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Morphometric Characteristics and Correlation Analysis with
Rainfall-runoff in the Han River Basin

ABSTRACT

The basin characteristics reflect the attributes of geomorphological pattern of basin and stream networks affect the rainfall-runoff. In
order to analyze the relationship between the basin runoff and stream morphometric characteristics, the morphometric characteristics
were investigated for 27 water-level observation stations on 19 rivers in the Han River basin using Arc-map. The morphometric
characteristics were divided into linear, areal and relief aspects for calculation while the annual mean runoff ratio as a basin response
by rainfall was estimated using the measured precipitation and discharge to analyze the rainfall-runoff characteristics. The correlation
among the morphometric parameters were schematized to analyze the correlations among them. The multiple regression equation for
rainfall-runoff ratio was provided with morphometric parameters of stream length ratio, form factor ratio, shape factor, stream area
ratio, and relief ratio and the coefficient of determination was 0.691. The RMSE and MAPE between the measured and the estimated
annual runoff rates were found as 0.09, 11.61% respectively, the suggested regression equation showed good estimation.

Key words : Morphometric characteristics, Runoff ratio, Correlation, Multiple regression equation
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Fig. 1. Selected Observation Stations in the Han River Basin
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Table 1. Observation Stations
Station Name Duration of observation (year) Station Name Duration of observation (year)
1 Anyang 2004~2013 (10) 15 Hoengseong 2002~2013 (10)
2 Seongnam 2004~2013 (10) 16 Wonju 2004~2013 (10)
3 Jungrang 2004~2013 (10) 17 Baekokpo 2000~2013 (10)
4 Toegyewon 2004~2013 (10) 18 Imokjeong 1995~2005 (10)
5 Gapyeong 2004~2013 (10) 19 Jangpyeong 1995~2005 (10)
6 Gyeongan 2004~2013 (10) 20 Sanganmi 2002~2013 (10)
7 Heukchun 2004~2013 (10) 21 Bangrim 2003~2013 (10)
8 Seomyeon 2002~2013 (10) 22 Pyeongchang 2004~2013 (10)
9 Hongcheon 2004~2013 (10) 23 Jucheon 2004~2013 (10)
10 Hwachon 2001~2013 (10) 24 Imgye 2003~2013 (10)
11 Bokha 2004~2013 (10) 25 Songsan 2003~2012 (10)
12 Cheongmi 2004~2013 (10) 26 Pyeongtaek 2004~2013 (10)
13 Munmak 2004~2013 (10) 27 Anseong 2004~2013 (10)
14 Ganhyeon 2004~2013 (10)
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Table 2. Morphometric Parameters (Hajam et al., 2013)
No. Parameters Symbol | Formula
1 Linear aspects
R,=N,/N, .,
1.1 Bifurcation ratio R, Where, V,, = No. of stream segments of a given order
N, .1 =No. of stream segments of next higher order
E = Lu' / Lw -1
12 Stream length ratio i Where, Z,, = Mean stream length of a given order
L, , =Mean stream length of next lower order
1.3 Stream length L Length of the stream
R=1L/I
1.4 Fi ti : v . . s
fneness rato & Where, Z, = Outer boundary of drainage basin measured in kilometers
2 Areal aspects
2.1 Basin area A Area of the basin
D=Y1/4
22 Drainage density D Where, EL = Total no. of stream of all orders
A = area of the basin
C =) ,N4
2.3 Drainage frequency G ! E
Where, Y, V= Total number of stream segments of order
24 Circularity ratio R R =4mA/L?
2.5 Elongation ratio R, R = ViA/m /L
2.6 Form factor ratio R R =A/L*
2.7 Unity shape factor R, R =1I/VA
2.8 Shape factor R R, =1L/\44,/n
Ra = Au' /Au,' -1
2.9 Stream area ratio R, Where, A,, =Mean stream area of a given order
A,,_, =Mean stream area of next lower order
3 Relief aspects
. . R, = H/L
3.1 Relief ratio
i Where, H = basin relief
R@ = ‘S:A' /"Syu'#»l
32 Stream concavity R, Where, S, = Mean stream slope of a given order
S, .1 = Mean stream slope of next higher order
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Table 3. Morphometric Parameters of the Han River Basin

