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Abstract

This paper examines the possibility of spatial spillover effects of transport infrastructure in Iran provinces.
We estimate the regional spillovers of the transport infrastructure stock by applying a spatial Durbin model
from 1980-2015. The results indicate that positive spillover effect exist due to the connectivity characteristic
of transport infrastructure at the national level. A spatial Durbin model that obtains spatial dependence
in a given province has a positive direct effects on agricultural output. Also, at the national level,
the spillover effect of road infrastructure on elasticity of output in neighboring provinces varies with respect
to the spatial weight matrix used in the spatial Durbin model. Moreover, our analysis shows that enhancement
in road infrastructure in the provinces, south region shows a larger positive spillover effect on agricultural
output when compared to central or west provinces. At the regional level, transport infrastructure spillover

effects change significantly all the time among Iran’s five macro-regions.
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Introduction

Investment in roads and improved road connectivity
positively  affect  agricultural  productivity
and output. Such evidence includes econometric
analysis of subnational data on the positive effects
of public investments on agricultural output
in the China and India (Fan and Hazell, 2001).
The discussion of the economic impact of public
infrastructure expanded significantly following
a series of papers by Aschauer (1989), who
argued that enhancing infrastructure investment
will improve regions in achieving their economic
potentials. Munnell and cook (1990) considered
the relationship between pubic capital and economic
performance at the national and state level.
The output elasticity of public capital stock
was found to be 0.15 and with highway alone
contributing 0.06. Transportation infrastructure
may have a positive effect on regional
economic growth because the benefits generated
from the infrastructure might not be limited
to that specific region (Moreno and Lopez-Bazo,
2007). To test the hypothesis empirically, different
types of spatial models have been adopted (Cohen

and Morrison Paul, 2004). However, because
of the different focuses of each study, there is
no consistent conclusion on whether spillover
effects of transportation infrastructure are positive
or even exist at a significant level. Boarnet (2002)
constructed a spatial lag model in a Cobb-Douglas
production function form to investigate the spatial
effects of public infrastructure (roads and highways)
in California counties. His study found a negative
spatial lag effect for California road systems, which
he believed was caused by migration. By relying
on panel data for the 48 contiguous states
over the years from 1969 to 1986, Holtz-Eakin
and Schwartz (1995) found that highway stocks
do not have important spillover effects on private
productivity. They found the estimation results are
sensitive to model specification. A negative effect
of highway stock is also found when introducing
a variable representing the investments made
in counties located further away from the investment
location (Ozbay et al., 2007). The theoretical
motivation of this study is to follow the path
of the new economic geography theory in testing
for spillover effects of public transportation
infrastructure under a systematic spatial econometric




approach. As Fingleton and Loépez-Bazo (2006)
pointed out, many regional studies externalities
in a somewhat often fails to consider the causes
of externalities. The diversity of empirical results
of the literature on the regional effects of public
capital on private sector performance could, at least
partially, be explained by the fact that they ignore
spillover effects of public capital across regions.
In fact, spillover effects should not be ignored
when investigating the effects of public capital
on private sector performance at the regional
level, since public capital installed in one region
might well have positive impact on the production
of other regions. In other words, public capital
in other regions could induce better accessibility
of a region to the rest of country (Pereira
and Andraz, 2006). Pereira and Roca-Sagalés
(2003) and Pereira and Andraz (2006) found
positive spillover effects of public capital
for almost all regions for Spain and Portugal,
respectively. The positive spillover effects arise
from network effects from transport infrastructure.
Since economic activities in different regions are
spatially connecting, economic effects can diffuse
through the transport network. Providing a new
link or upgrading an existing link not only improve
accessibility of the investment region, but also
improve accessibility of other regions involved
in the transport network. In a spatial econometric
framework, positivespillovereffects were confirmed
by Cantos et al. (2007). Using US state-level data
on highways, Jiwattanakalpaisarn et al. (2010)
provide evidence of positive output spillovers
from highway infrastructure in immediately
adjacent more distant states. However, some
studies found no clear evidence of positive
linkage between public capital formation
and private sector output at the regional level
for some countries (Pereira and Roca-Sagalés,
2001). Our study aims to evaluate for the presence
of regional spillovers of transport investment
and to measure their magnitude both in the country
as a whole and in specific parts of Iran. However,
most of these studies do not estimate spillover effects
subnational level, which would be more useful
for the public decision making on the planning
for large transport projects. Particular emphasis
in this paper is the regional difference in the spatial
effects of transport infrastructure on agricultural
output. This paper attempts to contribute
to the literature by examining the existence links
between transport infrastructure investment
and agricultural production in the state-level
agricultural output of Iran. The structure
of the paper is as follows. At the first section
introduces the methodology and database

to quantify spatial spillovers of transport investment
in the Iran provinces, and it also presents
the results. To improve our understanding
of the regional differences in spillover, a deeper
analysis of the changes in spillover effects
of transport infrastructure among Iran five macro
regions will be presented in the next section.

