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A research on the response of the radial growth of Pinus koraiensis to future

climate change in the XiaoXing' AnLing
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Abstract; Climate change has had a significant impact on forest ecosystem. Pinus koraiensis is one of precious tree species
in Northeast China. The coniferous and broadleaved mixed forest dominated by pine is the representative vegetation type in
XiaoXing'AnLing of China. Under the climate change background, studying the response of the growth of Pinus koraiensis to
climate change is important to understand the climate change impact on forest ecosystem. Simulation models as effective
tools for assessing the climate change impact have been applied widely in different regions over the world. A process-based
ecological mechanism model ( TREE-RING ) had been verified for simulating the radial growth of Pinus koraiensis in
XiaoXing'AnLing of China. The results showed that simulated phenology was well coincident with observed phenology.
There was a high correlation between simulated and observed cell series of Pinus koraiensis. Based on the validated TREE-
RING model, the study simulated the growth trend of Pinus koraiensis in XiaoXing’ AnLing under future climate scenarios
and explored the response mechanism of tree growth to climate change, which is helpful to understand climate change
impact, alleviate the negative effects of climate changes on tree growth and provide references for policy-making related to
addressing the climate change.

For this study, we intend to use TREE-RING model to simulate the growth of Pinus koraiensis in the XiaoXing'AnLing

based on a middle medium emissions climate change scenario (SRES AIB) generated by global climate model ( MPI_
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ECHAMS) from 1961 to 2060. The meteorological data including daily maximum temperature, daily minimum temperature
and daily precipitation with the resolution of 1°x1° was interpolated to Yichun meteorological station (47°73'N,128°92'E,
240.9 m. a. s. 1) with the method of Bilinear interpolation. The analysis on the variation characteristics of climate factors
from 1961 to 2060 showed that atmospheric CO, concentration will continue to increase and reach 563 mg/L in 2060.
Maximum and minimum temperature will have a fluctuating rising tendency while precipitation will change slightly.
TREE-RING droved by climate data model was run for 100 years from 1961 to 2060. The simulated results showed that
under the SRES A1B emission scenarios, with the increase in atmospheric CO, concentration and air temperature, the
beginning and end dates of Pinus koraiensis growth will advance significantly in the XiaoXing’ AnLing from 2011 to 2060
with a mean advance of 5 days in the beginning date and 3 days in the end date compared with 1961—2010. Annual radial
growth period will prolong by about 2 days in the future fifty years. The radial growth rate will be increased by 35% in
2011—2060 compared with 1961—2010, which is mainly due to the effect of CO, fertilization. The individual change in
precipitation will increase tree radial growth by about 2% while the individual change in air temperature will decrease tree
radial growth by 23% . Sensitivity analyses were performed to see the response of the model under variable climatic
environmental conditions. The results show that rising air temperature in spring ( March and April) increases tree growth
rate significantly, however, rising air temperature in summer ( June-August) decreases tree growth rate when air

temperature was increased by 1°C and CO,concentration and precipitation were not changed.
Key Words: XiaoXing'AnLing; Pinus koraiensis; REE-RING Eco-physiological model; Climate change
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Fig. 2 Changes in climatic factors and CO,concentrationunder SRES A1B climate scenario

£1 AIBIEETHERESSIE2011—2060 £HE 10a RESBEEZTNK

Table 1 Decadal change of climate factors under SRES Al1B scenario in Yichun from 2011 to 2060

mE Z= Ay Year
Elements Season 2011—2020 2021—2030 2031—2040 2041—2050 2051—2060
e/ C # Spring 4.20 5.11 4.79 6.36 7.23
Maximum temperature X Summer 22.28 21.86 22.36 23.33 24.14
Fk Autumn 6.38 7.02 7.63 7.51 10.03
£ Winter -17.27 -16.89 -15.63 -15.93 -14.32
AL/ C # -5.30 -4.61 -4.59 -3.58 -2.41
Minimum temperature H 14.50 14.43 14.55 15.51 16.01
078 ~1.49 -1.23 -0.69 -0.41 1.70
% -24.96 -24.58 -23.42 -23.46 -21.93
[ 7K i/ mm H 2.43 2.26 2.49 2.13 2.14
Precipitation B 4.07 4.24 4.32 4.52 3.79
778 1.79 1.18 1.56 1.53 1.44
% 0.49 0.53 0.57 0.47 0.62
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Table 2 Decadal average change in radial growth period of Pinus koraiensis in Xiao Xing’AnLing under SRES A1B climate scenario

KB B A0} Year

Growth stages 2011—2020 2021—2030 2031—2040 2041—2050 2051—2060
AR IR Growth start 124.8 122.7 123.4 117.8 118.3
HKE5H Growth end 283.1 283.3 276.8 283.7 277.6

