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Abstract: A forest type map for the Civilian Control Zone (CCZ) in the northern border area of South Korea, where
access restrictions had long hindered the acquisition of forest inventory data, has been newly established. Using this
updated forest type map, this study quantified and examined the forest carbon sink capacity of CCZ. Carbon net
uptake was estimated using nationally developed species-specific coefficients for 22 tree species and growth tables
for 8 representative species, with ecologically similar substitute species applied where direct correspondence was
unavailable. To investigate the effects of social factors on the carbon sequestration capacity, the estimated net carbon
sequestration of CCZ forests was compared with the national forest average and adjacent border regions characterized
by similar climatic and forest ecosystem conditions. Results indicated a mean annual carbon net uptake of
approximately 8.88 CO/ha/yr in the forests of CCZ, which is approximately 1.42 times higher than the national forest
average. Furthermore, the net carbon sequestration in CCZ was approximately 13.3% higher than that in the adjacent
border regions. This difference was primarily attributed to the structural characteristics of forests, including a higher
proportion of deciduous forests and a greater dominance of age class III-IV forest stands. These structural attributes
are interpreted as the outcome of sustained natural succession and stand maturation processes under long-term social
and institutional conditions that have restricted logging and forest management activities in CCZ.

Key words: civilian control zone, access-restricted area, forest carbon sequestration, forest type map
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[ North of CCL other conifers Prunus sargentii Betula platyphylla var. japonica

other broadleaved species W] Torreya nucifera Pinus Koraiensis
3 Border area 00 Larix kaempferi Cryptomeria japonica Abies holophylla
Forest type map Zelkova serrata Quercus acutissima ‘mixed conifer-broadleaved forest
X Pinus rigida Pinus densiflora Chamaecyparis obtusa
Tree species Fraxinus mandshurica Quercus mongolica Populus spp.
Pinus thunbergi Castanea crenata Robinia pseudoacacia Juglan: regia

Quercus variabilis

I ocner qmcm:

Liriodendron tulipifera Alnus japonica

Quercus spp.

Q Map Label | KOFTR NM [AGCLS NM ]
P L (Tree species)| (Age class)
]
. ALL-25C Larix 5 .
- 4& N kaempferi o s o2 sim
. . Pinus
5 o NPD-24C 1 gensiftora 4
ACA-24C Castanca 4
crenata

Figure 2. Tree species distribution in the CCZ and an example of forest type map.

Table 1. Forested Area by Administrative District in the CCZ.

Category Ganghwa  Gimpo Paju Yeoncheon Cheorwon Hwacheon  Yanggu Inje Gosung

Carbon uptake 1,405.28  1,018.27  4,233.12  §,153.90  18,519.71 12,406.20 16,080.81 9,731.15 14,419.60

unit : ha
*Forest area, excluding unstocked and excluded land.

Table 2. Stand yield table of major tree species.

Tree species 1 2 3 4 5 6
Pinus densiflora (Gangwon State) 5.13 6.92 6.56 5.64 4.61 3.66
Pinus densiflora (Korea’s central area) 222 4.41 7.92 4.11 2.1 1.16
Pinus densiflora Siebold & Zucc.(mean) 3.68 5.67 7.24 4.88 3.36 241
Pinus koraiensis Siebold & Zucc 3.19 6.94 6.38 5.35 4.48 3.38
Larix kaempferi (Lamb.) Carriere 6.29 7.2 6.48 5.82 5.38 5.11
Pinus rigida Mill 2.65 8.16 7.29 5.09 3.42 2.41
Chamaecyparis obtusa (Siebold & Zucc.) Endl 4.01 6.82 6.32 5.09 3.98 3.18
Quercus acutissima Carruth 4.66 6.57 5.78 5.1 4.54 4.06
Quercus mongolica Fisch. ex Ledeb. 3.33 5.78 3.6 3.25 2.89 2.62
Quercus spp.(mean) 4 6.18 4.69 4.18 3.72 3.34
mixed stand; e.g. Pinus spp.—Quercus spp. 3.84 5.925 5.965 4.53 3.54 2.875

NIFoS(2019). For mixed stands, the average values of pine and oak were applied
Unit : m'/ha/yr
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Table 3. Substitute species for major tree species in the stand yield table.

Major species Substitute species Major species Substitute species
Abies holophylla Maxim. Betula platyphylla var. japonica
Larix kaempferi (Lamb.) (Miq.) Hara
Cryptomeria japonica Carriere Castanea crenata Siebold &
(Thunb. ex L.f.) D.Don Zucc.
Pinus thunbergii Parl. Liriodendron tulipifera L.
Torreya nucifera (L.) Pinus koraiensis Siebold & Zucc Quercus mongolica Fisch. ex

Prunus sargentii Rehder

Siebold & Zucc. Ledeb.
Robinia pseudoacacia L Other broadleaved species
p ’ (various spp.)
Alnus japonica (Thunb.) Steud. Populus spp.
Quercus acutissima
Zelkova serrata (Thunb.) .
Makino Juglans regia L.
Fraxinus mandshurica Rupr. Quercus variabilis Blume Quercus spp.(mean)

For tree species without stand growth and yield table values
values from the volume table of a similar species (National Institute of Forest Science) were used as substitutes

Table 4. National default factors and carbon conversion factors for major tree species.