Materials and methods

In order to assess the role of different forms
of infrastructures in  regional economic
performance, the empirical strategy pursued
in this paper starts with a base line model, where
the relationship between infrastructure
and economic performance is modeled
with a Cobb-Douglas production function. Our
empirical strategy was to consider the production
function as benchmark and then proceed
with a specific approach by extending the empirical
model with spatial interaction effect (Elhorst, 2013;
Lesage and Pace, 2009). Therefore, the baseline
empirical model is defined by the following
equation:
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The SDM, which is the basis for the empirical
analysis of equation 1, is of the form:
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Where Y is agricultural output; i and ¢ are
the indices of province and year respectively, where
W is a contiguity matrix based on the inverse
of geographical distance, p is the spatial lag (SAR)
coefficient, X is the matrix of control variables,
which include, 8 is the vector of coefficient
estimates associated with the spatially lagged
independent variables and x is a vector of ones.
The SDM includes a spatial lag of the dependent
variable as well as spatial lagged explanatory
variables. Our empirical mode is thus:
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The SDM specification allows for spatial effects
arising from the SAR of the dependent variable,
the explanatory variables and a contagion effect:

y=(1-pW) ! (axc+Xp+OWX+¢) 4)

The SDM is a general spatial model, which,
in a restricted form, can be interpreted as a SAR
model or SEM. The choice of this unconstrained
specification was driven by LM tests and LR
tests. The LR tests are each based on a restriction:
in the quation 2, the first restriction, "8 = 0" , which
corresponds to the case of the SAR model; then, we
tested a second restriction, the so-called common
factor restriction ("pB + 6 = 0"), which implies
the SEM. In particular, the SEM specification
arises when the common factor restriction holds
and spatial interaction among units of observation
is spatial dependence in the disturbance process
(Lesage and Pace, 2009). According to Lesage
and pace (2009), the SDM specification contains
spatially lagged values of both the dependent
and the explanatory variables. They provided
the theoretical framework to interpret these
direct and indirect effects, by transforming
the spatial weight matrix and considering the role
of off and on diagonal elements. Inference of these
measures was calculated, we apply Maximum
likelihood (ML) in estimating spatial panel data
models. The spatial panel model can be computed
by the spatial econometrics library for MATLAB
provided by Lesage. In this the study, we follow
the Elhorst (2012) spatial model testing procedure
to test which spatial model is preferred technically.
Although Lagrange multiplier (LM) test shows
a spatial lag model is preferred, the general test
(LR test) recommends that a spatial Durbin model
is more efficient. To provide a comprehensive view
to robustness, estimations of both a spatial lag
model and a spatial error model are summarized
in the final results. The LR test results, as displayed
in the Table 2, exhibit that both spatial fixed
effect and time fixed effect are jointly significant.
The spatial order rook contiguity weight matrix was
constructed in a similar way (Haandrikman et al.,
2010) but it also takes the neighbors of neighbors
into account.

Data collection

The data used in this research are collected
from a number of different from Iran sources,
including the period from (1980-2015) the statistical
Yearbook of Iran provinces. Data on transportation
infrastructure include road investment. Transport
investment (Road) data were  generated
from the Highway Statistics series published
by the Management and Planning Government
of Iran (MPO), and includes the investment
outlay on interstate highway systems, other road
and streets, and maintenance services. The index
of agricultural output data (Y) is generated
by physical quantities and market prices of crops
that these data have been taken from Agricultural
Statistical Yearbook. The index of capital input
is determined from the provincial capital stock,
while the index of employment input includes
working hours of labor. The index of energy input
consists of fuel consumption for agriculture sector.
The index of land input measures the intertemporal
price index of the land. The capital, energy
and land data have been provided from Iran
Statistical Yearbook. The data of Karaj is combined
with those of Tehran province until 2006. We
use data from a panel of 30 Iran provinces
for the period 1980-2015 on agricultural output,
capital, employs labor, energy, land, transport
infrastructure investment and public investment,
export, and gross domestic production (GDP).
The descriptive each statistics of each variable are
summarized in the Table 1.

