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Estimation of Direct Runoff Variation According to Land Use Changes in
Jeju Island
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SCS method was applied to make the assessments of direct runoff according to land use changes in Jeju island.
Land uses were obtained from 5 year-period remote sensing time series data from 1975 to 2000 which are pro-
vided by Water Management Information System (WAMIS). Hydrologic soil groups were categorized based on soil
series of National Academy of Agricultural Sciences (NAAS), and permeable geologic structures such as Sumgol,
Gotzawal and so on. The land uses of Jeju island are obviously characterized by urban-agricultural areas increases,
and forest areas decrease. According to land use changes, curve number (CN) for Jeju island was consistently
increased from 65.3 in 1975 to 69.6 in 2000. From 1975 to 2000, the amount of direct runoff and ratios increased
due to CN changes. When the rainfall data in 1995 was applied to each year, the direct runoff amounts were
299.0~351.6 mm, and runoff ratios were 15.1~17.7%. In the case of the application of the rainfall data in 2000, the
direct runoff amounts were 136.9~161.5 mm, and runoff ratios were 9.7~11.5%. Since direct runoff can be closely
related to groundwater recharge and sustainable groundwater yield, the groundwater influence caused by land use
changes or district exploitations should be considered for the reasonable water management and development in
Jeju island.

Key words : land use, direct runoff, SCS method, Jeju island
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Table 1. AMC based on accumulated five-day antecedent rainfall(Ps) during dormant and growing seasons (Aller et al., 1987)

Ps (mm
*AMC s (tmm) Water content condition of AMC
Dormant season Growing season
I Ps<12.7 Ps<35.56 Highly dried
I 12.7<Ps<28.0 35.56<P5<53.34 Moderate
1T Ps>28.0 Ps>53.34 Highly saturated

*AMC: Antecedent Soil Moisture Condition

Table 2. Hydrologic soil group in Jeju island

Type Soil Characteristics

Permeable geological

Soil series
features

High infiltration capacities, even when thoroughly
A wetted. Chiefly sands and gravels, deep and well
drained

AaD, DIC, KnC, GvB, KbF, KjD,
RB, RB, RB, JuB, MfF, MbE,
OgC, SMF, SLC, WiD, HtB

Sumgol, lava tube

Soils with moderate infiltration rates when thor-
oughly wetted. Moderately deep to deep, moderately
well to well drained, with moderately fine to mod-
erately coarse textures

Bv, GM, KjDPL, Ho, JED, JkD,
NmE, NmE, NjD, NmE, PL, Sd,
SuD, SQE, WiD, YgB, rock area,
lavas

Gotzawal, scoria,
Oreum

Soils with slow infiltration rates when thoroughly
C wetted. Usually have a layer that impedes vertical
drainage, or have a moderately fine to fine texture.

ANC, DsE4, DsE4, GeF3, Gel3,
IaC, InB, JtD, JiD, JkD, My,

NrF2, OdF2, PiC, SRF3, TpC,
TnE, OaF2, PoD, BRC,

Soils with very slow infiltration rates when thor-
oughly wetted. Chiefly clays with a high sweling

D potential; soils with a high permanent water table;
soils with a clay layer at or near the surface; shallow
soils over nearly imperviouis materials.

DmB, GRC, HtB, HvC, TaC, My,
YiD, WiD, YEF2, YiD, YqB
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Fig. 1. Soil classification for the application of SCS
method, (a) permeable geologic structures, (b) soil series,
and (c) hydrologic soil group.
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Fig. 2. Regional classification of Jeju island.
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Fig. 3. Land use changes with time in Jeju island.
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Table 3. Land use changes with time in Jeju island(unit: km?)

