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Spatial Spillover Effect Of Transportation Infrastructure On Regional Growth'

Increased connectivity between regions in Indonesia is believed to impact the productivity capacity of
each region, as well as its economic growth. Moreover, the influence of connectivity on the surrounding area
is commonly known as the indirect effect (spillover effect). This effect can increase the number of products,
goods and services used as production factors. The study aims to examine the effect of transportation infra-
structure on economic growth. We used spatial modelling to estimate the impact of transportation infrastruc-
ture on the economy of 34 provinces in Indonesia in 2017. We applied the spatial lag of X model (SLX), spatial
autoregressive model (SAR), spatial error model (SEM), spatial autoregressive combined model (SAC), spa-
tial Durbin model (SDM), spatial Durbin error model (SDEM), and spatial autoregressive combined mixed
model (SAC mixed). According to the estimation results, the SAC mixed model is the best spatial model, as it
has the smallest value of the Akaike information criterion (AIC) and significant coefficients of p (rho) and A
(lambda) parameters. The results show that the indicators “bus stations”, “domestic investment” and “for-
eign investment” have a direct effect on the economic growth in 34 Indonesian provinces. In addition, we re-
vealed the presence of indirect effects (spillovers) between provinces in Indonesia for the same variables.

Keywords: spatial econometrics, spatial spillover, Moran’s Index, spatial modelling, spatial autoregressive, spatial
error model, spatial Durbin model, spatial Durbin error model, transportation infrastructure, regional productivity
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BausiHMe IpOCTPaHCTBEHHOTO ciyuioBep-3cddeKTa TPaHCIOPTHOM MHPPACTPYKTYPhI
Ha PermoHaJbHBIN POCT

Cuumaemcs, umo ycusnerue céa3u mexoy peeuonamu VHOOHe3uu énusem Kax Ha nPou3Bo0UmesbHOCHb mMpyoad 8 Kax-
0oM pezuioHe, MaK U HA IKOHOMUHECKUTI POCI Crpanbl. Brusnue cyuecmeyioujux césseti Ha NPUneaousyio meppumopuio
npuHocum Kocsextule sgdexmut (cnunnosep-agpgexmot), Hanpumep, ysenuderue Konu4ecmea npooyKmos, mosapos u yc-
TIye, UCHONIb3YeMblX 6 Kauecmee Paxmopos npouseoocmea. Llenvio uccnedo6anus A6nemcs usyvenue cnunnosep-adgexma
BNUAHUS MPAHCHOPMHOT UHPPACMPYKMYPLl HA IKOHOMUMECKUTl pocm. JInA OueHKuU 6MUAHUS MPAHCNOPMHOLL UHPpa-
CpYyKmypuL HA IKOHOMUKY 34 nposunyuii Mnoonesuu 6 2017 e. ucnonv3o8amna memoouxa npocmpancmeeHHoz0 mooesu-
posanus. IIpumenervt modenv npocmparcmeenozo naza X (SLX), npocmpancmeennas asmopezpeccuonnas mooens (SAR),
Mo0env npocmpancmeenHoll ouubku (SEM), npocmparncmeennas asmopezpeccuontas kombunuposanmyio modenv (SAC),
npocmpancmeennas modenv Japouna (SDM), npocmparcmeennas modenv ownbku Japouna (SDEM) u cmewannas npo-
CpaHcmBeHHAst A8MopeePecCUOHHAs KOMOUHUPo8anHas modeny (cmewannas SAC). Pesynvmamot oyenku nokasanu, 4mo
cmewanmas modenv SAC fA6n1semcs Hauboee no0xo0suLell: 9Ma NPOCIMPAHCINBEHHAS MOOETb UMeen HauMeHbliee 3HaueHe
ungopmayuonnozo kpumepus Axauxe (AIC) u snauumote koagpduyuermor napamempos p (po) u A (namé6oa). Pesynvmamol
noKa3bLeAOM, 4Mo NoKA3ameny «agmoOycHvie CIMAHUULY, «BHYMPeHHUE UHBECHUUUU» U «UHOCIPAHHbIE UHBECTMULUUY
umeom npamoe 6nUSHUE HA IKOHOMUUECKUL pocm 6 34 uHOOHe3utickux nposunyusx. Kpome moeo, Mol 8vis8uny Hanutue
KOCBEHHDIX CNUNIOBEP-d(hheKnos OIS mex Jie CamMbiX nepemeHHbIX 8 nposunyuax Mnoonesuu.

