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Abstract

With the development of dendroclimatology, research has revealed the instability of the response
of tree-ring indicators to climate factors over time, namely the “Divergence problem”: as global
warming intensifies, the response relationship between tree growth and climate changes. Based on
the co-existence of plain and mountain meteorological stations near the sampling area, this study
first uses the Pearson correlation analysis method to explore the response relationship between
the residual chronology of Larix chinensis and climate elements, and discusses the impact of instru-
mental data from different stations on the study of the tree ring-climate response relationship of
Larix chinensis. Subsequently, the meteorological data with the highest correlation is selected, and
the meteorological data is divided into two groups: the early 25-year period (1960~1984) and the
later 25-year period (1985~2009) to determine the temporal stability of the tree ring climate re-
sponse of Larix chinensis. The results show that the selection of meteorological data from different
meteorological stations has an impact on the study of the tree ring climate relationship. There are
significant differences in the response patterns of Larix chinensis to climate in different time peri-
ods, confirming that there is also temporal instability in the tree ring climate response in the Qinling
region, that is, the “Divergence problem” objectively exists. It can be seen that with global warming,
the radial growth of Larix chinensis in the Taibai Mountain Nature Reserve in the Qinling Mountains
has significant differences in response characteristics and response patterns to climate elements in
different time periods.
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1. 5|

NRFF S A BEIR T HEBUN K BIR = A S BT ERRAUER AR AR, MR Z X I T
TR H e e [1], AT EPZE L IR IR [2]. F BRARRIF I A . H EEE S5 DIRE
O PIE AR [3]-[5],  PIT AR AR X AR S A B A A b i 5 1 T2 R [6] o IS R AR X AR A=
KA BT AR BN, WARFER N B EF MR, Estkam. MERH. 5% TREN SRR
AREERE RT], BN M I A BRAR IR R AR AR A R e i R ) 28 R A R

RT3 i, AL S R IR AT A I 1O B R A W3k I 56 P A e T A A BB, 1%
M DX vl - S Lty 5 I N SR S et DA AR TG BUIRAS, DT 32 & 2 R A R IR AR B
— E DICRAE SRR TE 5 M A 26 (3 X3 8] . ZRUS WA SRR 20 7E 1 20 {408 90 SN EA&TT4G,
FFPRAT VI R . B, RAEE[OIFE, A TR LkA (Pinus armandii) 585 R R AW BURFAE, K
Pkt K S 6 A URAAEVIMRR, L2224 4 HURA 4~7 H BK KIS0 ; BEKAEAE[10],
AT T KA LR AL (Larix chinensis) i 5 5 U R E R 2 A IR R, IR A ZLAZAR [ A KO0 il
SRR AR, B AR R A B Ja BRI Yan S5[11] [12], RIUK A K A2 K2 A
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KEEZSIRAIRE], HREKBRIRAIIRE]; Dang Z[13], KIVIEFEME ZHEE R, ikl
Fa(Pinus tabuliformis) {2 [ A= K 1 = BERR M PE -, i mnfg Bk SR 1) IRl 7 M AE B 2R 5K Liu 26[14], IANZE
I B 3 EL 1L A AZ (Abies fargesii) b6 58 BEXT TR0 —4E 9 A &2 244E 4 AR A BORMIN, 1AL AKT T4
IR AR N UK AR APSMEAE[15], SR AR TORE 7O E i X T 300a (i
fa%0; Chen %5[16], ZETURITA 42 (Abies faxoniana) & 7 8AN RIS X 2~7 A HSIE; 17 Hu 26[17],
TR R A AL Bk E A T 2304 il 1814 4F LR 1P 3 S AR IR A 7 51

