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Abstract: Although uneven regional development has long been an issue in Java, most parts of
the territory experienced an increased level of development over the last two decades. Due to
the variance in local background and spatial heterogeneity, the driving factors of the development
level should, theoretically, vary over space. Therefore, in this study, we aim to investigate the local
factors that influence the development level of Java’s regions. We used the spatiotemporal pattern
analysis, ordinary least squares (OLS) regression, and geographically weighted regression (GWR),
utilizing the regional development index as the predicted variable, and the social level, economy,
infrastructure, land use, and environmental barriers as predictors. As per our results, it was found
that the level of development in Java has improved over the past two decades. Metropolitan areas
continued to lead this improvement. All the predictors that we examined significantly affected
regional development. However, the spatial pattern of the local regression coefficients of Human
Development Index (HDI), landslide, paddy conversion, and crime shifted due to changes in the
spatial concentration of development activities.

Keywords: carrying capacity; regional development; spatial analysis

1. Introduction

Java has been identified as the most populous island in the world; in fact, it is home to
56% of Indonesia’s total population [1]. Although it only covers 6.9% of the country’s land
area, several main metropolitan areas of Indonesia are located on this island, including
that of Jakarta (Jabodetabek), which serves as an economic center for national economic
activities and is the capital city of Indonesia [2,3]. The mega-urbanization of Java is reflected
in the spatial patterns of its urban population growth [4]. The centrality of this island
to Indonesia as a whole is undeniable. For instance, Java contributes 59% of Indonesia’s
annual gross regional domestic product (GRDP) [5].

Regardless of Java’s contribution to the country’s economic performance, development
within Java shows a persistently uneven level of development among its regions [6,7].
Most of Java’s GRDP is centered in its metropolitan areas, particularly their cores. The
rapid development of regions in Java is driven by development and economic activities
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in metropolitans and large cities. Metropolitan Jakarta alone contributes 25.52% of the
country’s national gross domestic product (GRDP) [8]. Fortunately, this issue does not
profoundly affect public stability, as the poverty rate in Java has seen a steady decline [9].
Nevertheless, the fact remains that the gap between the developed areas and the less-
developed areas continues to widen, which is still considered a fresh topic in terms of
discussions pertaining to Java’s development.

The uneven level of regional development implies that regional performance varies
across space. It may also be influenced by the following factors: population density,
availability of facilities, regional infrastructure, presence and type of settlements or built-up
areas, magnitude of trade and industrial activities, accessibility, and regional income [10,11].
In addition, some factors might hinder regional development, such as the boundaries of
environmental carrying capacity. However, in terms of what development agenda should
be carried out in which area, clearer pictures of how the level of development is distributed
and of the local factors that are most dominant in the level of regional development in that
location, are needed.

An understanding of the relationship between local factors and the level of regional
development can be the government’s information base for planning its development
agenda. The World Bank [12] emphasizes the importance of development that takes into
account local conditions, since a concept that is successfully implemented in one place
may not necessarily be appropriate for another due to differences in the local environ-
ments. Since the application of decentralization policy in the late 1990s, information on
spatial heterogeneity in development-related factors has been a central necessity for the
government, especially in the composition of regional policy and budgeting. The driving
factors for regional development can be divided into two sets. The first includes what
encourages, and the second regards what hinders regional development. Apart from the
rarity of supporting factors, a region may become less developed due to the number of
obstacles within it.

The level of regional development is determined by five factors that can vary spatially.
The first and the second are the social and economic aspects [13]. They are manifested in the
quality of human resources, population size for industrialization, social capital, and GRDP.
The quality of human resources may include the quality of education, health, purchasing
power, per capita income, and poverty rate [14,15]. The third aspect is regional infrastruc-
ture, which can be measured by the number of social, health, education, and economic
facilities, and the state of the road network [16]. Land use is the fourth indicator of regional
development [17]. Industrial activities generally require less land, but support workers
are relative to the ratio of land to workers in the agricultural sector. Finally, environmental
barriers are deemed a purely limiting factor [18]. Regions with striking environmental bar-
riers, such as natural disasters, often have limited options for socioeconomic development.
The combination of these five aspects and their spatial distribution can theoretically affect
variations in the level of regional development.