Classification VA i . R A2 D G R, R, R, R, R, R, R, R,
(km) (km~)

1. Anyang 375 | 247 | 1290 | 020 | 110.66 | 0.61 | 0.17 | 836 | 092 | 0.66 | 1.23 | 1.54 | 424 | 4645 | 1.14
2. Seongnam 538 | 322 | 24.60 | 0.37 | 20220 | 0.69 | 0.15 | 420 | 0.65 | 033 | 1.73 | 123 | 631 | 2432 | 1.08
3. Jungrang 5.00 | 4.02 | 26.50 | 0.44 | 20830 | 0.54 | 0.15 | 3.73 | 0.61 | 030 | 1.84 | 149 | 6.06 |29.34 | 1.14
4. Toegyewon 3.83 | 245 | 30.00 | 0.53 |202.20 | 0.44 | 0.09 | 2.82 | 053 | 022 | 2.11 | 1.31 | 4.55 | 20.12 | 1.02
5. Gapyeong 2.83 | 2.32 | 38.10 | 048 |305.12 | 0.66 | 0.10 | 2.64 | 052 | 021 | 2.18 | 1.22 | 3.33 | 37.10 | 1.37
6. Gyeongan 543 | 3.67 | 3630 | 0.78 | 25691 | 0.54 | 0.14 | 245 | 050 | 0.19 | 226 | 1.01 | 6.19 | 14.01 | 1.12
7. Heukchun 321 | 2.85 | 3640 | 0.63 |307.82 | 0.65 | 0.13 | 292 | 0.54 | 023 | 2.07 | 1.81 | 3.89 | 30.84 | 1.29
8. Seomyeon 5.12 | 3.67 |110.00| 1.74 |1325.36| 0.55 | 0.11 | 138 | 037 | 0.11 | 3.02 | 1.37 | 590 | 531 | 136
9. Hongcheon 432 | 335 | 7850 | 1.52 | 879.14 | 0.55 | 0.12 | 1.79 | 043 | 0.14 | 2.65 | 0.84 | 5.07 | 10.08 | 1.36
10. Hwachon 370 | 3.02 | 2330 | 042 |52320| 0.59 | 0.13 | 12.11 | 1.11 | 096 | 1.02 | 0.81 | 4.34 | 3832 | 1.34
11. Bokha 463 | 393 | 2520 | 052 | 16544 | 049 | 0.16 | 327 | 058 | 026 | 1.96 | 0.79 | 5.63 | 23.17 | 0.92
12. Cheongmi 3.86 | 2.69 | 4470 | 0.71 | 525.60 | 0.64 | 0.14 | 331 | 058 | 026 | 1.95 | 1.25 | 437 | 1237 | 1.16
13. Munmak 343 | 2.65 | 89.60 | 1.08 |1347.96| 0.63 | 0.11 | 2.11 | 046 | 0.17 | 2.44 | 1.82 | 3.97 | 10.17 | 1.18
14. Ganhyeon 323 | 2.56 | 81.70 | 0.96 |1190.27| 0.63 | 0.11 | 224 | 048 | 0.18 | 2.37 | 149 | 3.75 | 892 | 1.20
15. Hoengseong 341 | 3.06 | 42.40 | 0.69 |209.00 | 1.39 | 0.24 | 146 | 038 | 0.12 | 293 | 244 | 4.07 | 1425 | 1.13
16. Wonju 270 | 2.25 | 15.00 | 021 | 96.06 | 0.88 | 0.27 | 537 | 0.74 | 043 | 1.53 | 1.10 | 3.11 | 71.57 | 1.10
17. Baekokpo 3.63 | 293 | 24.60 | 028 | 14393 | 0.51 | 0.13 | 299 | 055 | 024 | 2.05 | 0.02 | 441 | 4345 | 1.10
18. Imokjeong 6.00 | 12.32 | 21.00 | 0.24 | 5633 | 0.37 | 0.12 | 1.61 | 040 | 0.13 | 2.80 | 0.04 | 12.30 | 46.86 | 1.26
19. Jangpyeong 3.50 | 5.68 | 2690 | 031 |104.76 | 0.57 | 0.12 | 1.82 | 043 | 0.14 | 2.63 | 0.03 | 5.51 | 3896 | 1.31
20. Sanganmi 346 | 3.07 | 4790 | 0.82 |39293 | 0.58 | 0.12 | 2.15 | 047 | 0.17 | 242 | 098 | 421 | 1821 | 1.26
21. Bangrim 343 | 290 | 57.00 | 1.34 |527.12 | 0.53 | 0.10 | 2.04 | 045 | 0.16 | 2.48 | 1.85 | 4.15 | 17.04 | 1.33
22. Pyeongchang 3.62 | 3.12 | 79.00 | 0.87 | 695.67 | 0.48 | 0.09 | 1.40 | 038 | 0.11 | 3.00 | 1.76 | 4.32 | 12.23 | 1.32
23. Jucheon 6.89 | 524 | 72.00 | 1.32 |533.23]0.51 | 0.10 | 1.29 | 036 | 0.10 | 3.12 | 2.73 | 833 | 8.64 | 141
24. Imgye 230 | 1.78 | 1790 | 026 | 157.39 | 0.73 | 0.13 | 6.17 | 0.79 | 0.49 | 1.43 | 0.01 | 2.57 | 47.59 | 1.10
25. Songsan 298 | 243 | 2890 | 0.44 |237.61 | 0.84 | 0.14 | 3.58 | 0.60 | 028 | 1.87 | 098 | 344 | 8.05 | 1.11
26. Anseong 3.51 | 2.68 | 48.40 | 0.93 | 58590 | 0.59 | 0.10 | 3.14 | 0.56 | 0.25 | 2.00 | 0.25 | 4.10 | 475 | 1.05
27. Pyeongtaek 3.00 | 2.18 | 2890 | 039 | 10749 | 0.56 | 0.12 | 1.62 | 040 | 0.13 | 2.79 | 0.69 | 3.47 | 18.08 | 1.17
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1. Anyang :— 0.62
2.Seongnam s 1.49
3.Jungrang = 0.75

