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Summary

For the Hancheon basin of Jeju island, flood soil outflow by change in
land use and event of heavy rain were analyzed as 5-year cycle from
1980 to 2005, and the effects of the change in land use on flood outflow
amount were examined.

From 1980 to 2005, the urban area and agriculture cultivation area of
Hancheon basin in Jeju island have increased 5 times, and 28% forest
area has decreased. As a result of analyzing the outflow coefficient by
utilizing land cover data and soil statistical data, averagely 2.2% outflow
coefficient has increased in every b-year cycle, particularly 11.6% in
2005 to 1980. Results of flood outflow change analysis in each heavy
rain event with regard to the change in land use indicated that peak
flowrate has increased 9.9 to 33.67%, while outflow total amount is 12.53
to 30.21%, and the arrival time of peak flowrate has decreased by 10
minutes in each heavy rain event.

It was confirmed quantitatively that land use of Hancheon basin in Jeju
Island switched from forest area to urban area and agriculture cultivation

area, and the amount of flood outflow increased.

— Vil —
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Table II-1. Discharge calculation method in HEC-HMS model(HEC, 2000)

Discharge calculation Methods

Deficit and Constant, Green and Ampt
Gridded Deficit Constant, Gridded Green and Ampt
Gridded SCS Curve Number
Initial and Constant, SCS Curve Number
Clark Unit Hydrograph, Kinematic Wave, ModClark
SCS Unit Hydrograph ,Snyder Unit Hydrograph

Constant Monthly, Linear Reservoir

Loss Method

Transform

Baseflow . .
Nonlinear Boussinesq

Kinematic Wave, Lag, Modified Puls
Muskingum, Muskingum—-Cunge

Channel Routing

2.1.2 Meteorological Model
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Table II-2. Weather data calculation method of HEC-HMS model(HEC, 2000)

Meteorological Data Calculation Methods

Frequency Storm
Gage Weights
Gridded Precipitation

Precipitation .
Inverse Distance
Specified Hyetograph
Standard Project Storm
Gridded Priestley-Taylor
Evapotranspiration

Monthly Average
Priestley—Taylor

. Gridded Temperature Index
Melting of snow

Temperature Index

2.1.3 Control Specifications
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Fig. II-3. Thiessen polygon method(Jung, 2013)
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Table II-3. Infiltration Rate Category by soil type(Lee, 2007)

Hydrologic
Property of Soil Infiltration Rate(mm/hr)
Soil Group
Outflow  rate s very low,
A infiltrationl rate is 1e.1rge, and sand, 769-11.43
gravel soil and drainage are very
good.
Infiltration rate is large, and fine
B sand, gravel and excessively well 3.81-7.62
drained.
Infiltration. rate. is, small, and fine
C sand soil 'layer and drainage are 1.27-3.81
very poor.
Infiltration rate is very small, and
D clay soil layer and drainage are 0-1.24
very poor.




Table II-4. Runoff curve numbers(Lee, 2007)

Land use ) ) Hydrological Soil group
. . Covering processing shape o CN
situation condition A Bl cl D
Rice field Fresh water cultivation - 79 79 79 79
Li loughi Itivation Poor 72| 81| 88| 91
early planting near: ploughing: cuitivatio Acceptable 67 78| 85 89
. . . Poor 70| 79| 84| 88
crop cultivation Equivalent segment cultivation Acceptable 65 75 22| %6
land . . Poor 66| 74| 80| 82
Mixed food and farming Acceptable 62 71 78 81
Linear ploughing cultivation Poor 65| 76| 84) 88
fnear ploughing cuitivatio Acceptable | 63 75| 83 87
Wheat crop Equivalent segment cultivation Poor 63| 74| 8 &
cultivation land Ac;eptable g} ;g % S;l
. . oor
Mixed food and farming Acceptable 5ol 70| 78 81
Li loughi Itivati Poor 66| 77| 85 89
Dense sowing inear ploughing ctitivation Acceptable 58| 72| 81| 85
legum r Equivalent segment cultivation Poor 64| 75| 83| &
eeumes crop d & Acceptable | 55 69] 78| 83
cultivation land . . Poor 63| 73| 80| 83
Mixed food and farming Acceptable 51671 760 20
Poor 68| 79 86/ 89
Grazing land Grassland for livestock grazing Marginal 49| 69| 79 84
Acceptable 39| 61| 74| 80
P t land for h
Meadowland, CTTIATENT B1ass ane fof hay - 30 58 71 78
production
Forest land Fresh water cultivation - 79 79 79 79
Urbanizati Business and office area - 89| 92| 94| 95
rhanization area Industrial areas R 81| 88| 91| 93
500m” or less - 77) 85 90| 92
Urban residential 500 to 990m’ - 61| 75/ 83 87
area 990 to 1,300m” - 57| 72| 81| 86
1,300 to 1,983m” - 54| 70/ 80| 85
Paved road(Excluding road site) - 98| 98| 98| 98
Paved road(Including road site) - 83| 89 92| 93
Road Graveled road.(Including road - 76l 25 89 91
site)
Dirt road(Including road site) - 72| 82 87| &9
Impermeable area Paved parking lot, Roof - 98] 98| 98| 98
Being developing i ial 1 1 t
Residential land developmen - 77 36 91l o4
area etc.
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Table I-6 NRCS WA AMC & 7l+S WERA Zolt}.