(a) Land use changes in each region of Jeju island

Land use Year Eastern Western Southern Northern Sum
1975 3.14 0.87 0.68 1.52 6.21
1980 3.15 1.84 0.59 2.69 827
Water 1985 1.78 1.93 1.99 1.74 7.44
1990 1.56 1.07 1.80 0.52 495
1995 2.67 031 0.16 0.74 3.88
2000 274 0.38 0.22 0.71 4.05
1975 3.93 8.21 1.39 3.95 17.49
1980 945 10.89 6.73 16.08 43.15
Urban arca 1985 7.80 17.38 6.83 23.99 56.01
1990 17.48 19.65 21.32 28.44 86.89
1995 20.96 21.09 19.70 35.59 97.34
2000 43.28 30.14 32.06 52.52 158.00
1975 1.40 1.91 5.98 832 17.61
1980 3.07 445 031 0.51 8.33
Bare soil 1985 4.76 349 4.60 2.26 15.11
1990 5.36 3.82 4.29 2.05 15.52
1995 425 2.60 4.44 2.02 1331
2000 7.04 1.54 1.82 1.42 11.82
1975 0.09 0.09 0.01 0.07 0.27
1980 0.63 0.07 0.30 0.19 1.19
Wetland 1985 0.76 0.71 0.52 0.46 2.46
1990 0.00 0.04 0.01 0.04 0.09
1995 0.19 0.23 0.06 0.16 0.63
2000 0.30 0.19 0.01 0.33 0.84
1975 91.87 7.60 35.26 58.34 193.07
1980 100.45 38.18 22.53 53.85 215.01
Grass & pasture area 1985 110.27 26.65 20.83 39.59 197.34
1990 123.78 26.62 33.51 41.82 225.73
1995 125.46 19.18 30.02 43.90 218.56
2000 64.27 21.28 56.82 65.45 207.83
1975 297.88 219.26 396.36 305.28 1218.78
1980 291.47 198.58 376.70 298.62 1165.37
Forest 1985 262.10 159.14 327.61 251.68 1000.53
1990 245.52 145.49 303.76 224.19 918.96
1995 230.66 135.90 293.11 214.57 874.24
2000 200.89 122.05 262.66 179.10 764.71
1975 105.89 141.70 58.23 92,97 398.79
1980 92.24 127.36 91.92 99.38 410.90
Agricultural area 1985 115.58 172.45 131.81 153.49 573.33
1990 112.43 181.54 132.45 173.66 600.08
1995 123.48 198.34 148.20 174.27 644.29
2000 187.88 200.58 143.72 172.79 704.97

Q3 mFER R 19959904 20009 717 EoF = agtell 9, A, 4], X WAL a7 E A3}
FA NN 71 A Vel AR de] Wae 5 g Holx| gt
E AGolN Fga] gasts 247 AL €2 ok FE EXol§ FAIE AuEH, A7kl K99 &



Table 3. Continued
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(b) Land uses to various elevated regions
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Land use Year 0~200 m 200~600 m 600 m~ Sum
1975 4.24 0.04 0.07 6.21
1980 5.58 0.01 0.01 8.27
1985 4.74 0.01 0.01 7.44
Water
1990 2.61 0.01 0.01 4.95
1995 2.13 0.01 0.01 3.88
2000 1.69 0.02 0.00 4.05
1975 18.88 0.01 0.00 17.49
1980 42.79 0.28 0.00 43.15
1985 43.01 0.18 0.03 56.01
Urban area
1990 82.86 0.21 0.02 86.89
1995 90.43 0.18 0.03 97.34
2000 137.21 13.29 0.44 158.00
1975 3.63 1.42 14.96 17.61
1980 6.50 0.75 0.36 8.33
. 1985 5.07 5.80 3.17 15.11
Bare soil
1990 6.06 5.96 325 15.52
1995 3.00 5.95 3.30 13.31
2000 9.54 1.33 0.25 11.82
1975 0.13 0.02 0.00 0.27
1980 0.80 0.19 0.01 1.19
Wetland 1985 2.02 0.04 0.00 246
1990 0.02 0.01 0.00 0.09
1995 0.39 0.00 0.00 0.63
2000 0.67 0.00 0.00 0.84
1975 93.55 85.27 20.10 193.07
1980 159.46 68.97 5.35 215.01
1985 93.11 99.38 372 197.34
Grass & pasture area
1990 103.90 112.16 5.06 225.73
1995 98.49 110.56 2.68 218.56
2000 93.86 97.55 5.35 207.83
1975 503.95 501.63 207.59 1218.78
1980 425.80 509.11 232.17 1165.37
1985 345.75 44261 236.02 1000.53
Forest
1990 271.37 420.21 23351 918.96
1995 231.41 417.47 235.83 874.24
2000 167.42 374.61 228.98 764.71
1975 385.52 9.70 1.49 398.79
1980 368.13 19.38 6.56 410.90
. 1985 515.59 50.51 1.44 573.33
Agricultural area
1990 542.64 59.87 2.49 600.08
1995 583.48 64.33 2.54 644.29
2000 598.94 111.71 9.36 704.97

