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DEVELOPMENT ECONOMICS | RESEARCH ARTICLE

Do government policies drive economic growth 
convergence? Evidence from East Java, 
Indonesia
Achmad Solihin1*, Wahyu Wisnu Wardana2, Erfan Fiddin3 and Ni Made Sukartini1

Abstract:  While Indonesia has been experiencing relatively considerable and stable 
economic growth in the last decades, the country is prone to income disparity 
across regions due to uneven distribution of population, natural resources and the 
persistent impacts of centralized development imposed by the New Order regime. 
This study examines the economic growth convergence in East Java, Indonesia, 
from 2010 to 2019 and explores the influence of government expenditure on 
education, health, and capital sector on the economic growth convergence. By 
considering spatial dependence across regions, the result shows no strong evidence 
of regional income convergence in East Java. Also, this research claims the presence 
of spillover effect of government expenditure on education and capital sector on 
regional income growth. Notably, higher government expenditure of the education 
sector in one region could stimulate higher economic growth of its neighboring 
regions. Conversely, higher government expenditure on the capital sector in one 
region may lower the economic growth of its surrounding regions.
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Development; Macroeconomics  
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1. Introduction
While Indonesia has been experiencing relatively considerable and stable economic growth in the 
last decades, economic disparity problems remain (Purwono et al., 2021). The economy grew on 
average roughly 5 percent between 2010 and 2019 (World Bank, 2020a). However, as an archipe-
lagic country with vast areas, Indonesia is prone to an economic disparity across regions due to 
uneven distribution of population, natural resources and the long-lasting impacts of past centra-
lized development perpetuated by the New Order regime (Irawan, 2014; Resosudarmo & 
Vidyattama, 2006; Sugiharti, 2013). It is estimated that more than half of Indonesia’s population 
lives on Java Island (Dsikowitzky et al., 2019) although several provinces such as East Kalimantan, 
Papua, and Riau are rich in natural resources (Hill et al., 2008; Komarulzaman & Alisjahbana, 2006). 
Before the implementation of the decentralization regime in 2001, Indonesia’s development was 
centralized and the planning stretched for nearly 50 years (Alm et al., 2001). Therefore, economic 
disparity problems across regions remain.

From the perspective of regional development theory, there are two competing views to explain 
regional income1 behavior across regions. First, the neoclassical growth theory predicts that poorer 
regions’ incomes tend to grow faster than the richer ones. This condition results in a “catch-up” 
effect that allows regional income to converge in the end (Barro & Sala-i-Martin, 2006). Second, 
endogenous growth and new economic geography (NEG) theory emphasize the importance of 
space and the role of spillover in regional growth, claiming that incomes across regions tend to 
diverge (Wardaya & Landiyanto, 2005). These contradictory theories form the basis of the current 
research, aiming to examine development processes from empirical evidence.

Methodologies to understand regional growth behavior—such as spatial econometrics, which 
captures spatial dependence among regions (Anselin, 2010)—have been developing alongside the 
theories. Regions are believed to interact with each other in many channels like technology- 
spillovers and the mobility of production factors that will lead to an externality in the form of 
regional income spillovers (Sugiharti, 2013). A pioneering study conducted by Rey and Brett 
attempted to explore regional income convergence in the US by using spatial econometrics 
(Seya et al., 2011). They observed model misspecification in a previous study due to the overlooked 
spatial aspects. Since then, there have been a growing number of studies examining regional 
convergence process by considering the spatial aspects.

East Java is a good case to understand the regional income convergence process. The province 
holds significant geopolitical importance for Indonesia (Irawan, 2014) and one of the most significant 
contributors to Indonesia’s economy—reaching 15 percent of national GDP in 2019 (Statistics 
Indonesia, 2020a). The province showed higher economic growth than national’s growth for 
a decade; for example, in 2010 the growth was 6.68 percent, which was higher than the 6.22 percent 
national growth, and in 2019 it was 5.52 percent, which was also higher than the 5.02 national growth 
(Statistics Indonesia, 2020b). Still, there was income disparity, indicated by the relatively high Gini 
coefficient—reaching 0.415 in 2015 and 2017, the highest since 2012 (Statistics Indonesia, 2020c).

There are studies attempting to explain the regional income convergence in East Java. For 
example, Wardaya and Landiyanto (2005) investigated the convergence by considering the spatial 
aspect and found that there were two spatial regimes in East Java with diverging tendencies from 
1983 to 2002. Sugiharti (2013) explored the spatial dependence and spatial regimes of regional 
income convergence from 2004 to 2010; and found that there are two spatial regimes with 
convergence tendencies. Meanwhile, Irawan (2014) explored the regional income convergence in 
East Java from 1980 to 2005 by considering the role of government consumption (excluding 
government’s expenditure on capital) and human capital that were proxied by the number of 
people with a diploma degree compared to the total population. Irawan (2014) concluded that 
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spatial dependence does not apply across regions in East Java and government consumption does 
not affect growth, but human capital does influence the regional growth convergence.

However, such studies did not consider the role of government policy in both physical and human 
capital investment. This research, therefore, aims to analyze this factor in the regional income 
convergence in East Java from 2010 to 2019—filling in the gap in the literature by incorporating 
government policies on physical and human capital investment, such as education and health. These 
are proxied by using government expenditure on capital, education, and the health sector.

The remaining of the paper is organized as follows: in part 2, the literature is reviewed; in part 3, 
the data and methodology are outlined; in part 4, the empirical result and discussion are pre-
sented; in part 5, the conclusion is drawn.

2. Literature review

2.1. Convergence concept
By definition, income convergence, in the most general sense, is a process of equalization or the 
decreasing trend of income disparity among different entities, e.g., countries or regions (Paas et al., 
2007). This proposition comes from the neoclassical theory postulated by Solow (1956), which 
claims that poorer regions or economies grow faster than their richer counterparts. By holding the 
assumptions of constant return to scale, diminishing marginal return to capital and labor, and 
perfect mobility of factors of production, the theory predicts that the regional income inequality 
tends to evaporate over time (Fischer & Stirböck, 2004; J. Yildirim et al., 2009).

According to Capello (2016), regional income convergence could be interpreted as a result of 
regional interaction in capital and labor. In relatively richer regions, higher capital accumulation 
yields lower return to capital, and therefore capital moves to poorer regions. At the same time, 
labor moves from lagging regions to the leading ones due to higher wage levels. This process 
eventually equalizes regional income growth’s trajectory between richer and poorer regions. 
Knowledge spillover is another potential channel for poorer regions to grow faster, catch up with 
richer regions’ income, and reach a convergence (Rey, 2004). Richer regions are usually ahead in 
innovating production processes, so poorer regions follow and adopt the innovation. Adoption is 
cheaper because there is no cost needed for research and development. In addition, knowledge 
may also spill over in the form of positive externalities produced by firms in specific locations, 
which affect the production process of firms in other locations.

