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Abstract: This study analyzed the optimization method of forest management to enhance economic and public
functions, as well as the interrelationship among timber production, carbon storage, and water conservation functions
in Mt.Gari leading forest management zone. For these purposes, a forest management planning model was developed
using Multi-Objective Linear Programming. The model had an objective function to maximize the total NPV (Net
Present Value) of weighted timber production, carbon storage, water conservation, and constraints to limit the rate
of change in timber production, percentage of each age-class and tree species area, percentage of conifers and
broad-leaved trees area in each management zone, minimum timber production and timber sales amount. Based on
the description of forest inventory and the comprehensive plan of Mt.Gari, we analyzed stand information and
management constraints of the study area. We compared management alternatives using different weights in the
objective function. Therefore, the total NPV was maximized in the alternative considering the three functions in equal
proportion, rather than the alternatives of maximizing only one function. When all three functions were considered
simultaneously, timber production offset the carbon storage and water conservation, and carbon storage and water
conservation interacted synergistically. However, when considering only two of the three functions, all combinations
of functions demonstrated tradeoffs with one other. Therefore, we discovered that by considering all three functions
equally, rather than only one or two functions, the economic and public values of the study area can be maximized.

Key words: optimal forest management plan, economic and public functions, multi-objective linear programming, net
present value, Mt.Gari leading forest management zone
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Figure 1. Map of the study area (Mt.Gari leading forest management zone).
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Figure 2. Stand age distribution of the study area.
m/haolth =8 $FE et YgEor, shpitrt A A W 1]l whet Aol ?JXIE** Al 75 3E
A o 36% ol of 330 AHeed 2 9l ekl el e 4 Siek wet AYpeld Tasi pepde
Aot g7t AR FARG WA W 97 BEE IR0 024 3o =M g ) Aolg 3
Figure 20]] et Hle} o] 4995 o]/4e] %1—“%0] oF 86% A E4S Mg 4 ok & At 7L AeakE A
E AR5l w33 A o] tiHongcheon National oJhx| Q] ZZAELA 4,480 haSs Ao & A 7|53}
Forest Station, 2019). 9 AYALE 7|Fe 2 Fto] YAAE FLESITH
(Table 1).
2. YT 7= WA b7l met - A, SUEls,
ded o] get ARAGAsS SEcts 49 BANAISe Al TR c~E)<>i TRk 5



668

Table 1. Area and designated function of each management
Zone.
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Management Zone Area(ha) Main Function
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B 264 Water conservation
C 1,541
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E 584
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Table 2. Timing of thinning and final cutting according to tree species in each management zone.
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(unit : year)

Management zone Type of harvest c*-K°-s - B L¢ R
A Thinning 20, 40 20, 40 20
Final cutting 70 60 40
B Thinning 20, 30, 40 20, 30, 40 20
Final cutting 60 50 30
Thinning 20, 40 20, 40 -
C-D-E . N
Final cutting 60 50 30

*C : Other conifers.

®K : Pinus koraiensis.

¢S : Strategic broad-leaved trees (Fraxinus rhynchophylla, Juglans mandshurica,
Fraxinus mandshurica).

4B : Other broad-leaved trees.

°L : Larix kaempferi.

'R : Pinus rigida.

Cornus controversa, Betula platyphylla,
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Table 3. Description of variables applied to objective function
and constraints.

f function for calculating NPV* of timber production
g function for calculating NPV® of carbon storage

h function for calculating NPV* of water conservation
w, weight of timber production

w, - weight of carbon storage

w * weight of water conservation

H - timber production at period p

c, * carbon storage at period p

W, * water conservation at period p

ZH)J.H area where species b was planted at period i, cut and

regenerated to species a at period j in zone z

o - allowable decreasing rate

[ - allowable increasing rate

AC, - area of age-class & at period p

Vip * lower bound area of age-class k at period p
ARFA - total area of study area

A, - area of species s at period p

by, - lower bound area of species s at period p

€, - upper bound area of species s at period p
CA_ + area of conifers at period p in zone z

7Ie AL SR AtHe] 2Hg)k et 669

Cp + lower bound area of conifers at period p in zone z
n, - upper bound area of conifers at period p in zone z
BA,, * area of broad-leaved trees at period p in zone z
0., * lower bound area of broad-leaved trees at period p
in zone z
. upper bound area of broad-leaved trees at period p
in zone z
VT, timber production from thinning at period p
LVT, * target timber production from thinning at period p
VH, - timber production from final cutting at period p
LVH, ¢ target timber production from final cutting at period p

TR,  timber sales from thinning at period p
LTR

A
HE, * timber sales from final cutting at period p
LHR,
NPV : Net Present Value.

target timber sales from thinning at period p

target timber sales from final cutting at period p
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Table 4. Unit profit and cost of harvest by tree species.

A110Y A435 (2021)

Thinning Final cutting

Species Profit Cost Profit Cost
(won/m®) (won/ha) (won/m®) (won/ha)
Pinus koraiensis 67,373 3,017,149 53,758 3,056,860
Larix kaempferi 79,176 3,017,149 68,905 3,284,293
Pinus rigida 43,227 3,017,149 32,859 3,415,347
Other conifers 64,209 3,017,149 99,121 3,415,347
Strategic broad-leaved trees® 46,780 3,017,149 19,042 4,120,029
Other broad-leaved trees 46,780 3,017,149 19,042 3,163,093

# Strategic broad-leaved trees : Fraxinus rhynchophylla, Juglans mandshurica, Cornus controversa, Betula platyphylla, Fraxinus

mandshurica.
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Table S. Weight combination of each management alternative.

W W w
1 1/3 173 1/3
2 1 0
3 0 1
4 0 0 1

*W, : Weight of timber production.
W, : Weight of carbon storage.
: Weight of water conservation.
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A110Y A435 (2021)

Table 6. Amounts of timber production, carbon storage, and water conservation attained in each management alternative.

Timber production

Management alternative (10,000 m3)

Carbon storage
(10,000 tCO»)

Water conservation
(10,000 ton)

1 298 (100.0%)
2 299 (100.4%)
3 297 (99.7%)
4 298 (99.8%)

848 (100.0%)
834 (98.3%)
850 (100.3%)
840 (99.1%)

15,977 (100.0%)
15,932 (99.7%)
16,026 (100.3%)
16,043 (100.4%)

Table 7. NPV* of timber production, carbon storage, and water conservation attained in each management alternative.

Management Timber production Carbon storage Water conservation Total
alternative (billion won) (billion won) (billion won) (billion won)
1 47.8 (100.0%) 92.8 (100.0%) 59.8 (100.0%) 200.3 (100.0%)
2 48.1 (100.5%) 92.2 (99.4%) 59.7 (99.9%) 199.9 (99.8%)
3 45.5 (95.1%) 93.3 (100.6%) 60.0 (100.4%) 198.8 (99.2%)
4 44.7 (93.4%) 92.4 (99.6%) 60.1 (100.5%) 197.2 (98.4%)

*NPV : Net Present Value.
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Figure 6. A 3-dimensional graph showing the interrelationship of forest functions when timber production, carbon
storage and water conservation are considered simultaneously in a management alternative.
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