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Influence of underlying surface characteristics of river basin
on annual runoff coefficient

SHI Yangxu,ZHANG Youjing, L1 Xinchuan,SONG Junwei

(School of Earth Sciences and Engineering s Hohai University , Nanjing,Jiangsu 210098, China)

Abstract: [Objective] The effects of geomorphic structure features, land use/cover classification and
soil physical properties on mean annual runoff coefficient were analyzed to obtain important underlying fac-
tors affecting the mean annual runoff coefficient and provide scientific basis for human development activi-
ties such as land use,water conservancy construction,flood control and disaster mitigation,as well as water
resources development and utilization. [Method] A total of 23 small watersheds in the upper Huaihe River
were selected, and features of landform such as slope,elevation integral,curvature and river network frac-
tal dimension were obtained by ArcGIS10. 3 software. The land use classification results of watershed were
processed by remote sensing with ENVI5, 1,and correlation coefficients between average annual runoff co-
efficient and underlying surface factors were analyzed in EXCEL. [Result] Among the basin geomorphic
structure factors,mean annual runoff coefficient has the best relationship with mean slope and area eleva-
tion integral with positive correlation coefficients of 0. 485 7 and 0. 478 6,respectively. In the aspect of land

use/cover,proportions of forestland and arable land had great influence on mean annual runoff coefficient.
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The proportion of forestland area was positively related with the mean annual runoff coefficient of river ba-

sin with coefficient of 0. 292, while proportion of cultivated land area was negatively related with it with de-

terministic coefficient of 0. 262 3. Factors of soil condition had weak relationships with mean annual runoff

coefficient. [Conclusion) In the study area,the mean slope and area elevation integral had the greatest in-

fluence on average runoff coefficient, followed by the proportions of woodland and cultivated land, while

soil physical properties had weak effects.

Key words: mean annual runoff coefficient; underlying surface; geomorphic structure features;land use/

land cover;soil physical properties; Huaihe River Basin
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Table 1 Calculation formula of geomorphic structure factor

AR A5 T

Geomorphological factor
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Calculation formula
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Description

353
Slope

T 4 5 T 2

Rivernetwork fractal dimension

TR 5 A ALY

Area elevation integration

Slope=arccos
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The slope represents the degree of inclination of ground surface at that point
and numerically equals to the normal vector of the surface differential unit

passing through the point. n is the normal vector of the tangent plane, 2 is the
normal vector of the horizontal ground

NG SRyl 2s AR B SRy G K /2
N(r) is the number of non-empty grids,r is the mesh size
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H is the average elevation of the basin, H,,., is the maximum elevation of the
basin, and H,, is the minimum elevation of the basin
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Table 2 Multi-year mean precipitation and runoff eigenvalue of 23 small watersheds in the upper reaches of Huaihe River

K F i ARIK I/ km? Z A7 YR T A/ mm ZARTF R R AL
River system Watershed Catchment area Mean annual rainfall Mean multi-year runoff coefficient
5 1 Gaocheng 627 661. 80 0.16
$11% Zhongtang 485 962, 44 0.41
¥ % Jizhong 46 1092.17 0. 50
T K1 Xiagushan 354 776.78 0.35
f‘mﬂ % 11| Ziluoshan 1 800 716. 32 0.34
Yinghe % Ruzhou 3005 702.93 0.33
& Xutai 70 616.63 0.29
B %& Guanzhai 1194 872.56 0. 30
PI{H Average 948 800. 20 0.33
7 Luzhuang 396 978. 04 0. 30
e S Lixin 78 954. 77 0. 39
3] o -
Honghe % ¥ Suiping 1760 957.03 0. 30
I 4k Zhumadian 104 997. 74 0.23
{8 Average 584 971. 89 0. 30
KP4 Dapoling 1640 988. 68 0.33
K £ £ Changtaiguan 3090 996. 83 0.31
s B 8 Xixian 10 190 1007. 83 0.33
P{%ﬁe # )1 Huangchuan 2 050 1023.75 0.38
WEVE Huaibin 16 005 939. 83 0.32
[ 4 b Baiqueyuan 284 1 187.06 0.56
YJ{ Average 5 543 1 024.00 0.37
# J8 F Huangnizhuang 805 1413.73 0. 46
+ 4B Qilin 185 1430.73 0.58
o P # B Huangweihe 270 1517.93 0.73
Shipihe 3% 2 Bailianya 747 1.393.14 0. 60
gk it Zhangchong 493 1572.98 0.50
I Average 500 1 465.70 0.57
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Characteristics of geomorphic structure factors of 23 small watersheds in the upper reaches of Huaihe River

