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Abstract

Aims Climate change has significant effects on net primary productivity (NPP) in forests, but there is a large
uncertainty in the direction and magnitude of the effects. Process-based models are important tools for under-
standing the responses of forests to climate change. The objective of the study is to simulate changes in NPP of
Larix olgensis plantations under future climate scenarios using 3-PG model in order to guide the management of
L. olgensis plantations in the context of global climate change.

Methods Data were obtained for 30 permanent plots of L. olgensis plantations in Siping, Linjiang, Baishan, etc.
of Jilin Province, and a process model, 3-PG model, was applied to simulate changes in NPP over arotation pe-
riod of 40 years under different climate scenarios. Parameter sensitivity was aso determined.

Important findings The locally parameterized 3-PG model well simulates the changes in NPP against the
measured NPP data, with values between 272.79-844.80 g-m %a ™ and both mean relative error and relative root
mean square error within 12%. The NPP in L. olgensis plantations would increase significantly with increases in
atmospheric CO, concentration, temperature and precipitation collectively. However, an increase in temperature
alone would lead to a decrease in NPP, but increases in precipitation and atmospheric CO, concentration would
increase NPP; the positive effect of increasing precipitation appears to be weaker than the negative effect of in-
creasing temperature. Sensitivity analysis shows that the model performance is sensitive to the optimum tempera-
ture, stand age at which specific leaf areaequals to half of the sum of specific leaf area at age 0 (SLAo) and that for
mature leaves (SLA4;), and days of production loss due to frost.
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Fig. 1 Location of the sampling plots.
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Table1l Pattern of changes under three latest climate emission scenarios
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HEes 5 COK COi £ HEHEAE IR N AR A FekESEIN  FEKERS IR

Emission scenarios  CO, concentration CO, concentration Air temperature  Air temperature increment Precipitation  Precipitation increment
(mg-L™) referencevalue (mg-L™)  increment ('C) reference value (C) increment (%)  reference value (%)

RCP2.6 440-480 460 0.3-1.7 1.0 0.3-5.1 2.7

RCP6.0 510-570 540 14-31 23 1493 5.4

RCP8.5 560-630 595 2.6-4.8 3.7 2.6-14.4 85

RCP, W& B51%.
RCP, concentration pathway.
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Table2 Different climate change scenarios

AR 5

Climate change scenarios

Hews 5t

Emission scenarios

COE
CO, concentration

il
Air temperature

e K
Precipitation

CoToPo A No change A% No change A4 No change
RCP2.6 460mg-L™* 4% No change A74% No change
CiToPo RCP6.0 540 mg-L ™! A% No change A4E No change
RCP85 595 mg-L 7t 75 No change A4Z No change
RCP2.6 "4 No change +1.0°C %% No change
CoT1Po RCP6.0 A4 No change +23°C ANEF No change
RCP8.5 A74F No change +3.7°C A4E No change
RCP2.6 A48 No change A% No change +2.7%
CoToPy RCP6.0 A48 No change A% No change +5.4%
RCP85 A7F No change 7% No change +8.5%
RCP2.6 A7F No change +10°C +2.7%
CoT1P1 RCP6.0 A4 No change +23°TC +5.4%
RCP8.5 A"7F No change +3.7°C +8.5%
RCP2.6 460 mg-L7* +1.0°C %5 No change
CiT1Po RCP6.0 540 mg- Lt +23°C ANEF No change
RCP85 595 mg-L~* +3.7°C A7 No change
RCP2.6 460 mg-L™* A% No change +2.7%
C1ToP: RCP6.0 540 mg-L™* A7 No change +5.4%
RCP8.5 595mg-L ! 7% No change +8.5%
RCP26 460 mg-L7* +1.0°C +2.7%
CiT1P1 RCP6.0 540 mg-L7* +23°TC +5.4 %
RCP85 595mg-L~* +3.7°C +8.5%

RCP, WK EBKRAE. +, 0.
RCP, concentration pathway. +, increment.
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Fig. 2 Principles of 3-PG model (based on Sands & Landsberg, 2002). GPP, gross primary productivity; LAZ leaf areaindex; NPP,
net primary productivity; PAR, photosynthetically active radiation; PAR', photosynthetically active radiation of canopy absorption;
PAR", photosynthetically active radiation of photosynthesis; SLA, specific leaf area; VPD, vapor pressure deficiency.
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Table3 3-PG model parameters and the initial values for Larix olgensis plantations

ZH 1 bES SRR

Parameter Value Category Source

BRSO EISRRA S Allometric relationships and partitioning

H4%2 et - 5 T3 Bt Foliage: stem partitioning ratio when DBH = 2 cm 1.00 A A4 Fitted in this study