DA LA FE3A0E I 22 08 3 X R R R T 28 B R B ARG 5, BEEN R URF IR R, W IR I 4
T FRTE I [) b X SR B B A7 AR AN Fae i, B 43 % W) L (Divergence problem)” : B 4Bk %
AR IR, A AR AR WA N 5% R 2 R AR AR [18] . ildn,  Jiao S5 [19], X VU AH A v - Fa N 55 5
TSI A AR SLEAT I TR A E PEVEAT, ARSI VE AR R IE 7 AR AN AE: 5 2= A2 2R3 H A [ R I TR AR
PR ) A KA 2, L A ) SR AU RIS RR R R i i 35 I 25 R AR 1) A R B8 A e e 7 A5 5
PAs Cao Z5[20], WFIC T W eI RSN A ZE t BR . AL OB I BR 0 B X SR AR BR W 87, R B
RAEK - SRR R BURE 2 SRR AR ), I HARERE E R . 25 LRk, “o R fifE
FE 2 0] FHE T 45— Ji B T B ) AR AR A P AE AN R B, R iRk 3 AT TR TR R AR K S AR
BZXRIPAR, CHEAZHARE, RIGHXIITHET 7TRRRE, X TEE—ANERMESTE
W, ORI WIRAELE AR AT T RIS HL X R G - A S B AR A, X2 S8R RAE
i) E B ) ORAP SRS 7 RIFAE R TRRRAL G, B, ERIH DI R AHS - RIS “ 53 510
B B BARR IS i B A E21].

BT WA ERS BORMI SR ZL R B Gorh o0 22 B A Y R [l X A AR 4 g s i Aty HL g%
HAMEE SR, Rt S5z 5 R IR A, A D EE e R I G EE GE BOS RS 58 B - A5 Y OC &R (1)
S, S PR A OC REUR SRR R, IR 2R & K LD A% [ AR AR Ak i [ F B[] 2
KAWL RKRE R EE, TR A% L, B XS A BUR, LS E 14k
TR A LLAZHE B AR RRAE I, AR KD 52 B SRIE B T40, St 7 RHEe s 2t T (R BAR 2% A
AT TR BLASRE E BEE R, B RRIAIR B B AR GRY X A SR & ah 3 AR PR 5K B4
F2AE R R B R R SRR, B S K 8 20 AT 25 ARG 25 SRR, DA BB A A0k o 7 ) F () £
SENE . BT L A B T2 AT R A LAZ 55005 IR R R AR, RIS BRI i o 72 A R U fige
LA BN IORRIR . BRI ) AR LT

2. MREXBAEMREZE
2.1. FRXHER

KAWMFEZHEE AR 113 km, BHE. BESKA=ZE (LY 33°49-34°10', K&
107°19'~107°58"), F AR Al & /2 5 i J LA AR B s (V4R 3771.2 m), 1965 4 9 H BN KK H SRR
X, ML 56325ha, FRMEGRIL 82.2%, A EFK . =ZRyHEY 15 FLl B KAk 2R
M, SRR FHELIZ O, BB AR KRR, 2FEAZNK, ERRESE, FiE
b [X AR 34 SRR B 7K B 23 20 1.8~2.1°C F1 800~900 mm, il Ml R /K WL T44E 7 . tbfb
G RE A AR EROK A YA SO AR AR BE 3, 48 T 300 A T R NI 8, I
7T R K.

MR B T A R, AR SR AR B VR AR B AR O VR R AR L T VR A AR B AR
A, {EHEHR 3000~3500 m frIbR 10 Bl A AT DL 2 o dy 44 AR R MR BL R AR K A4 AZT 2 0, KL
BER REEE DU ZE VK IE TR U BB A R 8, R E LA A2 B R [10]
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2.2. HARESERMS

KA AT K B L AR ERR BT SAEURK, J8 T AR 28 B BRI 2k [21] I Fb o A ST 58 B
K H 2013 AERKZAE K A LAk 34k 3060~3210 m i Bl A SR AR IR A LLAZREA o SRAE TAESE T E BRbR R
R B (ITRDB) AT AL 0 S, 45 AR5 RN L AR S PRBE JRUBE RN A A IR 2%, P K A il db 3ok A4
TEBEVE P I BT R AR HEAT KA, SRAEX AL BN 1 FioR. SRARRT, 3 FH AR A HE A7) — A Bl o 7 B
AHELHE B 77 AR 2 ANELET TR RORITREC BIRESS, K AR RS2 N D3R AT SR 5 IRE AL FH 41/
FURERA 62 1.

