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ABSTRACT 

This study examines the relationship of public capital, especially infrastructure to economic growth in Indonesia. This study uses 

a growth model derived from aggregate production functions and the generalized method of moment (GMM) estimation 

techniques to estimate public infrastructure capital as explanatory power in the growth model. This research innovates from 

previous research on the relationship of infrastructure and economic growth at the regional level with disaggregation of types of 

infrastructure. Four types of infrastructure are estimated: roads, energy, water, and telecommunications. We use a panel of data 

from 34 provinces in Indonesia, during the 2011-2017 period. The results of this study provide general evidence water and 

telecommunication have a positive contribution to economic growth with different values. The negative and significant results are 

surprising for road infrastructure. This result is contrary to the expectations and many previous researchers but relevant to one 

study in China. A negative significant still means that infrastructure is good. This problem can be explained through the U-shaped 

infrastructure and growth investment relationship which gives a sign of crowding out the effect of private capital if the 

infrastructure investment is too dominant. The right strategy is needed to reduce inefficiency because too much infrastructure 

investment has the potential to reduce growth. 

Keywords: Economic Growth, Infrastructure, Panel Data, Generalized Method Of Moment, Growth Model. 

________________________________________________________________________________________________________ 

1. INTRODUCTION 
Infrastructure is a manifestation of development policies to overcome gaps, increase growth, and economic inclusion (IMF, 2018). 

State expenditure in infrastructure is one of the government's efforts to encourage economic growth in addition to spending in the 

field of human resources (Luiz, 2009. Tir, Momeni, Boboivech 2014. Ismail & Mahyideen, 2015; Taylor, 1998). The relationship 

between infrastructure and economic growth is consistent with the theory of exogenous growth (Solow) and is also a concern for 

endogenous growth theory. The treatment of the first theory by (Barro, 1990) states that economic growth besides being 

influenced by human resources and the private capital stock is also influenced by government involvement through public capital 

stock in the form of infrastructure facilities. Also (Aschauer, 1989) measures the productivity of public capital, states that 

infrastructure is a necessity in encouraging economic growth and increasing productivity. 

Infrastructure has a broad role in economic, social and political aspects (Fourie, 2006). The availability of infrastructure at the 

national and local levels both in quantity (access to infrastructure) and quality (infrastructure or service conditions) is important in 

supporting economic activities (World Bank, 1994). So that its inadequate availability is one of the causes of the lagging of an 

area (Todaro & Smith, 2012). Between developed and developing countries, infrastructure access (quantity and quality) in 

developing countries are still lagging behind developed countries, so that the increase in infrastructure development in developing 

countries is considered as the main pillar at the national level (Gurara et al., 2017). As in Indonesia as one of the developing 

countries in Asia, infrastructure in recent years has become a strategic policy as an effort to accelerate the economy. Based on the 

Government of Indonesia's expenditure in infrastructure around 1.5% - 3% of GDP during the study period, including physical 

infrastructure such as energy, transportation, telecommunications, water, sanitation, etc., and social infrastructures such as 

education and health. The figure is relatively small, but nominally during the study period, there was a phenomenon of an increase 

in infrastructure budget reaching 56% in 2015, continuing until 2017. 

Large-scale expenditure in infrastructure is an effort to pursue high and equitable economic growth. Also, Indonesia prioritizes 

infrastructure development to catch up with global competitiveness. Quoting from the World Economic Forum, the World Bank 

stated that among the 12 pillars of world competitiveness, one of them is influenced by infrastructure. Indonesia ranks 62 out of 
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140 countries in the infrastructure pillar. The low rating is also a constraint in achieving economic growth. From these 

observations, motivated researchers to see the role of infrastructure in Indonesia's economic growth. This research was built on the 

theory and previous empirical studies of infrastructure and economic growth. Previous studies have had on the impact of 

infrastructure (especially physical infrastructure) on cross-national economic growth with different approaches. Some general 

empirical evidence concludes that infrastructure such as energy, transportation, telecommunications, and water play an important 

role in driving the economy of a country (Barro, 1990; Kodongo & Ojah, 2016; Shi, Guo, & Sun, 2017; David, 2017). Even the 

World Bank (1994) states that the average increase in infrastructure by 1% will increase by 1% in gross regional domestic 

products. 

