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Abstract

The NRCS-CN (Natural Resources Conservation Service-Curve Number) method has been practically applied for estimating the
effective precipitation. However, there are no criteria which reflect the geographic characteristics of Korea having more than 70%
of mountainous and rice paddy areas, leading to significant errors in runoff calculation. Thus, it is required to estimate the runoff
curve number considered Korea land use classification, however there are practical difficulties to conduct the accurate research and
experimentation. In this study, after selecting target areas (urban, agriculture, forest), we performed the runoff analysis to
redetermine CN values for the selected basins. To do this, curve numbers for soil type A were estimated using genetic algorithm,
and then curve numbers for soil type (B, C, D) were estimated using CN aligner equation. Comparing the initial curve numbers with
the estimated curve numbers, it was observed that the slightly differences at Chunwang(0), Choonyang(-1), Janggi(-3). Through
the above process, this study proposed new curve numbers to reflect observed rainfall-runoff.
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Fig. 1. Research flowchart of this Study
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Table 1. Area of land cover (km?)

Main

code Sty Sub Category (Chunwang|Choonyang| Janggi

110 | urban residential 10.59 1.79 2.20

120 | urban |manufacturing| 3.47 0.17 0.15

130 | urban commercial 0.27 0.06 0.00

140 | urban recreational 0.00 0.00 0.00
treet

150 uban | ST & 128 0.64 | 004
roads
public

160 | urban . 1.68 0.05 0.06

establishment

210 | agriculture| rice paddy 7.86 17.23 1535

220 | agriculture farm 6.27 6.12 6.58

230 |agriculture| V™! 0.00 0.14 0.00

greenhouse
240 | agriculture orchard 0.18 0.10 1.52
250 |agriculture| T 021 009 | 037
plantations

310| forest | OrOeaved |06 | 20 | 1428
forest

320| forest | COMErOUS 1ol s | 1601
forest

330| forest | Mixedstand o, ou o805 6.45
forest

410 |open space|natural pasture| 0.18 4.20 0.79

420 |open space| golf course 0.00 0.00 0.00

430 |open space|other grassland|  0.32 1.01 0.33

510 |open space|inland wetland|  0.00 1.10 0.17
coastal

520 | wetlands Wetlands 0.00 0.00 0.00

610 |bare ground| mining area 0.11 0.06 0.00

620 parc ground 1T P 1o 4 0.68 0.61
ground

710 water inland water 117 172 0.85

surface surface
720 V| narine water | 000 | 000 | 0.00
surface

Table 2. Area of soil type (km?)

Soil Type Chunwang Choonyang Janggi
A 31.6 86.5 355
B 7.0 26.8 20.0
C 62 17.9 6.5
D 5.7 9.1 3.8
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Table 3. Basic information of watershed

Watershed

Type of
watershed

Area
(km?)

Te

K

Initial |Optimum

Chunwang

Urban

50.25

1.08

140 | 76 80

Choonyang

Forest

140.20

2.30

2.84| 60 65

Janggi

Agriculture

65.75

3.21
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Table 4. Optimization results

377

St Durati Ps Initial Optimum | Rainfall Duration |Total Rainfall| Peak Flow

orm  uration (mm) CN CN (hr) (mm) (m’/s)

2009-06-09 2009-06-10 0 76.0 84.0 19 31.9 18.48

2009-07-12 2009-07-13 168.2 76.0 77.0 26 131.9 162.04

2009-07-13 2009-07-15 298.9 76.0 71.3 47 187.6 247.09

2009-07-17 2009-07-18 3204 76.0 83.7 19 73 124.73

Chunwang 2010-05-17 2010-05-18 0 76.0 78.1 20 51.5 15.22
2010-07-02 2010-07-03 54.6 76.0 76.3 17 58 27.45

2010-07-17 2010-07-18 92.8 76.0 83.4 25 84.1 59.29

2010-07-25 2010-07-25 9.8 76.0 82.3 18 36.4 36.22

2010-08-29 2010-08-30 60.4 76.0 78.3 21 110 112.73

2010-09-10 2010-09-11 51.0 76.0 82.2 20 127.2 132.5

2007-09-14 2007-09-16 0 72.0 76.9 39 123.2 118.59

Janggi 2007-09-01 2007-09-02 106.4 72.0 85.8 8 81 78.78
2009-07-11 2009-07-13 116.9 72.0 74.7 41 90.5 58.43

2010-08-14 2010-08-15 90.7 72.0 79.6 19 107.4 169.78

2006-05-18 2006-05-20 0 60.0 64.9 34 74 59.19
2006-07-01 2006-07-02 11 60.0 69.0 37 55.9 65.3

Choonyang 2007-08-12 2007-08-15 23.3 60.0 61.5 51 209.6 216.19
2008-05-28 2008-05-29 8.9 60.0 65.2 43 87 92.21