H94%20 cmi - 54> Fi L. Foliage: stem partitioning ratio when DBH = 20 cm 05 A A4 Fitted in this study
TAYES5MAE% AT HBUE Constant in the stem biomass and DBH relationship 0.007 3 A A4 Fitted in this study

TAEYE S5M%Ex R R(H Power in the stem biomass and DBH relationship 3.409 A AL Fitted in this study

IR PR A TR R IR 5 K. Maximum fraction of net primary productivity to roots 0.95 A A4 Fitted in this study

FRI A R I AR Bt/ ME. Minimum fraction of net primary productivity toroots 0.5 A AICHA Fitted in this study
SRBIEETF Air temperature modifier

ARSI Minimum air temperature for growth (C) -25 L Xu et al., 2012

K AES I Optimum air temperature for growth (°C) 17 L Sun et al., 2009

A K AR Maximum air temperature for growth (°C) 27 L Xu et al., 2012

FBHBERTF Frost modifier

FERAE U S BUE R 1 95 K3 Production lost days per frost day (d) 1 C ZRiAS % Default parameters
EEZHMEFE Canopy structureand process

LT AR Specific leaf area (SLA)

AR O LL T A Specific leaf areaat age 0 (m*kg™) 12.93 L Song & Sun, 2012

RN LT A Specific leaf area for mature leaves (m?-kg™) 5 L Song & Sun, 2012

SRR N(SLAg+ SLAL)2LE - THI AR Age at which specific leaf area= (SLAo + SLA1)/2 8 L Song & Sun, 2012

Je#k3k Light interception

W6 A% Extinction coefficient 05 L Amichev et al., 2011

HRMIREA Ageat canopy cover (3) 5 L Gonzalez-Benecke et al., 2014

MR T P 7K 28 2 ) 3 K R A5 Maaximum proportion of rainfall evaporated from canopy  0.15 BRiNZH Default parameters

R R K B i T AR e 3L Leaf areaindex for maximum rainfall interception 5 BRiLS % Default parameters

St EFE M. Photosynthesis production and respiration

5t 2B 2% Canopy quantum efficiency (mol-mol™) 0.035 L Maet al., 2008
fﬂ%ﬁgﬁﬁﬂi&ri@ﬂw to gross primary productivity 047 L Liuet al., 2015

PR FETH ) E] Fraction of stem biomass as branch and bark 0.15 L

PRI BB T A e A E ] Fraction of branch and bark at age = 0 0.15 L Coops & Waring, 2011

PR AR R o5 AR BBl Fraction of branch and bark for mature stands Coops & Waring, 2011

TR o P SR I A AR RS 15 L Coops & Waring, 2011

Age at which fraction = (Branch and bark fraction at age = 0+Branch and

bark fraction for mature stands)/2

SIS AAE Sand initialization

YIEGEFIHE4AE Yearsof initial plantation 1973-1983 M AWEFEIE Measurementsiin this study
WIMEEE Initial stocking (trees-hm ™) 3300 M AHWFFLIE Measurements in this study
R Altitude (m) 230-751 M AWM E Measurements in this study
£ Latitude (°) 41614388 M AHFFEME Measurementsin this study
AES1%:4% Fertility rating 07+0.1 M AHFFRIME Measurements in this study
TIEFHZA Soil texture Clay loam M AR I E Measurements in this study

FT3-PGER I R BT 7 AN E (AL Ch Ly M)o ARTRILESEUR nIHE N, CRARILESEUREA M, 7 Lz FTERTA R LER RS H
RIS AT AR S SCRRIRAS B, MRS U il P B B S A e - REMOWIAREE B L W dk . 2 O L R Y el AR bk BRI A — JF
SR PRIIHIGE PR B AR B A (A HE SR Ok, JIE /0 55 2 i S7 MR B 50170 R (Subedi er al., 2015).
Parameters in 3-PG model are roughly divided into four categories (A, C, L and M). Category A means the parameters are adjustable; Category C means the
parameters are common and can be applied to al tree species; Category L means the parameters are found from literatures; and Category M means the parame-
ters can be calculated from measurements. The initia tree density, elevation, latitude and soil texture of sample plots are derived from forest resource inventory.
Theinitia planting years of stands were estimated from forest age and investigation time. Fertility rating was converted from site index (Subedi et al., 2015).

DBH, diameter at breast height.
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Fig. 3 Comparisons between simulated net primary produc-
tivity (VPP) by 3-PG model and the measured data for the 30
sample plots in Larix olgensis plantations. Triangles mean net
primary productivity (NPP) values. The black line means linear
regression line, and gray line means 1:1 positive linear regres-
sion line.