This study estimates infrastructure by expanding understanding of the variety of infrastructure used, following Shi et al., 2017; 

Kodongo and Ojah, 2016; Ismail and Mahyideen, 2015. Four types of infrastructure, namely roads, energy, and 

telecommunications are estimated using physical size. The study uses regional (provincial) levels because the conditions of 

geographical, economic and social heterogeneity and the infrastructure needs of all Indonesian provinces are different. The 

findings of this study will indicate the type of infrastructure that has a major contribution to economic growth, in the future, it can 

be used as a reference in priority infrastructure development policies in Indonesia. As a consequence, this research is organized as 

follows: Section 2 presents a theoretical background about public capital (infrastructure) and the basic model of infrastructure 

relations with economic growth. Section 3 presents a description of the data. Section 4 presents the econometric model of 

economic growth. Section 5 presents the empirical results. Section 6 conclusions. 

 

2. LITERATURE REVIEW AND EMPIRICAL FRAMEWORK 

The availability of public capital is part of government spending known as "public infrastructure investment". The capital is 

not purchased by private companies or individuals. This type of capital purchase adds to public infrastructure and thus contributes 

to the economic productive potential. Public infrastructure investment is very important in the functioning of the modern 

economy. Without the support of adequate facilities and infrastructure such as roads for the construction of goods, production will 

below. Public infrastructure investment increases the portion of government purchases (G) in GDP so that more GDP is generated 

(Taylor, 1998). One of the public capital's infrastructure is a supporting factor for the country's economy. Many benefits, 

especially in economic growth and provide positive externalities in various aspects. Based on the concept, infrastructure is defined 

as capital goods and their position as additional capital in addition to the stock of private capital. Some literature estimates the 

contribution of public capital (infrastructure) with significant results on the economy. The distribution of infrastructure has the 

economic infrastructure and social infrastructure. Economic infrastructure such as energy, transportation, telecommunications, and 

water are fundamental to all types of household activities and economic production (Palei, 2015). Whereas social infrastructure 

including education and health is the basis for human development (skill). 

Several models have been used to see the relationship of infrastructure to economic growth. In general, using growth models 

with mathematical equations derived from the Cobb-Douglas production function (Mankiew, 2007). The equation 

       
   

    ------------------------------------(1) 

     . Where Y is GDP, L is labor, and K is the capital stock, A is technology, the conditions differ from country to country 

which is non-rival (Barro & Sala-Martin, 1990). 

 In stimulating economic growth, infrastructure capital can be located as an input that has a direct impact through the 

expansion of infrastructure that drives technological progress. From another perspective, infrastructure has provided services 

needed by the community, so that future increases in infrastructure capital will reduce poverty (Frone, 2014). Infrastructure 

influences efficiency, equity, and the environment. The influence of infrastructure on efficiency is expressed by (Fourie, 2006 & 

Agenor, Moreno, Dodson, 2006). First, infrastructure reduces input costs in the production process, called direct impacts or "direct 

effects" that are used to explain the effects of growth in public capital. 

Second, infrastructure improves the productivity of input factors, called indirect effects. High capital stock in infrastructure 

tends to increase the productivity of other inputs such as private capital and labor. The effect given depends on the initial size of 

public capital. Mathematically it is generally described through the Cobb-Douglas production function. Also, the indirect impact 

can be seen in the prices of consumer goods at the domestic level relative to the prices of imported goods. Increased infrastructure 

investment will increase aggregate demand and reduce domestic prices. Thirdly, the impact of infrastructure on regional economic 

growth explained through the infrastructure development process starts from the beginning of the construction period until the 

infrastructure is ready for use. Many job creation in the construction sector and other related sectors. Infrastructure investment 

also requires maintenance to increase the creation of long-term employment around infrastructure projects. Also, infrastructure 

investment creates positive externalities in four areas, namely trade, competitiveness, regional integration, and tourism. Because 

of infrastructure, the country's capacity in international trade has also increased (World Bank, 1994). 

