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Abstract: This study explores urbanization and flood events in the northern coast of Central Java
with river basin as its unit of analysis. Two types of analysis were applied (i.e., spatial data and
non-spatial data analysis) at four river basin areas in Central Java—Indonesia. The spatial analysis is
focused on the assessment of LULC change in 2009-2018 based on Landsat Imagery. The non-spatial
data (i.e., rural-urban classification and flood events) were overlaid with results of spatial data
analyses. Our findings show that urbanization, as indicated by the growth rate of built-up areas,
is very significant. Notable exposure to flood has taken place in the urban and potentially urban
areas. The emerging discussion indicates that river basins possess dual spatial identity in the urban
system (policy- and land-use-related). Proper land use planning and control is an essential instrument
to safeguard urban areas (such as the case study area) and the entire island of Java in Indonesia.
More attention should be put upon the river basin areas in designing eco-based approach to tackle
the urban flood crises. In this case, the role of governance in flood management is crucial.

Keywords: central java; flood; flood management; Indonesia; land policy; land use; land-use
change; urbanization

1. Introduction

Flood is the most common disaster across the globe [1-4]. Rapid urbanization in low-lying areas
leads to higher exposure to various types of ﬂtmds addition to the increase in coastal flooding
caused by sea-evel rise and rainfall pattern deviation as a result of climate change [5-9]. Urbanization
can be clearly indicated by the conversion of land into residential areas based on the premise that
the growing urban population requires more land. Land conversion expands both downstream and
upstream to accommodate the needs and activities of the growing urban populations. Deng et al. [10]
(p. 1341) and Chin [11] (p. 469) assert that urbanization is a significant contributor to changes in the
river system and structure as it usually increases flood risk.

Land use policy provides the opportunity to conduct systematic assessment of land and water
potential and to identify options to improve flood-prone areas and mitigate flood occurrence.
As “a culmination of all activities and decisions concerned with guiding the allocation and use
of land in patterns that enable improvements in people’s way of living”, land use planning policy is a
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crucial process for mitigating floods [12] (p. 8). On this basis, Hegger et al. [13] propose flood risk
prevention as a wa}mdecrease the exposure of people/property using spatial planning policy as a
critical approach to Flood Risk Management (FRM). Therefore, flood risk prevention is vital in the
flood adaptation cycle. 1t is related to the capacity to transform and t:adapt long-term perspectives
in addressing disturbance to achieve sustainable urbanization. The Hyogo Framework for Action
2005-2015 [14] and Sendai Framework for Disaster Risk Reduction 2015-2030 [15] have strengthened
the role of land use policy to contribute to disaster risk reduction. Both global commitments prioritize
land use allocation through policy instrument to reduce risk factors, considering that the policy will
accommodate physical and ecological characteristics in allocating various types of land use.

Many factors affect the occurrence of flooding. However, recent studies in various parts of
Asia have shown a significant connection between urbanization (influenced by land-use change)
and flooding events [7,13,16-20]. Some of these studies are worth mentioning here. Chen et al. [17]
investigated the connection between population growth and land-use changes in relation to natural
hazard occurrence in China. They found that the Pearl River Basin is increasingly exposed to floods
because of population growth and land conversion. Song et al. [18] assessed the water level dynamics
in the Yangtze River Delta and found that precipitation and urbanization caused increased flood risk.
Focusing on drainage adaptation, Zhou et al. [19] revealed that land-use changes in Northern China
exacerbated the increase in surface ruaiff due to flooding, which is caused by poor drainage system
planning. Zope et al. [20] investigated Land Use-Land Cover (LULC) changes in Oshiwara River Basin
in Mumbai—India and revealed that increase in LULC correspondingly led to the increase in flood
frequency. In the book Disaster Governance in Urbanizing Asia, Miller and Douglass’ [2] argued that
that urbanization is a leading factor in the exposure of human settlements to floods and vulnerabilities
of various forms. All of the studies mentioned above have influenced this study to infer that controlling
urbanization and reducing flood risk cannot be executed separately. The whole urban system at the
regional level needs to be considered. After all, most “sites of intense urbanization are prone to natural
hazards, such as flood, landslide, drought, and tidal flood” in Indonesia [21] (p. 287).

All of these studies [13,16-21] indicate that flood and urbanization are complex issues. Flood risk
is identified based on water system delineation and defined based on gravity-driven river flow pattern
following landscape ecology, which then forms a river basin [22]. Accordingly, a river basin is usually
characterized by a land area that consists of various types of land use and a number of watersheds that
drain from the upstream to downstream area [23]. Water flows without recourse to administrative
jurisdictions, and spatial planning (i.e., land use policy) to control urbanization are examined based on
the administrative jurisdiction. In Indonesia, it is common that a river basin covers more than one
administrative boundary or local government authorities. This means that a river basin may be subject
to the management of more than one responsible party. Such a scenario creates a challenge in land use
planning and in developing control mechanisms for river management.

This study explores urbanization and flood events in the northern coast of Central Java using
the river basin as its unit of analysis. We addressed two main research questions herein: (1) How
have urbanization and flood events taken place from the perspective of river basin delineation? (2) To
what extent the comprehension of river basin as land and land use could contribute to reducing flood
risk through land use policy and better flood management? To answer these questions, this paper is
divided into three main sections. Section 2 is a description of the scope and methods used in this study;
Section 3 provides an analysis on land-use changes and flood events within the scope of study; and
Section 4 discusses issues emerging from the analysis, focusing on the importance of understanding
the spatial identity of river basins to contribute to better land use policy and governance mechanisms
for flood management.
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2. Materials and Methods

2.1. Study Area

Java is the most populous island in Indonesia. Its inhabitants constitute 60% of the total Indonesian
population, even though itis less than 7% of the total area in Indonesia [24]. According to the Presidential
Decree [25], the Island has around 1200 watersheds and 24 river basins. Some of them are categorized
as National Strategic River Basins—meaning that their strategic socioeconomic and environmental
functions should be preserved. Our study area is located in the mid-northern part of the Island
(see Figure 1), which consists of four river basins. A large part of the area belongs to Central Java
Province, which stretches through several local government authorities (or municipalities) that are
categorized as either regencies or cities. The existence of arterial and toll roads in the northern corridor
is an infrastructural boost that has led to rapid economic development in the area. Accordingly,
some emerging threats on the functions of river basins are mostly triggered by uncontrolled population
growth. Such growth results in the reduction in non-built-up areas, as forest and agriculture lands are
converted to settlement and industrial zones.
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Figure 1. Study Area.