There are two main approaches to examining income convergence across regions: σ-convergence 
and β-convergence (Shankar & Shah, 2003; Soukiazis & Castro, 2005; Tian et al., 2016). The σ- 
convergence refers to the declining dispersion of real per capita income across groups of economies 
over time (Young et al., 2008). This approach views regional incomes converging at the same rate 
(Gezici & Hewings, 2004). The σ-convergence is related to the behavior of cross-sectional standard 
deviation or the coefficient of variation of per capita output over time (Gömleksiz et al., 2017).

The second approach is β-convergence, which refers to a faster income growth rate of poorer 
regions relative to richer regions that eventually results in the disappearance of regional income 
differentials (Dey & Neogi, 2015). The presence of β-convergence is estimated by regressing the per 
capita growth rate on its initial value (Dey & Neogi, 2015; Soukiazis & Castro, 2005). There are two 
types of β-convergence: 1) absolute or unconditional β-convergence and 2) conditional β- 
convergence. The absolute β-convergence assumes that technological progress and the steady- 
state level are homogeneous across regions (Kangasharju, 1998). Therefore, it is expected that 
there will be a negative relationship between the per capita growth rate and its initial income 
levels in the β-convergence regression even without controlling other variables (Sugiharti, 2013).
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Nevertheless, the conditional β-convergence assumes that the technological progress and 
steady-state level may differ across regions. Thus, the estimation of the β-convergence could be 
calculated by adding variables that reflect the technological progress and steady-state level 
differences in the β-convergence regression equation. For the empirical purpose, the technological 
progress differences are usually assumed to be exogenous and not proxied by any variables. 
Meanwhile, the steady-state level differences are usually proxied by the saving rate, the population 
growth rate, and the percentage of skilled workers (Kangasharju, 1998).

Both σ-convergence and β-convergence are related to each other. The faster income growth of 
poorer regions relative to richer regions (β-convergence) tends to produce a declining income gap 
across regions (σ-convergence) (Dey & Neogi, 2015). However, the presence of β-convergence does 
not necessarily imply the existence of σ-convergence. The β-convergence may coexist with 
a stable or increasing income coefficient variation due to region-specific shocks, which impact 
regional growth rates in a way that offsets the β-convergence (Dey & Neogi, 2015; Rey & Montouri, 
1999; Shankar & Shah, 2003). According to Young et al. (2008), β-convergence becomes necessary 
but not sufficient for σ-convergence. For instance, let us consider two regions: A and B that have 
the same level of income at the beginning, with the assumptions: 1) B starts at its balanced growth 
path and A starts quite far from its balanced growth path; 2) the β-convergence holds, i.e., region 
A outgrows region B; and 3) the initial variance or coefficient of variation is zero. The variance or 
coefficient variation will rise over time as A grows faster than B and approaches a higher level of 
balanced growth path. It indicates that β-convergence generates a rising variance or coefficient of 
variation (Young et al., 2008). Therefore, the empirical analysis of income convergence should 
consider both approaches (Shankar & Shah, 2003).

Research has explored regional income convergence in different contexts and time frames. For 
instance, a study by Kangasharju (1998) investigated the existence of σ-convergence and β- 
convergence (absolute and conditional) in Finland from 1934 to 1993. The results show that σ- 
convergence existed, i.e., the coefficient variation of per capita income decreased during the period of 
observation; and that there was absolute β-convergence. The study also added regional dummies and 
shares of the agricultural sector to explore the conditional β-convergence, concluding that the condi-
tional β-convergence existed. Likewise, Young et al. (2008) examined the occurrence of σ-convergence 
and absolute β-convergence in 3,058 counties in the US from 1970 to 1998. They found absolute β- 
convergence with convergence rate falling between 6.3 and 9.8 percent; and no σ-convergence. The 
estimated standard deviation of real per capita income in 1998 was 5.8 percent higher than in 1970.

Rapacki and Próchniak (2009) investigated σ-convergence and absolute β-convergence in 27 
formers socialist (transition) countries in 1990–2005. They found that β-convergence did not occur 
in 1990–2005, but it did in 2000–2005 with a rate of 1.39 percent annually. As for the σ-convergence 
in 1990–2005, the evidence was not substantial; but in 2000–2005, it was. Dobrinsky and Havlik 
(2014) examined convergence in 27 country members of the European Union (EU) and also 10 new 
EU state members (called NMS countries) from 1995 to 2011. Overall, they concluded strong evidence 
of absolute β-convergence and σ-convergence among the 27 EU countries. The standard deviation of 
regional income (σ-convergence) of the NMS countries tended to rise until about 2007 before it 
started to decline. They also observed absolute β-convergence among the NMS countries, even 
though the relationship was weak. Dobrinsky and Havlik (2014) also investigate conditional β- 
convergence by adding several independent variables into the convergence regression equation: 1) 
unit labor cost; 2) domestic saving; 3) domestic and foreign saving; and 4) export performance. The 
estimation shows that conditional β-convergence existed among the 27 EU countries with 
a convergence speed of about 1.6 percent to 2.9 percent per year. Dey and Neogi (2015) studies σ- 
convergence and absolute β-convergence of seven country members of the South Asian Association 
for Regional Cooperation (SAARC) before (1970–1984) and after the cooperation (1985–2011). Their 
finding reveals no σ-convergence before the formation and σ-convergence after. There was no 
substantial evidence of absolute β-convergence before the formation, but there was β-convergence 
after. Meanwhile, more recent studies have extended the application of the convergence concept for 
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poverty analysis (López-Calva et al., 2021; Ravallion, 2012), mortality rate (Goli & Arokiasamy, 2014; 
Janssen et al., 2016), and social capital (Sarracino & Mikucka, 2017).

At the opposite end, endogenous growth theory, which relies heavily on the assumption of increasing 
return to scale claims that income disparity among regions is undeniable; and that the source of 
regional income differences is mainly due to human capital and technology level (Gardiner et al., 2004). 
It implies that regional incomes behavior depends on the extent to which low-technology regions 
follow high-technology regions or advanced regions, the degree of geographical diffusion of technology 
and knowledge, and the mobility of workers in knowledge-based activities (Rumayya, 2005). The more 
knowledge or technology progress and the more workers in knowledge-based activities are localized in 
the more advanced regions, the regional income disparity will be likely to persist.

Meanwhile, NEG, which stresses the significant roles of space and agglomeration believes that the 
source of income disparity is localized increasing return to scale from spatial agglomeration or 
specialized economic activities. The theory argues that economic activities in the form of backward 
and forward linkages, production factors mobility and knowledge spillovers push spatial agglomera-
tion and clustering, leading to core-periphery equilibria (Gardiner et al., 2004). For instance, in the 
forward linkages, firms tend to locate in regions with the higher market potential to reduce trans-
portation costs and maximize economic scale. Later, the firms attract more workers who will spend 
their income locally, leading to a rising market size in the regions. This condition will, in turn, attract 
more firms to locate in the same or nearby regions, creating clustered regions. Furthermore, back-
ward linkages push firms to locate around inputs suppliers to minimize their production costs, 
including transportations and inputs costs. When many firms minimize their production costs by 
shortening their input linkages, there will be a tendency of firms to cluster in space. Eventually, this 
will induce persistent regional income inequalities across regions (Källström, 2012).

