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ABSTRACT

This study analyzed the tree structure, total ecosystem services, and spatial distribution patterns of the historical forest
within the Jinju Fortress. A total of 822 trees were recorded in the study area, with a canopy cover of 1.272 ha. Pinus
densiflora (17.8%) and Zelkova serrata (17.2%) accounted for the largest proportion of individuals. However, when the leaf
area ratio and importance values were considered, Z. serrata had the highest values (leaf area, 40.7%; IV, 57.8). This
indicates a difference between the dominance based on tree number and the actual functional contribution. The
estimated ecosystem services included annual air pollutant removal of 123.1 kg/yr (KRW 8.31 million/yr), carbon storage
of 200.7 t (KRW 138 million), annual carbon sequestration of 8.834 t/yr (KRW 6.09 million/yr), oxygen production of
23.56 t/yr. They avoided a runoff reduction of 10.41 m’/yr (KRW 29,000/yr). The spatial analysis results showed that air
pollutant removal was concentrated in the front area of the National Jinju Museum. In contrast, carbon storage was
distributed around the major city gates and Yeongnampojeongsa. Carbon sequestration was concentrated locally around
the Yeongnampojeongsa gatehouse, oxygen production was linearly distributed along the northern ridge, and runoff
reduction was highest along the fortress wall slopes and ridges. This study confirms that the ecosystem services of historic
landscape forests form distinct spatial structures based on their functions.

Key words : i-Tree Eco, Ecosystem services, Grid-based analysis, Inverse Distance Weighting (IDW) interpolation
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Fig. 1. The location map of study area. (a) Bukjangdae, (b) Gongbungmun, (c) Chokseongmun, (d) Poru, (e) Statue of General

Kim Si-min, (f) Yeongnampojeongsa, (g) Seomun, (h) Changnyeolsa, (i) Chokseongnu, (j) National Jinju Museum, (k)

Performance Stage, (I) Hoguksa, (m) Seojangdae.
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Table 1. i-Tree Eco ecosystem service analysis: formulas, parameters, and references

Analysis item Key formula Key parameters References
CO canopy resistance (Rc): 50,000 s/m (with leaf),
1,000,000 s/m (without leaf) Baldocchi et al.(1987)
Leaf resistance (rm): SO,=0, 03=10, NO,=100 s/m Baldocchi(1988)
Pollution F=C x Vd Cuticular resistance (rt): SO,=8,000, 03=10,000, Wesely(1989)
Vd = 1/(Ra+Rb+Rc) NO,=20,000 s/m Hosker and Lindberg(1982)
removal 1/Rc = 1/(rs+rm) + 1/rt PMio deposition velocity: 0.064 m/s (resuspension Lovett(1994)

rate 50%)

PM,5 deposition velocity: wind speed 0.00~2.11

Bidwell and Fraser(1972)
Nowak et al.(2013)

Biomass = A - X"B

Cs = Biomass x 0.5
Open-grown:
(Biomass x 0.8) x 0.5

Carbon content: 50% of dry weight (0.5)
Open-grown tree correction factor: 0.8

Nowak and Crane(2000)
Nowak(1994)

Nowak et al.(2013)

Lin et al.(2020)

U.S. EPA(2015)

Cseq = C(t+1) - C(t)

Growth rate: standard growth rate applied by

Carbon (DBH(t+1)  recalculated species, diameter class, and tree condition Nowak et al.(2008)
sequestration  after applying annual Corrected by light exposure (CLE) and crown Lin et al.(2020)
growth rate) health condition
0O molecular weight: 32
Oxygen Oake/yr) C atomic weight: 12 Nowak et al.(2007)
production = Cseq(kg/yr) x 32/12 — Approximately 2.67 kg of oxygen released per Choi et al.(2025)
1 kg of carbon sequestered
Oxygen Imax = SL x LAI Water storage capacity per unit leaf area (SL): 0.2 Hirabayashi(2012)
duction AR =R(no_veg) - R(veg) mm Wang et al.(2008)
pro - McPherson et al.(1999~2010)
P: Basic unit price per cross-sectional area (/. cm?)
Renlacement A: Basal area (cm?) CTLA(1992)
pvalue V=P xAxSxCxL S: Species factor (0~1) Nowak et al.(2002)
C: Condition factor (0~1) Choi et al.(2025)
L: Location factor (0~1)
=4 A AN E A -2 vhA A, BA A, o] &7 Tk (Nowak, 1994; Choi et al., 2025).
A OISR A, PRI, S5 % Abe AR SRhe AR o2 Shact 4
2 Ao 2 AAsttHNowak and Crane, 2000; 20| A= vl-&S A8t =AY &, A7t &8
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Fig. 2. Overlay of analysis grid and tree locations of the study area.
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Other species, n=157, 19% Pinus densiflora, n—146, 18%

Diospyros kaki,n= 35, 4%

Acer palmatum, n= 36, 5%

~_ Zelkova serrata, n= 141, 17%
™~

Lagerstroemia indica, n=42, 5%

Ginkgo biloba, n=42,5%

Cellis sinensis, n=42, 5%

Cornus officinalis, n="75, 9%

Styphnolobium japonicum, n=43, 5%

\ Quercus glauca, n= 63, 8%

Fig. 3. Species composition of the study area.

