








The plot displays a positive relationship between the standardized
apparent productivity and the spatial lag variable. This pattern is asso-
ciated with the presence of positive spatial autocorrelation: similar
values tend to be located close to one another. Consequently, the
overall trend is for high values to be close to other high values and
for low values to be surrounded by other low values. This, however,
does not mean that it is always the case within the dataset: there can
be particular cases where high values are surrounded by low ones,
and vice versa (geographic outliers). It only means that, if we had to
summarize the main data pattern in terms of how clustered similar
values are, the best way would be to say they are positively correlated

and, hence, clustered over space.

Therefore, we have analysed where the clusters of productivity might
be located in the Portuguese territory. In order to evaluate these clus-
ters, Local Indicators of Spatial Autocorrelation (LISA®) (Anselin, 1993)

were used.
The Moran scatter plot can be divided into four quadrants:

« high values of the variable under analysis that are surrounded by
other high value regions (HH);

« high values surrounded by low value regions (HL);

« low values of the variable surrounded by other low value regions (LL);

« low values surrounded by high value regions (LH).

LH and HL quadrants indicate an association of dissimilar values,
while HH and LL indicate an association of similar values (Figure 36).
The objective is to identify cases in which the comparison between

the value of an observation and the average of its neighbours is either

more similar (HH, LL) or more dissimilar (HL, LH) than would be
expected from randomness. The mechanism used for this is similar
to the one in the global Moran’s |, but applied in this case to each

observation®.

Figure 36 Moran scatter plot
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The majority of regions are located either in the HH or LL quadrants,
constituting a global positive value for Moran | statistic. Therefore,
there is evidence of the existence of spatial productivity clusters. In
order to maintain consistency, we have also used kernel weights with

triangular functions to develop this analysis.
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Based on the value of local statistics, two different clusters have been
identified: one composed of two regions contained in the HH quad-

rant (in red) and other composed of five regions in the LL quadrant
(in yellow) (Figure 37).

Figure 37 Moran local scatter plot (2012)
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By plotting these points geographically, the high value cluster
comprises Area Metropolitana de Lisboa and Alentejo Litoral

(figure 38). This means that the productivity in these regions is posi-
tively affected by the productivity in surrounding regions, forming a
cluster of high productivity. On the other side of the spectrum, there
is an LL cluster composed of the regions of Alto Tamega, Douro,

Tamega e Sousa and Ave. This means that the relative low values in

these regions are, in part, the result of the low values present in the

surrounding regions, forming an LL cluster.

Figure 38 LISA indicators for the years of 2008, 2012 and 2018. Kernel distance
weights with triangular function and considering the two nearest neighbours

2008 2012 2016
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There is a slight shift in the location of these clusters throughout these
three years of analysis, with the region of Terras de Tras-os-Montes
being added to the 2008 initial cluster in later years. In the southern
cluster, the pattern seems to have excluded Area Metropolitana
Lisboa, which might be justified by a decrease in apparent labour

productivity in neighbouring regions.
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Each region is surrounded, on average, by four neighbours (Figure 39).
Thus, in order to test the robustness of our results, we have increased
the number of neighbours considered when defining the kernel

weights triangular function to four.

Figure 39 Histogram for number of neighbours

The results show that having a wider range of nearest neighbours led
to more extensive clusters. In the south, we see a larger cluster, which
comprises the regions of Area Metropolitana de Lisboa, Alentejo
Litoral and Baixo Alentejo, and which extends to the regions of
Algarve and Leziria do Tejo in 2018 (Figure 40). The region of Alentejo
Central appears as an outlier in the region, given its relatively lower
apparent labour productivity. In the northern area, the cluster is
composed of the regions of Alto Minho, Cévado, Ave, Alto Tamega,

Tamega e Sousa, Douro, Terras de Tras-os-Montes, Viseu D3o e LafGes

and Beiras e Serra da Estrela. Area Metropolitana do Porto appears as

an outlier given its higher apparent labour productivity.

Figure 40 SA indicators for the years of 2008, 2012 and 2018. Kernel distance

weights with triangular function and considering the four nearest neighbours

2008

Based on these findings, we may suggest the hypothesis that spillover
effects will have a stronger impact within each one of these clus-

ters. In order to assess these spillover effects, it is necessary to build a
model that could isolate the effect of spatial dynamics on each region
(NUTIIN). Hence, our first step was to analyse how productivity varied

for each of our regions in relation to its neighbours.
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These analyses would then be used to build a spatial proximity matrix

in order to weigh the effect of each neighbour on spillover effects.

The results show that the following regions appear to have a

linear decay of productivity influenced by distance: Cévado; Area
Metropolitana do Porto; Timega e Sousa; Tras-os-Montes; Regido de
Leiria; Beira-Baixa; Médio Tejo; Serra da Estrela; Area Metropolitana
de Lisboa; Alentejo Litoral; and Leziria do Tejo. The following regions
appear to have a quadratic decay of productivity influenced by
distance: Ave; Alto Tamega; Douro; Algarve; Oeste; Aveiro; Coimbra;
Viseu Dio e Laf&es; Baixo Alentejo; Alto Alentejo; and Alentejo
Central. Both decay functions are valid for Alto Minho, since it only

has one neighbouring region.

6.5. Granger causality and time series analysis of the
relationship between accessibility and productivity

In the previous subsections, it was possible to verify the existence

of correlation between accessibility (under different metrics) and
productivity. However, as discussed earlier, correlation does not mean
causality. In this subsection, we will search for evidence of causality,
i.e., whether better accessibility leads to increases in productivity,

by using the Granger causality approach.