Several empirical works have been conducted to test the theory of NEG, many of which pay 
attention to wage equilibrium, i.e., whether wage level is higher in regions with higher market 
potential (Fallah et al., 2011; Fingleton & Fischer, 2010). Another theory focuses on assessing 
whether market potential affects the decision-making of firm locations while another one links 
workers’ migration decisions and market potential (Fallah et al., 2011). A study by Fallah et al. 
(2011) found a positive relationship between average wage level and market potential in the 
context of US metropolitan areas. They estimated that one standard deviation of rising market 
potential is associated with a 2.3 percent point of higher wage level. Likewise, Brakman et al. 
(2006) also found a spatial wage structure in the context of the EU spanning from 1992 to 2000, 
as suggested by the NEG. It implies that the wage level is higher in the center of the economy 
and vice versa. Furthermore, Pons et al. (2007) concluded that workers’ migration to industrial 
agglomeration regions in Spain had pushed the agglomeration process cumulatively. It suggests 
a relationship between workers’ localization decisions and the potential market of host regions.

2.2. Spatial dependence and convergence process
Spatial dependence or autocorrelation refers to a functional relationship between a considered 
indicator (such as GDP per capita) in a region and other neighboring regions (Lim, 2016). In other 
words, it describes the effects that neighboring regions have on each other in geographical proximity. 
It suggests the interdependence relationships among observations in cross-sectional datasets that 
include a geographical unit of analysis (Magalhães et al., 2000; Niebuhr, 2000). According to Tobler 
(1970), “everything is related to everything else, but near things are more related than distant things.” 
There are two types of spatial autocorrelation: positive and negative. Positive autocorrelation exists 
when similar values of a considered indicator are clustered in space. Negative autocorrelation occurs 
when different values of a variable are clustered in space (Magalhães et al., 2000).

There are two sources of spatial dependence: nuisance dependence and substantive depen-
dence (Feldkircher, 2006). Nuisance dependence pertains to data measurement errors due to the 
mismatch between the geographical boundaries of actual economic processes and administrative 
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boundaries (such as a county, city, or state) employed to collect the data. On the other hand, 
substantive spatial dependence may result from true spatial interactions of a variable of interest 
across regions (Lim, 2016). Substantive dependence reflects the complex interactions of each 
region with another through many channels such as labor and capital movement and input- 
output linkages. Consequently, the economy’s performance in one region is affected by its neigh-
boring regions (Capello, 2016). Overlooking the two forms of spatial dependence in the regional 
economy’s performance analysis, including regional income convergence, might lead to biased 
and inefficient estimates (Magalhães et al., 2000).

To recall, the conventional β-convergence analysis employs a cross-sectional regression model 
with regional income growth as a dependent variable and its initial value as a primary explanatory 
variable. This traditional model is estimated by using the ordinary least square (OLS) method of 
estimation. By assuming that the error terms of the OLS regression model are independently and 
identically distributed (iid) with zero mean, the traditional model estimation provides the best 
linear unbiased estimator (BLUE) (Wooldridge, 2015). Nevertheless, overlooking the presence of 
spatial dependences in the traditional model may create an estimation issue, such as misspecifi-
cation problem, reflected in the spatially correlated error terms. It means that the fundamental 
assumption of the OLS estimation, that is (iid), is violated (Niebuhr, 2000). Consequently, the 
estimates of β-convergence and its convergence speed will be biased (Källström, 2012; 
Magalhães et al., 2000). Therefore, recent studies have agreed that spatial dependence is a key 
determinant in regional growth and its convergence process (Lim, 2016).

Many empirical studies have confirmed the bias in the β-convergence analysis due to the negli-
gence of spatial dependence. For instance, a study by Postiglione et al. (2020) found that traditional 
β-convergence estimates (i.e., ignoring spatial dependence) were lower than estimates obtained from 
the spatial model in the context of 1,133 EU regions from 1991 to 2014. Notably, the convergence 
rate obtained from the traditional approach ranged from 2.6 to 2.7 percent, while the estimates from 
the spatial model reached 2.9 to 3.0 percent annually. Niebuhr (2000) estimated that while the 
convergence rate from the traditional estimate was 1 percent, the estimates from the spatial model 
were between 0.5 and 0.7 percent per year in West Germany. Similarly, Magalhães et al. (2000) found 
that the convergence speed obtained from the traditional model was slightly lower than estimates 
from the spatial model in Brazil. They further argued that even though the bias was slight, it still 
indicates the significance of spatial dependence in the regional income modeling.

2.3. The effect of government expenditure on growth
Previous studies have generally found inconclusive findings of the effect of government expenditure 
on growth (Amusa & Oyinlola, 2019; Wu et al., 2010). Some observed positive effects of government 
expenditure on growth. The Keynesian theory claims that the efficient use of public resources could 
increase the economy’s productive capacity and thus induces economic growth (Dudzeviciute et al., 
2018). Others argue that government spending might hinder economic growth by crowding out 
private-sector spending (Amusa & Oyinlola, 2019). Meanwhile, others believe that the growth- 
inducing effects of government spending depend on the types of expenditure. For instance, 
Hansson and Henrekson (1994) found that government transfer and consumption negatively affect 
growth, while educational spending boosts growth. Barro (1990) revealed that unproductive govern-
mental expenditure impedes growth, while productive governmental expenditure’s effects are inde-
terminate, modulated by the government behavior and the amount of the expenditure itself.

One important productive governmental spending is capital investment, both physical and human 
capital investment. The government expenditure on physical capital is a source of public infrastruc-
ture provision in a region. The sufficient provision of public infrastructure pushes the improvement in 
market access, decreasing unit cost of production and increasing private investment (Lall & Yilmaz, 
2001), leading to higher economic growth. Similarly, the government expenditure on human capital 
areas—such as the education and health sector—also contributes to human capital formation, 
enhancing labor force productivity (Dudzeviciute et al., 2018), which increases economic growth. 
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Therefore, the spatial distribution of stock of capital, both physical and human capital, as a result of 
government expenditure or public investment, to some extent, influence the regional income dis-
parity or regional income convergence process (Lall & Yilmaz, 2001).

Government expenditure or investment of one region may also have spillover effects on its 
neighboring regions. Previous studies confirmed that physical infrastructure investment in 
a particular region produces positive spillover in adjacent regions by stimulating higher output. 
However, physical infrastructure supply also creates severe inequality by changing neighboring 
regions’ comparative and competitive advantages. If production factors can move at zero cost, 
public infrastructure investment in one location could move a production site away from one 
region to another or provide access to neighboring regions that are previously not accessible (Lall 
& Yilmaz, 2001). Government expenditure on the education and health sector in one region might 
also spill over its neighboring regions. By assuming that higher government expenditure in the 
health and education sector reflects better public services in a region, some may be inclined to 
move to regions with higher education and health government expenditure (Nguyen-Hoang & 
McPeak, 2010). This will create an unequal spatial distribution of human capital across regions.

