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Abstract

In this paper, runoff curve numbers (CN’s) for a small forested mountainous catchment are
estimated using rainfall-runoff data measured at Sulma experimental catchment every 10 minutes and
a new guideline for applying the antecedent rainfall conditions (ARC’s) for small mountainous
watersheds in Korea is proposed. Sulma experimental catchment is a typical natural mountainous
basin with 97% of forested land cover and CN's are estimated to be in the range between 51 and 89
with median value of 72. The test hypothesis stating as 1-day ARC is better than 5-day ARC in
determining CN’s for a small mountainous watershed is shown to be acceptable. Also, linear
regression equations for the estimation of CN's for small mountainous catchments are proposed. As
there is no significant investigations available on CN's for small mountainous catchments, the newly
proposed relationships between CN's and ARC may be used as a preliminary guideline to assign CN’s
for the estimation of floods from rainfall data on mountainous regions.

keywords @ SCS curve number, Antecedent rainfall condition, Regression analysis, Infiltration, Excess
rainfall, Forest, Small catchment
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S gAY vl v Zlow WAHD JrhAAd  £A%] AHste wFL 46% A=A $edE A4
4 5, 2000). AX A9 FEY A M SAFF 91E&2) 42%
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71 A FE e} e IEALDe BEALE QIS wiE 5 237% HT 51 UMmMEA FEEEEL 54% AL
0% THo BHE AHES Ak EAHQ #=H i o] ZolM AHFEILE 27.35mmE 53%E A
BA40] o]fojx|7] Alzkd AL 1998 o FolW, 2000 AT, NAKES UBmmE FHER 4%6EA
d 129 €A $EwE4 54, AR 204, 1 Eue e 350 52 60%t Al FE 40%9
FEEa Ui 95z 9oy, I Adee v-g¥ fEA vlas] B o & ol gljlew, A
102olth(AHA Y 5, 2000) vl AlEHAe VAREY Hgo] thih =& ZloE
R omElA ol 8% FRAEE Avkd AR & UEth ol 5706l 5971 A5HeR st
doll AN fd FTAel AAE IFT ARulaLe]l A 97 FE wopd AH F, AAKEYo]
FEHEION 108 NH0R A fPARel,  AFE FrhE elelA E ke FeAel BE]
A EE Ul AAE 5 FHESLA 108 ol Z1A & vgo] AulAos A EMEe=
Table 1. Estimation of CN’s for Sulma experimental catchment
A
s oy [[AVETE W Jycoulanes|sesn) Aaes | 2945 | o | pe | o =
8 dA | p | op [AMC] (ems) | (mm) | (mm) | 2 (mm) | 2 (mm) -
98.85 12:00 me =
86 1150 06 | 1714 | 3 39.996 189.1 128.94 62.27 66.67 57.1 0.99 50
955 ég gfég 162.1 | 4719 | 3 23.867 34.2 30.99 26.00 4.99 79.2 0.51 a2 3¢
99.7.22 00:00 o o
799 12:40 0.1 2.8 1 23591 140.3 33.85 856 25.29 51.2 0.58 2 59
99.7.24 00:00 S =
794 06:00 26 | 1494 | 3 23.395 72.8 27.96 11.06 16.90 70.6 0.69 5o
99.7.31 15:00 mS =
a1 o100 | 481 | 701 3 21.367 79.1 34.22 7.00 27.22 75.6 0.97 50
99.8.1 00:00 TENE!
—81 06:00 2806 | 3177 | 3 | 116521 106.7 109.2 34.01 75.19 885 322 5o
00.85 11:00 }
== ]_ [e)
85 1500 | B9 9.4 1 7.711 76.3 6.82 4.05 2.77 51.0 031 |20 5%
00.8.25 04:00 ] . o =
895 12:10 52 | 552 3 9.228 84.6 20.57 2.85 17.72 65.7 0.64 50
00.8.27 20:00 ) oo =
898 06:00 64.1 | 1663 | 3 50.725 1446 93.21 59.44 33.77 725 0.69 50
00.9.16 08:00 P
016 1400 | 1361 | 1475 3 14.202 273 33.64 30.65 2.99 80.6 014 |&e &9
b 7054 |156.17 | 2.60 | 33.06 95.50 51.94 24.59 27.35 69.20 0.87 -

