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ABSTRACT

Infiltration is an essential parameter in runoff, although its simulation remains challenging due to soil
heterogeneity and complex structures. As soil moisture increases, infiltration capacity decreases nonlinearly,
stabilizing when saturation is reached. Therefore, this study aimed to improve and validate the Horton Equation
using field observations to determine infiltration capacity in watersheds. Overland flow observations were used
to assess simulation accuracy from the previous studies, the sensitivity curve number was obtained at a range of
49-57. The results showed that high precipitation saturated initial losses and infiltration capacity, producing a
greater runoff coefficient. The sensitivity curve numbers were obtained differently between Pandantoyo sub-
basin (CN 49-53) and Ngadirejo sub-basin (CN 53-55). From modification runoff coefficient values
(dimensionless,) for an ungauged catchment, it could be obtained function of f (R24, Sm), LU. Soil moisture value
between Pandantoyo and Ngadirejo sub-basin was 3,562. It was also discovered that C was Q from AWLR
observation and time of concentration, which influenced water discharge. A longer Tc led to lower discharge
without increasing water levels. Furthermore, SCS Direct runoff method had minimal impact on runoff
coefficients.
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Introduction cover layer [5][6]. Infiltration capacity decreases
nonlinearly as soil moisture increases, stabilizing
when soil is saturated [5]. To address the challenge,
this study used primary data collection and
numerical methods to explore the relationship
between infiltration capacity and soil moisture [6]. In
addition to classifying infiltration, infiltration rates
were compared across various soil types to measure
macropore flow [6].

Infiltration is an essential parameter in runoff,
although its simulation remains challenging due to
soil heterogeneity and complex structures [1].
Infiltration capacity decreases nonlinearly with
increased soil moisture, stabilizing when saturation
is reached. Therefore, the improved Horton Equation
and field observations are applied to determine
infiltration capacity, validated by overland flow ) T ] ]
observations [1,2]. Previous studies have shown that Rainfall |nf|It.rat|on is generally |n.fluenced by soil
soil types C and D, with lower infiltration rates, type, porosity, texture, vegetation cover, land

generate significant runoff, contributing to a larger management, a.nd preferential flow due to roots,
runoff coefficient [1] cracks, and soil fauna. In natural systems, the

macropores in soil can rapidly store significant
guantities of infiltrated water as well as pollutants,
particularly during periods of intense rainfall,
thereby affecting shallow and steep water bodies
[6,7]. To capture the dynamics of infiltration, the

In this context, simulating soil water infiltration is
essential in hydrology but challenging due to
heterogeneous soils and complex structures [3,4,5].
Each soil surface has an absorption capacity whose
ability varies from soil condition and the surface
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power function is fit to soil moisture-time curve data
and adopted to describe the nonlinear relationship
between infiltration capacity and soil moisture
[7,8,9]. Infiltration process at the ground level of the
watershed has a substantial impact on both the
timing as well as the magnitude of high and low-flow
events [10,11]. Therefore, this study aimed to model
nonlinear infiltration behavior using a power
equation that best represented soil moisture
dynamics observed in the field.

Methodology

Infiltration measurements can be used for a variety
of study purposes, including to estimate relevant soil
hydraulic parameters by fitting infiltration data to
inverted models [12,13]. As soil moisture increases,
infiltration capacity decreases nonlinearly, stabilizing
when saturation is reached. Therefore, this study
aimed to improve and validate the Horton Equation
using field observations to determine infiltration
capacity in watersheds. Overland flow observations
were used to assess the accuracy of the simulation
[14]. Furthermore, fieldwork and HEC HMS model
simulations were combined to determine runoff
coefficients.

Result and Discussion

The decrease in the value of infiltration capacity
reduces with time until it is close to a constant value
of 40 minutes, as shown in Figure 1.
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Figure 1. Infiltration rate of sandy loam [15]

This decrease in infiltration capacity is influenced by
factors that occur at soil surface compared to the
processes that flow in soil [16]. When precipitation
increases, the initial losses and infiltration capacity
will meet (saturate). The runoff also increases,
thereby causing a higher runoff coefficient. In
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previous studies, it was stated that a small infiltration
rate with soil types C and D would produce a large
runoff, leading to a greater runoff coefficient [1].

In this study, the results were obtained that
infiltration rate was classified as soil type A and
produced small runoff with lower coefficient. The
value of the flow coefficient at 0.4 for rice fields is
greater than the results produced from field
experiments. From a previous study [14], excessive
rainfall increases runoff coefficients due to higher
intensity leading to expanded surface runoff. The
runoff coefficient is calculated using the formula
method by dividing the runoff volume by rainfall
volume [14]. For instance, when rainfall over 24
hours (Ry4) is 48 mm, this calculation can be
conducted over a watershed area of 91,526 km? [15].
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Figure 2. Correlation between runoff coefficient and
maximum rainfall intensity from 2010 to 2022[15].
The relationship described in Figure 2 indicates that
higher maximum rainfall conditions will lead to an
increase in the flow coefficient. This proves that high
rainfall intensity results in greater surface water
runoff. Lanang River basin, which is approximately 40
km in length, shows a lower surface runoff rate
compared to a widened basin with the same overall

area.
To calculate rainfall volume, multiply Rz4 by the area:

Rainfall volume

= Ryx A

48 mm x 91,526 km?

