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ARTICLE INFO ABSTRACT

LAndscape ProcesS modeling atmUIti dimensions and scaleS (LAPSUS) model is
one of the models that can calculate the multiple flow direction routing. In this
Research Paper model, according to the topography of the watershed, a constant value between 1
and 10 is defined as the convergence factor for the entire studied watershed. The
value of this factor is considered constant through calibration or the values
considered in previous studies. In this research, to solve the problem of constant
Received: 27 September 2023 convergence factor value, the flow distribution function was defined for this model.
Revised: 16 November 2023 This study was conducted in five sub-catchments in the Kakhk experimental
watershed located in the northeast of Iran in Gonabad county. In this research, the
Accepted: 01 December 2023 flow distribution function was defined instead of the convergence factor for the
Published online: 06 June 2024 LAPSUS model. In this function, the slope parameter is used to model the effect of
topographic characteristics on the flow distribution. In this way, the flow trending
part in the LAPSUS model was developed by changing its programmed code in the
C** environment for the flow distribution function. Based on the calibration results,
the best value of the convergence factor can be between 1 and 10. After applying
the flow distribution function to the model, the value of the flow distribution
function was calculated to be 6.3 for sub-catchment 4 and between 5.7 and 6.5 for
other sub-catchments. The results of validation of the model outputs showed that the
value of the coefficient of determination is 0.99 for runoff volume and 0.92 for
erosion and sediment. Also, the amount of normalized RMSE was 3.5% for runoff
Keywords: and 5.5% for erosion and sediment. Based on the results, the flow distribution
function can define the value of the convergence factor based on the topographic
slope for the LAPSUS model. The value of the convergence factor can be defined
for the model by entering the average slope of the watershed. Therefore, one of the
main issues in the multiple flow direction routing was solved.
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EXTENDED ABSTRACT

Introduction: The direction of surface runoff is one of the most important characteristics of watersheds that is
related to the topography of the surface watershed which shows itself in the form of a drainage network on the
surface of the hydrography network. LAndscape ProcesS modeling atmUIti dimensions and scaleS (LAPSUS)
model is one of the new models that can calculate surface flow routing. In this model, according to the
topography of the watershed, a constant value between 1 and 10 is defined as the convergence factor for the
entire studied watershed, which is used to calculate the trend of multidirectional flow. However, the
determination and value of this factor is one of the most important problems of this model, which has been
determined through calibration or the values considered in previous studies. In this research, the application of
the LAPSUS model was investigated by defining the flow distribution function.

Methodology: This study was conducted in five sub-catchments in the Kakhk experimental watershed located
in the northeast of Iran in Gonabad county. In this research, the flow distribution function was defined instead of
the convergence factor for the LAPSUS model. In this function, the slope parameter is used to model the effect
of topographic characteristics on the flow distribution. To determine the value of the convergence factor at
different areas, the flow distribution function was defined for the LAPSUS model and replaced with the
convergence factor. In this way, the flow trending part in the LAPSUS model was developed by changing its
programmed code in the C™ environment for the flow distribution function. At first, the model calculates the
value of the distribution function according to the average slope of each sub-catchment. Then, the value of this
function was considered in trending calculations instead of the value of the convergence factor, and based on
this value, the model determines the type of flow trending method (unidirectional or multidirectional) and
calculates the value of the flow distribution ratio (Fi) for flow trending.

Results and Discussion: Based on the calibration results for sub-catchments 1, 2, 3, and 5, the best value of the
convergence factor can be between 1 and 10. In sub-catchment 4, the best value for this factor was set to 6.
After applying the flow distribution function to the model, the value of the flow distribution function was
calculated to be 6.3 for sub-catchment 4 and between 5.7 and 6.5 for other sub-catchments. The results of
validation of the model outputs showed that the value of the coefficient of determination is 0.99 for runoff
volume and 0.92 for erosion and sediment. The value of the accuracy index for runoff outlets increased to 0.84
but decreased to 0.6 for erosion and sediment. Also, the amount of normalized RMSE was 3.5% for runoff and
5.5% for erosion and sediment.

Conclusion: By defining the flow distribution function that takes into account the slope of the surface
topography, the multidirectional flow distribution algorithm has acceptable and close-to-reality results for the
studied area. This function can define the convergence factor spatially by changing the topography slope for the
multidirectional flow distribution algorithm. By defining the flow distribution function, by entering the average
slope of the area, the value of the flow distribution function, which is equal to the same convergence factor, is
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defined for the model. Therefore, one of the main issues in the discussion of trending multidirectional flow,
which was the determination of the value of the convergence factor, was resolved. Therefore, this function can
create a special feature for the LAPSUS model and develop this model.
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Table 1- Specifications of the studied sub-catchments in Kakhk experimental watershed (Eshghizadeh et al., 2018)

Sub- Max.Elevation  Min.Elevation Area Mean Landuse  Vegetation Soil Geology
catchment (m) (m) (m?) Slope type Texture
(%)
1 2112.1 2080.5 502 53 Range Herb- Sandy Shemshak
2 2110.6 2078.4 462 53 Shrub loam
3 2120.8 2094.4 963 61
4 22255 2134.3 4098 59
5 2170.2 2082.7 2484 58

o 2990 SBAS 35 51 S B 3 Gl y8 9 Sy, (Flaalie pdlae Y Jgua
Table 2- Observational values of runoff and erosion in each of the studied sub-catchments

