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Abstract: Developing forestry carbon sequestration and enhancing the sustainable management of plantations are essential
strategies for China to achieve its “carbon neutrality” objectives. Particularly, the optimal rotation age for forests is
significantly influenced by price volatility and uncertainty, which are critical factors in forest managers’ decision-making
processes. Using an extended Faustmann-Hartman model, this study developed an optimal harvesting decision-making
framework that includes multiple carbon pools, such as biomass, dead organic matter, wood forest products, and biomass
energy. We have conducted an analysis on the influence of price stochasticity on the optimal rotation periods for poplar

plantations in Northern Jiangsu Province and evaluated the potential revenue for forest managers under the multi-carbon pool
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scenario. The results show that; (1) Under the baseline scenario, the optimal rotation periods for poplar plantations in
Northern Jiangsu, when considering revenues from timber, biomass, dead organic matter, wood forest products, and
biomass energy carbon pool in succession, are consistently found to be between 8 to 9 years. This suggests a relatively stable
optimal rotation period despite the inclusion of various carbon pools in the revenue calculations; (2) Under the current
carbon price level in China, incorporating revenue from multiple carbon pools successively leads to a continuous increase in
the expected land value. This indicates that a comprehensive consideration of carbon sink benefits during forestry operations
could significantly enhance the revenue of poplar forest managers in Northern Jiangsu by approximately 191%. This
substantial increase underscores the economic potential of integrating carbon sequestration into forest management practices ;
(3) Sensitivity analysis demonstrates that discount rates and the long-term equilibrium prices of timber and carbon sinks are
pivotal factors in shaping forest management decisions. The impact of price fluctuations for both timber and carbon sinks,
while important, is found to be relatively minor in comparison. This suggests that forest managers should focus on long-term
strategies that consider the stability and growth of timber and carbon markets. Based on these findings, the study proposes
several sustainable management strategies for poplar plantations in northern Jiangsu. These including strengthening the
monitoring and evaluation of carbon sequestration capacity in forestry, fostering stable increases in timber prices, promoting
an effective connection between carbon quotas and China Certified Emission Reduction markets, balancing the production
capacity of timber and carbon sequestration, and emphasizing the prevention of multiple risks in long-term management. By
implementing these strategies, forest managers can enhance the sustainability and profitability of their operations,

contributing to the broader goal of carbon neutrality in China.

Key Words: sustainable management; Faustmann-Hartman model; muti-carbon pool; price stochasticity; Populus spp.
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Table 1 Applied model parameters and their references
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Table 2 Optimal rotation period and LEV under the base scenario

T 45 T — T i = e AL 5 1
Situation Situation one Situation two Situation three Situation four Situation five
A Optimal rotation period/a 8.25 9.00 8.92 8.92 8.92
LEV/(x10*J6/hm?) 2.59 3.40 6.11 6.38 7.54

LEV . + 312 (H Land expectation value
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Table 3 Sensitivity analysis results of different discount rate

45 54— T8 1= 1458 0 it

Situation Situation one Situation two Situation three Situation four Situation five
r=0.02 Bt a 9.75 10.33 10.33 10.33 10.33
LEV/(x10*JG/hm?) 4.12 4.59 8.06 8.39 9.92
r=0.08 Bt/ a 7.75 8.92 8.25 8.25 8.25
LEV/(x10*JG/hm?) 1.52 2.52 4.69 4.90 5.82

2.2.2 KB B RURE BT

KRB B BB S AT 4 R B, 2 HAD S PR R AR AR s | I B85 A A A0 46 X T A e A e 130 5
U, YA I A A AR BARET , S e R 0TI i B T 1 4 B AR A 2 i ), TG g A ful e
RN RS IR S A I A H . RIS AR NS IE M LEV , ARSI ARl es | b5 K 15y
BB MM TR LEV &K R 4888 T LEV S5ARM KNS 2 A ALt 6 R | B AT 00 A% A4
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Table 4 Sensitivity analysis results of different timber prices

45 THEE— THEE 1= i 458 BT
Situation Situation one Situation two Situation three Situation four Situation five
1, X50%  EfLEe i/ a 8.08 49.67 9.42 9.08 9.08
LEV/(x10*J0/hm?) 0.07 1.10 3.60 3.87 5.03
#,X150% et/ a 8.08 8.67 8.67 8.67 8.67
LEV/(x10*J0/hm?) 5.11 5.89 8.60 8.87 10.04
1, %200%  feflittkib/a 8.50 8.50 8.50 8.50 8.50
LEV/(x10*J5/hm?) 7.62 8.39 11.11 11.38 12.55
0,%x50% ekl a 8.25 9.00 9.00 9.00 9.00
LEV/(x10*J0/hm?) 2.58 3.39 6.10 6.36 7.53
0, X150% i kl/a 8.00 9.7 9.00 9.00 9.00
LEV/(x10*J0/hm?) 2.59 3.41 6.11 6.38 7.55
0,%X200% i/ a 8.50 8.92 8.92 8.92 8.92
LEV/(x10*J5/hm?) 2.60 3.42 6.12 6.39 7.56
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Table 5 Sensitivity analysis results of different long—term equilibrium carbon price levels

45 THEE— THEE TEEE = 17 458 BT
Situation Situation one Situation two Situation three Situation four Situation five
nEx50% AR/ a 8.25 8.75 8.67 8.67 8.58
LEV/(x10*JG/hm?) 2.58 2.97 4.33 4.46 5.64
uEx150%  FAlit i/ a 8.25 10.00 9.25 9.17 9.08
LEV/(x10*J0/hm?) 2.58 3.84 7.87 8.27 9.44
uEx200%  FAliE I/ a 8.25 49.92 9.50 9.50 9.25
LEV/(x10*JG/hm?) 2.58 4.66 9.67 10.20 11.35
wix50% AR/ a 8.25 49.92 11.92 11.08 10.33
LEV/(x10*JG/hm?) 2.58 17.31 24.04 25.50 26.61
wEx150%  Feflitti/a 8.25 50.00 49.75 12.33 12.33
LEV/(x10*J0/hm?) 2.58 55.43 70.78 72.20 73.23
uEx200%  FeAliekib/a 8.25 50.00 50.00 22.92 14.83
LEV/(x10*JG/hm?) 2.58 74.3 94.95 95.84 96.72
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Table 6 Sensitivity analysis results of different carbon price volatilities

458 T4 — 8 4% = 15458 Y T
Situation Situation one Situation two Situation three Situation four Situation five
aix50%  Eitittiila 8.25 9.17 9.00 8.92 8.83
LEV/(x10*JG/hm?) 2.58 3.39 6.09 6.36 7.53
afx150%  EALEN a 8.25 9.33 9.00 9.00 8.83
LEV/(x10*JG/hm?) 2.58 3.39 6.09 6.36 7.53
afx200%  EACEN a 8.25 9.17 9.00 8.92 8.83
LEV/(x10*J6/hm?) 2.58 3.39 6.09 6.36 7.53
oEx50%  FRitE R/ a 8.25 50.00 49.83 11.92 11.75
LEV/(x10*J6/hm?) 2.58 36.41 46.73 48.87 49.91
afx150%  EALE a 8.25 50.00 48.67 11.67 11.67
LEV/(x10*JG/hm?) 2.58 36.22 46.46 48.62 49.68
afx200%  FfLie i/ a 8.25 50.00 49.58 11.92 11.25
LEV/(x10*JG/hm?) 2.58 36.42 46.72 48.89 49.96
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