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Abstract

Several attempts have been made to increase the permeable area in the cities, which include
the building of green facilities such as parks and urban forests. Since these areas were built
with soil compaction, the potential for infiltrating water differs compared with the natural
green area. Therefore, this research aims to analyze the influence of soil conditioning on the
constant infiltration rate using variables such as soil compaction, texture, and the presence of
vegetation cover in urban facilities. The data used were obtained through field infiltration
measurement using a single ring infiltrometer. In this research, the analysis carried out
includes soil texture, Horton equation, the difference between conditioned soils and control
plots, and USDA hydrologic soil classifications. The results showed that all variables (soil
compaction, the presence of vegetation cover, and soil texture) have a significant effect on
the constant infiltration rate. Based on the soil conditioning, the infiltration rate is increased
on the vegetated plots and decreased on the plots with the combination of vegetation and
compaction, as well as the compacted plots. Furthermore, the effect of vegetation cover is
more significant in silt loam textured soil, while the influence of compaction is more on clay
textured soil. The potential constant infiltration rate on the plots of similar characteristics
with green urban areas are on K2 and L2 with 2.698 mm/h and 1.525 mm/h, respectively.
Therefore, these plots have a moderate runoff potential based on USDA hydrologic soil
classification.

Keywords: Compaction; Infiltration; Soil conditioning; Urban facilities

1. Introduction

All processes related to defect in the earth's surface are influenced by human
activities, which are responsible for the landform changes, especially during the
environmental planning that involves public policies (Sucahyanto et al., 2018). The global
development of urban areas due to an increase in population has continuously threatened
natural dynamics, the availability of resources, and environmental quality (McGrane, 2016;
Marie Mireille et al., 2019). Moreover, changes in land cover have caused some problems

such as soil degradation which depends on intensity, pattern, and types of land cover change,

*Corresponding author.

Email address : searphin91@gmail.com (Searphin Nugroho) -



Searphin Nugroho & Wahyono Hadi / Geosfera Indonesia 6 (2), 2021, 222-240

namely depletion of nutrients, decrease in infiltration capacity and moisture content of the
soil (Marie Mireille et al., 2019).

Infiltration is one of the major components of the hydrological process by which
water enters the soil profile from the surface (Gundalia, 2018). In this process, the water
entering into the soil are from precipitation, irrigation, leaf drip, and stem flow, or runoff
which was routed over the land surface and reinfiltrates (VVereecken et al., 2019). Therefore,
infiltration is an important main source of groundwater, which plays a major role in the
ecological and geological environment, as well as economic and social development (Zhang
et al., 2020). The reduction of the permeable area from these land cover changes, especially
in urban areas such as land hardening and vadose thickening has caused many problems
which include decreased precipitation infiltration, soil erosion, and increased runoff that leads
to flooding (Apollonio et al., 2016; Zhang et al., 2020). Meanwhile, the reduced infiltration
rate has been proven from some researches by Gregory et al. (2006) and Zemke et al. (2019).
These researches analyzed the effect of soil compaction on infiltration rate due to the
activities of urban area expansion or development, and the results showed that soil
compaction reduced soil infiltration rate drastically, which leads to a possibility of increased
runoff, especially during heavy rainfall.

Furthermore, several types of researches have been conducted to analyze the effect of
land cover use or change on soil infiltration. One of these was research by Regués et al.
(2017), that analyzed the effect of various factors such as land use, vegetation cover, soil and
bedrock characteristics, moisture and altitude, on soil infiltration in three different
environments in Spain. The results of the research showed that land with vegetation cover in
normal and burnt conditions has a higher soil infiltration rate compared with the unvegetated
vacant land. Based on land use, vegetation cover is one of the most important factors that
influence soil infiltration rate.