After a simple correlation analysis of the national time series, we
have found evidence of high correlation between some of our trans-
port indicators and apparent labour productivity. However, the
specific indicators may vary depending on the region under analysis.
At a national level, the following indicators are best suited to explain

productivity:

« Sinuosity (sinuosidade).

« Straight Equivalent Speed (ve/_reta).

» Road accessibility (acess_viaria).

« Principal routes extension (ext_rod_ip).

» Complementary routes extension (ext_rod_ic).

« Total road extension (ext_rod_tot).

The first three indicators are especially relevant when modelling
national aggregated data for productivity. At the regional level, straight
equivalent speed (ve/_reta) and road sinuosity (sinuosidade) proved to

be better predictors.

6.5.6.1. Testing for Granger causality

Analysing the trend of both straight equivalent speed and apparent
labour productivity, it is clear that both variables have been increasing
since the beginning of the century (Figure 42). Both sinuosity index
and road accessibility share similar upward trends.

Figure 41 straight equivalent speed (national average
time series) on the left and apparent labour productivity

(national average time series) on the right
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However, correlation does not imply causality. The notion of causality — oete 0.287 0.104 0231 0543 0744
has been explained by Clive Granger (Granger, 1969) when he estab- Regido de Aveiro 0.575 0.0194* 0.445 0619 0.517
lished the principles for the Granger causality. Regido de Coimbra 0.128 0.0031* 0.705 0.474 0.457
Regido de Leiria 0.400 0.659 0.478 0.000* 0.335
The results show that, at a 5% significance level, straight equiva- Viseu Dio Lafdes 0.335 0.979 0.776 0.0102* 0.868
lent speed Granger-causes™ apparent labour productivity; therefore, Beira Baixa 0.378 0.796 0.770 0.060 0.807
at an aggregated national level, there seems to be an indication Médio Tejo 0.182 0388 0.364 0.0324 0392
that an increase in straight equivalent speed leads to an increase in Beiras e Serra da Estrela 0595 0.000" 0423 0925 0995
- Area Metropolitana de Lisboa 0.000* 0.0002* 0.094 0.106 0.000*
productivity.
Alentejo Litoral 0.231 0.333 0.596 0.309 0.266
We have also conducted a causality test for the two remaining trans- Baixo Alentejo 000"  00301" 0297 0227 0125
portation variables under analysis (road accessibility and sinuosity index), ~ -%%12 P Tejo 0.0001 0239 0067 0199 0357
. . . . Alto Alentejo 0.0416" 0.8 0. 0.41 0.0388"
but both failed to prove causality at a national level. At a regional level, ) 4 39 259 47 >
Algarve 0.0128* 0.073 0.088 0.009* 0.0008*

both sinuosity index and straight equivalent speed proved to Granger-

-cause apparent labour productivity in several cases. Road accessibility *p-value lesser than 5%
only proved to Granger cause apparent labour productivity in the case
: Overall, at a regional level, increasing straight equivalent speed, or the
of Alentejo Central, as seen on table 62. ! & ’ & ghteq peed,
sinuosity index, would lead to an increase in apparent productivity for

the average Portuguese region.

Table 62 Granger causality analysis
Table 60 shows a map of the spatial distribution of results for Granger-

Region sinuosidade vel_reta acess_viaria emprego tax_inv_tot -causality. Highlighted in green are the regions where each of the

Alto Minho 0833 0451 0915 0.006 0.001" main two transportation variables have been proven to Granger-cause
Alto Tamega 0.000* 0.128 0.637 0.914 0.476 apparent labour productivity.

Alentejo Central 0.491 0.000* 0.012* 0.247 0.262

Cévado 0.952 0.926 0.904 0.000* 0.083

Ave 0.0418" 0.005* 0.863 0.0013" 0.611

Area Metropolitana do Porto 0.051 0.0046* 0.488 0.0069* 0.0014*

Tamega e Sousa 0.055 0.0072* 0.799 0.0377* 0.105

Douro 0.129 0.075 0.564 0.390 0.930

Terras de Tras-os-Montes 0.002* 0.0215% 0.588 0.619 0.929
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Figure 42 Granger causality and the road network Table 63 Reverse Granger-causality results for apparent labour productivity

Granger causality for sinuosidade Granger causality for vel_reta Region sinuosidade vel_reta acess_viaria emprego tax_inv_tot
Alto Minho 0.799 0.800 1.000 0.000* 0.000*
Alto Tamega 0.511 0.681 0.875 0.175 0.829
Alentejo Central 0.798 0.418 0.989 0.002* 0.339
Cévado 0.257 0.123 0.793 0.000* 0.928
Ave 0.029* 0.036" 0613 0.039" 0.487
Area Metropolitana do Porto 0.394 0.151 0.864 0.094 0.021*
Tamega e Sousa 0.897 0.992 0.915 0.023* 0.014*
Douro 0.389 0.430 0.581 0.879 0.408
Terras de Trds-os-Montes 0.339 0.418 0.739 0.791 0.078
Oeste 0.350 0.890 0.845 0.779 0.688
Regido de Aveiro 0.229 0.879 0.558 0.083 0.556
Regido de Coimbra 0.633 0.181 0.191 0.020* 0.013*
Regido de Leiria 0.859 0.617 0.749 0.005* 0.000*
Viseu D3o Lafdes 0.981 0.468 0.200 0.532 0.857
Beira Baixa 0.426 0.701 0.267 0.139 0.808
Médio Tejo 0.220 0.584 0.655 0.000* 0.464
Beiras e Serra da Estrela 0.033% 0.113 0.517 0.687 0.027*
Area Metropolitana de Lisboa 0.600 0.899 0.667 0.174 0.171
Alentejo Litoral 0.011* 0.020* 0.802 0.330 0.044*
Baixo Alentejo 0.150 0.283 0.933 0.263 0.705
Leziria do Tejo 0.061 0.816 0.815 0.000* 0.031%

Table 63 shows the results of the reverse granger-causality, to test Alto Alentejo 0.019" 0-223 0.326 0.000" 0-442
Algarve 0.010* 0.058 0.258 0.000* 0.137

whether the causality relationship could be reversed.