KinroueBple coBa: IPOCTPaHCTBEHHAs 9KOHOMETPUKA, IPOCTPAHCTBEHHDIT CIM/UI-0Bep 9 ¢deKT, nHekc MopaHa,
IPOCTPAHCTBEHHOE MOJEIIPOBaHMe, IPOCTPAHCTBEHHAs aBTOPEIPecclsi, MOAEIb IIPOCTPAHCTBEHHON OMINMOKM, IPO-
CTpaHCTBeHHas Mofienb JapOuHa, MpocTpaHCTBeHHas Moenb ook JJapOuHa, TpaHCIOpTHas MHPPACTPYKTypa, pern-
OHa/IbHAA IPOU3BOAUTEIBHOCTD

BaarogapHoCTb
Cmamuvst nodzomossnena npu guxarcosoti noddepiucxe Munucmepcmea uccne008aHutl, MexHoI02Ull U 8vbicule20 00paso-

sanust Pecny6nuxu Mnoonesus (Cxema HAUUOHATILHBIX KOHKYPEHMHBIX UCCIE008AHULL: 2PAHM HA HAUUOHATILHBIE COBMECT-
Hble UCCIE008AHUSL).

Ans umtupoBanus: Kapum A., CyxapToHo, MNpactuio . [. BamsHue npoctpaHCTBEHHOMO cnmnn-osep 3ddekTa TpaHCNOPTHOM
MHOPACTPYKTYPbl HA SKOHOMUYECKMIA POCT // IKOHOMMKA pernoHa. 2020.T. 16,8bin. 3.C. 911-920. https://doi.org/10.17059/
ekon.reg.2020-3-18

1. Introduction . . . .
discussed in the economic development litera-

ture. The research was initiated by Aschauer [3]
who used infrastructure variables to define eco-

According to the World Economic Forum [1]
that analysed the pillars of infrastructure com-

petitiveness, further examination of their constit-
uent elements particularly related to transporta-
tion placed Indonesia’s infrastructure on the 80th
place. This result indicates that Indonesia was left
behind, as Singapore ranked 3rd, Malaysia ranked
19th, and Thailand ranked 72nd. Overall, transpor-
tation infrastructures of the country (depending
on various types of Indonesian transportation) lag
behind Malaysia and Singapore. This tendency can
be seen from Indonesia’s Gross Domestic Product
(GDP) that has been showing a downward trend,
going from 5.56 % in 2013 to 5.07 % in 2017 [2].
The impact of transportation infrastructures
on regional economic growth is the topic often
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nomic growth in the United States. Recent studies
involving spatial spillover effects were conducted
by Li et al. [4] and Wang et al. [5] who combined
spatial models to analyse the effects of spatial
spillover on transport infrastructures in China.
Furthermore, Arbués et al. [6] examined the direct
and indirect effects in the study of transportation
infrastructures. The researchers assumed that an
increase in transportation infrastructure services
in one area (location) has an impact on the econ-
omy of the surrounding area. They call this condi-
tion the spillover effect.

Increased connectivity between regions in
Indonesia is believed to impact the productivity

www.economyofregion.com
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capacity of each region, as well as its economic
growth due to the increase in the number of prod-
ucts, goods and services used as production fac-
tors [7]. However, the transportation infrastruc-
ture development creates additional services and
reduces travel costs. Besides, the improvement of
transportation infrastructure can lead to an in-
crease in the number of productive users.