Several studies have incorporated the role of government expenditure on regional convergence 
analysis. Lall (2007) concluded that government expenditure on transport and communication 
infrastructure has positively affected regional economic growth in 24 regions in India. Such effects 
are not only influenced by government expenditure made by individual regions but also by the 
spillover effects of the expenditures by the surrounding regions. Further analysis indicates that the 
lagging regions exhibited a higher economic growth rate from the transport and communication 
expenditure (investment) than the leading regions. This conclusion is in line with the findings by 
Puga (2002), stating that benefits of infrastructure are lower in leading regions relative to lagging 
regions. This finding suggests that government expenditure on capital (transport and communica-
tion infrastructure) induces regional income convergence in India. Likewise, Chiquiar (2005) found 
that government expenditure on capital (investment) and government consumption influenced 
growth in Mexico in 1970–1985. Nevertheless, such effect disappeared in 1985–2011.

In contrast, Irawan (2014) found that government consumption (excluding government spend-
ing on capital or investment) has no effects on growth in East Java in 1980–2005. Similarly, Drezgić 
(2011) found an insignificant effect of government capital expenditure on regional income con-
vergence in Croatia in 2000–2007. This may have been caused by the efficiency problems such as 
a lack of planning and insufficient cost–benefit analysis of the projects.

In short, most studies employed government expenditure on capital as a proxy of government 
role in the convergence analysis. Meanwhile, the role of human capital in convergence research is 
usually proxied by a ratio of educated people to population (Irawan, 2014), average years of 
schooling or illiteracy rate (Chiquiar, 2005). For instance, Chiquiar (2005) concluded that poorer 
regions with higher human capital represented by average years of schooling showed a higher 
growth rate than richer regions, which then led to regional income convergence in Mexico. Other 
than government expenditure and human capital, previous studies have also explored the role of 
foreign direct investment (Choi, 2004), export (Akram & Rath, 2020; Baddeley, 2006), and structural 
policy change (Soukiazis & Castro, 2005) in the regional income convergence.

3. Methodology

3.1. Data
The data utilized in this study was: product (GRDP per capita), government expenditure on education 
sector per capita, government expenditure on health sector per capita, government expenditure on 
a capital sector per capita, the proportion of agriculture in the economy, average years of schooling, and 
the interaction of average years of schooling and GRDP per capita base year. All these variables, except 
for the proportion of agricultural sector, average years of schooling, and the interaction of average years 

Solihin et al., Cogent Economics & Finance (2021), 9: 1992875                                                                                                                                         
https://doi.org/10.1080/23322039.2021.1992875                                                                                                                                                       

Page 7 of 24



of schooling and GRDP per capita base year, were represented in Indonesia Rupiah (IDR) nominal 
currency and then was deflated into the constant price of year 2010 to obtain its real value. 
Afterward, it was converted into a natural logarithm form. The data covered all 38 regions across East 
Java from the year 2010 to 2020.2 These data were obtained from Statistics Indonesia (www.bps.go.id). 
The descriptive statistics of the variables used in the analysis is provided in the Table 1.

3.2. Analytical Framework
The first part of the analysis focuses on σ-convergence and β-convergence without considering 
spatial dependence across regions. The σ-convergence is measured by the evolution of coefficient 
variation (CV) of regional income per capita among economies or regions over time. The increasing 
trend of CV overtime suggests rising regional income inequality across regions and vice versa. The 
formula of CV in a given year or time is provided below: 

CVt ¼
�t
�yt

(1) 

where σt is standard deviation of real GDP per capita across regions in time t and yt is mean or 
average of real GDP per capita across regions at period t. From the equation (1) above, the 
standard deviation of regional income per capita is estimated as follows: 

σt ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
n

∑n
i¼1 yit � �ytð Þ22

r

(2) 

Table 1. Descriptive statistics

Variables Base Year (2010)

Mean Min Max Standard 
Deviation

GRDP Per Capita 
(000 Rupiah)

26,869.1 8,758.0 213,789.3 34,392.1

Ln GRDP Per Capita 16.807 15.985 19.181 0.653

Ln Government 
Expenditure on 
Capital Per Capita

11.774 10.246 13.602 0.805

Ln Government 
Expenditure on 
Education Per 
Capita

13.036 12.092 14.050 0.388

Ln Government 
Expenditure on 
Health Per Capita

11.677 10.707 13.643 0.645

Share of Agriculture 
(%)

21.970 0.187 40.380 14.232

Average years of 
schooling

6.774 3.140 10.320 1.747

GRDP Per Capita 
(000 Rupiah) Year 
2020

40,133.6 12,516.8 291,844.9 48,070.8
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where n is the number of regions in the study and yit is real GDP per capita of region i at period t. 
Following Young et al. (2008), a variance ratio test (F-ratio test) is also applied to explore the 
statistical differences of standard deviations of regional income per capita overtime.

Furthermore, following Rey and Montouri (1999), the analysis of the absolute β-convergence for 
cross-sectional data is estimated through the regression equation below 

Ln
Yi;t

Yi;0

� �

¼ αþ βLn Yi;0
� �

þ εi; εi
~i:i:d (3) 

where Ln shows logarithm natural, Yitrepresents real GDP per capita of region i at time t (end of 
observation), Yi0 indicates real GDP per capita of region i at initial observation. Thus, the dependent 
variable of the regression equation above shows the growth rate of GDP per capita of region 
i during the observation. Meanwhile, α and β are model coefficients to be estimated and εi is error 
term. The regression equation (3) is estimated by using OLS with a robust standard error option to 
avoid heteroscedasticity. The negative sign of coefficient of β and its statistical significance 
suggest the presence of β convergence (Magalhães et al., 2000).

Meanwhile, the conditional β-convergence is obtained by adding several essential variables in 
the β-convergence regression into equation (3). Specifically, the conditional β-convergence is 
estimated through the equation below: 

Ln
Yi;t

Yi;0

� �

¼ αþ βLn Yi;0
� �

þ δkXk;i;0 þ εi (4) 

where Xk;i;0 is vector of k additional region i’ characteristic at initial observation (2010) that affect 
regional income’s steady state differences. Following the work of Chiquiar (2005), Xk;i;0 consists of 
share of agriculture, average years of schooling, interaction variable of GDP per capita base year and 
average years of schooling. Furthermore, Xk;i;0 includes government expenditure on capital, health, 
and education in the base year (2010). Meanwhile, δk denotes the estimated coefficients of k variables.

