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Map showing the tree-ring sampling sites and
the meteorological station
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Table 1 Information on sampling sites
Chror%ofgji)i:—l code BYG1 BYG2
Lﬁ?:ugde 43.67° N 43.76° N
Lorgiiirt%de 86.41° E 86.49° E
Meiﬁfjfe,m 2600+25 1564+25
Aiir?ct EN N
ség(") 40 25
Canfﬁ?ﬁnsity 0.2 0.4
SRR ]

Sampling time 2021-08-21 2021-08-26
FEAR SR
Sample size
(Number of cores/Number of trees)

84/21 176/88
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Fig. 2 Climatic characteristics of the study area from
1961 to 2020.
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Fig. 3 Average temperature (A) and precipitation (B) Mann-Kendall test results in the study area (1961—2020)
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Fig. 4 Standardized tree-ring width chronology and sample depth

R 2 TEARMRZISHEEEERESIE RIS SIS EEXRE
Table 2 Cross-correlation coefficients of tree-ring width chronologies of different tree ages in the full
frequency domain, low frequency domain and high frequency domain

ot TR ISR
TiH All-frequency domain High-frequency domain Low-frequency domain
Iltem
AB0 AB0~100 A100 AB0 A60~100 A100 AB0 A60~100 A100
AB0 1 — — 1 — — 1 — —
AB0~100 0.799" 1 — 0.894" 1 — 0.475" 1 —

A100 0.667" 0.437" 1 0.777" 0.806" 1 0.480" 0.437" 1
RN W KFIX0.01.
** Significant at p<<0.01.
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K, ULEARE ST BRI AR R RS, AR R
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BHRE SRR T, & EI TR .
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Table 3 Main characteristic parameters of tree-ring width standardized chronology of
forest upper and lower limits

FRAEZE PP R R HE 5% 2 2

UIELEES (EL34 B b SRR

R (SD) MS) (RBAR) (ACT) (SNR) (EPS) SHSHED
BYG1 0.147 0.114 0.270 0.572 25.611 0.962 18274
BYG2 0.343 0.372 0.468 0.311 103.087 0.990 18754
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FER KL Delay number

B 14156 5L (Autocorrelation coefficient)
— — #f5 LR (Upper confidence limit)

SER T H Delay number

| i 1 A6 251 (Partial autocorrelation coefficient)
— — {5 FBR (Lower confidence limit)

A, HEH (A60) —Kr2esr HAHG; B, 4hitdl (AB0) —M225rmA; C, ik (A60~100) —BiZsrAAMISE; D, 4l (A60~100) —
Br2drihloc; E, kA (A100) —Br2esr HAHOG: F, ZiR (A100) —Br2s0 ikl

A, the first-order difference autocorrelation of the young age group (A60); B, the first-order difference partial correlation of the young age group
(AB0); C, the first-order difference autocorrelation of the middle-age group (A60~ 100); D, the first-order difference partial correlation of the
middle-age group (A60~ 100); E, the first-order difference autocorrelation of the old age group (A100); F, the first-order difference partial
correlation of the old age group (A100).

E 5 TR=tZ—MESBEXSEEX
Fig. 5 First-order difference autocorrelation and partial correlation diagram of Picea schrenkiana
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Table 4 ARIMA model parameter statistics

Treefxajg;ggroup Coff}i%ent Standeﬁﬁfviation s P>l Ao e
#4 (Constant) 3.296 0.906 3.637 0 1.52 5.072

A0 ma.L1.D. -0.877 0.06 -14.502 0 -0.996 -0.759

‘T4 (Constant) 3.137 3.2 0.98 0.327 -3.135 9.408

AB60~100 ma.L1.D. -0.076 0.08 -0.957 0.339 -0.232 0.08
ma.L2.D. -0.503 0.077 -6.56 0 -0.653 -0.353