*p-value less than 5%

There are only a few cases where we find evidence of the transport
variables being Granger-caused by apparent labour productivity.

However, we have found broader evidence of this in the case of
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employment and private investment: both have been proven, in several Figure 43 Regions with no rejection for null hypothesis (o = 10%)

cases, to be Granger-caused by apparent labour productivity. sinuosidade vel_reta acess_viaria

6.5.6.2. Testing for Cointegration ( ’ “ ‘

!7

Before modelling a time series, one should test its variables for cointe-

gration. If they are cointegrated, it is proven that they share a significant

statistical relationship, and hence will yield non-spurious results.

Following the work of Pereira and Pereira (2015), we have used the
Engle-Granger cointegration test. ’

The results (Table 64) show that the null hypothesis can be rejected

69% of times in the case of sinuosity index, 60% in the case of straight

equivalent speed, 39% of times in the case of road accessibility, 30%

in the case of employment and 56% in the case of investment rate.

In these cases, we can find evidence of cointegration between time
series. However, there is still a fairly large percentage of cases where
we could not reject the null hypothesis. Thus, when applying a regres-
sion, it would be prudent to look further for statistical soundness

as we may face spurious results. The distribution of these findings
appears not to follow a geographical pattern, so it would need to be

taken into account on a case-by-case basis (Figure 42).
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Table 64 Engle-Granger Cointegration Test Results

sinuosidade vel_reta acess_viaria emprego tax_inv_tot
Region t-statistic p-value t-statistic p-value t-statistic p-value t-statistic p-value t-statistic p-value
Alto Minho -6.436™* 1.76E-07 -5.168** 7.96E-05 -4.013" 6.87E-03 7.701 1.00E+00 -0.301 9.76E-01
Alto Tamega -4.67"* 6.36E-04 0.457 9.92E-01 -5.686** 7.46E-06 -2.015 5.20E-01 -1.763 6.47E-01
Alentejo Central 4.431%* 1.59E-03 -4.906™* 2.43E-04 -0.045 9.85E-01 -0.431 9.69E-01 -3.592 2.50E-02
Cdavado -3.076 9.31E-02 -16.231%%* 2.91E-28 -3.368 4.60E-02 -1.224 8.51E-01 -6.136™* 8.20E-07
Ave -4.737** 4.87E-04 0.144 9.89E-01 -6.739™** 3.52E-08 -6.347™* 2.79E-07 -6.051*** 1.25E-06
Area Metropolitana do Porto -3.361 4.68E-02 -4.697** 5.70E-04 -4.148 4.36E-03 -3.931% 8.96E-03 -0.672 9.49E-01
Tamega e Sousa -24.043*** 0.00E+00 -20.817*** 0.00E+00 -4.145 4.40E-03 -5.192** 7.17E-05 -6.215*** 5.48E-07
Douro -13.260"** 8.30E-24 -8.609™** 8.62E-13 -5.977°** 1.81E-06 -2.700 1.99E-01 -3.899 9.93E-03
Terras de Trds-os-Montes -4.984** 1.75E-04 -4.947"* 2.06E-04 -3.601 2.44E-02 -14.163*** 1.90E-25 -5.914™* 2.48E-06
Oeste -4.598"* 8.39E-04 -4.507"* 1.19E-03 -4.015% 6.83E-03 -2.481 2.87E-01 -10.925*** 1.26E-18
Regido de Aveiro -4.180* 3.90E-03 -4.538** 1.06E-03 -3.933% 8.92E-03 -8.234™* 7.74E-12 -0.639 9.53E-01
Regido de Coimbra -0.700 9.47E-01 -4.677"* 6.17E-04 -5.387** 3.00E-05 -6.424™** 1.87E-07 -4.910™* 2.40E-04
Regido de Leiria -6.355** 2.67E-07 -2.822 1.58E-01 -3.236 6.40E-02 -6.502*** 1.24E-07 -9.550™** 3.42E-15
Viseu D3o Lafdes -5.193** 7.13E-05 -1.983 5.37E-01 -3.594 2.49E-02 0.731 9.94E-01 -7.497°** 5.38E-10
Beira Baixa -6.134™** 8.26E-07 -6.167*** 6.99E-07 -5.820™** 3.92E-06 -2.969 1.18E-01 -6.110™** 9.32E-07
Médio Tejo -6.748"* 3.36E-08 -3.715% 1.75E-02 -3.862* 1.12E-02 -1.324 8.22E-01 -0.281 9.77E-01
Beiras e Serra da Estrela -2.715 1.94E-01 -2.625 2.28E-01 -4.121% 4.77E-03 7.983 1.00E+00 -1.651 6.99E-01
Area Metropolitana de Lisboa -13.863*** 6.36E-25 -13.64*** 1.61E-24 -18.014*** 1.85E-29 -3.382 4.43E-02 -4.585** 8.83E-04
Alentejo Litoral -5.917*** 2.44E-06 -3.058 9.69E-02 -132.813** 0.00E+00 -4.795™* 3.84E-04 -10.869*** 1.72E-18
Baixo Alentejo -5.442™ 2.34E-05 4.541 1.00E+00 -4.028" 6.54E-03 22.443 1.00E+00 -2.190 4.29E-01
Leziria Do Tejo -2.611 232E-01 0.762 9.94E-01 0.484 9.93E-01 -2.510 2.75E-01 1.519 1.00E+00
Alto Alentejo -2.27 3.84E-01 -11.452%* 6.97E-20 -4.760™* 4.43E-04 -3.192 7.12E-02 -4.031% 6.46E-03
Algarve -6.712*** 4.08E-08 -5.282** 4.82E-05 -5.893*** 2.74E-06 -3.712* 1.77E-02 -33.618*** 0.00E+00

* p-value < 10%
** p-value < 5%
*** p-value < 1%
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6.6. Spatial analysis of productivity and spillover effects

Spillover effects derive from the influence that the productivity

of a certain region has on its neighbouring regions. The literature
provides evidence that these effects should be accounted for, since
there is a wide range of evidence of their existence. The objective of

this subsection is to identify whether the spillover effects are relevant.