In each region in Indonesia, there are various
types of economic growth, depending on the dif-
ferences in geographic characteristics or regional
structures, including the value of capital, the num-
ber of workers and transportation infrastructure.
This does not mean that each of these regions is
independent or unaffected by other. Even though
these consequences occur in areas of transporta-
tion infrastructure location, they may also spread
to neighbouring regions [8]. Increased inter-re-
gional connectivity and/or geographical proxim-
ity and characteristic similarities are strongly sus-
pected to have spillover effects [9].

Ho & Hesher [10] discussed the first law of ge-
ography proposed by Tobler, which states that the
conditions at one point or area are related to those
at the other adjacent point or area. This law is the
basis for regional science studies. Frequently, the
observations in a location depend on those in
other locations. To overcome this, a regression
model was developed using a spatial econometric
approach. Spatial effect often occurred between
two regions. In spatial data, the observation in
one location usually depends on the observation
in another adjacent (neighbouring) location.

The study aims to examine the direct and indi-
rect effects (known as spillovers) of transportation
infrastructures and other economic factors on the
economic growth in Indonesia. As a tool to test
the above statement, we estimated the elasticity
of the economic growth of transportation infra-
structure by using spatial econometric estimates
of production functions and its processes.

2. Materials

2.1. Spatial Econometrics Model

Spatial econometric model is a development of
econometric models. This economic phenomenon
is relevant when considered from the perspective
of location and others. Based on the first law of
Tobler, the conditions at one point or area are re-
lated to the conditions at another point or adja-
cent area [11].

Ciccarelli & Fachin [12] mentioned Anselin’s
description of two spatial effects in econometrics,
namely, the effects of spatial dependence and spa-
tial heterogeneity. Spatial dependence indicates

the presence of autocorrelation between the ex-
amined locations (cross sectional data set). Spatial
heterogeneity refers to the diversity of functional
forms and parameters at each location. The ex-
amined locations show the non-homogeneity in
the data. Generally, the spatial model can be ex-
pressed in the form of equation (1).

y=pWy+XB+u,
u=AWu+zg,

e~N(0,01), (1)
where y is the N x 1 vector of the dependent vari-
able; X is the N x p matrix of the independent var-
iable; B is the p x 1 vector of the regression coef-
ficient, Wis the N x N weight matrix which states
the relationships between N, p and A which are the
spatial parameters of dependency; ¢ is error with
independent and identically distributed values.

2.2. Independent Spatial Lag Model

The independent spatial lag model is a weighted
linear regression model that is indicative of lo-
cal regression model parameters. The spatial re-
gression with lags in the independent variable is
called the spatial lag of X model (SLX) [13]. The
SLX model can be expressed as follows.

y=Xp + WXy +¢, (2)

where y is the N x 1 vector of the dependent varia-
ble; X is the N x p matrix of the independent vari-
able; B is the p x 1 vector of regression coefficient;
W is the N x N weight matrix which states the re-
lationship between N, y which are the spatial de-
pendency parameters; ¢ is the normal, independ-
ent and identically distributed vector.

2.3. Spatial Autoregressive Model

Qu & Lee [14], relying on Ord, introduced a
method known as spatial autoregressive model
(SAR). This model is used when there is a relation-
ship between the observations (locations) of the
variable Y. It is written in the equation:

y; :ai+pZM/ijyi+XiBi+ai, 4)
=1

and denoted in the matrix:
y=pWy+Xp+¢,
I-pW)y=Xp +e¢,
y=>I-pW)'XB+ (I -pW) g,
where (g, ~ IIDN(0, %),i=1...,n.
2.4. Spatial Error Model

LeSage & Pace [13] described the Spatial Error
Model (SEM) in the form of the following equation:

