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The Analyses on the Runoff Charateristics and the Land Use in Small

Watersheds
Choi, Ye-Hwan - Choi, Joong-Dae - Kim, Ki-Sung and Lim. Kyoung-Jae

ABSTRACT

In the forthcoming 21C, the barometer of cultural lives depends on
that the water demand will increase or not. On the opposite site of that,
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. water resources and water reserve of the small watersheds
will be confused on exactly not to make a plan of water resources. This
study area has four small watersheds groups in Gangwon-Do Province, that
1s, group I five small river watersheds including Changchoncheon etc., group
O fiver rivers watersheds including to Hwalsanmogicheon etc., group I five
small river watersheds including Sinkicheon etc., group IV including to
Saburanggolcheon etc. According to the land use such as dry field(or farm),
rice field. forest land, building lot and others, in small watersheds, the
amount of runoff will be impacted by precipitation. The comparison between
the runoff was getting from Kajivama Formula and calculated runoff
from multi-linear regressed equations by land use percentage was
performed. Its correlation which was estimated by coefficient of correlation
will be accepted or not, as approached 1.00000 values. As the monthly
water resources amount is estimated by multi-linear regressed equations,
we make a plan to demand and supply the water quantity from small
river watersheds during any return periods.

key words : small river watersheds, extraordinary climatic phenomena, water
resources, land use, multi-linear regressed equation, coefficient
of correlation
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Table 1. The Characteristics for Small Watersheds of Group I
watershed river mean width shape mean
river name area_ length of watershed factor slope
A(km) L(km) A/L(km) AL’ /s
Changchon Cheon 3.20 3.62 0.88 0.24 1/90
Namandong Cheon 2.09 3.18 0.81 0.26 1/54
Keumsand-ong Cheon 4.29 3.83 1.12 0.29 1/32
Pvongchon Cheon 5.19 6.08 0.85 0.14 1/43
Beolmak Cheon 561 3.19 1.76 0.55 1/20
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Fig. 1. The Hypsometric Curves(Area-Elevation) of Small Watershed for Group 1.
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Fig. 2. The Hypsometric Curves(Area-Elevation) of Small Watershed for Group 1I.
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Table 2. The Characteristics for Small Watersheds of Group 0
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Fig. 3. The Hypsometric Curves(Area-Elevation) of Small Watershed for Group IIL
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Table 4. The Characteristics for Small Watershed of Group IV

watershed river mean width shape mean

river name area length of watershed factoqr slope
A(km’) L(km) A/L(km) A/L° 1/s

Saburang-gol Cheon 54 5.78 0.94 0.16 1/50
Chahang Cheon 29.97 11.58 259 0.22 1/113
Seonyeok-gol Cheon 7.48 5.70 1.31 0.23 1/40
Galgol Cheon 4.61 4.79 0.96 0.20 1/59
Chundumok Cheon 3.08 4.16 0.74 0.18 1/63
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Fig. 4. The Hypsometric Curves(Area-Elevation) of Small Watershed for Group IV.

3. rEEY &4 Q= VR>+ (1386f+10.2)° — 138.6f
T B (1)

. . o] 7] 4] fr& 3l (mm)
Kajiyama 321 apoll A 7} ol (}?{ oolo] 9w 7}oek( )
-7 = S TTE T ' e e T e limnm
o] &3t U FEY FAHITHLE F4 {: eole] Arsbe] o]sle] Walsl
& A5A Y vhEd ge] A5g A A0 6ol d) oo
= A0.6~1.4), & 4
2 o G ® K 3Alo] ) = e
= o AT = s Rajlyama s E: 7zt ¢¥uic} Reoll os}e] W
o]l fFdEel FEFAIA N AT AL s}t e
2 el 7 afeEe A A8 o
sho] AEatelct AW frEa FAE A(1)e Apeste] dpaE 34 9



28 Sufrefe] Aol 83

Table 5. The Depth of Runoff by Kajiyama

% Kajivama Aol =83t 3he dgl
th. 23 He A7 99 799 4
N FE4el APfe st

2 43 Tablebe} gk},

Eq. for Group I Small Watershed
(unit: mm)

Month

River name Item

M T |IA]S|OIN|D

. . precipit. [36.7|135.9|57.2|85.0
Changch-on C.