2009-07-07 2009-07-08 0.3 60.0 64.6 46 152.1 376.84

23 U2 22|SS 0|88 EYH AS| CN 4+

Table 6. Runoff curve number of hydrologic soil cover complexes

01-]1 o]—_ﬂ =90 « 0 A3 A S Aopdo} A5)st T
- t - g EO = ]-13 ’ %E]-_ code| Main Category | Sub Category | A | B | C | D fixed
5T NASL EeEs st 4L F A ohs 2 or not
110 urban residential 7718519092
2 2|43} 7|Ho|tk(Lee et al., 2013 AR dg|Ee
=5t 71 ]E}( E) =, A iE == 120 urban manufacturing | 81 | 889193 O
AN ES 913 A (generation) & ¥/ 5H= Il (popul 130  urban commercial | 899294 /95| O
ation) 5ol A E7gofl thet A3 (fitness) 7t -2 N A7 4 140 urban recreational |49 | 69|79 |84 ©
obol WHll(crossover) W =AM (mutation) 52 H8kt 150 urban street & roads | 83|89 |92 |93
BEATHAWIIA AL /he RS HOPRE7IEOR 16| wban | PR el 75|83 )87
: B M=o 7\4;1-; OF
W(Klm etal., 2013), = Aol A el AE e B 210| agriculture rice paddy 79179179179| O
P CN #2457 Q1o A-&stainh. 2 garels 220 | agriculture farm 63174 |82|85
7S AES1e] 370 9] A9 9] E3 CON (R A8k Bt 230| agriculture | vinyl greenhouse| 76 | 85|89 | 91| O
CN) 98 RS 4 gl B AClCNGhgAbgalg] 2 serewwe | orhatt L7079
- - agriculture | other plantations
o, 3709] chFF 9] B CN Fro] BAle] Ha0] 2247} : g
30|  forest broad-leaved | 4o | 69 | 79 | g5
v -
YR Bl= 282 2H12t ofgloh forest
LA LT 13450]] AFESE |l 7 4= Table 59 UFEFY 320 forest coniferous forest | 48 | 69 | 79 | 85
o AAHI= Table 62 EFH A9 CN & 1145}4] 330 forest mixed stand forest| 48 | 69 | 79 | 85
ore. 127]9) CNS Aelslel 71, A Hs=0] v slepe. 01_7]_ 410| open space natural pasture | 30 | 58 | 71 | 78
o o . 420| open space golf course 4916979184 | O
=}
=6 70}, \:170}, 73] 712 A oM AHA 1 CN ] 9 430| open space other grassland |49 | 69|79 84| O
£ 315k EX]o]-89] EAS Q17| o= H o5 112]5}o] 510| open space | inland wetland |100/100{100/100| O
MAAIZ L2 AP 7| F0] 102 M2 A stein) 520 wetlands | coastal Wetlands |100{100{100/100| ©
610 | bare ground mining area | 68 | 79 | 86 | 89
Table 5. Parameters used for the genetic algorithm simulation 620| bare ground othf;uizre 77186 | 91 | 94
Parameters Values Used for the GA -
Population 500 710 | water surface | oo T 1100(100100(100, ©
Generation 200 surface
Elite Fraction (%) 10 720 | water surface marine water |[100/100{100{100| O
Crossover Fraction (%) 60
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A A& A  H(MLTM, 2012a)°]l A1 A1 E CN Z&E’} 127] 9] 7ol A= f-312 dar eSS Aot B
G-I EAA A E(MLTM, 2012b), 524G E 3 Aol gt CN g2 4P gstaltt o & 7 ii Sho 7+ -4
A 4=A| Z(MLTM, 2009), H-573 51 7] 2 A € (MLIT, 201 O] A3t CN(FHECN) = A8 o = EGE7E
3a), 2747 9E T2+ A2(MLTM, 2008), GAH35H4 7] (B, C, D) CN 3t2 %t7] 9I5to] Enderlin and Markowitz
EA|E(MLIT, 2013b)2] EF2-7E CN ghZ Hlwste] 3 (1962)7F AlAISE CN aligner 34)(Eq. (1)) AH8-5HSiTt
TH OB T2 2 F K Hol eliis L 4AE 1A
St 24 ot A4S AAISH T ti o E = 243t & CN(@B) = 37.8 + 0.622 x CN(A)

A AAstg.on, A, AR, 9erA A, CN(C) = 58.9 + 0.411 x CN(A)
=, 5ho A A A, B, 7 e 2 A, WRSA, AetEA], CN(D) = 67.2 + 0.328 x CN(A) (1)
5 9 ajokgo] B AAZE A Aol A AlA
3 gk I & ARRS1ATh T 2891 CON ZH2 Table 63} o]7] 4 CN(A), CN(B), CN(C), CN(D)= 22t EU T A,
e} B, C, Dl thek CN gko]tt. CN aligner 5-419] #-8-/-& 87}
517] 95l A AT 424 Q =(MLTM, 2012a)0l| 4] A A]
24 EQF 220 2 CN AHY SFCN L2 CN aligner 52 © 2 A SECN ZH2 H| w53
23A) A 7120 RIA A 2EAo R AMgE= R Th AT =S A Llshals AR L P oA Al
Rl HeAE ngstel AASSFgaMLT;,  AE CN L] 45% ol ZYohe AHE H AT (Fig 3).
2012a)° AIXH HE 7|F 0 &2 AL, 1A 61A] o2