3.3. Spatial weight matrix and spatial modelling
The exploration of spatial dependence starts with defining spatial weight matrix (usually denoted 
as “W”) and Moran I-Statistics calculation. Literature in spatial econometrics provides various 
methods to specify spatial weight matrix: Rook contiguity, Queen contiguity, K-nearest neighbor-
hood, and Great Circle Distance, among others. A statistical procedure called Moran I Statistics 
could be utilized to determine one of those ways in specifying the appropriate spatial weight 
matrix. The formula of Moran I-statistics is given as follows: 

Ii ¼
N ∑N

i¼1 ∑N
j¼1 xi;txj;twi;j

Nb ∑N
t¼1 x2

i;t

(5) 

where Xit is variable of interest, i.e., GDP per capita in region i and year t, N is the number of regions, 
w is the spatial weight, and Nb is the sum of all weight.

To capture a regional interaction through complex mechanisms such as knowledge spillovers, 
input-output linkage and production factors mobility, a spatial dependence model is constructed 
based on β convergence framework. There are some variations of spatial dependence models such 
as spatial autoregressive model (SAR), spatial cross-regressive model (SCRM), spatial lag of 
X model (SLX) and spatial Durbin model (SDM) (Sugiharti, 2013). The choice of spatial model 
specification depends on the Moran I statistics calculation and diagnostic test such as the 
Lagrange multiplier (LM) test (Florax et al., 2003; Ojede et al., 2018).

Solihin et al., Cogent Economics & Finance (2021), 9: 1992875                                                                                                                                         
https://doi.org/10.1080/23322039.2021.1992875                                                                                                                                                       

Page 9 of 24



Anselin (2001) describes that the SAR model is appropriate when the spatial autocorrelation 
indicates a global interaction among the dependent variable at the observed area. Anselin (2001) 
also claims that SAR can provide both direct and indirect effect from every independent variable in 
a given area. On the other hand, LeSage and Pace (2009) claim that SDM is a suitable model when the 
disturbance terms and dependent variables exhibit spatial spillover. The SDM is also able to exploits 
both direct and indirect effect from dependent variables and the error term. Following the work of 
Llorca-Rodríguez et al. (2021) and considering the aims of this research, the current study employs 
the spatial lag of X (SLX) model (LeSage & Pace, 2009). The model is the most flexible choice to 
illustrate the spatial spillover effects of the explanatory variables i.e., the government expenditure of 
neighboring regions. Moreover, it has the advantage of a straightforward interpretation: the direct 
effects are represented by non-spatial variables, while the spillover effects are indicated by spatially 
lagged independent variables (Llorca-Rodríguez et al., 2021). Therefore, the formulation of the spatial 
model is constructed as the extension of the equation (5) and expressed as follows: 

Ln
Yi;t

Yi;0

� �

¼ αþ β Ln Yi;0
� �

þ δkXk;i;0 þ ϕkZk;i;0 þ εi (6) 

where ϕk represents the k spatial model parameter to be estimated and Zk consists of k independent 
variables, i.e., government expenditure on capital, health, education, share of agriculture and share of 
manufacturing sector of region i at initial observation or base year, i.e., 2010.

4. Result and discussion

4.1. Conventional convergence process in East Java
Firstly, the convergence process in East Java is estimated by using the σ-convergence. This analysis 
is conducted along with the examination of coefficient variation (CV) over time. We split the σ- 
convergence analysis into two: 1) all regions (38 regions in East Java); and 2) 37 regions excluding 
the City of Kediri as it has a far higher GDP per capita compared to other regions in East Java. The 
city has the fifth-largest tobacco manufacturer in Indonesia. It is estimated that 80 percent of the 
GDP comes from the tobacco industry (Statistics Indonesia, 2018d). Thus, we treat the City of Kediri 
as an outlier. The result of σ-convergence is shown in Table 2 below:

Based on Table 2, the coefficient of variation (CV) of real GDP per capita of the 38 regions was 
0.03884 in 2011, and it decreased to 0.03858 in 2014 before increasing from 2015 onwards, except in 
2020 (during the COVID-19 pandemic) when it decreased 1.2 percent. It means that regional income 
disparity tends to decline during the economic downturn caused by the COVID-19 pandemic, which 
could potentially end up in regional income convergence although some researchers like Martinho 
(2021) believes otherwise, stating that COVID-19 has hindered income convergence in OECD countries. 
Nevertheless, the variance ratio test shows no statistical difference of standard deviation in regional 
income per capita during the period of observations, as indicated by the insignificant p-value in Table 2. 
It suggests no significant change in regional income distribution in East Java in 2010–2020; and that 
the coefficient variation of regional income dynamics from 2010 to 2020 is a short-run behavior.

In contrast, the coefficient of variation (CV) of real GDP per capita for the 37 regions shows an 
increasing trend in 2010–2019, with a declining coefficient of variation in 2020. In 2010, the CV 
was 0.03145, much lower than the coefficient of variation obtained from the analysis for the 38 
regions. In 2019, the coefficient of variation reached 0.03261 before declining to 0.03226 in 2020. 
The statistical test also suggests no difference of standard deviation in regional income per capita 
during the observations. The visualization of σ-convergence could be seen in the figure below:

Figure 1 shows the CV trend across regions. Visually, we may see a general rising trend, which 
tentatively indicates the presence of σ-convergence, but this trend is statistically insignificant, as 
indicated by the variance ratio test in the last part. This may be due to the short period of the analysis. 
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Future study, therefore, may benefit from covering more extended period of observation. Secondly, 
the convergence process is estimated through conventional β-convergence—the absolute or uncon-
ditional β-convergence; and the conditional β-convergence. The absolute β-convergence analysis 
employs a simple linear regression model, as shown in equation (3). Before running the formal 
regression, we inspect the relationship between regional income growth rate and initial GDP per 
capita in East Java. We visualized of the relationships in (A) 38 regions in 2010–2020; (B) 37 regions 
excluding City of Kediri in 2010–2020; (C) 38 regions in 2010–2019; and (D) 37 regions in 2010–2019. 
The duration analyses, i.e., 2010–2020 and 2010–2019, aimed to distinguish the negative shock effect 
caused by the COVID-19 pandemic on regional income growth in 2020.