(3 AMCE SCS9 7I1& A4 P 1Y A2 (mm), Ps : 59 A3 7$2(mm))
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dAFgke] AP E ek Table 29 19 2 5
T AdE CNgloll tjd A4 545

Table 2914 & 4= 9l vle} Zo] My7-ze ¢
H71HE A3 positive skewness)S VER = v
CN2 &= H7){negative skewness)E ez ¢

u], 1999 74 IS onEth 9o AMC-Id 3|Bste Ui
2]
2]

3l CNeZ & & & YA (median)= 71558
elydt}. Table 2004 SE Meane H#x]8] T 2}o)

< E5 AMC-I 319 #ldshs Aoz A5t o, LCL®} UCL= Zzb Hatgkell thdk 90% A= +
1993 7¥ 29 599 A 79 102 5§ o|F = 7] gsta] 2 SEkx g ojugi)

104 o] ike] 7131 %?J‘l Smm HE ek 2 42 MMZSI|ZiE SEmMxAe] 2

s, 2000d 8¢ 59 99 ASE A 7€ 2

T4 o]FF 13d o]de] 71zF Fk) 231mm HFEe o] 32"l 7o FEFMAR 2] BA

T Ui whe foe] ARFo] gEgon 3 gk M-S AT o1& AES] Yste] 417

o AAEFHFo| 83 T/HE WEez B o AT 10 8 A CNY 7053 Ha7t

238)9] S9APgoll tiEt CNgte 2zt 51.2¢) 51.00.24 ST, HAWFRAE, 3TN 5D7R Y M r-9-2F

38 Ao Akd CN g FolM /b v g v 5 1270 @&o sl Table 33 2o] A& skdrt

b ch Table 3904 HAWASA=E SHG YA 10827

BARE B7F Buba Guk AUA gebd d DAREZ ¥4 FEAR,

Table 2. Summary

statistics of antecedent rainfall conditions and CN's

T % 19 Ha7-s 59 A= CN
Minimum 0.10 2.8 51.00
1st Quartile 3.25 58.93 59.25
Mean 70.54 156.17 69.20
Median 27.00 148.45 71.55
3rd Quartile 118.1 170.13 78.3
Maximum 280.6 471.90 88.46
Variance 8,918.72 20,988.86 163.18
Std Dev. 94.44 144.88 12.77
SE Mean 29.86 45.81 4.04
LCL(90%) 15.80 72.19 61.79
UCL(90%) 125.28 240.15 76.60
Skewness 1.443257 1.244919 -0.248566
Kurtosis 1.536846 1.503944 -1.040069
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Table 3. CN, storm and antecedent rainfall conditions