Another factor that determines regional development is the geographical advantage
over distance to developed regions. Here Tobler’s law of geography is applied, such
that proximate regions are more influenced than distant ones [19]. Regions around a
metropolitan area have a greater chance of obtaining spread effects. Although this positive
impact also spills over to other more distant regions, most of the spread effects necessarily
concentrate around the metropolitan core.

However, regions that are far from the metropolitan areas may not always be more
backward. For instance, Pangandaran and Cilacap Regency are relatively far from metropoli-
tan areas, but they have shown satisfying development over the last decade, even better
than the others that are closer to metropolitan areas. The factors that have driven the
development of these two regencies are different from those that have influence over areas
adjacent to metropolitan cores. Sapena and Ruiz [20] have noted that the driving factors
that influence urban areas vary due to their differing development trajectories and their
inherent spatial heterogeneity. Some urban areas may develop due to economic agglomera-
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tion, while some others do so because of mutual connectivity with the surrounding rich
hinterland [21].

Studies of regional disparity conducted by scholars in Indonesia mostly focus on the
central aspects of economic development inequality [22–24]. The dominant centralization
policy implemented by the government of Indonesia for decades before it was altered in
2000 not only created economic disparities but also created gaps in human capital and
public infrastructure [25]. This centralization policy, combined with a space-blind policy,
has resulted in a development of human capital and public infrastructure that was closely
focused on metropolitan areas such as Jakarta [25], which generally have topographical
conditions that are not rough. In response to these problems and gaps, this study describes
the factors that influence the development of Java, both those that hinder and those that
encourage the development of municipalities/regions in Java.

In this study, we use spatiotemporal and multidimensional development approaches,
investigating social, economic, and environmental aspects, including public infrastructure.
A spatiotemporal approach is needed to determine which areas have improved and which
are lagging in terms of development, especially after decentralization (regional autonomy)
was implemented in 2000. In addition, this study also describes the factors that influence
the development of Java in a spatiotemporal manner. The use of a multidimensional
approach to aspects of development is due to the regional disparity that occurs not only
in economic aspects but also in the social aspect (human capital); the social, economic,
and environmental aspects are considered pillars of sustainable development [26]. In
the end, the results of this study can be used as an evaluation tool to determine whether
decentralization and regional autonomy (examples of place-based policy) have succeeded
in reducing regional disparities in Java. In addition, the results of this study can support
the development of further recommendations to the central government and local govern-
ments as they establish policies aiming to improve the development of each regency or
municipality in Java.

2. Materials and Methods

In this study, the level of regional development is proxied by the regional development
index (RDI). The spatiotemporal distribution pattern of the development level of Java is
represented by the growth of the RDI for the following years: 1996, 2000, 2011, and 2017.
The RDI is one method that is often used among Indonesian researchers in place of GRDP
because it takes into account the ratio between the number of facilities and the population.
Here, facilities include education, health, economy, and government services [27,28]. The
data were obtained from Indonesia’s statistics agency. The index was calculated using a
weighted scalogram, which involves three steps. First, the facilities’ service capacity was
calculated using the following formula:

Aij =
(
XijPi

)
/1000 (1)

where Aij is the index of the facility j in region i, Xij is the number of facilities j in region i,
and Pi is the populations in region i. The facilities included social, health, education, and
economic facilities, whether state- or private-owned. i = 1, 2, 3, . . . , n (number of region);
j = 1, 2, 3, . . . ., m (number of facilities). Then, the following formula was used to determine
the weight of each j in the region i (Iij):

Iij =
(
Xij/X.j

)
Aij (2)

where X.j is the sum of facility j. Then, we standardized the data from the new variables
using weighted data (Iij) in the following formula:

Kij =
(

Iij − min Ij
)
/Sj (3)



ISPRS Int. J. Geo-Inf. 2021, 10, 812 4 of 13

where Kij is the raw scalogram index value, min Ij is the minimum value of I in facility j,
and Sj is the standard deviation value of j.