= 0.000048 km x 91.526 km?
= 0.00439 km?

= 439m3

Rain volume of 4.39 m?® will be used to estimate
direct runoff.

Table 1 shows the identified parameter k' in the
Improved Horton Equation to be 0.5 for value f.fo.
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Table 1. Calibrated Parameters for Original and
Improved Horton Equations [15]

Parameter | Original Horton Original Horton
Equation Equation
fo 100-500 100-500
fc 15-100 15-100
k 0-30 none
k’ none 0,5-5

Table 1 shows improved Horton Equation, with the
following assumption k' is 0.5, P is 0 mm/hour, ET is
0, and e equals 2.781. Rainfall is represented by P,
and evapotranspiration by ET. During runoff events,
ET simulation can be omitted as it occurs
instantaneously [15].

R(O)=P—ET—f

-6,

— k(=20
R(0) =P —ET — fo—(fo— f)e 007
-0 5(ﬂ
=0-0-90-(240-90). e " fo-bc
—05(2 %
=-90-150. e **@o-07
6-60) _
assume (90_96) =Sm
hence: e~0:55m = R(E)¥90
-150
Derrivative function f(x;) = e~955m
And f(xz) = X2

f(x) = fx2)
f’(xl) = f’(xz)

-055m—-1l.e=1
Assumes: e =2.781, hence
—-0,55m—-1.2,781 =1
-0,55m = 1 — 2,781

o, _ 1-2781
m=""0u5

= 3,562

Soil moisture between Pandantoyo and Ngadirejo
sub-basin is 3,562. Furthermore, automatic water
level recorder observations and the time of
concentration ascertain that C is Q. Longer
concentration time reduces water discharge without
increasing levels. SCS Direct runoff method minimally
impacts runoff coefficients.
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Sensitivity analysis of CN in the model ranges from
35 to 99. Modeling results indicate that CN
Pandantoyo values range between 49 and 58, while
N.C. values vary between 50 and 55[14]. To calculate
surface runoff in a catchment area, this study used
SCS NRCS runoff method based on characteristics
obtained from maps or field observations [14,15].
The results showed that the area's soil type A had a
low infiltration rate and runoff coefficient [14].
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Figure. 1 Impact of Q from AWLR observation on C
and daily soil moisture precipitation [15]

Table 2. Q value of HMS HMS to C in Pandantoyo

Sub Watershed
Sub DAS Q Hec Hms (M3/s) C
Ngadirejo 0.26 0.36
0.32 0.45
0.39 0.55
Pandantoyo 0.29 0.01
0.29 0.01
0.28 0.01
0.26 0.01

From Table 2, it can be described that the typical flow
coefficient value used, with a range of 0.4 for rice
fields, is higher than the runoff coefficient obtained
from field experiments. This shows that Pandantoyo
Village's rice field has higher infiltration rates than
Ngadirejo Village's garden land and bushes [15]. The
disparity in results can be attributed to land cover,
which affects watershed characteristics. Pandantoyo
features slope terrains used for sugarcane
plantations, while Ngadirejo has experienced
substantial land conversion [15]. The elongated and
narrow configuration of a watershed minimizes
surface runoff compared to broader watersheds
[15]. Generally, direct runoff is calculated with the
R,s method, and average rainfall using Thiessen
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polygon method. The steps to find C observed are
with Rain Volume data and Hydrograph Unit data
[13].

. P-R
@ index = —

When P represents rainfall exceeding the index, R is
the total runoff, and T is the duration of effective
rainfall. An index is defined as the saturated
infiltration rate, where rainfall volume equals runoff
volume [15,18,19]. C observed is assigned a value of
0.4 because it falls in the category of rice fields, as
referenced in [15].
daily precipitation volume
- Ry A

In this equation, C observed can be defined as ¢
index and with Area A =91,526 km?2

Table 3. Daily Rainfall Volume and Discharge

Number Date H QAWLR Q Average Ry

of data
538 06/02/22 0.62 0.74 0.68 24
658 06/07/22 0.66 0.80 0.75 48
730 06/10/22 0.52 0.57 0.69 63
850 06/15/22 0.65 0.79 0.97 29
898 06/17/22 0.76 0.98 0.96 44
970 06/20/22 0.79 1.05 0.89 34
1090 06/25/22 0.63 0.74 0.72 27

The key factors affecting runoff include the
percentage of watertight area and the curve number
(CN) [15]. A higher curve number indicates increased
runoff, in theoretical constraints [17,18]. An increase
in precipitation saturates initial losses and infiltration
capacity, which produces a higher runoff coefficient
[19,20,21].

Conclusion

In  conclusion, this study showed significant
adjustments to  runoff  coefficient values
(dimensionless). For an ungauged catchment, it
could be obtained as a function of f (R24, Sm), LU. Soil
moisture value between Pandantoyo and Ngadirejo
sub-basin was 3,562. This showed that C was Q from
AWLR observation, and the time of concentration
influenced water discharge. A longer Tc produced
lower discharge without raising water levels. SCS
Direct Runoff method had minimal impact on runoff
coefficient.
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