ZEA A8 73 Fmm)
& 9 ALAF . BAdgs | AATS
CN | 2292
A A A (mm) AR AR 3AIZE | BAIZE | 12A17F ] 1¢ 291 3¢ 44 54
mm (mm/hr) | (mm/hr)
9§'88'§ 111228 57.1 189.1 790 67.00 000 | 000 | 000 | 060 | 7630 | 87.90 | 90.90 | 171.40
9~8é8'88 gfgg 792 34.2 6.84 36.00 | 33.20 | 47.60 | 146.70 | 162.10 | 206.30 | 395.60 | 396.20 | 471.90
99.7.22 00:00
re 1240 | P12 1403 11.20 73.00 000 | 000 | 000 | 010 | 010 | 250 | 260 | 280
9.7.24 00:00 | 4 o 728 970 10560 | 000 | 000 | 000 | 260 | 14690 | 147.00 | 147.00 | 149.40
~7.24 06:00
9877;11 211588 756 79.1 9.00 11040 | 210 | 1870 | 32.10 | 48.10 | 48.10 | 54.60 | 69.80 | 70.10
99.8.1 00:00 _
el opoo | 885 106.7 35.60 6420 | 170.30 | 195.20 | 249.70 | 280.60 | 295.70 | 296.30 | 317.40 | 317.70
OE‘S'S 11;88 51.0 76.3 11.00 66.60 180 | 1.80 | 250 | 590 | 940 | 940 | 940 | 940
00.8.25 04:00 .
aon 1210 | 657 84.6 5.70 30.00 300 | 500 | 500 | 520 | 660 | 660 | 940 | 55.20
08'88'2%; ggfgg 725 144.6 14.90 7080 | 14.90 | 17.40 | 21.90 | 64.10 | 75.10 | 164.70 | 166.30 | 166.30
0399112 fffgg 0.6 273 5.60 1800 | 19.10 | 41.10 | 70.40 | 136.10 | 142.40 | 14750 | 147.50 | 147.50
3 7 69.20 95.50 11.74 6466 | 24.44 | 3268 | 52.83 | 7054 | 100.69 | 131.21 | 135.65 | 156.17
Table 4. Correlations for CN, storm and antecedent rainfall conditions
454 2 87 2 (mm)
Iﬂﬁ Z
CN |&7$%F| ftﬂ
() FEFE|ASHE| A | 6A7F | 1247 | 12 29 39 49 54
mm
(mm/hr) | (mm/hr)
CN 1.0000] -0.1150 | 05803 | -0.0458 | 0.7073 | 0.7460 | 0.7969 | 0.8307 | 0.7954 | 0.7387 | 0.7661 | 0.6657
Z 7)1 2k .
° (°T)° 1.0000 | -0.0907 | 06071 |-0.2163|-0.1669 | -0.2682 | -0.2428 | -0.3923 | -0.4880 | ~0:4564 | —0.4808
mim
3. o
S| AeRE 1.0000 | 0.0484 | 09351 | 0.9180 | 0.7651 | 0.7907 | 0.6834 | 0.4020 | 0.4384 | 0.2965
E | (mm/hr)
€ A
AeE 10000 | -0.1863 | -0.1685 | -0.2935 | -0.2655 | -0.1066 | ~0.2088 | -0.2832 | -0.4113
(mm/hr)
R EERET 1.0000 | 0.9958 | 0.9266 | 0.9256 | 0.8139 | 05902 | 0.6250 | 0.5295
| 6417 1.0000 | 0.9452 | 0.9444 | 0.8237 | 0.6078 | 0.6445 | 0.5482
1212 1.0000 | 0.9908 | 0.8839 | 0.7938 | 0.8211 | 0.7562
O
. 19 1.0000 | 0.8751 | 0.8023 | 0.8299 | 0.7506
Z 29 1.0000 | 0.8849 | 0.9000 | 0.83%0
o 39l 1.0000 | 0.9984 | 0.9772
(m[ 49 1.0000 | 0.9732
m{ 59 1.0000
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Fig. 4. Exponential curve fitting of antecedent rainfall conditions and observed CNs
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CN = 53.83 + 5.36 ~ log (1-day rainfall, mm}
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Fig. 5. Linear regressions between natural logs of antecedent rainfalls and observed CN's

Table 5. Summary statistics of linear regression analysis between natural logs of antecedent rainfalls

and observed CN's

ARC Item Value Std. Error t value Pr>lt) Statistics
Intercept 53.8317 3.6577 147174 0.0000 )
_ R =077
1-day Log of 1-day .
rainfall rainfall 5.3625 1.0508 5.1031 0.0009 F = 2379
=5 AAAE 4 (12) p = 0.0009
Intercept 41.5099 8.0080 5.1836 0.0008 ,
5-day Log of 5-day R~ =063
cainfall ainfall 6.3344 1.7313 3.6588 0.0064 F = 1339
s39 I3 4 (3) p = 0.0064
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