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Spatial and temporal variations of the responses of radial growth of Larix gmelinii to climate
in the Daxing’ anling Mountains of Northeast China. HAN Yan-gang' > GAI Xue=ui® QIU Si-
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Key Laboratory of Forest Ecology and Management Institute of Applied Ecology Chinese Academy of
Sciences Shenyang 110016  China; *University of Chinese Academy of Sciences Beijing 100049
China; *School of Tourism and Hospitality Management Shenyang Normal University ~Shenyang
110034 China; *State Forestry Administration Key Laboratory of Forest Resources & Environmental
Management Beijing Forestry University —Beijing 100083  China; *Xinjiang Institute of Ecology
and Geography Chinese Academy of Sciences Urumgi 830011 China) .

Abstract: Following the distribution characteristics of Larix gmelinii in Daxing’ anling Mountains
nine sampling sites along a latitude gradient were set up to analyze the spatial difference and tempo—
ral dynamic in the responses of radial growth of L. gmelinii to climate. Overall the radial growth of
L. gmelinii was positively correlated with the standardized precipitation evapotranspiration index
( SPEI) in summer ( June to August) summer precipitation February SPEI and February preci—
pitation but was negatively correlated with the March temperature. Spatially in the southern area
of the region with higher annual average temperature the radial growth of L. gmelinii had a signifi—
cant positive correlation with February SPEL In the northern area with lower annual average tempera—
ture the radial growth of L. gmelinii was negatively correlated with the temperature in March. Tem—
porally the growth—climate relationship for L. gmelinii was unstable. In the area with higher annual
average temperature the positive effects of SPEI and precipitation as well as the negative effects of
temperature in summer on growth significantly enhanced with climate warming. In the area with lower
annual average temperature the negative response of growth to March temperature enhanced more
obviously. Such a result indicated that climate change would alter growth-climate relationship with
great spatial variations. Our results suggested that radial growth of L. gmelinii would be limited in
the future climate of warm and dry in the Daxing” anling Mountains. The growth of L. gmelinii might
obviously decline in south due to summer water deficit and winter drought and might be inhibited
in north because of warm and dry winter.
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AES: Aershan; CH: Chaihe; CY: Chuoyuan;
" - WEQH: Wuerqihan; HH: Heihe; GH: Genhe;
° NWH: Nanwenghe; HZ: Huzhong; MH: Mohe.
The same below.
( Betula platyphylla) .
° ( Pinus sylvestris var. mongolica)
( Picea jezoensis var. microsperma) o
9 ( 1o
° 6.1° 54 C
1 120 mm
( Do
1.1 1.2
(47°19°48"—53°27°00" N N
120°00736"—126°37°12" E) (
1) 25~30
o 400 ~ 500 mm 2 o N
60% ~ 80% 6—8 =5.5~-0.1 C( LINTAB 6 (0.01 mm)
1) 1 7 ( 2)o COFEHCA °
226 371
2

Fig.2 Monthly mean temperature and total precipitation in the study area.