Data on infrastructure capital stock is very limited, especially in developing countries. There are two types of capital stock 

calculations based on the empiric study, namely using monetary values and physical measurements. The use of monetary value 

through investment value requires data with a long time series, in addition to estimating into the form of stock of public capital, 
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depreciation and service life are known as the perpetual inventory method (Romp & aan, 2014). Because of limited data, Fernald 

(1999), Kamps (2005b) made alternatives to using physical measurements through several indicators based on the type of 

infrastructure. According to him, these measurements are more effective because they pay attention to investment networks, so 

that they are not concerned about who the infrastructure is built (Fernald, 1990). In general, many researchers who use, such as 

(Calderna et al., 2011) state that monetary value is related to politics, making it vulnerable to the level of corruption. Given the 

condition of countries with many regions, weak institutions will reduce the effectiveness of public investment (Cavallo, 2010). 

Although there are studies that use monetary values as aggregate investment flows, such as (Kemerling & Stephan, 2002; 

Indonesian PU Ministry R & D, 2015. In general, using physical measurements. The importance of infrastructure availability has 

the attraction for researchers to review its contribution to economic growth Many cross-country studies with different approaches, 

Kodongo and Ojah (2016) estimated the economic growth model by including public capital infrastructure (roads, water, 

electricity, telecommunications) in 45 Sub-Saharan Africa countries during the period 2000-2011. in the model, the result is 

important infrastructure access in economic growth and its quality is indirectly related to growth through export diversification. 

Shi et al. (2017) investigated the relationship of infrastructure capital to the economic growth of 30 provinces in China, such 

infrastructure (roads, electricity, railway, telecommunications) the results are increasing show that all infrastructure has a positive 

contribution to growth, except road infrastructure which provides a significant negative. 

Calderóna, Moral-Benitob, & Servén (2011) evaluated the contribution of infrastructure to aggregate output in 88 developing 

and rich countries in the 1996-2000 period, they provided evidence of a high level of significance. Elasticity at the country level 

varies, due to differences in the marginal productivity of infrastructure. Calderon and Serven (2002) estimated the contribution of 

infrastructure to aggregate output, using state panels in the US from 1960 to 1997, the result of which capital infrastructure (roads, 

electricity, telecommunications) had a positive contribution to aggregate output. There are studies that pay attention to the 

direction of infrastructure relations in the economy, such as David (2019) estimating the reciprocal relationship between 

telecommunications infrastructure on economic growth and development, 46 countries in Africa from 2000-2015, the result of 

which is the causality of telecommunications infrastructure and growth and development requires telecommunications, on the 

other hand, the increase in telecommunications infrastructure increases aggregate output. 

Several studies expand the effect of infrastructure at the sectoral level and focus on certain infrastructures, such as Rahman 

and Mamun (2017) focusing on telecommunications infrastructure on the aggregate output of agriculture in China. Tir et al. 

(2013) focus on water infrastructure (clean water and sewerage) in four agricultural, industrial, service and mining sectors in Iran. 

Frone (2014) focuses on water infrastructure in Romania. Duflo and Pande (2007) focus their research on dam infrastructure. 

Fernald (1990) states that the road infrastructure in the aggregate output of manufacturing. They found that there was a 

relationship between public capital and the increase in sectoral production output. The global level (Zahra, 2008) focuses on 

telecommunications infrastructure on economic development in Pakistan, telecommunications plays an active role in economic 

growth, but is still weak at the rural level because of low human resources. 