Figure 2 shows how the initial GDP per capita could be positively associated with income growth 
rate, even though the positive relationship in the figure (A) and (C) is relatively weak. Figure (B) and 
(D) indicate a stronger positive relationship, implying that wealthier regions in initial observations 
show a higher regional income growth rate than the poorer regions. In other words, there is 
a divergence tendency of regional income growth rate across regions in East Java. To formally 
check the presence of absolute β-convergence in the cross-sectional dataset, we run simple linear 
regressions, which is presented in equation (3) with the results as shown in the Table 3:

Overall, the regression results in model (A), (B), (C) and (D) indicate that the CV of GDP per capita 
in the base year is positive, but in model (A) and model (C) it is not statistically significant. It is only 
in model (B) and (D) that focus on the 37 regions, the values are statistically significant. The 
coefficient in the base year in the model (D), which excludes the period of COVID-19 is larger than 
model (B), which includes the period of the pandemic in the analysis. In general, the findings above 
suggest the absence of absolute β-convergence in East Java. Wealthier regions in East Java in 
2010 showed higher average regional income growth rate than poorer regions—a tendency of 
income divergence. The larger coefficient of GDP per capita in the base year in model (D) compared 
to model (B) shows a severe regional income disparity in the 37 regions before the pandemic 
COVID-19 started in 2020. In a sense, the pandemic may have slowed down the divergence across 

Table 2. Estimation of sigma convergence in East Java from 2010–2020
Year σ-convergence for 38 regions 

(all regions)
σ-convergence for 37 regions 

(Excluding City of Kediri)

Mean of 
Ln GDP 

Per 
Capita

SD of 
GDP Per 
Capita

CV of 
GDP Per 
Capita

p-value Mean of 
Ln GDP 

Per 
Capita

SD of 
GDP Per 
Capita

CV of 
GDP Per 
Capita

p-value

2010 16.807 0.6528 0.03884 16.743 0.5266 0.03145

2011 16.859 0.6536 0.03877 0.9940 16.796 0.5300 0.03156 0.9690

2012 16.912 0.6540 0.03867 0.9916 16.849 0.5318 0.03156 0.9535

2013 16.964 0.6528 0.03848 0.9998 16.902 0.5337 0.03158 0.9360

2014 17.012 0.6563 0.03858 0.9744 16.950 0.5376 0.03172 0.9014

2015 17.058 0.6613 0.03877 0.9379 16.995 0.5439 0.03200 0.8472

2016 17.107 0.6655 0.03890 0.9074 17.044 0.5495 0.03224 0.7997

2017 17.153 0.6685 0.03897 0.8858 17.091 0.5536 0.03239 0.7657

2018 17.200 0.6703 0.03897 0.8737 17.138 0.5557 0.03243 0.7483

2019 17.245 0.6742 0.03910 0.8457 17.182 0.5604 0.03261 0.7110

2020 17.212 0.6650 0.03863 0.9116 17.151 0.5534 0.03226 0.7676

Notes: SD stands for standard deviation; CV is coefficient variation. 
p-values are based on the variance ratio test, where the null hypothesis is that the value of the ratio of regional income 
standard deviations from 2010 to 2020 is in unity (against two tailed alternatives). 
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the 37 regions. This finding is consistent with the σ-convergence analysis, which shows the 
declining CV of regional income per capita in 2020.

The following analysis investigates the conditional β-convergence by adding several explanatory 
variables in the convergence growth model as indicated by equation (4) to capture different 
steady-state income levels across regions. We split the regressions analysis into two: model (1) 
to model (5) covers the 38 regions in East Java, and model (6) to model (10) focus on the 37 
regions by excluding the City of Kediri. Both models employ datasets from 2010 and 2019. The 
exclusion of 2020 is to avoid the pandemic effect on the economy. The results of the regression are 
shown in Table 4.

In general, the CV of GDP per capita in the base year is positive and statistically significant across 
models. It means that there is no sufficient evidence of conditional β-convergence. Income growth 
in regions in 2010 was faster in wealthier regions than in poorer regions, meaning income disparity 
was persistent. The result of conditional β-convergence analysis corroborates the findings of 
absolute or unconditional β-convergence. The variable of share of agriculture to GDP shows 
positive and statistically significant signs across models, which means that the agricultural sector 
is influential in modulating regional income growth rates. This finding is consistent with the prior 
work by Chiquiar (2005), which found a positive effect of the agricultural sector on growth in 
Mexico in 1970–1985. In developing countries like Indonesia, the agriculture sector still has 
a significant proportion in the economy’s structure. According to the World Bank (2020b), the 
agriculture sector accounted for roughly 4 percent of global GDP, and in many developing coun-
tries, the sector accounted for more than 25 percent of GDP. This sector plays a vital role in 
creating backward and upward linkages in the economy and in advancing regional income 
(Nugroho, 2016; World Bank, 2020b).

Figure 1. Comparison of sigma 
convergence of the 38 regions 
(part a) and the 37 regions 
(part b) in East Java in 2010– 
2020.
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Human capital, proxied by average years of schooling, also shows statistical significance with 
a positive sign across all models, which is in line with previous studies by Chiquiar (2005) in Mexico, 
stating the education boosts economic growth. Regarding the average years of schooling and GDP 
per capita, in the base year, there was a negative and statistically significant sign across models. It 
suggests that holding GDP per capita in the base year constant, poor regions with higher average 
years of schooling will grow faster and catch up with richer regions, leading to regional income 
convergence (Chiquiar, 2005).

There was no statistical evidence of the role of government expenditures on regional income 
growth across models. Expenditure on education, health and capital did not affect the regional 
income growth in East Java. We argue that this finding might be explained by the inefficient 
government expenditure on education, health, and capital. Drezgić (2011) believes that public 
expenditure may have adverse effects or no effect on growth due to the lack of planning of 
infrastructure provisions, improper cost-benefit analysis of projects and corruption. According to 
Butkiewicz and Yanikkaya (2011), institutional quality determines the impact of government 
expenditure on growth. Keefer and Knack (2007) mentioned that good governmental institution 
might spend less on productive investment, but it yields a notable economic return. In contrast, 
poor government may invest a lot on public sector that is unproductive. For instance, government 
expenditure on capital might be “pork barrel” expenditure, i.e., building infrastructure or roads to 
nowhere. A good governmental institution will know how to avoid “pork barrel” expenditure, while 
a weak governmental institution might thrive on such spending (Butkiewicz & Yanikkaya, 2011).
4.2. Spatial dependence across regions in East Java
Spatial weight matrix was determined to formally test the occurrence of spatial dependence. 
Based on Moran I’s statistics, this study found that the spatial weight matrix of the five-nearest 
neighborhood was the fittest way to specify the spatial model. The rationale is described in Table 5. 
Moran I’s statistics measured the spatial distribution of every variable in the model. With this, we 
identified the weight matrices, which explain the spatial distribution of every variable. The various 
results for every weight matrix were presented in Appendix A. We found that 15 nearest neighbors 
can explain the spatial autocorrelation of government expenditure on education.

Meanwhile, agricultural sector size, average years of schooling and GDP per capita base year 
were explained by five nearest neighbors. The variable of GDP per capita at the base year could be 
explained by neighbors within 200 km. The variable of GDP per capita growth rate could be 
explained by neighbors within 125 km. However, the variable of government expenditure on capital 
and government expenditure on health had no spatial autocorrelation. This warrants further 
research on the impact of spatial dependence within the observed variables across East Java.

We corroborated the model’s spatial autocorrelation by conducting Lagrange Multiplier (LM) test 
to construct the appropriate spatial model. We used the closest five neighbors (K5) weight matrix 
because of its appropriateness in explaining most of the spatial autocorrelation among the 
independent variables. Based on the result of the LM test as shown in Table 6, we conclude that 
there is no clarity between the spatial lagged values and the error term in the model. Therefore, 
following the work of Halleck Vega and Elhorst (2015), Llorca-Rodríguez et al. (2021), and the 
consideration of the objective of this study to explore the spillover effect of government expendi-
ture, we employ the spatial lag for X (SLX) model.

