A134

Operation and Economics in Transport

ORIGINAL RESEARCH ARTICLE

THE IMPACT OF INFRASTRUCTURE SPENDING ON ECONOMIC

GROWTH: A CASE STUDY OF INDONESIA

Makmun Syadullah, Dhani Setyawan*

Fiscal Policy Agency, Ministry of Finance of the Republic of Indonesia, Jakarta, Indonesia

*E-mail of corresponding author: dhanisetyawan83@gmail.com

Resume

This paper aims to analyze the impact of infrastructure spending on economic
growth in Indonesia, which includes investment in road, port and irrigation
infrastructure. The period of observation was 2011-2018, which covered 29
provinces with consideration of data availability. This study employed the
growth model with a panel data analysis, which analyze the relationship
between the economic growth and government investment in infrastructure
in the long run. The most essential finding in this study is that the economic
growth is positively influenced by government investment in road, port and
irrigation infrastructure. Road infrastructure investment has a significant
positive impact and the effect occurs in the fourth year after infrastructure
development. In comparison, port and irrigation infrastructure investment
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have a positive but not significant impact to other variables.
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1 Background

Current development, including infrastructure
development, will determine the future civilization.
Infrastructure development will create more robust
connectivity more evenly throughout the country. The
availability of adequate infrastructure will minimize
disparities between regions, reduce logistics costs and
reduce the economic inequality between regions in
Indonesia. Furthermore, infrastructure development
will also improve community welfare.

The impact of infrastructure development on
economy cannot be enjoyed directly. It takes at least
a short amount of time to feel the effect. The study of
measuring the performance of public infrastructure
development on new economic growth was carried out
around the 1990s [1]. Further, the study of relationship
between the infrastructure development and economic
growth was carried out in the period 1990-1995 [2]. In the
next era, research on the impact of forest development
on poverty became the focus of research. Various
research findings show that results are very varied,
even seem contradictory. According to [3], infrastructure
measurement from the expenditure side is considered
as the leading cause of conflicting research results
compared to the size in terms of performance, which is
due to various reasons. First, ignoring the contribution
of infrastructure spending by the private sector and
secondly, there are inconsistencies in infrastructure
funding.

According to [4], there is a positive relationship
between the economic growth and infrastructure
spending. The availability of more significant
infrastructure is a driver of economic growth. Investment
in infrastructure will also encourage increased
productivity and create externalities. Further, it also
reduces transportation costs and production costs

China is one of countries that succeed in building
infrastructure. The Chinese government spending on
infrastructure is enormous in the hope that it will drive
the economic growth. Many other countries are fascinated
by China’s infrastructure development policies. But
the fact is, according to [5] that the infrastructure
development in China is not much different from those
of other countries. Chinese investment is generally in
unproductive projects, which fail. The benefits expected
at the beginning of growth were not realized; even
the project was a burden to the economy, due to
excessive investment in unproductive projects funded
with debt. Further, results in debt buildup, economic
fragility, unstable financial markets and expansion in
the monetary sector. What happened in China must be
a lesson for other countries.

In the era of President Joko Widodo, infrastructure
development in Indonesia was a top priority, which can
be proven from the portion of the financing in 2018,
reaching around 18.6 % of total government expenditure.
According to the performance report of the Ministry of
Public Works and Public Housing , the output of road
length increased, exceeding the target up to 3 times.
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Will infrastructure development carried out
massively in various regions in Indonesia have a positive
impact on economic growth? This paper has analyzed
the effect of infrastructure spending, specifically road,
port and irrigation infrastructure on economic growth
in Indonesia. The investment period analyzed is 2011-
2018, which covers 29 provinces taking into account the
availability of data.