Table 2. Importance values (IV) of major species in the study area

Species Population (%) Leaf area (%) v
Zelkova serrata 17.2 40.7 57.8
Pinus densiflora 17.8 5.9 23.7
Quercus glauca 7.7 10.7 18.4
Celtis sinensis 5.1 11.8 16.9
Ginkgo biloba 5.1 7.0 12.1
Cornus officinalis 9.1 0.8 9.9
Styphnolobium japonicum 5.2 3.1 8.4
Quercus myrsinifolia 2.8 5.0 7.8
Chionanthus retusus 3.3 2.7 6.0
Lagerstroemia indica 5.1 0.7 5.8
Other species 21.1 11.6 33.0

Table 3. Structural characteristics and ecosystem service totals in the study area

Ecosystem service Value(KRW/yr)
Number of trees 822
Tree cover 1.272
Replacement values 1.63 billion
Pollution removal (kg/yr) 123.1 (¥8.31 million/yr)
Carbon storage (t) 200.7 (#138 million)
Carbon sequestration (t/yr) 8.834 (¥6.09 million/yr)
Oxygen production (t/yr) 23.56

Avoided runoff (mm'/yr) 10.41 (%29.3 thousand/yr)
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Fig. 4. Spatial distribution of air pollutants removal. (a) Continuous distribution using IDW interpolation, (b) Quantitative
assessment based on 10 m X 10 m grid cells.

Table 4. Top-ranked grid cells for air pollutant removal

Grid location Key species (Tree ID) DBH (cm) Removal (g/yr)
Front of National Jinju Museum Celtis sinensis (465) 55.0 1,632.4
Front of National Jinju Museum Celtis sinensis (822) 118.0 1,076.4
Gongbungmun Quercus glauca (8, 9, 10) 50.7 /46.2 /52.7 315.7 / 359.5 / 309.6
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Fig. 5. Spatial distribution of carbon storage. (a) Continuous distribution using IDW interpolation, (b) Quantitative
assessment based on 10 m X 10 m grid cells.

Table 5. Top-ranked grid cells for carbon storage

Grid location Key species (Tree ID) DBH (cm) Storage (kg)
Yeongnampojeongsa Styphnolobium japonicum (240) 55.3 1,723.9
Seomun Quercus acutissima (771) 78.2 1,944.7
Gongbungmun Zelkova serrata (588) 121.8 2,766.9
Chokseongmun Zelkova serrata (55) 120.9 2,719.3
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Fig. 6. Spatial distribution of carbon sequestration. (a) Continuous distribution using IDW interpolation, (b) Quantitative
assessment based on 10 m X 10 m grid cells.

Table 6. Top-ranked grid cells for carbon sequestration

Grid location Key species (Tree ID) DBH (cm) Sequestration (kg/yr)
Yeongnampojeongsa Styphnolobium japonicum (240) 55.3 46.9
Around Yeongnampojeongsa Styphnolobium japonicum (207) 40.4 35.6
Around Yeongnampojeongsa Styphnolobium japonicum (221) 35.0 28.9
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Fig. 7. Spatial distribution of oxygen production. (a) Continuous distribution using IDW interpolation, (b) Quantitative
assessment based on 10 m X 10 m grid cells.

Table 7. Top-ranked grid cells for oxygen production

Grid location Key species (Tree ID) DBH (cm) Production (kg/yr)
Gongbungmun Juglans regia (281) 40.3 85.6
Gongbungmun Juglans regia (286) 27.2 48.9
Gongbungmun Juglans regia 275) 21.9 35.9

Bukjangdae-Yeongnampojeongsa Zelkova serrata (585) 65.3 56.1
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Fig. 8. Spatial distribution of avoided runoff. (a) Continuous distribution using IDW interpolation, (b) Quantitative
assessment based on 10 m X 10 m grid cells.

Table 8. Top-ranked grid cells for avoided runoff

Grid location Key species (Tree ID) DBH (cm) Runoff Reduction (I/yr)
Performance Stage Celtis sinensis (465) 55.0 388.7
Seomun Quercus acutissima (771) 78.2 191.3
Gongbungmun Quercus glauca (8, 9, 10) 50.7 / 46.2 / 52.7 75.2/85.6/73.7
Bukjangdae-Yeongnampojeongsa Celtis sinensis (519) 70.1 201.6
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