JKoHOMMKa peruoHa, T.16, Bbin. 3 (2020)
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)
(6)

where y is the n x 1 vector of the endogenous var-
iable; X is the n x p matrix of the exogenous vari-
able; B is the p x 1 vector of regression coefficient;
W is the n x n spatial weight matrix, A is the spatial
dependency parameter; ¢ is the normal, independ-
ent and identically distributed vector. Equations
(5) and (6) can be completed until obtaining u,

u=(I-AW) e

y=XB +u,

u=iAWu+e,

(7)

From equations (5) and (7), it is obtained that:
y=XB+I-AW) e, 8)

2.5. Spatial Autoregressive Combined (SAC)

The Spatial Autoregressive Combined (SAC)
model occurs when A = 0 or p # 0. This spatial
model contains spatial dependence in both varia-
bles, namely, the dependent and residual variables.

y=pWy+XB+u,
u=AWu+eg,
u=¢~N (0, 52In) 9)

where y is the n x 1 vector of the response varia-
ble; x is the n x p matrix of the response variable;
B is the p x 1 vector of regression coefficient; W
is the n x n spatial weight matrix; A is the spatial
response parameter; ¢ is the vector with normal,
identical, and independent distribution.

2.6. Spatial Durbin Model

The development of the SAR model mentioned
in the previous section is mixed regressive-au-
toregressive spatial model, which is also called
the Spatial Durbin Model (SDM) with the added
spatial lag to the independent variables [15]. This
model has the following equation form,

yi = PZWi;y,- +B0 +

=1

+(B“x1i +BrpXys +eeee B Xy o+ By Xy )+

n n
By D WXy + By D WXy + .t
=1 =1

+e)y, =

n n
+B2kal.,.x,q. + ....+B212wil.x,i
j=1 j=1

n 1 1 n
=pY. Wy, +B, + D Bk + D B Zwﬁxki +g, (10)
j=1 k=1 =1 e

when it is written in the form of matrix
y=pWy+Zp +e.
WithZ=[I X WX],B= [BO B, BZ]T

Ekonomika Regiona [Economy of Region], 16(3), 2020

2.7. Spatial Durbin Error Model

LeSage & Pace [13] described the spatial model
of SEM using the following equation:

y=Xp+u,
u=Wu +e.

(11)
(12)

Equations (11) and (12) can be completed so
that u is obtained:

u=(I-AW)le. (13)

From equations (12) and (13), it is obtained:
y=XB+({I-AW)le. (14)

Then, [13] introduced the spatial Durbin error
model (SDEM), adding the spatial lag in the inde-
pendent variable

1 1 n _
¥ =B +ZB1kai +ZB2kZWi/'in +(1_7‘W) e, (15)
] o A

It can be written in the form of matrix

y=Zp+ (I -2AW)lg, (16)
where Z=[I X WX]and B=[B, B, B, B, B,]", WX
are the spatial lags in X, and I is the identity ma-
trix of 1 x 1.

2.8. SAC Mixed Model

In general, the SAC model does not have the
element of WX, thus, it is not the same as HR.
However, SAC can be developed through HR de-
velopment as follows:

y=pWy+ Xp + WXy +u,
u=\Wu+g,
u=¢~N (0, c’In), 17)

where y is the n x 1 vector of the response varia-
ble; x is the n x p matrix on the response variable;
B is the p x 1 vector of regression coefficient; W is
the n x n spatial weight matrix; A is the spatial re-
sponse parameter; ¢ = vector with normal; identi-
cal; and independent distribution.