Pemali-Comal, Bodri-Kuto, Wiso-Gelis, and Jratunseluna River Basins cover a total area of
16,403 km? that cuts across four cities (Tegal, Pekalongan, Semarang, and Salatiga) and 17 regencies
(Brebes, Tegal, Pemalang, Pekalongan, Batang, Kendal, Temanggung, Demak, Jepara, Kudus, Pati,
Rembang, Blora, Grobogan, Sragen, Boyolali, and Semarang) (Figure 1). Table 1 highlights the main
features of these basins. Jratunseluna is the biggest river basin in the study area. It is a National
Strategic River Basin with several vital functions and a significant number of people living in the area.
Indeed, proper governancefinstitutional setting is crucial in managing the basins, considering that the
river basin areas are not under local authorities.
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Table 1. River Basins in the Northern Coast of Central Java.

Territorial Areas of

River Basin Area (km?) Watershed W ge . Population
Jurisdiction
10 Regencies, 2 Cities s
Jratunseluna 9216 69 (2231 Villages/Kelurahan) 8.9 million
. SRT 1 Regency a1
Wiso-Gelis 663 27 (92 Villages/Kelurahan) 1.2 million
i 3 Regencies s
Bodri-Kuto 1662 12 (396 Villages/Kelurahan) 1.3 million
Pemali-Comal 4860 32 4 Regencies, 2 Cities 6.9 million

(961 Villages/Kelurahan)

Note: Kelurahan refers to a village that is located in a city.

In general, as shown in Figure 2, rainfall in the four river basins fluctuated over nine years
period. In most cities and regencies in which all basins, except for Pemali-Comal, are located,
the rainfall increased from the previous year and peaked in 2010, followed by a sharp decline the
year after. In Jratunseluna, the critical years with the highest frequency of rainfall were 2010, 2013,
and 2016. Throughout 2010, 2014, and 2016, the rainfall in Bodri-Kuto continued to increase, peaking at
approximately 3600 mm/year. In contrast, the average rainfall in Pemali-Comal River Basin considerably
increased in 2012 and 2015 and then remained constant until 2018. However, the rainfall patterns in
Wiso-Gelis River Basin, which covers only one regency and was generated from only one climatological
station, differ from that of the other river basins. A steady increase was observed from 2009 to 2011
and 2012 to 2015, followed by a decrease in 2016.

A, - “\.‘
. - - -
i > 5
L - 4 - —i r"‘
¥ . . - .
- -
IRATUNSELLINA WISO-GEUS
——htar “No dieta available . =
000
A
= £ - A M~
o \ - -
& ~ Y > - . ) \\\
_ T . \ N
- .
i -
——
—~—+

BODRI-EUTO PEMALI-COMAL

o Max — Average Min e Max

Figure 2. Rainfall in the Study Area in 2009-2018. Source: Meteorological, Climatological, and
Geophysical Agency (MCGA) and Central Bureau of Statistics (CBS) 2009-2018. No data available for
Wiso Gelis (2014, 2017, 2018). Rainfall data for Wiso-Gelis, Jatunseluna, Bodri-Kuto and Pemali-Comal
are collected from 1,9, 4, and 7 climatology stations, respectively.
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2.2, Methods of Data Collection

2.2.1. Spatial Data

Remote sensing data were used to produce Land-Use-Land Cover (LULC) map for 2009 and 2018
30 x 30 m resolution to assess LULC change in Central Java North Coast. In addition, watershed data
were used to delineate the river basin area according to Presidential Decree and Ministry Regulation.
Table 2 details the spatial data that were processed for the analysis.

Table 2. Spatial Data Collection.

No Data Type Year Data Format Source
1 Landsat 8 Satellite 2009 and 2018 Image United States (;\e(\)l\ogwal Survey
Image (USGS)
Watershed . ) Presidential Decree No. 12/2012
2 delineation 2018 Shapefile Ministry of Environment and Forestry

2.2.2. Urban and Rural Classification Data

Rural and urban areas are classified based on their administrative jurisdiction, Central Bureau of
Statistics (CBS) criteria [26], as well as the direction of built-up area expansion. These resulted in three
classifications, namely urban, potentially urban and rural areas. An area is classified as urban whenits
administrative jurisdiction lies in the city or the capital of a regency. Meanwhile, a potentially urban
area refers to any area categorized as rural-urban according to the CBS criteria, in which its rural-urban
potential is also considered (see Table 3).

Table 3. Rural and Urban Classifications.

No Classification Definition Delineation

Consist of kelurahan
(located in cities) and

1 Urban area . Jurisdiction based on government regulation
urban villages
(as capital of regency)

e (UBS scoring [26] based on census data 2010
that is calculated according to selected
variables, including population density,
percentage of farming households,
percentage of households served by

Consist of villages (desa) electricity, percentage of households served
2 Potentially Urban  that are characterized as by ‘tL‘-lt‘:phmc network, access to‘ main urban
Area urban, located in facilities, and access to supporting facilities

regencies (also explained in [7])

. Neighboring villages of the rural-urban area
2010 that has more than 28.6% built-up area
in 2018 (the number is based on the average
of built-up in the rural-urban area in 2010
(classification no. 3).

Consist of villages (desa)
3 Rural Area that are located in The rest of the area
regencies
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To further comprehend the classification explained in Table 3, it is important to note that a village
is the lowest administrative jurisdiction in Indonesia. Accordingly, there are three types of villages
based on their rural and urban status. The first is desa, which are villages located in a regency and
characterized as rural. The second is kelurahan, which are categorized as urban villages and are located
in a city. Third, some villages are characterized as urban according to the CBS criteria, yet they are
referred to as desa instead of kelurahan. Therefore, they are categorized as potentially urban. Another
essential difference between desa and kelurahan is that the local residents elect the head of desa, while the
head of kelurahan is appointed by the mayor or regent, both of which are government employees.