Table II-5. Classification of Antecedent Moisture Condition(AMC) for the
NRCS method(Lee, 2007)

Total 5-days antecedent rainfall(mm)
AMC condition
Dormant season Growing season
I P,<12.70 P,<3556
il 12.70< P,<27.94 35.56< P, <53.34
il P;>27.94 P,53.34

AMC-TI 7oz 2bdd CONI 2 AMC o uwet Aol Aoy
AMC-1 =79 CNIoly} AMC-M %79 CNIze] WHAs = Wy 2
(29) ¥ 4 (210)& AF&3F}

4.2CN1I
I =
CN 10— 0.058 CN1I (2.9)
23CNTI
CNIIL = 104+0.13CN I (2.10)
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Table I-6. Values of NRCS dimensionless hydrograph according to time (Yoon,
2007)

t/tp Q/ Qp t/tp Q/Qp t/tp Q/ Qp
0 0.000 1.1 0.990 2.4 0.147
0.1 0.030 1.2 0.930 2.6 0.107
0.2 0.100 1.3 0.860 2.8 0.077
0.3 0.190 1.4 0.780 3.0 0.055
0.4 0.310 1.5 0.680 3.2 0.040
0.5 0.470 1.6 0.560 3.4 0.029
0.6 0.660 1.7 0.460 3.6 0.021
0.7 0.820 1.8 0.390 3.8 0.015
0.8 0.930 1.9 0.330 4.0 0.011
0.9 0.990 2.0 0.280 4.5 0.005
1.0 1.000 2.2 0.207 5.0 0.000

1
t, =5t +1; (2.20)
2.0834
Qp=—} (2.21)
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A7, tp= FFAERE HFF A A ), 2 ZFe-A1E 713, T
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Fig. I1-9 Changes on stream channel storage for rise and fall flood level(Jung,2007)
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Table IM-2. Altitude analysis result of Han Stream watershed

A lati i

Altitude range Basin area Rate ccu‘mu ative | Accumulative
(m) Cem?) (%) basin area rate
(km?) (%)
< 200 5.16 13.87 5.16 13.87
200 ~ 600 13.37 35.95 18.53 49.83
600 ~ 1000 8.49 22.82 27.02 72.62
1000 < 10.17 27.36 37.19 100
Total 37.19 100 37.19 100

Table II-3. Slope analysis result of Han Stream watershed
. Accumulative | Accumulative
Slope range Basin area Rate .

) Cem?) (%) basin area rate
(km?) (%)
<5 9.67 25.99 9.67 25.99
5 ~ 10 11.82 31.77 21.48 57.76
10 ~ 15 7.37 19.83 28.85 77.59
15 ~ 20 3.65 9.81 32.50 87.40
20 < 4.69 12.60 37.19 100
Total 37.19 100 37.19 100

dd fodel A BA wy, 5Polale] geAde AAMAe)

25.99%(9.67km*), 5~10° A9 31.77%(11.82km?*), 10~15° A<

rlo

19.83%(7.37

km?), 15~20° A9 9.81%(3.65km*), 20° o]/l AL 12.60%(4.69km*) = &
A =] 91 tH(Table M-3).
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Table II-5. Rainfall according in observed point (unit: mm)
. . . Jindalae | Witseor
Rainfall events Jeju Ara Urimok . Note
field uem
Typhoon
2011.08.01 - 08.10 323.5 465.0 714.5 682.0 929.0
“Muifa”
Heavy rain
2011.11.17 - 11.19 1255 128.0 181.0 419.5 346.5
period
Heavy rain
2012.04.15 - 04.24 98.5 3125 267.5 456.0 642.5
period
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. AWS Thiessen polygon of Han stream

watershed



Table II-6. Mean areal rainfall using Thiessen method

) Han stream
Rainfall events . Note
basin(mm)
2011.08.01 - 08.10 629.59 Typhoon “Muifa”
2011.11.17 - 11.19 220.07 Heavy rain period
2012.04.15 - 04.24 328.48 Heavy rain period

