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Abstract; Forest vegetation carbon dynamics are widely considered as basic indicators of the capacity of a forest ecosystem
for carbon sequestration and carbon exchange with the atmosphere and the ability of the forest ecosystem to function as a
carbon sink or source. Forest management practices such as harvesting, afforestation, and reforestation are the most
important factors that influence forest carbon dynamics. Therefore, elucidation of the effects of human silvicultural activities

on forest ecosystem dynamics will provide a valuable insight into ways of expanding the size of the carbon pool and improving
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the ecological environment of China. Previous studies have attempted to identify the factors that affect forest carbon
sequestration ; however, most of these investigations focused on a single factor and did not consider the interactions
occurring between multiple factors. In addition, most previous studies were conducted on a small scale, and no
investigations conducted at a regional or larger scale examined the influence of interactions occurring between multiple
factors on forest carbon sequestration. Forest dynamic models represent a valuable tool for resolving this problem; however,
existing models do not adequately reflect the interactive effects of multiple factors such as forest management practices,
climate change, and other human-induced disturbances on forest carbon storage. In the present study, we used a vector
autoregression ( VAR) model that included seven parameters (factors) (timber output, forest-tending area, area affected
by forest diseases and/or pests, fire-affected area, reforestation area, annual total precipitation, and annual average
temperature) to simulate forest carbon storage dynamics in Shanxi Province. The results of variable stationary and
cointegration analyses revealed that the investigated variables exhibited a single whole-sequence order at the 5% significance
level ; in addition, they showed long-term stable equilibrium. Hence, we applied each variable to the VAR model and used
the model stationary test to show that all the characteristic roots of the VAR model were <1, i.e., these roots fell within the
unit circle. Our results indicate that the VAR model system is stable and meets the prerequisites for identifying the effects of
multiple factors on forest vegetation carbon storage dynamics. Finally, we used impulse response and variance decomposition
analyses to show that forest pests and timber output had significant negative impacts on carbon storage and contributed to a
high degree of 5.61% and 4.52%, respectively. Forest tending and artificial reforestation had weakly negative effects on
carbon storage, whereas forest fires, precipitation, and temperature had no significant effects on carbon storage. Taken
together, our findings verify the suitability of the VAR model for identifying the effects of multiple factors on forest
ecosystem carbon storage dynamics. Therefore, in future studies, this model can be used to analyze factors that influence

forest vegetation carbon storage at a provincial scale.

Key Words: forest vegetation carbon storage; influencing factor; VAR model ; impulse response; variance decomposition
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Table 1 information of each variable
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Variable Dimension Time step Data range Data sources Data processing
nature code
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Table 3 Judgment result of the lag order

i i ) SPEIR R XTEUBIA LA IR IR T TR 22 AR SN ECHRAF SN DU -2 PR R

Lag Logl. LR FPE AIC SC HQ
0 -43.10133 NA 5.32x107° 3.650095 4.030725 3.766457
1 61.43921 141.8764 3.55%x1071° 0.754342 4.180011 1.801603
2 180.5346 93.57492 2.72x1071 " -3.181041 " 3.289667 * -1.202881 "
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Table 4 Results of Johansen cointegration test

LR PR J TR FHAEE U5 A 0.05 B IIfi ALE M
Hypothesized No. of CE(s) Eigenvalue Trace Statistic 0.05 Critical Value Prob. **
None * 0.982276 316.6887 159.5297 0.0000

At most 17° 0.895717 203.7688 125.6154 0.0000

At most 2* 0.824959 140.4708 95.75366 0.0000

At most 37 0.688188 91.67419 69.81889 0.0004

At most 47 0.627254 59.04429 47.85613 0.0032

At most 5~ 0.537189 31.41223 29.79707 0.0323

At most 6 0.203182 9.839999 15.49471 0.2932

At most 7 0.116885 3.480397 3.841466 0.0621
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Table 5 Results of din( tan) s impulse response function

B RRRE e i WHAK AT s ek

Period dIn( chong) dIn( fu) dIn(mu) din(huo) dIn( zao) In( wen) dIn( shui)
1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
2 -0.016685 0.042229 -0.010429 0.018918 0.029210 0.045831 -0.031781
3 -0.044237 0.008660 -0.044799 -0.019224 0.031916 0.015369 -0.047146
4 -0.045401 0.011993 —-0.023444 —-0.030100 0.023023 0.006949 -0.026328
5 -0.020398 -0.024742 -0.011858 -0.013770 0.024908 -0.000328 -0.031456
6 -0.011170 -0.024369 -0.016973 -0.014662 0.008576 -0.003091 -0.006651
7 -0.013314 -0.009881 -0.021604 0.006024 0.009176 -0.002621 -0.006263
8 -0.006552 —-0.004091 -0.028574 0.011756 0.001753 -0.002650 0.002872
9 -0.018549 -0.010810 -0.004077 0.012012 0.005093 0.009963 0.000318
10 -0.008250 -0.010835 -0.002782 0.005776 -0.000458 -0.000321 0.001142
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Table 6 Results of dIn(tan)’s variance decomposition

T EREEINGRE RRGERE O ARMUREE  BMUNHE O RMRE BMokk AT pizt)3 4N

Period S.E. dIn( tan) dIn( chong) dIn(fu) dIn( mu) dIn( huo) dIn( zao) In( wen) dIn( shui)
1 0.122380 100.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
2 0.182716 80.55405 0.833856 5.341563 0.325778 1.071952 2.555672 6.291674 3.025457
3 0.241416 75.33005 3.835345 3.188449 3.630150 1.248161 3.211714 4.009273 5.546859
4 0.278643 75.12909 5.533792 2.578639 3.432882 2.103799 3.093564 3.071745 5.056490
5 0.292615 73.98068 5.503886 3.053194 3.277088 2.129126 3.529777 2.785530 5.740721
6 0.300269 73.79396 5.365279 3.558165 3.431684 2.260400 3.433702 2.655942 5.500865
7 0.304199 73.48529 5.419098 3.572313 3.847971 2.241589 3.436535 2.595179 5.402022
8 0.307026 72.87570 5.365325 3.524594 4.643616 2.347120 3.376812 2.555063 5.311765
9 0.309794 72.57993 5.628334 3.583623 4.578301 2.455693 3.343753 2.613016 5.217346
10 0.312215 72.76933 5.611228 3.648704 4.515535 2.451995 3.292328 2.572768 5.138109
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