A Cross-Regressive Model (Lagged Exogenous Variable) was built to assess
the spatial influence of neighbouring regions. The first step consisted of
calculating the centroid for each of our 23 regions (Figure 44).

Figure 44 Centroids

Figure 45 Regional connectivity

Each centroid is connected to its nearest neighbour, in order to form a
spatial net (Figure 44). Based on the calculated road distance between
each node, the influence of each neighbour is weighted and normal-

ized in each row of the spatial proximity matrix.

Following this procedure, a regressive model was built using 2SLS esti-
mation. This method applies a cross-sectional spatially weighted least
squares regression for any given year. Given the lack of data available
for some variables before 2008, we have conducted this analysis in
three specific moments: 2008, 2012 and 2016.

We followed an approach similar to a production function, taking

one variable to account for Capital (investment rate), one to account

for each NUTS 3
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. -100000

. -200000

-300000

for labour (employment) and another to account for transportation

(straight equivalent speed).

Table 65 Spatially Weighted 2-Stage Least Squares (25SLS)

2008 2012 2016
Pseudo R-squared 0.565 0.609 0.466
Spatial Pseudo R-squared: 0.565 0.609 0.466
Number of Observations: 23 23 23
Anselin-Kelejian Test 0.087 0.05 0.002
(probability) (0.768) (0.824) 0.961
Constant 1.719™* 1.640™** 1.854™*
(standard error) (0374) (0.370) (0.437)
vel_reta 0.019™** 0.020%** 0.018***
(standard error) (0.004) (0.004) (0.005)
emprego 0.0002™*  0.0003"**  0.0002
(standard error) (0.000) (0.000)
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2008 2012 2016
tax_inv_tot 0.003** 0.007*** 0.004
(standard error) (0.002) (0.005)
W_lIn (prod_apar) 0.005 0.003 0.004
(instrumented variable) (0.005) (0.005) (0.005)

* p-value lesser than 10%
** p-value lesser than 5%
*** p-value lesser than 1%

Table 65 shows the regression results. We see that the coefficient for
the transport variable is statistically significant in all cases (p-value
<0.01), proving that, on average, the transportation in surrounding
regions also has a non-negligible effect on the productivity of each
region. That effect seems to be especially relevant during the year

of 2012 (highest coefficient and lowest p-value of all three cross-
-sectional moments).

Based on the work of Bazzi (2017), we have developed a model based
on the cross-regressive model. Since we will be basing our analysis
on exogenous regressors, we can base our estimation using Ordinary
Least Squares (Le Gallo, 2014).

The model is defined as:

Y, = 90 +27' 921+ymt 61 +Z 6.

nt ~z
where:
+ y,is n x 1 vector of the apparent labour productivity (prod_apar) of

region / at year t, functioning as our dependent variable, with n being

the number of years in our time series analysis;

« 2’ is the n x 1 self-transport variable of region / at time ¢;

« 8 is the coefficient for the transport variable at region /, and should
translate the effects on productivity of increasing variable z”in region i

* ¥, is the n x 1 spatially weighted average of apparent labour produc-
tivity in neighbouring regions at time ¢. It results from multiplying a
spatial proximity matrix (j x j) by the value of apparent productivity
of each neighbouring region, with j being the total number of regions
under analysis. In order to obtain the average weighted value of the
variable, in the shape of a n x 1 vector, we multiply the row of the
spatial weighted matrix corresponding to region i by the value of the
variable in each region j at a given year t. With this multiplication,
we obtain one value of the final vector to be used in the regression.
Since the distance time between regions is not constant between
years, we update it for every new year calculated for vector n x 1.
The proximity matrix accounts only for direct neighbours (Queen
contiguity matrix) of region /. The proximity is then calculated by
inverting the square of the distance between the two regions (%),
and it is then row normalized so that the sum of each row is eunaI
to 1. This way, we can weigh the influence of each neighbouring
region j on region / based on its distance for that given year t. The
diagonal of this matrix is null, so that self-effects within region / are
not accounted for. Simply put, each element of vector n x 1 is the
result of multiplying row i/, which means multiplying a vector 1 x j by
the corresponding values of productivity for a given year, contained
in aj x 1 vector;

B, is the coefficient which should translate how the productivity in
region / is affected by the productivity in neighbouring regions;
* 2, isthe n x 1 weighted average transport variable value in the

neighbouring regions, and it is calculated similarly to.
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» 0,is the coefficient which should translate how the productivity in
region i is affected by the transport variable in neighbouring regions.

« 6, is a constant term;

Therefore, it is possible to obtain one regression per region, thus
isolating the spillover effects on each region. The values obtained will
translate the average spillover effect of that region in relation to its
neighbours. It is important to note that, in order to model this time
series, we have been forced to mathematically alter the time series by
applying a log transformation and a first differential. Thus, the inter-
pretation of the resulting coefficients should not be straightforward;
rather, it should be interpreted as the positive or negative impact of
a 1% percent increase of our independent variable on the increase of
apparent labour productivity, our dependent variable. As an example,
in the case of spatial productivity in Médio Tejo, the model suggests
that a 1% increase in productivity of neighbouring regions would lead

to a 1.09% increase in productivity in Médio Tejo.

