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Abstract

This study employed the FLUS model to project changes in land cover and carbon storage in Sejong City and
the 41 village wetland living zones (within a 1,000 m radius) through 2050 and 2100. The FLUS model integrates
top—down macro demand with bottom—up patch competition and growth dynamics. It dynamically adjusts target
areas using an ANN-based transition potential (PoO) and a self-adaptive inertia coefficient. Input data included
land-cover maps (2010, 2015, 2019, 2024; major categories), soil maps, DEM, slope, distances to urban areas
and rivers, and population distribution. Model performance was validated twice using KAPPA accuracy assessment
prior to prediction. Under the 2100 scenarios, FLUS projections show that in SSP1, urbanized areas expand to
119.65 km®  (25.73%) and wetlands decline to 7.89 km®* (1.70%), whereas in SSP5, urbanized areas reach 121.18
km”* (26.06%) and wetlands shrink further to 6.36 km’ (1.37%). This indicates intensified wetland loss under
the high—emission scenario. Within the 41 village wetland living zones, SSP5-2100 simulations reveal growing urban
shares and a severe decline in wetland proportion—down to around 0.1%—indicating high vulnerability. From the
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carbon-storage perspective, FLUS predicts an 18.6% reduction in total carbon stock under SSP5-2100, highlighting
a substantial downward risk if wetland and forest conservation are not integrated into long—term urban growth

management. Accordingly, the study recommends

designating  priority

conservation zones, expanding

wetland —grassland buffer areas, and establishing development guidelines aligned with scenario outcomes. The predictive
outputs provide quantitative evidence to support the formulation of Sejong City’s 2050 and 2100 spatial planning

frameworks and climate—adaptation strategies.
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2 1. Coordinates of the 41 village wetland study sites in Sejong City
i EE ik E i E i E i FE
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’ 36.60853717 ’ 36.61363485 ’ 36.66104443 ’ 36.66623296 ’ 36.50279315
6 127.3014714 7 127.1831761 8 127.2462031 9 127.1965358 10 127.2637979
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3 1. Locations of the 41 village wetland study sites in Sejong
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& 2. Annual carbon storage by land—cover type

A7F SAATF &9 Ke CO2eq/km?/yr

T Az SR TAZ R
A7kERA 0.5 IPCC(2019)
A2 1 FEXZA(2020)
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&4 15 wetlands. Mitsch & Gosselink (2015)
U 0.2 37 1(2020)
9 0.1 IPCC(2019)
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E 3. Changes in land—cover area in Sejong City from 1980 to 2024
T Al7¥et Ax2o FEAS A2 z7 54 A 4
1980 H2A (km?2) 6.81 127.32 272.81 37 0.05 14.91 6.09
H|-& 1.46% 27.38% 58.67% 7.96% 0.01% 3.21% 1.31%
1990 2 (km2) 6.81 127.49 272.68 36.95 0.05 14.93 6.12
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3B 4. Preparation of data for future land—cover prediction
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B 5. Variables for future land—cover prediction in Sejong City
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X 8. FLUS model-based land—cover projections in Sejong City under SSP1-2.6 and SSP5-8.5 scenarios through 2100
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2 9. FLUS model—based land—cover projections around the 41 village wetlands in Sejong City under SSP1-2.6 and SSP5-8.5 scenarios

through 2100

R 29l km?

e 2024 2050-SSP1 2100-SSP1 2050—-SSP5 2100—-SSP5
i R ) BN B EE] A EE WA EE

Z}ﬂ\];_}i}é, 13.26 20.54 7.28 32.48 19.22 20.95 7.69 31.65 18.39
Tl fe: 22.13 18.10 -4.03 15.51 -6.62 17.58 -4.55 15.17 -6.96
A2 65.26 60.35 -4.92 51.90 —-13.37 60.48 -4.79 52.95 -12.31

= 21.79 24.08 2.29 23.35 1.56 24.32 2.54 23.99 2.20

=4 1.77 1.66 -0.10 1.65 -0.12 1.57 -0.20 1.26 -0.50

4] 7.12 6.57 -0.55 6.41 -0.71 6.46 -0.66 6.26 -0.85

G 2.34 2.36 0.02 2.37 0.03 2.31 -0.03 2.37 0.04
% wg 133.67

E 10. FLUS model-based projections of annual carbon storage in Sejong City under SSP1-2.6 and SSP5-8.5 scenarios through 2100
&9l Kt CO2eq/km?/yr