3. Descriptions of Data, Variables and Model

In this section, we discuss the data used in the
model estimation. Indonesia is a country that ap-
plies the principle of decentralisation; it consists of
34 provinces. Each province has its own authority
to regulate its economic activities. Indonesia is an
archipelagic country where each province has dif-
ferent geographical, demographic and economic
characteristics and conditions. This research was
a development of the research conducted by Karim
et al. [16] who used the spatial Durbin error model
to examine the economic growth in Central Java
province, focussing on regional regencies and cit-
ies. Our research differs from the study of [16],

www.economyofregion.com
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Definition of the variables

Table 1

No | Variable Indicator | Analysis Unit Data Source
Dependent Variable
Gross Domestic . . . - .
Product (GDP) Gross Domestic Product for each province Rupiah BPS-Statistics Indonesia
Independent Variable
Domestic Direct Valu.es of domestic investment for each Rupiah BPS-Statistics Indonesia
Investment (DDI) province
Foreign Direct Valu.es of foreign investment for each Rupiah BPS-Statistics Indonesia
Investments (FDI) province
Labour Values of labour for each province Person BPS-Statistics Indonesia
5 |Road Leng'Fh of road in good and rn.edlum Km BPS-Statistics Indonesia
condition (Km) for each province
6 | Bus Station (Bus) Number of bus stations in each province Unit Ministry Of.
Transportation
. . . Ministry of
7 | Port Number of ports in each province Unit .
Transportation
8 |Airport (Air) Number of airports in each province Unit Ministry Of.
Transportation
9 | Export (Exp) Value of Exports by Major Ports Rupiah BPS-Statistics Indonesia

as we use seven spatial modelling processes and
examine the scope of the Indonesian provinces.
Moreover, we added the variables of transporta-
tion infrastructure (ports, airports and bus sta-
tions), investment (domestic investment and for-
eign investment), and export. Table 1 shows the
definitions of the variables used.

According to [13], there are several spatial
econometric models that can be used, such as the
spatial autoregressive model (SAR), spatial er-
ror model (SEM), and spatial autoregressive com-
bined model (SAC). The special cases of the SAR

and SEM models are the spatial Durbin model
(SDM) and the spatial Durbin error model (SDEM)
characterised by the presence of the indirect effect
with the addition of dependent and independent
lag effects. While the spatial Durbin error model
(SDEM) does not enable the lag effect of the de-
pendent variable, it enables the spatial lag error
and the spatial lag in the independent variable.
Besides, the combination of the SDM and SDEM
models is known as the SAC mixed model with the
presence of indirect effect as well as the added lag
effect in the endogenous variable and lag error.

SAC SAR
p=0
p=0 -
0=0 6=0
SAC Mixed A=0 SDM 0 =0 SLX
0=-pB
p=0
A=0

Figure 1. Comparison of specifications of different spatial econometric models

JKoHOMMKa peruoHa, T.16, Bbin. 3 (2020)
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Table 2
Empirical model of spatial econometrics

Spatial Econometric Model
Spatial Lag X (SLX)
¥; =By + B X, +B,X, + B X, +B,X, +BX; +B X, +B, X, + B Xy +Bo Xy +
+0,WX, +0,WX, + 0,WX, +0,WX, + 0. WX, +0,WX, +0.WX, + 0, WX, +¢,
Spatial Autoregressive Model (SAR)
y =pWy+B, +B,X, +B,X, +B.X; +B,X, +B. X, +B X, +B, X, +B. X, +¢,
Spatial Error Model (SEM)
.y,' = pWy+Bo +131X1 +B2Xz +B3X3 +ﬁ4X4 +BSX5 +B6X6 +B7X7 +B8X8 +ui
u, =2Wu, +e,
Spatial Autoregressive Combined Model (SAC)
Y =Bo +B,X, +B, X, +B:X; +B, X, +B X, + B X, +B, X, +B: X+,
u, = AWu, +e¢,
Spatial Durbin Model (SDM)

Y =pWy+B, +B,X, +B,X, +B, X, +B,X, +B.X, +B X, +B, X, +B X, +
+0,WX, +0,WX, +0.WX, +0,WX, +0. WX, +0 WX, +0,WX, +0,WX, +¢,
Spatial Durbin Error Model (SDEM)
¥ =By +B X, +B,X, + B X, + B, X, + B X; +B X, + B, X, B X, +
+0,WX, +0,WX, +0,WX, +6, WX, +0,WX, +0,WX +0,WX, +0,WX, +u,
u, = A\Wu, +¢,

