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We evaluated the effect of CO, offsetting by estimating changes in carbon uptake under various

forest management scenarios and proposed forest management strategies to achieve carbon neutrality.

Paju and Goseong, which have relatively large forest areas but different industrial characteristics, were

selected for the study sites. The current state of forest distribution was analyzed using forest type maps

and aerial photographs, and the amount of carbon uptake was calculated using the equation presented

by the IPCC Guidelines for National Greenhouse Gas Inventories and the national emission/absorption

coefficients from the Korea National Greenhouse Gas Inventory Report. As of 2015, the forest carbon

absorption in Paju and Goseong was 49,931 tfyr and 94,225 t/yr, respectively, and the annual carbon

absorption per unit area was 2.28 t/ha/yr and 2.16 t/ha/yr. Under the forest management scenarios, the

annual maximum carbon absorption per unit area is estimated to increase to 5.68 t/ha/yr in Paju and

4.22 tfhaf/yr in Goseong, and this absorption would increase further if urban forests were additionally

created. Even if the current forests of Paju and Goseong are maintained as they are, emissions from

electricity use can be sufficiently offset. However, by applying appropriate forest management

strategies, emissions from sectors other than electricity use could be offset. This study can be applied

to the establishment of carbon absorption strategies in the forest sector to achieve carbon neutrality.

Key Words : Climate Change, Carbon Uptake, Renewal of Tree Species, Renewal of Tree AGE Class,
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Forest distribution in Paju

Forest scenarios

l:l Rigida of age class IV or older
Turned into green space

D Geumchon

Tree groups

X Pinus koraiensis

- Larix kaempferi

§ Pinus rigida
Quercus mongolica

- Broad-leaved trees

- Oaks

- Mixed forests

LI LI TlKilometers
0 25 5 10
Figure 1. Forest distribution and barren area in Paju
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Forest distribution in Goseong
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Forest scenarios
- Pines of age class Vil or older
W Pines of age class V or older
Tree groups
- Pinus densiflora
Pinus koraiensis
Quercus mongolica
[ Quercus variabilis
I Broad-leaved trees
B o=k
Il Vixed forests

Figure 2. Forest distribution and in Goseong
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Table 1. National specific expansion factors in the forest land(GIR, 2020)
Basic Biomass Root to Carbon
Forest type Tree species wood density expansion factor shoot ratio fraction
®) (BEF) ®)
Pinus densiflora in 042 148 026
Kangwon
Pinus densiflora in 047 L41 025
) Central area
Coniferous P. koraiensis 041 1.74 0.28 0.51
Larix kaempfrei 0.45 1.34 0.29
P. rigida 0.50 1.33 0.36
Other coniferous 0.46 1.43 027
Q. acutissima 0.72 145 0.31
Deciduous Q. mongolica 0.66 1.60 0.39 0.48
Other deciduous 0.68 1.51 0.36
Mixed forest 0.57 1.47 0.63 0.50
Table 2. Estimation of greenhouse gas emissions from electricity uses(unit : KtCO2eq)
Cities 2005 2015 2025 2035 2045
Paju 984.4 3,656.9 6,493.3 9,188.3 11,883.3
Goseong 95.6 119.7 145.1 168.5 191.8
ottt Fe 8 8 Gt FL 71Ed A
¥ 2005'3~20179 =9 WSS A= 2045
AC=A+Ve+«BEF«D+(1+R) « CF (1) d7izel wlE FEs AFAREE o %
stltth W= Fgel ad 713t F<k CO, M
AC : Carbon uptake(tC/ha-yr) E& 45S A% o] M3 o] FolA|A] =
A : Area(ha) e RS AAS T
V : Volume(m/ha)
BEF : Biomass expansion factor 1. A3 % ot
D : Basic wood density(td.m./ )
R : Root to shoot ratio 1. SITLHAIR] &g
CF : Carbon fraction AT E o] 83lo] T UladR|e] T B Azl
A DT BT 495 595 Aol A4
4. X9 M AH|0) IFE CO. HiE ML 88%, 77% = Abgl WA <] i3 2R 519
AT AU E okl FHd BAg (Table 3). F5A]] 4kl WAL 27,188hao| ™,
FEol A Co, WE Al 7]ofske =S A WA 67,28%ha 5 404%E AA S, FL
getstr] flall wHeA o] At 471 TEorE 7IBRTF(Oaks, 34.3%), 7|EHE:
£2020)9 9 E=2020)00 A A3t 7] Z=X]| 2} A <*(Broad-leaved trees, 21.9%), 7|taUHF
A A7 HEF e ol &3tk wiEEol (Pinus rigida, 9.3%) 5°]THTable 4).
A&ste] F7keta e %ﬂe—:‘/\}*"“a" e ade] AA WAL 66,111hac] 1, AH W

