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Response of tree ring density to climatic factors of Cunninghamia lanceolata under

climate warming
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Abstract: The objective of this study was to investigate the relationship between tree ring density and climatic factors of
Chinese fir. The tree ring chronology methods were used to study 60 years old Chinese fir provenance forest in Sanming.
The whole round density, earlywood density, latewood density, latewood maximum density and earlywood minimum density
of Chinese fir were measured, and the effects of main climatic factors (temperature, precipitation and relative humidity) on
the tree ring density and growth of Chinese fir were analyzed. The results showed that the tree ring density of Chinese fir was
significantly influenced by temperature, precipitation and relative humidity. The earlywood density was negatively correlated
with the highest temperature in summer and precipitation in May; the latewood maximum density was negatively correlated
with precipitation in October and autumn; and earlywood the minimum density was negatively correlated with precipitation
and minimum relative humidity in autumn. The sliding correlation analysis also showed that climate factors had a significant
effect on the stability of Chinese fir growth in short time, in which the maximum density was related to the average relative
humidity and the minimum relative humidity in autumn of the current year, while the negative correlation between the
minimum density and the mean relative humidity in February and March of the current year as well as the mean relative

humidity, the minimum relative humidity and the precipitation in autumn of the previous year. The response of earlywood
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minimum density of Chinese fir to climatic factors in previous year had lag effect, and the response of latewood density to
climatic factors in spring of the current year also had lag effect. The results of this study have important reference value for
the study of tree ring ecology and climatology of subtropical coniferous tree species. It is suggested that natural forests in

Wuyi Mountain should be selected to obtain a longer chronology for paleoclimate reconstruction.
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Fig. 1  Geographical distribution map of experimental field Fig.2 Study area plot

(Sanming) and its relationship with the meteorological station

( Yongan)
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Table 1 Statistical characteristics of the tree ring density standard chronologies

it RS BB Wb 5 13 TR /N
Gtk . . .
Statisti Tree-ring Earlywood Latewood Maximum Minimum
e density density density density density
#Z’SE/)% 53/23 53/23 53/23 53/23 53/23
Sample size/trees

< e/
fFARKE . 1962—2016/55 1962—2016/55 1962—2016/55 1962—2016/55 1962—2016/55
Length of chronologies
ST $A1 4 }Eﬁ; i
P E . 0.101 0.102 0.193 0.188 0.105
Mean sensitivity
it 2 . 0.276 0.213 0.253 0.268 0.256
Standard deviations
e vz

ITEARR | -0.053 ~0.062 ~0.299 ~0.067 ~0.118
First-order autocorrelation coefficients
e g
15'5]%% . . 14.63 12.72 13.41 14.20 13.57
Signal-to-noise ratios
I ERSEE PN
Average correlation coefficient 0.569 0.492 0.221 0.584 0.201
between trees

ISRV N AW EY
FER B 0.90 0.93 0.97 0.95 0.92

Expressed population signal
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Fig.2 The climatic characteristics of Yongan Meteorological Station (1962—2016)
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Table 2 Correlation coefficients among tree ring indices

BBWE  BME®EZ O MMEE  REE RVEE BRWE RMEE We bt 52 L

Q' =
o L_I i Tree-ring Earlywood Latewood Maximum Minimum Tree-ring Earlywood Latewood
Statistic . . . . . . . .
density density density density density width width width
s 5%
m%&ﬁ . 1 0.759 ** 0.260 0.329" 0.392*" -0.118 -0.168 0.254
Tree-ring density
E kA 2% i
P . 1 0.180 0.305" 0.577*" 0.125 0.164 0.182
Earlywood density
3R i
Wb . 1 0.940 ** 0.529 " -0.626"" -0.527"" -0.586""
Latewood density
i
xj;&x . 1 0.463 " -0.467"" -0.375"" -0.466""
Maximum density
/N
BEE 1 -0.352°"  -0.235 -0.317°
Minimum density
TR YR
1 ) . ) .
Tree-ring width 0.953 0.752
T 1 0.610 "
Earlywood width ’
W% 6 B2

