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Abstract; Tree-ring samples were collected from Larix principis-rupprechtii trees at three sites at different altitudes on Luya
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Mountain, in the Shanxi Province of North Central China. We used a “signal-free” method to alleviate potential biases due
to climate medium-frequency disturbances, and generated three standard ( STD) chronologies. The mean tree-ring width,
first-order auto-correlation ( acl ), and standard deviation (SD) of the three chronologies decreased as the altitude
increased, and the mean sensitivity ( MS), absent rings percentage, and series inter-correlation (r) increased with
increasing altitude. The low-frequency and high-frequency chronologies were generated by applying low-pass (f < 0.1037)
and high-pass (f> 0.1037) filters. Generally, the climate sensitivity and high-frequency variability of tree-ring chronologies
increase with increasing altitude, while mean tree-ring widths and low-frequency variability were lower at high elevations.
Low-frequency chronologies from middle and low altitudes exhibit less variation; while high-frequency chronologies from
middle and high altitudes are similar to each other. The chronologies of high and low altitudes have few common variations.
The correlation function and response function analyses were used to identify the key climate factor limiting the growth of
trees at different altitudes. A significant negative correlation was observed between tree rings at low altitudes and the
minimum temperature in May, while standard and low-frequency chronologies were significantly negatively correlated with
soil temperatures in May and June. This indicates that trees at low altitudes experience drought stress due to the warm, dry
climate. The STD chronology is most significantly positively correlated with the maximum May temperature, and significantly
negatively correlated with the maximum April temperature at the middle altitude site, which has a relatively cold and wet
climate. The relationship between chronology and soil temperature is not significant. High April temperatures intensified
drought conditions and suppressed the expansion and absorption of water by cambium cells. Greater moisture and higher
temperatures in May were more beneficial for tree growth than high moisture and temperatures in April. The relationships
between chronologies (STD and low frequency) and climate factors at the high-altitude site with seasonally frozen soil are
not significant, while the low-frequency chronology is positively correlated with April soil temperatures. Low soil
temperatures could suppress the activity of cambium cells and delay the beginning of the growing season; thus, leading to
the formation of narrow growth rings. Generally, the environmental conditions became increasingly moist and cold as altitude
increased, and the factors limiting tree growth changed from growing season drought conditions to low soil temperatures at
the beginning of the growing season. It appears that the current warming trend favors coniferous forests at high altitudes.
However, drought stress on the mixed broadleaf-conifer forest at the low altitude site may be intensified ; this would provide

a reasonable advice for the forestry management in arranging the forest pattern in different altitudes.

Key Words: Larix principis rupprechtii; altitudinal gradients; climate-growth relationship
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Table 1 Survey of the sampling sites of tree rings

R HEE(N) L (E) 34K (m) )3 Bra) I PA B2
Site Latitude Longitude Altitude Gradient Slop aspect Canopy Density
LYSI , ' ¢

g 38°45 111°55 2621 bk JGIA 3 15 0.1
(FFEILT)
LYS2 .

I 38°44' 111°54’ 2339 40° Pifwdt 20° 0.8
(Fi2F1l 2)
LYS3

e 38°55' 112°06’ 2162—2270 40—45° E7 0.6
(P31 3)
FigE 38°55’ 111°49’ 1401
TR 39°00’ 112°18’ 1437

KA IR A e BER AR RAE LT, R AR B A (1.3m) 8 B IR A BRRS A b 308 1) F1F- A T35 1) D 1)
A EOH R S RS ) AN A LYST RE T, — R R S ST TRAL , PSSl AL AR, SRR
BRI AR TRANIC SRR AR BT . REACHT 15280 % 5 A 4% I Stokes 1 Smiley BRI Jy 47 b3
St T EE FTEE A REASTE GO B AR AR FE B R B S A T T T DL, 25 HEA TR AR AR 4 AR RIAE R 5
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Fig. 1 Distribution of the sample sites and the weather stations
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Table 2 Statistical characteristics of the tree—ring widths