2 71FAEZ 20059 0.7 dle] 3037t =

R = §
AL 52098ha® HA WA 78.8% 1 a3k
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Table 3. The ratio of main tree species by age class in study areas

Cities Tree species Area Age class(%)
(ha) 1 2 3 4 5 6 7 8 9
Oaks 8,399.4 | - 04 | 06 440 | 548 | 02 - - -
Broad-leaved trees 5,363.4| 32 | 39 | 102 | 60.1 |224 | 0.2 - - -
Mixed forests 2,628.7| 1.1 0.7 20 | 541 | 41.8 0.2 - - -
Paju Pinus rigida 2,261.9| 0.8 0.0 32 | 553 | 40.5 0.3 - - -
Pinus koraiensis 1,404.5 | 13.9 6.1 | 23.7 | 53.0 32 0.1 - - -
Quercus mongolica 1,010.8 | - - - 337 | 61.8 | 4.5 - - -
Larix kaempfteri 872.1| 93 | 05| 65 (808 | 3.0 - - - -
Broad-leaved trees 12,4740 15 | 2.1 88 | 416 {390 | 59 | 12 - -
Pinus densiflora 11,561.2| 2.0 | 47 | 51 |29.8 | 37.8 {204 | 02 - -
Go Oaks 6,890.2| 4.1 | 26 | 73 (533 301 | 23| 03 - -
Quercus mongolica 5,758.7| - 09 (106 | 746 | 130 | 02 | 0.7 - -
seong Quercus variabilis 19896 01 | 1.8 | 123|619 [213 | 26| - | - | -
Mixed forests 44522 03 | 1.6 | 12.1 [ 39.0 |398 | 65 | 0.7 - -
Pinus koraiensis 54331109 | 27.1 | 25.7 | 36.3 0.0 - - - -
Table 4. Main tree species and its area in study areas
Paju Goseong
Tree Species Area (ha) | Ratio (%) Tree Species Area (ha) | Ratio (%)
Oaks 8,399 34.3 Broad-leaved trees 12,474 27.9
Broad-leaved trees 5,363 21.9 Pinus densiflora 11,561 25.9
Pinus rigida 2,262 9.3 Oaks 6,890 15.4
Mixed forests 2,629 10.8 Mixed forests 4,452 9.9
o # ARE MEUe veh dERE A Fashs Aoz vt 98 2 $E8A glol
A, mIAIE, R, SR Fol sk, 1‘* A s KA A5 AlRke] Agel whet
2 AYS TS Fo FEORE JHEY BaESYel 44 4ad Aoz 24T
“*(Broad-leaved trees, 27.9%), ﬁ\_b]-—r(Pmus