2.2.3. Disaster Data

The primary data source for flood events is the Disaster Management Board (DMB) of Central
Java Province. According to DMB, based on the Law concerning Disaster Management [27], flooding
is an event or condition where an area or land is submerged due to water volume increase. Flash flood,
also known as fluvial flood, involves sudden water discharge in large volume due to river flow
obstruction. The DMB flood data are based on a compilation of reports from local (City/Regency)
government informing the location (name of villages/kelirahan), duration, depth, and damage/loss
status. However, not all local governments have reported the events, as itis not an obligatory procedure.
Accordingly, this study also investigated data on flood events and fatalities published by mass media
websites or other institutions and used them to validate formal data released by the government.
The internet-based data were collected using three keywords via Google search engine: flood, name of
the district or city concerned, and the year of occurrence.

Data collection on flood events was performed by looking for news articles that contain information
on flood location (sub-district and village or kelurahan), time of occurrence, height of inundation,
the time required for inundation to recede (duration of inundation), and the magnitude of impact or
loss due to flooding. Information search regarding flood events in regencies/cities and the specified
year were deemed to be completed when the search engine (Google) detected that no more articles
related to the keywords were found.

The news reports on flood events from 2009 to 2018 were collected, totaling in 2123 news pieces
from approximately 98 sources, including the mass media or institutional website. The total number of
flood events was 1925, of which 1609 were reported by one news source (single rapporteur), while the
rest were reported by more than one news source (joint rapporteur). Table 4 describes the number of
total incidents reported from five sources that had the largest contribution in disaster news. Formal
government report only covers around 52% of the total incidents, showing that a significant number of
incidents took place yet they were not formally reported to the authorized government.

Table 4. Largest Contribution of Flood Data Sources.

Sources Total Incidents Reported Contributions (%)

Formal Government Report
Disaster Management Board of

Central Java Province 1104 9200

Online Newspapers

Tribune News 107 5.04
Kompas 86 4.05
Sindo Newa 63 297
Detik News 60 2.83
Others Media
(85 Media which reported less 703 33.11
than 60 incidents)

Total 2123 100
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2.3. Methods of Data Analyses

This study uses two types of analysis: spatial data and non-spatial data analysis (Figure 3).
The spatial analysis was focused on assessing LULC change in 2009-2018 based on Landsat Imagery.
The non-spatial data (i.e., rural-urban classification and flood events) were overlaid with the results of
spatial data analyses.

LULC was classified into five types based on the Indonesian National Standard Regulation [28],
namely the built-up, industry, rice fields, forest, and mix plantations (see Table 5). Supervised
classification was done on land cover imagery, in which the training sample was determined using
Maximum Likelihood Classification in ArcGIS. The accuracy of tentative LULC produced in this step
was confirmed through field observations and using the instrument conformity table, totaling in
306 observation points. This was then used to improve LULC interpretation.

INPUT PROCESS OUTPUT

Land Use-Land Cover (LULC)

Raster Vector
(2009) {2009)
Conversion

(2009-2018)

Land
Imagery

ERM+ 2009

Training
Sample of
each type of
land cover(s)

Maximum
=»| Likelihood
Classification

Landsat
Imagery
OL1 2018

Raster Vector
(2018) (2018)

2
; Land Use-Land Cover ? =
River Bas =
“m' e Overlay Conversion in North Coast § =
elineation =
I Central Java River Basin 5y
T | ® T
T
T
I . -
Urban Rural I . Utban R‘.‘”I (R e)
. Classification in North - 3
Classification Overlay . 85
Coast Central Java River -4
Data™ I | | %
Basin -
] 1 ‘; P
1 ] £3
1 1 o E
: . : - Urban Rural Areas HE
Flood Events 1 1 - = -
Affected by Flood in North o
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Area Data
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I The contribution and
| relationship of land use
Descriptive Analysis (Combine) and flood events in river
! basin based on rural-urban
t ! slatus
|26

“Flood Data from Disaster Management Board and Online Newspaper

Figure 3. Analytical Method Flowchart.

As illustrated in Figure 3, the result of spatial data analysis was overlaid with two data attributes
at the village level; i.e., rural-urban classification and flood events. This step combined urban-rural
classification data (as explained in Table 5) and flood events with river basin classification and land-use
change in 2009-2018. In the next stage, descriptive analysis was conducted to identify the relationship
between land use changes, i.e., from built-up to non-built up areas, with the occurrence of flood over
nine years period. In this case, a matrix composed of four elements, including river basin, urban-rural
status, land use change and flood events, was generated. The built-up areas consist of settlements and
industrial areas, while the non-built up areas include forests, rice fields and mix-plantations.
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Table 5. Land Use Classification in Study Area.

Land Use Type Description

Land covered by buildings, dominated by grey color, are likely to cluster

Built-up-Settlement .
p-octic and/or to be built around the road network.

Land covered by big buildings, dominated by light grey/white color, are

Built-up-Industry likely to cluster and/or to be built around the road network.

Land for agricultural with or without slopping terraces, dominated by light

Rice field . ; .
cehe green color, mostly characterized as a dike pattern with a smooth texture

Natural and man-made forests, approximately 75% covered by trees,

Forest )
¢ dominated by dark green color and a rough texture.

Different types of vegetation with various density, the color and texture are
in between that of the rice fields and forests.

Source: Authors, developed from SNI7645 [258]

Mix Plantation

3. Results or Outcomes

3.1. Land Use Change in the Northern Coast of Java 2009-2018

Significant urban expansion has taken place in the Northern Coast of Java. The land conversion rate
for each river basin based on its rural-urban classification is listed in Table 6. Each basin has a particular
growth rate pattern. Bodri-Kuto River Basin experienced the most critical changes (up to 108%) over
nine years compared to the others, which means that massive built-up development occurred in this
river basin in terms of settlements and industrial area. It is then followed by Jratunseluna River
Basin, in which the built-up area has expanded from 1222 to 1581 km? since 2009 to 2018. Most of
the expansion took place in the urban area at approximately 137%. Meanwhile, the development of
Pemali-Comal River Basin mostly occurred in the potentially urban area (43.31%), specifically in Tegal
and Pekalongan Regency. The growth of built-up area in Wiso-Gelis was significantly higher in the
rural area (36.13%) than in the potentially urban (17.54%) and urban (10.08%) areas. This scenario is
indicative that substantial urbanization within the study area [7] has led to a significant land conversion
that expanded to rural areas surrounding the urban centers. On the governance side, administrative
autonomy, which devolves the authority over land use allocation to local government, has led to
uncontrollable land conversion due to a lack of coordination among local governments.