FER LAV P31 P17 71 BREER %
. . r M SD Acl M.S .
Sample site Tree/core  Master series Mean length Abscentring
LYS1 27\64 252 175.1 0.694 0.83 0.498 0.728 0.399 1.387
LYS2 24\45 114 84 0.657 2.28 1.045 0.742 0.269 0.184
LYS3 21\45 113 69.7 0.535 2.84 1.291 0.745 0.259 0.096

F PR 38 SUE AT S5 R AT R KRNI 5 S8 7 912 8 COFECHA 274t 45 51 v i RSP 81 35 K BE 5 e Series inter correlation )
JE: COFECHA F2 /74t 09 T A8 BE 0N 18] () - Y A 56 250 M ( Mean tree-ring width ) f& Z24F -2 48 5 {H ; M.S( Mean sensitivity ) S&H8 A A S A5 - 1)
R AEURAE ;S D( Standard Deviation ) SWARMEZE ;a ¢ ( First-order auto-correlation ) &— [ H #H5& R %,

R T kG O R A R R SRR A A RS R ) 2R il R AL I 22, AR SR ¢ signal -free”
TPt M T E R FESIRAR . (1) JeR 1 S R 1% G R S G i ST R i
STD 44, IZAF R AG W10 SR AR B 5 (2) IR P S BR LWl Y STD 4R34 1 3| Z A5 5 P51, %7
G A BEARAEARAT B SRR ST B (3) X EAG 5 P I T i 24U L ka3 0L it Ze B R A
KAF B, a5 8 AR R R I AUfE B BVE(E S4E3%5 (4) RAEE =2 3G th 8 IR an I & ) 571
AT R A BRI STD 4F3% . Zad D b 2—-4 2 2 WGEAR, B35 BRIE(R IR STD 45 3% 22 AN i,
Ak, BRANEESEREBUEREE T 1, WL PA S ARG R, BRI 5 LG ih 8414 1<
foefi B AR AN B BB IEJG 1Y STD 4EFh 220 DL E K3t B 4E RCSsigFree 00F B2, 1T LIE HBIE)G
ARG ENIREAEFRA B 220, JUHAE R R 22 5 B 5 (&1 3) , Bl LYS2 1 LYS3 4 3% A 2K i LU i i b v
AERA T REAR sl e T i AL S AU A A M5 A RS, ARYE FAEAR(E 550 B (SSS) fH K F 0.
85 HUFBAT R RAEFR Y (B 3,56 3) .
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Fig. 2 The monthly precipitation, mean temperature and soil 3 EFILEEE(LYS]) B (LYS2) K8 (LYS3) &4
temperature of 80cm depth for two meteorological stations FREEENEEEREES, ERRETEE R E (ML
7 & 7 JEE
1971—2010 4F 7 BATLIE TG0 7 B IE | WK OF- 24, T % 80cm FRE—)

A B B 1960—1966,,1975—2007 Fig. 3  The original and revised STD chronologies of high

altitude ( LYS1), middle altitude ( LYS2) and low altitude
(LYS3)

F3 ERHEMQLXEFESHE

Table 3  Statistical characteristics of the STD chronologies and the results of common interval analysis

Sanffl‘fsile Cuifiiiud SSS>0.85 R1 R2 R3 SNR EPS PCI( %)
LYSI 1848—2010 1787—2010 0.428 0.421 0.643 28.39 0.966 44.9
LYS2 1933—2010 1904—2010 0.499 0.499 0.499 20.9 0.954 53.7
LYS3 1931—2010 1929—2010 0.476 0.454 0.840 8.167 0.891 47.9

R1( All Series Rbar) $8& T4 FEA [A] 1740 ¢ 22 850 ; R2( Within-trees Rbar) 5 A [G) A 22 [8] 197 2740 ¢ 2 88 ; R3 ( Between—trees Rbar) 8 [f]—
A Y AS [ AR AR 22 1] 19 SF- 25 A0 56 285 SNR ( Signal to Noise Ratio) 215 1 b ; EPS( Expressed Population Signal ) f& 4% 7 X B A (4 fft B {5 5 ; PCIL
(‘The First Principal Component) A4F55— 3 W/ AR 7 22,