BEJE, BRESREARSETE E . KT TS FIEANER, ERMGREDEE. P8, FraERIEmE
EENHTESR, SRS RS EE 9 0.01 mm ¥ LINTAB 58 58 2 W ACGHEAT 55 B2 2, B8 DU & SOt A T
THENL[22]. B, {6/ COFECHA 27 AT 28 XE 4 HERR TS 5, B ORI =40 i ki e, s 4
KRAEECTE 7 4 BIHERA - [23] o VUK TR —SUEME 50 58 7 41, ATk 5 1 75— Btk i
SRIK) 45 MEEREA . BJE, JEIT Arstan B [24]5K H B da Ei R BOEioRE 2% R B A SR T BRI AR AR B 8345 [
T A R AR A DL R 18] -0 7 A= R R T8 1 A K 34 [25], 2843 31 3 P 3R : STD(hRHEFER)
RES(hr#EFEZR) M ARS(H [A]A4ERK).

107°0'0" E 108°0'0" E 109°0'0" E

34°0'0" N

Figure 1. Distribution of tree-ring sampling points and weather stations

Bl WERELRSREDT

2.3. SRANNSBERS T

BARTERAE AL B WA 2 N iR 5 [ 26], (EEdE BUANAE 10a PLN, [RIBRIEEL T BedE il K
HULRFEIX AT 6 MERUESR k(K 1) 50a (1960~2009 F)iZ H PSR IR AP35 B B K 34T A 08T« AT
TR 6 SR IE N 2 IR MR = T 'S, B 3 /N SerpP Js ARGl (F SCRTRCN T 5 k) 5 3
AR 1L S Rk (8 SCRRITFR N L3k, VEIE L2 1. —J7 T %5 e B S B2 2B K “ i g kst
BB A KA 5 AR (M 26 A DS 2 AR R 7 ) seme . DRI, B oeiE i B 6 H~249 9 H EI’J
H B P KRS 32 ME R H K A4S 5 AR 3T Pearson MHC M. H— 7w, MWL
K2 A FAF RIS — MR A R, BRI SR B AR AR K s G AP AR . BEJS, i

— TR 19 HARK TR 2 A AR E R IME, TEEHNT 30 /\EEE %itﬁélfﬁi%i%ﬁi&ﬁ*ﬁ%“
Wro AHFFHEER BAER T A M 2L T SPSS B SzPll. [8] 2 A3t 50a KAk X JE 30 /< Gk B K
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Table 1. Detailed table of standard weather stations around the sampling area

=1 REXERESRIEFER

T et SiES 2R HhE R Im 5 R RUKP R B /km
FE_1 JA & 108°12' 34°12' 433.10 42.70
PR _2 JEE 107°48' 34°17 517.60 32.10
P53 FEAG 107°12' 34°24' 612.40 67.00
i 1 A 106°57 33°39' 1032.10 92.00
i h_2 il 107°59' 33°31' 1087.70 54.50
it 3 XH 107°18' 34°3' 1543.60 45.80
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Figure 2. Monthly mean distribution of precipitation (a.) and temperature (b.) at the surrounding
meteorological stations in the sampling area of recent 50a
[ 2. i 50a REFXEBSREREK@E). SR(D.)ERFEIESHE
3. /R

3.1 FERFRESKBIELR

Hisl 2 ATLAE Y, TR T R AR e KR PR 2 UURRFAE s 6 3432 7 134G ST 1 K &
BEEEMILT 7 Ay, el s e oK R BE A — 2, AR 6~8 H i, FEKEL7~9
NE . BRI PR R A A7 AR — 8 RO P AR, ) AR B R T s i, AR SR
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SRR 1B AR, TRIEAI L 6 B AR P R K L
R, MoK 2 50 2 SRR S 1 B EIURS, MK AT 2 3R 1
SRR 5P 2 BRI

