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palm dates,

One of the most popular surface runoff estimation methods is the rational method.
Unfortunately, this method has several concentration-time approaches that have been
developed, as one of the parameters, which are specific to the environment to increase
the accuracy of the runoff estimation. Therefore, this study aims to estimate surface
runoff using a rational method with several concentration-time approaches in order to
obtain the best accuracy in tropical palm dates plantations in Aceh Province, Indonesia.
The concentration-time approaches studied were Kerby, Kirpich, Manning, Branshy
Williams, Federal Aviation Agency (FAA), and Natural Resources Conservation
Service (NRCS). This research was conducted by making a test plot in the plantation
with the length, width, and slope of 22 m, 4 m, and 25%, respectively. Each side of the
test plot is given a barrier plate with a height of 15 cm and embedded as deep as 30 cm.
In addition, on the bottom side, there is a runoff collection tank with a capacity of 50 L.
The physical properties of the soil on the test plots in the form of structure, texture,
porosity, permeability, and organic C were granular, sandy loam, 0.43%, 1.84 cm/day,
and 1.25%, respectively. The test was carried out from March to November 2020 with
37 days of rain. The results of this study indicate that there are significant differences
between each concentration-time approach being tested. The best runoff estimation uses

the Bransby William method in units of I/hr with the root mean square of 7.95.

1. INTRODUCTION

Palm dates plantation in the tropics is agricultural
cultivation that tends to be new, especially in Aceh, Indonesia.
Estimating runoff water discharge with precise accuracy from
land, especially for new agricultural areas, is important to
know to make the right land management decisions. The
inaccuracy in the estimation can be a disaster from using the
land for agricultural cultivation, especially in a tropical climate
with high rainfall.

Methods for estimating surface runoff in agricultural land
have been developed, including rational methods [1-3],
conservation service soil-curve number (SCS-CN) [4-7],
artificial neural network (ANN) [4], geographical information
system (GIS) [8] and remote sensing (RS) [6, 8]. In this
context, the ANN method is a black-box approach that
prioritizes pattern recognition. This causes less traceability of
the factors that affect the surface runoff numerically. In
contrast, the rational method has the advantage that it is
approached with an empirical equation in which the
concentration-time can be optimized to produce higher
accuracy. The concentration-time is obtained from the
comparison between direct and estimated surface runoff
measurements using empirical equations.

Estimation of concentration-time from rational methods that
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have been developed includes the Kerby approach [9], Kirpich
[10], Manning’s [11], Bransby Williams [11], Federal
Aviation Agency (FAA) [12], and Natural Resources
Conservation Service (NRCS) [13]. To the best of our
knowledge, investigations related to this concentration-time
approach to the accuracy of runoff estimation by the rational
method had not been carried out. Therefore, in this paper, we
conduct a study related to the effect of these various
concentration-time approaches on the accuracy of surface
runoff estimates carried out on experimental plots in tropical
palm dates plantations in Aceh Province, Indonesia. The level
of accuracy of some of these methods uses the root mean
square.

2. MATERIAL AND METHOD
2.1 Site description

The experimental plot is located in the date palm plantation
of PT. Lembah Barbatee, Blang Bintang District, Aceh Besar
District, Aceh Province, Indonesia. The coordinates of the
experimental plot are at 5.54°NL, 95.51°EL. Data collection
was carried out from March to November 2020. The test was
carried out on plots with length (L), width (W), and land slope
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(S) of 22 m, 4 m, and 25%, respectively. In the experimental
plot, it is also known that the width of the channel bottom (b)
and the depth of flow (y), which are designed, are 56.8 cm,
28.4 cm, respectively. Classification of soil types in the
experimental plot area belongs to the order ultisol. The
physical properties of the experimental plotted soil are
presented in Table 1.