Variables Mean Std.dev. Min Max
Capital 37.26 0.54 12 63.6
empolyment 7.73 0.32 1.9 14.2
energy 45.87 0.78 16.5 76.8
Land 31.15 1.05 11.8 40.8
Road Stock 44.97 1.63 28 65.2
Export 30.96 0.84 18 45.6
GDP 10.91 0.62 9.6 14.7

Source: own processing

Table 1: Summary statistics of variables in logs.

Results and discussion

In order to compare the changes of the spillover
effects over time, we also ran the spillover effects
over time, and the next section we also ran
the spillover effects model for three sub-times,
1980-1991,  1992-2003, and  2004-20015,
respectively. The key results at the national
and regional levels are presented in the Table 2, 3, 4.
In this study, statistical significance at the 5% level;
those variables and test statistics are henceforth




referred to as significant in the discussion below.
Spillover effects at the national level

The results for the model 1 in the Table 2 show that
labor, land, and energy affect a state’s agricultural
output. An increase in road disbursement has
significant effect on agricultural output. However,
the model 4 does not capture the spatial interaction
effects among variables, which may produce biased
estimations. This study adopted the bias-correction
method proposed by Lee and Yu (2010) to capture
unbiased estimator in the presence of spatial and
time period fixed effects. The Table 2 displays
estimation results of the regional impacts of total
public transportation infrastructure from OLS
with fixed effect, SEM, SAR, and SDM with spatial
fixed effect. The null hypothesis of the LR test
for joint significance of spatial fixed effects is
rejected, as a result the model should include spatial
fixed effects (SDM). In the non-spatial model,
the general impact of transportation infrastructure
is 0.051, which is lower than the result in SDM,
SEM and SAR. The spatial lags of independent
variables are highly statistically significant
in the SDM model the Table 2 except spatial lag
of GDP. Spatial lag of employment and energy is
found to be the most important factor for agricultural
output. The result of the SDM model show that
capital, energy, road stock affect a province’s
agricultural output. The direct and spillover effects
of the parameters using the decomposition approach

discussed in the methodology section were
estimated with four different neighbor contiguity
in the Table 3. The results show that spillover effect
of private capital has positive and significant effect
at the 5% level for the second nearest neighbor.
The total effect of employment is 0.37 indicates that
employment play a key role in agricultural output
under second nearest neighbor. Land was observed
to have a negative and significant total effect
on agricultural output. The direct and spillover
effects of land on agricultural production is
negative under all weight matrices. This negative
impact may result from productivity growth
indicating that less land are required to increase
agricultural production (Ball et al., 1997). In terms
of spillover effect comparison, the road stock
variable has both significant and positive direct
and indirect effects. The spillover effect of road
output elasticity is 0.16, which exhibits that
an one percent increase in highway infrastructure
is associated with a 0.16 percent increase
in agricultural output at the second order
of contiguity neighbor. This finding implies that
instead of a negative spillover effects (Boarnet,
2002), public highway infrastructure has a positive
spillover effects on output elasticity. The Table 3
also indicates that a 1% increase in energy input
in a province increases agricultural output
by 0.20-0.38% using second nearest neighbor.
As hypothesized, a statistically significant spillover
effect of road infrastructure is found. However,

SDM SEM SAR Pooled OLS
Spatial Fixed Spatial Fixed Spatial Fixed Fixed effects
Capital 0.195(0.01)* 0.174(0.00)* 0.166(0.00)* 0.188(0.00)*
employment 0.343(0.01)* 0.284(0.00)* 0.292(0.05)* 0.303(0.01)*
energy 0.315(0.00)* 0.317(0.00)* 0.332(0.00)* 0.326(0.00)*
Land -0.126(0.00)* -0.104(0.01)* -0.112(0.00)* -0.108(0.00)*
Road Stock 0.071(0.01)* 0.063(0.00)* 0.058(0.00)* 0.051(0.04)*
Export 0.095(0.21) 0.091(0.00)* 0.098(0.31) 0.096(0.06)
GDP 0.086(0.04)* 0.081(0.08) 0.078(0.01)* 0.076(0.05)*
Capital.splag 0.126(0.05)* 0.119(0.04)* 0.125(0.01)* 0.128(0.00)*
employment.splag 0.351(0.01)* 0.286(0.00)* 0.348(0.12) 0.361(0.03)*
Energy.splag 0.327(0.00)* 0.291(0.04)* 0.327(0.07) 0.376(0.01)*
Land.splag -0.083(0.01)* 0.079(0.12) -0.081(0.00)* 0.086(0.10)
Road Stock.splag 0.119(0.03)* 0.126(0.00)* 0.124(0.02)* 0.117(0.00)*
Export.splag 0.065(0.05)* 0.071(0.16) 0.068(0.09) 0.074(0.04)*
GDP.splag 0.074(0.12) 0.079(0.04)* 0.081(0.01)* 0.083(0.26)

LR Spatial fixed effects test 1750(0.00)*

LR Time period fixed effects test 312.06(0.00)*

Note: P-value is in parenthesis.*Statistical significance at the 5% level.