There have been limited studies on the combination effect between soil compaction
and types, as well as land cover, especially vegetation on constant infiltration rate. This is due
to the infrastructural development of the urban areas, especially public facilities, and some
considerations such as soil types and structure which are different from one area to another.
In addition to creating awareness on the present needs of green areas or space in urban areas,
some public facilities such as parks are built (Hwang et al., 2020), which involve soil
compaction in the process and depend on factual conditions in the field and client demands.
This showed that the constant soil infiltration rate and the potential runoff from these
facilities differed compared with more natural or uncompacted green space, even between

other parks or facilities inside a city, which affect the development of urban drainage.
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Therefore, this research aims to calculate and analyze the influence of the combinations on
soil conditioning which consists of a type, land cover, and compaction variations on
measured constant soil infiltration rate in urban facilities. Also, to determine the potential
constant soil infiltration capacity and the runoff on the plots of similar characteristics with the

compacted green areas.

2. Methods
2.1 Initial Data Collection and Field Studies

The pre-research data collection was needed to determine the research location, which
was the soil type map of Surabaya City from its respective departments and Google Maps for
the information of urban facilities in the city. These data were used as a basis for the field
analysis and the selection of the most ideal locations for testing soil infiltration. In this
research, the chosen locations were Kenjeran Beach Amusement Park and Lempung Urban
Forest, Surabaya, which are shown in Figure 1.

The reasons for choosing these two urban facilities for this research are as follows: a)
each of the test fields is located on different soil types based on the map in Surabaya City,
where Kenjeran Beach Amusement Park is on the hydromorphic alluvial soil and Lempung
Urban Forest on gray alluvial, b) the variations on the land cover, where some parts of these
locations are covered by vegetation, while others are not covered (vacant), and c) easy access
to clean water for soil infiltration tests, as anticipation when the time to achieve constant
infiltration rate is longer than expected. At the test fields, some soils were sampled at 10 — 30
cm from the surface and brought to the laboratory to determine the distribution of soil
particles based on the Indonesian National Standards (SNI 3423:2008). Moreover, the soil
texture of the test plots was analyzed by matching the laboratory data with the USDA soil
textural triangle. Based on this soil triangle, there were 12 types of soil textures determined
by the distribution of the soil particles. These types of textures were clay, sandy clay, silty
clay, sandy clay loam, clay loam, silty clay loam, loam, sandy loam, loamy sand, sand, silt
loam, and silt (Schoeneberger et al., 2012). The visualization of the soil texture variations is

shown in Figure 2.
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Figure 2. The USDA soil textural triangle (Schoeneberger et al., 2012)
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2.2 Test Field Conditioning

In this research, each of the test locations was divided into four test plots with the size
of 1 x 1 m. For the conditioning of the test plots, the variables to be analyzed were
considered, namely soil type, land cover, and soil compaction. The variations of the plots are
shown in Table 1.

Table 1. Plot conditioning in test fields

. Plot conditioning Plot code
Numb. Location - -
Vegetation Compaction
v - K1
1 Kenjeran Beach Amusement Park \/ ECZ%
- v K4
v - L1
2 Lempung Urban Forest \/ ‘/ tg
- v L4

Based on Table 1 above, there are four types of plots with different soil conditioning
in each location, which consist of: a) control plots (without vegetation cover and compaction,
plot K3, and L3), b) plots with vegetation cover only (K1 and L1), ¢) plots with compaction
only (K2 and L2), and d) plots with vegetation cover and compaction (K4 and L4).

In both test fields, some parts had no cover on the surface, therefore, it was not
necessary to cut the vegetation in these places. For the test plot compaction, four of the eight
plots were compacted using a stamper with durations of approximately 30 seconds, which
was adopted from Gregory et al. (2006). The soil types on Kenjeran Beach Amusement Park
and Lempung Urban Forest are different from each other. Therefore, the soil type that was

most affected by the conditioning was also analyzed.