2 Literature review
2.1 Definition of infrastructure

According to [6], infrastructure is defined
as, “those services derived from the set of public
work traditionally supported by the public sector to
enhance private-sector production and to allow for
household consumption”. Meanwhile, according to
[7] infrastructure is a physical system that provides
transportation, irrigation, drainage, buildings and other
public facilities, which are needed to meet basic human
needs both social and economic conditions. Further [7]
also defines infrastructure as a physical system that
provides transportation, irrigation, drainage, buildings
and facilities other public. This infrastructure is needed
to meet basic human needs, both economic and social.
In contrast, [8] defines infrastructure as a system that
supports social and economic networks. Infrastructure
is also a connector for the environmental system, where
this system can be used as a basis for making policies.

Both central and regional governments provide
infrastructure like public services to support and
encourage the economic and social activities of the
community. The provision of infrastructure is tailored to
each region’s needs so that it can improve the welfare of
the city. Urban society requires different infrastructure
from rural communities, as well as between regions
industry with agriculture and coastal areas.

Infrastructure is non-exclusive (no one can be
excluded), non-rival (consumption of an individual
does not reduce the consumption of other individuals).
Besides that, in general, marginal production costs are
zero and cannot be traded (non-tradable).

Some types of infrastructure (such as toll roads)
do not include pure public goods, even though the
government provides them. The use of available goods
is the non-rivalry and non-excludable rivalry. Rivalry in
the sense that if someone uses an item, the item cannot
be used by someone else. However, if on the contrary the
goods were used by other people or used jointly, then the
goods are public goods. The use of infrastructure is not
directly charged, because the government provides the
infrastructure as a support for social-economic activities.

Infrastructure, such as roads, education, health are
the positive externalities. Providing support to these
facilities can increase the productivity of all the inputs
in the production process [9]. Positive externalities in

infrastructure, in the form of increased production of
companies and the agricultural sector, without having
to raise input capital and labour, also increase the level
of technology.

2.2 Infrastructure and growth

As a reference in analyzing economic growth
models, the Solow growth model is often used. The
model assumes that economic growth is influenced
by three factors, namely savings, investment and
population growth. Meanwhile, technological changes
that describe the level of efficiency are assumed to be
exogenous and are considered residuals. According
to [10], the Solow Model is a growth model developed
by Harrod-Domar, by adding labour and technology
factors to the growth equation.

Infrastructure in the aggregate production
function is considered as additional input [11]. The
effect of public spending on development of the
endogenous growth model was considered in [12].
Subsequent research was conducted by authors of
[13] adding the private capital stock. Furthermore,
the impact of infrastructure development on economic
growth was examined in [14], as well. The results
show a positive effect, a decrease in the number of
poor people and an increase in the environment.

One important indicator that is often used
to measure economic conditions in a country in
a certain period is the Gross Domestic Product (GDP).
Transportation facilities are needed to reduce the gap
between consumers and producers. Thus, the means
of transportation play a critical role as a means of
connecting parties who need each other. Transport
infrastructure plays a role in overcoming obstacles
that disrupt the smooth flow of goods and people
through the land, sea and air modes.

Some of the main variables that influence
economic growth are the capital accumulation
(including investment in land, physical equipment),
human resources and technological progress. The
capital accumulation would occur if a portion of the
income received is reinvested to increase revenue
in the future. This productive investment must be
supported by investment in social and economic
infrastructure, which includes the construction of
roads, electricity supply, availability of clean water,
irrigation channels, improvement of sanitation,
construction of communication facilities and so on.

As a driver of economic growth, economic
infrastructure plays a significant role. The intended
economic infrastructure is public goods. As public
goods, according to the theory of infrastructure,
it has the character of an externality, because the
government provides it and for each party that uses
infrastructure does not pay directly.

Infrastructure development will have an economic
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and social impact. The availability of adequate
infrastructure can support economic activities and
will affect the economic growth. According to [9],
infrastructure has positive externalities because it
can increase productivity in the production process.
Positive externalities can take the form of increased
production of companies and the agricultural sector
without having to raise capital and labour input or
also increase the level of technology.

Infrastructure is a link between various centres
of economic activity and the surrounding area.
In remote areas where the population is usually
isolated, they live in poverty. Farmers have difficulty
marketing their agricultural products, so they are
burdened with high costs. As a result, the added
value of agricultural products is low. Conditions like
this are a barrier for poor people, on the one hand,
infrastructure development will increase access for
the community, on the other hand, it will make
it easier for the government to overcome poverty.
Improved access to infrastructure will reduce the
costs of living and open opportunities for the poor to
benefit from economic growth.