Using straight equivalent speed as our transport variable, the model
provides best results, although it was not possible to provide sound
results for the regions of Cdvado, Viseu D3o e LafGes, Beira Baixa,
Alentejo Litoral, Baixo Alentejo and Algarve (p-value of F-stat is higher
than the significance level of 5%).

Based on the aforementioned models, we have no proof that the inclu-
sion of independent variables enhances the predictive power of overall

regression.

The results presented in Table 66 show that productivity has a positive
spillover effect across the entire country. The increase in productivity

in any of these regions will lead to the increase of productivity in
neighbouring ones. This was to be expected, since there was a positive
spatial correlation in terms of apparent labour productivity.

Regarding the influence of spatial transport variable (straight equiv-
alent speed), we obtained four significant coefficients in the regions
of Alentejo Central, Ave, Oeste and Area Metropolitana de Lisboa.
The signs of the coefficients were as expected in the regions of Oeste
and Area Metropolitana de Lisboa, but were the opposite of what was

expected in the regions of Alentejo Central and Ave.

Regarding the first two regions, the models prove that the investment
on transport infrastructures in the neighbouring regions of Alentejo
Central, Alentejo Litoral, Leziria do Tejo and Regido de Leiria has had a
positive effect on their productivity, of 3.10% (Area Metropolitana de
Lisboa) and 3.92% (Oeste).

Some results are more difficult to interpret, e.g. the coefficients
obtained in the regions of Alentejo Central and Ave are negative and
there is also a significant value of the self_transport variable in the

model of Oeste which goes against what was expected.

We may hypothesize that the sharp difference in apparent labour
productivity between Alentejo Central and Oeste to its neighbours
might be one of the reasons for their unexpected coefficients. As for
Ave, the fact that it is included in an LL cluster may be the reason
weighing on this coefficient of spatial transport. Nevertheless, further
research is required in these cases in order to gain a better under-

standing of this phenomenon.
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Table 66 Results for regression and spatial spillover

Region rsquared F-stat MSE AIC constant self_transport spatial_productivity spatial_tranport

0.519 4.669™* 0.005 -64.969 0.001 4.890 1.376™** -4.552
Alto Minho

(0.407)* ™ [-0.016, 0.018] [-8.152,17.932] [0.521,2.231] [-14.971, 5.866]

0.572 5.792** 0.006 -65.797 -0.002 0.163 1.201%** -0.784
Alto Tamega

(0.473) [-0.018, 0.015] [-0.81,1.135] [0.566, 1.838] [-1.956,0.389]

0.540 5.081** 0.008 -58.435 -0.001 3.491 0.350** -5.794
Alentejo Central

(0.433) [-0.022, 0.019] [-3.788, 10.771] [0.028, 0.672] [-10.504, —1.084]

0.310 1.949 0.001 -82.680 -0.001 0.309 0.436™ -0.284
Cévado

(0.151) [-0.011, 0.009] [-3.225, 3.843] [0.014, 0.86] [-2.801, 2.233]
A 0.602 6.557* 0.002 -85.492 -0.001 0.349 0.742%** -1.308™*

ve

(0.510) [-0.01, 0.009] [-0.811, 1.509] [0.333, 1.151] [-2.417,-0.201]

0.620 7.059** 0.003 -81.728 -0.001 3.997 0.724™ -3.985
A.m. Porto

(0.531) [-0.012, 0.009] [-1.914, 9.909] [0.189, 1.26] [-8.646, 0.676]

0.636 7.562** 0.003 -82.646 -0.001 0.732 1.004*** -0.283
Tamega E Sousa

(0.551) [-0.011, 0.009] [-0.528,1.992] [0.54, 1.469] [-2.043, 1.476]

0.850 24.542** 0.008 -83.853 0.003 -0.442 1.416*** 1.591
Douro

(0.815) [-0.007, 0.013] [1.812,0.927] [0.959, 1.874] [-0.336,3.519]

0.6 .158** 0.00 -71.478 0.000 0. 0.798*** -0.6
Terras de Tras-os-Montes 7 915 4 747 °9% 7 >3

(0.604) [-0.014,0.014] [-0.851, 2.041] [0.401, 1.196] [2.852, 1.542]
o 0.767 14.249™ 0.007 -76.856 -0.005 -6.832** 1.189*** 3.925%**

este

(0.713) [-0.018, 0.009] [[12.34, -1.324] [0.772, 1.607] [1.427, 6.424)

0.542 5.130™* 0.002 -82.289 0.000 1.500 0.634™** -0.709
Regido de Aveiro

(0.436) [-0.01, 0.011] [-4.795, 7.794] [0.28,0.99] [-4.74, 3.321]

0.758 13.598** 0.005 -82.663 -0.001 -0.244 1.243** 0.122
Regido de Coimbra

(0.703) [-0.011, 0.009] [1.701, 1.213] [0.808, 1.678] [-1.092,1.336]

0.753 13.176™ 0.003 -89.143 -0.002 1.362 0.658*** -2.738
Regido de Leiria

(0.695) [-0.011, 0.006] [-0.988, 3.712] [0.422, 0.896] [-7.642, 2.166]
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0.430 3.264" 0.002 -70.620 -0.001 -1.355 0.634** 0.178
Viseu D3o Lafdes

(0.298) [-0.016, 0.013] [-4.106, 1.396] [0.011, 1.258] [-2.63,2.986]