The land conversion status for each river basin varies. Bodri-Kuto River Basin experienced the
highest rate of land conversion to built-up areas over nine years, followed by Jratunseluna, Wiso-Gelis
and Pemali-Comal, respectively. The highest increase inbuilt-up area is in the urban area of Jratunseluna
River Basin. In contrary, in Pemali-Comal and Bodri-Kuto River Basin, there was a significant increase
in built-up area in the potentially urban area, specifically in Tegal and Kendal Regency.

As illustrated in Figure 4, the increase in built-up area was not only concentrated in urban areas.
Among the three river basins, there was a significant development in potentially urban and rural areas
during the 20092018 period. Thus, growth in potentially urban areas is also influenced by nearby
urban activities. Accordingly, urban expansion is extended to areas surrounding the city centers even
though there are more vacant lands available for use. Toll road development and industrial zone
establishment have very much influenced the growth and direction of land conversion. To illustrate
this, the land allocation for industrial lands in Bodri-Kuto increased significantly, from less than 10 km?
to more than 60 km?. This is then followed by the expansion of residential and commercial activities in
surrounding areas to accommodate the needs of industrial employees.
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Table 6. Land Conversion in the Selected River Basins 2009-2018.

Area (km?2)
Average Annual
River Basin 2009 2018 Change (%)  Growth Rate (%)
Built-Up Built-Up

Jratunseluna 122258 1581.26 29.34 3.26
Urban 89.19 21193 137.62 15.29
Potentially Urban 330.88 467.69 41.35 4.59
Rural 802.51 901.64 12.35 1.37
Wiso-Gelis 70.72 89.81 26.99 3.00
Urban 2.38 262 10.08 1.12
Potentially Urban 31.42 36.93 17.54 1.95
Rural 36.92 50.26 36.13 4.01
Bodri-Kuto 117.17 24456 108.72 12.08
Urban 12.34 174 41.00 456
Potentially Urban 41.51 88.39 112.94 12.55
Rural 63.32 138.77 119.16 13.24
Pemali-Comal 556.14 670.71 20.60 2.29
Urban 63.27 69.7 10.16 1.13
Potentially Urban 204.47 293.02 43.31 4.81
Rural 2884 307.99 6.79 0.75
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Figure 4. Land Conversion, 2009-2018.

Figure 5 further illustrates land-use changes in several types of land allocation. Rice fields, forests
and mix plantations are dominant throughout the river basins. However, there was a considerable loss
of mix plantation land in most of the river basins, except in Jratunseluna. Bodri-Kuto experienced
the highest loss of mix plantation areas (that is up to 221 km? between 2009 and 2018), followed by
Pemali-Comal (13.98%) and Wiso-Gelis (3.28%). In all river basins, the loss of mix plantation areas
occurred in potentially urban areas, for example in Tegal, Pekalongan and Demak Regency. Despite
the significant reduction in land use for mix plantations, Figure 4 depicts that there was a slight
increase in the rural forest area in Bodri-Kuto which went up to approximately 53 km? over nine years.
Growth of forest area within some river basins in Central]an is in line with the enacted regulations
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4
of the Governor of Central Java [29]2‘1:1 the Minister of Environment and Forestry Regulation [30].
The regulation provides evidence that a policy should serve as a strategic instrument in controlling
land allocation and improving river performance.

The increase in built-up area, especially in certain regencies or rural areas, occurred because
land has been converted into rural-urban potential areas, and at some point, urban areas. Within this
scenario, in the near future Java will become an urban island, on which built-up areas will expand
downstream to upstream, overall creating problems in the environment. Based on the built-up ratio
in 2018 (which categorizes the area as a rural-urban potential area), more than 600,000 inhabitants
are spread throughout approximately 250 villages. This indicates that more rural areas have been
urbanized due to the increasing population and expanding built-up area. For example, Pati Regency
has the highest number of villages belonging to the potentially urban area (129 villages), followed
by Kudus Regency, where 113 villages are potentially categorized as urban areas. Both regencies are
located at the downstream of Jratunseluna River Basin.
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Figure 5. Land Use Change in Selected River Basins, 2009-2018.
3.2. Flood Events in the River Basins

The frequency of flood in the four river basins fluctuates. There are limited data for flood events in
the initial years (2009-2011) because the local disaster management board has yet been established and
the mass online media have not been widely used in reporting disaster news in details. Accordingly, in
2009-2011, a small number of floods occurred in all areas, including in the urban, rural-urban and rural
areas (Figure 6). The number of floods in the rural and urban areas has increased in 2012 and 2013 since
the disaster data report has been updated. In addition, in 2014, flood occurrence sharply increased,
especially for the rural-urban areas. In the rural areas alone, there were more than 200 incidents
of flooding reported. Two of the most prominent river basins in the study area, Jratunseluna and
Pemali-Comal River Basin, contribute to a high number of flood events. Specifically, up to 2014, a
majority of flood events in the Jratunseluna River Basin happened in namely Pati, Kudus and Jepara
Regency. Meanwhile, in the Pemali-Comal River Basin, the Pekalongan Regency contributes to a
massive number of flood incidents.

It is notable that the peak of flood events on the North Coast of Central Java occurred in 2014,
followed by a dramatic drop in 2015 and a steady increase afterwards up to 2018. On average, the height
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of flood in the study area is 2040 cm. The flood duration varies from less than one hour to more than
24 h. In more detail, 56 out of 925 flood events analyzed in this study reached a height of 1.5 m or
more and are categorized as severe flooding. This occurred mainly in Pati Regency, Rembang Regency
and Semarang City, which are part of the Jratunseluna River Basin, and in several cities or regencies
within the Pemali-Comal River Basin, including Pekalongan City and Pemalang Regency. In particular,
the worst flood reached up to 3.5 m in Pemalang Regency in 2018. In addition, 259 flood events were
up to 1-m high, most frequently in Kudus, Pekalongan and Jepara Regency.