2.3 Soil Infiltration Measurements

Soil infiltration rate measurements at test fields were conducted using a single-ring
infiltrometer and a ruler to observe the change in the surface water level inside the ring, every
five minutes. Furthermore, water was added to the original surface water level in the ring
every five minutes until its rate became constant. The documentation of the measurements is

shown in Figure 3.
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Figure 3. The soil infiltration measurement on the test plot

2.4 Modeling the Soil Infiltration Rate Curve

From the measurements on the test plots, the curve of soil infiltration rate or capacity
is modeled using the Horton Equation. According to Qing et al. (2020), the soil infiltration
rate on the specific time, f, is calculated as follows:

f=f.+ (fy —f.).e™kt 1)

Where f is the infiltration rate or capacity (mm/h), fo is the initial infiltration rate or capacity
(mm/h), fc is the constant infiltration rate or capacity (mm/h), e is the exponential value of
approximately 2.718, k is the value that indicates the decrease of soil infiltration rate or
capacity, and t is the duration of the infiltration (h). The Eqg. 1 above can be rearranged to

determine the value of k, which is written as follows:
In(f—f.) = —kt + In(fy — f.) (2)

By following the general formula of the single linear equation, where In(f — f; ) is the output
value, -k as the gradient value or m, and In(fo — f; ) is the value of the constant, the Eq. 2 is

written as follows:

(In(f—fc) —In(fo—fc)]
t

k= —

©)

Due to the infiltration rate measurement in the field only a few minutes after time t =
0, the value of the initial infiltration rate at time t = O (fo) is unknown. Therefore, to obtain the
value of fo, a curve was made between the infiltration rate measurement data against time.
Furthermore, Microsoft Excel and the included Solver add-in were used to adjust and extend
the curve until it reached the Y -axis intersection, where t = 0. After the data were obtained,

the modeling of infiltration capacity was performed using all the steps explained above.
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2.5 Analysis Stage
2.5.1 Influence of the Soil Conditioning on the Constant Soil Infiltration Rate

In this analysis, all the measured constant soil infiltration rates from the test plots with
soil conditioning such as K1, L1, K2, L2, K4, and L4, are compared with the control plots
which are K3 and L3. These comparisons are needed to determine the influences from the
research variables such as the soil types, soil compaction, and the presence of vegetation

cover. The difference of the constant infiltration rates (Af) is calculated as follows:

Af = SseZfert o 10004 (4)

ctrl

Where Af is the infiltration rate or capacity difference (%), fsis the constant infiltration rate
or capacity on the plots with soil conditioning (mm/h), and fe is the constant infiltration rate

or capacity on the control plots (mm/h).

2.5.2 Comparison between the Infiltration Rate Measurements with Modeled Infiltration Rate

All the soil infiltration measurements from test plots were compared with all the
modeled infiltration rates based on the Horton equation, using the modeled one as the
reference with OriginLab. This was conducted to analyze the average difference or gap
between the predicted infiltration rate calculated by the Horton equation with the actual rate

in the test plots using the same time frame from the initial to when the rate becomes constant.

2.5.3 Potential Constant Infiltration Capacity from the Test Plots

The values of potential constant infiltration capacity from all tested plots were
determined from the calculation process when the soil infiltration capacity was modeled
using Horton equations on EqQ.1-Eq.3, especially when the infiltration capacity became
constant. These values were classified based on the USDA hydrologic soil group to determine
the fastness or slowness of the rates and the potential to generate surface runoff in rainy
conditions. According to Satheeshkumar et al. (2017), the information about USDA
hydrologic soil group is shown in Table 2.

Table 2. USDA hydrologic soil group (Satheeshkumar et al., 2017)

Hydrologic soil Runoff Water Final infiltration
(HSG) potential transmission (mm/h)
Group A Low High rate >7.5
Group B Moderate Moderate rate 38-75
Group C Moderate Moderate rate 1.3-38
Group D High Low rate <13
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3. Results and Discussion
3.1 The Test Fields Conditions and Their Soil Textures

As previously mentioned, there are two locations to be tested in this research, which
are Kenjeran Beach Amusement Park at the northeast and Lempung Urban Forest at the west
side of Surabaya city. Based on the soil type map of Surabaya, Kenjeran Beach Amusement
Park lies on the hydromorphic alluvial, while the Lempung Urban Forest area is on the gray
alluvial.