9T FIT A SRR R MK I —BOh, S BT 4R IR 0 A S 5
B /I S 105 1 2 L K R B BT e S 30 5 AV UROMIE A MoK 2, /I 3, T DLl A
B R, JREREE R 5 S U R IIR 2 A SR L BB, PR 2 SR AT 1oC
DLP . ORI, B0 MK 5 R 0 255 A MK 22 I S R — B
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Figure 3. Monthly temperature difference between Zhou-Zhi meteorological station and other 5 stations
(a.), monthly precipitation difference between Foping Meteorological Station and other 5 stations (b.)

El 3 AESRuS5HMS HZRARE@), #IESRESHEAM 5 hEAEKED)

3.2. ERGIFHESHT

F2HIH T RKALAE T RES 5 STD SRR MERHES T SHUE. WL, KALK EHFE(RES)
[T K B8RS BE (Mean sensitivity) . A7 iE 4 7 (Standard deviation). 15 Lt (Signal-to-noise ratio). £ g 44X,
F 1t (Expressed population signal). 28 —4F4iE AR 5 i = (Variance in first eigen-vector/%)35) i T brifE £
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(STD), X /=Wt | ZAHFR(RES)EE 1 AHX B NRZI IR G 5, BRI AB 74 RES K00 KA
LW S URERZ KR AEAAWREERL A R0, FIBUREE 5008 0.21 (RES)FI
0.17 (STD), ¥t 0.14 [MERIME, FRERWARES % B3 5 Re s 2L N B I PR 58 (A8 4k [21] . AnifEEsR
(STD)—F FAH X REUA F) 0.51, Ui HA M4 K A AR G5 58 FE AR — @R B R BAE ISR
[27]. FEARAACK LT 96%, MG FBIE 85%, Ui MIFEAEL & FREI(E 5 fefCaR SRR [28],
EPS > 0.85 [RCA 40 Ay 1873 4, Frit M HIFEARE N 9 4. S —FHEAR A R 3l 30%, R
ARAKFEFHR S, &R FHIFED R, B8 G 2 BORR (8] 2580 5% R 505 Tl 1875 SRR T
IR S A [RIARARS A A 5 128 A 5 P AR A I — o, LR st 150 B R R AR K i — Bt R [21] . 25 B RTIR,
AW TR K A LA R TR BA RIFMARFERERTMNE. K 4 B T KALSHR Y RES RS
FEARBLEA R IR RR R

Table 2. Descriptive characteristics of ring width chronology of Taibai Sequoia

2. KBAMREFREE M ER TR

gt RES STD
PR 0.21 0.17
PRt 22 0.19 0.22
—BrBAHR R 0.01 0.51
B R 46.60 44.79
fEmE L 2.67 2.29
W AP 25AH O R 3 0.56 0.56
W E) - 254 O R 3 0.40 0.41
XK 165 165
FEAS R 96.8% 96.3%

1851 1871 1891 1911 1931 1951 1971 1991 2011

o

Figure 4. Chronology and sample size of ring width RES of Taibai Sequoia
B 4. KBL128% RES FREHAE

33 XBIEMREERYSFRSKESERFHXRALEREN

331 KEAESTRSKEZASKE. BKHXR
RIRIRES TR i 6 viE A R AR R B E S EIFEBORZER (& 5), HERWRTEES 4
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2~7 AERF R IEM KIS ARSI, 5 B4 12 AR, 2~5 AR S TEHRE
IEMREZE S, HET 6 Rl S ME, @il 7 95% B E R . BRREHEES TR
3 i 8 AR UMHR REIAEIE 1 950 B MEAR S, Horh, XGRS BB 5K LS MRS TE EEA R
RBOE R, FeURAREC S Z08 L 3 3 8 A R ARSI F AN B .