M FAIEAA[F, BHUBCR BAR BT . R, 3-PG
RO V& R N CARNP Pl S HE R H R AL
EIERCIER

BTG EAARBH/SK B LR IIE A
BRI RS HE, RS R, SRR
MBS EAE . K28 )\ AR BT IRIE S AR I8 e %
P&, B UE3-PGREARN K FVE AL N TAHRNPPIU &
BOR, KBl 5 9 uEAE KR 2 7 sk 4. T e
A, BSEE SRR 1 45 R A B I — i,
X IRZIFES LA, Bl AL 1 i e
NIARMAE 1384k . A, 3-PGIARY AT DL #ERf b
B FVE AR A AN A 7T
A RSB R R 05 2 H

Table 4 The comparison of errors between calibration data and validation
data

Eitan RZHH LA €
Indicator Calibration data Validation data
R? 0.8705 0.8489
p <0.05 (1 = 60) <0.05 (n = 30)
PR % .
ME (g2 9.568 —-6.422
SRR R 2 » »
MRE (%) 1.655 1.163
0718
RMSE (g-m 22 67.794 60.399
AHX 3 5 1% 72
RRMSE (%) 11.533 10.809

ME, mean error; MRE, mean relative error; RMSE, root mean square error;
RRMSE, relative root mean square error.
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Fig. 7 Reative changes in smulated net primary productivity (NPP) for Larix olgensis plantations under RCP 2.6, RCP 6.0 and
RCP 8.5 scenarios (mean + SD). C, CO,; P, precipitation; T, air temperature. 1, change; 0, no change.
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AN . 18 2GS RAUESE, AR AR
S E R AL X AR AR NPPY 18 TN (Peng et al.,
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Appendix |  Basicinformation of the Larix olgensis plantation stands

FEHh S TR IR il £ ¢A 03 NS Mo
Plot No. Elevation (m)  Soil depth (cm) Aspect (°) Position Slope (°) Standage ()  Stand density (stemshm™)
PU-F--1 Siping-1 260 30 6 2 4 31 950
PU-F--2 Siping-2 319 30 9 6 1 25 1783
PU-F-3 Siping-3 280 35 8 2 10 30 1383
If¥T-1 Linjiang-1 876 30 9 6 3 13 1950
II%{L-2 Linjiang-2 676 40 2 2 8 16 1000
I%YT-3 Linjiang-3 880 26 4 3 5 27 983
A 1l1-1 Baishan-1 600 15 2 4 10 8 183
[ 1li-2 Baishan-2 510 25 8 3 5 8 133
F111-3 Baishan-3 680 25 1 2 16 16 533
JeH-1 Longjin-1 660 25 3 2 32 28 633
JeF-2 Longjin-2 630 45 2 2 6 12 633
J23t-3 Longjin-3 630 29 7 3 15 11 333
JLYE-1 Liaoyuan-1 300 37 4 5 5 24 633
ILYH-2 Liaoyuan-2 380 35 1 2 8 34 1983
1L Y5-3 Liaoyuan-3 380 20 3 3 10 25 1500
F17%-1 Helong-1 510 45 2 2 14 17 1050
F1jE-2 Helong-2 500 32 2 4 11 16 3516
F17%-3 Helong-3 751 40 8 4 10 11 1000
& 2%-1 Shulan-1 230 51 8 4 10 17 1800
#F%-2 Shulan-2 280 51 8 4 6 25 1617
¥ =-3 Shulan-3 310 51 6 4 15 17 2150
j#1k-1 Tonghuar 1 580 42 2 4 20 16 900
J# -2 Tonghua-2 710 50 2 2 17 17 2267
jE k-3 Tonghua-3 512 50 4 3 20 15 900
VEiE-1 Wangqing-1 390 40 5 3 3 17 2250
VE¥#-2 Wangqing-2 510 51 8 4 5 20 950
7E -3 Wangging-3 390 40 5 3 3 18 2241
K#-1 Changchun-1 338 30 5 1 5 26 1367
K#-2 Changchun-2 290 32 8 4 20 19 1567
K:#-3 Changchun-3 240 35 9 1 0 26 1050

e (Aspect): 1, Jbdk; 2, FRALHEG 3, KR 4, KRegd; 5, FEM 6, Fimddk; 7, FEI; 8, PEALHE 9, Jodii; i (Position): 1, HE; 2, LA 3, A,
4, FHAL; 5, 1h4%; 6, P,

Slope aspect: 1, northern slope; 2, northeastern slope; 3, eastern slope; 4, southeastern slope; 5, southern slope; 6. southwestern slope; 7, western slope; 8,
northwestern slope; 9, no slope direction. Slope position: 1, ridge; 2, up slope position; 3, middle slope position; 4, lower slope position; 5, valley; 6, flat ground.
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