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The Influence of the Runoff Characteristics to Depend
on the Land Use in the Small Watersheds

Ye-Hwan Choi* - Joong-Dae Choi - Ki-Sung Kim and Kyoung-Jae Lim
Division of Agricultural Engineering, Kangwon National University, Chuncheon 200-701, Korea

ABSTRACT

In the forthcoming 21C, the development of cultural lives depends on that the water
demand will increase or not. On the opposite site of that circumstance, many factors of
the small watersheds will influence directly on how to cover the surface of watersheds
with land use, no planning developing watersheds, and the rearrangement of small
rivers. Especially as the extraordinary climatic phenomena, exhaust of CO; and
destruction of O; layer, water resource and water foresting content of the small
watersheds will be decreased by confusing on the making a plan of water resources.

For example, those are Typhoon Rusa in 2002, Typhoon Maemi in 2003 and heavy
storms in 2004. This study area has three group and one of them having three small
watersheds, total five small watersheds. That is, Sabukmyeon small watersheds in
Chuncheon, Three small watersheds in Wonju(Jeoncheon, Jupocheon and Hasunam-
cheon), and Suipcheon in Yanggu-Gun which are located far away each other three
group and different precipitation data. According to the land use such as dry field(or
farm), rice field, forest land, building site and others in small watersheds, the amount
of runoff will be impacted by monthly precipitation. The comparison between the runoff
was getting from Kajiyama Formula and calculated runoff from multi-linear regressed
equations by land use percentage was performed with different precipitation data and
different small watersheds. Its correlations which are estimated by coefficient of
correlation will be accepted or not, as approached 1.0000 values. As the monthly water
resources amount is estimated by multi-linear regressed equations with different
precipitation data and different small watersheds having no gauging station, we make
a plan in order to demand and supply the water quantity from smail river watersheds
during return periods.

Key words : Small river watersheds, Extraordinary climatic phenomena, Water resources,
Land use, No gauging station, Multi-linear regressed equation, Coefficient of
correlation
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Table 1. The watershed characteristics of sabuk-myeon, chuncheon
watershed river mean width shape mean
river name area length of watershed factor slope
A (k') L (km) A/L (km) A/L 1/S
Shinpo Cheon 9.53 6.22 153 0.25 1/5~1/46
Kwangsangol Cheon 228 311 0.73 0.24 1/3~1/4
Salgugol Cheon 1.03 228 043 0.18 1/2~1/12
Sangchon Cheon 0.20 113 018 0.16 1/6~1/20
Kungsanmal Cheon 0.93 2.00 047 0.23 1/5~1/16
Keunkwolkigol Cheon 153 351 044 0.12 1/21~1/30
Kail Cheon 5.87 3.62 1.62 0.45 1/5~1/41
Ihnlam Cheon 147 248 0.59 0.24 1/6~1/32
Songam Cheon 9.23 5.39 171 0.32 1/7~1/91
Sapsuri Cheon 261 2.64 0.9 0.37 1/13~1/58
Jaegolbuk Cheon 0.77 181 043 024 1/13~1/58
Beodeulgol Cheon 0.35 117 0.30 0.26 1/5~1/13
Baenamugol Cheon 0.76 1.20 0.63 0.53 1/5~1/13
Kogaeul Cheon 0.61 1.64 037 0.21 1/4~1/18
Seungbanggol Cheon 2.39 254 0.94 0.38 1/4~1/46
Eungdangaml Cheon 1.94 239 0381 0.34 1/4~1/22
Yangton Cheon 416 262 1.59 0.61 1/7~1/28
Jeokdun Cheon 3.13 418 0.75 0.18 1/7~1/31
Yangjimal Cheon 464 420 1.10 0.26 1/7~1/27
Sayeogol Cheon 6.80 412 1.65 0.40 1/6~1/20
Dojanggol Cheon 134 243 0.55 0.23 1/4~1/31
Jogegol Cheon 6.45 5.29 1.22 0.23 1/3~1/21
Baeul Cehon 231 3.82 0.60 0.16 1/3~1/26
Wooregol Cheon 8.04 5.00 1.61 0.32 1/3~1/38
Myeoguji Cheon 2.28 3.00 0.76 0.25 1/3~1/9
mean slope 1/2~1/58
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Table 2. Watershed characteristic of Choncheon (Wonju)

watershed river mean width mean
. shape factor
river name area length of watershed A/L2 slope
A (kmd) L (km) A/L (km) 1/5
Estuary,
Chon Cheon 169.98 26.37 6.45 0.244 1/257
After junction
of Saen C 164.36 23.20 7.08 0.305 1/294
Before junction | 4,493 23.20 630 0271
of Saengwun C.
Before junction
of Ockdong C. 133.85 19.07 7.02 0.368 1/233
After junction
of Has C 129.35 16.68 7.75 0.465 1/203
Before junction
of Has C 91.11 16.68 546 0.327
After junction 83.35 13.98 59 0.426 1/165
of Daemiwon C.
Before junction 207 1398 301 0215
of Daemiwon C.
pt. of
Sanion bridge 36.62 10.76 340 0.316 1/140
After junction
of Yangji C. 27.34 7.90 346 0.438 1/58
Before junction 13.93 790 176 0223
of Yangiji C.
Hagung 460 385 119 0310
reservoir

Fig. 2. Watershed map of ChonCheon.

