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Abstract

This study analyzed the linkage characteristics between road runoff and the nearest streams in mountain regions using a
discriminant analysis. The road-to-stream linkage is an important characteristic to evaluate whether the contaminant on road
surface is transported directly into the nearby channel system. This study evaluated a total of 51 drainage outlets of mountain
roads near the Soyanggang Dam. The linkage between road and stream, slope and width of road, and other information
necessary for the discriminant analysis have been collected by in situ investigation and by analyzing the Digital Elevation
Model. Finally, as independent variables in the discriminant analysis, the contributing road representing the road
characteristics (similar to the runoff from the road drainage outlet) and the distance and slope of the connecting channel
between road and nearest stream were selected. Among these three, the distance was found to have the highest discriminant
power, the contributing road the lowest. Using the discriminant function derived, 40 out of 51 cases (78.4%) were correctly
discriminated and the remaining 11 cases (21.6%) were wrongly discriminated. Reasons of wrongly discriminated cases were
mainly due to change in drainage outlet direction, excessive runoff, change in road-to-stream path, etc. This result also
indicates that the road-to-stream linkage can be introduced or prohibited by exactly the same way.
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Table 1. Characteristic

parameters of 51 drainage outlets in this study

Road-to-stream

Contributing Road slope Tan Contributing road Length of Flowpath slope linkage
No. length(m) (degree) (road slope) D=DxB) flowpath (degree) (linkage=1,
D @ ® (m) non-linkage=2)
1 197.0 6.0 0.105 20.702 310.0 20.2 2
2 142.0 5.3 0.093 13.170 196.0 19.9 2
3 85.0 3.5 0.061 5.198 252.0 222 2
4 122.0 6.0 0.105 12.820 223.0 25.8 2
5 18.0 6.5 0.114 2.050 3.0 73.3 1
6 73.0 6.5 0.114 8.316 3.0 71.6 |
7 66.7 7.0 0.123 8.188 25.0 1.8 2
8 58.0 7.0 0.123 7.120 3.0 66.8 1
9 10.0 8.0 0.141 1.405 306.6 8.3 2
10 83.5 2.0 0.035 2.915 185.8 10.7 2
11 140.4 5.7 0.100 14.011 8.8 0.7 1
12 88.0 6.0 0.105 9.247 44.1 9.0 1
13 62.0 6.0 0.105 6.515 134 25.5 1
14 212.0 5.7 0.100 21.156 36.8 14.3 1
15 130.0 3.0 0.052 6.812 30.0 6.8 1
16 190.0 5.0 0.087 16.620 213 6.4 2
17 43.6 4.0 0.070 3.048 830.2 8.8 2
18 209.1 3.0 0.052 10.956 235 2.9 2
19 82.6 6.0 0.105 8.680 71.3 14.2 2
20 8.1 8.0 0.141 1.138 55.8 18.3 2
21 4.9 6.0 0.105 0.515 52.0 19.1 2
22 53 8.0 0.141 0.745 47.9 18.5 2
23 4.1 10.0 0.176 0.723 42.1 15.9 2
24 128.1 6.0 0.105 13.461 14.5 7.9 1
25 18.4 5.0 0.087 1.609 20.7 2.8 1
26 72.2 6.0 0.105 7.587 14.6 7.8 1
27 15.6 6.0 0.105 1.639 9.3 6.1 1
28 167.9 4.0 0.070 11.738 0.4 50.0 1
29 185.0 3.0 0.052 9.694 311.2 9.7 1
30 95.2 3.0 0.052 4.988 30.2 5.7 2
31 96.0 3.0 0.052 5.030 102.3 12.1 2
32 180.8 3.0 0.052 9.474 373.2 6.7 2
33 210.1 4.0 0.070 14.689 110.0 9.8 2
34 107.4 4.0 0.070 7.509 20.0 3.7 2
35 94.5 4.0 0.070 6.607 198.6 6.0 2
36 8.1 5.0 0.087 0.709 277.2 5.4 2
37 89.8 4.0 0.070 6.278 155.1 55 2
38 88.4 4.0 0.070 6.180 12.7 4.5 1
39 178.0 2.0 0.035 6.215 17.6 13.7 1
40 57.8 3.0 0.052 3.029 274 12.2 1
41 141.3 4.0 0.070 9.879 33.5 15.0 1
42 172.0 3.0 0.052 9.012 43.9 323 1
43 111.4 4.0 0.070 7.788 29.2 22.0 1
44 189.0 3.0 0.052 9.903 24.2 11.2 1
45 135.4 3.0 0.052 7.095 21.1 9.9 |
46 86.4 2.0 0.035 3.017 28.8 12.1 1
47 50.0 1.0 0.017 0.873 32.5 10.3 1
48 16.0 2.0 0.035 0.559 18.1 14.0 |
49 151.3 4.0 0.070 10.578 41.6 4.8 2
50 149.0 2.0 0.035 5.202 39.2 16.1 1
51 82.1 4.0 0.070 5.740 424 26.8 1
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Table 2. Basic statistics of road-to-stream linkage groups