Source: own processing

Table 2: Estimation results of panel data with spatial interaction effects.




Direct effect

Indirect effect

Total effect

Spatial weight matrix Coef P-Value Coef P-Value Coef P-Value
Nearest neighbor 1

Capital x W, 0.141 (0.00)* 0.125 (0.05)* 0.196 (0.00)*
employment x W, 0.227 (0.04)* 0.329 (0.00)* 0.389 (0.01)*
energy x W, 0.246 (0.05)* 0.316 (0.03)* 0.393 (0.01)*
Land x W, -0.105 (0.00)* -0.098 (0.00)* -0.146 (0.05)*
Road Stock x W, 0.114 (0.15) 0.104 (0.24) 0.179 (0.06)
Export x W, 0.086 (0.00)* 0.094 (0.02)* 0.125 (0.14)
GDPx W, 0.075 (0.04)* 0.106 (0.26) 0.125 (0.05)*
Nearest neighbor 2

Capital x W, 0.069 (0.03)* 0.086 (0.00)* 0.115 (0.05)*
employment x W, 0.217 (0.03)* 0.278 0.21) 0.386 (0.24)
energy x W, 0.209 (0.19) 0.337 (0.01)* 0.385 (0.01)*
Land x W, -0.075 (0.01)* -0.125 (0.04)* -0.106 0.17)
Road Stock x W, 0.056 (0.00)* 0.166 (0.00)* 0.174 (0.05)*
Export x W, 0.046 (0.12) 0.091 (0.05)* 0.138 (0.00)*
GDPx W, 0.096 (0.00)* 0.084 (0.09) 0.192 (0.00)*
Nearest neighbor 3

Capital x W, 0.109 (0.00)* 0.145 (0.19) 0.214 (0.01)*
employment x W, 0.238 (0.25) 0.232 (0.01)* 0.397 (0.04)*
energy X W, 0.262 (0.01)* 0.256 (0.08) 0.465 0.17)
Land x W, -0.106 (0.04)* -0.098 (0.00)* -0.127 (0.00)*
Road Stock x W, 0.102 (0.00)* 0.154 (0.03)* 0.277 (0.00)*
Export x W, 0.093 (0.24) 0.126 (0.00)* 0.168 (0.09)
GDPx W, 0.104 (0.01)* 0.082 (0.08) 0.143 (0.00)*
Nearest neighbor 4

Capital x W, 0.148 (0.02)* 0.108 (0.00)* 0.203 (0.35)
employment x W, 0.208 (0.08) 0.313 (0.03)* 0.401 (0.00)*
energy x W, 0.256 (0.05)* 0.222 (0.15) 0.468 (0.08)
Land x W, -0.043 (0.00)* -0.064 (0.04)* -0.096 (0.14)
Road Stock x W, 0.104 (0.01)* 0.115 (0.05)* 0.148 (0.04)*
Export x W, 0.054 (0.07) 0.087 (0.03)* 0.135 (0.00)*
GDPx W, 0.076 (0.14) 0.107 (0.25) 0.116 (0.00)*

Note: P-value is in parenthesis. *Statistical significance at the 5% level.

Source: own processing

Table 3: Direct and indirect effects of SDM results with different weight matrices.

the significance of spillover effects of road
infrastructure on a state’s agricultural output is
not consisting over the four spatial weight models.
When using a spatial weight matrix considering
for the all neighbor states, the spillover effect
of road stock is not significant effect for order one.
However, when the neighboring provinces are
extended by including one more layer of adjacent
states in the second, and third order, the spillover
effect of road disbursement becomes significant.
Combining the positive and significant direct
and spillover effects of road disbursement under
second order, a 1% increase in road investment

in a particular province increases the agricultural
output across all provinces by 17%.
The significant spillover or total effect
of transportation infrastructure on a state’s
agricultural output are found when further adjacent
layer were considered as the forth neighbor states.
The spillover effects of Fars and Mazandaran are
the largest (0.18%), suggesting an improvement
in the road investment in these two states
respectively would have higher spillover effects
on the agricultural output of other provinces
based on the estimated parameters using
the second nearest neighbor (see Figures 2 a, b).
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Figure la: The spillover effect from %1 percent change in road
stock in East Azarbaijan province.