x3
Table 3
K& ik -2y FE /m
River system Watershed Mean elevation

R Y YA

Mean slope

T ] 43 T2 45
River network
fractal dimension

7 B PR AR 43
Area elevation
integration

¥yl /10

Mean curvature

45 1% Gaocheng 499. 14 8.15 6.99 1.03 0. 20

t1% Zhongtang 705. 42 16.67 —0.51 1.05 0. 25

% Jizhong 394. 28 9. 36 —27.66 1.01 0.26

. T IR Xiagushan 471.12 11. 46 —17.75 1.03 0.25
Y%gm #9911 Ziluoshan 825. 90 15. 70 —22.68 1.13 0.30
# I Ruzhou 358.00 4.59 —22.82 1.06 0.19

¥ & Xutai 558. 47 12.90 25. 49 1.03 0.31

B %€ Guanzhai 174,57 3. 60 —4.79 1.05 0.13

(8 Average 498. 36 10. 30 —7.97 1. 05 0.24

7 Luzhuang 218. 96 5.59 —9.78 1.04 0.16

. 7 Lixin 181. 40 4.93 —13.49 1.01 0. 22
H“i‘?hc % T Suiping 170. 20 4.63 —8.07 1.07 0. 14
¥ 4 JE Zhumadian 108. 31 2.03 —5.75 1.01 0.10

Bt Average 169. 72 4.29 —9.27 1.03 0.16

KB 1% Dapoling 231. 00 6.49 6.45 1.04 0.15

K A % Changtaiguan 200. 66 5.65 2. 40 1.18 0.14

o A H Xixian 155.16 4.70 2.11 1.07 0.12
H/fﬁe $# 1] Huangchuan 149, 44 5.43 —6.55 1.05 0.13
% Huaibin 130. 84 3.94 2.43 1.07 0.11

4 4 bl Baiqueyuan 219. 81 8.81 —9.84 1.02 0.18

I Average 181.15 5.83 —0.50 1.07 0.14

# J¢ ¥ Huangnizhuang 500. 71 14. 94 —40. 42 1.03 0. 30

£4F Qilin 527.43 14.98 —12.73 1.04 0.27

o YL 7 J&2 7 Huangweihe 852.91 21.07 0. 35 1.03 0.49
Shipihe F43% B Bailianya 667.76 18. 80 —4.41 1.07 0.33
7k #h Zhangchong 681. 35 18. 04 —11.70 1.03 0.41

Pl Average 646.03 17.57 —13.78 1. 04 0. 36

T PR AR IR 2B = AR BB GDEMV2 i Ff AreGIS k{442 515 5 . GDEMV2 ¥4 K A http://www. gdem. aster. ersdac. or.

jp/index. jsp,

Note: The data in the table are extracted using ArcGIS software according to the global digital elevation model data GDEMV2 from http://

www. gdem. aster. ersdac. or. jp/index. jsp.
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Fig. 2 Relationship between mean annual runoff coefficient and landform factors of 23 small

watersheds in the upper reaches of Huaihe River
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Table 4 Different land utilization proportion of 23 small watersheds in the upper reaches of Huaihe River %
. TR B LG £ F PLEL i VK PLEL B
K% Filh ‘W?—ﬂLE$ H‘S‘@J K T AR L A b, TR L £67) iz ) ﬁﬁf L 4l
. Forest and grassland . Arable land Impermeable surface
River system Watershed . Water proportion . .
proportion proportion proportion
45 1 Gaocheng 38.29 0.17 51.42 10.12
t13% Zhongtang 93. 45 0.37 5.87 0.32
WK Jizhong 95. 90 0 4.10 0
FIK1L Xiagushan 85.22 0.36 13.55 0.86
b
B 299 11| Ziluoshan 83.43 0.81 14. 82 0. 94
Yinghe
VM Ruzhou 60. 82 0.67 35.11 3. 40
& Xutai 90.72 0.02 7.96 1. 30
B % Guanzhai 19.53 1.69 71.56 7.22
245 1 Total proportion 61. 87 0.77 33.75 3.61
7 Luzhuang 70.63 1.05 27.76 0.56
S Lixin 24. 30 0.07 72.89 2.74
pis) T QL . 1o
Houghe % Suiping 25.58 2.31 67.17 1. 94
3 L JE Zhumadian 7.16 0.07 78. 44 14. 33
5k Total proportion 32.57 1.92 61.04 4. 46
KP4 Dapoling 60.71 1. 65 36.02 1.62
K & % Changtaiguan 53.81 2.22 41.57 2.40
" K2 Xixian 36. 40 2.89 54. 96 5.75
e # Il Huangchuan 35. 06 2.63 57.13 5.18
Huaihe
YE % Huaibin 28.83 2.82 61.02 7.33
[ 4€ il Baiqueyuan 53.28 1. 33 44,10 1. 29
5k Total proportion 35.62 2.70 55.75 5.93
¥ Y8 )& Huangnizhuang 82.37 0. 30 16. 54 0. 80
+ 4 Qilin 73.69 0.08 25.22 1.01
1 YA # B Huangweihe 86.76 0. 30 12.91 0.03
Shipihe [43% A Bailianya 89. 96 1.31 8. 64 0.09
gk i Zhangchong 88. 11 1.01 10. 64 0. 24
&5 Total proportion 85.61 0.73 13.26 0.41