101.2]163.4]309.6] 313.9[186.0|78.3|56.3|30.2

runoff [18.3/16.824.5|43.1

42.3| 72.5/218.0|218.0|125.7]44.2|26.0|15.2

Precipit.|34.8|34.6|55.8|84.0

100.2]161.6)311.5/309.4/180.4|74.8/54.7{29.5

Namand-ong C.
amanc-ong runoff |17.416.3]23.8/42.4

41.6| 71.4]220.4)214.1|121.5|42.1124.9|14.9

Precipit. |34.5[34.4|55.7|184.0

100.0|161.4]311.6|308.2(179.3|74.3|54.4|29.5

Keumsa—ndong C. T
runoff [17.3|16.3|23.7]42.2

41.4| 71.3|220.8|213.1|120.7}41.724.8|14.8

Precipit.|37.5/36.5|57.8|85.4

101.6[164.1|308.7|315.7|188.2|79.8157.1|130.5
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Pyongeh-on runoff 118.7117.0(24.8(43.3] 4251 73.01217.0[2195[127.345.1]26.4]15.3
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Fig. 5. The Observatory Stations of Researched Watershed.



BREMER A

3 o, I v
o F&arAl 24 Fig. 6(a), (b),
(¢). ()&} zFo] §Zofto] nl&gk 314

e ar 9

1 00.0000

10,0000

Qs 00

DISCHARGE (CM$)

0001 0

OGO
[ Eien]
DURATION DAY)
The Time-Discharge Curves
for Group I Rivers (a).

Fig. 6.

£ 00000

1 00000

(RS

1 000

DISCHARGE ICMS)

fetes Rod

OO

[ ] 200 Kies) L5
DURATION (DAY}

Fig. 6. The Time-Discharge Curves
for Group I Rivers (c¢).

oh, 2 R fEFAC et A%
gl ofsle] 5 A4S wEled ®7
o] &<lztal Ci, Ca. Csz, C4 CrE I
thg 12 AR A = EE

FWICE EISE (2004) 29

Aeste] Aeshgic

DISCHARCE {LM3)

Fig.

'

DISCHARGE (CMS)

Fig.

ODV0G0

10.0000

Qo080

B.0008

R
DURATION (DAY

6. The Time-Discharge Curves
for Group I Rivers (b).

DDODDE

1 0.0000

000G

D1 0D

QLR 0

QRS ©

0,000

200
DURATION (DAY}

6. The Time-Discharge Curves
for Group IV Rivers (d).



30 sfede] aol4st % 549 24
33 2zt afde EX|RE 4% ool oA =
= = - o3 Lo
A5 AW Exo]gArie TTE
zke) el WA WRgz mAste  (Doh B
& Az Adesidd. F A+

Table 6. The Situation of Land Use

for Four Groups
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\

(unit: %, k)

(a) Group I

River Basin area | Dry field | Rice field Forest | House site Others

name ratio | area | ratio | area | ratio | area | ratio | area | ratio | area | ratio | area
Chan. C. 100.0 | 3.20 |12.24] 0.39(1995| 1643947 | 1.26| 469 | 0.15|23.65] 0.76
Nam. C. 100.0 | 259 12248 058| 84710224332 1.12] 2.05 | 0.05]|23.68| 0.61
Keum. C. | 100.0| 429 | 796| 0.34| 0.00| 0.00|47.381 2.03| 0.00 | 0.00|44.66| 1.92
Pyon. C. 100.0 | 5.19 [22.03| 1.14| 6.78| 0.35153.08| 2.76| 1.26 | 0.07|16.85| 0.87
Beol. C. 100.0| 561 | 561 0.23f{ 0.00| 0.00{91.57| 5.14| 0.00 | 0.00| 2.82| 0.24
(b) Group O

River Basin area | Dry field | Rice field Forest | House site Others

name ratio | area | ratio | area | ratio | area | ratio | area | ratio | area | ratio | area
Hwal. C. 1000 460 | 5.86| 0.27 | 0.00 | 0.00 |94.14} 4.33 | 0.00 | 0.00 | 0.00 | 0.00
Nae. C. 100.0 ] 5.21 {10.31| 0.54 | 0.08 89611467 000|000 | 0.00 ! 0.00
Neung. C. | 100.0 ] 7.69 | 10.67| 0.82 | 3.03 | 0.23 |86.281 6.63 | 0.00 | 0.00 | 0.02 { 0.00
Neom C. | 1000 | 229 | 888| 0.20 | 1.99 | 0.0589.13| 204 | 0.00 | 0.00 | 0.00 | 0.00
Gyry. C. 100.0| 3.01 [17.72] 053 | 0.33 | 0.01 {80.96|2.44 | 0.96 | 0.03 | 0.03 | 0.00
(c) Group II