Table 1. Physical properties of the soil at the experimental

site
Physical properties Value  Unit Category
Soil Porosity 0.43 % Bad
Soil Structure 2 N/a Granular
Soil Permeability 1.84 cmihr Slow
Loam 30
Sand 60 % N/a
Clay 10
Texture - N/a  Sandy loam
C-organic 1.35 % Low

2.2 Analysis of surface runoff estimation data using the
rational method

Estimation of surface runoff by the rational method can be
calculated using Eq. (1) [11]. The influencing factors of this
method are surface runoff coefficient (C), intensity of the rain
during the concentration-time (1) (Eqg. (2)), and catchment area
of plot (A). Runoff coefficient (C), according to the rational
method of this experimental plot, is the area of agriculture and
plantations, which has a value of 0.4.

Q=0.278xCxIxA
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The concentration-time (T¢) can be calculated using the
Kerby (Eq. (3)), Kirpich (Eg. (4)), Manning (Eg. (5)), Branshy
Williams (Eqg. (6)), Federal Aviation Agency (FAA) (Eq. (7))
approaches, and Natural Resources Conservation Service
(NRCS) (Egq. (8)). Each of these concentration-time
approaches is generated through an empirical approach.
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where, Q-estimated runoff discharge (m%s), C-runoff
coefficient, 1-average rainfall intensity (mm/hr), A-catchment
area of plot (km?), Ra-daily rainfall (mm), Tc-time
concentration (hr), L-catchment area length of plot (m), Nk-
Kerby roughness coefficient, S-sloping land (%), Nwm-
Manning roughness coefficient, b-channel bottom width (m),
y-flow depth, Cn-curve number.

Several parameters for determining the concentration-time
(Tc) of this approach require the help of descriptive
explanations of the experimental plots to obtain a coefficient.
For example, the coefficient of surface roughness of the
experimental plot according to the Kerby approach is
presented in Table 2, and the value of the surface roughness
coefficient of the experimental plot according to the Manning
approach is shown in Table 3. Based on the table, the
description that follows the Kerby approach's provisions is that
the experimental plot is dominated by weeds, gardens, and a
rough surface equal to (Nk) 0.2. The description following the
requirements of Manning's approach is soil, straight and
uniform, and new clean that is equal to (Nm) 0.018.

Table 2. Land surface roughness value based on Kerby

Area description Rough surface of Kerby (Nk)

Pavement 0.02

Smooth, empty, compacted soil 0.10
Weeds, gardens, rough surface 0.20
Meadow 0.40

Forest 0.60

Thick grass, natural forest 0.80

Table 3. Land surface roughness value based on Manning

Channel Type Rough surface of Manning

(Nwm)

Soil, straight and uniform, and 0018
new clean

Clean has rotted 0.022

Gravel 0.025

Short grass, few nuisance plants 0.027

The time of concentration (T¢) with the NRCS approach
requires a parameter in the form of a curve number (Cy) whose
value depends on the soil texture and the type of land
cultivation. The soil texture at the experimental plot location
is sandy loam with poor land management, so that the curve
number (Cy) value is 68 [14].

2.3 Evaluation of models
Evaluation of surface runoff estimation model based on
several concentration-time approaches is carried out by

calculating the root mean square error (RMSE). Equation used
to calculate the RMSE is presented in Eq. (9).

RMSE = f%i(x— y)2

3. RESULT AND ANALYSIS

)

3.1 Rainfall intensity and actual surface runoff

Rainfall and surface runoff during the study from March to
November 2020 was 37 days (Figure 1). Total rainfall



obtained during these nine months of observation was 681.18
mm. The average rainfall during this study was 18.41 mm per
rainfall event. The highest rainfall occurred on November 26,
2020, at 60.0 mm and the lowest occurred on March 27, 2020,
with a rainfall of 1.27 mm. In Figure 1, we observe that the
trends of surface runoff and rainfall are consistent because
rainfall is not the only thing that affects the occurrence of
surface runoff. Other factors include soil physical properties,
catchment area, sloping land, type and intensity of cover crops,
and main vegetation.