During the research, it was observed that the soil at both locations was not precisely
natural, especially on the surface part. This was because the places were buried by the soils
that came from the outside. At Kenjeran Beach Amusement Park, the soil is a combination of
the padas pile on the bottom part covered by the silt loam texture on its surface, while at
Lempung Urban Forest, some clay soils were from the excavation of boozem (detention
pond) around the forest. Therefore, a further investigation of the soil texture is recommended.
The results of the particle compositions from the sampled soil in all plots are shown in Table
3.

Table 3. Soil texture of the test plots

: Gravel Sand Silt Clay
Plot Soil Texture (%) (%) (%) (%)
K1 Silt loam (0-25 cm) 0.011 0.120 76.242 23.627
Landfill (26-100 cm)
K2 Silt loam (0-25 cm) 0.167 4.707 74.428 20.698
Landfill (26-100 cm)
K3 Silt loam (0-30 cm) 5.387 13.960 64.026 16.627
Landfill (31-100 cm)
K4 Silt loam (0-30 cm) 0.423 1.843 81.456 16.278
Landfill (31-100 cm)
L1 Clay (0-100 cm) 0.284 20.308 19.376 60.031
L2  Clay (0-100 cm) 0.980 31.285 11.092 56.643
L3  Clay (0-100 cm) 0.713 14.759 23.166 61.362
L4  Clay (0-100 cm) 0.709 27.051 11.276 60.964

Based on Table 3, from the soil texture analysis in the laboratory, all the samples from
the test plots were dominated by fine-sized particles. Most of the sampled soils from
Kenjeran Beach Amusement Park were silt particles at approximately 64.03 — 81.46%.
Meanwhile, the clay particles were the dominant sampled soils in Lempung Urban Forest
with approximately 56.46 — 61.36%. Based on the soil texture classifications, Kenjeran Beach
Amusement Park was classified as silt loam and Lempung Urban Forest as clay. The detailed

visualizations of the soil texture from all test plots are shown in Figure 4.
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Figure 4. The detailed locations of all test plots in their respective soil textures

3.2 Soil Infiltration Measurements on the Test Plots

Soil infiltration measurements were carried out to determine the ability of the soil
surface to drain water. In this research, the measurements were analyzed with the influence of
the soil conditioning, such as compaction, presence of the vegetation cover, and soil types.
The results of the infiltration rate measurements in the Kenjeran Beach Amusement Park are
shown in Table 4, while the Lempung City Forest is shown in Table 5.

Table 4. Soil infiltration measurements in Kenjeran Beach Amusement Park

K1 Plot K2 Plot K3 Plot K4 Plot

At Ah f At Ah f At Ah f At Ah f

(min)  (mm) (mm/h)  (min)  (mm) (mm/h) (min) (mm) (mm/h) (min) (mm) (mm/h)
15 6 24 5 15 18 15 4 16 15 25 10
15 55 22 5 1 12 15 2 8 15 2 8
15 5 20 5 1 12 15 1 4 15 15 6
15 4 16 5 0.5 6 30 1 1.99 15 1 6
15 3 12 15 0.5 1.99 30 1 1.99 15 1 5
15 3 12 15 0.5 1.99 30 1 1.99 15 1 5
15 25 10 15 0.5 1.99 45 1 1.33
15 2 8 45 1 1.33
15 2 8 45 1 1.33
15 2 8

Xt =150 Xt =65 Xt=135 Xt =225
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Table 5. Soil infiltration measurements in Lempung Urban Forest