iy 2024 2050-SSP1 2100-SSP1 2050-SSP5 2100-SSP5
- A3F A k) A k) A3F k) A3F st
i) 2733 4178 14.46 59.84 32.51 42.03 14.71 60.60 33.275
Az . . . : : . . . .
A% 87.06 70.40 -16.66 61.29 -25.77 70.40 -16.66 61.29 -25.77
AFA 9 485.33 439.43 -45.90 377.50 | -107.825 439.43 -45.90 377.50 | -107.825
B 121.79 134.96 13.17 132.53 10.74 134.96 13.17 132.53 10.74
<7 127.50 120.30 -7.20 118.20 -9.3 115.35 -12.15 95.25 -32.25
A 6.07 5.62 -0.44 5.52 -0.548 5.62 -0.44 5.52 -0.548
= 0.92 0.92 0.002 0.92 0.008 0.90 -0.02 0.92 0.008
% ARF 856 813.41 -42.568 755.8 -100.185 808.69 -47.29 733.61 -122.37

3 11. FLUS model-based projections of annual carbon storage for the 41 village wetlands in Sejong City under SSP1-2.6 and SSP5-8.5

scenarios through 2100

2ol Kt CO2eq/km?/yr

e 2024 2050-SSP1 2100-SSP1 2050—-SSP5 2100-SSP5
- A8 A% 3} A 3} A ik} A8 ik

21_4\]}7_}7?% 6.63 10.27 3.64 16.24 9.61 10.48 3.85 15.83 9.195
4244 22.13 18.10 -4.03 15.51 -6.62 17.58 -4.55 15.17 -6.96
A 214 163.15 150.88 -12.28 129.75 -33.4 151.20 -11.95 132.38 -30.775

EX| 32.69 36.12 3.43 35.03 2.34 36.48 3.80 35.99 3.3

54 26.55 24.90 -1.65 24.75 -1.8 23.55 -3.00 18.90 -7.65

A 1.42 1.31 -0.11 1.28 -0.142 1.29 -0.13 1.25 -0.172

9 0.23 0.24 0.002 0.24 0.003 0.23 -0.003 0.24 0.003
T AT 252.8 241.82 -10.998 222.8 -30.009 240.81 -11.983 219.76 -33.059
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4. 22 Y Ho

B A3E AEAL} 417) npE5AE giite g2 FLUS 7]
uh Al Ego] S 4-35}ke], SSP1-SSPS5 slofl A o] ulel Ex|
& Ao} ol w2 gtAAAYY HIE dEsct &
A Adb, AEA AA] A7 ©rAAA RS 20249 856.0 Kt
CO. eq/km’ /yroll A SSP5-2100 713 733.6 Kt CO.
eq/km” /yr2 9F 14.3% FASHAA, 4171 ok&5A 48
A FAE 252.8 Ktoll A 219.8 Ktz oF 13.1% ZAast=
Aom yehgth ZE 717 AIFAl A WHL 851
km® oA 6.36 km* = &0 oF 25.3% T4t U, A7t
3} AL 5461 km® oA 121.18 km® 2 oF 122% Z7}
sttt & TSk} FAEA AN FA47F AgetHA, vk
FA FRO gAY 7)ol AFHoRE FEsHA oFst
sl Aol gel=elet. §39] Av|-nwE /\11%312(881)5
—-2100)°l4 FLUSE SSP1-2100 thH] AlEA] AA <
22.2 Kt, A oF 3.0 Kto] F71 #AS 45k, A=A
Ayt FAE ] AR oJEA o] ehAAZ Ao S
SHA 2Hgete HolEth o)t Wi =Yl ofH] FLUS7H B
Zolg a0t AA-gg Ak Bt oA whdste
Folghs HS ARSI

T 2 A7E uesA Agd
A B ET gaAggs I FH3%0
oA HFA-EAA] AL
Z7} B off eAaAATFo] 10% o1 AAA £
the A2 $2 2 AASHA AlEAl 2H¢2] SSP1-SSP5
= ZAret o5z FH B4 A, 532 W4
25% ol Fol=k Fout Zo| BaAF Mo & F

Austo] RA.Eol 1l Exjo]) X

o

=

s A
AT 4 Ut

-

1) B™ ALR2|R 7|Hte| ShAIX HMTE

FLUS of|ZoflA &eld 7] AlvEle WF=—SSP5-
2100 71& S2AFF oF 14% TA, &2 WA oF 25% 7+
A—5 1T o, A7 EA -2 A S TAof A A
HjZ(SSP19) ExJo]§ tikE 7|Eete s AdAstal, SSP5
3 1E 22 FHA] FEE AV A A, Sk
19 B, AEUE A4 52 HPsts DAE BHH
o] g g5},