HIE 6 AT 0L, KEAZEWERTEEEIEES 6 3% H KRR R BB RAA LS 6 s URMK A
K, (HRR B AR YRS BAE 6 H M H4E 8. 9 HFR/KIEAHSS, 15 24F 2~6 H /KA K. WARERTR
H5TIR 3 B FEKEIMR REOE H RS LB B H4F 4~6 H MK S5 T80 Tl s, HE2 3
PRI 2 %, B0 8 H, MOKSRERBOURIOVEZNIEMIIOCR . RS b 3 35 KA
KU e R, SRR BRI FARN 1 H¥FgE2E 7 7, HAE 6 Jilid 95% % & MRk (r =
—0.286), 5T 8 H /KR FAHICHE 1 95%M B & VERG T, 5K E G FE KA R M4 R IE B
A~ bR 12 H~24 2 A KBRS RAFEBGRITIER G, X —I R 5 HAb 5 2hf S 2=+ 6] .

AZE BEE BEX
0.5 a.

SR T — P<0.01

03';________________________________::__7i:________:fll ------------------ P<0.05
o
|

0.1+

FR &R E
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Figure 5. Correlation coefficient between tree ring width index and monthly mean temperature (a.: plain weather station; b.:
Mountain weather station)
E 5 WREEEHSZATHNSERXZERK@: FESKM; b WLhSKRE)

DOI: 10.12677/wijf.2025.142019 165 R H: 5


https://doi.org/10.12677/wjf.2025.142019

Hfh &%

0.5
d.
Bl e P<0.01
O TR - - - - P<0.05
0.2
2 | w
RG 01 ’ N
K, (| i
E 7
-0.14 |

R ERH

Figure 6. Correlation coefficient between tree ring width index and monthly average total precipitation (a.: plain meteorolog-
ical station; b.: Mountain weather station)

6. WEHTEEEHSEATHBHEKERXAK@ FRERAKRE; b SR

3.3.2. KEORH SRR EFEE

ST SRR B TSR Gk A O R, 8 A 2 R B HEAT R 1 LLAS W T R S g e
(yes Rl R e PR T, 20 TR FE K 1 Z0AZ W B BE T A e S (R REAEAE T 25 4F(1960~1984 4F)FIIJE 25 4F
(1985~2009 4F) 1) Z= 1), 1] FLEER 1 £0AZ 0 S A 2 R B [ s VeI e BRI 7 AT, 7E 1960~1984 4F
WA, KA MRSE IR R4 12 A K44 8 H /A S B % i 5¢(-0.413, —0.431), ATMAE
1985~2009 “FHAA], X H LM B8 B e 5N 5 244 4 H R E 35 IEAH 5% (r = 0.405, P < 0.05) . F#7K 77 TH
£ 1960~1984 FHARI(4] 8), NHLLAZRAL T8 BEREUN S FAF 6 H Bf/K 35 IEAE G, SRT7E 1985~2009 4
IR (] 8), KELAZREE W FEFREEN 5 94 4 HFF/K 2 EE fAHC(r = -0.567, P < 0.01), KHIKHL
127E 1960~1984 455 1985~2009 4 I [A] 0} < fige i S AFAE AN AN — B, T30 AFAEAH S0, e 7oK
I ELAZ R S5 A8 A 8 ) RS A7 E BT JR) AR
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Figure 7. Correlation coefficients between tree ring width index and monthly mean temperature during 1960~1984 and
1985~20009, respectively
B 7. $ETEE IS 55 1960~1984, 1985~2009 £Fi% B FH S BHIHEX R
.6 -
. AI255E M JE254F

ol
0.2
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R ARE

-0.2

T
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Figure 8. Correlation coefficients between tree ring width index and monthly average total precipitation during 1960~1984
and 1985~2009, respectively
[ 8. WEIEE IR HIS 1960~1984, 1985~2009 £& A FH 2k EMNHEX R