Finally, the RDI was calculated as follows:

RDIij = ∑n
i=1 Kij (4)

The driving forces for Java’s development were identified using ordinary least squares
(OLS) and a geographically weighted regression (GWR) model. OLS and GWR were
implemented in Statistica 7 (StatSoft, Tulsa, OK, USA) and ArcGIS 10.3 (ESRI, Redlands,
CA, USA), respectively. First, variables were analyzed using OLS to identify what we call
“global driving factors”. RDI was the dependent variable (Y), while the independent vari-
ables (X) were the 11 variables presented in Table 1. These 11 variables were selected from
the forward stepwise regression model. The OLS tested the significance of their influence
on RDI. These independent variables were chosen to represent the following five aspects,
that is, economy, social, infrastructure, land use, and environmental barriers [13,17,18].

Table 1. Independent variables (X) included in the OLS and GWR models.

Aspect Variable Code

Economic
Gross regional domestic product (GRDP) (constant price) X1 (GRDP)

Distance to the central business district (CBD) X2 (d_cbd)

Social
Human Development Index (HDI) X3 (HDI)

Crime rate in the region X4 (crime)

Infrastructure
Non-formal educational facilities X5 (edu_nf)

Ratio of formal educational facilities to the total population X6 (p_edu_f)

Land use Area converted from paddy to built-up land in the last
3 years X7 (pad_bua)

Environmental
barriers

Number of floods X8 (flood)
Number of landslides X9 (landslide)
Number of droughts X10 (drought)

Percentage of people suffering from tuberculosis (TB) X11 (p_tb)

GRDP and distance to central business district (CBD) were chosen to represent the
economic aspects. GRDP shows the economic performance of a region, while distance
to CBD is a representation of physical distance to the economic center, which could also
influence the level of regional development. According to Tadjoeddin et al. [29], the level
of development in the social aspect can be observed from the level of human resources
and the level of crime. High crime levels tend to inhibit investment activities and human
creativity in sociocultural life [30]. For infrastructure, we used the number of educational
facilities. Previously, we have used several variables related to facilities, including educa-
tion, health, and social facilities. Among the three, only educational facilities were found to
be significantly correlated with RDI.

The level of regional development in Indonesia is, generally, closely related to the
phenomenon of conversion of agricultural land to non-agriculture [13,31,32], whose growth
follows the construction of roads [33]. The added value to agricultural land around the
settlement center that is lower than the value added to non-agricultural land triggers
changes in land use from agricultural to non-agricultural land. Therefore, we chose this
conversion phenomenon to represent land use. Finally, the level of regional development
is correlated with the quality of the carrying capacity. Areas that have a limited carrying
capacity tend to limit their economic activities. The massive development and increasing
population produce new problems, such as declining environmental quality, including the
increasing disasters [26]. We chose floods, landslides, droughts, and tuberculosis incidence
(disease burden) as a representation of the region’s carrying capacity. The unit of analysis
used in the model is the regency or municipality.

GWR was used to model the spatial pattern and spatial dependence of the driving
factors of RDI. GWR is a statistical method used to identify local spatial variation. This
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model addresses the non-stationary and allows the local spatial variations to vary over
space. GWR is developed from a global regression model, the basis of which comes
from nonparametric regression [34]. Various studies have applied the GWR model for
identifying the spatial variation of regional development [35], natural resources [36,37],
social conditions [38,39], and urban expansion [16,40]. The result of this analysis is a
regression model whose parameter values apply only to the observation locations and
differ across locations [34].

In this study, the significant variables (X to Y) on OLS were selected and further
analyzed using GWR to describe the characteristics of the spatial pattern and the spatial
dependence of the independent variables, employing 2000 and 2017 data. The dependent
variable remained the RDI. The formula for the GWR model is as follows:

Yj = C0
(
uj, vj

)
+ ∑p

i=1 Ci(uj, vj)Xij + ε j (5)

where Yj is the dependent variable for observation j, Xij is the independent variable Xi
at location j, uj,vj is a coordinate point for the location of observation j, C0 (uj,vj) is the
intercept for observation j, and Ci (uj,vj) is the regression coefficient or local parameter
estimate for independent variable Xi at location j. The optimal bandwidth of the GWR
analysis was set by minimizing the corrected Akaike information criterion with a correction
for finite sample sizes [34]. All the data used in this study were obtained from Statistics
Indonesia (Badan Pusat Statistik, BPS).