Type Variables Mean Standard deviation The number of effective outlets
Contributing length (m) 7.218 5.034
All type Length of flowpath (m) 98.137 144.669 51
Flowpath slope (degree) 16.178 16.334
Contributing length (m) 7.239 4.588
Linkage Length of flowpath (m) 32.719 57.199 27
Flowpath slope (degree) 20.459 20.721
Contributing length (m) 7.195 5.593
Non-linkage Length of flowpath (m) 171.733 176.419 24
Flowpath slope (degree) 11.363 6.996
32 HHEEM 2ot Table 4914 Hi= uie} o] FEgd 2 0.5220]3 1
321, Tet BRo| SUM 3 AE FEHE 037501 B2, ol g FEI AN WEIFY B
FEEAE JT ol o7k e WFEte] o] & o] festrial #aed = Uk B3 Wilkse] A= 0.727
<, olFs FEEH o]&2 WFEe AHsty] fso o, Wilks?] Adl ARFEZS sty Ak *& 15122
qw Bz FA4 dF Aol Bastth ol% TS (FYUE % 000 KITE (a=005) del ¥ 9@
44 43 A4 2 APINE Wiksd A%k F gk el $999 Aol Ak A &+ Aok ey A
& ol &8, I BA ZFE Table 37 Zeo] FF st (6)2 BESHA F& AEBHFTEA A7 F8HH
ot SellA A AT 2ol Wilksd A9 gho]l AAEH F YA Forng SYPWSE o Fy Fo4e Bdshe
T2 FobA L, Wilks®] A gro] FolA™ F e AAE b o] &2 T gloh ol & dAFlde EEstd dEvd
Ae ¢ % ok F42 2712 $ESAL 1 AFE 9L 2o
24 AR2AH, Y W FAAM EZ2AYS 2273
ARl F el gigk f93E2 27 0.000, 0.0462A4 59 D = —0.006X, + 0.880X, — 0.428X, 7

FE(a=005) Br} Fonz s A7 offd s Jo
< o] JoER29 F9
fFAGES 097624 FYFE
(a=0.05) Bt} 23 F %}E 00012 Fomzg AZ/M4A
2 Aol Aozt glvke A& gugth a3y 2 4
TAAMY TdERE J]|Aqho|g ERFAE FF #HoR
=29 FEFS OiHFeR, ta Foie] dojHel
= B7sha, $EEA A SHHSE ARSI

320 EHEAl W TEAlY] Kol A
B AT REG EFHEA G FFWEFLE o

=% 2o

D = —0.001X, + 0.007X, — 0.027X; — 0.231 6)

714 D& AFWREFH, X, E/AER, X, & 8
2, X, = BABAE Yt #uded fo4 2
= Table 49 B2 st

X

Table 3. Test of homogeneity for two groups

£ EFskE EZAA
vebdch o] wEAA AFe] A A7le MFELY
A FLEE debdTh X, X,, X9 AlFd o
Adg 2715 vus] 2d X, >X, >X, £o8 499
o] Eth wetAd EZAY #dFo] 7P A3 VHER
9] %‘r%@,ﬂ s X#E}% Ae ¢ F A

@ = 3 A AEEF5
= a9 gaw zﬂﬂr&@ AAgHE Uekd Ao2A o]
2 Fxdolgan a4 AFsese] B AAgol
£030 o149 AF RAF Ao WS, BE AAY
o] 245 #EPTE FoHAT Table 5NN SHAFE
B8 AARL MLARD X,(=2AAN) F9A AR 2
Ae ¢ F otk B B ATY BRI HF 9
o) 2 WFE BRAY} B

Variables Wilks A F'- value Significance probability
Contributing road 1.000 0.001 0.976
Length of flowpath 0.765 15.022 0.000
Flowpath slope 0.921 4.192 0.046

Table 4. Significance test of unstandardized canonical discriminant function

Canonical correlation coefficients Eigen value

Wilks A Chi - square

Significance probability

0.522 0.375

0.727 15.122 0.002
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Table 5. Structure matrix between standardized discriminant
function and independent variables

Correlation coefficient

Parameters (discriminant loading)
Contributing load (X,) -0.007
Length of flowpath (X,) 0.904
Flowpath slope (X,) -0.478
323 HHER U HFE
E2HEA G AEWEISY wEAA (6)9 4
T BEHSI BRAFEG FoW A 97 AHo
2 EFEL, 2R/1FETG a9 wdd Jdos BES
o BRINES o ¥ AW wEdsel A4 Brow, o
& 42 olgstel AP
i) = M ®)
A7 O G 7 AR wEASY AV, 3 3
A A(group centroid)©l L, n, & n,v= 2 JATY ZEY
ojty. gutdor FARAAAM AL F ALY AA F

< 0°] "o

0,
S66.