Latewood width

x kox FZRTE 0.05.0.01 BEKF

0.8 ] ] ] ] 1 1 1 1 1 1 1 1 1
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Fig.4 Standard chronology of Cunninghamia Lanceolata wood density
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Table 3 Response coefficient of tree ring density to monthly mean temperature and monthly mean precipitation of Chinese fir

AP ARk
_ Monthly mean temperature Monthly mean precipitation

Eli BREE  RMEE O WMMEE  RREE RNVEE O BREE O RMEE MHEE  RREE T/NERE

Tree-ring Earlywood Latewood Maximum Minimum Tree-ring Earlywood Latewood Maximum Minimum

density density density density density density density density density density
PG 0.041 0.000 -0.090 -0.074 -0. 046 -0.087 -0.142 -0. 062 -0. 060 -0.171"
EG -0.011 -0.037 0.083 0. 064 0.032 0.086 -0.067 0.021 -0.011 -0. 087
G 0.073 -0. 065 0.195 0.199 0.112 -0.014 0.122 -0.131 -0. 062 -0.004
LG -0.107 -0. 058 -0.030 -0.027 -0.013 -0. 156 -0.115 -0.207 -0.282°" -0.162
P9 0.010 0.024 -0.110 -0.088 0.101 0.101 -0.054 -0.072 -0. 054 -0.124
P10 0.044 0. 064 -0.029 -0.005 -0.017 -0.277" -0.057 0.010 0.025 -0.204
P11 0.022 -0. 065 -0.051 -0.055 -0.128 -0.043 -0.183 -0.035 -0.072 0.019
P12 -0.071 0.122 0. 155 0.191 0.112 -0. 102 -0.165 0.201 0. 109 -0.001
Cl 0.093 0.061 -0. 106 -0.085 -0.054 -0.051 -0.022 0.108 0.192 -0.077
2 0.100 0.073 -0. 009 -0.101 0.112 0.129 -0.006 -0.015 -0.001 -0.015
C3 0.100 0.124 0.206 0.207 0.202" 0. 100 0.019 -0.163 -0.112 -0.177
C4 -0.102 -0. 145 0.011 -0.022 -0.153 0.205 0.028 -0.014 0.025 -0.136
C5 0.023 0.007 0. 059 0. 060 -0.051 -0.113 -0.243" 0.157 0.076 -0.070
Cé 0.109 0.040 0.206 0.167 0.164 -0.086 -0.014 -0.136 -0.085 -0.066
C7 0.011 -0.011 0.039 0.072 0.040 0.017 0.003 0.057 0.063 -0.083
C8 -0.110 -0. 140 0.012 0.015 -0.047 0.121 0. 180 -0.042 -0.027 0.165
9 0.040 0. 085 0. 166 0.227 0.099 -0. 141 -0.007 -0.198 -0.210 -0.127
C10 -0.014 -0.078 -0.204 -0. 194 -0.235" -0.026 -0.024 -0.175 -0.227" -0.025
Cl1 -0.125 -0.082 -0.042 -0.085 0.097 -0.091 -0.191 -0.044 -0.080 -0.180

% FTRN 95% E{ZIX[A] show confidence interval at 95% ; PG F—4FFkZE | Last fall;EG . 551555%,Spring;(;; %@E@,Summer;u;; ‘ﬁg@(é,f\utumn;mfpn;
HI—4F 9—12 H , September—december of the previous year; C1—C11; 244F 1—11 } | January—november of that year

R4 EAERFESAHESRE.AHRREBEENME R
Table 4 Response coefficient of tree ring density to monthly mean maximum temperature and monthly mean minimum temperature of