Source: own processing

Figure 1b: The spillover effect from a %1 change in road stock
in Razavi Khorasan province.

The spillover effects of road stocks in Esat
Azarbaijan province have relatively low spillover
effects on the agricultural output of other provinces
because of the geographic location of those
provinces. Figure (1a, b) show the spillover effects
pattern associated with a 1% increase in road
investment in East Azarbaijan and Razavi Khorasan
provinces, respectively. Both figures show
that the spillover effects extend across through
the whole nation but diminish as the order
of neighbor increases. The spillover -effects
of the investment in East Azarbaijan as the order
of neighbor increases. The spillover -effects
of the investment in East Azarbaijan expand
to center but decline after the first order
neighboring provinces while the spillover
effects of the investment in Mazandaran spread out
in all directions and stay sustainable until reaching
those boundary. The spatial spillover -effects
of improvements or investment in transportation
infrastructure in a given state on the output
of other states can be explained as the improvement
of efficiency of the inputs (Cohen, 2010)
or in the geographical distribution of economic
activities (Kemmerling and Stephan, 2008;
Duranton and Tunet, 2012). For instance, improved
road infrastructure in Mazandaran province can
increase the availability of input factors for other
agricultural states, Gilan province (nearest province

to Mazandaran province) therefore improving
production in those provinces. The results
in Figures la, 1b and 2a, b indicate that the amount
and structure of spatial spillover effects. The
positive and significant impacts of the spillover
effect of road investment found under second
nearest neighbor, but not observed under first
nearest neighbor" " can be connected to the feature
of Iran agriculture. Macro-regions in Iran are shown
in the Figure 3.

Source: own processing

Figure 2a: The spillover effect with a %1 change in road stock
in Fars province.

Source: own processing

Figure 2b: The spillover effect with a %1 change in road stock
in Mazandaran province.

Source: own processing

Figure 3: Macro regions in Iran.




The Table 3 reports the results of the estimation
of the spatial Durbin model, and we can find
that the coefficients of the labor employment,
energy, capital stock are positive and significant.
In the terms of the spatial lagged independent
variables, the agricultural output is a positive
functionofpubliccapital,andtransportinfrastructure
endowment in the neighboring provinces, also
the spillover effects of labor 1is positive
and significant. However, these estimators
just provide an idea of interactions among
provinces, thus we provide the sign and amount
of the direct and indirect impacts in order to provide
the accurate spillover effects, particularly associated
with transport infrastructure in the Table 3. Using
these alternative weight matrices to determine
capital stock, energy spillover effect, we find that
different spatial weight schemes have positive
effect on agricultural output. The results also
provide a reasonable estimate for the employment
and energy factor, which indicates that labor
and energy input growth has the largest impact
on Iran real agriculture growth. This finding implies
that the spillover effects played an important role
in raising agricultural production because
of transport network expansion. This expansion
helps  brings indirect externalities  due
to the development of transport network
accessibility.

Spillover effects at the regional level

Considering mostly on the spillover effect
of transport infrastructure (represented by @),
as can be determined distinctly in the Table 4,
the elasticities of the spillovers differ considerably
across regions in the entire time under study
(the coefficients are, 0.15 and 0.09 for the region
1 and 5, respectively). When we compare our
results for the three sub-term, we can observe
that the changes in spillovers differ considerably
among these regions. The neighboring transport
investment will lead to positive effects
in the region 4 (western region), and the output
elasticity is, 0.06 (coefficient is statistically
significant), which means the agricultural output
will increase by 0.06% if the transport stock
in the neighboring region increases by one percent
at the second time while the road disbursement
have no significant effect for the first time.
For the region 2 (south region), the transport stock
in the neighboring region has a positive external
impact during the considering time. The regression
results illustrate that the agricultural production
elasticities of neighboring transport infrastructures
for the three times are significant and positive

