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Abstract 
 

We analyze the dynamic linkages among Logistics, Trade and Economic Growth for a panel of 

39 countries over the period 2007-2018. In particular, we investigate whether these countries exhibit 

the tendency to catch up, in terms of logistics performance, with the leader country, using 

methodologies of “convergence analysis” appropriate for the notions of stochastic convergence and 

β-convergence and perform Granger-causality tests among a catching up variable (the LPI of each 

country relative to the LPI of Germany), trade openness and economic growth. The findings reveal 

rather weak evidence of catching-up effects with Germany. As far as causality is concerned, trade 

and economic growth further enhance the global tendency in logistics performance to catch-up with 

the dominant Germany while convergence in logistics is found to directly support economic growth 

but not trade. 
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1. Introduction 

The development of the logistics and transport sector has an indisputably positive contribution on 

economic growth by facilitating production, consumption and trade (Gani, 2017). Costs of 

production as well as expenses for importing and exporting activities can be substantially reduced by 

investments in transport infrastructure. At the same time, logistics and transport advancements 

enable trade development and strengthen country’s trade performance and competitiveness (Dee and 

Findlay, 2006; Hoekman and Nicita, 2011). This can be viewed under the prism of any 

improvements, quality upgrades or expansion of physical transportation infrastructure, import/export 

efficiency, competitive pricing of shipments or any other logistics-driven factor affecting the cost of 

doing business (Arvis et al., 2012; Hausman et al., 2013; Portugal-Perez and Wilson, 2012).  

The grid of relationships becomes further complicated when bi-directional linkages among these 

macroeconomic variables are brought forward. The development of international trade triggers 

demand for logistics services with the latter serving as the “vehicle” of international trade. As a 

result, new investment opportunities and business growth prospects emerge in the macroeconomic 

landscape (Lee and Rodrigue, 2006; Vasiliauskas and Barysiene, 2008). Empirical evidence has 

largely unfolded causal relationships between logistics, international trade and economic growth. 

Small Asian countries (e.g., Singapore, Hong Kong) have experienced high economic growth mainly 

due to their large investments in logistics which have drastically enhanced international trade. On the 

other hand, China, one of the largest economies in the world, demonstrated high growth rates mostly 

driven by exports’ growth. This became largely possible due to the development of advanced 

logistics networks accommodating raw materials and final product flows to developed economies of 

the world. 

Despite the empirical evidence about this complex grid of causal relationships, existing literature 

has mostly focused on the investigation of dynamic linkages and causal effects in bivariate 

relationships (Katrakylidis and Madas, 2019). Relevant research can be organized in two main 

research streams. The first stream of research deals with the analysis of the relationship - and in some 

cases the direction of causal effects - between logistics/transport infrastructure and economic growth 

(Rietveld, 1989; Berndt and Hansson, 1992; Kessides, 1996; Kumar Sharma and Singh Kushwaha, 

2017) or competitiveness indicators (Ekici et al., 2016). The second stream pertains to the analysis of 

dynamic relationships between the logistics and transport sector and international trade. It is worth 

noting here that both directions of causation have been detected in existing literature. Most 

researchers placed the emphasis on the exploration of effects of logistics on trade facilitation and 

openness and argued that improvements in logistics constitute key determinants of trade facilitation 
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and growth (Wilson et al., 2003; Arvis et al., 2007; 2010; Hoekman and Nicita, 2011; Hausman et 

al., 2013; Gani, 2017; Kabak et al., 2018; Çelebi, 2019). Other researchers studied causal effects of 

international trade on the logistics and transport sector. Under this line of research, the impact of 

trade facilitation measures on the development and growth of containerized trade and its associated 

logistics services represented the focal point of analysis (Lee and Rodrigue, 2006; Vasiliauskas and 

Barysiene, 2008; Nguyen and Tongzon, 2010). 