Thiessen tHZ@dH oz 2 H F9HF S Jung(2013)0] AA]SH Fig.
=2
H

-5 EJ4-594 WS ol §3te] F3HWOR 95Tk Table M-7).

Han stream watershed

60

40

Isohyetal method(mm)

0 20 40 60 80
Thiessen polygon method(mm)

Fig. II-5. Thiessen-isohyetal method transformation of Han Stream (Jung, 2013)

Table II-7. Mean areal rainfall using isohyetal method

) Han stream
Rainfall events . Note
basin(mm)
2011.08.01 - 08.10 599.29 Typhoon “Muifa”
2011.11.17 - 11.19 205.62 Heavy rain period
2012.04.15 - 04.24 307.03 Heavy rain period
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Table IV-1. Land use change of Han stream watershed (unit: m?)
Division 1980 1985 1990 1995 2000 2005
Water 2,430 2,430 2,430 2,430 2,430 2,430
Urban 359,192 589,213 789,151 827,827 1,578,864 1,907,288
Bare soil 3,600 343,772 323,146 338,980 43,328 49,878
Wetland 19,731 367 - - - -
Grass &

5,861,361 2,280,619 2,233,380 2,243,245 6,961,010 7,060,422
pasture area

Forest 28,791,886 | 30,669,364 | 28,918,126 | 27,809,474 | 21,625,194 | 21,000,863

Agricultural
2,158,035 | 3,310,470 | 4,930,002 | 5,974,280 | 6,985,409 | 7,175,355
area

Total 37,196,236 | 37,196,236 | 37,196,236 | 37,196,236 | 37,196,236 | 37,196,236
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Fig. IV-3. Soil-map of Han stream watershed
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Table IV-2. Result of soilmap in Han stream watershed

soilmap Area Rate(%) D
group

HEUGAG 10,782,797 28.99 A
GUNSAN 4,531,801 12.18 B
PYEONGDAE 4,011,071 10.78 C
ORA 3,791,482 10.19 C
JEJU 3,478,189 9.35 C
RB 2,363,623 6.35 C
DONGHONG 1,957,829 5.26 C
DONGGUI 1,518,898 4.08 C
JUNGMUN 788,477 212 C
GEUMAG 672,543 1.81 A
IDO 568,464 1.53 C
MUREUNG 442934 1.19 D
SARA 428,456 1.15 B
GAMSAN 385,017 1.04 A
SONGAG 340,188 0.91 C
HANRIM 144,194 0.39 A
Etc. 990,273 2.68 -
Total 37,196,236 100 -
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Table IV-3. CN(AMC-1I) on land cover categorization items

Land
and cover Land cover A B C D
code
Residential
110 58 73 82 86
area
130 Business area 95 96 97 97
Entertainment
140 95 96 97 97
area
150 Traffic area 89 91 93 94
160 Public area 81 88 91 93
210 Rice field 78 78 78 78
220 Field 64 6) 82 86
House
230 98 98 98 98
plantation
240 Orchard 44 66 77 83
250 Other lands 59 74 82 86
Broad leaved
310 47 67 78 85
forest
Coniferous
320 46 68 79 86
forest
mixed stand
330 47 68 79 86
forest
Natural
410 30 58 71 78
pasture
420 Golf link 52 70 80 85
Other
430 52 70 80 85
grasslands
Inland
510 98 98 98 98
Wetlands
Other bare
620 77 86 91 94
lands
Inland
710 100 100 100 100
number
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+5 AAE A Table IV-49F o) 1980 FE 2005974 5dE9I2 CN

bt WA o 22%% Frbske Ao uErskew, 1980
B 200530 CNol 7.04 57H11.6%)38t= Aoz EAEQul Add APE
FEFFEAAMC-1)9] CN#Eg o]&3ted AMC-1, AMC-II =719 %324

