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Abstract: National forests have an advantage over private forests in terms of higher investment in capital,
technology, and labor, allowing for more intensive management. As such, national forests are expected to serve not
only as a strategic reserve of forest resources to address the long-term demand for timber but also to stably perform
various essential forest functions demanded by society. However, most forest stands in the current national forests
belong to the fourth age class or above, indicating an imminent timber harvesting period amid an imbalanced age
class structure. Therefore, if timber harvesting is not conducted based on systematic management planning, it will
become difficult to ensure the continuity of the national forests' diverse functions. This study was conducted to
determine the optimal volume of timber production in the national forests to improve the age-class structure while
sustainably maintaining their economic and public functions. To achieve this, the study first identified areas within
the national forests suitable for timber production. Subsequently, a forest management planning model was developed
using multi-objective linear programming, taking into account both the national forests' economic role and their public
benefits. The findings suggest that approximately 488,000 hectares within the national forests are suitable for timber
production. By focusing on management of these areas, it is possible to not only improve the age-class distribution
but also to sustainably uphold the forests' public benefits. Furthermore, the potential volume of timber production from
the national forests for the next 100 years would be around 2 million m® per year, constituting about 44% of the
annual domestic timber supply.

Key words: national forest, timber production potential, public functions of forests, age-class structure, multi-objective
linear programming
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Figure 1. Changes in age-class distribution of
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Figure 2. Framework of the study.
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Spatial data Year of Scale Responsible authority

establishment

Digital forest map 2020
Land ownership map 2022
Forest utilization map 2022

River network map 2021

Forest road map 2019

Road network map 2020

Korea Forest Service

Ministry of Environment

Korea Forest Service

1:5,000 Ministry of Environment

Ministry of Land, Infrastructure
and Transport

Ministry of Land, Infrastructure
and Transport

Digital elevation map 2020

10 m x 10 m Korea Forest Service
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Table 3. Decision variable and parameters of the multi-objective linear programming (MOLP) model.

Elements Description
X Area of species j planted in period i that harvested and regenerated to species / at period j in management
ikl zone X (ha)
wy, Weight of timber production
w, Weight of carbon storage
w,, Weight of water storage
w,, Weight of air purification
TV, Timber production volume form thinning at period p (m®)
HV, Timber production volume form final cutting at period p (m’)
tr, Net present value of revenue from thinning at period p (Korean won)
tc, Net present value of cost from thinning at period p (Korean won)
hr, Net present value of revenue from final cutting at period p (Korean won)
he, Net present value of cost from final cutting at period p (Korean won)
G, Net present value of carbon storage at period p (Korean won)
|48 Net present value of water storage at period p (Korean won)
M, Net present value of fine dust absorption at period p (Korean won)
Wy Final cutting volume ofSSpecies j in period p that planted at period i and harvested at period £ in
management zone X (m’/ha)
1 i Thinning voslume of species j in period p that planted at period i and harvested at period £ in management
zone X (m’/ha)
HY, Final cutting volume at period p (m®)
TV, Thinning volume at period p (m?)
U xijp Residual volume of species j at period p, that planted at period i in management zone X (m®)
Vo Volume of species r at period p (m®)
c, Carbon emission factor of species r
Wi ;F(he amount of water storage of species j at period p, that planted at period i in management zone
(ton)
m, The amount of fine dust absorption of species 7
«a Allowable decreasing rate in timber production (%)
I6] Allowable increasing rate in timber production (%)
AC,, Area of age-class n at period p (ha)
Vnp Lower bound area of age-class » at period p (ha)
Area Total area (ha)
0,y Lower bound area of species r at period p (ha)
- Upper bound area of species 7 at period p (ha)
Axp Area of species r at period p in management zone X (ha)
XA Aeea of management zone X (ha)
G Lower bound area of conifers trees at period p (ha)
m, Upper bound area of conifers trees at period p (ha)
CA, Area of conifers trees at period p (ha)
0, Lower bound area of Broad-leaveds at period p (ha)
Ly Upper bound area of Broad-leaveds at period p (ha)
BA Area of Broad-leaveds at period p (ha)
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Management Forest Species Rotation age Thinning period Thinning
zone function p (yr) (yr) intensity (%)
Pine (Pinus densiflora),
Cypress (Chamaecyparis obtusa) 60 20, 30, 40, 60 30%
) Deciduous
North and Forest disaster
South region prevention Larch (Larix kaempﬁr)i’ 50 20. 30. 40. 50 30%
Ohter conifers T
Rigida (Pinus rigida) 30 30 -
Pine (Pinus densiflora),
Cypress (Chamaecyparis obtusa) 60 20, 30, 40, 60 15%
Deciduous
East, West, and Water
Central region  conservation Larch (Larix kaempfer)i, 50 20. 30. 40. 50 10%
Ohter conifers T
Rigida (Pinus rigida) 30 30 -
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Table 5. Model constraints for estimating optimal timber production in national forests.
Constraint Description

Sustained timber yield

07H, < H,< 13H, 4
(H, : Harvest volume at period p)

Age-class distribution All age-class Min. 10%

Larch (Larix kaempferi) Min. 30%

Ratio in area by species Deciduous 10%

Pine (Pinus densiflora) Max. 20%

o Conifers . 25%

Ratio in area by forest stand . Min.