Spatial Autoregressive Combined Mixed Model (SAC Mixed)

Y = pWY+By + B, X, +B,X, + B X + B, X, +BX; +B X, +B, X, +B X, +
+0,WX, +0,WX, +0,WX, +06, WX, + 0. WX, + 6, WX, +06,WX, +6,WX, +u,,
u, = AWu, +¢,

The estimated empirical model was based on
the log-linear Cobb-Douglas function. The fol-
lowing Table presents the spatial econometric
models, as we estimated seven spatial modelling
processes.

4. Results and Discussion

4.1. Spatial Dependence

We used global Moran’s Index (Moran’s I) to
test the presence of the phenomenon of economic
agglomeration, as Moran’s I indicates the spatial
dependence coefficient of inter-province based on
the variables used, which range between -1 and 1
[17]. In this paper, we tested spatial dependencies
to analyse 34 provinces, which affected economic
growth and its factors.

The values of global Moran’s I in Table 3 show
that the index positive and significant for economic
growth, domestic investment, labour, and airports.
Therefore, we conclude that economic growth in
Indonesia has a strong spatial dependence.

Furthermore, we conducted diagnostic tests of
Lagrange Multiplier (LM) on the residuals of or-
dinary least squares (OLS) to determine whether
there are any spatial dependencies. This step is

Ekonomika Regiona [Economy of Region], 16(3), 2020

Table 3
Global Moran’s I

Moran’s I Statistics
0.504
0.366
0.049
0.429
0.05
0.178
0.02
0.357
—-0.213

Variables
GDP
DDI
FDI

Labour
Road
Bus
Port
Air
Exp

p-value
0.000™
0.022"
0.297
0.000™
0.295
0.074"

0.36

0.004™
0.889

" Significance code: p < 0.1.
" Significance code: p < 0.05.
™ Significance code: p < 0.01.

important, as it is necessary to determine which
spatial model is right [18, 19] (Table 4).

Because Moran’s I (error) is significant and
has positive spatial dependencies, it is necessary
to consider the geographical attributes in the
modelling. Furthermore, five tests of Lagrange
Multiplier diagnostics indicate that the best
model is a model involving the parameters of rho
(p) and lambda (%).

www.economyofregion.com




Abdul Karim, Suhartono, Dedy Dwi Prastyo 917

Economic Growth as Percent of Total
0,230406% - 1,155978%

0 135 270
e e N el Miles

540 810 1.080

Figure 2. Rates of economic growth in terms of GDP of the provinces in Indonesia in 2017

[ 1,155979% - 2,99577%
[ 2,995771% - 5,3906%
I 5.390601% - 8,627086%
I 5:627087% - 17,199331%
Table 4
Lagrange Multiplier diagnostic test for spatial
dependence
Lagra.nge mu.ltip fier Statistics p-value
diagnostics
Moran’s I (error) 0.355 0.004™
LM (error) 5.171 0.022"
LM (lag) 3.895 0.048"
Robust LM (error) 5.270 0.021"
Robust LM (lag) 3.994 0.045™
SARMA 9.165 0.010™

" Significance code: p < 0.1.
" Significance code: p < 0.05.
" Significance code: p < 0.01.

4.2. Spatial Econometric Models

Figure 2 shows that high economic growth
rates are found in most parts of Java. Rates of
economic growth are lower in several provinces
in Sumatra and Sulawesi. Other regions, such
as parts of Sulawesi and Sumatra, Kalimantan,
Nusa Tenggara Timur, Nusa Tenggara Barat, Bali,
Maluku and Papua tend to have low economic
growth rates. These data indicate that economic
growth in Indonesia has not been evenly distrib-
uted. This distribution is still dominated by Java
Island, while other regions are lagging behind in
terms of economic growth. In addition, Figure
2 shows the distribution of economic growth for
each province. This fact confirms that the use of
the Queen spatial weight matrix (W) is advisable
for economic growth modelling in Indonesia.