(thecoefficientsare 0.16,0.16,0.18). For theregion 5
(central region), no significant spillovers can be
found in time 2, but positive spillovers can be
observed in the first time (the coefficient is 0.09).
In the last time, positive externalities can be found
(the coefficient is 0.10). In the region 1 (north
region), the estimated coefficients of spillovers are
0.13 during 1980-1991, 0.17 during 1992-2003,
0.16 during 2004-2015, which means that
the growth of the transport stock in neighboring
regions actually had a positive impact on agricultural
output in the north region all the time. For the region
3 (eastern region), the results show that agricultural
output elasticities of neighboring transport
investments are significant (0.04, 0.08, 0.06), which
indicates transport investment of neighboring
regions had a positive impact on agricultural output
in the eastern region all the time. Our paper adopted
an advanced spatial Durbin model, considering
both the spatial lagged dependent and independent
variables: meanwhile the spatial spillovers
from all the regions were measured in our study,
which could make our estimators are more precise
and persuasive. The different definitions of regions
may also cause the incompatible results. In order
to underline the spatial factors, five macro regions
are classified considering the geographic position
according to agricultural output level, which
would make our estimate results of the spatial
spillovers more realistic. The results from this
study confirm the existence of spillover effects
of transport infrastructure for the case of Iran. More
specifically, changes in the spillovers between Iran’s
regions over time can be observed. For the aim
of an in depth analysis in the regional difference
in spatial spillovers, we will next investigate how
the spillovers of transport infrastructure influence
on agriculture output in Iran at the regional level.
This study confirms the existence of spillover effects
of transport infrastructure for the case of Iran. More
specifically, changes in the spillovers between
Iran’s regions over time can be seen. For the aim
of an in accurate analysis in the regional difference
in spatial spillovers, we will next consider how
the spillovers of transport infrastructure influence
on agriculture output in Iran at the regional level.




Regions Variables 1980-2015 Time 1 Time 2 Time 3
Regionl Capital 0.164(14.56)*** 0.055(16.62)*** 0.176(10.82)*** 0.148(11.37)***
(North Region) employment 0.233(15.46)*** 0.291(12.31)*** 0.241(14.96)* 0.312(12.30)**
energy 0.362(25.16)*** 0.32(21.17)*** 0.373(17.58)*** 0.256(16.44)***
Land -0.075(3.45)** -0.126(4.86)%** -0.043(3.32)** -0.126(4.65)*
