R K A2 710 mm , iR TORIEZARIX U B 7 8o DR 5, el R g 2= 04 L, B K 2R 1Y
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