Tree species Basic wood a]l?'l:i)::lasfzctor Root-to-shoot co?ni‘/l:)r(s)il:m
P density (D) P (BEF) ratio (R) o,
Quercus variabilis Blume 0.72 1.34 0.32
Quercus acutissima 0.72 1.45 0.31
uercus mongolica Fisch. ex Ledeb. . . .
golica Fisch Ledeb 0.66 1.60 0.39
uercus serrata . . .
0 0.66 1.55 0.43
uercus acuta Thunb. . . .
0 Thunb 0.83 1.70 0.19
Robinia pseudoacacia L. 0.64 1.47 0.48 0.48
Betula platyphylla var. japonica (Miq.) Hara 0.55 1.30 0.29
Liriodendron tulipifera L. 0.46 1.24 0.23
Populus x tomentiglandulosa T.B.Lee 0.36 1.17 0.16
Chamaecyparis obtusa (Siebold & Zucc.) Endl 0.51 2.63 0.50
evergreen broad-leaved species (various spp.) 0.70 2.29 0.30
Other broadleaved species (various spp.) 0.68 1.51 0.36
mixed stand; e.g. Pinus spp.—Quercus spp. 0.57 1.47 0.315 0.495
Pinus densiflora Siebold & Zucc.(Gangwon State) 0.42 1.48 0.26
Pinus densiflora Siebold & Zucc.(Korea’s central area) 0.47 1.41 0.25
Larix kaempferi (Lamb.) Carriere 0.45 1.34 0.29
Pinus rigida Mill 0.50 1.33 0.36
Pinus thunbergii Parl. 0.48 1.52 0.29 0.51
Pinus koraiensis Siebold & Zucc. 0.41 1.74 0.28
Cryptomeria japonica (Thunb. ex L.f.) D.Don 0.35 1.31 0.23
Chamaecyparis obtusa (Siebold & Zucc.) Endl. 0.43 1.34 0.20
Other conifers (various spp.) 0.46 1.43 0.27

Using the national greenhouse gas emission and removal factors for 22 species for mixed stands, the average values of pine
and oak were applied
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Table 5. Substitute species for national default factors and carbon conversion factors.

Major species Substitute species

Major species Substitute species

Torreya nucifera (L.) Siebold &

Zuce. Pinus thunbergii Parl.

Castanea crenata Siebold
& Zucc.

Larix kaempferi (Lamb.)

Abies holophylla Maxim. Carriere

iriodendron tulipifera L.

Zelkova serrata (Thunb.) Makino

Fraxinus mandshurica Rupr.

Quercus acutissima
Robinia pseudoacacia L.

Alnus japonica (Thunb.) Steud.

Prunus sargentii Rehder Quercus mongolica

Quercus spp.

Populus spp.

Juglans regia L.

For species without coefficient values, the volume table of a similar species (National Institute of Forest Science) was used

as a substitute
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Figure 3. Carbon sequestration capacity of forests in the CCZ.
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Figure 4. Description of the CCZ and the border area.
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Figure 5. Carbon sequestration capacity of forests in the border area.

Table 6. Comparison of forest-type and age-class area proportions between the CCZ and the border area.

Category Coniferous  Broadleaved  Mixed Age class 1 Age class 2 Age class 3 Age class 4 Age class 5 Age class 6

forest forest forest
ccz 26.66 61.21 12.13 0.73 2.64 13.50 49.64 26.87 6.63
Border area 11.63 77.96 10.42 2.50 1.93 12.44 31.37 38.43 13.34
unit : %

Table 7. Net forest carbon sequestration by administrative district.

Category  Ganghwa Gimpo Paju Yeoncheon Cheorwon Hwacheon — Yanggu Inje Gosung
Carbon 8.71 8.53 9.30 9.95 9.05 8.4 8.94 8.42 8.59
uptake

unit : tCOy/ha/yr

Table 8. Forest-type area proportions by administrative district.

Category Ganghwa Gimpo Paju Yeoncheon Cheorwon Hwacheon  Yanggu Inje Gosung
Coniferous 5 5 12.59 2.90 6.90 6.58 11.26 11.13 21.73 1633
forest
Broadleaved
forest 58.85 59.83 84.46 91.69 79.89 83.76 79.54 59.77 74.41
Mixed forest 19.54 27.56 12.63 1.39 13.52 4.96 9.315 18.49 9.25

unit : %
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Table 9. Area proportions by age class and administrative district.

A5 A1Z (2026)

Category  Ganghwa Gimpo Paju Yeoncheon Cheorwon Hwacheon  Yanggu Inje Gosung
Age class 1 0.55 1.89 0.49 4.59 0.43 0.35 0.27 0.15 0.15
Age class 2 1.00 6.90 2.01 9.45 2.11 0.47 1.84 2.15 2.61
Age class 3 3.15 2.38 12.09 12.77 11.41 11.27 20.20 15.95 11.57
Age class 4 54.09 17.86 57.37 58.09 57.52 27.95 53.00 47.38 50.74
Age class 5 40.79 70.88 28.05 14.92 25.40 41.48 17.34 24.95 30.05
Age class 6 0.41 0.10 0.00 0.18 3.13 18.47 7.35 9.42 4.87
unit : %

Table 10. Annual total forest carbon sequestration by administrative district.
Category  Ganghwa Gimpo Paju Yeoncheon Cheorwon Hwacheon — Yanggu Inje Gosung
igﬁ:ﬁg 12,243.85  8,69426  39,385.67 81,194.35 167,691.20 104,827.02 143,811.55 81,963.20 124,005.31

unit : tCOy/yr
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