100
g 80 3
IS | S
> =}
z =z
g 60- 2
> >
O 1 : O
40 - [ S A o
1 CN+ 5% il CN+5%
O O OALigner O O OALigner
20 \ I I \ w 40 T \ ‘ \ ‘ T
0 5 10 15 20 25 0 5 10 15 20 25
Soil Type A Soil Type B
110 110
3 2
£ [S
=3 =3
z z
2 g
= >
O O
A | i —
i CN+ 5% 7 CN+ 5%
O O OALigner O O OALigner
60 ‘ \ I I w 70 T | \ \ ‘
0 5 10 15 20 25 0 5 10 15 20 25

Soil Type C Soil Type D

Fig. 3. Verification of applying aligner equation
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Table 7. Runoff curve number of hydrologic soil cover complexes (chunwang, janggi, choonyang)

. Optimization Difference
Code Main Category Sub Category A B C D A B C D
110 urban residential 83.6 89.8 93.3 94.6 -6.6 -4.8 -3.3 -2.6
120 urban manufacturing 81.0 88.0 91.0 93.0 0.0 0.0 0.0 0.0
130 urban commercial 89.0 92.0 94.0 95.0 0.0 0.0 0.0 0.0
140 urban recreational 49.0 69.0 79.0 84.0 0.0 0.0 0.0 0.0
150 urban street & roads 73.3 83.4 89.0 91.2 9.7 5.6 3.0 1.8
160 urban public establishment 51.1 69.6 79.9 84.0 9.9 54 3.1 3.0
210 agriculture rice paddy 79.0 79.0 79.0 79.0 0.0 0.0 0.0 0.0
220 agriculture farm 73.0 83.2 88.9 91.1 -10.0 9.2 -6.9 -6.1
230 agriculture vinyl greenhouse 76.0 85.0 89.0 91.0 0.1 0.0 0.0 0.0
240 agriculture orchard 79.9 87.5 91.8 93.4 9.9 -8.5 -7.8 -5.4
250 agriculture other plantations 77.9 86.3 90.9 92.8 9.9 -1.3 -4.9 -3.8
310 forest broad-leaved forest 51.5 69.9 80.1 84.1 -3.5 -0.9 -1.1 0.9
320 forest coniferous forest 55.6 72.4 81.8 85.4 -7.6 -3.4 -2.8 -0.4
330 forest mixed stand forest 54.0 71.4 81.1 84.9 -6.0 2.4 2.1 0.1
410 open space natural pasture 38.5 61.7 74.7 79.8 -8.5 -3.7 -3.7 -1.8
420 open space golf course 49.0 69.0 79.0 84.0 0.0 0.0 0.0 0.0
430 open space other grassland 49.0 69.0 79.0 84.0 0.0 0.0 0.0 0.0
510 open_space inland wetland 100 100 100 100 0.0 0.0 0.0 0.0
520 wetlands coastal Wetlands 100 100 100 100 0.0 0.0 0.0 0.0
610 bare ground mining area 72.7 83.0 88.8 91.0 -4.7 -4.0 -2.8 -2.0
620 bare ground other bare ground 81.9 88.7 92.5 94.1 -4.9 -2.7 -1.5 -0.1
710 water surface inland water surface 100 100 100 100 0.0 0.0 0.0 0.0
720 water surface marine water 100 100 100 100 0.0 0.0 0.0 0.0
3.2 3 4.2 E
QAL A FAA ST EL o185t BT QT NRCSON S AHgstel S92 414

Aol T2t CN gk 4Hgstar E9F5 B, C, DOl thgk CON 442
Enderlin and Markowitz (1962)7} A A 8t &A1& AF-&-5}o]
AHg5EA. ol H gt & Foff A H 47 EF ol Teh
CN 2} Table 79| A A5t 1 A7 AAGTFAHE Q.
2 (MLTM, 2012a)°] A|A & 7| =R Al 7Fehd 22 92
6.6~9.99] ZI7E HYoH 5UAHFL99~10 AL =
7 RYh A1 A 92 3.5~7.69] S7HE Hylon, y
2] Z2]eF YA 2|92 4.7~8.59] S7HE H I

AP HE EQFERE CN gl 215 HESH ] floto] &
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AN AR TR CN g 22 gho 2 vEhton,
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™ oI T
T}+= Table 8of] A A5}t

Table 8. Comparing initial value with verification results

Chunwang | Choonyang Janggi
Initial CN 76 60 72
Objective CN 80 65 79
Redetermined CN 80 64 76
Difference 0 -1 -3

+ TS W] flote] FEfSRlA AR A
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