Multivariate relationships involving causal effects from/to logistics and transport have not been 

sufficiently addressed in existing literature. Katrakylidis and Madas (2019) studied the relationships 

between countries’ logistics performance, international trade and economic growth and identified 

causal linkages among them (both in the long and the short run) based on a sample of 39 countries 

worldwide over the period 2007-2018. The score of the World Bank’s Logistics Performance Index 

(LPI) has been used to express the logistics performance of the respective countries. LPI provides a 

weighted measure of the logistics performance of 160 countries in terms of various performance 

dimensions of “friendliness” of trade logistics and varies substantially with countries. According to 

LPI 2018 rankings, a large logistics performance gap is observed between top performer (e.g., 

Germany, Sweden, Belgium) and low performer countries (e.g., Afghanistan, Angola, Burundi, 

Niger, Sierra Leone) (Arvis et al., 2014). In this paper, we provide an extension of the trivariate 

causality analysis conducted by Katrakylidis and Madas (2019) with the ultimate objective to 

evaluate the improvements in the logistics sector performance globally by means of convergence 

analysis (Holmes et al., 2014; Tsanana and Katrakilidis, 2014; Fallahi, 2017). In particular, we 

explore possible catching-up effects between the various countries and Germany exhibiting the 

highest LPI score. Moreover, and since, to the best of our knowledge, there is no research effort that 

causally relates global convergence in the logistics sector with economic development accounting for 

the impacts of the international trade growth, we further aim at exploring possible causal links 

running from trade and GDP growth to LPI convergence. 

The remainder of this paper is structured into three sections. Section 2 presents the 

methodological aspects of our empirical analysis. Section 3 presents the underlying data, Section 4 

discusses the associated empirical results and Section 5 summarizes the key conclusions of the paper. 

 

2. Methodological Issues 

The Convergence Hypothesis  

In the relative literature of convergence, researchers provide various definitions of the income 

convergence hypothesis. Sala-i-Martin (1996) provides probably the most-widely known definition 
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of   convergence contemplating that “there is absolute   convergence if poor economies tend to 

grow faster than rich ones”. The first research efforts on convergence were cross-sectional studies 

with   convergence to hold if the coefficient of a regression of GDP per capita growth rates on 

initial levels was negative.  

The more recent time series approaches on convergence focus on the notion of “stochastic” 

convergence (shocks to relative incomes should be temporary), that is, per capita income disparities 

between economies should follow a stationary process. 

The hypothesis that relative incomes are converging stochastically can be examined by testing 

for a unit root in the logarithm of the ratio of per capita income in country   relative to the group 

average or to the leader. Rejection of the unit root null hypothesis is then considered an evidence of 

convergence. Stochastic convergence can be evaluated by the use of several versions of unit root 

tests for time series such as the conventional Dickey-Fuller (ADF) unit root tests, the DF-GLS, the 

Philips-Perron, and the KPSS stationarity test. Analogues tests are applied for panel data samples. 

 If no regressors are included in the procedure for testing the unit root hypothesis, stochastic 

convergence is consistent with the notion of “absolute” or “unconditional” convergence. In contrast, 

if a constant term is included in each test, stochastic convergence is consistent with conditional 

convergence and country-specific compensating differentials.  

 

A test of   convergence 

Carlino and Mills (1993) estimate the intercept and trend coefficients for the relative income 

series in countries for which there is evidence of stochastic convergence. Opposite signs of the 

intercept and slope coefficients indicate that countries, whose relative per capita income is initially 

below the group average, are trending (converging) up towards the average and vice versa. 

Tomljanovich and Vogelsang (2002) use the following regression for relative income: 

                  

 

where,      is the log of relative per capita GDP (     in this study) in country   at time  , that is 

regressed on a constant and a linear time trend, and     follows a stationary process,   represents the 

average growth of      over time and μ represents the initial level of    
 .  

 

3. Data  

In the context of this empirical analysis, our study employs annual data from    countries 

(reported in the Appendix) over the period 2007-2018. More particularly, the collected time series 
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data sourced from the World Development Indicators Statistical Database of the World Bank and 

concerns the Logistics Performance Index, the Openness to Trade and the Gross Domestic Product 

per Capita. 