Figure 6 presents the number of floods in the urban, potentially urban and rural areas surrounding
river [Ejsins over the past nine years. It is evident that flood mostly took place in the rural areas rather
than in the urban and rural-urban areas. The total number of flood events in urban, rural-urban,
and rural areas in 2009-2018 was 485, 642 and 798 incidents, respectively. Flooding is very much
influenced by rainfall intensity. The expansion of urbanization promotes flooding due to the increase
in total impervious areas, leading to excessive rainfall. In addition, disaster risk reduction initiatives
are also of importance.
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Figure 6. Flood Events in Urban, Potentially Urban and Rural Areas in the North Coast of Central
Java 2009-2018. Flood events data in 2009-2011 are highly depend on online news due to limited data
from DMB.

In the study area, flood events occurred during the rainy season. It was identified that 70%
of flood events happened in January to March, during which the highest frequency of rainfall was
reported, especially in 2014. For example, Pekalongan Regency contributed to the most significant
flood events in 2014 (around 45%). According to the Meteorological, Climatological, and Geophysical
Agency [31] the highest rainfall in Pekalongan Regency was recorded in January-February, at 991 mm
and 1117 mm per month, respectively. In contrast, the rate of rainfall in the same month of the previous
and following years was lower, at approximately 500-800 mm per month [32,33]. As revealed by
other studies on rainfall patterns, since 2003, Java Island had a shorter term and higher intensity of
rainfall [34]. Siswanto and Supari [35] revealed that extreme rainfall in Java tends to be irregular,
in which such event is spatially distributed across the island and the positive and negative trends
are proportional.

Figure 7 further illustrates flood events in each river basin. Jratunseluna, the biggest river basin,
experienced the highest number of floods compared to other river basins. The flood events were
concentrated in specific flood-prone areas, namely the Pati Regency, Kudus Regency and Semarang
City, all of which represent the rural, potentially urban, and urban characteristics within Jratunseluna
River Basin. In total, there were 1057 flood events in Jratunseluna River Basin, accounting for up to
48% of total flooding in the rural area over nine years. The rural area of Pati Regency contributed to
the highest frequency of flood events, amounting to 219 out of 509 events spread out through 88 rural
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villages. In addition, up to 31% of flood events in Jratunseluna happened in the potentially urban area,
with Kudus Regency experiencing the highest flood frequency with 102 flood events spread throughout
28 villages. In the urban areas, the highest frequency of flood events was recorded in Semarang City,
which contributed up to 80% of total urban flood events spread throughout 26 kelurahan in 2009-2018.
Flood events in the urban area continued to increase considerably over nine years, in contrast to the
fluctuating flood in rural and potentially urban areas. The worst flood event in Jratunseluna River
Basin took place in Grobogan Regency in 2013, which inundated approximately 5000 houses due to
broken embankments. Demak Regency was also hit by severe flooding (1-2 m in height) in 2017,
forcing 1450 households to abandon their homes. For the case of Jratunseluna, floods mostly hitthe
rural area compared to the urban and potentially urban areas.

Tegal City Pekalongan City Kudus Regency
- 40 tenal flood events in Urban Arca - 54 total flood events in Urban Area - 68 total flood events in Rural Area
- 102 total flood events in Potentially Urban Area
Tgyl Regency Pekalongan Regency
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Figure 7. Urbanization and Flood Events in the Four Selected River Basins.

Similarly, the flood events in Pemali-Comal River Basin peaked in 2014, with up to 236 incidents.
In total, there were 671 incidents throughout 2009-2018 in the region, spreading through 290 villages
dominantly categorized as potentially urban areas. In detail, the number of flood events in potentially
urban area within Pemali-Comal River Basin was up to 269 flood events, which contribute to
approximately 40% of total incidents. Significant built-up land expansion (39%) in the potentially
urban areas within Pemali-Comal River Basin was also observed, followed by a rise in flood events in
those areas. Pekalongan had the most significant number of flood events compared to other regencies,
with 154 incidents spread throughout 46 potentially urban villages. In respect to flood events in rural
areas, Pekalongan Regency also contributed to the most significant number (43%) of total incidents.
In Pemali-Comal and the Jratunseluna River Basin, flood incidents in the urban areas were less frequent
than in the rural and potentially urban areas. Interestingly, flooding was more frequent in Pekalongan
City compared to in other cities/regencies, which contributed up to 30% of total incidents in the urban
area. Additionally, Tegal City and Brebes Regency also contributed to a high number of floods at
approximately 25% and 24% of overall urban floods, respectively. This indicates that most villages
on the coast of Pekalongan and Tegal Greater Area are prone to flood. More than 10 floods events
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occurred over nine years in the most flood prone villages within both river basins. Severe flooding
in Pemali-Comal River Basin took place in Pemalang Regency in 2018. Due to river runoff following
heavy rainfall, a flood as high as 3.5 m inundated thousands of houses in several villages.

With their smaller size compared to Jratunseluna and Pemali-Comal, there were fewer flood
events in Bodri-Kuto and Wiso-Gelis River Basins. In Bodri-Kuto, there was a considerable fluctuation
of flood events from 2009 to 2017, which peaked in 2018 with 53 flood events. Approximately 90% of
flood events in this river basin occurred in Kendal Regency, while the rest took place in Semarang City.
The urban area of Bodri-Kuto River Basin has the highest contribution of flood events at 60% of total
flood events spread throughout 16 villages. It mainly occurred in Kendal Regency, where 13 flood
events were reported at the village level. As noted by the Disaster Management Agency [36], flooding
in Kendal urban area was caused by river runoff and low drainage capacity for water conveyance.
Meanwhile, there was a slight increase in flood events in potentially urban and rural villages in
Bodri-Kuto, amounting to 36 and 37 flood events during the nine-year period, respectively. The worst
flood in Bodri-Kuto River Basin took place in Kendal Regency in early 2014, during which almost ten
districts were affected by a 1.5-m flood.