2 HBR51R

2.1 AERME T

A% 2 AT, LYST B9 FE A, S 252 4F  LYS2 I LYS3 FJFHICEARRL, 205910 114 #1113 4, G
TR T, RN T A 56 R 80 (o) BT A, A 0.535 5] 0.694, 1YS3 AUMEW A AT BE 5 A= 55 A o6, R S A 4L
RN E ST T FIHERIRACHR , BB I B R AR AU I AR ET TR AR R ARARBE e, = MERITY
0 V(LB A VR I T B TR AT X AR T RE S AR AR B AT 56 LYS2 Ml LYS3 #8 9 (e (M) ¥, vhi b AR
PRIAA: 58 RAT, LYS1 P4 Se 8, MR A AR 45 22 . A8 e BEE MR T im0 B s/ NMEIZ b IX B T AE
s [ REAT BT AR, 5K SO A5 X2 i DXAS [R]IEE 4K 50 Y 40— 85 AR B Y AR AL V&8 MEAME R IEAT 04T, [ FEAS 1Y
i B VPR T R A RN, TR 2 U VR 5 | S A A bR 25 S R S i e v AR K B R BN R HERR T R iR A
T2 AR U (MLS ) R U B AR AR X A SR BRI TR (4 A8 e AR, R A i R ot 2
R TF B K, [FRE 5 A B 728G 56 | TR LYST, BUBE 0.399, Bt R 1.387% X% i , W] LYSI By
St RS R AR A R R AR S W R B AR A T AR s ) AR AR BV R AR A T AR o 2 R 25
B R RIS AR Ak — 1A, IR AR AR AR 18 B [ S8 - X AR AL AR BE . A SCP AR R A AR ot 22 Bl 4 VIR 1Y
Tt M REARR , 5 U (AR A R AR i, R B VAR T e RO AR AR 55 . — B A ARG (a cl) Y8, B
Wil VAR T R IR . — o 1 A DGR R BT — A4 AR 9 A6 K6 AR R AR A R A R VR, A K 2RI f i A
YIS A VR RS , A B B SR P BN 2 LA AT U2 1 3% sh$ (LR 5, T AT — AR AR R W R S5 44 1 ik K
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Bl VIR T R IR R IS 5R . 7RI IX O BIBFTE R AR IE AR 22 (B ( RES) 3%, [ RR R B Bl
MR T SNR A EPS SR (a3 X 57 TR T R X AR T 45 A 0, TR X R R
TR 7K A3 SR AR T 2 |, AR 1 ZR A B AR XA A AR K 4 BR T VR 55 , PRt SNR T EPS {22 i B AIC ; i A%
TFFFE AL T2 JR I i X, B K B A A K A IR 7 FH BE 52 X085, B Vi b T, PR X R A A K Ay IR i S
M FFLL SNR A EPS (HZE TR

— WA R AL EORARARER AR A, AR DU R AERRAR AL, BRI IRATT LA 4 B (0.1037THZ) 43 93%F =5
YEAE AT AN 2 i DR AL B, L b S FRAE OriginPro8 #7F kAT, 1AL BE 1929—2010 P43 % bk
AR R Z [B) AR AR 3R Z IR FI S MUAE 3R Z R A TAROC /AT (3R 4) o 45 R Wik 22 B i RIWAR IR LYS3
TR LYST (BRHEATFAH G LS R AR DG IR AR AR DG I A I 25 Ui I 4 5 R 2B 3R 25 e e PR AR K
TESERTRIN AR B 1 R R A 3 %) v A1 A2 A AR AL B a5 T v AR A ) I A8 £k — 3501 B 58, 1960
DIKH B W ) R R (R 4,8 4) , AR L mE IR B i o 3 iR LR AR R A 2% (]
5), B RO PE TR X R U RS i A TR R AR U K R R B K

%4 LYS1.LYS2,LYS3 4R  RARSIFN S SR RIE L FRT B 1929—2010 AItHX REL

Table 4 The correlation coefficients between STD, low frequency and high frequency chronologies of LYS1, LYS2 and LYS3 during
1929—2010