L1 Plot L2 Plot L3 Plot L4 Plot
At Ah f At Ah f At Ah f At Ah f
(min) (mm) (mm/h) (min) (mm) (mm/h) (min) (mm) (mm/h) (min) (mm) (mm/h)
20 2 6 15 0.5 2 60 3 3 15 05 2
20 15 4.5 120 025 0.125 60 2 2 120 0.125 0.0625
20 1 3 120 025 0.125 60 2 2 120 0.125 0.0625
20 0.5 1.5 120 025 0.125 60 1 1 120 0.125 0.0625
20 0.5 1.5 60 1 1
20 05 15 60 1 1
Xt=120 Xt=375 Xt =360 Xt=375
Note:

At = The defined range time needed for measuring the water decrease in the single-ring infiltrometer

Ah =The height difference of the decreased water in the single-ring infiltrometer on a defined time range
f = The infiltration rate

Xt = The total time needed for the soil infiltration rate becomes constant

Based on Table 4, the highest initial infiltration rate measurement in the Kenjeran
Beach Amusement Park area of the tested four plots was K1 with approximately 24 mm/h.
This was successively followed by K2, K3, and K4 plots with 18 mm/h, 16 mm/h, and 10
mm/h, respectively. For the constant infiltration rate, the highest plot among the four was K1,
with approximately 8 mm/h, followed by K2, K3, and K4 with 1.99 mm/h, 1.99 mm/h, and
1.33 mm/h, respectively.

The results of the Lempung Urban Forest area as shown in Table 5, indicated that the
highest initial infiltration rate measurement from the tested four plots was the L1, with
approximately 6 mm/h. Consequently, it was followed by L3, L2, and L4 plots with 3 mm/h,
2 mm/h, and 2 mm/h, respectively. For the constant infiltration rate, the highest plot among
the four was L1 with approximately 8 mm/h, followed by L3, L2, and L4 with 1 mm/h, 0.125
mm/h, and 0.0625 mm/h, respectively.

Based on the correlation between the constant infiltration rate with soil textures from
both locations, Kenjeran Beach Amusement Park that has silt loam textured soil has a higher
constant infiltration rate compared with Lempung Urban Forest that has clay textured soil,
when conditioned with the same treatment such as being vegetated, compacted, etc. This is
because the dominant silt particles in Kenjeran Beach Amusement Park have larger pores,
which caused higher infiltration rates. Similarly, this pattern occurred in research by
Folorunso & Aribisala (2018) which showed that soil with higher and finer particle
compositions has a lower rate and accumulated infiltration. This was conducted using a sandy
clay textured soil with higher particles compared with others with higher sand particles. In

research by Patle et al. (2019), the infiltration rate measurements were measured in the loamy
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sand and sandy loam textured soil that has a lower average infiltration rate because of the
higher clay particles compared with loamy sand textured soil.

According to Table 4 and Table 5, the total time needed for the soil to reach the
saturated state (Xt) on all test plots varies from one condition to another. The longest Xt
overall were on the L2 and L4 plots with approximately 375 minutes, which have clay
textured soil. The shortest Xt overall was on the K2 plot with approximately 65 minutes,
which has silt loam textured soil. Meanwhile, the time difference needed to reach the constant
infiltration rate condition between each plot was caused by several factors including soil type,
texture, and anthropic interventions such as compaction. Moreover, Coutinho et al. (2020)
stated that the field with finer soil particles that are often used by society tends to have a
smaller infiltration rate and the time needed to reach its saturated condition is longer than
expected. As previously mentioned, the test fields in this research are the urban facilities,
where human activities and social interactions always happen. Also, these locations consist of
the soil with fine-sized particles. These results are also confirmed in research by Ma et al.
(2016) which showed that different soil textures have varied periods needed to reach the
saturated condition, where sandy soils have a shorter time compared with loamy soil that has

a smaller particle size.