Discriminant function
- 0.001x, + 0.007x; - 0.027x; - 0.231

Fig. 5. Centroids of linkage
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Table 6. Discriminant scores estimated by the discriminant function

pou)
o
£
ofN
o
i}
(e
o
fru
e
i)

No. Actual group | Predicted group | Discriminant score No. Actual group | Predicted group | Discriminant score
1 2 2 1.335 27 1 1 -0.333
2 2 2 0.567 28 1 1 -1.591
3 2 2 0.899 29° 1 2 1.639
4 2 2 0.593 30" 2 1 -0.182
5 1 1 -2.191 31 2 2 0.141
6 1 1 -2.152 32 2 2 2.146
7 2 2 1.019 33 2 2 0.246
8 1 1 -2.021 34° 2 1 -0.201
9 2 2 1.654 35 2 2 0.967
10 2 2 0.756 36 2 2 1.530
11 1 1 -0.204 37 2 2 0.681
12 1 1 -0.180 38 1 1 -0.272
13 1 1 -0.834 39 1 1 -0.486
14 1 1 -0.387 40 1 1 -0.375
15 1 1 -0.215 41 1 1 -0.416
16 2 1 -0.275 42 1 1 -0.810
17 2 2 5.242 43 1 1 -0.632
18° 2 1 -0.159 44 1 1 -0.377
19" 2 1 -0.092 45 1 1 -0.361

20° 2 1 -0.342 46 1 1 -0.363

21 2 1 -0.389 47 1 1 -0.286

22 2 1 -0.401 48 1 1 -0.485

23 2 | -0.371 49° 2 | -0.086
24 1 1 -0.359 50 1 1 -0.401
25 1 1 -0.166 51 1 1 -0.669
26 1 1 -0.349

* © Wrongly discriminated cases
Journal of Korean Society on Water Quality, Vol. 27, No. 2, 2011



156 I Te e I

FHERL

Table 7. Rates of correct classification

Predicted group sets

Actual t Total
clual group seis Linkage Non-linkage o
Linkage 26 1 27
Frequency .
Non-linkage 10 14 24
) Linkage 96.3 3.7 100.0
Relative frequency (%) .
Non-linkage 41.7 58.3 100.0
STE QIS A48 a5 £ 7ol AR 17 A4, vaZd [ 2470 AA 107} AN 2
A9 = alu S s
Table 6°1& 5170 AH s A2/MAZY AR, ¥l A EAE AdAY =2 weTdAN fE5F
A (e g3 TR #EFEs, T3 a3 wEFESR 49 LFE A HAAA HF dAHE AS FA] A
z8 AZM AR AZAdo] A AUtk AFA Q1 @ W BAL g8 SAHAT B AT E BEs
coA% 428 AMS 12, HA2E AAL 22 FAS  HA 2 FEBEFLAL Mon FAARA Fal
Foh BEAFAE B2d E 51 A £ 1) AEE oF g T dE FEH MY ZEE Hn FESAT
doshlen, meba e HEE 0.216(=11/5)2E Y I A= Table 87 Zth
e}

Ho A TG FEEN AFHE o] &5
AZFsHE Table 73 2ot AA 28 24
A7 Adol &3k 2770 AR F 2670 Ao
A ARl HAZE BEHIOEZE A FJoe

E2 9. 3%013 ¥l FEL2 3.7%7F Bk vAZ

247H AR T 1470 A@e] vAZA=E, 107 A
T 5lod J&%@%EO 58.3%°]3 ¢
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2 21.6%0°]t}.
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e oﬂ
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B 2 eny
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Table 8. Review of independent variables of incorrect classification cases
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Contributing Length of flowpath Flowpath slope Linkage=1 Wrongly Discriminant

No. . Lo

road (m) (degree) Non-linkage=2 discriminated case score
16 16.620 213 6.4 2 1 -0.275
18 10.956 23.5 2.9 2 1 -0.159
19 8.680 71.3 142 2 1 -0.092
20 1.138 55.8 18.3 2 1 -0.342
21 0.515 52.0 19.1 2 1 -0.389
22 0.745 47.9 18.5 2 1 -0.401
23 0.723 42.1 15.9 2 1 -0.371
29 9.694 311.2 9.7 | 2 1.639
30 4.988 30.2 5.7 2 1 -0.182
34 7.509 20.0 3.7 2 1 -0.201
49 10.578 41.6 4.8 2 1 -0.086
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