Based on the spatial econometric models in
Table 5, we examined the linkages between trans-
portation infrastructure (and other factors) and
regional economic growth in Indonesia. The re-
sults show that the SAC mixed model has the
smallest value of the Akaike information crite-

rion (AIC), meaning that the SAC mixed is more
suitable than other spatial econometric models.
Because we had determined that the SAC mixed
model involved spatial lags for the dependent var-
iables, independent variables and residual compo-
nents, in this section we focused on discussing the
results of the SAC mixed model. Overall, the re-
sults were obtained by estimating the SAC mixed
model using a queen spatial weight matrix and
calculating the direct and indirect effects. We have
made several conclusions. First, the parameters p
and A (which represent spatial effects of economic
growth) are significant and positive. This fact in-
dicates the presence of a geographical link in eco-
nomic growth in Indonesia. These results are con-
sistent with the findings from previous studies
conducted with the help of spatial autocorrelation
analysis showing spatial dependence in economic
growth. Note that the positive and significant ef-
fect of the spatial lag of the dependent variable
and the spatial lag of the residual, which show the
values of 0.118 and 0.263, depend on the specifi-
cation of W used. These results indicate that the
average weight of economic growth in neighbour-
ing provinces positively and significantly affects
changes in economic growth in certain provinces.
Here, when the values of the spatial lag of the de-
pendent variable and the spatial lag of the resid-
ual are positive, the economic sectors in one prov-
ince will increase the growth capacity of the eco-
nomic sectors in other provinces.

4.3. Spatial econometric models

Second, according to the results of the SAC
mixed model, the direct effects of labour and road
infrastructure on economic growth of certain
provinces are positive and very significant. In ad-
dition, the values of labour elasticity around 0.242
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Table 5
Spatial econometric models
OLS SLX SAR | SEM | SAC SDM SDEM | SAC mixed
Direct effects
Intercept 19.879"™ 20.666" 19.925™ 19.893"™ 19.857" 20.599™ 21.349™ 21.307"
DDI 0.009 0.000 0.004 0.017 0.014 —0.001 —0.044" —0.041"
FDI 0.041 0.036 0.049 0.053" 0.056" 0.048" 0.020 0.024
Labour 0.058 0.172 0.116" 0.001 0.035 0.109 0.263™ 0.242
Road 0.127 0.270 0.203" 0.181 0.196" 0.268™ 0.317" 0.315™
Bus —0.040 0.006 —0.009 —0.051 —0.031 -0.017 —-0.027 —0.034
Port —0.030 —0.023 —0.028 —0.035 —-0.034 —0.025 —0.015 —0.015
Air —0.084" —0.092 -0.110™ —0.080" —0.089™ —0.088" -0.112™ —0.109™
Exp —0.005 -0.011 —0.006" —-0.002 —-0.003 —0.008" -0.013™ -0.013™
Indirect effects
WxDDI —0.023 —0.027" -0.074™ -0.076™"
WxFDI -0.019 —0.022 —0.040" —0.046"
WxLabour 0.123 0.132" 0.317" 0.323™
WxRoad —-0.125 —0.111 —0.048 -0.076
WxBus 0.041 0.046 0.068" 0.076™
W xPort 0.005 —0.008 —0.022 —0.024"
WxAir 0.009 0.018 -0.013 0.002
WxExp —0.005 —0.003 —0.008™ —0.007™"
p (Rho) —0.001" —0.001 0.208" 0.118
A (Lambda) 0.221™ 0.199™ 0.265™ 0.263™
AIC —-12.678 —6.932 —14.835 —19.283 —18.854 —13.944 —33.069 —-33.711

* Significance code: p < 0.1; ~ Significance code: p < 0.05; ™ Significance code: p < 0.01

and road infrastructure of 0.315 are positive and
significant, indicating that they are very stable.
Domestic investments, airports and export have
a negative impact on the economies of provinces
in Indonesia. While this finding can be consid-
ered unexpected, we discovered that some previ-
ous studies have obtained similar results. The es-
timated direct impacts of foreign investment, ter-
minals and ports are also insignificant, regardless
of empirical specifications.