2.3 Previous research

One key to achieving higher and stable economic
growth is availability of infrastructure. According to
[15], many countries in Asia develop the necessary
infrastructure, but rather focus on quantity rather
than quality. To reduce the distance between regions
and the link between national markets at low costs
requires quality infrastructure [16].

Many research has been done on how the
infrastructure investment affects economic growth.
Authors of [11-12] use indicators of public capital to
measure infrastructure as additional input in the
production function of further research, while in
[17] and [18] they use indicators of transportation,

electricity and communication to measure
infrastructure.
Transportation infrastructure is needed to

achieve higher economic growth. This critical role
of transportation infrastructure is used as a reason
by many countries to build road infrastructure in
disadvantaged areas to stimulate economic growth.
Results of research supporting this reason are shown
in [19] and [20] that the public infrastructure has
an impact on increasing productivity and economic
growth. Research on the effects of transportation
infrastructure using indicators of road density in
48 U.S. states during the period 1960-1985 was
conducted in [21]. The results show that the quantity
and quality of highways have a positive impact on
economic growth. Research with similar products
was carried out in [22], which shows that economic
growth is affected by the length of roads per thousand

inhabitants, exports per capita, education expenditure
per capita and physical capital stock per worker.
The relationship between the economic growth and
U-shaped urbanization is reversed. Economic growth
will increase at a low rate of urbanization. However,
when urbanization exceeds the threshold level,
economic growth would decline.

Meanwhile, the port infrastructure also has
a positive impact on economic growth. Authors of [23]
show a positive relationship between the value-added
in Chinese ports and regional economic development.
This study contradicts the results of a previous study
conducted in [24], which showed that ports have
a declining effect on the economy.

Authors of [25] also researched the impact of port
development on economic growth. Their research
results led to conclusion that several companies in
Hampton, United States, suffered losses due to port
shortages. Meanwhile, according to results of [26],
each million tons of net port throughput will create
around 400-600 jobs in the Western European region.
Meanwhile, according to [27], whenever there is
a 10% increase in throughput at ports, the revenue
will increase 6-20% of the regional GDP. At the
same time, the surrounding areas will also enjoy an
increase in income of approximately 5-18 %.

Meanwhile, the development and management of
irrigation infrastructure are closely related to national
food security and economic politics in a country.
Community access to irrigation infrastructure will
have an impact on economic growth. With access to
irrigation, the level of income and expenditure of the
community will also increase. Thus, the irrigation
infrastructure not only impacts income, output and
welfare but can also contribute to poverty reduction,
through the effects of income and consumption
smoothing.

Research on the impact of irrigation infrastructure
development on poverty alleviation was conducted in
[28]. The results show that areas without irrigation
infrastructure have high levels of poverty both in
terms of income and consumption, while the lowest
are in areas with adequate access to irrigation
infrastructure.

2.4 Research methodology

The main problem faced with in the study of the
impact of infrastructure investment on economic growth
is the measurement of infrastructure investment.
Various indicators to measure infrastructure investment
have been used in several previous studies. Indicators
of public capital are used iny [29-31]. Authors of [19]
employed transportation, water and communication
indicators. Road, telephone and electricity indicators
are used byCanning in [20]. Meanwhile, physical capital
stock indicators are used in [32-34].
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Table 1 Percentage of infrastructure budget allocation based on islands and Economic Growth 2010-2017

(Source: Ministry of Finance of the Republic of Indonesia)

road port irrigation growth rate
Sumatera 20.80 12.09 23.40 2.83
Java 21.41 11.21 23.02 5.62
Kalimantan 4.30 7.23 6.07 2.76
Sulawesi 14.30 11.48 10.89 2.88
others 28.63 58.00 36.47 5.62
16%; 16%
B Sumatera
35%; 35% —
12%; 12%
m Sulawesi
Kalimantan
15%; 15% B Others

22%;22%

Figure 1 Distribution of Road Length by Island in 2017
(Source: Central Bureau of Statistics of the Republic of Indonesia)

In this paper, the infrastructure investment
is proxied from central government investment in
the province, which includes investment in roads,
ports and irrigation. Given the unavailability of
infrastructure investment data by local governments,
both cities, districts and provinces, the acquisition is
not taken into account. As data limitations, only 29
regions were selected out of 34 areas in Indonesia.