3. Results
3.1. Spatiotemporal Distribution Pattern of RDI

Over the last two decades, the level of development of Java was noted to improve. The
RDI increased from 1996 to 2017, as indicated by the rise in the descriptive values of RDI. In
1996, the minimum, maximum, and mean values were 46.56, 130.21, and 73.47, respectively.
In 2017, these scores increased to 48.22, 135.48, and 78.10, respectively. Figure 1 shows the
spatiotemporal distribution patterns of Java’s RDI.

Figure 1. Spatiotemporal distribution pattern of RDI of Java.
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The spatial patterns of RDI for all examined years showed that high values of RDI
were discovered in the metropolitan areas or large municipalities. In the temporal perspec-
tive, the regencies/municipalities adjacent to metropolitan areas or large municipalities
experienced an increase in terms of RDI. Greater Jakarta was a striking example of this
pattern. Jakarta and its surroundings are considered a megapolitan area due to the large
total area and continuing extension of the suburban areas [41]. However, it should be noted
that Central Java experienced a striking growth in its development level over the previous
decades. This improvement tended to be spatially random (Figure 1).

3.2. Global Driving Factors Affecting the Regional Development of Java

All 11 variables examined in the OLS have significantly affected the RDI of Java’s
regions (Table 2). For each, p < 0.01, except for landslide occurrence, drought occurrence,
and distance to the CBD (p < 0.05). These results imply that the level of development is
linked to various dimensional aspects, including social and economic aspects [13], land
use aspects [17], and environmental barrier [18].

Table 2. OLS regression summary.

Code Beta Std Err. of Beta B Std Err. of B t(106) p-Level

Intercept −66.307 23.493 −2.822 0.006

X1 (GRDP) 0.246 0.059 0.000 0.000 4.133 0.000

X2 (d_cbd) −0.166 0.070 −2.000 0.840 −2.380 0.019

X3 (HDI) 0.472 0.077 1.765 0.288 6.132 0.000

X4 (crime) 0.239 0.061 8.875 2.288 3.878 0.000

X5 (edu_nf) 0.231 0.085 0.014 0.005 2.703 0.008

X6 (p_edu_f) 0.315 0.065 17.858 3.672 4.863 0.000

X7 (pad_bua) 0.255 0.081 0.021 0.007 3.153 0.002

X8 (flood) −0.249 0.049 −2.001 0.392 −5.113 0.000

X9 (landslide) −0.115 0.053 −0.564 0.261 −2.162 0.033

X10 (drought) −0.125 0.059 −1.523 0.720 −2.114 0.037

X11 (p_tb) −0.129 0.049 −20.929 7.947 −2.634 0.009
fGRDP (Gross regional domestic product); d_cbd (Distance to the central business district; HDI (Human devel-
opment index); crime (Crime rate in the region); edu_nf (non-formal educational facilities; p_edu_nf (Ratio of
formal educational facilities to the total population; pad_bua (Area converted from paddy to built-up land in the
last 3 years; flood (Number of floods); landslides (Number of landslides); drought (Number of drought); p_tb
(Percentage of people suffering from tuberculosis).

The relationship of independent variables toward RDI differed in the direction of their
effects. Some variables had a positive relationship to the RDI, while others had adverse
effects. GRDP (X1), the Human Development Index (HDI; X3), the crime rate (X4), the
number of non-formal and formal educational facilities (X5 and X6), and the conversion
of paddies into built-up areas (X7) were noted to have positive effects on RDI (Table 2).
Meanwhile, the variables with negative influences on RDI were the three variables related
to environmental barriers (flood, landslide, and drought, or X8, X9, and X10, respectively),
distance to the CBD (X2), and tuberculosis burden (X11). X6 and X11 exhibited the highest
impact on RDI. The equation for the OLS model is shown below:

Y = 0.00 X1 − 2.00 X2 + 1.76 X3 + 8.87 X4 + 0.01 X5 + 17.86 X6 + 0.02 X7 − 2.00 X8 −
0.56 X9 − 1.52 X10 − 20.93 X11 − 66.31 (R-square = 0.78).