Frife i =2
GRS STD Low frquency High frquency
Chronology
LYS1 LYS2 LYS3 LYS1 LYS2 LYS3 LYS1 LYS2 LYS3
LYS1 1 0.439 " 0.102 1 0.364"" 0.148 1 0.545"" 0.117
LYS2 —-= 1 0.402 " - 1 0.434"" - 1 0.372*"
LYS3 —-= - 1 —= —= 1 - - 1

n=82, = ik F| 999% E {5 /KT

1.6 1.6 -

14 - LYSI 1.4 LYSI

12 x 1.2

o

i {0 x
g" ()‘(, L 16 % 2 08} 1.6 2
g U 1 =) k=
3 04t 14 £ & 06 145,
& 12 & 5 04 12 E
® 16} LYS2 g 16 g
9ol 102 8 1.0 &
8 0.8 % £ 14t 08 &
7 127 06 E o, LYs2 8=

Lo | 04 B 7 0.6 32
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FERBIMEULE (M RiRnE—)
Fig. 5 The compare of high frequency chronologies between
LYS1, LYS2 and LYS3

Fig. 4 The compare of low frequency chronologies between
LYS1, LYS2 and LYS3
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SPSS 4 Fl Dendro2002 %4 b kAT,
. r Thiax ==}

LYS1

6 7 8 910111212 345 6 78 910

Wi Z %L Response coefficient

FH32 &% Correlation coefficient

67 8 910111212 345678 910 67 8 910111212 345678 910
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1 § I I S S I ——
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-0.6
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~
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B 6 LYSI(1).LYS2(2).LYS3(3)4 5 5EFMTRIKIE T (1971—2010) AMEE K ESER.RERENEXSN, S&HE
B 95%EEKT, BEHAIEE 99 %ERF KT

Fig. 6 The correlation coefficients of LYS1 (1), LYS2 (2) and LYS3 (3) with monthly temperature, precipitation, maximum
temperature and minimum temperature of the average of Ningwu and Wuzhai weather stations (1971—2010). The dot line indicates P=0.

5, the short line indicates P=0.01

G R M R RO R R BT 35 2 B et dR LYST 55 H Bl BE Rk il eI G A 35 (€ 6
a b) o ARYEHG T EE IR DOPRE AL A AL v A B A 1) A A MR DM 2 2R, A AR — A1 NS [R) 245 R AR AR i v 28
Py EEBR AT 27 KR E I (4 HAR—6 AH1) WA FERI B =ZE TR, OF R 317 40 43 2448
K, SRR AR m AR BRI 1 22O K (6 A0I—8 ARl BIZE R Z= M ARAR [
AR IR TEAR G 25 T UK AR I (8 A il —12 AK) , WEARAR [ 2246 5 25 < R B A £
IR ; X FZETARREN (12 HR—4 AR) AR IR K Fe 1 A , 32208 2 <R L5
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) ZETIRMAVER S, i TAACE KB Y =2 BRI AN R m A KR 2 M I R A
YEFREE S TR AR SCOM BT B AR - 042 ) A8 4 5 3 AR B ] S I AH G A & G R . AN, RS0y
BT BT ARG B Rb il s AR 5 ARG B 25 R BOR , RG EREAT BE A R4 AR b X ) St AT B2 05 oh—
AR, Cai et al 76 &1 s XK A7 B ALy AR R AR S A A R A B E LR [ Cai et
al FTHAESR 151 4F M ARAE 2 252 4F , BLBI R 4 T BEAS R B 48 S i 7 56 R A N R P {2 Jiang et
al FEZH X1 TAE SR SR (2650m ) Aedbi& A 5 2448 5 H TR B 3 IE MG, 6 H Bk i 3 R et ™ i
AR5 SR SR ] AR R R BRI R A G, ARFE s TFH A 5 | Jiang et al >RAE £
P F ARG, FLREH R AR SRR K 2 30m , #im A5 PRAG 4 22, KA 26 1R 70 A2, DR e A K 2 ) s TR
DIWEAFTRARLR, AL, Jiang et al. SCF I SR G BORE W58 X R JR1 30 X 2240k s kb1, A SC
Ry B B SRAE s BT B RS TR, AR R SR AT 4 AR TR 4 5 — A B R