The problem that has the potential to interfere
with the research results in this study is the
geographical problem. Indonesia, with 34 provinces
and 17,504 islands has different characteristics so
that the economic growth rate of one region is
different from the other areas. As a result, the
central government investment in infrastructure in
each region is also additional. This study ignores
geographical problems.

The growth model used in this paper is a panel
data analysis model developed by Canning and
Pedroni in [9]. This model is used to analyze whether
there is a relationship between economic growth and
government investment in infrastructure in the long
run. Government investment data per province for
the period 2011-2017 and economic growth data were
obtained from the Ministry of Finance and Statistics
Agency. The model used here is:

EG = B0 + pllog (road) + B2log (port) +
+B3Log(irrigation), (1)

where: E.G.: economic growth,

road: public investment in the road sector,

port: public investment in the port sector,

irrigation: public investment in the irrigation sector.
In this paper, the time element is included, to

find out in what year infrastructure investment

began to have an impact on economic growth. This

study employs three tests to choose the best panel

data regression model, namely: General Effects,

Permanent Effects or Random Effects). The F Test

(Chow Test), Hausman Test and Lagrange Multiplier

Test (L.M.) were conducted, as well.

3 Data analysis and discussion
3.1 Development of infrastructure investment

One of the triggers for economic growth is
infrastructure development. For this reason, in the
context of building infrastructure, mostly road, port
and irrigation infrastructure, government investment
continues to increase from year to year. The road
infrastructure investment increased from USD 1.06
billion in 2010 to USD 2.4 billion in 2017 or an average
increase of 15.61% per year. The port infrastructure
investment increased from USD 78.4 million in
2010 to USD 422.3 million in 2017 or an average
increase of 55.03 % per year. In comparison, irrigation
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Table 2 Development of Unloading and Loading at Ports for the 2010-2017 Period (million tons)
(Source: Central Bureau of Statistics of the Republic of Indonesia)

domestic port

international port

uploaded loaded uploaded loaded
2010 221.68 182.48 65.64 233.22
2011 284.29 238.94 78.84 376.65
2012 327.72 312.60 69.51 488.26
2013 336.06 303.88 89.51 510.70
2014 381.60 328.74 100.57 417.16
2015 318.68 296.17 98.52 342.66
2016 361.58 324.11 92.94 313.18
2017 409.34 334.11 105.49 272.40

infrastructure investment increased from Rp 208.7
million in 2010 to Rp 1.7 billion in 2017 or an average
increase of 91.78 % per year.

The road infrastructure receives the largest
investment allocation. In the observed period (2010-
2017) the total portion of investment allocation for
roads reached 65.99%, irrigation 22.10% and the
smallest for ports was 11.91%. While taking into
account regional infrastructure needs, the total
budget allocation for roads, ports and irrigation for
Papua, Ambon, West Nusa Tenggara and East Nusa
Tenggara in the period 2010-2017 reached 33.86 %,
Java 20.55 %, Sumatra 20, 37 %, Sulawesi 13.58 % and
Kalimantan 11.64 %. At the same time, the allocation
based on the island and the type of infrastructure can
be seen in Table 1.
in terms of island size,
investment allocations for the road, port and irrigation
infrastructure do not yet reflect a sense of justice. The
Java Island received the most considerable portion,
reaching 20.55%. In contrast, the area of Java
was only 128,297 km? or 6.73% of the land area of
Indonesia, Papua, Ambon, West Nusa Tenggara and
East Nusa Tenggara received allocations of 33.86 %.
In contrast, the total area reaches 385,292 km?
or 20.23% of the land area of Indonesia. Sulawesi
with an area of 174,600 km? or 9.17% of the land
area of Indonesia received an allocation of 13.58 %.
Kalimantan with an area of 743,330 km? or 39.02 % of
the land area of Indonesia received a share of 11.64 %.

