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ABSTRACT

The degradation of land due to conversion is a global process with
a significant effect on land use. The intensification of land use in
Makassar City is observed to have dramatically affected water
retention hydrology, thereby, leading to an increase in volume,
runoff rate, and filtration loss. Therefore, it is necessary to optimize

Keywords: infiltration by mapping the classification of infiltration capability
Built-up area based on the land-use changes observed between 2005 and 2020 as
Infiltration capability well as the inundation occurring due to surface runoff. This research
Inundation uses a quantitative method by calculating the run-off spatial data
Land-use and statistics to determine the area with low infiltration capability
Runoff in the built-up environment. The results showed a decrease in

infiltration capability of 3.6% which represents 617.72 ha at critical
levels in the built-up area in the last 15 years. This means it is
possible for decision-makers to implement infiltration optimization
steps as the alternative solution by focusing only on the land-use
distribution with critical initial conditions. The findings of this
Email: nurhikmah@unismuh.ac.id research are expected to minimize surface runoff rate and excess
ORCID: htps://orcid.org/0000-0002-0487- inundation potential in order to achieve sustainable land use in
1773 Makassar City.
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to the massive conversion of non-built areas into
built-up areas (Histanto and Kusliansjah 2018).
Moreover, surface water flooding or runoff is

Introduction

Indonesia is currently focusing on mechanisms

supporting land use and also implementing efforts
to address environmental issues (Tristan Grupp
2020). These environmental problems are,
however, generally caused by natural events,
rapid population growth (Hasibuan et al. 2021),
excessive  use  of  natural  resources,
industrialization, and transportation (Manik
2016). Urban and infrastructural development is
also one of the soil-sealing practices causing
environmental degradation, especially land, and
has the most intense effect on all ecosystem
services (Artmann 2014; Tobias et al. 2018). This
is associated with the activities observed to be
increasing the need for space significantly when
compared to the available land, thereby, leading

considered the most serious problem related to
land use in many big cities and areas (Rogger et
al. 2017; Patanduk, Arsyad, and Rauf 2014; Sudia
et al. 2018; Khare et al. 2017). The previous
research conducted between 2003 - 2008 showed
the land-use change in Makassar city was
significant in the settlement sector which
increased by 1239.75 ha (6.99%) while the value
was recorded to be 693 ha (3.91%) between 2008
- 2013. The unaffected areas were reported to
include the lakes or reservoirs and rivers while
those added include settlements, cemeteries,
swamps and landfills, industry and warehousing,
trade, roads, and services with settlements found
to have taken the highest with 693 ha. The land
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area observed to have reduced includes vacant
land, ponds, and rice fields with the vacant land
observed to have been most affected with a total
of 818 ha. These changes in land use, therefore,
have a significant impact on the runoff coefficient
as indicated by the 0.48 recorded in 2003, 0.53 in
2008, and 0.56 in 2013 (Patanduk, Arsyad, and
Rauf 2014). The conditions associated with
changing open land to closed land were observed
to have reduced the infiltration capability
potential as indicated by the areas with high
values having low values due to land conversion
or built-up area. Furthermore, the compaction
process in building construction affects soil
permeability while the changes in function and a
tightly closed environment was were also reported
to have caused the soil to receive a much higher
volume of water through runoff due to the soil
landscape (Pouyat et al. 2020).

Infiltration is the movement of water from the
surface to the subsurface (Gargouri-Ellouze et al.
2018). The optimization process has shown the
important role of other storage aspects such as the
vegetation as well as natural (rivers) and artificial
(urban drainage) channels in infiltration.
Moreover, urban development has been
discovered to be changing natural land which is
capable of conducting a hydrological cycle into
watertight surface land full of construction,
thereby, leading to the inability of the soil to
absorb water. This, therefore, causes an increase
in the volume and velocity of runoff and reduces
the volume of water stored in the soil (Lazaro
1990).