Third, the indirect effect in the independent
variables of the SAC mixed model influenced the
presence and size of the spillover effect between
the provinces. We found evidence of positive and
significant spatial spillovers only for bus stations
at 0.076 value. The direct effect of the “port” var-
iable is negative but significant. Furthermore, air-
ports and roads are not significant in indirect esti-
mates. In addition, indirect estimation makes the
variables of domestic investment, labour, and ex-
ports have the same mark and significance in the
direct effect. Meanwhile, the foreign investment
variable has a different sign from the direct effect,
as the indirect effect has a negative and signifi-
cant value.

According to the SAC mixed model, the im-
provement of the provincial bus station has
positive and significant effect (alpha 1 per-
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cent) while the port infrastructure has nega-
tive and significant effect (alpha 10 percent).
This result indicates that the development of bus
transportation infrastructure positively and sig-
nificantly impacts the economic growth of the
surrounding area, while the port infrastructure
needs to be developed massively, even though the
confidence level is only 90 percent (alpha 10 per-
cent). Conversely, the improvement of airport in-
frastructure and roads in a province will not cause
spillover effects through migration of productive
factors to neighbouring provinces. Furthermore,
the increases in domestic investment, foreign in-
vestment, and exports in a province create neg-
ative spillover to the surrounding provinces.
However, an increase in the number of employees
in a province has a positive spillover effect on the
closest province.

The above findings have sufficient evidence
of the presence of spillovers for various types of
transport infrastructures; they are consistent with
the majority of academic studies using spatial
data. For example, Alvarez et al. [20] found nei-
ther positive nor negative spillovers in the model
they assessed. Delgado & Alvarez [21] discovered
the presence of positive and negative spillover ef-
fects in the model determined by the use of spatial
weight matrix and the examined economic phe-
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nomena. Moreno & Lépez-Bazo [22] conclude the
presence of negative spatial spillovers in the de-
velopment of transportation infrastructure.

5. Conclusion

In this study, we tried to determine the ap-
propriate model specifications to measure the ef-
fect of transportation infrastructure and other
economic variables in the Indonesian economy.
Based on the estimation results, the SAC mixed
model is the best spatial model due to the small-
est AIC value and significant coefficients of rho
and lambda parameters. The results of the SAC
mixed model show that the economic sectors in a
province in Indonesia will increase the growth ca-
pacity of economic sectors in other adjacent prov-
inces. In addition, several direct and indirect vari-
ables have significant effects confirming the pres-
ence of the spillover effect in economic growth in
Indonesia.

Based on the findings above, there are sev-
eral policy implications. First, economic growth

in Indonesia has significant spatial dependen-
cies, indicating that it is necessary to strengthen
the provincial governments, considering a broader
perspective and creating targeted regional eco-
nomic policies. The implementation of regional
economic policies should be based on collabora-
tions with the surrounding regions. In particular,
the territory of Indonesia that consists of islands
should be considered a key area, and it is necessary
to promote the equitable distribution of transpor-
tation infrastructure as a driver of regional eco-
nomic growth.

Second, the provincial governments should fo-
cus on regional economic growth, and improve
the realisation of domestic and foreign invest-
ment, employment and export expansion to vari-
ous partner countries. Simultaneously, to increase
economic growth, it is advisable to comprehen-
sively strengthen various transportation infra-
structures as they play an important role of in-
ter-provincial connectivity tools in the movement
of goods and services.
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