The results of the SLX model estimation are shown in Table 7. In general, the results consistently show 
that the coefficient of Ln GDP Per capita base year is positive across models (full and reduced model). It 
suggests that the 38 regions in East Java experienced a tendency of regional income divergence. 
Nevertheless, the coefficient of Ln GDP per capita in the base year in both models is statistically 
insignificant. Moreover, by comparing the Akaike’s information criterion (AIC) and Bayesian information 
criterion (BIC) as well as the loglikelihood ratio test, we found that the full model was the most 
appropriate model to explain the regional income convergence in East Java between 2010 and 2019.
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Table 3. Absolute beta convergence from cross-sectional Regressions
Variable Dependent Variable: Regional Income Growth Rate

Model (A) Model (B) Model (C) Model (D)
GDP Per Capita 
base year

0.008[0.720] 0.036*[0.078] 0.024 
[0.279]

0.051*** 
[0.009]

Constant 0.271[0.466] −0.187[0.571] 0.039 
[0.914]

−0.418 
[0.188]

Observations 38 37 38 37

R2 0.0029 0.0380 0.0293 0.0874

F-Statistics 0.13 
[0.747]

3.29* 
[0.079]

1.21 
[0.279]

7.59*** 
[0.009]

Period of 
observations

2010–2020 2010–2020 2010–2019 2010–2019

Note: P-value in parentheses [] 
*p < 0.1; **p < 0.05; ***p < 0.01. All models were performed by using robust standard error option. 
Model (A) and (C) covers the datasets for all regions (38 regions) in East Java. 
Model (B) and (D) covers the datasets for 37 regions, excluding the City of Kediri. 

Figure 2. The relationship of 
income growth rate and initial 
gdp per capita.
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Overall, it can be concluded that both models of β-convergence with and without spatial depen-
dence aspects indicate the same conclusion: 38 regions in East Java experienced regional income 
divergence in 2010–2019. This finding was consistent with the previous research conducted by 
Wardaya and Landiyanto (2005) and Sugiharti (2013), which argued that regions in East Java tended 
to grow towards wider income inequality. In addition, this finding was consistent with and support, 
albeit indirectly, the proposition of new economic geography (NEG) and endogenous growth theory. 
These two theories, in general, argue that locations play a crucial role in economic activities, which 
creates different levels of agglomeration and creates an unequal distribution of per capita income 
across regions. Wardaya and Landiyanto (2005) specifically mentioned that the regional income 
divergence resulted from the unequal spatial distribution of the manufacturing industry sector across 
38 regions in East Java. Some regions were leading in per capita income due to large shares of 
manufacturing sector, which also means higher productivity.

Furthermore, we found that the variable of average years of schooling and the interaction term 
of average years of schooling and GDP per capita base year were statistically significant. This 
finding strengthens the conclusions obtained from the conventional conditional β-convergence 
regression, as shown in Table 4. It means that human capital is essential for growth, and it 
promotes regional income convergence across regions. The share of agriculture, however, was 
statistically insignificant, opposing the previous result from the conditional β-convergence regres-
sion without the spatial aspects.

Similarly, the spatial models reveal that the government expenditure on education, health 
and capital statistically did not affect regional income growth in East Java. These findings are 
consistent with the previous results of conditional β-convergence without accounting for the 

Table 5. Spatial weight matrix of 5-nearest neighbors

GDP Growth Rate GDP Per Capita 
base year

Share of agriculture Average years of 
schooling

−0.0042 
[0.381]

0.2012 
[0.016]**

0.3275 
[0.002]***

0.1226 
[0.077]**

Average years of 
schooling*GDP per capita 
base year

Government expenditure 
on education

Government expenditure 
on health

Government expenditure 
on capital

0.1121 
[0.0084]**

0.2034 
[0.013]**

−0.061 
[0.400]

−0.1048 
[0.208]

Note: P-value in parentheses [] 
*p < 0.1; **p < 0.05; ***p < 0.01 

Table 6. LM Test for spatial model specification
LMerr = 0.8406 

[0.360]
df = 1

LMlag = 0.1681 
[0.682]

df = 1

RLMerr = 4.0345** 
[0.045]

df = 1

RLMlag = 3.3620* 
[0.067]

df = 1

SARMA = 4.2026 
[0.122]

df = 2

Note: P-value in parentheses [] 
*p < 0.1; **p < 0.05; ***p < 0.01 
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spatial dependence in Table 4. It is also in line with prior research by N. Yildirim et al. (2011) in 
Turkey and Al-Faris (2002) in the context of Gulf Cooperation Council (GCC) countries. As 
previously discussed, there are several potential explanations behind the ineffective govern-
ment expenditure in growth promotion. For instance, Chandra (2010) argued that the return of 
investment may not be available in a short term. The impact of government expenditure on 
human capital may take time to impact the income growth since it is a long-run investment 
(Shafuda & De, 2020; Tayebi & Abbaslou, 2008). Thus, it is crucial for future research to employ 
a longer period of analysis.

Eggoh et al. (2015) added several major related factors that might delay the return of investment: 
inefficient planning, corruption, and underinvestment. A significant proportion of government expen-
diture in productive sectors that are not supported with strong institutional quality and governance 
will not be fruitful (Jeyhoon Tabar et al., 2017; Shi et al., 2017). In the context of developing countries 
like Indonesia, efficiency may be commonplace; for example, Solihin et al. (2017) found that govern-
ment expenditure on the education sector in East Java from 2007–2014 was inefficient; hence, it 
yielded no significant outcomes. Another potential explanation is pervasive corruption. It prevents 
investment in strategic sectors such as education and health from reaching the targeted groups and 
programs. Currently, Indonesia’s corruption index ranked 102nd out of 180 countries in 2020 (KPK, 
2020)), so it is not impossible that there was malpractice in the implementation.

The other factor is underinvestment. Eggoh et al. (2015) argued that the impact of government 
spending on growth might emerge after passing a certain threshold of expenditure; otherwise, such 
effects might not be significant. In Indonesia’s case, the enactment of Law No.20/2003 and Law 
No.36/2009 have mandated the minimum allocation of 20 percent and 10 percent of general 
government expenditure for the education and health sector, respectively (Breuer et al., 2018). It 
suggests that underinvestment is not an issue in Indonesia, at least for the education and health 
sector. By contrast, public spending on capital in Indonesia is relatively low relative to its peers. For 
instance, the total infrastructure spending of Indonesia was 2.2 percent of GDP in 2016, while other 
emerging countries in Asia were 5.1 percent of GDP (Breuer et al., 2018). Thus, we argue that the 
insignificant effects of government expenditure of education, health, and capital on growth might be 
attributed to the problem of time lags, underinvestment (for capital or infrastructure), efficiency and 
potential corruption. In addition, World Bank (2020c) and Breuer et al. (2018) stated Indonesia needs 
to improve the efficiency in government expenditure since it has limited available financial resources 
due to a low share of revenue to GDP and tight adherence to fiscal deficit.

