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Abstract: Identifying the optimal flow accumulation threshold ( threshold) based on digital elevation
model (DEM) is a key process to define the drainage of a river basin. Due to lack of underlying surface
information, it’'s common to establish a quantitative calculation model for threshold relying on the
watershed topography and real river network. Except topography, however, vegetation, precipitation and
other underlying surface factors were also correlated with the characteristics of river network.
Furthermore , the extraction of river network based on grid DEM had two different flow direction allocation
strategies, i. e. , the single flow algorithm and multiple flow algorithm. Since the procedure of multiple
flow algorithm was complicated, the present study mainly focused on selection of threshold under single
flow algorithm and lack of the research of threshold determination of multiple flow algorithm. Aim at
above problem, the climate and underlying surface conditions were considered to explore the relevance
between influence factors (i.e., topography, vegetation and precipitation ) and threshold, and a
calculation model was put forward to compute threshold based on multiple linear regression model with
different algorithms in Hubei Province. The results showed that the optimal thresholds had a positive
correlation with local slope, average precipitation and vegetation coverage rate. The flow accumulation
threshold was increased with the increase of terrain steepness, rainfall and vegetation coverage. The
calculation model of flow accumulation threshold can effectively integrate multi-source influence factors in
different regions and obtain reasonable threshold. The significance level of rejecting the null hypothesis

were both lower than 0.05 in different flow direction allocation strategies and the coefficients of
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determination (R*) were higher than 0.9. Good results of extraction can also be got by applying this

method to other river basin. It meant the result of simulated river network by calculation model of flow

accumulation threshold had high similarity with the real river network, it also provided rational

hydrological information for agroforestry planning, agricultural disaster prediction and other industrial

applications.

Key words: flow accumulation; river network extraction; multiple linear regression; multiple flow

algorithm
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Fig.1 Relationship of threshold, drainage network
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Fig.2 Distributions of terrain, precipitation and surface cover in Hubei Province
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Fig.3  Selection of sampling zone for flow accumulation
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Tab.1 Main characteristics of samples for single
flow algorithm
wmR O CFE O Mg AFROKE AFROKE
W/ W/ B R/ P/

W WY

B ) % mm om
MRFEE 120.986 31.09  5.54 0.958 929.847 891.79
M fzl 230.931 57.22  6.80 0.853 958.752  935.80
LRI 133.281 52.41  15.36  0.948 828.310 804.48
JUEIT 229.923  61.37  14.00 0.948 1184.360 1164.11
JEIH 206.793  67.98  27.62 0.999 1504.930 1499.06
MW 336.029 75.92  26.74 0.985 1431.950 1390.67
FfEm 158.106 63.19  15.94 0.997 1370.970 1367.31
fa3cya 151.445 72,03 25.55 0.991 983.120 951.04
IOV 196.964 70.49  25.46  0.988 1621.130 1138.65
W 242.685 77.00  26.93 1.000 1428.601 1408.37
LR 372.418 80.00 23.41 0.987 1490.480 1417.29
KT 176.535 48.73  6.40 0.923 1085.210 1058.98
kR 83.908 58.86  9.66 0.863 1012.560 980.34
=45 103.168 59.34  15.58 0.953 896.440 883.72
A 186.345 63.06  19.55 0.994 1304.270 1284.23
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Tab.2 Main characteristics of samples for multiple

flow algorithm

" IS NEE S ) . FERKE R
itk ik -
T 7 T ' A
FEA R
(°) (°) mm mm
HEAS 1 73.21 3.21 0.922 1 071. 690 1 050. 37
FEAS 2 69. 94 3.33 0.973 1621. 130 1138.93
A 3 43.71 2. 11 0.952 915.988 893.90
FEAs 4 79.75 3.13 0.956 1.381.780 1358.03
FEAR S 30.29 1.65 0.738 996. 755 963.78
FEAS 6 50.71 2.38 0. 944 974. 692 960. 83
AT 64.17 2.67 0.919 1 544. 630 1632.48
A8 59. 36 2.83 0.979 1263. 340 1245.07
FEAS 9 64.91 2.60  0.903 1296. 590 1224.39
FEAS 10 59.47 7. 86 0. 894 879. 260 867. 43
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Fig.4 Allocation strategies of different flow algorithms
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Tab.3 Determination process of optimal threshold

(0<p<100%) (2)

for single flow algorithm

W SBOKR S RBUKR O KRARKE REEE
gL KBE/m KE/m  MXRE/% (RO

MRZEM 76 109. 34 76 068. 71 0. 053 880

Prigml 76234.71 76 305.99 0. 094 4530
IR 48358.80  48372.22 0.028 7670
JUETT  47958.32  47916.98 0. 086 8 225
JET 67603.74  67557.50 0. 068 10350
) 66224.23 66 166.72 0. 087 10 800
HifEm  61486.54 61 504. 61 0. 029 12 750
3 27143.66 27 153.36 0. 036 14 850
NRT| 65647.06 65 588.73 0. 089 19980
WEURE 77 107.82 77 118.94 0.014 21750
W 51040.86  51025.53 0. 030 13 250
WK 150133.36 150 019. 48 0.076 1335
JAHEWE 11683.78  11681.98 0.015 5280
ZAJE 26514.52 26499.78 0. 056 7625
ARFEW  33455.22  33468.78 0. 041 13 083
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Tab.4 Determination process of optimal threshold for

multiple flow algorithm

W EBRMFot REUEROT ook RERIE

FEA Bid/ A B/ A MARE/ % (SO
BEA 1 16 384 14916 9.0 5.0
ReA 2 4582 4426 3.4 8.0
REA 3 11937 11536 3.4 3.0
BEA 4 9830 9900 0.7 7.5
BEA S 77 883 74 191 4.7 0.5
REA 6 16912 17 149 1.4 4.0
REAT 12 041 11796 2.0 6.0
REA S 6325 5925 6.3 6.1
REAO 25597 23706 7.4 3.1
BEAT0 19929 20 851 4.6 5.8
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Fig.5 Correlation analysis of surface precipitation and threshold for single flow algorithm
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Fig.6  Correlation analysis of surface precipitation and threshold for multiple flow algorithm
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Fig.7 Correlation analysis of terrain and threshold for single flow algorithm
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Fig.8 Correlation analysis of terrain and threshold value for multiple flow algorithm
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Fig.9 Correlation analysis of surface vegetation and threshold
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Tab.5 Regression equation evaluation of single

flow algorithm
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Tab.6 Regression equation evaluation of multiple

X3

flow algorithm
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Fig. 10 Test result of single flow algorithm
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Tab.7 Application of regression equation in
other basins
REUKZR WA R AT
B (R E) R/ %
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25435.07 7.24
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Fig. 11 Test result of multiple flow algorithm



138 S 1 R A= 4

2016 4

F8 MPAFEEH MRS A
Tab.8 Application of regression equation in other
basin samples
BA Bk R PRBOKFR WA Gockes
Wi Bocr/ A Bookae/ A BIEIHEED X iR2E/ %
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2 8786 9674 7.23 10. 1
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