3. CONCEPTUAL FRAMEWORK 

There have been many studies that have influenced the influence of infrastructure capital on economic growth in several 

developed and developing countries. Generally using the Cobb-Douglas production function equation. The equation : 

         
    

     ------------------------ (2) 

Where Y is output by GDP, K is capital stock L is labor, and A is technology. α, β, γ is the assumed parameters in terms of return 

to scale. Sceara generally studies that explain the development of technology by the exogenous Solow model (Barro, 1990). In the 

research model, we assume infrastructure capital affects economic growth through the expansion of infrastructure that encourages 

technological progress to follow (holtz-eakin & Schwartz, 1995; Shioji, 2001; Saidi (2018) : 

        ------------------------ (3) 

The symbol G is public infrastructure capital. The above equation shows that the level of technology is influenced by public 

capital infrastructure and its growth is assumed to be time-invariant constant. Next equation (3) substitutes into equation (2), so 

that the production function equation becomes : 

        
 
   

    
     ------------------------ (4) 

If both sides of the equation are expressed as per capita, labor is constant: 

       
    

 
   ------------------------ (5) 

γ is infrastructure elasticity. Furthermore, both sides of the equation are transformed in the form of natural logs, empirically 

similar to the GMM dynamic panel model : 

                                               -------------   (6) 
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Where in the panel set           is an individual effect,   is a time effect. This study used 34 provinces, i = 1, 2, ..., 34 and 7 

years, t = 1, 2, ..., 7. We focus on the growth of output, therefore    is the growth rate of GDP per capita, k_it is the private capital 

stock per capita,    is public capital (infrastructure), which consists of : 

                          ------------------------ (7) 

 

All variables are in the form of logs except water and telecommunications. 

 

                                                                      

                 ------------------------(8) 

 

Dynamic panels occur two problems, namely autocorrelation or endogeneity and individual effects or heteroscedasticity 

because there is a lag of the dependent variable       which is the regressor on the right side correlated with the error component. 

So if an estimate is used using the OLS approach, both fixed effect (FE) within transformation and random GLS effect, then it 

produces biased and inconsistent estimates. 

An alternative to solving the problem of endogeneity is using the instrumental variable (IV) approach. This approach is 

consistent but inefficient in the model because it does not pay attention to other conditions, namely the problem of 

heterocedasticity or individual effects (Baltagi, 2005). Arellano-Bond suggests the generalized method of moment (GMM) 

method. There are two types of GMM estimates, namely the difference and the GMM system. Both have two estimation options, 

one-step, and two-step. Using several internal instruments in the form of level and lag. Therefore to test the validity of the 

instruments used will be carried out the Hansen test. Whereas to test autocorrelation used serial autocorrelation (AR) tests 

(Roodman, 2009). 

4. DATA DESCRIPTION 

The data used in this study came from various sources, the Indonesian Central Bureau of Statistics, the ministry of energy, 

water and mineral resources, especially the publication of gross regional domestic product statistics, statistics on land 

transportation, telecommunications statistics, statistics on clean water. Annual data from 2011 to 2017 are used in this analysis 

consisting of 34 provinces in Indonesia. This study uses one dependent variable by real GDP per capita (y) based on constant 

prices in 2010 and several independent variables. The description of the data is presented in the table. 

The first independent variable is capital stock non-infrastructure. The capital stock data is based on gross fixed capital 

formation data at constant prices adjusted for depreciation rates, otherwise known as the perpetual inventory method approach 

(Appendix 1.). The second variable is public capital (infrastructure) (g) consisting of road infrastructure, telecommunications, 

energy. The measurement uses indicators. Road indicators, namely the quantity of roads that show the length of the road (national, 

provincial, district / city) in kilometers excluding expressways and road quality which shows the percentage of paved roads to the 

total road length, following (Ismail & Mahyideen, 2015; Straub & Terada, 2010 ; Kodongo & Ojah, 2014; Lall, 2007). 

Telecommunications infrastructure according to the International Telecommunications Communication Union, measurement 

through teledensity index which consists of three components, namely fixed telephone access, mobile telephone access, internet 

access. Because of the availability of data, this study only uses mobile phone access, following (Rahman & Mamun, 2007, 

Calderon & Serven, 2010). The main water focus infrastructure in AI is clean, the indicator is the percentage of the population 

with clean access, following (Straub & Terada, 2010). Energy infrastructure uses installed electrical capacity (kilowatts) to follow 

(Shi at al., 2017; Straub & Terada, 2010). 