0.271 1.612 0.002 -64.199 0.000 -0.049 0.487* -0.713
Beira Baixa

(0.103) [-0.017,0.017] [-0.749, 0.651] [-0.053, 1.027] [-2.929, 1.503]

0.683 9.334™ 0.005 -76.218 0.001 0.169 1.098*** 0.950
Médio Tejo

(0.609) [-0.012, 0.013] [[1.314, 1.651] [0.636, 1.56] [-0.334, 2.233]

0.614 6.894* 0.005 -71.520 -0.002 -0.020 1.005*** -0.828
Beiras e Serra da Estrela

(0.524) [-0.016, 0.012] [-0.588, 0.549] [0.499, 1.511] [-2.285, 0.63]

0.750 13.005** 0.002 -95.916 0.000 -1.362 0.620%** 3.104*
A.m. Lisboa

(0.692) [-0.006, 0.007] [-3.775, 1.051] [0.406, 0.836] [0.239, 5.97]

0.266 1.569 0.024 -19.212 -0.003 10.643 1.277 -7.156
Alentejo Litoral

(0.096) [-0.069, 0.063] [-5.14, 26.426] [-0.969, 3.524] [-20.923, 6.61]

0.245 1.409 0.011 -30.257 -0.012 -13.642 0.0916 4.320
Baixo Alentejo

(0.071) [-0.06, 0.037] [-31.054,3.77] [-0.678, 0.861] [-6.56, 15.2]

0.702 10.218* 0.007 -71.278 0.000 -5.241% 1.078*** -0.051
Leziria do Tejo

(0.633) [-0.014, 0.014] [[11.497, 1.014] [0.565, 1.592] [-2.451, 2.349]

0.591 6.254** 0.005 -70.992 0.001 0.961 0.750"** 0.460
Alto Alentejo

(0.496) [-0.014, 0.015] [-2.134, 4.056] [0.372, 1.129] [-3.727, 4.647]

0.238 1.353 0.001 -70.361 -0.002 -0.036 0.083 1.188
Algarve

(0.062) [-0.016, 0.013] [1.303,1.232] [-0.047,0.214] [-2.42, 4.796]

*p-value lesser than 10%; ** p-value lesser than 5%;
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Chapter 7
Conclusions

7.1. Final remarks

Despite the central role of the transportation system as an enabler of
economic, social and environmental development in the country, there
is a fundamental lack of data and of a monitoring & assessment strategy
that provides data and analysis to enable a data-oriented policy. Taking
into account the increasing complexity and interconnectivity of the
different systems, it is necessary to continually evaluate the levels of

performance, efficiency and impact of the transportation system.

The first part of this research provided a novel perspective on the
evolution of the efficiency of the transportation systems in Portugal
and, for the first time, a quantitative analysis of public policy

options regarding the organization and management of the system.
The ex-post evaluation of public policy options is a fundamental
requisite for good public governance. Over the last 20 years and,

in particular, over the last decade, the transportation system, in its
various components, has experienced fundamental changes regarding
ownership models, regulation, managerial and strategic decisions, etc.
Unfortunately, policy decisions are made considering a number of
objectives (generally qualitative) that are rarely verified and assessed.
The first part of this research focuses precisely on the evaluation,
from an efficiency perspective, of the system, and on the main policy
changes that have occurred. It is important to mention that we have

used other “lenses” apart from efficiency. An additional perspective

is the impact analysis, and the authors of this study have focused on

a specific aspect — productivity. Again, this could have been followed
by other approaches, and we hope that this study, and the informa-
tion it provides, can stimulate further studies and the development an
ex-post evaluation of the main policies. Over the next few paragraphs,
we present and discuss the main conclusions and policy implications

of our research study.

7.1.1. Transparency

One of the most important contributions, if not the most important,
of this study is to highlight the crucial importance of permanently
monitoring system efficiency. This monitoring is clearly for the respon-
sibility of regulators, in particular, AMT (Autoridade da Mobilidade e
Transportes). The calculation and communication of efficiency scores
and/or KPIs that would enable the tracking of resources consumed,

or inputs (operating costs, staff, and investment, etc)) and outputs
(passengers, vehicle-kilometres, and revenue, etc) could stimulate the
improvement of firms and of the sector as a whole. Such transparency
would also provide a quantitative layer which would pave the way for
truly informed decision-making processes. Similar approaches have been
employed, for example, in the water sector by the regulator ERSAR.

Without transparency, there is no accountability in management or in

political decisions. Unfortunately, the transportation sector has a long
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road ahead in terms of improving its transparency and accountability,
although overall levels of efficiency have been improving, particularly

after the Troika period and the financial crisis.

7.1.2. Overall efficiency evaluation

Based on observation of the main trends of the different scores in
distinct companies and sectors, overall levels of efficiency have been
improving. There have been several events with a positive impact in
boosting efficiency. Conversely, one of the main leverages for efficiency
improvement has been the financial crisis. It has had both short- and
medium-term impacts on efficiency improvement, particularly from an
economic perspective. The same is true of privatizations (e.g., the case of
TAP), mergers and acquisitions (the case of the acquisition of Portugilia
and the merger of EP/Refer) and the concession of urban rail transit to
private companies. The case of TAP and the concession of urban rail
transit are particularly relevant from a public policy perspective, because
they are both cases of increasing private sector participation in a public-
-dominated market. The context following the post-privatization
period, in the case of TAP, also provided a favourable layer for efficiency

improvement (e.g. growth in tourism and GDP).