Fig. 3.

Watershed map of JupoCheon.
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Table 3. Watershed characteristic of Jupocheon

watershed river mean width shape mean
river name area length of watershed factor slope
A (km’) L (km) A/L (km) A/ /S
Estuary, 8.15 1450 5.73 040
Jupo Cheon
Before junction 7718 1437 537 037 17221
of Suryeop C.
Before junction 61.88 1387 146 032
of Jongrim C.
Before junction 54.63 11.50 475 041
of Sinsan C.
Before junction 3521 11.07 318 0.29 1/110
of Sinrim C.
Before junction
of Eondang C. 30.21 9.06 333 0.37 1/107
Before junction
of Sarichi C. 26.23 8.96 292 0.33
Before junction 229 767 291 039 1/63
of Sureong C.
Before junction
of Dangsup C. 13.40 5.90 227 0.38 1/59
pt. of 12.16 4.70 5.69 0.55 1/39
Upper river
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Table 4. Watershed characteristic of Hasunamcheon

watershed river mean width shape mean
river name area length of watershed factor slope
A (k) L (km) A/L (km) A/L? 1/S
Estuary of 38.24 1347 283 0.210
Hasunam C.
pt. of
Hasu bridge 32.04 10.11 316 0313 1/82
Halgok 30.45 8.60 354 0411 1/65
reservoir
After junction
of Maehwagol C. 27.97 6.71 416 0.621
Before junction
of Maehwagol C. 21.02 6.71 313 0.466 1/80
Entrance of 17.61 513 343 0.669 1/62
Musoijeomgol
Down stream
of Kuryongchokyo 10.67 318 335 1.055 1/35
Before junction
1 of Mumyong C. 5.68 1.46 3.89 2.664 1/20
Before junction
2 of Mumyong C. 3.47 0.53 6.54 12353
Before junction
3 of Mumyong C. 245 0.53 4.62 8.721
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Fig. 4. Watershed map of Hasunamcheon.

Fig. 5. Watershed map of Suipcheon.
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Table 5. Watershed characteristic of Suipcheon

=23 #1637 (2005)

watershed river mean width shape mean
river name area length of watershed factor slope
A (kmd) L (km) A/L (km) A/L? 1/S
Estuary, 32049 50.29 637 013 378
Suip Cheon
Junction of
Keumakei branch C. 29125 40.40 7.21 0.18 374
Junction of
Songhyeonri branch C. | 26997 33.08 7.98 0.24 37.7
Bangsan 240.20 29.40 817 0.28 385
bridge
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Table 6. The depth of runoff by Kajiyama Eq. for group 1 small watershed
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(unit: mm, B]8)