Road Stock 0.049(12.78)*** 0.068(10.61)*** 0.045(4.76)** 0.076(14.75)***
Export 0.115(2.24)** 0.087(1.45) 0.064(2.87)** 0.142(3.54)%**
GDP 0.096(1.86) 0.108(3.67)*** 0.087(4.54)%** 0.128(6.87)***
p 0.263(10.42)** 0.283(8.74)*** 0.247(20.53)*** 0.217(4.75)**
Capital.Splag 0.187(5.27)*** 0.012(2.98)** 0.143(2.64)** 0.045(2.26)*
employment. Splag 0.318(1.94)* 0.283(4.28)*** 0.361(2.63)** 0.293(6.54)%**
Energy.Splag 0.284(4.32)*** 0.365(5.97)*** 0.345(2.64)** 0.384(2.37)**
Land.Splag -0.016(4.46)*** -0.023(6.74)*** -0.028(2.44)*** -0.014(8.35)***
Road Stock. Splag 0.085(3.25)*** 0.068(8.36)*** 0.042(2.58)** 0.092(6.48)***
Export.Splag 0.178(4.48)*** 0.096(2.68)** 0.164(1.75) 0.215(9.47)***
GDP.Splag 0.084(9.70)*** 0.057(1.53) 0.093(4.63)%** 0.126(4.52)***
0] 0.156(10.28)*** 0.136(2.46)** 0.176(8.34)*** 0.161(8.69)***
Adj.R% Log Likelihood 0.546; 145.45 0.745; 128.64 0.456; 110.54 0.610; 132.43
Region2 Capital 0.212(8.34)*** 0.155(7.15)%** 0.078(3.84)** 0.146(10.93)***
(South Region) employment 0.356(7.24)*** 0.242(9.45)%** 0.236(14.36)*** 0.311(5.42)***
energy 0.361(12.54)*** 0.424(15.63)*** 0.413(2.36)** 0.253(2.67)**
Land -0.087(14.46)*** -0.145(10.89)*** -0.091(16.75)*** -0.126(9.65)***
Road Stock 0.098(15.71)*** 0.096(4.56)*** 0.043(8.32)*** 0.067(6.41)%**
Export 0.175(8.54)*** 0.096(12.85)*** 0.164(2.64)** 0.156(1.86)
GDP 0.078(2.46)** 0.054(1.63) 0.108(4.56)*** 0.114(2.23)**
p 0.185(8.54)*** 0.196(2.34)** 0.127(6.95)*** 0.148(8.75)***
Capital.Splag 0.065(13.08)*** 0.085(8.76)*** 0.105(14.53)*** 0.0951(5.43)***
employment. Splag 0.303(14.67)*** 0.316(12.43)*** 0.356(9.45)*** 0.287(2.34)**
Energy.Splag 0.345(2.62)** 0.365(5.36)*** 0.278(7.15)*** 0.343(2.03)*
Land.Splag -0.020(13.76)*** -0.145(21.64)*** -0.167(10.76)** -0.135(9.45)%**
Road Stock.Splag 0.175(6.53)*** 0.174(16.43)%** 0.145(12.45)*** 0.179(2.74)**
Export.Splag 0.156(6.14)*** 0.114(2.48)** 0.063(13.93)*** 0.084(3.79)***
GDP.Splag 0.086(2.18)** 0.105(1.34) 0.065(2.54)** 0.147(6.85)***
) 0.168(7.34)** 0.162(9.56)** 0.164(2.46)** 0.184(4.76)***
Adj.R?, Log Likelihood 0.845; 164.35 0.657; 184.85 0.762; 143.76 0.754; 156.74
Region3 Capital 0.176(12.43)** 0.225(8.45)%** 0.174(10.53)*** 0.193(8.65)***
(Eastern Region) employment 0.315(13.87)*** 0.269(3.67)** 0.324(1.84) 0.305(2.03)*
enrgy 0.346(9.32)*** 0.302(10.76)*** 0.357(9.53)*** 0.317(12.35)***
Land -0.08(10.49)*** -0.12(2.04)* -0.04(4.56)*** -0.12(3.74)**
Road Stock 0.046(16.86)*** 0.065(10.75)*** 0.046(2.67)** 0.052(2.16)*
Export 0.071(2.68)** 0.098(8.53)*** 0.146(1.68) 0.125(9.52)%**
GDP 0.076(10.42)*** 0.044(1.57) 0.095(2.34)** 0.085(1.48)
p 0.167(9.34)*** 0.213(10.48)*** 0.185(8.74)** 0.246(8.33)%**