However, this result is somewhat difficult to interpret, especially for X4, X8, X9, X10,
and X11. The last four, that are, for flood, landslide, drought, and tuberculosis, respectively,
can be seen in two perspective: environmental barrier and environmental degradation.
They have different logic of interpretation in which the first is about the limit of the carrying
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capacity while the second is the negative externality of human activities. The incidence of
crime (X4) is also questionable whether it is a driving factor or a negative externality of
economic activity. These issues would be discussed in Section 4.

3.3. Local Driving Factors Affecting Regional Development of Java

Because the 11 dependent variables examined in OLS were all statistically significant,
they were also used in GWR. The spatial pattern of the R-square was shifted from 2000 to
2017. In general, the GWR model of 2017 features higher local R-square values than that
of 2000. The local R-square determined for 2000 was relatively the same across regions. It
might show a gradual increase from the western to the eastern part of Java, but the local
R-square in 2000 showed the relatively narrow range of 0.669 to 0.671 (Figure 2).

Figure 2. Local R-square of RDI in 2000 and 2017 based on the GWR model.

For 2017, the range of the local R-square was larger than it had been, reaching 0.757 to
0.778. For 2017, the westernmost part of Java had the highest local R-square score, whereas
the easternmost part had the lowest score. The gradual decline existed from the west to the
east. The shift in local R-square might be caused by the higher intensity of development in
western Java than in eastern Java from 2000–2017.

The GRDP (X1) and HDI (X3) showed a positive relation to RDI. In the 2017 model,
they had a notably higher regression coefficient to explain RDI than that of 2000 (Figure 3).
Then, the number of non-formal and percentage of formal educational facilities (X5 and X6)
had a similar regression coefficient to RDI between 2000 and 2017. Environmental issues
(floods, landslides, and droughts; X8, X9, and X10, respectively) negatively impacted RDI,
with relatively similar estimated parameters between 2000 and 2017. Paddy conversion
was found to be positively correlated with RDI both in 2000 and 2017, with similar pa-
rameter estimate values. The distance to the CBD (X2) and tuberculosis occurrence (X11)
were negative predictors for the RDI. Finally, the coefficient of criminal occurrence was
inconsistent between 2000 and 2017; it was positively connected to the RDI of 2000, but it
became negative for the 2017 model.

In general, GWR models demonstrate the same pattern: a regular gradation of coeffi-
cient values from west to east. However, exceptions still exist, particularly for landslides.
The RDI of the western part of Java had a stronger positive effect, due to GRDP (X1) and
HDI (X3), than eastern Java. Jakarta, as a metropolitan and port city located in western
Java, played a crucial role in creating the GRDP and HDI of the surrounding regions [41].
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Figure 3. Parameter estimates of independent variables by GWR model. fGRDP (Gross regional
domestic product); d_cbd (Distance to the central business district; HDI (Human development index);
crime (Crime rate in the region); edu_nf (non-formal educational facilities; p_edu_nf (Ratio of formal
educational facilities to the total population; pad_bua (Area converted from paddy to built-up land
in the last 3 years; flood (Number of floods); landslides (Number of landslides); drought (Number of
drought); p_tb (Percentage of people suffering from tuberculosis).
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The pattern shift of the regression coefficient occurred in paddy conversion, tuberculo-
sis incidence, landslides, and crime rate (Figure 3). The RDI of the eastern regions initially
was strongly related to paddy conversion. However, this conversion gained prominence in
explaining the RDI of western Java for the 2017 model. The opposite pattern was seen in
tuberculosis incidence. The RDI of western Java was initially vulnerable to tuberculosis
incidence, but that influence was more decisive for eastern Java in the 2017 model.