Hgotel 2t HYEFFF2AN BE FEJHAFE ANsArh

Table IV-4. CN of Han stream watershed

Han stream
Division
1980 1985 1990 1995 2000 2005
AMC-1 39.27 40.85 41.89 42.73 44 .87 46.77
AMC-1I 60.62 62.18 63.19 63.98 65.96 67.66
AMC-1II 77.98 79.09 79.79 80.34 81.67 82.79
CN2
100
80
60 —A— = = -
5
40
y =1.3523x +59.199
R? =0.9816
20
0
1980 1985 1990 1995 2000 2005
Years

Fig. V-4. AMC-1II CN of Han stream watershed
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Fig. IV-5. Flood discharge hydrograph of Han stream watershed

Table IV-5. Calculation of Clark unit hydrograph method parameters

Han stream
Rainfall events Basi Reaching Storage
asin area 5
(hm?) time constant Note
(hr) (hr)
Typhoon
2011.08.01 - 08.10 37.19 151 2.44
“Muifa”
Heavy rain
2011.11.17 - 11.19 37.19 2.10 3.60
period
Heavy rain
2012.04.15 - 04.24 37.19 1.53 2.48
period
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Fig. IV-6. Calculation of discharge to Clark unit hydrograph method
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Table IV-6.

cover(Muifa)

Analysis

of soil
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change outflow by the change in soil

TR

Han stream

1980

1985

1990

1995

2000

2005

Peak
discharge

(m?/sec)

299.72

306.63

310.94

314.31

322.55

329.39

Peak
discharge
rate of
growth(%)

2.31

1.41

1.08

2.62

212

Total
discharge
amount

(m?)

9,454,224

9,724,824

9,895,866

10,031,292

10,360,392

10,639,182

Total
discharge
amount
rate of
growth(%)

2.86

1.76

1.37

3.28

2.69

Peak
discharge
reaching
time

15:10

15:10

15:10

15:00

15:00
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60 0
N precipitation
-1980
—1885
-1990
1885
2000
—2005
a0
g
= o
e E
32 E
) =
= [l
g E
3 g
T
S
=)
20
0 . j 30
000 640 1320 20:00 240 20 16:00 2240 820 1200
Date(2011.11.17 - 2011.11.19)
Han stream {(2011.11. heavy rainfall}
B0 0
W precipitation
——1880
—— 2005
40
%)
= =3
= £
3 E
2 =
= o
o E
3 .
b
S
&
20
1]
0:0n £:40 13:20 20:00 240 320 16:00 22:40 820 12:00

Date{2011.11.17 - 2011.11.19)
Fig. IV-8. Analysis discharge on Landuse change(Heavy rainfall in November

2011)

20119 11€¥ ZEF35$ AbAtel dislo

hr

Ao gzt e TFHFE WS
PA S A Table V-79 2tk AFH32 59 T 256m°/s(599%)% F7}
e Aoz yegon, $EFFS 59 Wit 104498m*(5.43%)8 F7taka

19801 thH] 2005\ell= HFEfEo] 12.78m%/s(33.67%) Z718tdon, &&=



2 522,490(30.21%)

Table

IV-7. Analysis
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AT

of soil

=EAE

rlo

cover(Heavy rainfall in November 2011)

A
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S o ey

change outflow by the change in

soil

TR

Han stream

1980

1985

1990

1995

2000

2005

Peak
discharge

(m?/sec)

37.95

40.76

42.57

44.02

47.62

50.73

Peak
discharge
rate of
growth(%)

74

4.45

341

8.17

6.93

Total
discharge
amount

(m*)

1,729,490

1,843,219

1,916,787

1,975,982

2,123,262

2,251,980

Total
discharge
amount
rate of
growth(%)

6.98

3.99

3.09

7.45

6.06

Peak
discharge
reaching
time

13:00

12:50
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Table IV-8. Analysis of soil change outflow by the change of soil

cover(Heavy rainfall in April 2011)

Han stream

TR
1980 1985 1990 1995 2000 2005

Peak
discharge 128.81 133.03 135.68 137.77 142.83 147.07

(m?/sec)

Peak
discharge

- 3.28 1.99 1.54 3.67 2.97
rate of

growth(%)
Total

discharge

4,089,198 | 4,269,804 | 4,385,196 | 4,477,272 | 4,703,574 | 4,898,208
amount

(m*)
Total
discharge
amount N 4.42 2.7 2.1 5.05 4.14
rate of

growth(%)
Peak

discharge

. 14:20 14:20 14:20 14:10 14:10 14:10
reaching

time
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