4. Toegyewon mmm 0,72
5. Gapyeong s 0.77
6. Gyeongan = 0.81
7. Heukchun s 0.72
8.Seomyeon mmm (.84
9. Hongcheon = 0.82
10. Hwachon mm 0.54
11.Bokha = 0.29
12. Cheongmi = 0.60
13. Munmak :— 0.64
14. Ganhyeon = 0.45
15. Hoengseong s 1.61
16. Wonju = 0.50
17. Baekokpo == 0.81
18. Imokjeong == 0.86
19. Jangpyeong :— 0.74
20. Sanganmi m=m (.78
21. Bangrim = 0.82
22. Pyeongchang :— 0.66
23. Jucheon = 0.69
24.Imgye == 0.84
25. Songsan s (.91
26.A g 6.20
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Observation stations
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Fig. 3. Runoff Ratio at Observation Stations
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Table 4. Presence or Absence of Dam/Reservoir at the Upstream
of Observation Stations

Observation stations Upstream dam/reservoir
1. Anyang 0
2. Seongnam o
3. Jungrang o
4. Toegyewon o
5. Gapyeong X
6. Gyeongan o
7. Heukchun X
8. Seomyeon o
9. Hongcheon o
10. Hwachon 0
11. Bokha X
12. Cheongmi o
13. Munmak 0
14. Ganhyeon o
15. Hoengseong o
16. Wonju X
17. Baekokpo X
18. Imokjeong X
19. Jangpyeong X
20. Sanganmi X
21. Bangrim o
22. Pyeongchang 0
23. Jucheon X
24. Imgye X
25. Songsan o
26. Anseong 0
27. Pyeongtaek 0
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Table 7. VIF Values for Determining the Multicollinearity of the Independent Variables

Model Unstandardized coefficients Sig Collinearity statistics
B Std. Error Tolerance VIF
Constant -2.627 0.611 0.001
i -1.544 0.418 0.002 0.049 20.381
R, -0.291 0.113 0.021 0.321 3.119
R, -0.093 0.029 0.006 0.564 1.774
R, 1.604 0.459 0.003 0.059 16.998
R, 0.239 0.101 0.032 0.266 3.757
R 1.829 0.412 0.000 0.672 1.487
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