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Abstract: Climate change and elevated CO, concentration affect productivity and carbon balance of forest
ecosystems. Timberline tree, Larix chinensis is extremely sensitive to climate change. In order to understand the
carbon source/sink dynamics, the BIOME-BGC model was used to simulate the productivity, carbon storage and
carbon use efficiency (CUE) of Larix chinensis in the northern slope of Qinling Mountains during 1959-2016,
and the future trend of carbon source/sink function was projected by climate scenario setting method. The results
showed that in the past 58 years, the average NPP, GPP and NEP were 328.59, 501.56 and 31.42 g C m~2a?,
respectively. The average carbon storage was 35.38 kg C m~2a!, and the average CUE was 0.65. Except that
1960-1961, 1969-1970 and 1997-1999 were “carbon source” years, the rest were “carbon sink” years, showing
the characteristics of “carbon source-carbon sink-carbon source” during the whole year. Overall, carbon storage
increased and the potential carbon sequestration capacity was relatively stable. The positive effects of GPP, NPP
and carbon storage were in the order of temperature increment> CO, concentration enhancement, while the
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opposite effect of NEP had adverse order. Rainfall enhancement had counteraction on productivity and carbon
storage, and temperature increment had a negative effect on CUE. Temperature and CO, concentration were the
limiting factors for the growth of L. chinensis in northern slope of Qinling Mountains, and the limitation of
temperature was stronger than that of CO, concentration. In the future, the increase of temperature or CO;
concentration will benefit the function of carbon sink, and the increase of precipitation will weaken the effect of
carbon sink. In the RCP4.5 and RCP8.5 scenarios, the productivity and carbon storage of L. chinensis showed an
upward trend in 21 century, and RCP8.5 increased slightly more than RCP4.5. The potential carbon sequestration
capacity was still strong. January to March, October to December would be “carbon source” month, and May to
September would be “carbon sink” month. These revealed the effects of temperature, precipitation and CO;
concentration on carbon source/sink of L. chinensis under the background of climate change. The increase of
temperature and CO- concentration were the promoting factor for carbon sink of L. chinensis, while the increase

of precipitation was the limiting factor.
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Table 1 Physiological and ecological parameters of BIOME-BGC model of Larix chinensis

Z¥ Parameter %2l Reference value AT Unit
SR 2 Annual turnover rate of leaf and fine root 1"
IS E . Annual turnover rate of living wood turnover 0.7
SERMREYIET- 3 Annual mortality rate of whole plant 0.005*
ERY K K FFET 3 Annual fire mortality rate 0.005*
AR 5 R B S Rt New fine root C/new leaf C 0.96™
A ZE 5 R B - e Lt New stem C/new leaf C 0.74™
B AEAR P H LS SRR 1) 73 B B New wood C/total wood C 0.071™
AR AR 52508 0 EE. New large root C/new stem C 0.29™"
LHTA K L] Rate of current growth 05"
i/ C/N Leaf C/N 42.15™
Y& M- C/N Litter leaf C/N 93"
4K C/N Fine root C/N 139.45™
TEAZZY C/N Live wood C/N 159.86™
BEA R4 C/N Dead wood C/N 730"
R 5 4 R L] Labile rate of leaf litter 0.31™"
- RTE AT 4 LLB Cellulose rate of leaf litter 0.45™*
R RTE AT Z LU Lignin rate of leaf litter 0.24™*
YR 5 7 s L i) Labile rate of fine root 0.34"
IR £F4EZ Ll Cellulose rate of fine root 0.44™
AR ZELAF Lignin rate of fine root 0.22""
PEAR SR LALTF4E E Lyl Cellulose rate of dead wood 0.71™"
PEARFRHLARFEZ LA Lignin rate of dead wood 0.29"*
i JZ 8 R4 Intercept coefficient of canopy 0.045™ LAl d?
)24 &% Extinction coefficient of canopy 0.55™
R A S LT AR L Ratio of leaf surface area to projected leaf area 2.69™
562 IR Mean specific leaf area (SLA) of canopy 22 m? kgt C
FHA . FAZE LM AR EL I Ratio of shaded SLA to sun SLA 2
4 7E Rubisco H1/ 7 734 & Percentage of leaf N in Rubisco 0.08"
B KSFLEE Maximum stomatal conductance 0.006™ ms?
TG Cutlcular conductance 0.000 06™ ms?
W52 S Boundary layer conductance 0.09™ ms?
SALTFR ﬁE/J\HTE’Jﬂfﬁ/J(j*%\ Leaf water potential at beginning of conductance reduction -0.65"" MPa
SALTEA A TIM K% Leaf water potential at conductance closed completely -2.5" MPa
SILTFUESE /N RO AN KR FE 2 Vapor pressure deficit at beginning of conductance reduction 610" Pa
SALsE A AR MAKIKEZ Vapor pressure deficit at conductance closed completely 3100 Pa

* RIS < SIS e SCIR[19] 24

*: Model parameter; **: Measured parameter; ***: Parameter in literature [19].
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Table 2 Quantitative scenario design for future climate change and elevated CO, concentration

(g AR Fe /K AE 4k CO IR ALK
Scenario Temperature change (T) Precipitation change (P) CO; concentration change (C, zmol mol?)
TOPOCO 0 0 0
T1POCO +1°C 0 0
TOP1CO 0 +5% 0
TOPOC1 0 0 +50
T1P1CO +1°C +5% 0
T1POC1 +1C 0 +50
TOP1C1 0 +5% +50
T1P1C1 +1C +5% +50
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