The highest actual surface runoff occurred on November 26,
2020, at 2.36 mm and the lowest actual surface runoff occurred
on May 9, 2020, at 0.11 mm. The highest and lowest actual
surface runoff occurred in 60 mm and 3.18 mm rainfall
conditions, respectively. The occurrence of surface runoff that
occurs is closely related to rain on the day before and after in
the experimental plot. The rain the previous day will cause the
actual surface runoff to be greater the next day. This is due to
the ability of the soil to infiltrate the amount of water that
comes from the rain. This is in line with Pei et al. [15], which
explains that the more frequently it rains, it will cause the
ability of the soil to absorb water be lower in certain areas.
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Figure 1. Rainfall and surface runoff during the study
3.2 Analysis concentration-time

Table 4. Concentration-time using six approaches

Concentration-time approach Concentration-time

(To) (hr)
Kerby 2.2812
Kirpich 0.1435
Manning 0.0005427
Bransby Williams 4317.4781
Federal Aviation Agency (FAA) 3.7291
Natural Resources Conservation 71038

Service (NRCS)

The value of concentration-time (T;) in the various
approaches used to estimate surface runoff using the rational
method is presented in Table 4. It can be seen that, from the
six approaches to concentration-time, it can be seen that the
concentration-time values differ significantly. The largest
concentration-time was obtained on the Bransby Williams
approach and the smallest on the Manning approach. This is
due to the differences of each approach in formulating the
empirical equation. Manning's equation produces a concise
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concentration-time because the empirical equation he builds is
based on the water path length compared to the velocity of the
water in overcoming. Meanwhile, the Bransby Williams
concentration-time approach is based on an empirical equation
that only includes the effect of track length, rain catchment
area, and land slope.

3.3 Surface runoff estimation model

The surface runoff estimation model using the rational
method with the Kerby concentration-time approach is
presented in Figure 2. The relationship between the actual
surface runoff and the estimated runoff with the Kerby
concentration-time approach can be modeled into Eq. (10).
The coefficient of determination (R?) of this model estimation
is categorized as very strong to perform prediction equal to
0.98. However, root means square error (RMSE) in I/hr units
of this model is 1694.01.

S, -98.70

509.98 (10)
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Figure 2. Prediction of surface runoff with Kerby
concentration-time approach
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Figure 3. Prediction of surface runoff with Kirpich
concentration-time approach

The surface runoff estimation model using the rational
method with the Kirpich concentration-time approach is



presented in Figure 3. The relationship between the actual
surface runoff and the estimated runoff with the Kirpich
concentration-time approach can be modeled into Eq. (11).
The coefficient of determination (R?) of this model estimation
is categorized as very strong to perform prediction equal to
0.98. However, root means square error (RMSE) in I/hr units
of this model is 10725.37.
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The surface runoff estimation model using the rational
method with the Manning concentration-time approach is
presented in Figure 4. The relationship between the actual
surface runoff and the estimated runoff with the Manning
concentration-time approach can be modeled into Eq. (12).
The coefficient of determination (R?) of this model estimation
is categorized as very strong to perform prediction equal to
0.98. However, root means square error (RMSE) in I/hr units
of this model is 441669.33.
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Figure 4. Prediction of surface runoff with Manning
concentration-time approach

The surface runoff estimation model using the rational
method with the Bransby Williams concentration-time
approach is presented in Figure 5. The relationship between
the actual surface runoff and the estimated runoff with the
Bransby Williams concentration-time approach can be
modeled into Eq. (13). The coefficient of determination (R?)
of this model estimation is categorized as very strong to
perform prediction equal to 0.98. However, root means square
error (RMSE) in I/hr units of this model is 7.95.