7Rl E AT 200m oie] AARAA thEE o]
FoiX|aL g3z, 1975W0) ¥l3kd 200049 A713k A
ge| 6] o) Eolvt AL ¢ 4 Yk 200~600 m

o} A7l A7l Kde] e 199593 2000
W Ajolo F3 71718 Belth ¥4 BEe g
B e 200 mele] X Gel EXFaL lom
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Fig. 5. The trend for the forest, agricultural and urban area.
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Table 4. Curve numbers (CN) for land uses

Hydrologic soil group

Land use Comment
A B C D

Water 98 98 98 98 Streams
Urban area 89 92 94 95 Urban, commercial areas, and roads
Bare soil 49 69 79 84 Bare and open spaces
Wetland 98 98 98 98 Reservoirs
Grass & pasture area 49 69 79 84 Grass and pasture areas
Forest 36 60 73 79 Woodlands, mountainous areas
Agricultural area 65 76 84 88 Dense cultivated land (upland area included)

Fig. 6. Spatial CN distribution in Jeju island.
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Fig. 7. Average CN variation with time (b) on each area,
and (c) low to high area.
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Fig. 8. Spatial rainfall distribution in Jeju island, (a) rain
gage stations and Thiessen network for the areal precipitation
estimation, (b) annual rainfall distribution in 1995, and (c)
in 2000.
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Fig. 9. Daily rainfall distribution in (a) 1995, and (b) 2000.

Table 5. Rainfall characteristics in 1995 and 2000
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Rainfall characteristics 1995 2000
Total rainfall 1985.9 mm 1408.6 mm
Rainy days 229 days 213 days
Not rainy days 136 days 153 days
Rainy days more than 1mm 122 days 111 days
Maximum daily rainfall 224.6 mm 147.8 mm
Runoff occurrence (>0.2S) 16 days 14 days
Condition [ 128 days 155 days

Dormant Condition II 25 days 18 days

AMC Condition HI 28 days 9 days
Condition 1 130 days 132 days

Growing Condition II 11 days 18 days

Condition HI 43 days 34 days
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Fig. 10. Rainfall and return period in Jeju island, (a) annual
rainfall trend of 4 meteorological stations, (b) return period
based on high annual rainfall amount.

Table 6. Estimations of direct runoff in each year
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Fig. 11. Direct runoff change, (a) direct runoff amount, (b)
direct runoff ratio to total annual rainfall.

Year CN Rainfall (mm)  *DR (mm) *DR ratio (%) Rainfall (mm) *DR (mm) *DR ratio (%)
1975 65.3 299.0 15.1% 136.9 9.7%
1980 65.7 303.5 15.3% 138.9 9.9%
1985 66.7 3159 15.9% 144.5 10.3%
1990 67.7 3279 16.5% 150.1 10.7%
1995 68.1 1985.9 333.6 16.8% 152.1 10.8%
2000 69.6 351.6 17.7% 1408.6 161.5 11.5%

*DR: Direct runoff
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