Interestingly, the spatial model also shows the existence of spillover effects of government 
expenditure on education and capital on growth. Particularly, the coefficient of the neighbor’s 
government expenditure on education is positive and statistically significant at the level of 
10 percent. Meanwhile, the coefficient of the neighbor’s government expenditure on capital is 
negative and statistically significant at the level of 10 percent. These findings are similar to 
previous studies by Qi (2016) in China, López et al. (2017) in Spain, and Lall (2007) in India. 
The positive sign of the neighbor’s government expenditure on education suggests that 
higher expenditure on education in one region could stimulate higher economic growth in 
its neighboring regions; and a negative sign of the neighbor’s expenditure on capital implies 
that higher expenditure on capital in one region could lower the economic growth in its 
neighboring regions.

There are some potential explanations behind the presence of this spatial spillover. Higher 
government expenditure on education in one region may produce a more educated labor force. 
Without sufficient job openings, this labor force will probably migrate to another region for better 
opportunities (McCormick & Wahba, 2005), which subsequently impacts its economic growth. It 
means that the interregional migration of educated labor forces might serve as one of the driving 
factors causing spatial spillover of government expenditure of the education sector.
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Meanwhile, the negative spillover of public spending of capital on growth could be attributed to 
the shift of comparative and competitive advantages of neighboring’s economies (Lall & Yilmaz, 
2001). Higher spending on capital that is reflected by more developed infrastructure in one region 
may attract companies or other production factors from other regions. Boarnet (1998) claimed 
that regions with higher capital stock may draw factors of production from other regions. 
Additionally, higher spending on capital is often perceived as a good signal that the regional 
government is business friendly (Lall, 2007). Thus, the negative spillover of public spending on 
capital suggests the competition relationship across the 38 regions.

Table 7. Conditional beta convergence from cross-sectional regressions with spatial 
dependence

Variable Dependent Variable: Regional Income Growth Rate 2010– 
2019

Full Model Reduced Model
Ln GDP Per Capita base year 0.088 

[0.108]
0.007 

[0.372]

Share of agriculture −0.001 
[0.217]

Average years of schooling 0.185* 
[0.070]

Average years of schooling*GDP 
per capita base year

−0.011* 
[0.072]

Ln Government expenditure on 
education

−0.046 
[0.212]

−0.038 
[0.237]

Ln Government expenditure on 
health

0.033 
[0.184]

0.015 
[0.360]

Ln Government expenditure on 
capital

0.018 
[0.131]

0.016 
[0.374]

Neighbor’s share of agriculture −0.003 
[0.103]

Neighbor’s Average years of 
schooling

0.050 
[0.432]

Neighbor’s Average years of 
schooling*GDP per capita 
base year

−0.004 
[0.286]

Neighbor’s Government 
expenditure on education

0.123* 
[0.092]

0.084** 
[0.041]

Neighbor’s Government 
expenditure on health

0.0004 
[0.982]

−0.016 
[0.611]

Neighbor’s Government 
expenditure on capital

−0.099* 
[0.079]

−0.053* 
[0.100]

Constant −1.635 
[0.163]

−0.172 
[0.683]

Observations 38 38

R2 0.477 0.179

Residual Std. Error 0.024 (df = 24) 0.026 (df = 30)

F Statistic 1.683 (df = 13; 24) 0.938(df = 7; 30)

Log Likelihood Test 97.15719(df = 15) 88.606(df = 9)

AIC −139.7506(df = 15) −144.4737(df = 9)

BIC −164.3144(df = 15) −159.212(df = 9)

Note: P-value in parentheses [] 
*p < 0.1; **p < 0.05; ***p < 0.01. All models were performed by using robust standard error option. 
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4.3. Policy Implication
The regions that do not progress well economically mostly rely on agriculture sector, which often has 
low productivity. Meanwhile, the progressing regions are more advanced in their manufacturing sector, 
which could be associated with higher productivity. The government could promote investment in 
agricultural-based industries in the former regions. The development of agricultural-based industries 
could improve productivity of the agriculture sector, leading to rising regional income. Second, the low 
economic growth effects from government expenditure on education, health, and capital calls for the 
improvement of government spending efficiency by establishing better governance, accountability, and 
corruption prevention. Third, spillover effects of government expenditure on growth call for better 
coordination in constructing regional development plans.

5. Conclusion
By employing the district/regional-level data of East Java—Indonesia, the current research has two 
main objectives: (1) to explore the regional income convergence and (2) to investigate the role of 
government expenditure on education, health, and capital sector on regional income convergence. 
This was observed by using σ-convergence, absolute β-convergence, and conditional β- 
convergence approaches. This study also uses SLX model to account for the spatial dependence 
across regions.

We find an increasing trend of CV of GDP per capita across the 38 regions in 2010–2019. This finding 
implies the absence of σ-convergence in East Java. Furthermore, the estimation of absolute β- 
convergence also shows that the coefficient of GDP per capita base year is positive, suggesting regional 
income divergence. Similarly, the estimations of traditional conditional β-convergence and spatial 
conditional β-convergence reveal the same conclusions: the richer regions grew faster than the poorer 
ones. Therefore, it is evident that the 38 regions in East Java experienced regional income divergence, 
which is in line with the prior studies by Wardaya and Landiyanto (2005) and Sugiharti (2013).

Second, the estimation of traditional conditional β-convergence and spatial conditional β- 
convergence show that government expenditure on the education, health and capital sectors 
does not affect growth. This finding is also similar to previous works by N. Yildirim et al. (2011) 
and Al-Faris (2002). Some tentative explanations behind this conclusion are inefficient public 
spending, time lags, potential corruption, and underinvestment.

Third, the result of the spatial conditional β-convergence analysis indicates the presence of 
spillover effects of government expenditure on education and capital sector on growth. 
Specifically, the public spending on education of one region could stimulate the higher output in 
its neighboring regions. Meanwhile, higher public spending on the capital in one region might 
reduce the output in its neighboring regions. Some prior studies by Qi (2016) and Lall (2007) also 
documented the spillover effects of public spending on growth.

Based on the findings above, the government might narrow the regional income gaps in East 
Java by promoting and facilitating new investment in agricultural-based industries in lagging 
regions. The new investment in agricultural-based industries is expected to create the “catch- 
up” effect for poorer regions. Moreover, the government also needs to improve public spending 
efficiency by applying better governance and accountability. Better coordination in establishing 
regional development planning is also essential to mitigate the adverse effects of government 
expenditures triggered by the spillover effects.

Lastly, it is worth noting that the scope of the analysis in this study is limited, i.e., only East Java 
province. Further research may extend the analysis by exploring broader areas in Indonesia. 
Additionally, the time duration of the analysis in this study is relatively short for regional conver-
gence analysis (only 10 years). Future research may extend the time duration of the analysis.
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