7-1.3. Economic resilience

In general, the results also show that the economic environment affects
efficiency scores. In most cases, GDP growth improves economic effi-
ciency, which might be linked to revenue growth and, particularly, to
revenue per passenger. In the case of public transport, this growth can
be linked, for example, to growth in tourism that increases the use of

single-day tickets, which tends to provide a higher average revenue than

regular commuters using monthly passes. However, in the case of urban
transport, we see a negative effect on technical efficiency that might be
attributable to the strategy of increasing staff and fleets, which might,
in turn, reduce overall technical efficiency. The austerity usually associ-
ated with periods of economic contraction can postpone the renewal of
resources, originating a subsequent surplus of recovery periods. Another
reason is related to the fact that with GDP growth, there is an increase
in demand that can lead to congestion and deterioration of operating
conditions. Therefore, in the technical scores that do not account for
passengers but only for operational outputs (e.g., vehicle-kilometres),

the levels of efficiency decrease.

7-1.4. Concessions and privatization

The impact of management models on transportation systems and
utilities in general has been a recurrent topic in the academic liter-
ature, although without empirical evidence from the Portuguese
context. Our research tried to fill that gap by providing an analysis of
the privatization of TAP and the concessions in urban rail (light and
standard) systems. Although concessions and privatization are struc-
turally different, for the purpose of our research, they both represent

a “private management” perspective on the transportation firm.

In the case of TAP, privatization appears to be the most consensual
predictor for efficiency scores. Although the acquisition of Portugalia
also provided an important boost for efficiency, privatization was

consistently the best predictor of efficiency.

In the case of urban rail transit, there is a clear pattern whereby when

measuring efficiency with operational costs as an input, privately

Quick access = Cover | Contents | Acknowledgements | Ch.1 | Ch.2 | Ch.3 | Ch.4 | Ch.5 | Ch.6 | Ch.7 | References | Notes | Index of figures | Index of tables /136



managed firms are more efficient, regardless of other financial metrics

used such as inputs and outputs.

A more careful analysis of the results shows that privately managed
firms are less efficient for positive GDP growth, losing their higher
efficiency during GDP growth of more than 1%. On the other hand,
they become increasingly efficient for negative GDP variations. Our
hypothesis is that this behaviour may be related to the higher manage-

ment flexibility of privately managed firms.

In the case of road concessions, toll-based contracts and availability-
-based contracts display distinct behaviours according to GDP
changes. Toll-based contracts react positively to GDP growth, while
availability-based contracts respond to it negatively. However, overall,
the analysis showed that overall availability contracts are less efficient,
highlighting the importance of balanced risk-sharing approaches.

The results of the controlled and uncontrolled analysis show that the
Troika years had a negative effect on efficiency. This effect might be
linked to a significant decrease in the overall levels of traffic. On the
other hand, the financial crisis has had a positive effect. During the
first few years after the financial crisis erupted, most of the traffic
was unaffected, since the portion of the population who usually
travels and the industries were only marginally affected at the time.
In the Troika years, there were several renegotiations of road PPPs,
for the purpose of decreasing capital and operational expenditures.
These renegotiations occurred over a long period but were eventually
finalised, allowing for significant cost savings (more clearly after the

financial crisis).

7-1.5. Mergers and acquisitions

Regarding mergers and acquisitions, our research study analysed two
cases: the acquisition of Portugalia by TAP and the merger of EP/Refer
into the new company - Infraestruturas de Portugal (IP). The results
show that both strategies caused higher levels of efficiency in the
companies. In these cases, “bigger is better”. In the case of TAP,

it provided a feeder service that fuelled the profitability of medium- to
long-haul services. The case of Infraestruturas de Portugal seemed to
be linked to potential synergies in joint management of the road and
rail sector, thus diversifying risk. In fact, the IP’s efficiency improved
with GDP growth; however, in the same context, the efficiency of EP

and Refer decreased.

7.1.6. Accessibility and productivity

Transportation systems and, in particular, the stock of infrastructure and
the overall accessibility they allow (average accessibility, proximity to
ports or airports, etc)) can play an important role in the spatial analysis
of economic and social trends. The efficiency levels discussed before
represent a “firm-centred” analysis, and do not provide a direct evalua-

tion of the real spatial impact that the transportation system is having.

Therefore, this study has analysed the spatial impact on produc-
tivity. Rather than a detailed study on productivity determinants, we
intended to analyse the potential (as)symmetries that the development

of the transportation system has developed.

This study has the advantage of considering physical measures of
accessibility, rather than investment (as many previous studies have

done). The use of investment metrics (overall investment, investment
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growth, or even infrastructure capital stock) is based on the assump-
tion that higher investment will enable proportionally greater
accessibility and mobility. This is not necessarily the case. The average
cost per kilometre of transportation infrastructure (road or railway)
can change significantly based on the physical characteristics of the
region. Therefore, a particular region may benefit from a high level of
investment without a necessary proportional improvement in acces-
sibility, or, put differently, the elasticity of accessibility in relation to
investment may be different. Another important factor is related to
the overall quality and efficiency of projects. By quality one means the
fit between the infrastructure and the demand it serves.

Our results show that accessibility matters, but not just any kind of
accessibility. Accessibility was measured through a number of indi-
cators. In terms of road geographic accessibility, the 2019 analysis on
Portuguese NUTS 3 indicates that the Metropolitan Area of Oporto
(AM do Porto) has the best accessibility and displays the highest
increase between 1986 and 2019, with an increase of 29.7. The regions
with the lowest roadway geographic accessibility in 2019 were Terras
de Tras-os-Montes and the Algarve. Both regions are located near
Portuguese borders and, for that reason, the number of long trips
between these regions to others is higher than in other regions, which
results in decreased accessibility level. Although the Baixo Alentejo
region is not the one ranked with the lowest accessibility, it has the

smallest historical absolute variation.