Capital.Splag
employment. Splag

Energy.Splag

0.115(2.56)**
0.385(7.35)%**
0.357(12.56)%**

0.068(3.44)**
0.316(14.52)%**
0.348(10.84)%**

0.092(1.80)
0.306(20.45)***
0.329(6.52)***

0.108(3.78)**
0.308(14.36)***
0.311(9.83)%**

Note: t-statistics are given in parenthesis. Timel, Time2, Time3 represent respectively. Numbers of observations equals to numbers

of provinces in each region multiplied by analysis period. Here, we calculated and reported the indirect effect (spillover effects) of transport

infrastructure for each region in different times, represented by ¢. *Statistical significance at the 10% level. **Statistical significance
at the 5% level. ***Statistical significance at the 1% level.

Source:

Table 4: Estimation of the Spatial Durbin model at the five selected region (to be continued).




Regions Variables 1980-2015 Time 1 Time 2 Time 3
Land.Splag -0.128(2.34)** -0.236(3.56)*** -0.104(6.78)*** -0.805(8.56)***
Road Stock.Splag 0.055(8.67)*** 0.076(9.63)*** 0.042(6.52)*** 0.067(2.03)*
Export.Splag -0.045(8.54)*** 0.067(2.65)** -0.086(10.32)*** -0.063(2.75)**
GDP.Splag 0.037(4.76)*** 0.042(2.64)** 0.125(6.98)*** 0.104(2.35)*
[ 0.065(13.41) *** 0.044(1.58) 0.078(2.11)** 0.062(8.64)***
Adj.R?, Log Likelihood 0.647; 143.65 0.538; 137.87 0.692; 165.79 0.718; 125.97
Region4 Capital 0.232(10.30)*** 0.155(9.71)*** 0.178(4.33)*** 0.214(7.81)***
(Western Region) employment 0.255(7.65)*** 0.198(8.54)** 0.214(2.24)* 0.289(7.32)***
energy 0.535(14.34)%** 0.427(15.68)*** 0.372(6.78)*** 0.345(2.56)**
Land -0.082(12.56)*** -0.125(14.53)** -0.149(8.69)** -0110(2.93)**
Road.Stock 0.048(9.56)*** 0.075(6.84)*** 0.063(11.57)** 0.053(2.32)**
Export 0.064(2.05)* -0.045(5.84)*** 0.051(8.65)*** 0.014(4.96)***
GDP 0.106(4.76)*** 0.145(1.95) 0.116(7.65)*** 0.167(1.06)
p 0.154(6.84)*** 0.116(4.89)*** 0.162(8.65)*** 0.247(2.25)**
Capital.Splag 0.168(2.34)** 0.147(3.76)** 0.239(7.68)*** 0.204(4.31)**
employment. Splag 0.345(15.46)*** 0.312(1.98) 0.245(2.74)** 0.275(1.73)
Energy.Splag 0.376(7.55)*** 0.312(10.93)** 0.289(11.46)** 0.323(4.58)**
Land.Splag -0.097(2.58)** -0.116(6.87)** -0.156(8.51)** -0.198(2.31)**
Road Stock.Splag 0.043(13.64)*** 0.074(4.56)*** 0.076(6.85)*** 0.088(10.62)***
Export.Splag -0.068(4.27)*** 0.054(2.05)** 0.084(6.87)*** 0.094(1.96)
GDP.Splag 0.157(2.85)** 0.086(6.94)*** 0.063(1.63) 0.154(4.52)***
[ 0.075(2.06)** 0.048(1.65) 0.063(2.91)** 0.046(8.54)***
Adj.R?, Log Likelihood 0.578; 154.67 0.703; 175.64 0.682; 183.76 0.533; 164.43
Region5 Capital 0.265(12.54)*** 0.146(10.32)*** 0.178(9.81)*** 0.207(14.26)***
(Central Region) employment. Splag 0.352(8.13)*** 0.245(12.45)*** 0.226(10.67)*** 0.316(8.43)***
energy 0.317(15.43)*** 0.295(4.84)*** 0.334(14.52)*** 0.268(12.31)***
Land -0.185(6.84)** 0.094(2.78)** -0.126(9.68)*** -0.195(4.67)***
Road Stock 0.074(8.72)*** 0.054(10.43)*** 0.056(2.96)** 0.066(4.54)***
Export 0.134(2.89)** 0.086(5.96)*** 0.157(2.06)* 0.124(9.85)***
GDP 0.178(6.72)*** 0.126(1.04) 0.087(1.98) 0.143(4.54)***
p 0.183(2.45)** 0.156(5.89)*** 0.129(9.46)*** 0.174(2.36)**
Capital.Splag 0.213(2.75)*** 0.106(2.26)*** 0.094(6.45)%** 0.105(10.48)***
employment. Splag 0.246(10.82)** 0.187(12.65)** 0.168(2.14)** 0.134(1.89)*
Energy.Splag 0.258(9.86)** 0.179(2.57)** 0.217(6.38)*** 0.196(2.86)**
Land.Splag -0.153(16.45)** -0.091(12.87)*** -0.105(3.79)** 0.184(2.15)*

Road Stock.Splag

0.114(7.14)**

0.128(2.74)**

0.148(9.43)*#*

0.106(10.58)*#*

Export.Splag -0.065(2.65)%* 0.053(9.76)*** 0.086(4.86)%** 0.094(1.64)
GDP.Splag 0.102(1.08) 0.145(2.86)** 0.096(2.64)** 0.118(5.86)%**
0 0.094(8.63)*** 0.098(5.87)*** 0.041(1.35) 0.106(2.46)**
Adj.R?, Log Likelihood 0.604; 173.6 0.534; 184.5 0.627; 164.3 0.598; 174.56

Note: t-statistics are given in parenthesis. Timel, Time2, Time3 represent respectively. Numbers of observations equals to numbers

of provinces in each region multiplied by analysis period. Here, we calculated and reported the indirect effect (spillover effects) of transport

infrastructure for each region in different times, represented by ¢. *Statistical significance at the 10% level. **Statistical significance
at the 5% level. ***Statistical significance at the 1% level.

Source:

Table 4: Estimation of the Spatial Durbin model at the five selected region (continuation).

The SDM based on four different weight matrices is
employed to evaluate spatial dependence in both
dependent and independent variables. The positive
spillovers exist at regional level, but the Iran’s
regions have considerable difference in their spatial

Conclusion

The effects of transportation infrastructure
on agricultural output for 30 Iran provinces
from 1990-2015 are estimated in this study.




spillovers across the different times under analysis.
The existence of spatial externalities emerging
from the contribution of transport infrastructure
to agricultural output implies that the decision
by altering investment patterns in the transport
infrastructure relative.
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