R R 2010 4 Landsat TM S AR50 o 32 B G AL BEAR 4 ENVIS. 1 #1515 %) ; Landsat TM A2 508 % B 35 [ NASA 9 E-
ROS(Earth Resources Observation and Science Center, 3 [ #i 3K %% I WL H .0, http: //glovis. usgs. gov/) .

Note:Data in the table used the 2010 Landsat TM image data interpreted by remote sensing image processing software ENVI5. 1. Landsat

TM image data were {rom the United States NASA EROS (Earth Resources Observation and Science Center,the earth observation

center, http://glovis. usgs. gov/).
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Fig. 3 Correlation between mean annual runoff coefficient and area of different land use of 23 small

watersheds in the upper reaches of Huaihe River
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Table 5 Weight percentage of sand,clay and loam and average saturated hydraulic conductivity of
23 small watersheds in the upper reaches of Huaihe River
éﬁg\ o JR 4/ % Weight percentage _ okl %7}(%‘3/(}?11 . mli«n 1)
R e o i P S
45 1 Gaocheng 53. 68 16. 67 6. 94 33.24
#13% Zhongtang 48.92 20,37 8.10 24. 40
WK Jizhong 50.03 19. 49 8. 84 30. 88
Hi TR Xiagushan 65.03 15. 33 7.35 41,17
Yinghe 29 1; Ziluoshan 55. 80 17.06 7.59 33.42
Y% Ruzhou 53.91 17. 85 7.90 33. 84
& Xutai 46. 57 22.08 4. 54 14. 90
B 7% Guanzhai 10. 51 28.65 7.84 14. 40
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R 5(&) Continued table 5
ék,% S JiHH 4/ % Weight percentage _ Tﬂ%iﬁ‘ﬂ(zg;md' mli_n’1 )
system Watershed o s Lo onductity
7 Luzhuang 41. 14 29. 66 9.83 15.42
A SEF Lixin 39.45 29.85 5. 36 13. 29
Honghe % Suiping 41.97 27.15 8.31 22.17
5 o JE Zhumadian 40. 07 32. 38 6.71 11. 65
K% Dapoling 40.73 24.90 10.13 19.11
K & % Changtaiguan 38.45 24. 48 9.69 16. 85
i H B Xixian 38.90 23.49 9.22 17. 54
Huaihe #)1] Huangchuan 36. 80 20.99 9.46 15.70
7 Huaibin 38. 24 24.15 8. 87 17.19
9 4 il Baiqueyuan 37.90 20. 96 11.53 16. 65
# Y8 £ Huangnizhuang 39. 39 21.33 10. 91 15.77
+£4F Qilin 39.10 21.52 9.70 15.00
EE(%%@‘ # R Huangweihe 41.31 21.69 8.72 15. 54
Shipihe
[ 3% H Bailianya 39. 30 21.54 9.70 15. 00
sk #p Zhangchong 38. 83 21.63 7.79 14. 36

WP EE R A T HWSD (Harmonized World Soil Database, 423k 1 8503 ) .
Note:Data in the table werefrom HWSD (Harmonized World Soil Database).
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Fig. 4 Correlation between mean annual runoff coefficient and weight percentage contents of all soil types and

saturated hydraulic conductivity of 23 small watersheds in the upper reaches of Huaihe River
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