River Month
hame frem Jan | Feb [ Mar { Apr { May | Jun Jul | Aug | Sep | Oct | Nov | Dec
Sabuk precipit.| 260 | 209 | 350 | 649 855 | 1236 | 3275 | 2887 | 129.7 | 435 472 195
myeon runoff | 11.92 | 1133 | 1647 | 3431 | 3536 | 4557 {22928 (19455 | 80.02 | 236 | 1957 | 1237
Cheon Vi(Q/P) 104585 |0.5421 [0.4706 | 0.5286 | 0.4136 | 03687 |0.7001 | 0.6739 | 0.6170 0.5425 | 04146 | 0.6354
precipit.| 224 | 250 | 489 | 777 857 | 1473 | 3273 } 2943 | 1435 | 534 424 280
Chun runoff | 104 | 108 | 180 | 37.8 295 | 6820 | 209 (1912 | 781 230 16.1 128
Cheon vi(Q/P) [0.4643 |0.4320 |0.3681 | 04865 | 0.3442 | 0.4630 | 0.6749 | 0.6497 | 0.5443 | 0.4307 0.3797 | 04571
precipit.| 242 | 282 | 546 | 917 993 | 1480 | 3188 [ 2926 | 1540 | 708 491 315
Jupo runoff | 1203 | 131 | 202 | 452 36.7 623 | 2132 | 189.7 | 848 283 18.1 135
Cheon vi(Q/P) [0.4971 |0.4645 |0.3700 | 04929 | 0.3696 | 0.4209 | 0.6688 |0.6483 | 0.5506 | 0.3997 | 0.3686 0.4286
precipit.| 21.7 | 231 | 478 | 743 852 | 1443 | 3155 | 2896 | 1439 | 479 40.0 284
Hasunam runoff | 103 | 105 | 177 | 362 29.3 687 | 2102 | 1870 | 784 26 15.5 129
Cheon vi(Q/P) |0.4746 |0.4545 [0.3703 | 04872 | 0.3439 | 0.4709 | 0.6662 | 0.6457 | 0.5448 | 0.4718 0.3875 | 0.4542
precipit.| 187 | 246 | 341 | 446 903 | 1326 | 2836 | 1978 | 1203 | 333 435 245
Suip runoff | 106 |[1248 | 1654 | 2527 | 4025 | 48.05 | 189.1 [12356 | 7676 | 21.22 | 19.66 | 13.10
(heon yi(Q/P) {0.5668 {0.5073 |0.4850 | 0.5666 | 0.4457 | 0.3624 | 0.6668 | 0.6247 0.6381 | 0.6372 | 04524 | 0.5347
Table 7. Discharge analyses of research tershed (umit - w/s)
river drought disch. low disch. normal disch. rich disch. flood
name (355day) (275day) (185day) (95day) disch.
Sinpo C. Sabuk 0.84 1.68 3.86 9.97
Chon C. 043 0.86 1.39 2.78
Jupo C. 017 0.33 071 249
Hasunam C. 0.10 0.19 031 0.63
Suip C. 0.74 1.54 3.40 8.78
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Fig. 6. Discharge curve of 5 small watershed.
Table 8. The situation of land use for four groups
(@9): ka, %)
River Watershed Dry Rice House
o Item area filed filed Forest site Others
Sabukmyeon area 80.66 4.86 321 61.30 0.80 10.49
Cheon ratio 6.00 4.00 76.00 1.00 13.00
Chun area 169.98 15.82 15.64 119.61 1.99 16.92
Cheon ratio 9.30 9.20 70.37 117 9.96
Jupo area 83.15 2.88 6.53 70.36 2.58 0.80
Cheon ratio 346 7.85 84.62 3.10 0.97
Hasunam area 38.24 281 2.76 2821 033 413
Cheon ratio 7.35 722 73.77 0.86 10.80
Suip area 320.49 8.16 5.61 237.61 0.53 68.58
Cheon ratio 2.55 1.75 74.14 0.16 21.40
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Table 9. The monthly coefficient of 5 small watershed (G, G, G, G G)
(Multinominal expression y = CiXi+CXpHCaXaHCaXe+CsXs)

G C G G GCs
Jan 197410 253313 0.389863 0.769188 1.32026
Feb 2.37736 -2.95538 0.582784 3.81804 0.281362
Mar 210300 -2.56853 0.255271 8.7254 1.27619
Apr 0.623068 -0.23411 0385762 4.88575 1.21957
May 0.960701 1.22252 0.216087 7.65259 1.26236
Jun -1.08222 3.20276 0.644519 -10.7329 0592175
Jul 1.97610 -0.755714 0.621683 4.07518 0.757937
Aug 2.03203 -0.871369 0.667803 2.52469 0.415809
Sep 1.57235 -1.373040 0.436839 7.13970 1.33990
Oct 0.477015 -1.208640 0534115 0477394 116556
Nov 0.385246 -0.101983 0.351615 1.85642 0.844409
Dec 5.99485 -6.726760 0.403481 12.8921 0.840101
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Table 10. The relative coefficient of monthly
observed and calculated Runoff

Jan Feb | Mar | Apr | May | Jun
1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
Jul Aug | Sep Oct | Nov | Dec
1.0000 | 1.0000 { 1.0000 | 1.0000 | 1.0000 | 1.0000
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Table 11. The ratio of land area and runoff of land use