densiflora, 25.9%), 718} FIE-F(0aks, 15.4%) Q) TAl FFFX|E 0|83t 2dE =2E 2
o] E¥sta 3ith(Table 4). ESS e
EA frfAE oldet] EAleE 2T
2. MEEE| AlLl2|20] mE EtaSE BE T e WAL 28.1ha] R o] Al 297
1) A o] TEEE =AY 7% 20153~2045d 713
() 2 % &F A4l glo] BA MRS FAE A FRFL 541-819Clyr T7H8ta, B
% WA SAFFFE 1.93~291thajyr S/
TF 3 9 A glol dA AEE adiz g 3lE AoE FENH
A A5 A A gageES 2015
dol] 49,931t/yrol| A 2045\l 40,436t/yr> = °F @) 2l7|ctaLF 495 olds MELF 2
23% Z.} st @9 WAY gagede dgoz AME FE?
20154 2 t/ha/yroﬂxi 2045 1.84t/ha/yro 2 HFEA 9 27 AT 49 F ©]/(2,262ha)
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Table 5. Changes in carbon uptake in case current forests are maintained
Year Paju Goseong
t/yr t/afyr tfyr t/hafyr
Carbon 2015 49,931 2.28 94,255 2.16
uptake 2025 45,599 2.08 85,418 1.96
2035 42,286 1.93 78,025 1.79
2045 40,436 1.84 73,082 1.67
Table 6. Changes in carbon uptake under different forest management scenarios
. L. Carbon Carbon
Citie . Maintain Renewal
Scenario Year (tlyr) uptake tly) uptake
s yr yr
(t/hajyr) (t/a/yr)
2015 5,174 2.29 12,855 5.68
Renewing Pinus rigida with | 2025 3,558 1.57 8,504 3.76
Quercus mongolica 2035 2,564 1.13 6,194 2.74
Paiu 2045 1,939 0.86 5,301 2.34
! 2015 - - 81.9 291
Creating urban forest in 2025 - - 722 2.56
barren areas 2035 - - 62.1 221
2045 - - 54.1 1.93
Renewing the 7-age-class 2015 20,517 1.77 20,544 1.78
Pinus densiflora to the 2025 17,838 1.54 20,520 1.78
2035 14,710 1.27 22,325 1.93
Go 3-age-class 2045 12,066 1.04 23,117 2.00
seong 2015 20,517 1.77 48,754 4.22
Renewing Pinus densiflora | 2025 17,838 1.54 48,502 4.20
with Quercus mongolica 2035 14,710 1.27 36,571 3.16
2045 12,066 1.04 31,104 2.69
= AL 2L AU 2 g E AN dF F FEAA ol AA e AT A
A5 BAEFFE 20159 71F 5,174tfyrol A T AlRbo] Aol whe} gagaridol A e
12.855t/yro. 2 60% H= Z7tsta, BAG & ot Aoz gRlEnh
2T THE 2.20hajyroll A 5.68t/ha/yr .2 7§41
S S 5ot Wushd Bags 580 2 @ AR 74F ojMs 3YFoR x2S AT
wj ol w2 Aoz FHHU a2 F 199 o= i Y F 39
Foz 24% A% 209 197 o4 2}
2) IHZ 29 WAo] Hop JFPNo| HE HEFSF
(1) 3 & g A4 glol sixf dzlg |A F F7PE Ao, AlRte] ARt wet 78
g He AFE WAl Frkste] @agrYgel F7k
T A S A adE A BE ga £ A&S Uit 204513 71E A o]
T HAT SGAaETEE 20151 94,255 yr, afE FAE A5 GaFTES 12,066tyro]
2.16t/hafyroll A1 204513 73,082t/yr, 1.67t/hafyr .= v g BAE & AS 23,177y o2 S5
747 o 029 adTh A VIR £ 439 1A, B9 BAY gagede
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AU F 59T ol AAFIE =22 goldt wpEA| 9} TS deR FF 9 9
dge ANAURZ BT A SdagEFE 7 A Alge] o e gAFSE He 4
57t Zpol7k A vyttt 1 ol fre 59+ ©I 23 Z2nE 243
3] T A o] AR sk HlEo] AA av oA} Aol dAfl AHE FRAE A
T oF 58% =2 734lE = WA o] WA Wi 20159 7l BT A7 49,931y,
ojt}. Azto] Aol wel BAFSETFES HA} 94,255tyro] 1. GHHAY SAFFFE 4zt
st o, 204590 dA) S OgE 2.28t/hafyr, 2.16t/ha/yr &2, 2015'd 2} EA] oA
FAT ASEY < 26M Be SATIHS 2HlE = AHALETF WETF] 5.0%9F 288.7%
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50%°] CO, W& &4 EFH7E lon, 20454
T @A A a2 fAe 4 &
7} 12%7HA] AasHe Aoz Yehgth 18
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A% 3 523 201599 20459 22 5.8%
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73 198.4~300.3t] CO, S &5
o2 FAHUY nwe] A5
AH Aol w7] W] A AS
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o, AR IGF B AVl AL Al
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== T o= RN
olth.
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