Meanwhile, Sumatra with an area of 473,481
km?or 24.85% of the land area of Indonesia received
an allocation of 20.37%. However, if the factor of
the population is one of the considerations, the
investment allocation for infrastructure already
reflects justice. Based on the projections of the Central
Statistics Agency, in 2020 the number of residents
living in Sumatra reached 21.89%, Java 56.24 %,
Kalimantan 6.19%, Sulawesi 7.3 5% and other regions
8.33%. Investment allocation also considers natural
conditions.

Along with the increasing number of cars and
motorcycles, the allocation of investment for the

When measured

road infrastructure has also increased. In the 2010-
2017 period the number of vehicles and motorcycles
nationwide nearly doubled, from 76.91 million units
to 137.21 million units. The increase in transportation
modes is driving an increase in the allocation of
investment for roads. This investment is used to
add new routes and repair damaged roads. National
road length (not including tolls) in 2017 reached
539.41 thousand km?, with distribution in Sumatra
35 %, in Java 22 %, Sulawesi 15 %, Kalimantan 12 %
and other islands 16 % (see Figure 1). Based on the
distribution of the length of the road, the allocation
of road infrastructure investment has reflected the
needs.

An increase in the port activity leads the
government to increase investment in port
infrastructure, or conversely, an increase in investment
is that in the period 2010-2017, activities at ports,
both uploaded and loaded at domestic and foreign
ports, experienced relatively high growth (see Table
2). For domestic ports, uploading activity increased
from 221.67 million tons to 409.34 million tons and
packing activity has risen from 182.48 million tons
to 334.11 million tons. As for international shipping,
uploaded activity increased from 65.64 million tons
to 105.49 million tons and loading activity rose from
233.22 million tons to 272.40 million tons.

Based on the area of the rice harvest, the
allocation of infrastructure investment in irrigation
does not seem to reflect the needs. Based on data from
the Central Bureau of Statistics, the largest rice crop
harvest area is in Java, which reaches 50.27% but
receives only an allocation of irrigation infrastructure
investment of 23.02%. In comparison, other regions
that have only 6.34% paddy crop area received an
irrigation infrastructure investment allocation of
36.47%. The distribution of irrigation infrastructure
investment allocations might consider other factors,
such as ease of access to water. The availability of
water in Java, in general, is more abundant compared
to otherislands so that the infrastructure development
does not require high costs. The ease of accessing
water is also reflected in the rice productivity. In
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Table 3 Data Panel Results

variable coefficient
t-1 t-2 t-4
C 183257.8 255307.7 -3979232.
road -0.790838%* -1.762631% 2035645%*.
port 0.144117 0.462570%* 0.085962
irrigation -0.414692 -0.357435%* 0.013157
R-squared 0.522462 0.411494 0.672672
adjusted R-squared 0.448444 0.305370 0.613332

Note: * significant at the 5% level and ** significant at the 10 % level

Java, the rice productivity per hectare reaches 5.69
tons, which is above the national average of 5.20 tons.
In contrast, productivity on other islands is below the
national average.

3.2 Data analysis and discussion

Based on the results of data processing, using the
economic growth panel model, Table 3 shows that the
random effects for t-4 are better to be used than the
fixed effects (F.E.) and General Effects (C.E.), both at
t-1 and t-2 levels.

Government investment in the road and irrigation
sector in the first and second year has not had a positive
impact on economic growth. In contrast, investment
in ports has shown a positive effect. Government
investment in the road, port and irrigation sector began
to have a positive impact on economic growth in the
fourth year; however, the only asset in the road sector
had a significant impact. Other studies supporting this
finding are [19-20], which show that the infrastructure
investment has a positive effect on economic growth.
However, previous research did not specify the type of
infrastructure and in what year investment began to
show a positive impact.