Land-use is a term widely used in classifying
different types of activities related to land usage
(Ardhiansyah, Widyastuti, and Septiari 2019).
Land-use heritage was reported to be strongly
influenced by the environmental services in its
previous usage and the urgency to maintain the
ecosystem services or functions through several
management actions (Perring et al. 2016).
Moreover, each use has certain characteristics
applied to determine its compatibility, location,
and preference in the city. It is important to note
that the plans for land use also consider both the
city's physical development and social
characteristics (Forth & Van Dy 2020). However,
different types of land use affect soil organic
matter and cause some variations in the stability
of the quantity of aggregate to water (Baskan,
Dengiz, and Gunturk 2016). Some previous
studies have discussed infiltration but rarely relate
the concept to spatial functions as well as the

impact of inundation distribution on runoff. This
means land-use management is needed in this
context based on the natural hydrological function
of the land. Therefore, this research offers an idea
of sustainable land-use management concept to
overcome these problems. It is one of the long-
term environmental conservation efforts related to
groundwater in an urban setting and has the ability
to enhance natural ecosystems while providing a
more aesthetically pleasing space for people
living and working in urban environments (Chan
et al. 2018).

A circular flow-land-use management concept
was also introduced in Europe to promote
sustainability in terms of compact cities and
reduction of green land use due to urban sprawl.
(Preu and Verblcheln 2013). Therefore, this
research was conducted to explore the distribution
of infiltration capability based on changes in land
use and also to develop this concept by focusing
more on ensuring effective management of
degraded land. This is very important, especially
for science, in relation to the sustainability of land
function. The results are, therefore, intended to
provide information on the land or space
distribution to be optimized in relation to
infiltration capability in areas with critical or low
infiltration land conditions or soil-sealing. This is
expected to assist in optimizing the infiltration
process towards achieving environmental
performance in sustainable land use. It is also
projected to help in managing and recovering
infiltration capability in the hydrological natural
cycle to ensure its adaptation to the environment.
Therefore, urban regeneration which is a process
including land-use planning, construction
activities, and land regulation (de-sealing) is
needed (Adobati and Garda 2020). Furthermore, a
protection-based  policy which  prioritizes
environmental functions is needed in urban land
management to ensure long-term stability. This
led to the formulation of the research question that
“how can infiltration in land conditions or soil-
sealing be optimized in Makassar City based on
15 years of land-use conversion covering between
2005 and 2020?”

Method

An Overview of the Research Site: The research
was conducted in the administrative region of
Makassar City with an area of + 17,108.89 Ha and

482



Sahabuddin Latif, Nurhikmah Paddiyatu, Andi Yusri, Sumarni Baking:

Infiltration optimization efforts towards sustainable land-use

astronomically located between 119°24'17'38"
East Longitude and 5°8'6'19" South Latitude as
indicated in figure 1. The mainland is the focus
due to its very high and massive potential for land
conversion compared to the surrounding islands.
Moreover, the research was conducted for eight
months starting from April to December 2020
using both primary and secondary data. The
primary data was the Makassar City land cover
data for the last 15 years which is from 2005 to
2020 and obtained from the digitization of
satellite images. In this case, the changes in land
function were analyzed to review the cause for the
decreasing infiltration observed in existing land
conversion. Meanwhile, the secondary ones
include data on rainfall or rain intensity, soil type,
and slope from relevant agencies such as the
Meteorology, Climatology, and Geophysics
Agency, the Central Statistics Agency, and the
Makassar City Spatial Planning Office.

Location Map of Seady Arva

Figure 1. Village area of Samin Klopoduwur Blora
Source: Processed Map of the Regional Spatial Plan
(RTRW) Makassar City, 2020

Spatial analysis

One of the spatial analysis methods used in
this research is the overlay process between two
or more thematic layers to obtain the thematic
combinations in accordance with the equation
used. The map overlay is also known as a spatial
analysis technique which is generally a set of
methods which function when the aspect of the
research object contains spatial data having
features such as connected structures or patterns
developed from location-based variations (Flury
et al. 2021). It is important to note that spatial
analysis is specifically a collection of spatial
exploration techniques and statistics which help
planners understand the spatial meanings
contained in  geographical information.
Meanwhile, an overlay is one of the procedures

for spatial data analysis which involves the
modification of the layer according to what is
needed. The process consists of several methods
which include identity, intersect, union, update,
erase, and symmetrical difference. This research,
therefore, applied ArcGIS 10.4.1.5686 software
to conduct this analysis in order to determine the
changes in land use between 2005 and 2020 and
also evaluate the space distribution on land with
optimized infiltration capability.