Similarly, Wiso-Gelis as the smallest river basin experienced the worst flood around 1-1.5 m in
height in 2014. The flood submerged 990 houses in Jepara Regency. In total, 17 flood events were
recorded from 2009-2018. This msws that flood events mainly occurred in four villages within the
rural and urban areas, in which with the number of flood events in the rural area was slightly higher
than in the urban area. Accordingly, there is an indication that floods occur only occasionally in the
potentially urban areas of the river basin. Since 2016, flooding in the Wiso-Gelis River Basin has been
trending negatively, as shown by the decreasing number of flood events in the urban, potentially urban
and rural areas of this river basin.

3.3. Land Use Change and Flood Phenomenon in River Basins

The population of Java has significantly grown from four million (at the beginning of the 19th
century) to 40 million (in the early 20th century), to more than 150 million inhabitants in 2018 [37,38].
Moreover, the population within our study has increased from 17.1 million in 2009 to 18.3 million
lives in 2018. Population growth led to significant land conversion and deforestation, which creates
an impact on water cycle and rainfall pattern. Longer dry seasons lead to significant water supply
problems, as the area keeps developing and experiencing rapid population growth. A previous
study [39] showed that during the dry season (June and July), the rainfall patterns in most parts of
Indonesia, including Central Java, tend to deviate from its normal conditions.

The overall contributions of land use and flood events over nine years (between 2009 and 2018)
within four river basins are shown in Table 7. Approximately 80% of the river basin areas belong to the
non-built-up area, which consists of rice fields, forests and mixed plantation areas. However, at the
same time, the overall built-up area also increased significantly in all river basins, while the non-built
up area decreased. Bodri-Kuto River Basin showed the highest loss in non-built up areas. In 2018,
the non-built up area contributed to 85% of the total area within this river basin, while in 2009 the
percentage was higher. Nonetheless, there was an upward trend of non-built up area in urban part of
Jratunseluna in 2018, which was sharply expanded up to 30%. In contrast, the non-built up area in all
other river basins showed a downward trend. The rise of the non-built up area in urban part of the
Jratunseluna River Basin was caused by the transformation of settlement areas into mixed ffintations
or wetlands. For example, in the shoreline of Semarang City and Dalak Regency, the increase in
non-built up area occurred due to erosion in the area [40]. Accordingly, coastal erosion and inundation
have caused a substantial loss of coastal land surrounding Demak Regency. Water as Leverage for
Resilient Cities Asia Program Report [41] explained that Semarang’s dynamic shoreline has been
shifting faster over the last decade due to the changing climate and land subsidence, eroding mangrove
areas, fishponds, villages and city assets. Moreover, the area of Demak Regency has experienced the
most significant coastal erosion and loss of mangroves and aquaculture.
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A significant exposure to flood has taken place in the urban and potentially urban areas following
the increase in built-up areas (Table 7). Flood events are mmmequent in the urban and potentially
urban areas, most of which are located nearby the coastal line. This is also in line with a previous study
by Rudiarto et al. [7,42], where 40% of flooding events were found within the range of 10 ki from the
coastline, while 80% of tidal flooding was distributed mostly in the areas of less than 5 km from the
coastline. Flooding is a result of various factors, and urban flooding is not only mostly caused by water
overflowing from the river (fluvial flooding) but also by land conversion in combination with weak
drainage systems (pluvial flooding). As flooding is more common in the urban areas, which means
that densification ha significant influence on the increasing event of pluvial flooding. Densification
typically occurs due to the conversion of agricultural land into settlement and industrial land, leaving
a lot of the areas vulnerable to flooding [43]. It is likely that the number of rainy days significantly
decreases with higher rain intensity. This very much influences the surface water runoff and put more
pressure on the river and drainage systems. Robust and adaptive drainage arrangements, therefore,
is of importance in this circumstance.

Aside from pluvial flooding (which happens mostly in urban fabric area), fluvial flooding (which
occurs because of the overbank of the water from the river) also has a significant influence in the
rural-urban and rural areas. In this regard, itis caused by land-use change that transforms forests in
the rural area into a built-up area. Some rural areas have been hit by intensive flooding, especially
in the Jratunseluna and Wiso-Gelis River Basin, which contributed to more than 40% of the total
flood events over nine years (Table 7). However, flooding in this region is not only connected to
deforestation, but also to in situ urbanization. Handayani [44] found that industrialization at the rural
level is happening in Central Java. This type of industrialization may potentially lead to the increase in
flood risk in areas that are not necessarily located in the big urban center.

4. Discussion and Issues Emerging from the Study

The results that emerged from this study have some implications to the urban development
and policies. This study reflects that land use dynamics would depend on policy decisions and
implementations for improvement. Sufficient comprehension on policies at the river basin level is an
essential prerequisite in flood risk management. For the sake of solution-oriented discussions, two
issues emerged from this study. First, the need to create a better understanding on urbanization and
flooding phenomena, to raise more solution-oriented awareness through land use policy. This is crucial,
especially in countries like Indonesia. For that reason, the authors have put an emphasis on Indonesia
through case studies. Second, there is a need to identify the role of governance in flood management,
particularly in curbing urban flooding. Both issues are discussed further in the following sections.

4.1. River Basins Have Dual Spatial Identity that Embraces Policy and Land Use Issues in the Urban System

Knowledge concerning river basins dynamics in the urban system is still vague. It is, in most
cases, simply viewed as a landscape or an appendage of water bodies [45]. Though it is often used as a
point of departure in discussing several issues related to urbanization, it is unduly taken for granted
in terms of its functions in the urban system. The analytical aspect of this study offers a renewed
systematic way of looking at river basins as a sub-ecosystem embedded within the urban system, and
as a conceptin the urban discourse. As can be deduced from the case presented in this study (at least
in the context of Java), river basins have a dual spatial identity in the urban system. It is both a natural
land object, as well as a form of land use.