River Basin area | Dry field | Rice field Forest | House site Others

name ratio | area | ratio | area | ratio | area | ratio | area | ratio | area | ratio | area
Sinki C. 100.0 | 17.79] 2.82 | 0.50 | 1.15 | 0.20 | 95.87(17.06{ 0.13 | 0.02 | 0.03 | 0.00
Bong. C. | 100.0| 9.39| 2.82 | 0.26 | 0.00 | 0.00 |97.18| 9.13| 0.00 | 0.00 | 0.00 | 0.00
Mapyo. C.| 100.0 | 10.50| 991 | 1.04 | 6.38 | 0.67 | 83.71 | 8.79| 0.00 | 0.00 | 0.00 | 0.00
Bori. C. 10001 1.70} 4.62 { 0.08 | 0.00 | 0.00195.38| 1.62| 0.00 | 0.00 | 0.00 | 0.00
Suhang C.! 100.0 { 10.80; 4.67 | 0.50 | 0.43 | 0.05{80.45| 8.69| 0.06 | 0.01 |14.39| 1.55
(d) Group IV

River Basin area | Dry field | Rice field | Forest | House site | Others

name ratio | area | ratio | area | ratio | area | ratio | area | ratio | area | ratio | area
Sabu. C. | 100.0| 5.41|18.29| 0.99 | 0.13 | 0.01 | 7893} 4.27| 0.87 | 0.05 | 1.78 | 0.10
Chaha. C.| 100.0 | 29.97| 7.34| 2.20 | 0.10 | 0.03[90.78|27.21| 0.10 | 0.03 | 1.68 | 0.50
Seony. C.|100.0| 7.48| 7.02| 053 | 0.00 | 0.00]92.98| 6.95| 0.00 | 0.00 | 0.00 | 0.00
Galgol C. | 100.0| 461]1264] 058 | 1.29 | 0.06 185.11| 3.92| 096 | 0.04 | 0.00 | 0.00
Chund. C.| 100.0| 3.08|12.85| 0.40 | 3.02 | 0.09 182.62| 254| 1.51 | 0.05 | 0.00 | 0.00
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Table 7.(a) The Coefficient of Group I (ci. ¢z c3, ca, C5)
riname | Changchon | Namandong | Keumsand- | Pyongchon Beolmak
mon. Cheon Cheon ong Cheon Cheon Cheon
Jan 0.497809 0.393394 0.501838 0.906186 0.501685
Feb 0.457219 0.007274 0.483164 2.3315 0.466904
Mar 0.433025 0.666514 0.419491 -0.53392 0.430521
Apr 0.51717 0.778947 0.492698 ~0.569926 0.510018
May 0.423266 0.739867 0.404572 -0.87415 0.422351
Jun 0.444527 0.692668 0.437103 -0.57471 0.446208
Jul 0.699578 0.285755 0.718412 2.39739 0.6998
Aug 0.696160 0.98629 0.68518 -(0.48658 0.697226
Sep 0.676478 0.933588 0.667657 -0.36716 0.67836
Oct 0.57159 0.795483 0.554781 ~0.36363 0.566243
Nov 0.454433 0.684414 0.449995 -0.45596 0.462383
Dec 0.525557 0.192585 0.506887 1.87848 0.475234
Table 7.(b) The Coefficient of Group W (ci. c2 ¢3. ca ¢5)°
riname | Hwalsanm- | Naedongs- | Neunggol | Neomeun- | Gyryoung-
mon. oki Cheon an Cheon Cheon gokgeon C. dong C.
Jan 0.437893 0.566144 0.498436 1.17814 7.94119
Feb 0.370678 0.941005 0.453023 2.67754 -29.6021
Mar 0.479865 0.217221 0.434763 -0.6122 7.71031
Apr 0.577569 0.194176 0.517399 ~0.89982 11.9898
May 0.507964 -0.04271 0.43027 ~1.54844 20.1068
Jun 0.502674 0.208464 0.452379 -0.57916 5.70456
Jud 0.581327 1.24333 0.689486 3.10707 -18.4299
Aug 0.77445 0.353952 0.704552 -0.80212 12.2348
Sep 0.735382 0.405263 0.685115 -0.521 9.98355
Oct 0.6208 0.015816 0.570756 -1.90245 59.0038
Nov 0.498296 0.28732 0.463996 -0.221185 -1.01868
Dec 0.460177 0.729597 0.488703 1.48522 -9.48469
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Table 7.(c) The Coefficient of Group WM{ci. ca c3, Ca Cs)

33

ri.name Sinki Bongdug- | Mapyoun- Borijae Suhang
mon. Cheon ongri C. g-1 C. Cheon Cheon