T: Temperature; P: Precipitation.
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Table 1 Geographic information of sampling sites
graphic 1 ! png St . 12 SPEI
MAT MAP 12 SPEI,
Sampling Location (C) ( mm) SPEL,, of ( SPEIIZ) SPEI 12 SPEIIZ
site December o
47°19°48" N =22 409.6 0.1063
Aershan 120°00°36" E 1980
47°31°48" N -1.1 429.0 0.1351 1980—2015 12 SPEI,
Chaihe 121°03°00" E ( 2)
48°2548" N -17 4373 0.1304 °
Chuoyuan 121°15°00" E 1.4 -
49°28°12" N =23 450.3 0.1465
Wuergihan 121°43748" E
49°30°00" N -0.1 530.0 0.1531 ° -
Heihe 126°37°12" E
51°16°12" N =55 473.1 0.1428
Genhe 122°37°12" E
51°1948" N -3.1 496.6 0.2158 21
Nanwenghe 125°25°12" E 6—8
51°34°48" N -5.4 475.1 0.1586 °
Huzhong 123°07°12" E R treeclim °
53°27°00" N -4.9 439.0 0.1177
Mohe 122°1948" E 2
MAT: Mean annual temperature; MAP: Mean
annual precipitation. The same below.
2.1
o 3
( Friedman) o
13 ( SSS>0.85)
o 60~196
. (SD)
R dplR o ( MS) 0.152~0.230 0.17~0.29.
1.3 ( SNR) 15.09 ~34.15
KNMI Climate Explorer ( Rbar)
CRUTS 4.03 ( https: //climexp. knmi.nl) o ( VF) 0.337~0.528 37.4% ~59.2% o
( EPS) 0.85
0.5°x0.5° 1956—2015 o
2.2 -
9 10 N 3 SPEI
2
Table 2 Climate dynamic of sampling sites
MAT MAP 12 SPEI,
Sampling Trend of MAT (°C « 10 a™!) Trend of MAP (mm ¢ a™') Trend of SPEI,, of December (a™')
site 1956—1979 1980—2015 1956—1979 1980—2015 1956—1979 1980—2015
Aershan 0.21 0.27° -2.94 -1.18 -0.402 -0.217
Chaihe 0.20 0.27" -3.20 -1.51 -0.412" -0.295
Chuoyuan 0.21 0.25" -2.88" -1.81 -0.390" -0.308
Wuergihan 0.14 0.22" -2.81" -2.23 -0.312 -0.378"
Heihe 0.16 0.24" -4.07 -0.69 -0.365 -0.102
Genhe 0.07 0.20 -3.54" -2.05 -0.465 -0.233
Nanwenghe 0.14 0.22" -3.83" -0.74 -0.585" -0.412"
Huzhong 0.11 0.19" -3.77" -1.79 -0.510 -0.228
Mohe 0.09 0.15 -3.83" -0.84 -0.477 -0.070

Significance of linear regression at 0.05 level.
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Table 3 Statistics for each site chronology
/ SSS>0.85 (1956—2015)
Sampling Cores/ Year of Residual chronology statistics Common interval analysis ( 1956-2015)
site trees SSS >0.85 Mean SD MS AC SNR EPS Rbar VF ( %)
Aershan 40/24 1827—2016 0.973 0.215 0.25 -0.005 28.53 0.966 0.493 56.9
Chaihe 40/24 1877—2016 0.987 0.230 0.29 -0.049 34.15 0.972 0.528 54.3
Chuoyuan 40/24 1942—2016 0.995 0.152 0.17 0.002 17.82 0.947 0.380 47.3
Wuergihan ~ 40/25 1883—2016 1.000 0.177 0.19 -0.010 21.37 0.955 0.411 45.0
Heihe 40/25 1908—2015 0.991 0.157 0.19 -0.109 15.09 0.938 0.337 37.4
Genhe 40/25 1873—2015 0.983 0.174 0.18 -0.024 18.01 0.947 0.383 44.6
Nanwenghe 41/25 1956—2015 0.999 0.200 0.21 0.031 19.96 0.952 0.399 51.8
Huzhong 50/29 1820—2015 0.987 0.209 0.25 0.017 33.35 0.971 0.476 59.2
Mohe 40/25 1910—2015 1.001 0.173 0.19 0.009 26.34 0.963 0.470 47.1
SSS: Subsample signal strength; Mean: Mean index; SD: Standard deviation; MS: Mean sensitivity;
AC: First-order autocorrelation; SNR: Signal-to-noise ratio; EPS: Expressed population signal, Rbar:
Mean inter-series correlation; VF: Variance in first eigenvector.
3
Fig.3 Correlation between each residual site chronology and climate factors along temperature gradient.
* P<0.05. r: Correlation coefficient. The same below. A: SPEI Standardized precipitation evapotranspiration
index; B: Precipitation; C: Temperature. p: Previous year; c: Current year.
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Fig.4 Moving correlations between each site chronology and climate factors along temperature gradient.
A: SPEI Monthly mean SPEI in summer; B: Precipitation in summer; C: Monthly mean temperature in summer;
D: 2 SPEI SPEI in February; E: 3 Temperature in March.
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