river D Rice House Total
name Item fie?c]i field Forest site Others runoff
Area ratio (%) 6.00 4.00 76.0 1.0 13.0 100
Jan run. ratio -25.83 22.10 64.62 1.68 37.43 100
Feb run. ratio 26.31 -21.80 81.70 7.04 6.75 100
Mar run. ratio 26.81 -21.83 41.23 18.54 35.25 100
Sabuk | Apr run. ratio 7.07 -1.77 55.46 © 925 29.99 100
May run. ratio | 13.94 -11.82 39.71 18.50 39.67 100
small Jun run. ratio -17.61 34.75 132.85 -29.11 -20.88 100
Jul run. ratio 16.94 -4.32 67.49 5.82 14.07 100
river Aug run. ratio 18.09 -5.17 75.31 3.75 8.02 100
Sep run. ratio 15.29 -8.90 53.81 11.57 28.23 100
Oct run. ratio 5.28 -8.91 74.83 0.01 27.93 99.14
Nov run. ratio 5.57 -0.01 64.45 4.47 26.47 100.95
Dec run. ratio 56.61 -42.35 48.26 20.29 17.19 100
Area ratio (%) 9.3 9.2 70.37 1.17 9.96 100
Jan run. ratio -39.54 50.19 59.09 1.94 28.32 100
Feb run. ratio 51.18 -62.94 94.93 10.34 6.49 100
Mar run. ratio 53.13 -64.19 48.80 27.73 34.53 100
Apr run. ratio 11.91 -4.43 55.80 11.75 2497 100
Chon | May run. ratio | 25.96 -32.68 4418 26.01 36.53 100
Jun run. ratio -21.74 63.64 97.96 -27.12 -12.74 100
Cheon | Jul run. ratio 27.23 -10.30 64.82 7.06 11.19 100
Aug run. ratio | 29.09 -12.34 72.33 4.55 6.37 100
Sep run. ratio 26.87 -23.21 56.48 15.35 24.51 100
Oct run. ratio 10.30 -25.82 87.27 1.30 26.95 100
Nov run. ratio 9.44 -2.47 65.16 5.72 2215 100
Dec run. ratio | 1.2342 -137.01 62.85 33.39 18.52 101.17

(Continued)
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Table 11. The ratio of land area and runoff of land use (Continued)

river Rice House Total
name ftem f]i?eli{i field Forest site Others runoff
Area ratio (%) 3.46 7.85 84.62 31 097 100
Jan run. ratio -13.74 40.00 66.36 4.80 258 100
Feb run. ratio 17.71 -49.95 106.17 2548 0.59 100
Mar run. ratio 19.66 -54.49 58.38 73.10 3.35 100
Apr run. ratio 437 -3.73 66.23 30.73 240 100
Jupo May run. ratio 8.99 -25.96 4947 64.19 331 100
Jun run. ratio -8.90 59.73 129.58 -79.05 -1.36 100
Cheon | Jul run. ratio 10.22 887 78.66 18.89 1.10 100
Aug run. ratio 10.84 -10.55 87.16 12.07 0.62 100.14
Sep run. ratio 9.88 -19.58 67.14 40.20 236 100
Oct run. ratio 413 -23.74 113.08 3.70 283 100
Nov run. ratio 3.62 217 80.72 15.61 222 100
Dec run. ratio 4839 -123.20 79.66 93.25 1.90 100
Area ratio (%) 7.35 722 73.77 0.86 10.8 100
Jan run. ratio -30.57 38.54 60.60 1.39 30.04 100
Feb run. ratio 3845 -46.95 94.59 722 6.69 100
Mar run. ratio 4174 -50.08 50.85 20.26 2 99.99
Hasu- | Apr run. ratio 940 -3.46 5841 8.62 27.03 100
May run. ratio 20.53 -25.66 46.35 19.14 39.64 100
nam Jun run. ratio -16.89 4911 100.96 -19.60 -13.58 100
Jul run. ratio 21.80 819 68.84 5.26 12.29 100
Cheon | Aug run. ratio | 23.13 974 76.30 336 6.95 100
Sep run. ratio 21.21 -18.19 59.15 11.27 26.56 100
Oct run. ratio 743 -1849 83.51 0.87 26.68 100
Nov run. ratio 7.31 -1.90 66.94 412 2353 100
Dec run. ratio 97.01 -106.92 65.53 2441 19.96 99.99
Area ratio (%) 255 175 7414 0.16 21.40 100
Jan run. ratio -8.88 7.82 50.99 022 49.85 100
Feb run. ratio 11.95 -10.19 85.17 1.20 11.87 100
Mar run. ratio 11.06 927 39.02 288 56.31 100
Apr run. ratio 2.80 0.72 50.48 138 46.06 100
Suip May run. ratio 5.50 4.80 354 275 60.61 100
Jun run. ratio -7.61 15.47 131.85 4.74 -34.97 100
Cheon | 1 run. ratio 7.56 -1.98 69.12 098 24.32 100
Aug run. ratio 829 244 79.26 0.65 14.24 100
Sep run. ratio 6.28 -3.77 50.76 1.79 4N 100
Oct run. ratio 1.9 -3.32 62.15 0.12 3914 100
Nov run. ratio 217 -0.39 57.62 0.66 394 100
Dec run. ratio 28.59 -2.02 55.95 3.86 33.62 100
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