4. VWHig

KRR, KELRA RS G505 PR 1L &0k 5 IR SR A 5 RBAEAE — 2 1
WS, Bk R R T B SO RS - SRR S R . MG R SRR . k. MO IR Y
DI, VA ROB SR PR RS — AR LA T 45 B AR 3 T %0 R BURE R
BORTE SRR 2 AT BRI 2 4, (BRI 23 TR 4 A 0 2 B T O S e MK 59, 18 A R
A 5 B K B AT R () 3), 5 K S [20] A 22 L e [ e SR TR S 8 — 3, B 5141
BT S [1210 2 L (X K T DR R B — ARSI SO A6 L. K AR T AER S 6 ARk AP0
WA B PR S AT 4 S ) ST B M X A K A 5 0 9 32 RO R 6 2R 5008 1 A8 A e 44 LS DL, (L L ot
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3 K HOHE 5 0 R R B B A D6 RBOE A AR BB e, RIALESEATIES - FEAK IR 240 B
i, 1l B K B F SRR U SR AR B, DL B3 I T R0 1L K A 1AL 0 A OB 24, 1 X RROK
ARSI R 2 5L GE R R . MR AR SR IR, B K EHE 1 SR I AR KA
B - BEAKIA R DG RIS B A AN T T, AR, R0 AN R Hh DX (1 B 7K B v FE AR AR LE AN [T
FKAY, FEARLNT BEWEAR T T N [29]

W R AR T AR ST 25 45(1960~1984 4E) LK J5 25 4F(1985~2009 4E) iR MK B IR K
B IRAMAH S BT 25 SR T T, K LLAZAE AN [R] I [R] B A% (10 i o A7 A 2 2 22 ek, FE T 25 4R 0R], |
6 ARG T RALZRAR, B 12 AR5 44 8 A RAMHIEM AN EKSRE, (HEE
25 4FI], 44 4 7 R AR R 2 R R VLD R SRR R 0 B 2 31 o VERIAE A, BDIIE 1A HE - < f
e 2 PR Bf A7 AR TR)_ B AR 1, B “or Sl 7 R MAFAENT, EAEEIRME ST, RIHXIRAE
B ETE, U AR B % 5 B 42 [30]. 1960~2009 48], A K Z SR M _ETF AT AL S E T AR B
RRUBME R FEAR, AT H(1960~1984) 42 ( F4F 12 H)EERAR, Il AR o7 58 18 ok 2 K PR AR H 5 S5 4 i)
A, WTRBUN R E DS 1M 5 1 (1985~2009) b & <R M T 1, HRCYSE 4 H)FHEIR I R 1IE
SR, MM REAOG[3L]. TFEK AT, B FER, ZR0&HL TR RS, 2%
UK [32]. T 25 FFMEZFR( LA 6 )RR i R R EE TRACSRER AR, RN EE A,
BRJ5 25 FHFECUE 4 H)FEK I BRI T e A BE AR B 500, SUMHIIR RiE3), Wi S5 7 &
U C[33]0 BRI AT AT, 08K Ll B AR LR XK I L0AZ B4R ) A TE R A B 8] BBt T 000 2 2 1 T 7
RRAES e SRR 3 DX, SO T A BRI T4 i 35 o R4 PR 5 o

5. &

RIFFERY, KALERARFER T EERECS PR L&k o 3 URBIE B R, (HE AR
F - RN IR B, ARBIRRBFIEFX L 45 R AR, XS EeARRT. R0, 18
P - B BRI R AR, Ll R R R R IR U e BRI, S 2R L i 2 ) o A SRR
B K B SRR B AR - Pk i S DR AR RS R AN AT TG o A, K ZLAZAE A R I 1) B (1960~1984 45
1985~2009 4 )X Aok (R i AR 22 5 W 2, BIAIE T AR A — BRI LA AE I TR]_E A RRGE P, B “ 20 5 ]
A WA, BWRERIRARARRE R T, RIEKA DB RRI XK AL ERKEA RN BOT
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