The pattern of the regression coefficient for landslides might be different from that of
others, which tends to show a gradual change from north to south. Landslides are strongly
related to hilly landscapes and may indicate a low regional environmental capacity to
support human activities. The southern part of Java is more mountainous than the northern
part [42]. Thus, landslides on the south were more intensive than on the north side. The
reduced evidence of landslides on the north side had a substantial effect on the high RDI.

Finally, the changes in the crime rate showed the greatest contrast. For the 2000 model,
crime occurrence had a positive correlation on RDI. This implies that crime rates are related
to the level of regional development. Meanwhile, in the 2017 model, areas with a high RDI
were characterized by low crime rates. We predict that this was due to the increasingly
large contrasts in poverty levels between municipalities and regencies, leading to higher
crime rates in regencies (areas with low RDI).

4. Discussion
4.1. Imbalanced Spatial Distribution of RDI

The more developed regions of Java are concentrated in metropolitan areas or large
municipalities and their surrounding areas [43] as indicated in Section 3.1. Such a concen-
trated pattern increased after the government policy instituted an open economy during the
New Order, 1966–1998 [22]. Regions with the appropriate conditions for industrialization,
such as concentrated population and suitable infrastructure, caught up with investment
earlier [44]. These regions were largely bordering the metropolitan or large cities. Port
cities like Jakarta and Surabaya obtained the highest benefits from this policy. Subsequently,
the development of a centralized region created an imbalance between districts directly
adjacent to metropolitan areas and districts located far from the metropolitan area [41].

4.2. Driving Factors of Regional Development of Java

Social and economic aspect, land use aspect, and environmental degradation are
linked to the level of regional development, but their roles are not always supporting.
The presence of some attributes may have elevated the development level of a regions,
while the presence of others was an impediment to development. GRDP undeniably has
positive connection to development, as has been addressed by many scholars. The HDI and
educational infrastructure are also known to be vital. HDI has a non-decreasing marginal
return due to the belief that a person with a higher level of education can more easily
obtain additional knowledge [45]. Human capital promoting technological improvement is
a factor in the endogenous growth theory, which emphasizes that technological change is
the result of tax policy, basic research funding, and education. These factors may indicate
the presence of researchers and entrepreneurs who can respond to economic incentives
and potentially influence the long-run prospects of the economy [46,47].

However, there are some phenomena that should be carefully interpreted while ad-
dressing regional development of Java. Firstly, development in Java is typically associated
with the conversion of paddies. Unfortunately, this phenomenon has brought another issue
to light, i.e., the loss of fertile land that is vital for sustaining the country’s food supply [31].
The presence of this issue is followed by the poverty caused by the rising number of
farmworkers (agricultural laborers without land ownership). Furthermore, Pribadi and
Pauleit [48] have shown that paddy conversion has led farmers to open lands with less
suitable conditions for farming activities, such as in hilly landscapes around mountains.
Hence, maintaining the level of development while protecting agricultural land to meet
the food demand should be a highlight of the agenda.
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Secondly, the level of regional development is in line with the occurrence of crime (X4)
in the regions. On the one hand, this result shows the social consequences of increasing
development. This might indicate that the development of Java’s regions, especially
those that are highly developed, did not guarantee meeting the basic needs of all people.
In developing countries, wealth is often accumulated by a small percentage of people.
As a result, wealth spreads unevenly among communities. The World Bank [49] has
shown that the Gini ratio of Indonesia has been above 4.0 since 2011, whereas in previous
years, it was always below 4.0. In Java, crime and social conflicts are often linked with
worsening inequality [29]. Thus, increasing development should not come hand-in-hand
with increasing crime rates, which is only possible by alleviating the inequality.

Then, low environmental carrying capacity–proxied by the evidence of flood, land-
slide, and drought in this article–is the one hindering the regional growth. Natural disasters
often limit the possible activities of the local people. However, in another perspective,
it should also be noted that natural disasters are often caused by development activities
itself [50]. Large cities often experience environmental degradation as negative externality
of economic activities. Thus, at one site, a natural disaster may be an inherent barrier
in the region, while at another, it is a sign that development exceeds the environmental
carrying capacity.