3.3 The Influence of Soil Conditioning on Constant Soil Infiltration Rate

The influences of the combinations of the research variables such as the soil types,
compaction, and the presence of vegetation cover with the constant soil infiltration rate were
analyzed on the selected urban facilities in Kenjeran Beach Amusement Park and Lempung
Urban Forest in Surabaya City. Each location has a control plot with the condition of without
soil compaction and vegetation cover on the surface (vacant land), which are K3 in Kenjeran
Beach Amusement Park and L3 plot in Lempung Urban Forest. The comparison of the effect
of soil treatment on the constant infiltration rate is shown in Table 6.

Table 6. Comparisons of the constant soil infiltration rate based on different soil conditioning

fsc . " . fetrl Af
Test plot (cm/h) Soil conditioning Control plot (cm/h) (%)
K1 8.000 Vegetated silt loam soil K3 1.990 + 302
K2 1.990 Vegetat_ed and compacted K3 1.990 0
silt loam soil
K4 1.333 Compacted silt loam soil K3 1.990 -33.16
L1 1.500 Vegetated clay soil L3 1.000 +50
L2 0.125 Vegetated and c_ompacted L3 1.000 _875
clay soil
L4 0.063 Compacted clay soil L3 1.000 -97
Note:
Af = The infiltration rate or capacity difference
fsc = The constant infiltration rate or capacity on the plots with soil conditioning
fari = The constant infiltration rate or capacity on the control plots
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Based on Table 6, there are differences in the constant infiltration rate related to the
effect of the research variable or soil conditioning on the test plots, whether these
conditionings increased or decreased the soil infiltration rate. The maximum increased Af
value on the conditioned test plots with silt loam soil was 302% on the K1 plot with
vegetated silt loam soil, while the maximum decreased Af value was 33.16% on the K4 plot
with compacted silt loam soil. Similarly, this trend occurred on the conditioned test plots with
clay soil, where the highest Af value was on the vegetated soil (L1) with 50% and the lowest
was on the compacted soil (L4) with -97%. Based onthe soil conditioning in test plots, the
highest constant infiltration rate was on the vegetated plots (K1 & L1), followed by control or
bare plots (K3 & L3), vegetated and compacted plots (K2 & L2), and compacted plots (K4 &
L4).

When the data were reviewed by the effect of compaction only, the compacted had a
lower constant infiltration rate than the uncompacted control plots. In the Kenjeran Beach
Amusement Park, the constant infiltration rate in the K4 plot was 33.16% smaller than the
K3. Meanwhile, in the Lempung City Forest, the constant infiltration rate in the L4 plot was
97% smaller than in the L3. The results showed that the soil compaction had a significant
effect to reduce the constant infiltration rate in Lempung Urban Forest with clay textured soil
compared with the Kenjeran Beach Amusement Park with silt-textured soil. Similarly, these
results are confirmed in research by Aziz et al. (2017) that analyzed the effect of the sand
fraction on several variables such as soil density in the play yard. The research used the
compaction in the play yard and measured the infiltration rate of the plots with varying sand
fractions, which led to a decrease in soil infiltration rate on every test plot. Furthermore,
several types of researches conducted by Andayono (2018) and Dong et al. (2019) have
implemented various compaction levels, which showed that higher compaction level lowers
the soil infiltration rate. This is in line with the research conducted by Gregory et al. (2006)
which stated that soil compaction activities affect its physical properties, while the strength
and density are increased and the porosity, as well as the distribution of pores, are reduced.
Therefore, the water infiltrated into the soil becomes smaller.