‘H# (Constant) 3.463 2.237 1.548 0.122 -0.922 7.848

A100 ar.L1.D. 0.312 0.101 3.078 0.002 0.113 0.511
ma.L1.D. -0.867 0.057 -15.194 0 -0.979 -0.756
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Table 5 Statistics of growth simulation formula of Picea schrenkiana
W& Bt B A
Tree—age group model Simulation formula
A60 ARIMA (0,1,1) y(t)=3.296-0.877*¢(t-1)
A60~100 ARIMA (0,1,2) y(£)=3.137-0.076*¢(t-1)-0.503*¢(t-2)
A100 ARIMA (1,1,1) y(t)=3.463 + 0.312*y(t-1)-0.867*¢(t-1)
RG24 ARIMA BREZE R IR IS 0.643, BIAI AR, B4 R2M 0.706,

Wz A2 BAIAEKAEIE (E6), EIpEBRT &N
() P GRS (1 SRR A . BT R o f IX ]
XFH A4 ARIMA BRI AR (R?) R 2k
AR AL 18 B AT AL, 4 4 ARIMA BE A R? Oy

P15 BAl/cm?

FRAR I SIS R EEIRF . P E S
A ML S RERS, R (0.832) &Kk, #
TR

201

S BAl/cm?
o w o o

L
(=36}
T T

\\\\

JLVRNAN AL v,

L
o

N
o
d

157

T4 BAl/cm?

1840 1860 1880 1900

1920 1940 1960 1980 2000 2020

4 Year

— W — A ---- UCL —-— LCL

A, ikl (A60); B, Hiddl (

AB0~100); C, it (A100),
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Fig. 6 ARIMA model simulates the BAI growth trend chart of Picea schrenkiana with different tree ages
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Characteristics of Radial Growth of Picea schrenkiana at
Different Ages and Their Simulation

HOU Tian-hao'?, JIANG Sheng-xia?>, WANG Yong-hui', ZHANG Tong-wen?, YU Shu-long?,
WANG Zhao-peng*, GUO Dong?, RUXIANGULI-Abudoureheman ", SONG Jing-hui*®

(1. School of Geographical Science and Tourism, Key Laboratory of Lake Environment and Resources in Arid Land, Xinjiang
Normal University, Uriimgi 830054, Xinjiang, China; 2. Key Laboratory of Tree-ring Physical and Chemical Research of China
Meteorological Administration, Xinjiang Laboratory for Tree Ring Ecology, Uriimgi 830002, Xinjiang, China; 3. College of
Resources and Environmental Sciences, Xinjiang University, Uriimgi 830046, Xinjiang, China; 4. College of Geographical
Science, Harbin Normal University , Harbin 150025, Heilongjiang, China)

Abstract: [Objective] In this study, we developed two tree-ring chronologies using samples of Schrenk
spruce (Picea schrenkiana) that were collected from the upper and lower treeline in the middle of the north-
ern slope of Tianshan Mountains, and analyzed the radial growth characteristics of trees. [Method] Ac-
cording to the tree ages, the lower treeline spruce was divided into young, middle-aged and old groups.
The ARIMA model was established to simulate the radial growth of spruce at different ages based on bas-
al area increment. [Results] The analysis results showed that the tree-ring width chronology of the lower
treeline contains more climate information comparing with the upper treeline. Among the BAI changes of
three tree age groups simulated by the ARIMA model, the model fitting the middle aged trees performed
the best (R? = 0.832). Considering the ARIMA model is modeled based on the univariate self-change trend,
we analyzed the radial growth trend before and after the climate change, and found that the BAI of young
spruce increased significantly overall, but the growth rate slowed down gradually. [Conclusion] The radial
growth of middle-aged and old spruce showed a decreasing trend before the abrupt change of temperat-
ure. But after the abrupt change of temperature, the BAI of middle-aged spruce tends to be stable and the
BAI of old spruce changes from a decreasing trend to an increasing trend.

Keywords: Picea schrenkiana; tree-ring; chronology characteristic; ARIMA model; basal area increment
(BAI)
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