Infiltration capability analysis

The infiltration capability was identified using
spatial methods with several adapted and
modified parameters (Sudarmanto, Buchori, and
Sudarno 2013) such as flow density, rock types,
land textures, and slope slopes. Moreover, each
parameter was classified according to its type and
provided a certain weight after which the
accumulation of each weight was used to
determine the infiltration capability class.
However, this classification is a natural physical
factor, but a comprehensive analysis requires the
consideration of land-use factors as controls or
determinants to understand the ability of the land
to absorb the water that falls on its surface. The
infiltration capability class and land-use factors
were later associated and processed on the cross
matrix. It is important to note that the only land
optimized were those with a surface flow

coefficient level above 50% or with Low
Infiltration. Moreover, the critical land was
determined by analyzing the inundation

distribution using a runoff mechanism that
converts every coefficient of land-use according
to Kodoatie and Syarif, Kironoto, Haryono,
Subarkah (Praseyto et al. 2013).

Runoff (surface water) rate analysis

The runoff was calculated using the data on
the coefficient of runoff, rain intensity, and
research area. The runoff coefficient was
determined based on the identification of land
cover while the rain intensity was based on the
average rainfall intensity per day and the land area
was the total area covered by land in Makassar
City. Moreover, the runoff rate was calculated
using the Rational method USSCS (1973) as
follows (Arisandhy, Aysa, and Thsan 2013) where
Q = surface flow rate (m%/second), C = surface
flow coefficient, | = rain intensity (mm/hour), and
A = Land area (km?).

Q=0,278. C.I. A 1)
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The runoff rate value was later used to
determine the inundation/flood distribution by
comparing it with the volume of the research area.
This is based on the assumption that the area is
flooded when the runoff rate is greater than the
volume.

Result and discussion

Land-use dynamics in Makassar City

The focus of this research was on the
Makassar City development based on land use in
the last 15 years from 2005 to 2020 as indicated
in figure 2.

A h ’
e ’

Figure 2. The development map of built-up area in the
last 15 years (2005-2020)

Every land use was digitized and analyzed
using the satellite images from 2005 and 2020 and
most of the land in Makassar city was observed to
have been used as a built-up area with the rapid
development causing different land conversions.
The results showed the land-use development has
extended to the northeastern and southeastern
parts of the city (Gowa Regency) due to the need
for more space within the limited land. Moreover,

increasing occupancy caused by the continuous
increase in population and urbanization was also
observed to have mostly caused the conversion of
swamps, mixed gardens, vacant land, rice fields,
moorings, and other open spaces into settlements
or housing. This led to an 8.26% increment in the
changing of open land to closed land or
pavements as shown in figure 3a. Furthermore,
the data processing results showed the land-use
for settlements and roads dominates the built-up
area in 2020 with 58% and 24% respectively as
indicated in figure 3b. This shows massive
development is associated with two land-use
purposes over the last 15 years.

10000

a
) 9500
<
= 9000
é 8500
[
S 8000
7500
2005 2020
A Built-Up Land 8359291 9773.82
Ind ial
b 5
Health
Roads 1%
24%
Settlemen \ Education
04 )
5;?)/ 8 Commercial
? office and Service
2% 7%

Figure 3. a. Built-up Land in 2005 and 2020; b.
Percentage of Area on Land-use (built) in 2020

Critical land and infiltration capability

Critical land is degraded land whose
functionality has reduced and requires
optimization to reach its previous status. The
function, in this case, includes the production and
irrigation system. The production aspect focuses
on the use of land as a source of nutrients for
plants while the irrigation aspect is related to its
function as a root base and groundwater storage
(Praseyto et al. 2013). Degraded land also
experiences minimal infiltration due to human
activities and this means it needs to be optimized
to regain its quality and capacity.