~S,-0.65 (13)
333

The surface runoff estimation model using the rational
method with the FAA concentration-time approach is
presented in Figure 6. The relationship between the actual
surface runoff and the estimated runoff with the FAA
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concentration-time approach can be modeled into Eq. (14).
The coefficient of determination (R?) of this model estimation
is categorized as very strong to perform prediction equal to
0.98. However, root means square error (RMSE) in I/hr units
of this model is 1219.86.
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Figure 5. Prediction of surface runoff with Bransby Williams

concentration-time approach
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Figure 6. Prediction of surface runoff with FAA
concentration-time approach

The surface runoff estimation model using the rational
method with the NRCS concentration-time approach is
presented in Figure 7. The relationship between the actual
surface runoff and the estimated runoff with the NRCS
concentration-time approach can be modeled into Eq. (15).
The coefficient of determination (R?) of this model estimation
is categorized as very strong to perform prediction equal to
0.98. However, root means square error (RMSE) in I/hr units
of this model is 792.72.

S, —46.28

1
AT 23915 (13



2500

2000

R

1000 oot & I SN SN

Predicted surface runoff (L/hr)

************************************

500 4 ‘

4 6 8 10
Actual surface runoff (L/hr)

Figure 7. Prediction of surface runoff with NRCS
concentration-time approach

3.4 Discussion

From all runoff estimation models, which were analyzed
using several concentration-time approaches, the coefficients
of determination were not significantly different from one
another. However, if we evaluate the RMSE value, we will find
a significant difference between one model and another. The
difference in the RMSE value is not to indicate that the model
cannot predict according to the actual situation but rather to
indicate a measure of accuracy that corresponds to the average
between the actual runoff data and the predicted runoff. It can
be seen that the Bransby Williams concentration-time
approach produces a measure of accuracy that corresponds to
the average between the actual runoff data and the smallest
predicted runoff compared to the other approaches. This is in
line with the results of research by Salimi et al. [12], who
found a runoff prediction model similar to the results of this
study.

The surface runoff prediction model using the rational
method with the Bransby Williams concentration-time
approach is more appropriate for the test area carried out. This
test plot is located on a tropical date palm plantation in Blang
Bintang District, Aceh Besar District, Aceh Province,
Indonesia, at coordinates 5.54°NL, 95.51°EL. In general, the
area of this plantation is 320 ha. If we recalculate using the
model from the rational method with the time approach of the
Bransby Williams concentration for maximum rainfall, the
prediction of surface runoff in the area is about 18345.29 I/hr.
This surface runoff value has been greater than the results of
the study of Yang et al. [11], who suspected surface runoff in
sugarcane farming areas. Therefore, anticipation with land
management is important to pay attention to in cultivating
palm dates in tropical areas.

The amount of surface runoff will impact the amount of
erosion that will occur in the area. If proper land management
is not carried out over a more extended period, this will lead
to sedimentation around the river area close to the plantation.
Land conservation efforts that can be carried out according to
several research results for land conditions like this include
providing terraces [16-18], use of cover crops [19-21] as well
as an application of biopore holes on the land [22-24].
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4. CONCLUSIONS

The analysis of the estimation of surface runoff using the
rational method with several concentration-time approaches
has been carried out. The observed concentration-time
approaches are Kerby, Kirpich, Manning's, Bransby Williams,
Federal Aviation Agency (FAA), and Natural Resources
Conservation Service (NRCS). Estimation of runoff was
carried out in the experimental plot of palm dates tropical
plantations in Aceh Province, Indonesia, for nine months with
37 rainfall events. It is known that the Bransby William
concentration approach with the rational runoff estimation
method gives the smallest root mean square error compared to
others for this area. In general, the estimation of surface runoff
in this tropical palm date plantation area with this method and
approach under conditions of maximum rainfall will produce
runoff of 18345.29 I/hr. Land conservation efforts with large
predictions of runoff that will occur are important, such as
terrace applications, use of cover crops, and application of
biopore holes. The future work of this research is to conduct
regarding the best conservation methods that should be taken
for the tropical date palm plantation area.
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