N

N

) MsHY XN 2 &X| - SAX| - A g 2

o252 974 1,000 m WellA Al7Est Hlgo] 20% o]4F
o & Z7}sFALHSSP5 - 2100 715) &3] WHo] 20% o)A
Haste FAE ¢4 Adste, oid 795 S4FAd=2
2)7gotal WA AL vtgd art ik olet FA
of HA-EAA-AH gl A£AE HH-EPstE ¥
RS EAFgoRM, uhEEA 9 ST SRR
o AHAESEAZ, AR AR 5)E T SR 5

At

_4

SRERISIE(R| A27 H4%, 2025

3) S8 ZUHY HA 1=
EXmE, SaAdF, AHAARL BXARGEGE, 35
U E THote BUHP AAE FHoH,
FA°] diside 59 F7] oldor EAu=-g
a2g% Hets AB7tshe 2e APk vk 9l F
BAsk Az o] AAD A==t FE o,
wAE Fr1Hor PAsta A -
BUE - A g0 Heehe 7@ 5 9k
AEA aH&5A19] g2 715 2717 A% ZWPJ
Aer2, FLUS 719 44 Aue]e #e]SSP1g AulE
2 fA)et A2l AT 2EA-FEAAE) ] A %
& Agtshe Aotk FLUS =9 SSP5-2100 71% ©
[e]

_4

[ rﬁz o

) L B |
£ 5o 47 AAALS) BAE TIALL AN
fastog, BAAE Sy A $449 2HS 9
gA A B2 ARAD AL Aws
AL AL

o] EEE RO Ao FRAANAIEU &
A% Begr) 2ABY Bel21E A9 A9S wot @
TH 95U TH2022003630004).
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F-E 1) Projected annual precipitation (mm) in Sejong City for 2050 and 2100 under SSP scenarios

2 SSP1 SSP5

= 20501 o 21001 2050 o 21001 o
AIEA] 1352.3 1247.7 1296.1 1414.8
1eE 1306.8 1258.7 1308.8 1425.8
24# 1315.6 1264.6 1318.7 1448.1
=R 1298.1 1243.7 1295.4 1413.6
B85 1303.2 1252.5 1304.5 1430.4
T 1300.9 1255.6 1301.4 1421.3
HeE 1292.1 1241.1 1291.9 1415.6
27 1293.6 1251.5 1295.4 1418.3
MEs 1294.5 1240.5 1290.3 1411.4
e 1297.0 1249.3 1298.2 1422.6
AW 1271.0 1201.4 1249.6 1377.6
otE% 1289.8 1240.8 1289.9 1405.9
714 1298.5 1259.5 1312.4 1424.0
AsH 1283.6 1247.2 1293.2 1408.0
AAH 1292.4 1253.0 1300.0 1405.2
gt 1289.3 1237.3 1285.4 1400.9
AsH 1327.5 1274.7 1316.3 1435.4
o 1296.2 1249.5 1289.2 1406.2
295 1281.3 1244.7 1291.3 1398.8
=% 1289.8 1240.8 1289.9 1405.9
& 1301.9 1246.5 1300.1 1420.6

E4: NFEEAA A 7| FRst AYEIA

B2 2> Projected mean annual temperature (C) in Sejong City for the 2050s and 2100s under SSP scenarios

2 SSP1 SSP5
= 20501 o 2100y 2050 o 21001 o
AIEA] 13.9 14.7 15.5 19.2
15 13.7 14.4 15.3 18.9
=Rl 14.2 15.0 15.8 19.5
=i 14.0 14.7 15.5 19.2
B85 14.2 15.0 15.8 19.5
T 13.8 14.6 15.4 19.1
HeE 14.2 15.0 15.8 19.5
27 14.0 14.8 15.6 19.3
ANEE 14.0 14.8 15.6 19.3
e 14.3 15.0 15.9 19.5
Ete k] 13.9 14.7 15.5 19.2
otE% 13.9 14.7 15.5 19.2
A71H 13.7 14.4 15.2 18.9
AsH 14.1 14.8 15.6 19.3
AAH 13.8 14.5 15.3 19.0
Tl 14.1 14.9 15.7 19.4
AsH 13.5 14.2 15.0 18.7
7o 13.3 14.1 14.9 18.6
X295 13.8 14.6 15.4 19.1
=% 13.9 14.7 15.5 19.2
AEF 14.0 14.7 15.5 19.2
E4: NFEEAAA 7| FRst AFE A
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HZ 3) Current population of Sejong City and population projections under SSP scenarios through 2100

T {t= Bl TEFA_AFTA AFAE
QI (HRh) sspl sspS sspl ssp5
2023(@4) 51,71 0.3828
2050 48.351 51.336 0.3018 0.3205
2100 dH 31.937 42.484 0.1994 0.2652
E4]: TIASA, ssp database 27 ZEIER ZEAZHRY

Journal of Wetlands Research, Vol. 27, No. 4, 2025