A river basin is a part of the land because it is a section of the “earth surface with all physical,
chemical and biological features” [46] (p. xix). It can be viewed as a land object because it is
uniquely embedded to (as well as a natural embodiment of) the physical urban system, and yet
are distinguishable in legal (invisible) ecosystems recognized in policies, laws and statutes. In fact,
within the land administration system, the river basin can be categorized as a cadastral object and
as a unique legal entity, which can be both fiat (i.e., invisible) and bona fide (i.e., visible). It has a
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boundary and can be surveyed and measured in physical, ecological, socioeconomic, and cultural
terms. It can also be viewed as a “property”, because it is the embodiment of several “set of rights
and a set of duties or obligations” (including interests and privileges) that subsist in the urban land,
which the urban people expect to leverage or enjoy [47] (p. 2). Hence, it has various forms of values
attached to it—including ecological, economic, political, cultural, social, touristic, aesthetic, and other
urban functional values. As a result, a river basin should be viewed as a portion of land meant to be
administered, managed, and controlled to ensure that it fulfils its function within the urban system.
In this regard, flooding is a negative consequence of the relationship between a river basin and its
urban surroundings, which makes the area unavailable to urban people.

River basins also constitute an essential type of land use in the urban system. The perspective of
conceiving the river basins ftnd use is best illustrated by answering the question: why do urban
people want to live around a river basin? In the context of Java, the river basin is a sub-system that
embodies vegetation and waterways required for food, energy, water, biodiversity, and shelter, among
many others. It serves a cooling effect in the urban heat island concerns [48]. Hence, river basins
constitute land use because they are part of the decisions people make regarding land or natural
resources available to them within permissible natural and administrative restrictions. Land use is,
therefore, a purposeful intervention made by humans concerning what and how to exploit, explore,
protect or conserve aspects of the land system [49,50]. Urban river basins are, therefore, subject to
land use adoptable by urban people according to permissible natural and legal (or administrative)
characteristics, leading to transformations in the way they live in the urban system.

How does the above idea relate to tackling urban flooding? The dual spatial identity of river
basins (both as a land object and land use in the urban system) offers an opportunity to mitigate
flooding, mostly in coastal areas. However, it will also pose a threat if it is not managed well. In the
case of Java, it can be argued that built-up area expansion to the upstream area of the river basins lead
to significant negative consequences. Not only it threatens the food and water supply sustainability
(referring to river basin as land), but it also generates issues in infrastructure provision (such as to
manage flood) and ownership due to rapid settlement growth in areas that play a strategic role in the
river system (conflict of interest regarding land use).

Chen etal. [17] argue that, based on the experience in China, the sprawling built-up land increases
the difficulty and costs to deploy and manage hazard-resistant infrastructures, construction-wise.
Accordingly, the compact city concept is perceived as the most sustainable urban form to limit the
uncontrolled effects of infrastructure provision caused by the need to contain urban growth. Global
urban sprawl usually leads to the increase in emission load due to the increased use of transportation.
However, what is usually not written much about is that sprawl development causes problems that
limit water conveyance and supply. Rudiarto et al. [7] stated that the urbanization of north Central
Java has been very significant since the 1990s. This is followed by the increase in climate disasters,
as shown by incessant floods. Handayani and Rudiarto [51] have further examined this phenomenon
in Semarang Metropolitan, the biggest urban center in the area. In this regard, Douglass [2] argued that
it creates an urban disaster in Asia, a situation where agglomerations affect urban areas. Thus, there
lies an urgent call to focus on urban growth management in an integrated framework following an
ecosystem-based (or eco-based) regional approach. An eco-based approach would involve conceiving
the river basins as a unique ecosystem and employing a wide range of ecosystem management activities
to reduce the vulnerability of urban people and urban environment due to flooding. In this regard, the
approach would tackle urban challenges that arise from the location of river basins. Hence, whereas
flooding is a critical problem linked to the river basins, it can be mitigated as part of broader ecological
system management.

Focusing on the use of urban infrastructure provision to check flood events, Zhou et al. [19]
have shown through their study that the drainage system is vital in reducing the risk of urban flood.
Based on several cases in major cities in Northern China, they [19] revealed that the frequency of
flooding is caused by the lack of or failure in the urban drainage system. A similar case in the UK [52]
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revealed that drainage is essential in reducing flood risk, since flooding is very much influenced by
urban densification and changing rainfall patterns. Accordingly, a proper drainage system is very
critical to accommodate water conveyance during intensive rainfall. Even though there is still much
debate on this matter in Indonesia, just as in the UK, there is evidence of a change in rain patterns
in Java due to rapid urban growth and deforestation [37,53]. The number of rainy days is likely to
decrease significantly but with a higher intensity of rainfall. This very much influences the surface
water runoff and puts more pressure on the river and drainage systems. Such situation requires robust
and adaptive drainage arrangements.

4.2. There Are Several Opportunities to Broaden the Role of Governance in Flood Management

Any serious effort to tackle urban flooding induced or influenced by the river basins demands the
problematization of river basins, thatis, viewing them as a problem that requires a solution. This is
important in urban policymaking or urban reform efforts that are targeted for urban flood management.
Historically, river basin development “has been used to structure water resource management” [54]
(p- 839). Evidence from cases presented in this study shows that the management of river basins, if
geared towards solving the flood problems, would have a mitigative effect in controlling the situation.

Understanding the opportunities for flood management through governance should be a critical
aspect of urban development. The governance of river basins in specific, or water resources in general,
would allow urban administrators to explore various technical and socio-political strategies to mitigate
flood at various levels (basin, local, regional and national). Consequently, a governance approach
capable of addressing both general urban issues and flood challenges is imperative. Governance-related
urban policy instruments can serve as an essential factor in ensuring proper flood intervention to
manage urbanization and flood prevention. In this regard, Friend et al. [55] argued that there is always
a gap between policy planning and implementation, while there is a need for communication and
negotiation among actors.