The World Bank measures countries’ trade logistics performance since 2007 by usage of an 

index known as the Logistics Performance Index (LPI). The index ranges from   to  , with a higher 

score representing better performance and is calculated by analyzing six main components: customs, 

infrastructure, international shipments, logistics quality and competence, tracking and tracing, and 

timeliness.  

Regarding the Trade Openness variable, it is expressed in terms of the sum of exports and 

imports of goods and services measured as a share of Gross Domestic Product (GDP). Finally, Gross 

Domestic Product (GDP) per capita represents the gross domestic product divided by midyear 

population. More specifically, we use GDP per capita where gross domestic product has been 

converted to international dollars using purchasing power parity rates (PPP). Data are in constant 

2011 international dollars.  

 

4. Empirical Results 

In the first step, it is essential to determine the integration properties of the involved series in to 

avoid the so-called problem of spurious regression. In this direction, we apply complementary five 

panel unit-root tests, the Levin, Lin & Chu test (LLC) (Levin et al., 2002) and the Breitung test (BR) 

(Breitung, 2000),  both assuming a common root process and the Im, Pesaran and Shin test (IPS) (Im 

et al., 2003), the Fisher-ADF test (FADF) (Maddala and Wu, 1999) and the Fisher-PP test (FPP) 

(Choi, 2001) assuming individual root process. The results are shown in Tables 1 and 2 below. 

 

Table 1: Panel Unit-root tests (with constant and trend) 

 

                   Levels              First Differences 

Individual effects, individual linear 

trends 

Individual effects, individual linear 

trends 

    LLPI    TRP        LY 
    

LLPI 

    

TRP 
          LY 

LL  

C 

         

         

         

         

         

         

         

         

         

         

         

         

BR 
1.91253 
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IPS 

-

3.60216 

         

         

         

         

         

         

         

         

         

         

         

FA

DF  

        

         

        

         

        

         

        

         

        

         

        

         

FP

P 

        

         

        

         

        

         

        

         

        

         

        

         

Note: Panel unit-root test include intercept and time trend; the optimal number of time lags is 

chosen by SBC up to a maximum of two lags. Numbers in parentheses are p-values. 

The findings reported in Table 1 support that LLPI in 2 out of 5 tests do not reject the null 

hypothesis of a unit root (non-stationarity), while TRP and LY reject the null in 4 and 5 out of 5 

tests, respectively. In brief, based on the above, in terms of majority, we may consider that LLPI is a 

non-stationary series, while TRP and LY are stationary. When testing the series in first difference 

form, they all clearly turn to stationary. Then, we continue by accounting only for individual effects. 

The results are reported in Table 2 below. 

 

Table 2: Panel Unit-root tests (Only constant) 

            
                  Levels           First Differences 

           Individual effects           Individual effects 

 
   

LLPI 

     

TRP 

      

LY 

     

LLPI 

   

TRP 
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BR 
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Note: Panel unit-root test include only intercept: the optimal number of time lags is chosen by 

SBC up to a maximum of two lags. Numbers in parentheses are p-values. 

 

The results provide evidence against the presence of a unit root (rejection of the null hypothesis) 

for LLPI and TRP in 5 out of 5 statistics in level form and almost similar indications in first 

differences. However, LY is found non-stationary (acceptance of the null hypothesis of a unit root) 

in level form, in 3 out of 5 statistics but stationary in first difference form. Therefore, we may accept 

that the order of integration of the examined variables could be characterized slightly inconclusive 

for LLPI and LY, while TRP is clearly stationary, I(0). 

