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Abstract: [Objective] To provide the optimal forest management paradigm for various forest types, the

research of forest management in our country had mainly been performed on the scale of forest stand (or
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sample plot), however the importance of temporal and spatial configuration of alternative thinning
treatments had been ignored for a long term. Therefore, a spatial explicitly forest management planning
model was developed by integrating forest carbon increment objective into traditional timber harvest
scheduling problem, which can provide some new theories and technologies for the multi-objective
management of forest resources in China. [Method] With the guidance of forest category management
theory, a practical forest multi-objective spatial management planning model (FMS), including the forest
timber production and carbon increments of aboveground tree-layer, was developed for the Pangu Forest
Farm in Great Xing ’an Mountains of northeastern China using the simulated annealing algorithm. To
improve the practicality of the planning model, FMS subjected to the even-flow constraints of harvest
volume, the inventory constraint of forest carbon stocks, and the spatial constraints of different thinning
treatments. Based on FMS and the constraints of carbon trading and timber market in China, the optimal
forest management plans for a 50-years planning horizon of Pangu Forest Farm was optimized. Then, the
amount of timber harvest, the amount of carbon increments, and the temporal and spatial configuration of
alternative thinning treatments for each period were quantificationally analyzed. [Result] The joint net
present value (NPV) of timber production and carbon increments during the 50-years planning horizon for
Pangu Forest Farm was as large as 1.54 x 10° CNY, in which the NPVs of timber production and carbon
increments were 1.37 x 10 and 0.17 x 10® CNY, respectively when the carbon price was assumed as 120
CNY/t. The amount of harvest timber and carbon increments during the planning horizon were estimated as
1.78 x 10° m® and 1.68 x 10° t, and the carbon stock of aboveground tree biomass was 5.99 x 10° t, in which
the carbon stock of aboveground tree biomass at the ending of planning horizon increased by 38.98% with
respect to that at the beginning of planning horizon. Within the optimal management plan, the protected area,
thinned area and no-thinned area accounted for 44.36%, 48.01% and 7.63%, respectively, in which the
thinned area with high intensity accounted for 41.78% of the total forest area in this region. In addition,
some significant differences were observed among the configuration of alternative management activities for
each period, in which the amount of harvest volume and thinned area, as well as the number of thinned sub-
compartments all accounted for approximately 90% of their gross for each period. The distributions of
thinning treatments presented significantly spatial characteristics for the optimal management plans,
however the pattern was all conformed with the constraints. [Conclusion] The outputs of FMS have some
significant advantages: (1) forest managers always can obtain some pediocratic economic benefits for each
period due to the even-flow constraints of harvest volume; (2) the forest resources can be protected from
over-harvesting due to the inventory constraints of carbon stocks, which are meaningful to promote the
function of forest carbon sequestration; (3) the forest planning model can provide the optimal temporal and
spatial configuration of forest management activities. Obviously, all these advantages are helpful for the
multi-objective management of forest resources in our country. However, the values of some key constraint
parameters still need further research to improve the practicality of the proposed planning model in future.
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Fig. 1 Diagrammatic sketch of green-up constraints of harvest schedules
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Planning system of forest carbon sink and timber objective for the scale of forest farm (FMP v1.0)

Bt R 2R FP B G H
Database Model base User interface System application
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Forest data Forest growth & yield model Txt data Searching process
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Carbon content data Net present value (NPV) Running process control ArcMap | | Excel
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Economic data Simulating annealing algorithm Data output (Txt) Visualization

AL R 7R 5B 57 75 A5 Bl ArcMap 1 Excel {4523 . Visualization module needs the assistance of ArcMap and Excel software.
B2 ZE B RERKRICAME 628 M RGHELRE

Fig.2 Frame diagram of planning system for forest carbon sink and timber compound management planning at the scale of forest farm
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Fig. 3 Developing process of total NPV, timber NPV and carbon NPV

within the planning period
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Fig. 4 Developing process of timber yield, carbon increment and
carbon stock within the planning period
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Tab. 2 Distribution of assigned harvest volume and thinning area for each period

A PR $%1%4> 3] Thinning period
Variable Thinning method | 5 3 4 5 6 7 3 9 10
% FE $# 4% Mild thinning 4.6 13 0.7 1.0 14 0.6 1.7 1.3 6.3 9.4
mF % 4% Moderate thinning 28.1 89 46 32 54 52 94 50 215 241
3k & Harvest volume/10° m’ . o
%1% Severe thinning 198.5 2184 177.6 2109 1693 1355 1023 127.6 1329 1592
£ Total 2313 2286 1829 2150 176.1 1414 1133 1339 160.7 1928
1% FEFRAX Mild thinning 474 145 86 71 132 63 133 133 461 741
HFREFE(K Moderate thinning 1464 431 227 166 243 205 413 209 925 961
AR FY/hm?® Thinning area/ha i gD .
i B $AX Severe thinning 6944 7594 6002 6684 5293 4301 2995 3641 3684 4430
41t Total 8882 8170 6315 6921 5668 4569 3541 3983 5070 6132
12 B $%4% Mild thinning 16 6 3 3 5 3 4 4 15 26
%&/J\ﬂfﬁﬂfi ) rh ¥ $% 4%, Moderate thinning 78 20 8 7 10 8 15 8 35 41
Number of thinning subcompartment
H 1K Severe thinning 526 487 295 415 283 209 142 160 164 202
41t Total 620 513 306 425 298 220 161 172 214 269

434 1 Period 1

431 6 Period 6

434 2 Period 2

433 7 Period 7

433 3 Period 3

431 8 Period 8

434 4 Period 4 4331 5 Period 5

4381 9 Period 9 431 10 Period 10

LREORINRERRAR, W ORRHERR, A EORREEFM. Green color represents mild thinning, yellow color represents moderate thinning, and

red color represents severe thinning.

K5 UARMRAE DT R & AN R FRARAR ML 7 302 ] A

Fig. 5 Spatial distribution of alternative thinning methods for each period within the optimal forest management plans
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