4.3. The Spatial Shift of Development’s Driving Factors

During the last two decades, there has been as shift in the explanatory power of
development’s driving factors over Java’s regions. In 2000, eastern Java was slightly higher
to be affected by the factors of regional development, discussed in Section 4.2, than western
Java. However, such pattern of explanatory power reversed in 2017. The higher intensity
of development in western Java over the east from 2000–2017 might be the cause. The
western part of Java, especially around Jakarta metropolitan area, remained attractive for
laborers and companies.

Despite social problems in Jakarta due to in-migration, agglomeration has contin-
ued throughout 2000–2017. Moreover, a tendency toward conurbation was seen between
metropolitan Jakarta and metropolitan Bandung [31], where both are in the western part of
Java. On the other hand, Jakarta, as the capital city of Indonesia, is known for its high pop-
ulation density, which continues to increase year-by-year because of urban agglomeration,
especially along the toll roads area in the northern part, and the non-toll roads area in the
southern part of the region.

Some phenomena strengthened the spatial shift of the driving factors in explaining
development level. Firstly, in recent decades, a massive paddy conversion has occurred
in western Java, due to the higher rate of urbanization, especially in the northern part of
western Java, than in other parts of the island [2,31]. Secondly, massive urbanization and
agglomeration in western Java during the last two decades accelerated their GRDP and
HDI. Thirdly, the incidence of tuberculosis somehow intensified in western Java during,
especially in 2017. Due to urbanization and agglomeration, western Java is more densely
populated, accelerating the transmission of this disease. However, the most suffering
regions are those located in southern side of western Java, which were less developed than
the north.

5. Conclusions

This study showed that the level of regional development of Java has improved over
the past two decades. Generally, the regional development level is affected by factors
related to social, economic, infrastructure, land use, and environmental barriers. HDI,
education facilities, GRDP, and paddy conversion into built-up areas have a positive impact
on the regional development levels. However, environmental barriers (floods, landslides,
droughts, and tuberculosis) have negatively impacted the region’s development level.
The spatial pattern of the power of local driving factors shifted between 2000 and 2017,
especially in terms of the following factors: HDI, landslide, paddy conversion, tuberculosis,
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and crime. Initially, the development level of the eastern part of Java could be largely
explained by HDI, landslides, and paddy conversions in 2000. However, the profound
development of western Java during over the past two decades was largely responsible
for similar changes in 2017. Java’s mega-urbanization appears unstoppable, and it is
a daunting challenge for the central and local governments to manage spatial urban
growth and improve regional development in Java in the near future. These research
results can be used as an evaluation tool to provide place-based policy for reducing
regional disparity in Java and contribute further recommendations to the central and
local governments for determining policies aiming at improving regional development
in each regency/municipality. This study has some limitations. First is the concept of
regional development level that we use, which focuses on infrastructure; while it provides
a better picture of the population’s purchasing power and preferences, as represented by
the ratio between the number of facilities per population, it also reduces other dimensions,
including economic performance, institutions, human resources, and the environment. In
addition, we also failed to consider the quality of the infrastructure. Second, the level
of development within a region actually varies (MAUP/modifiable area unit problem),
such as between sub-districts; however, in this article, such within-region variations are
deemed homogeneous. MAUP may accelerate the biased result. The third limitation is the
possibility of reciprocal relationships between the independent variables, which are not
thematized. For our analytical technique, we only employ straight-line distance measures
from the centroid in the GWR. Our study area also has issues in the GWR: some regencies
(e.g., in Madura Island) are separated from mainland Java. The analysis may be biased due
to this issue. For future research, we suggest that the analysis be done at the sub-district
level, or in smaller units, to capture the development of spatial areas more accurately.
The concept of development level should include economic, social, and environmental
performances, which are considered pillars of the Sustainable Development Goals. Types
of distance also should be more varied, taking economic or time distance into account
as well.
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