Rainfall Micro sub-catchment
Event in24 1 2 3 4 5
hours Runoff Erosion Runoff ~ Erosion  Runoff  Erosion  Runoff  Erosion  Runoff  Erosion
(mm) (lit) (@ (lit) (an (lit) (@ (lit) (@n (lit) (gn
4.23.2014 4.8 0 0 0 0 0 0 0 0 0 0
5.1.2014 25 0 0 0 0 0 0 0 0 0 0
5.3.2014 12 80.5 42 50 16 210 64 9 0.2 10.3 2
5.6.2014 95 52.5 44 41 17.3 172 87 7.6 0.5 9 34
5.8.2014 1.8 0 0 0 0 0 0 0 0 0 0
10.18.2014 15 0 0 0 0 0 0 0 0 0 0
11.1.2014 18 2114 151 19.9 49 396.1 400.7 13.4 3 34.4 195
11.2.2014 3.4 8.1 27 0 0 1.6 2 1.3 0.2 4 2
11.5.2014 45 540 216 450 90 2100 840 55.8 6 1175 71
11.6.2014 19 66.5 143 1.1 6 752.2 379 2.8 15 13.7 9
11.26.2014 145 15.8 59 0.3 4 13.8 17 5 2.2 2.7 3
1.10.2015 16.5 71.6 114 0 0 457.9 310 0 0 0 0
2.21.2015 100 209 187 15.5 41 17745 720 117 7 20.5 18.4
3.23.2015 16.3 134 138 225 26.7 456 460 24 3.4 30 13.7
4.19.2015 12.7 55.5 64 6.2 11.3 134 137 19 2.2 16.5 6
5.9.2015 5 0 0 0 0 0 0 0 0 0 0
5.11.2015 2 0 0 0 0 0 0 0 0 0 0
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Calculate the Convergence Factor by Flow Distributed Function
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Figure 4- Model execution page after changing the C™* code for entering slope information to calculate the value of
the flow distribution function in the LAPSUS model
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Table 3- The best values of the convergence factor and the values of the flow distribution function in the sub-

catchments
Best values of the convergence factor Values of the flow distribution function
Sub-catchment 1 1-10 5.7
Sub-catchment 2 1-10 5.8
Sub-catchment 3 1-10 6.5
Sub-catchment 4 6 6.3
Sub-catchment 5 1-10 6.2
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Table 4- Coefficient of determination, Nash-Sutcliffe, accuracy index, and nRMSE values on the outputs of the
LAPSUS model after the development of flow routing method

Runoff Erosion and Sedimentation
Coefficient of determination 0.99 0.92
Nash-Sutcliffe 0.94 0.89
Accuracy index 0.84 0.60
NRMSE (percent) 35 5.5

Slrt e ol (lig) (9, arws 5l omg (gl Jto bawgi 0 39152 g 9 (b B g (S DUy, a3l -0 Jgua

w2 3)90 sdls,
Table 5- Surface runoff, erosion, and sedimentation values estimated by the LAPSUS model after the development of
the flow routing method for the investigated events

Sub-catchment 1 Sub-catchment 2~ Sub-catchment 3 Sub-catchment4  Sub-catchment 5

Rainfall Erosion/ Erosion/ Erosion/ Erosion/ Erosion/
Event (mm) R%E())ﬁ Sediment R%Egﬁ Sediment  Runoff  Sediment R%E;)ﬁ Sediment R%B)ﬁ Sediment

(g (@n (L) (@n (gn) (@n

1 4.8 0 0 0 0 0 0 0 0 0 0

2 2.5 0 0 0 0 0 0 0 0 0 0

3 12 108 39 68 8.3 254 190 9.4 0.3 106 1.6

4 9.5 70 34 44.2 8.2 208 217 75 0.5 11.2 3

5 1.8 0 0 0 0 0 0 0 0 0 0

6 15 0 0 0 0 0 0 0 0 0 0

7 18 283 89 27 12.3 480 470 14 2 42.6 11.7

8 3.4 10.9 13.2 0 0 2 11 1.3 0.2 5 1.3

9 45 722 119 611 33 2540 812 53 4 146 39

10 19 89 62 1.2 3 909 583 3 1 16.8 5

11 145 21.4 40 0.5 2 17 99 5.7 15 4.3 1

12 16.5 95.2 64 0 0 553 494 0 0 0 0

13 100 282 89 18.8 11 2142 769 118 5 29.6 8

14 16.3 179 775 30.7 13 552 494 25.6 3 33.7 9.3

15 12.7 74 45 8.8 6 163 246 20 15 18.8 5

16 5 0 0 0 0 0 0 0 0 0 0

17 2 0 0 0 0 0 0 0 0 0 0
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Figure 5- Estimation of surface runoff values of LAPSUS model after development of flow routing method and
observational values
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Figure 6- Estimation of erosion and sedimentation values of the LAPSUS model after the development of the flow
routing method and observational values
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