Infiltration is a natural ecological process
which is closely related to land use with the
capacity strongly influenced by the change in the
usage of land in an area. This was further proven
by scientific research which states that the initial
and stable infiltration rate of the soil increases
after the change in the land use from grassland to
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a forest (+41.35%), shrubs to a forest (+42.73%),
and agricultural land to agroforestry (+70.28%,
+84.17%). Moreover, soil infiltration rate was
observed to have reduced after land-use changes
from grasslands to agricultural land (—45.23%),
bushes to agricultural land (—64.24%), and forests
to agricultural land (—53.58%, 42.15 %). Soil
infiltration rate is also negatively related to soil
density and initial moisture but positively related
to organic matter content and total soil porosity
(Sun et al. 2018). Furthermore, settlement land
use is highly inversely proportional to infiltration
and runoff condition. This is supported by the
findings of Syaugi and Dibyosaputro (2017) that
the magnitude of the decrease in the rice field area

and increase in dense settlements area are the
causes of the reduction in the infiltration
coefficient and increase in the surface runoff
coefficient. This present research analyzes,
classifies, and determines infiltration capability
based on modified indicators (Sudarmanto,
Buchori, and Sudarno 2013) such as the land-use
trends with slopes, management of land with
rocks, soil texture, and river flow density. The
distribution map in table 1 and figure 4 shows a
3.6% decrease with 500.66 ha in land infiltration
capability in 2005 with most of the decline
recorded in Manggala, Tamalanrea,
Biringkanaya, and Tamalate Sub-districts based
on 2020 data as indicated in figure 5.

Table 1. Classification of infiltration capability in land-use in 2005 and 2020

Infiltration 2020 2005

Capability Area (ha) % Area (ha) %
Good 286.09 17 - 341.02 2.0
Natural normal 2282.35 13.3 2797.69 16.4
Starting to become critical 374.19 2.2 2.2 421.64 2.5
Slightly critical 2202.78 12.9 828 2085.72 12.2
Critical 11963.48 69.9 . 11462.82 67.0
Grand total 17108.89 100.0 17108.89 100.0

Figure 4. Distribution map for the classification of
infiltration capability on land use in 2005 and 2020

Aree of Infiltration Capability with Criticat Conditions
by Sub-District

: :,ﬁlﬂl " IH‘A‘I ‘
Figure 5. Land area of infiltration capability with
critical conditions by sub-district

Soil compaction due to road construction and
other urban development is one of the factors
affecting the infiltration capability of a land
(Cheremisinoff 1995). This is closely related to
the analysis results which showed only settlement
to have contributed 43% in the critical category
followed by road with 18%. Meanwhile, the
infiltration capability associated with settlement
land-use was discovered to have decreased or
increased by 5% in 2020 and this is more critical
than the land conditions in 2005 as indicated in
figure 6.

485



ARTEKS : Jurnal Teknik Arsitektur, Volume 6 Issue 3, December 2021

pISSN 2541-0598; elSSN 2541-1217

2005

2020

Cervice

Settlements
a43%

Figure 6. Percentage of critical infiltration capability
by land-use in 2005 and 2020

The effect of surface runoff on inundation

Surface water or runoff is very influential in
the mechanism of infiltration and occurrence of
inundation. This was experimented by Walter et
al. and Gao et al. in Dong et al. (2018) using three
types of soil under three different infiltration
conditions and the results showed the depths of
raindrop penetration into the soil as well as the
mixing zone was reduced. This means land-use
change has a very strong effect on flooding or
inundation due to the large-scale modification of
the natural landscape through human activities
(Rogger et al. 2017).