From the presence of vegetation cover, the vegetated plots had a higher constant
infiltration rate than others that were without cover. At Kenjeran Beach Amusement Park, the
constant infiltration rate in K1 was 302% higher than in the K3 plot. Furthermore, in the
Lempung City Forest, the constant infiltration rate in the L1 was 50% higher than in the L3
plot. These results showed that the presence of vegetation cover had a significant effect on
enhancing the constant infiltration rate in Kenjeran Beach Amusement Park with silt-textured

soil compared with the Lempung Urban Forest with clay texture. Similarly, previous research
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by Regués et al. (2017) confirmed that vegetation cover on the soil increases the infiltration
rates, where all vegetated lands have a higher average infiltration rate compared with the bare
land that has an average rate of approximately 103.36 mm/h. This occurred due to the typical
surface sealing in the type of land, compared with the vegetated lands that have larger pore
holes.

In the plots that combined the variable vegetation cover with compaction, the constant
infiltration rate was smaller, which was approximately equal to the rate of the control plot in
the silt loam soil and decreased compared with the control plot in the clay soil. Furthermore,
the presence of vegetation on compacted soil has no significant effect on the increase of the
infiltration rate. However, this figure was still higher than the test plots which were only
compacted and not vegetated. In Kenjeran Beach Amusement Park, the constant infiltration
rate in the K2 was the same as the K3 plot. Meanwhile, in Lempung City Forest, the constant
infiltration rate in the L2 plot was 87.5% lower than in the L3. These results showed that the
type of soil conditioning had a significant effect on reducing the constant infiltration rate in
Lempung Urban Forest with clay textured soil, although, it was still higher compared to the
plot with soil compaction only (L4). For the Kenjeran Beach Amusement Park with silt loam
textured soil, the conditioning has no significant difference on the constant infiltration rate.
Based on the field measurements in Kenjeran Beach Amusement Park, especially at the first
15 minutes, the infiltration rate in the K2 plot was higher than in the control (K3).

Moreover, similar research on the analyzes of soil infiltration rate with these
vegetated and compacted plots or with the green urban areas has also been conducted by
Coutinho et al. (2020) and Zhang et al. (2020). In the research by Coutinho et al. (2020), the
infiltration measurements were carried out in the public infrastructures that consist of
gardens, children’s recreation, and communal areas where each place has a different soil
texture and only the gardens were vegetated. The highest infiltration rate was in the garden,
followed by children’s recreation, and communal areas. In previous research by Zhang et al.
(2020), the infiltration measurements were carried out in the park, square, block, and other
shared spaces, which are vegetated and compacted, but the type of soil texture is unknown.
The highest constant infiltration rate was on the park, followed by square, block, and other
shared space. Based on the analysis using SPSS, the permeability of the soil in different green
areas is influenced by several factors such as bulk density, moisture content, and non-

capillary porosity.
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3.4 Comparisons of Soil Infiltration Measurements on and Modeled Soil Infiltration

The comparison between the modeled infiltration capacity formed using the Horton

method and the measurement of the infiltration rate in the field was carried out to determine

the significant difference between the two values, especially when at the constant state.

Therefore, the modeled infiltration capacity was used as a benchmark because it predicts the

maximum rate of water that infiltrates into the soil. The visualized differences between the

modeled infiltration rate and the field measurement are shown in Figure 5.
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Figure 5. The comparisons between measured and modeled infiltration rates in test plots
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Based on Figure 5, there are some differences between the modeled infiltration rate
using the Horton equation with the actual infiltration rate in the test fields, where the actual
rates were consistently lower than the modeled, with an exception at the K1 plot. At that plot
during the first one hour from the time t = 0 and from the t = 1.25 — 1.5 h, the field
measurements were higher compared with the predicted infiltration rate. The average
difference between the modeled infiltration curve with the measured infiltration curve is

shown in Table 7.