On average, road travel times have decreased overall for the road
system, as a result of substantial investment in road stock since the
1990s. There was a clear political priority to invest in the develop-

ment of the road system, particularly in highways. Rail accessibility has

displayed a different behaviour. Due to the overall decrease and disin-
vestment on the network, several regions exhibit an increase in rail
travel times. In fact, rail-related variables offer little contribution to

the understanding of productivity.

The results show that transportation variables have a high correlation
with productivity, although road-related variables are predominant,
as are distances to ports and seaports, these latter probably related

to proximity to the coast. Railway variables are absent. The analysis
showed that sinuosidade, vel_reta and acess_viaria are the only variables
that displayed stronger correlation with apparent labour productivity.
Furthermore, the analysis has shown that there are relevant spillover
effects to take into account when analysing productivity, particularly
in the Area Metropolitana de Lisboa.

7-2. Main limitations and future developments

These types of study have important limitations. The first concerns
the use of information in annual reports. Although these are audited
reports, they can still incorporate some biased interpretations of
results. However, in the case of this study, we do not think that the
magnitude of these errors would alter the main conclusions. The
second is a recurrent criticism of the use of DEA for distinct compa-
nies and is related to the fact that each firm operates under a specific
context that cannot be accurately accounted for. Thirdly, the period
under analysis is relatively short, particularly when taking into account
operations such as mergers and privatizations.
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For future research, some areas should be more carefully considered:

« The time series considered is relatively short. It would be relevant
to consider a longer time series, of 30 or 40 years. Unfortunately,
for the level of granularity considered in this study, such data was
unavailable;

« Another alternative is to perform analysis at a micro level, using
micro data. To allow for such analysis, this study provides a detailed
assessment at municipality level for the accessibility indicators that
would be useful for future analysis;

« It would also be important to consider a more detailed analysis of
different sectors. This study analysed the average apparent labour
productivity. It would be relevant to break down the distinct poten-
tial impacts of accessibility on productivity per type of industry;

+ Some future developments can also be made regarding the different
types of indicators of accessibility. The indicators that have been
calculated were based on physical accessibility (e.g. time and
distance); an additional layer of analysis would include the general-
ized cost of travel, moving from physical measures of accessibility to
economic measures of accessibility.

The study of the effects of transportation on productivity in Portugal
faces several research challenges ahead, and we believe that this study
provides a first contribution towards the use of more sophisticated

measures of transport impact in this field of research.
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Notes

< 1. The efficiency evaluation was carried out using the DEA
SolverProTM software developed by SAITECH.

< 2. Available at link.

< 3. The generalized cost of transport corresponds to the sum of all
monetary and non-monetary costs associated with a certain journey
from A to B. It can be expressed though the following formula:

g=3m+3n,
where m, are the various monetary costs (fuel, insurance,

maintenance, etc) and nj are the non-monetary costs (e.g., time, CO,
emissions, noise, etc.). See more in Bruzelius (1981) or Button (2010).

< /. Based on the indicators developed by Infraestruturas de
Portugal. We have calculated, for each year and municipality, the
corresponding value, using a GIS based analysis, with the physical
network evolution. These were later aggregated into NUTS 3, for the
purpose of the productivity analysis.

< 5. The current Nomenclature of Territorial Units for Statistics 2016
classification (NUTS 2016) is valid from 1 January 2018 until 1 January
2021 among European member states and lists NUTS 1, NUTS 2 and
NUTS 3. NUTS 3 are usually used within small regions for specific
diagnoses. In Portugal, the last changes took place in 2013.

< 6. The first would be to verify the stationarity of the time series,
thus verifying that the statistical properties of a process generating a
time series does not change over time. This is important since several
time series models are based on the assumption of stationarity. In
order to assess the stationarity of our time series, we have conducted
Augmented Dickey-Fuller (ADF) tests. The next step would be
to verify causality between processes, which we have conducted
using Granger-causality tests. The last step to verify consists of
the cointegration of time series, ensuring the statistical strength
of their relationship and the yield of non-spurious results from our
regressions (Granger & Newbold, 1974).

Quick access = Cover | Contents | Acknowledgements | Ch.1 | Ch.2 | Ch.3 | Ch.4 | Ch.5 | Ch.6 | Ch.7 | References | Notes | Index of figures | Index of tables

< 7. A high Pearson correlation is an indicator of the relation between
pairs of variables.

< 8. The LISA procedure enables the creation of a local spatial
statistic, one for each location, a comparison between it and the
global statistic. The sum of LISA is proportional to a corresponding
global statistic.

< 9. Therefore, there are as many statistics as original observations.

<10. We formulated two hypotheses to be tested:
1. The influence of productivity in neighbouring regions decays
linearly with distance.
2. The influence of productivity in neighbouring regions decays
quadratically with distance.

In order to test these hypotheses, we had followed a set of

assumptions:

« If the value of /inear_reg converges to a single number, the
relationship between prod_apar in a given region and its
neighbours is linear,

« If th e value of quadratic_reg converges to a single number,
the relationship between prod_apar in a given region and its
neighbours is quadratic;

« We can use the coefficient of variance (CoV) as a measure of
“convergence” for the value;

« The smaller the CoV, the better the region is described by the
linear/quadratic relationship;

« NUTS with smaller CoV for /inear_reg are better described by
a linear relationship and hence the proximity matrix should be
calculated as T

ij
« NUTS with smaller CoV for quadratic_reg are better described by
a quadratic relationship and hence the proximity matrix should be
calculated as—

ij

< 11. If avariable, or group of variables (x) is found to be helpful for
predicting another variable, or group of variables, y then x is said
to Granger-cause y; otherwise, it is said to fail to Granger-cause
y (Granger, 1969; Blanchard & Perotti, 2002). Granger’s causality
tests the null hypothesis that the coefficients of past values in the
regression equation is zero.
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