Chinese fir

P8 ey T PR AR
‘ Monthly mean maximum temperature Monthly mean minimum temperature

iﬂi BREE O RMEE O WMEE O BRREE ROAEE O BREE BEMEE BMEE RROEE RN

Treering  Earlywood  Latewood ~ Maximum  Minimum  Treering  Earlywood  Latewood ~ Maximum Minimum

density density density density density density density density density density
PG 0.007 -0.035 -0.083 -0.090 0.025 0.000 -0.035 -0.090 -0.083 -0.097
EG -0.079 -0.048 0.089 0.070 0.042 0.017 -0.048 0.035 0.021 -0.029
G -0.195 -0.259 " 0.050 0. 045 -0.045 0.077 -0.259 0.165 0.160 0.151
LG -0.170 -0.031 0.048 0.052 0.021 -0.067 -0.031 0.003 0.004 0.028
P9 -0.147 -0.089 -0.156 -0.161 0.001 0.111 -0.089 -0.091 -0.072 0.072
P10 0.072 -0.009 -0.034 -0.013 0.013 0.023 -0.009 -0.062 -0.041 -0.051
P11 0.081 0.043 0.028 0.009 0.033 -0.097 0.043 -0.040 -0.056 -0.162
P12 0.038 0.231 0.171 0.213 0.254 -0.113 0.231 0.217 0.221 0.107
Cl -0.084 0.000 -0.155 -0.179 0.007 0.148 0.000 -0.036 0.004 -0.054
C2 0.019 0.062 0.080 -0.010 0.173 0.014 0.062 -0.126 -0.213 0.019
C3 -0.077 0. 006 0.220 0.191 0.194 0.159 0.006 0.055 0.058 0.109
C4 -0.055 -0.070 0.110 0.060 0.009 -0.128 -0.070 -0.024 -0.047 -0.215
C5 0. 066 0.096 -0.012 0.020 0.002 -0.111 0.096 0.138 0.094 -0.105
C6 0.036 -0.010 0.177 0.143 0.096 0.103 -0.010 0.070 0.072 0.093
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A¥HE iR E A¥H R R E

. Monthly mean maximum temperature Monthly mean minimum temperature
i [
Time BREE  RMWE O WMMEE  RREE ROVEE O BREE O RMEE MHEE RREE T/NERE

Tree-ring Earlywood Latewood Maximum Minimum Tree-ring Earlywood Latewood Maximum Minimum

density density density density density density density density density density

7 -0. 140 -0. 104 -0.016 -0.007 0.012 0.070 -0. 104 0.068 0.066 0.087
C8 -0.269 " -0.294 " -0.055 -0. 064 -0.141 0.067 -0.294 0. 104 0.129 0.091
Cc9 -0. 165 -0. 140 0.145 0.146 -0.016 0.057 -0. 140 0.098 0.179 0.084
C10 -0.025 0.001 -0.130 -0.112 -0.175 -0.064 0.001 -0.208 -0.208 -0.201
Cl1 -0.135 -0.027 0.005 -0.018 0.168 -0.165 -0.027 -0.078 -0.150 0.044

*5 HAERFESAWENEE. BHS/MEXRERINE R
Table 5 Response coefficient of tree ring density to monthly mean relative humidity and monthly mean minimum relative humidity of

Chinese fir

PR BN i PoRITa: S AV NN
n Monthly mean relative humidity Monthly mean minimum humidity
::g:z RREE O RMEWE GHEE O RREE RNEE O BREE O RMEE GHEE RREE /N
Tree-ring Earlywood Latewood Maximum Minimum Tree-ring Earlywood Latewood Maximum Minimum
density density density density density density density density density density
PG -0.070 -0.060 -0.049 -0.043 -0.152 -0.073 -0.079 -0.064 -0.068 -0.141"
EG 0.063 0.017 -0.076 -0.053 -0.072 0.008 0.025 -0.059 -0.056 -0.045
G -0.061 0.065 -0.069 -0.067 0.038 0.039 0.086 -0.063 -0.017 -0. 066
LG -0.189 -0.103 -0.214" -0.239 " -0.045 -0.149 -0.093 -0.288 -0.331" -0.064
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