Table 7. The average difference between the modeled infiltration curve with the measured
infiltration curve

The average difference between curves

Test plot (mm/h)
K1 1.502
K2 1.920
K3 5.153
K4 0.755
L1 0.940
L2 1.813
L3 0.997
L4 1.719

Based on Table 7, it was shown that the differences between the measured infiltration
curves with the modeled varied on each test plot. Meanwhile, the plots that have average
differences under 1 mm/h were the K4 plot, L1 plot, and L3 with approximately 0.755 mm/h,
0.940 mm/h, and 0.997 mm/h, respectively. However, some plots such as K1, K2, L2, and L4
have a large average difference which ranged from 1.5 to 1.9 mm/h. The largest average
difference occurred on the K3 plot with a value of 5.153 mm/h. This showed that the
measured infiltration rates in the test plots were significantly smaller compared with the
predicted rate modeled by Horton’s equation.

According to Vereecken et al. (2019), this occurred because the infiltration rate
measurements from the test locations are affected by the changes in the soil profile
conditions. This depends on the time of the infiltration measurements, which are related to
the initial soil water content and weather dynamics. When this research was conducted,
Surabaya City was in the rainfall season, which showed that the probability of the initial
water content in the soil profile on both test fields was high. Since the city is in the tropical

climate zone, the weather changes from rainy to sunny condition occurs frequently.
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3.5 Potential Constant Infiltration Capacity from the Test Plots

Based on the calculations using Horton’s equation, the potential of constant
infiltration rate from the test plots is predicted. Therefore, the potential runoff generated from
these places is determined, one of which is by classifying the potential constant infiltration
rates by using the USDA hydrologic soil group as shown in Table 2. The potential constant
infiltration rate from each plot and their classifications are shown in Table 8.

Table 8. The classification of the potential constant infiltration rate from test plots

The potential constant

Test plot infiltration rate USDA soil group Runoff potential
(mm/h)

K1l 8.638 A Low rate

K2 2.698 C Moderate rate
K3 3.040 C Moderate rate
K4 2.086 C Moderate rate
L1 2.362 C Moderate rate
L2 1.525 C Moderate rate
L3 2.130 C Moderate rate
L4 1.416 D High rate

Based on Table 8, the highest potential constant infiltration rate is 8.638 mm/h on the
K1 plot, while the lowest one is 1.416 mm/h on the L4. From all test plots available, 1 plot
(K1) is classified as the A group with low runoff potential, 6 plots (K2, K3, K4, L1, L2, and
L3) as the C group with moderate, and 1 plot (L4) as the D group with high runoff potential.

The plots that have a similar characteristic with the urban green areas, which are the
K2 and L2, have the potential constant infiltration rate of approximately 2.698 mm/h and
1.525 mm/h, respectively. These plots have a moderate potential to generate surface runoff in
the rainy season based on the USDA hydrologic soil classifications. Meanwhile, the
difference between these urban green areas with compacted plots (K4 and L4) is the presence
of the vegetation covers, which tends to improve the infiltration on the green urban areas that
have a high bulk density from the anthropogenic activities. Although the runoff potentials of
K2 and L2 are categorized as moderate, the potential infiltration rates on these plots are
closer to the high runoff category. Therefore, some options to improve the soil permeability

in urban green areas need to be considered by the local government.

4. Conclusion
Based on the soil conditioning tested in this research, the infiltration rate is increased
on the vegetated plots in both silt loam and clay textured soil. The combination of vegetation

and soil compaction slightly decreased the infiltration rate in the clay textured soil, but there
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was no difference in the silt loam A significant decrease in the infiltration rate occurred on
the compacted plots only in silt loam and clay textured soil. The effect of vegetation cover is
more significant in silt loam, while the influence of compaction is more impactful on the clay
textured soil. Also, the potential constant infiltration rate from the plots of similar
characteristics with green urban areas are on the K2 and L2 with approximately 2.698 mm/h
and 1.525 mm/h, respectively. For classifications based on USDA hydrologic soil group, the
K2 and L2 plots have a moderate runoff potential. Therefore, for further research, more
variations in soil compaction and texture on the vegetated land are to be analyzed to better

understand the soil's ability to infiltrate through the soil profile on the green urban facilities.
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