H KM Growth periods/d 158.3 160. 6 153.4 165.9 159.3

2.3 RRERNE ST /NS WS LTI AR 1] A= AR

AR AN 3a B RTE A1B HEBUE 51, /NS 2208 2T AR A i A% ) AR 1 B 78 B S 58, 2011—2060 47
EE 1961—2010 4F (/4% [ A= K i 3438 N 24 35% A ) A K AN W in Ay e 38, i BH 17 /N D28 2T AN TE R
ARG 5o AR A ARG N AR BBk e ) 7 2 B O FEAIROR AR CO, i, e TR A
AR5 A SR AR REMS R B — 2 . SR T7 45 ML R R Rl & (A1B) AR AR 3, 2003—
2049 AEARILARMAE S RGN 7= 1 B LTRSS, AR U AR B R A R BT I, A A3iE E Y
TR 45 TR, A 2005—2044 4F (B BRI BB A7 RE S 7R3 . S pf 25 PRI AR AR S H 5 B 5 R 4400
SR Z AN AH G ST 1A 7 R HESAE AR BRI E W 1% 5 T R B4R 1) A K A AR R AR 4R
T o A3 1.2 3°C, WA VR AN AR 1) AR s o WIS N 9. 2% (15, 7% \22. 3% , 14 B3 W) 3 3] 38 n
24.4% 44.7% .66.3% , {F 51 W 111 X 43 [a] 38 hn 2 00 40 50K 5. 3% . 10. 1% 14. 7% , B 43 51 13.9%
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YRR S — 2B AT, RS RT 1961—2010 4F7ERE/KF CO, MBS G BT, X5 45 7 1724 1 B
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U TH i B AR AR 1) A K A I AN 29 2. 5% F1 3. 7% , T 6 .7 F R 8 453 I T e b A A K4 43 SRR ARG T
295.3% .6.8% F15.5% ,Fov A A K AR T, 16 BH 2 L X FE 45 H A0 THR AR R 17 00 T, A AR A2 1) 2
KRR EEHE T 6.7 AM8 AMMSIRTET IR, 400 o F2 5061 X SR A8 46 14 e i
A 5, A 1R R B B IS 2 P T A AL A A2 BB, DRI A2 RS2 2 | Peng S5 AL 5T T LR Fl
A= Py ik B IR AR AR I T DA M R I S A e A — T B 3 T P UL P v T o (E2 PR A
Wi AS /N AR A B B KA Z 5, IR () 18 I T R AT, AR i A8 K 7E — 2 IR R LN, 2R W it (R (A8
A /N HLA230 Foe KA X AN TR Y A e A Bl R B AR 8 (R ol R Y L ok 15—25°C, Hop 3 4 Ay
TREEAE A VR A SR IR B 3 o 3 1R B2 T PR D), D45 S 38 B i B 9 1 S 2R 1 i, PR3 LA A 3 IR B2 3
PR AR AR ORI R 17 6.7 .8 H AR B 7R fad TR T BRI P, Bl TR (R 36, e £ R AR (b
N TR ST PRI ARSI LE IR, B A (8 A58 1 2 AR AR

A
Cell number
W
(=]

B3 AIBBERTNMARRABRKMAHEEERKER (a),

£3 19612010 FHIEAKBHM 1 CHERENIRFEEEREL
Table 3 Simulated radial growth change rate under rising monthly temperature by 1 °C from 1961 to 2010
A 13 Month 1 2 3 4 5 6 7 8 9 0 11 12
AR [ A AR/ %

The change rate in radial growth

w_» ﬁd\{)ﬁi//’\

-1.0 -0.4 2.5 3.7 0.4 -53 -6.8 -55 -1.8 1.4 -1.5 -0.1

3 HFitHitie

ARSI ] TREE-RING 56 Az A5 HIL SRR e [/ 2% 22 e 2T WA E AR SR RS AR ATB 1957 T BB AR A2 1)
A RRBLHEAT TR, R TR LI AR R B2 IR AL 38 i BT ST 4t LA R 4598« 745 Fh g
V-1 4 e (A1B) BRI RN 5 T, /NS 20 LA AR A AT 46 AN ZE TR (] AN B B AT, 2011—2060 4F
L 1961—2010 4FA: KIT AR I [E]EAHR AT 5d Zedy A R A AN E] - B3 BT 29 3d 727, ZLAMRER B 1) A=
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2010 FREARFN CO R BERFEAA 3B ARFAE 1CHENL T, FEEHRER3 4 AR SR ALK &Y
TR TR 2 6.7 8 H AR TR R AKX A A R

FEARIF S - (A 1 2 R — A [ 8 R AS SRR 1) 17 5% 0275 €O, X A A 4 ) it I A FH A7 A R AR
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B MAEAE LR ) B, — B8 SCRk B 2RSS T CO, M AEAE H B9 RN, 4 Ainsworth Fl Long & F K #Y
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it B WGCM ( JSC/CLIVAR Working Group on Coupled Modelling ) ZH 21 PCMDI ( Program for Climate Model
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