In the context of Java, such interactions are even more critical in respect to flood prevention,
as there are many authorities with different roles and functions that manage the river basins (Figure 8).
Both vertical and horizontal coordination are needed to ensure integrated policies. Vertical coordination
is essential because the National Government (i.e., the Ministry of Public Works through the River
Management Centre) is responsible in managing the rivers from upstream to downstream, while the
drainage systems that cross through two different regencies are under the responsibility of the
Provincial Government. Institutions at different levels of authority need to work intensively with the
local governments (cities and regencies) in regard to the river basin management. This involves spatial
planning policies that include various infrastructure provisions under the local government authority.
Accordingly, horizontal coordination is also crucial, mostly because urban expansion due to rapid
urbanization takes place beyond the administrative jurisdiction. Indeed, integration and collaborations
would enable more sustainable urbanization.

In principle, the governance arrangement reflects subsidiarity. Each level deals with a specific
role and decision making is made at both the top and the lowest level. However, in practice (and
focusing on the river basins), decision making in water management is not made at the lowest level,
where water is used. The national and provincial authorities are the ones who carry out the roles of
river management and drainage systems, respectively. This, therefore, leads to the need for better
interagency collaborations to allow for effective communication and the co-designing of strategies
for action.
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Figure 8. Roles and Responsibilities Related to River Management and Land Use Allocation.

It is essential to introduce governance in flood management. However, this is a relatively new
concept that needs to be discussed further [2,56]. The term becomes vital in current situation because
the issue of flooding cannot be solved by one sole organization. After all, it is a multifaceted challenge
that affects housing, farming and forestry as well as transport, among many others. It requires
an effective decision-making process that involves various sectors and authorities. It also prompts
integrated approaches that are certainly not limited to infrastructural work [57,58]. For this reason,
Hegger et al. [13] categorized five types of strategies in flood risk management: flood risk prevention,
flood defense, flood risk mitigation, flood preparation and flood recovery. According to Hegger’s
strategy typology, land-use change should be controlled through proper spatial planning and this may
serve as a policy instrument for flood risk prevention. However, it is interesting to note that based on
Hegger et al.’s [13] and Raikes et al.’s [59] investigation in selected countries across the globe, there is
still a lack of integration among the different types of strategies in place. Policies related to water supply,
flood management and spatial planning are also fragmented. Despite that, both scholars [13,60] also
argue that fragmentation is inevitable, because there are many strategies involved and each country
has their own policy direction on flood management, with varying strengths and weaknesses.

Raikes et al. [59] reveal that most government policies are more focused on infrastructural work
rather than on comprehensive flood prevention (through spatial planning policy). Handayani et al. [16]
hold a similar position based on their two case scenarios, also done in Indonesia. Accordingly,
Pardoe et al. [58] argued that infrastructural work will not be sufficient to accommodate the balance
among land, people, and water interactions. Instead, Pardoe et al. [7] proposed a holistic policy
instrument, which is vital to ensure the availability of a sustainable space for people and water.
Many countries around the world have their own country-specific strategy for managing flood
situations. The Netherlands with the concept of “Room for the River” [60] (p. 369) and the UK with
“Making Space for Water” [61] (p. 534) approach demonstrate a case on how flood could be managed
through suitable land use allocation.

There is, indeed, a responsibility of the government to provide public infrastructures to mitigate
flood events. Infrastructure provision requires not only technical capacity and funding but also proper
coordination among different government institutions. A considerable amount of investment allocated
for significant infrastructural work for flood prevention will only act as a short-term and reactive
solution rather than a long-term one. On the other hand, there is an increasing role of developers,
since most of the land is owned privately. They are dominant players in developing industrial and
housing estates, which are regarded as major land conversion within the study area. Accordingly,
collaborations with private sectors (landowners) is an excellent opportunity to further manage river
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basins, mostly to mitigate flood, which is unavoidable in the situation where urbanization (i.e., land
conversion) has spread through the whole area.

5. Conclusions

Limited attention has been paid to the potential effects of river basins on urbanization-associated
floods. In general terms, it is well known that “most cities are historically developed near rivers or
oceans to ensure the supply of water” [62] (p. 1). It is therefore not surprising that Indonesia—a
country surrounded by waters from many rivers—has cities that are located around waters. Therefore,
this study confirms Zhang et al.’s [63] (p. 384) thesis that the process of urbanization “exacerbates flood
responses” in low-lying areas. Using this case study, we identified possible urban land use comporggts
of the global urban flooding crisis. This also implies that rapid urbanization, in additionf§@ the lack
of land-use planning (or inappropriate implementation of the plan), have increased the amount of
land exposed to floods [62] (p. 1). One key issue deduced from this study is that there is a relationship
between flooding and urbanization. However, such a relationship may not always be straightforward.
It can vary from country to country depending on their respective planning and development strategies,
human behavior or response to flood and urbanization scenarios; and most importantly, the role of
governance in the management of floods. From the context of land use and management, this study
has shown that the river basin is a linkage factor or object in the flood—urbanization relationship.

The study highlights the importance of investigating the role of river basins in impacting flood
events in highly urbanized areas. Disaster risk reduction through proper land use planning and
controlling is an essential instrument for safeguarding urban areas (such as the case study area, and the
entire island of Java in Indonesia). This provides an opportunity to sustain coastal or island settlements
and prevent them from being converted into urban islands, which may face complex environmental
issues, including extreme precipitation or water-related disasters, and hy drometeorology-associated
events. However, without proper management measures, technical measures alone are notsufficient to
improve this situation. Inthis regard, the role of governance in flood managementis crucial. This aspect
is a missing link in the urban environmental risk management strategy in Indonesia. The country’s
decentralization policy, which has been in operation since 1999, has led to a cumbersome coordination
process for land use allocation instead of a solution-oriented one. Due to the decentralization policy,
the local government is lacking in authority in this context. Instead, each local or municipality
government is focused on the economic development, which is highly dependent on massive land
conversion with no recourse to geographical delineations of the river basins. Such action will continue
to bring dire environmental curaquencas‘, especially given that no appropriate actions have been
taken to alleviate them. Hence, the effect of urban land-use on extreme precipitation and flooding
should be studied more explicitly. The study presented in this paper is an urgent call to comprehend
urbanization beyond a mere administrative-based process. Urban environmental risks generated from
urbanization can be mitigated by understanding their land use components. We hope that this study
will motivate other scholars from the Global South to investigate the role of river basins in other urban
areas in search of solutions for sustainable environmental risk governance in urban areas.
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