Jan 0.394155 0.687032 0.501544 ~4.55864 0.502004

Feb -0.59096 1.63194 0.504258 -31.1844 0.60042

Mar 0.906471 0.157367 0.410193 13.5886 0.386789

Apr 1.10296 0.110148 0.486178 18.2768 0.424767

May 1.19312 -0.26992 0.389395 24.1267 0.284626

Jun 0.947364 ~0.09877 0.426864 16.8767 0.377052

Jul -0.14833 1.46264 0.733 ~-26.8824 0.823552

Aug 141118 -0.05482 0.668403 23.0766 0.596266

Sep 1.34592 ~-0.07228 0.650479 215712 0.586349

Oct 1.05929 0.17725 0.545511 158118 0.501695

Nov 0.942647 -0.04032 0.438981 14.7083 0.388749

Dec -0.09175 1.2794 0.520696 -18.6454 0.580387

Table 7.(d) The Coefficient of Group WW{ci, cz, c3. c4, Cs)

ri.name | Saburnag- Chahang Seonyeok- Galgol Chundum-

mon. gol Cheon Cheon gol Cheon Cheon ok Cheon
Jan 0.5146 0.556462 0.490146 0.266943 0.49828

Feb 0.380348 0.107247 0.444152 1.32132 0.385515

Mar 0.386212 0.184747 0.445816 1.26066 0.480456

Apr 0.523039 0.436512 0.528072 0.726722 0.519145
May 0.399261 0.169183 0.444399 1.23586 0.482268

Jun 0.46132 0.433718 0.460592 0.537028 0.48042

Jul 0.756424 1.131 0.667676 -0.76175 0.564349

Aug 0.697376 0.593291 0.716501 1.0759 0.741263

Sep 0.684532 0.633269 0.693339 0.874592 0.71215

Oct 0.579%627 0.608795 0.576939 0.525167 0.597672

Nov 0.461661 0.480502 0.468982 0.529904 0.516124

Dec 0.478131 0.596657 0.481304 0.355493 0.565804

4.3 49 AAAS
Table 84 R uj2} 3o
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Table 8. The Relative Coefficient of Monthly Observed and Calculated Runoff

Mon Month
Watersh. Jan Feb Mar Apr May Jun
Group [ 0.98795 1.00000 1.00000 1.00000 1.00000 1.00000
Group @I 1.00000 0.99929 1.00000 0.99639 1.00000 0.99813
Group I 0.99803 1.00000 0.69497 0.99980 1.00000 0.99932
Group IV 0.87500 0.96610 0.87500 1.00000 1.00000 1.00000
Mon Month
Watersh. Jul Aug Sep Oct Nov Dec
Group 1 1.00000 0.9980 0.99746 0.99717 1.00000 0.99858
Group 11 0.99875 0.99371 0.99691 1.00000 0.99539 0.99597
Group I 0.99987 0.99981 0.99980 0.88765 1.00000 0.99984
Group IV 0.99333 0.70711 0.77460 1.00000 1.00000 0.95239
4.4 HHH| 2 & EH| 0.67~0.7T124 7F$aFo] ¥ 3} 7]
v &) HomaA {FEFEC] Fot
S&go] Aadel Ae 3,5 2 69 Tewel A HEEEI o 5 gl
o] 0.42~0.4501% §71 7. 8, 9¥e] WAL FEAIFHNL T4 BE
Table 9. The Ratio of Land Area and Runoff of Land Use
. dry rice B ¢ house th
river name field field ores site others
Group I area ratio (%) | 12.24 19.95 39.37 469 23.65
(Changchon Jan. runoff ra. (%)| 12.20 15.74 39.72 8.52 23.79
Cheon) Jul. runoff ra. (%)} 12.16 8.09 40.27 15.97 23.50
Group 11 area ratio (%) 17.72 0.33 80.96 0.96 0.03
(Gyryoung-~ Jan. runoff ra. (%) | 15.62 0.04 81.24 0.02 0.05
dong C.) Jul. runoff ra. (%)| 14.93 0.06 30.94 4.32 -0.08
Group I area ratio (%) 2.82 1.15 95.87 0.13 0.03
(Sinki Jan. runoff ra. (%) 2.25 1.60 97.32 -1.20 0.03
Cheon) Jul. runoff ra. (%) -0.06 2.47 103.24 -5.13 0.01
Group IV area ratio (%) 18.29 0.13 78.93 0.87 1.78
(Saburang - Jan. runoff ra. (%)| 19.09 0.02 78.49 0.05 0.80
gol C.) Jul. runoff ra. (9%)| 20.64 0.02 78.62 0.09 1.50
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