The overlay process was initiated using the
contour data which stores information and
classifies the height into five. Furthermore, the
land use between 2005 and 2020 was overlaid to
produce 61 ID's Polygons using equation (1) and
two variables were multiplied to produce the
volume/storage capacity. Meanwhile, further
calculations showed the surface runoff discharge
or rate was 2793.57 m¥hour in 2005 and 3,085.67
m¥/hour in 2020. These values were later
juxtaposed with the volume/capacity to determine
the inundation distribution. The assumption was

that the area is inundated when the runoff rate is
greater than the volume or capacity but not when
the runoff rate is lower or equal to the
volume/capacity. The comparison results are,
therefore, presented in figure 7. Moreover, the
inundation area was also estimated from the
runoff impact with or without a reduction in the
infiltration process (maximum
infiltration/saturation  capability) based on
maximum rainfall and poor drainage conditions.
Figure 8 shows the distribution of inundation in
existing conditions at several depths up to a height
of 2 meters (Munsir 2020) and a total of 5 sub-
districts were observed to be inundated with the
worst recorded in Manggala and Biringkanaya
(Faizin 2020). This, Therefore, makes it a routine
for the Regional Disaster Management Agency to
manage the aftermath of inundation or flooding in
settlement areas of Makassar City with the focus
on 3 sub-districts which include Manggala,
Biringkanaya, and Tamalanrea (Tikupadang
2020). Furthermore, the inundation in the
Tamalanrea area has been reported to be
influenced by soil constituent elements present in
the sub-district as indicated by the swampy areas.
This is, therefore, one of the causes or indicators
of critically degraded land (Sudia et al. 2018).
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Figure 8. Photomapping the existing condition of
inundation/floods in 2020

The classification of infiltration capability
showed the places with critical conditions need to
be prioritized for optimization. It is important to
note that the average degraded land is in
inundation areas with high runoff discharge/rates.
The attributes of inundation and built-up land
were overlaid with the land having critical
infiltration capability and the results showed
8,574.4 ha of land need to be optimized as
indicated in figure 9a. This is necessary to reclaim
the infiltration capability caused by the existing
soil sealing conditions associated with road
pavement and settlement which contributes the
highest to land use at 24% and 56% respectively
as showed in figure 9b.

&
Roads
24%
Settleme -~
nts Institutional
56% o Port
\ 1%
Commercial and
: service
Place of Workship Office 7%

0
1% 20

Figure 9. (a) Optimization for critical areas of
infiltration capability based on built-up land (soil
sealing) (b) the area of built-up land with critical
infiltration capability based on land use in 2020

The analysis led to the proposal of certain
alternative solutions and infiltration optimization
methods in the urban area of Makassar towards
achieving the idea of sustainable land-use efforts
in the city. This involves the application of
environmentally friendly building materials to
revitalize the area. An example of this is the
CirCuse concept (Preul and Verbiicheln 2013;
Prokop and Birli 2013) which is a material cycle
usually applied as a circular land-use management
model. The process involves maintaining land
storage capacity, reducing pavement (Adobati and
Garda 2020), increasing green space, ensuring
infrastructure is used efficiently, and avoiding
unnecessary land grabbing in the future. This
optimization method is highly recommended,
especially on the land with minimal or critical
land degradation or at points or land-use with low
infiltration capability in the city as indicated in
figure 9. This is in line with the findings of
Styczen and Morgan (Jotisankasa, Mairaing, and
Tansamrit 2014) that land with vegetation cover
and soil surface which seeps into the roots usually
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have higher levels of permeability and infiltration
and lower run-off.

Conclusion

The changes in land use and increased use of
space as built-up land have a significant inverse
effect on infiltration capability. This is evident in
the critical status recorded to be 79.2% in 2005
and 82.8% in 2020. These results indicate a
decrease in infiltration capability and an increase
in critical land conditions by 3.6% (617.72 ha) in
the built-up area of the land. This is, however, not
matched by the increase in water absorption
capacity or land infiltration capability, thereby,
causing a greater runoff rate and widespread flood
inundation in 2020. Therefore, there is a need for
infiltration optimization in Makassar City to
increase the water storage capacity and soil
absorption capacity due to the continuous increase
in built-up land and soil sealing precisely in areas
with critical infiltration capability. Moreover, the
comprehensive plan to increase infiltration
capability is highly important and needed
urgently, especially in the places at a critical
stage, in order to achieve sustainable land use.
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