FHOC R BRI 1] R AT BT Y R B ik LYS2 4FR 5 4 AR fAEE, 5 5 A Sl EAHDC A 2 1 3
K-, 5 H R IR AR IR AR A R E (K 6 ¢ d), 4 ARARIEAZEF KK E BN ZmH 4w
BRI BE 2 ] 3K o3 i 28 TR A AR AR . 5 T SR TR R AR A 4 B il 55 A W 3, 7E 1971—2010
BFBE, PSRl 5 H SR 14.5°C  SF 3 ARIR 3.2°C, FFoK 33.8mm , KA R A ARk B A K isf
12 A AR AR A, AR K A A A AR R, TR R A R T AR A AR, TR SO S AR I IX
TR R AR BRI RN B R A SRR RS RES AR FIRERIUN 5 24 4F 4 AR MRS, 5 HRER
EAASE, I HL K SO A5 FHI T AR R T SR Bl 134 4R B AE 36 85 41" AR SC2K FHE (174 4F 2% 106
AF AL TRIZ U T T 35 [ R AN 2 5 i) 12 b, DX = 7 1) R 2 R R ZEARBEAN I 0 55 1L b DX R AR ALV
I (2450m) AOAEIL AT RATRIRE S 5 H R W3 IEAHOE i — 2 UE R T R ATAIZE IS .

FH O PR ES M 2 IR LYS3 ik 5 R A e i3 . Hoh S5aT—4E 6.7 HRIRY4E5.6.7 H V-4
BB E ARG, SRS 7.9  fem il U C; 5244 5 6 A BRI EE MG (B 6 e) . Hi
5 4E 5 H AR et g B3 (r=-0.539, P<0.01) , Wi Z0Aras S 2 5 244E 5 SRR 5k 56 .35 (1A
6 ), Ht, BIAA K S H—44 K 22108 A fAHOC IR ol BB th TR R A B4 19— B A AH2E (0.745) 5
1, FURGETT FRAHDG , RIVREAR AR A2 81 40 A R 2 Tl 9 B2 ), TR AR AR AR R SCRE e B AR AR R 2B K
s TR 20 O e B T — AR AR K ZR 0 S TR 58 AR R IR AR KA — i B T i 1, pRERC S BT 5 i
—AER R A B E R WA LI E T 2o DA R B = — B B AR OCAEAR AT BB A2 Bl — AR A 2R KAt A
() NSC 5200, i 598 b DR AE R BT —4F A9 7K 53 FLSR 20 X 55 AR AR A K 1 52 e i A 1 i A, TR1 A 6 A O pR 4
e 1 pR ST O BRI ST —AERE K 35 O R I HAZCRAE s R R A, B 7K B v YR 4 b DR %
WD FIN T T N B — AR R FK R SRR IE L] T — AR A e A ik — oY, 5-9 A RARRY
A L TR S R A ZE BB VR F S AR 5 WIS AR 12K o bk, 5 H B ARRITEEA
AR Z R R A, S A PSS | I e R IR A At B A 100 08 SR o) 220 I ot v A 78 ) e MR TR, 358 T
PEA RO, 380 T A5 WL R A T R, BRI TR A AR K, PR X EA TAE R A KB AR IR Y i
K SR BRI 3R A AL T A A K B R R
2.2.2 WIS R R N O R

AR AE I FMZS AV T IS LT 280 AR AR R AE b P R AR I = T T R
R PG VE AR AR AR 1.2—4.5m JERIPY, 80em TR IE B AR 273 (Y X 38, K R Y
- SR R SR M AR S 4 L 4 AR RN By, DA BCE SR T RIK A3 R R SCRT iz s ) SR R L R R T SR A
IR R, (A AR AT A0 5 T KAL) 80cm J2 B B 52 32 )2 KA A2 1 52 i
BN, OB SR [ 3T IR AT, REAR A AR Rl AU B 5 5 E—2B 201 80em 38T X
IR A AR [ A R, PR T o T R X AR A e W S B S G, A R AR A RS B
PRG3R 5 R TR VAR A A v AT e R I (AR R AT AR S 408 0 31 A BB v 4T 3 RMER A
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HEFE 1960—1966 ,1975—2007 B Bt 40 4F 1% 5 80em 4 321 BF [7] i B4 HE AT A G400 . 43 H 463 [+
FERHT—4F 6 F F244F 10 J ,7F SPSS i fF 317,