  

Table 1. Variable definitions 

variable description 

rowt log real gdp per capita (million) (constant price 2010) 

lncapital log capital stock per worker (100 million) 

lnroad log length of road (km per million persons) 

paved road persentase jalan beraspal teradap total jaringan jalan 

telecommunication  percentage mobile phone subscriber  

water 

lnelectricity 

percentage populasi with access to improved sources of water 

log electricity generating capacity per million worker  

 

5. EMPIRICAL RESULTS AND DISCUSSION 
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Table 2. gives the results of the relationship between the dependent variable (economic growth) and the independent variable 

(non-infrastructure capital stock, public infrastructure capital stock). Economic growth shows a significant correlation with each 

measurement of infrastructure. All parameter estimates are significant at different levels 1%, 5%, and 10%. The four types of 

infrastructure are explanatory power in the model. 

 

Table 2. Result Estimation 

 

Dependent variabel : GDP riil per capita 

 Koefisien Std.error Prob. 

 
L.growt 

 
0.9*** 

 

 
0.005 

 

 
0.000 

lnstock 0.013*** 
 

0.003 
 

0.000 

Lnjalan 0.001*** 
 

0.001 
 

0.000 

paved 0.001*** 
 

0.001 0.0 

air 0.002*** 
 

0.000 
 

0.000 

ictmobile 0.004** 
 

0.000 
 

0.053 
 

lnenergy -0.001 0.001 0.576 

p-value    

AR(1) 
AR(2) 

 
Hansen 
p-value 

0.249 
0.321 

 
0.213 

 

  
 

z statistic in parameters : 

* p < 0,1 

**p < 0,05 

***p < 0,01 

 

The table above gives estimation results using the system generalized method of moment (GMM) model, with a two-step 

estimation. Although it is different from researchers in general who use one-step, follow (Windmeijer, 2005) that two steps correct 

errors that are quite strong than one step. 

All relevant variables have been considered, but a number of them have a different significant impact on real GDP per capita. 

Surprising results on road infrastructure were negatively significant as opposed to Maryaningsih et al. (2011) study in Indonesia. 

But these results are relevant to the research of Shi et al. (2017). According to them, this significant negative can be explained 

through the U-shaped relationship between infrastructure investment and growth which indicates the existence of the "crowding 

out effect" of private capital when the infrastructure investment is too dominant. The composition of the private sector in 

infrastructure development is approximately 10% in Indonesia. Access to the road network does provide easy access to economic 

activities, but the financing strategy needs to be considered because the risks that arise are many large infrastructure investments 

with a long life but slow revenue streams that affect public finance (World Bank, 1994).  

Another infrastructure (telecommunications and water) provides positive and significant evidence following previous 

research, but its contribution varies. Telecommunications infrastructure stated in the indicator of mobile phone use, provides a 

positive coefficient of 0.004, meaning that if the use of cellular telephones increases 10 percent, it will increase economic growth 

by 0.04 percent. In the era of globalization, it is closely related to the increased use of cellular phones. The increase in the use of 

cellular telephones in Indonesia shows that the telephone network coverage has expanded to the rural area. So far the government 

and the private sector have sought telecommunications networks evenly in all regions with the construction of tower base 

trasnsciver stations (BTS). Quality telecommunications infrastructure will enable producers, businesses, communities to obtain 

information and knowledge (Ismail & Mahyideen, 2015). Also, according to Frone (2016), telecommunications infrastructure can 

increase community innovation and help facilitate trade so that it ultimately has the potential to increase economic growth. 
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Water infrastructure provides positive and significant evidence. The implication is that increasing the availability of clean 

water infrastructure and increasing the population connected with these services can lead to economic growth (GDP per capita 

growth) at the regional (county) level. A positive coefficient of 0.002 means that if access to water rises 10 percent, it will 

increase economic growth by 0.02 percent. The numbers are relatively small, but it can be ascertained that the coefficient shows 

the potential for clean water infrastructure to increase economic growth. Provision of decent clean water by the government is an 

effort to create a healthy environment because in the future it affects the quality of human resources. 

The results of this study are in line with the estimation results found in various countries, although the value is different in 

essence infrastructure has a positive role in supporting the country's economic growth. This difference occurs because of 

differences in infrastructure investment efficiency and infrastructure characteristics in economic activities (World Bank, 1994). 