Based on the brief description given previously in the methodological presentation of 

convergence, we construct the following variable: 

                                       

 

The adopted strategy to test the issue of convergence (catching up) in Logistics Performance for 

the studied group of countries is straightforward. First, we apply panel unit-root tests on LPICONV 

with no fixed individual effects in order to check whether an absolute convergence process is 

present. Second, if the null of unit root cannot be rejected, the same panel unit root tests but with 

fixed individual effects are implemented in order to identify possible conditional convergence 

dynamics. Finally, if the unit root hypothesis always holds, then we consider that the group is 

characterized by stochastic divergence.  

We apply the LLC test proposed by Levin et al. (2002) and the Fisher-ADF test proposed by 

Maddala et al. (1999) and Choi (2001) which are homogeneous and heterogeneous panel unit-root 

tests, respectively, based on the assumption of independent cross-section units. In LLC, the 

alternative hypothesis is that no series contains a unit root (all are stationary), while in Fisher-ADF 

the alternative allows unit roots for some (but not all) of the series. 

We apply the tests with no individual effects and with individual effects. The results are 

presented in Table 3 below.  

 

Table 3: Panel unit root test results for convergence 

Panel unit root test: Series: LPICON  Exogenous variables: None                           

Levin, Lin & Chu         Null: Unit root (assumes common unit root process) 

              Statistic   Prob.                        Cross-sections               Obs 

 -1.41517  0.0785                       38               388 
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ADF - Fisher Chi-square Null: Unit root (assumes individual unit root process)  

               Statistic   Prob.                         Cross-sections               Obs 

   55.0147   0.9667                       38               388            

Panel unit root test: Series: LPICON Exogenous variables: Individual effects  

Levin, Lin & Chu         Null: Unit root (assumes common unit root process) 

              Statistic   Prob.                        Cross-sections               Obs 

 -5.53849  0.0000                       38               385 

ADF - Fisher Chi-square Null: Unit root (assumes individual unit root process)  

               Statistic   Prob.                        Cross-sections               Obs 

  125.056   0.0003                       38               385 

 

Based on the above reported results, when no individual effects are included, the null of unit root 

cannot be rejected by all tests, hence revealing non-stationarity and consequently absence of absolute 

convergence. However, according to the results presented in the lower panel of the above table, the 

evidence supports the existence of conditional convergence (catching up), since all tests now clearly 

reject the null hypothesis of unit root in favor of stationarity.  

In addition, we apply a test of   convergence (Table 4) proposed by Carlino and Mills (1993) 

(please refer to Section 2). Carlino and Mills (1993) argued that, if the examined countries are 

converging or catching up, then regression of the log relative examined variable (LPICON in our 

study) on an intercept and trend should yield statistically significant and of opposite sign 

coefficients. 

Table 4:    Convergence test 

Panel Least Squares              Depend. Var. LPICON 

Variable     Coefficient  Std. Error t-Statistic Prob.   

C                -0.678326  0.040812 -16.62070 0.0000 

@TREND      0.000743  0.006285  0.118164 0.9060 

 

The above results confirm the catching up effect of the examined group of countries with 

Germany, given that the constant term and the trend coefficient are of opposite sign. However, the 

lack of statistical significance in one of the two coefficients supports evidence of a rather weak 

movement towards convergence.  
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In a final stage, and having established stationarity for the relative LLPI and evidence of catching 

up with the benchmark country, we proceed with the examination of possible causal effects between 

the LLPI convergence variable, trade openness and GDP. We estimate a trivariate VAR system for 

LPICON, TRP and LY, where the optimal lag length is found to be equal to 3 by means of Akaike 

Information Criterion and we apply Granger causality tests (Granger, 1969), using the F statistic 

(Table 5). 

Table 5: Pairwise Granger Causality Tests 

Sample: 2007 2018   (Lags: 3)                                                                               

 Null Hypothesis:                                                 Obs   F-Statistic    Prob.    