7 AT LYST B4 46 15 - MR MG o
B RHER S N4 4 5T IIE G S 8P (= oo o

0.315,P=0.05) , A RAE AL TR AL 2 HLIX
AFHRLRWRE ML AR ERFRRAN R 5 ™)
JEph R R E , — BN 20em TR R A F
6—7C  WIAMEAEA LA FF IR ARz e
AHTTERNA LA 4 AR WA ZEFIRE I, T2
MR K A e M T, 8 5 K A I R A
Pty A At BRI K727 S R T R

H3% Z %L Correlation coeffic
Il ] 1

b, bt s, ViR AR R ORI T A | 678910111212 34 567 8910
AR TR T R HRL, i

FRIE SRR IR AR 2 5 H IR 22 R AL, i hn 7 LYS1, LYS2 #1 LYS3 STD #x# (#E4R B ) Fi{l 57 ( R HE)
HEAE 60 R ARIIAE 3, B R SR —AF A K bR gy T2 A5 E S0em THGRE (1960196, 1975—2007) f9 12
K, S KB RIA, 5HEAK LIy 7 the conuion. colicions btween STD and v
%, o AR LYS2 FRifAE R AEA4E R 5 1Y frequency chronologies of LYS1, LYS2 and LYS3 with soil
*a ﬁé']ﬁf{] Zi i%— , ﬂfﬁﬁ%ﬁ LYS3 13?? Y’E E % 5 % fﬁ 56 H temperature of 80cm depth from Wuzhai weather station ( 1960—
E@i{ﬁ@%ﬁ*ﬁg‘é ﬂEE }ﬁ‘jﬁi%‘z'ﬁ %’[ﬁi 56 )EJ ﬂ:ﬂﬁfj—ﬁi‘ 1966., 1975'—2007) . ’I"he' bar indicates the STD chrono.logies and

’ > the line with symbol indicates low frequency chronologies.

6.7 H Bt & AARC (K 7)), Hobh S5H—4F 2

P SARF DG AT B S5 AR A = 1 — B FL AR DG O, IR AL 58K AR AN 2, 5.6 H e 1 1 gl B+ 8K
T 7E KA ZE A IG5 W2 B B 38 AR TR AE R [ 38R, o N Ay S kb E AR Y
LU ARG A, 35K 2 PRI A AR 1) b T A0 e 37 = A7 AR A B ), B - S 0 B8 (%) P vy A R 3 o b R0 e )
PH, LA MSE R N WSO o B2 R A i 3l AR i o O S ik — 2D BRI T A B AR I
AR TFURTI AR UK AT RE D DR i 1 A SR R X 5 X AR A AR i AR KA — R A BR S
Mo MR AL - 58K 50 A T E iR AR 2 6], e B 5 A 4 2 100 B i (A OC R AE K A2 3R K
Z= e s e R RO T R ENERE R

DA B R W BE G VR %) T R BE AT 3K R, AR A=A i 7 0GRt B el A8 AR AR A B A 1,
TR R A A AR RN B A AR AR A A 1) F BRI PN 5 PR A R A AR AR A R
FEEZ 5 A ARMRBR S 5 10 A 2= R o0 A WK 857 4 ) RIRRBR . 9k S0 5 R B IX i
1996 47 LA BE [ T 5B I | Bk S A a4 vl e v 0] AF 3% 4 R B0 52 I S, i ARV 4K AF 3R e T T 5
KA o0 5 5 v R TERRAT 28 52 A K ZE A AR TR R 4 K B i 55, T AP 4 52 A K 2 iR R i AR LA
b FRATTHE 2D I 23R AR I A0 R N B A R T X v R R A AR A X TR TR R R B AR B A i
YEH TR AR B AL s A 75 AT A I MERTR AS AR T BB 23 BT T 52 R BE A 3 o, AR b v i i 2B 4 32 B
il R LA BRI G50 R A U, SO A T D0 A SR R AR AR A, XL L IX A ST R I AR R R L
AR ) R 0 FIARE A XA o e A TE T 4, G L2 AR AR A0 vy LI A AEL ) RV R o 401 1 - 8 i 35 )
B RS T AT

3 it
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