Table 3. Previous Research 

Study Object Approach Variable Conclusion 

Saidi (2018) MENA 

coutries, 2006-

2016 

 

Growt model. 

Panel GMM 

Public capital : 

Transportation 

(road) 

 

Elasticity road is 0.21% 

Lall (2007) 24 state in 

India 

 

Growt model. 

Panel statis 

Public infrastructure 

: trasnposrt, 

communication, 

power supply, water 

and sanitation 

Elasticity transport and 

communication is 0.51% 

Power supply is 0.16 

Water and sanitation is 

0.07% 

Ismail and 

Mahyideen 

(2015) 

Country in 

Asia, 1971-

2013 

Growth model. 

Panel statis 

Public capital : 

transport 

infrastructure, 

information and 

telecomunication 

Elasticity paved road is 

0,5% 

Telephone line and mobile 

phone is 0,1% 

Internet facility is 0,2% 

 

Calderóna, 

Moral-Benitob, 

& Servén, (2011) 

 

88 industrial 

and 

developing 

countries, 

1960-2000 

Aggregate 

production 

function 

framework. 

Panel GMM 

Public capital : 

transportation, 

telecomunication 

Output elascticity in a 

range between 0,07-0,10 

David (2019) 46 African 

countries, 

2000-2015 

Neo-classical 

growth theory. 

Panel statis  

Public capital :  

telecomunication 

Elasticit composit index 

telecommunication is 0,06 

Shi at al. (2017) 30 Province in 

China, 1990-

2013 

Production 

function. 

Panel GMM 

Public capital : 

Infrastructure road, 

rail, electricity, 

phone 

Elasticity electricity 0,07 

is 0,5% 

Telephone line and mobile 

phone is 0,01% 

Rail is 0,03 

Negative sig -0,05 on the 

road can be explained 

through "U-Shaped" 

Maryaningsih at 

al. (2014) 

33 Province in 

Indonesia,  

Neo-classical 

growth theory. 

Penel GMM 

Public capital : 

transportation (road, 

port) and 

enlectricity . 

Elasticity quantity road is 

0,03% 

Electricity is 0,08% 

Port is 0,01% 

 

 

Indonesia is a country that has many islands characterized by conditions of geographical, economic and social diversity. 

Therefore, the Indonesian government must determine the priority of infrastructure development that is appropriate and equitable. 

Therefore finally we can conclude that all infrastructure is important and has an impact in different ways at different places. 

Everything will be a tool in helping to increase economic growth. 
 

6. CONCLUSION  

Indonesia is one of the developing countries in Southeast Asia that seeks infrastructure development to achieve high 

economic growth and catch up with the country's competitiveness at the global level. The estimation results show that all 

explanatory infrastructure variables have a significant positive effect except  road infrastructure. These results indicate that not all 

infrastructure is good, excessive development of infrastructure will lead to poor growth. Therefore, it takes an approach and 
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determining the right priority scale in infrastructure development to produce growth accompanied by equity. The significant 

negative path is not surprising because previous researchers Shi et al. (2017) also found similar results in China. 

All other infrastructure (telecommunications and water) estimation results provide evidence of a positive contribution to 

economic growth. Although each type of infrastructure has a negative contribution value. This finding is consistent with previous 

studies in several countries. The difference is only in the amount of contribution due to differences in the efficiency of 

infrastructure investment. Finally, it can be concluded that infrastructure is evident in Indonesia with the potential to increase 

economic growth. 
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 Appendix 1. Estimated capital stock 

The capital stock is built with the perpetual inventory method. This method is commonly used in research because it is 

simple and does not require expensive fees, such as.                .     is the initial capital stock.    is an investment. To 

implement the perpetual inventory method, we need three components of data: investment, information on initial capital stock, 

and information on the depreciation rate of capital stock. First, the investment is based on the PMTB database, capital stock 

analysis follows Kamps (2006) assuming an annual investment growth rate of 4% with the base year of 2010, the three constant 

assumptions depreciation rates of 5% follow (Shi at al. 2017). 
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