The results of this study imply that in the medium
and long term, investment in public infrastructure
has a positive impact on economic growth. However,
a general problem associated with this study is that
this model assumes the co-efficiency of cross-sectional
homogeneity. It may be that the fact coefficient can
vary between regions due to differences in geographical,
institutional, social and economic structures. Bloch et
al. found the results of this regression only represent
an average relationship, which does not apply to each
country in the sample, [35].

To connect the production and distribution
activities with the end consumers requires adequate
road transportation. The availability of roads is
expected to bridge the gap, although the relationship
between the two is open for debate. In Indonesia, the
infrastructure network development has encouraged
the growth and development of new businesses
such as small industrial businesses, transportation

services, building materials and so on. In addition,
road access promotes the spread of action carried
out by the government and the community, so that
the involvement of the village community increases.
The next impact of the rise and expansion of business
is imposed by an increase in the real income of the
community.

Previousstudies,supportingtheresultsofthisstudy
include [19]. Their results show the positive impact of
investment in transportation and communication on
economic growth. Boopen, in a study [36], analyzing
the contribution of transportation investment to
development in 38 Sub-Saharan African countries,
concluded that transportation had been a contributor
to the economic progress of these countries. Vlahinic
Lenz et al. also proved that infrastructure plays an
essential role in driving economic growth in Central
and Eastern European Member States, [37]. In line
with those findings, the results of [38] are the same
for the case of East Asia.

The government, as a budget allocator hopes
that the port infrastructure investment has economic
benefits and impacts. Financial services cause
impacts that can be measured directly in monetary
terms. Meanwhile, the economic implications involve
changes in infrastructure investment projects. After
the benefits are measured, the effect can be observed.
The results of this study indicate that government
investment in the port infrastructure has a positive
impact on economic growth, but not a significant
one. The port infrastructure is one of the critical
elements of the economy in Indonesia, which is an
island nation. The insignificant impact of the port
investment on growth is likely due to development of
the port that has not been distributed evenly between
provinces so that it has not been able to significantly
cut the logistics costs.

Development of Indonesia’s port cities on the
coast continues to dominate. The towns that are
still developing, urbanization is still high, minimum
transportation costs for trade and land transportation
infrastructure is still not right. Development of the
port cities is increasingly shifting to the service
sector, while the manufacturing industry is moving
to hinterland cities or cities that do not have ports.
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Thus, cities without ports continue to grow due to
manufacturing sector activity.

The findings in this study are in line with the
research results of [39]. In their research in Tunisia,
authors concluded that the public investment in the
service sector port infrastructure was the recipient
of the most significant benefits from the port sector
investment. Another study also showed that the port
investment in China and Korea had a considerable
impact on economic growth, [40]. Although the port
investment in China has a positive effect on economic
growth, there are real differences at various regional
levels.

The government investment in irrigation
infrastructure has a positive impact on economic
growth, but the effect is not significant. Previous
studies for cases in Indonesia support the findings
in this study. According to [41], an increase in the
contribution of the agricultural sector to economic
growth does not have a significant impact on people’s
income per capita. Data from the Central Statistics
Agency show that in the 2011-2018 period, the
harvested area of rice increased from 8.095 million
hectares to 11.38 million hectares. Still, the reverse
rice production decreased from 65.76 million tons
to 59.2 million tons. Thus, land productivity has
reduced from 8.12 tons per hectare to 5.2 tons per
ha.

In contrast to the findings of [41], the results
of [42] research show that the road infrastructure,
irrigation and markets together have a positive effect
on added value in the agricultural sector. Findings in
this study contradict the results of research in [43],
which found the coefficient of the farming sector to be
negative and significant to economic growth.

The further research, related to the insignificant
positive impact of irrigation investment on economic
growth, shown in this study, is needed. Research can
be focused on the location where the government
builds irrigation because the accuracy of location
selection will determine the magnitude of the impact
on economic growth. The report [44] for Sri Lanka can
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isolated, since the accuracy of location in building
infrastructure would determine the magnitude of
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