 TRP does not Granger Cause LPICON              342    3.19402   0.0237 

 LPICON does not Granger Cause TRP                               1.38730   0.2465   

 LY does not Granger Cause LPICON              342     6.32976   0.0003 

 LPICON does not Granger Cause LY                                5.91915   0.0006   

 LY does not Granger Cause TRP                         342     6.89637   0.0002 

 TRP does not Granger Cause LY                                        3.82544         0.0102 

 

The above findings reveal that TRP and LY affect causally LPICON (p-values 0.0237 and 

0.0003, respectively). In particular, there are feedback effects (two-way causality) between LY and 

TRP (p-value 0.0002), while LPICON causally affects LY (p-value 0.0006) but not TRP (p-value 

0.2465).  

5. Summary and Conclusions 

In this paper, we analyzed the dynamic linkages among Convergence in the Logistics 

Performance Index, Trade Openness and Economic Growth for a sample of 39 countries over the 

period 2007-2018. In particular, we first examined whether the countries of our sample present the 

tendency to catch up with the leader country, in terms of logistics performance, using methodologies 

of “convergence analysis” appropriate for the notions of stochastic convergence and β-convergence. 

Furthermore, we performed Granger-causality tests among the catching up variable (the relative LPI 

with respect to Germany as benchmark country), the Trade Openness and the economic growth 

proxied by the per capita GDP. 
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The applied causality tests revealed bidirectional causal relations between GDP and LPI, as well 

as between GDP and trade (TRP). The PMG approach additionally revealed a univariate causal 

effect running from TRP to LPI. The lack of evidence in favor of a direct causal effect from logistics 

performance to trade growth implies that policies aiming to boost logistics performance (e.g., 

investments in transport infrastructure, promoting ICT adoption in logistics, increasing vehicle load 

factors) may not directly contribute to international transactions and trade growth. However, there 

would be some interesting potential to trigger economic growth mechanisms (e.g., through increase 

in competitiveness by means of lower transportation rates, efficient/consistent deliveries) that would, 

in turn, stimulate trade growth. Here, it is also important to mention that relevant regulatory reforms 

or industry action towards improving logistics performance need to be also viewed with 

consideration to the level of per capita income as suggested by Çelebi (2019). As a matter of fact, 

low-income economies get more benefit in terms of their export activity from upgrades in logistics 

performance, while upper-middle and high-income economies tend to increase imports as a result of 

logistics excellence. Therefore, collaborative action or joint investment plans may need to be brought 

forward so that the logistics performance of partner countries is upgraded in order to subsequently 

increase the export activity of upper-middle to high-income countries. Although we did not 

investigate causal effects in relation to the level of per capita income, there seems to be ample room 

for future research in this direction. 

Regarding the issue of a global tendency to produce logistics services of better quality, we 

proceeded by applying convergence analysis methodologies using Germany’s LPI score as 

benchmark to detect possible catching up effects from the rest of the countries. The results confirmed 

the progress of this sector for all the countries in our sample, a fact that is further confirmed by the 

latest LPI rankings. Furthermore, we performed Granger-causality tests with the aim to investigate 

whether the global convergence in the quality of the logistics services improves international trade 

performance and economic growth in a causal way. The findings supported that both international 

trade and convergence in higher logistics services level constitute driving forces of economic growth. 

Furthermore, there is evidence that trade and economic growth positively influenced global logistics 

reducing deviations from Germany that exhibits a dominating role among the countries included in 

our sample. The latter findings provide sufficient evidence in support of international transport 

integration and cohesion strategies and investments such as those persistently pursued by the 

European Commission (e.g., Trans-European Transport Networks / TEN-T projects, Mobility for 

Growth Horizon 2020 EU-funded research). Such policies/strategies would contribute in the 

reduction of extensive differences in logistics infrastructure, service quality and performance after all 

by promoting convergence with well competent countries in logistics, hence delivering benefits in 
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the form of a more sustainable economic growth. Finally, it is worth mentioning that all indicators 

comprising the overall LPI index are treated to be of equal importance weight. The impact of a 

weighted LPI index (Rezaei et al., 2018) on trade openness and economic growth would merit some 

further research investigation. 
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