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W E: REWEF (Pinus sylvestris var. mongolica) NIMIREEEAM=EZ BHNEXER, BEBEUSHLSE
REMEARARBEENAV =ENRELERE, EIEFTRALIKNITRSEESE, ETETRRDEREREIIRREIZ
MWERETRLHEMNARMEERIELAKRE. KEREKEMTZENERENDS, ABESEHEMBREUERRAM 2
MEENZBRAERENNEBIISE, HEGZESHAEEIKRBHEEFARLEER THNRERKFR. ERER,
AZBANEETHEIHREENES (MN14~18mIEMEI21~26 m), EERIEKXKEEREKERE, EYRMTEHFEY DK
fEEREMNED B FIEK 46.2%. 487%. 547%, BAFRKENTXEINRKENANREEZE, FHRKESLRE
BRI AR ERTIENN136.2%~44.2%; HRFNEEBAMFENEBRES, LEHREENREKHER7~10a, FYKRMF=
EMEK1.6%~2.1%, FIHBRESIZE159%~29.5%. HAKE, XRASKEREBEEZEH ZRBEELEBRMEA THAD
BEXEKREND, ETREESAVFENONEDT, BERMKCEAMEFNFTPEERE, ERIEREAYHNE
RBEMRAMRDHNERED, BAEFRAINS BREERERZEE
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Management Optimization of Mongolian Pine Plantations
Considering Carbon Sequestration and Wood Production

FANG Jie, JIANG Bo, JIN Xingji"
(College of Forestry, Northeast Forestry University, Harbin 150040, China)

Abstract: To quantify the trade-off between carbon stock and wood production in Mongolian pine plantations and to inte-
grate simulation and optimization approaches to explore optimal management strategies that simultaneously increase car-
bon stock and wood production, thereby enhancing the sustainable management of Mongolian pine plantations. Based on
the Mongolian pine stand growth simulator, this study investigated the dynamics of wood production and carbon stocks in
the live tree carbon pool, product carbon pool, and dead organic matter carbon pool under different site indices using ex-
isting field plots. A multi-objective function incorporating wood production and carbon stock was developed using a multi-
attribute utility function, together with the corresponding single-objective functions. The differential evolution algorithm
was applied to derive the optimal cutting schedules under different management objectives. Results indicated that in
multi-objective management, as site indices improved (site indices increasing from 14-18 m to 21-26 m) , the timing of
final cutting and thinning were generally postponed. Meanwhile, the mean annual wood production, average total carbon
stock, and net present value increased on average by 46.2%, 48. 7%, and 54. 7%, respectively. When product and
dead organic matter carbon pools were incorporated into the carbon accounting framework , the average total carbon stock
was 36. 2%-44. 2% higher than that estimated by considering only the live tree carbon pool. Compared with the single-ob-

jective management regime considering only wood production, the rotation length under multi-objective management was
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extended by 7-10 years, while the mean annual wood production decreased by 1. 6%—2. 1% and the average total carbon

stock increased by 15.9%-29. 5%. The study showed that the multi-carbon-pool based carbon stock accounting ap-

proach provides a more comprehensive representation of the actual carbon sequestration potential of plantation forests.

Based on the trade-off analysis between carbon stock and wood production, a compromise management strategy balancing

carbon sequestration and wood production is identified, as it ensures stable wood production while effectively enhancing

the carbon sequestration capacity of stands, thus providing a scientific basis for multi-objective management of Mongo-

lian pine plantations.

Keywords: Mongolian pine (Pinus sylvestris var. mongolica) ; plantation forestry; wood production; carbon stock;

dead organic matter carbon pool; product carbon pool; multi-objective management; trade-off analysis
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Tab. 1 Statistical information of stand factors of Mongolian pine plantations

ZH A FEE/m MR /a M RBE/m MAZE/(Bk-hm™)  MOPHME/cm  MABFER/ (m? hm™)
parameter site index stand age stand dominant height stand density mean DBH stand basal area
B/ME 147 13 114 767 96 8
minimum

1A 17.7 22, 13.8 1453 14.6 23

mean

pSE 252 27 17.5 3175 19.3 35
maximum

= 2.2 4 2.0 656 2.7 7

standard deviation
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Tab. 2 Timber assortments and the proportions of wood products prepared from different assortments

7= b

AR R products proportion
product type KEH A INEH Uit Fiit

large log medium log small log pulpwood fuelwood
jfjvkn wood 0.4 0.4 0.4 0 0
bt 0.3 0.3 0.3 0.1 0
particle board
HARA 0.1 0.1 0.1 0.7 0
pulp and paper ’ ’ ’ ’
ij?ﬁf 0.2 0.2 0.2 0.2 1
NLER/cm e 0 . 4 Z
top diameter
BEKE/m 4 4 4 5 )

shortest length
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Fig. 1 The trade-off curves between mean annual wood production and average total carbon stock
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Tab. 3 The optimization results of different site indexes and objectives

ZEB FHARM =R/ FIRBAER/ AL AR R/ DOM Fifi &/ AP bkt &/ IE/
ldEs/m " fefki/a (m’-hm? a") (t-hm?) (t-hm?) (t-hm?) (t-hm?) (76 hm?)
o management . .
site index L rotation length ~ annual wood average total live tree carbon DOM carbon product carbon net present
objective .
production carbon stock stock stock stock value
OF, 30~54(36) 6.49~8.91(7.78) 37.87~57.30(47.38) 30.599~44.00(37.53) 3.56~8.52(5.28) 2.60~6.74(4.57) 2.98~5.02(4.23)
14~18 MOF 39~66(46) 6.38~8.69(7.62) 50.61~72.96(61.35) 39.07~53.50(45.03) 7.69~14.79(9.53) 3.80~9.77(6.78) 7.03~9.99(8.95)
OF, 193~222(206) 1.07~1.34(1.22) ~ 130.65~163.02(150.32) ~ 87.25~108.15(99.79)  43.40~57.53(50.53) 0 -0.60~-0.59(-0.59)
OF, 33~50(44) 7.15~9.09(8.17) 50.60~64.98(56.63) 38.36~47.73(42.60) 5.63~9.79(8.06) 2.47~8.26(5.98) 3.73~5.21(4.49)
18~21 MOF 48~65(54) 7.08~8.88(8.03) 60.19~81.48(71.40) 47.60~55.90(51.12) 8.18~16.27(11.96) 4.41~11.17(8.33) 9.14~9.99(9.48)
OF, 202~220(213) 1.15-139(1.26)  145.38~173.72(162.77)  98.81~112.92(108.14)  46.57~61.16(54.63) 0 -0.60~-0.59(-0.60)
OF, 51~54(52) 10.10~12.42(11.32) ~ 76.19~83.61(78.72) 51.93~55.52(53.40) 1118~12.92(12.19)  11.8~15.17(13.14) 5.95~8.29(7.05)
21~26 MOF 56~63(59) 9.91~12.20(11.14) ~ 84.92~95.95(91.25) 61.07~65.05(63.27) 13.97~15.12(14.54)  9.88~15.78(13.44)  11.72~15.98(13.85)
OF. 215~219(218) 1.45~1.62(1.55)  191.04~211.97(203.86) 125.34~137.31(132.66)  65.70~74.66(71.20) 0 -0.60~-0.59(-0.59)
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Note : The average value of the corresponding factors is in brackets.
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Fig. 2 Growth and change of stand volume under the optimal management scheme with different management objectives
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