Deciduous 25%
2 Atoll A= MOLP RElojA ot U] 714 7]5&
UL 7oz Hrlsl] ffste] 54 s BAA 7t
A2 FAsATE =, S, S, AT, B
43} 7159 7 7R R Bk F olE «dAt

A= gksto] AlLtskle

B BAA T SAREE de ollAl
SR e 2 QE= HES AR &R 4RSS
om Bajgiol sele] A9 20214 487] 71 A 9
B A&7 ZAF AFR(KFS, 2022b)E a3l LA E

A ghe 21 A HIET 108 B9 7Y S A
99 |4 FLYAE iz dolelst 29

[e)

=

27H7) AR FAWS 7902 AHE5EKim et
al., 2021).

o] AAH A FeY] Sargel B
WU AL Fote] Aastelon AUvtAL 2016
GAEE 2021d71X] KOC2] H 71221 27,900 4/4tCO &
Z|-2(Emissions Market Information Platform, 2022)3}$3t}.
sgope] AAH AL A G S K gsto] A
3} Kim et al.(2010)2] A S ZFatste] E o 969.5¢ 2]
VA7 AR RS2 Agsteta 714 7 4
A A oA Ae) vl At B 49674
2e A3 tKim et al, 2010).

Aoz 2 At gAY @A o AdEe 2
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S A|oFx 9] 7]E4kE Table 59 Zo] AAs}AL o] &
240l Z-g-stitk(Table ).
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40 20 0 20 Non-available area
[ = = ]

Kilometers

Figure 3. Timber production area available in national forests.
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FAol w2 20219 715 el A TAL 6204
hai 2 <o) A3} Ajol7} gl ol & A7
oA ARERE Yol WXl FAIA o] BAI (W A1)
o] oEA] UL, W= AE Al FAOQ015)0]1 4] A[A]
ok AbA 9] 72 A83to] 0.5ha ol5k]l Ak RHJ3)
Al 37 wiZolrk olfl E4E Sl gred =de
SR YA A oF 87,639%m’ 2 2, S-e|uhet F Aol
A AL T BA ARl oF 20%E ARA| R



570 BRI 2

Table 6. Available production area by ownerships.

A2 A435 (2023)

Entire Forests

Available for Timber Production

Ownership Area StSandilzlg Stoc}i{ Area Stsandililg Stoc}i(
t t
(1,000 ha) ock per (1,000 ha) ock per fa
(1,000 m®) (m’/ha) (1,000 m*) (m/ha)
National 1,839 357,742 195 488 87,639 179
Public 717 128,814 180 322 55,365 172
Private 3,579 595,710 166 1,803 286,952 159
Total 6,135 1,082,266 176 2,614 429,956 165
50,000 __ 160,000
T S'140,000
E =} ’
8 40,000 o 120,000
=] ]
= 30,000 2. 100,000
v Y 80,000
3 20,000 £ 60,000
% 10,000 g 40,000
g 20,000
5 HEREEREEE
1 2 3 4 s 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Period Period
(a) Timber production (b) Carbon storage
1,600,000 _3
T 1,400,000 g 5
8 1,200,000 S s
% 1,000,000 E
& 800,000 § 20
£ 600,000 o 15
400,000 = 10
£ 200000 § 5
£
w
12 3 4 7 8 9 1 2 3 a4 7 8 9 10

Period

(c) Water storage

Period

(d) Fine dust reduction

Figure 4. Changes in the amount of timber harvest and public functions by periods.
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(a) Age-class distribution
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20%
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0%
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m Larch

B Pine

10

(b) Species distribution

Figure 5. Changes in age-calss and species distribution by periods.

Table 7. Total amount and net present value (NPV) of economic
and public functions provided by national forests during the
planning period (100 years).

Function Total amount NPV*
Timber production 200,026' 8,035
Carbon stroage 794,292* 12,495
Water storage 10,367,154 4,843
Fine dust reduction 172° 328

'1,000m>, 21,000tCO,, *1,000ton, *100 Million KRW
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