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Abstract

In this paper, a different interpretation of sustainable transportation, is introduced, in which sustainability with
respect to transportation sector for the selected countries is evaluated. This interpretation characterizes “sustainable
development” through “harmonic development”. It means sustainable development with special focus on
transportation can be measured by the degree of conformity between environment, economy, and social aspects on
one hand, and transportation on the other hand. The best indicator to perform such a measurement is elasticity. The
database used for the study encompasses a series of national indicators for each country Seventy nine countries were
initially selected for detailed analysis for the period of 1980 - 1995. The data have been extracted from centralized
information sources of international agencies. The key dimensions of sustainable development i.e. social,
environmental, and economic characteristics are used. Firstly, a set of sustainable transportation indicators is
introduced. These indicators, which in fact are elasticities, show the relative change of non-transportation variables
with respect to transportation ones. Second composite indices of three non-transportation groups with respect to four
transportation modes are calculated. The composite indices are then aggregated by the Concordance Analysis
Technique to achieve comprehensive transportation sustainability indices of countries, and according to these values,
the countries are compared, ranked, and classified. Mathematical and statistical analyses of the database support the
study quantitatively. The results for the selected indicators and countries show that from sustainable transportation
point of view and based on the above-mentioned interpretation of sustainable development, United States is in the
ranked first, and Sierra Leon is last among the subset of 79 countries with non-missing data. The results of the study

depict an overall scheme for comparative assessment of transportation sustainability of the countries.
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Introduction

Although there has been a massive literature on
sustainable development since the past decades
(WCED, 1987; UN, 1992 and Pezzey, 1992) there
is some ambiguity over what exactly the term means
(CSAEG, 2003), (Gudmundsson and Hojer, 1996).
The common idea behind the concept is the concerns
about the relationships among economic activities,
social aspects, and environmental considerations
(Barter, 1999). Economy is the vital part of the
development and the growth of economies and their
structural transformation have always been
recognized as being at the core of development. On
the other hand, environment is the most important
part of a sustainability study. The natural-
environmental constraint to development is the main
reason for any concern about sustainability.
Development has also huge, undesirable social
impacts. It encompasses the strengthening of the
material income base as well as the enhancement
of capabilities and the enlargement of choices. The

other argument regarding social issues is equity
considerations. Inter-generational or inter-temporal
equity forms one of the cornerstones of the concept
and the issue of intra-generational equity cannot be
excluded from a comprehensive notion of sustainable
development.

On the other hand, transportation provides
assistance to economic growth by making
accessibility to resources and markets. It also
improves quality of life linking persons to
employment, health, education, recreation and other
amenities. Thus, transportation plays a key role in
economic and social development. Nevertheless, it
has many spill-over effects such as congestion,
safety, pollution and non-renewable resource
depletion. The concept of sustainable transportation
can be derived from the general sustainable
development term that embraces all sectors of
human activity (WCED, 1987). Efficacious and
sustainable transportation is a key component to well-
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functioning and civilized societies. Indeed, both
developed and developing countries are confronting
critical issues in selecting and planning for their future
transportation systems when there is a need towards
sustainable development that balances accessibility,
mobility, protection of human safety and environment,
as well as economic growth and social equity.

The concept of sustainable transportation is
derived from these general terms that imply
movement of people and goods in ways that are
environmentally, socially and economically
sustainable (OECD, 1996 and Vaziri and Rassafi,
2001).

This paper proposes an indicator for measuring,
and presents an appraisal of sustainable
transportation of the selected world countries. The
objective of the study is to address the concept of
sustainability in transportation and to formulate a
proper definition. The study objective sheds some
light on balancing and sustainability aspects of
transportation for different countries around the
globe.

The methodology can be applied to any other
time and geographic scope for further elaboration
of the involved issues by conducting similar
comparative analyses.The paper is organized as
follows: firstly, the preliminary statistical analysis of
the data is presented. Limited data were available
and were extracted from centralized sources of
international agencies such as United Nations,
International Road Transport Union, and World Bank.
Due to incomplete data and missing values, only 79
countries were selected for detailed analysis.

The study time-series database consisted of 33
variables, covering 15 years during the period from
1980 to 1995. The database univariate and
multivariate statistical analyses showed interesting
results and patterns. Secondly, indicators of
sustainable transportation using the concept of
elasticity are presented. The elasticities of
environmental, social and economic variables with
respect to different modes of transportation variables
are used as transportation sustainability indicators.

Thirdly, these indicators are aggregated to more
composite indices. The composite indices computed
in this stage reflect the average elasticity of three
main groups with respect to four modes of
transportation, i.e. road, air, rail, and maritime
transportation. Finally, using a multi-criteria analysis
technique, the composite indices are integrated using
different weighting schemes. The last chapter
concludes the discussions.

Materials and Methods
Database preliminary analysis

The process of data refinement and screening
included several stages of univariate and multivariate
statistical analyses. In the last stage, the set of
selected variables was filtered by a criterion. Figure
1 shows the structure based on which the variables
have been selected. According to this figure for
having a comprehensive and reasonable-size set of
variables, they should belong to the identified
categories. It is worth mentioning that the data
availability is an implicit criterion for choosing
variables among the others. The limited study
resources confined the data collection to information
gathering from the international databanks
(International Road Transport Union, 1996; UN,
2000 and World Bank, 2002). The final study
database consisted of 33 national aggregate variables
for 79 countries for the period of 1980 to 1995. The
criterion for selecting countries was having the least
amount of missing data. The study database
variables are described in Table 1. The last column
in the table shows the desirable change direction of
each variable with respect to increase of
transportation ones. The selected countries include
Algeria, Benin, Cameroon, Congo, Cote d’lvoire,
Egypt, Gabon, Ghana, Kenya, Madagascar,
Mauritania, Morocco, Nigeria, Senegal, Sierra Leon,
South Africa, Tanzania, Togo, and Tunisia, from
Africa, Argentina, Brazil, Canada, Chile, Colombia,
Costa Rica, Dominicl, Ecuador, El Salvador,
Guatemala, Jamaica, Mexico, Nicaragua, Panama,
Paraguay, Peru, Suriname, United States, Uruguay,
and Venezuela, from America, Bahrain, Bangladesh,
India, Indonesia, Iran, Japan, Jordan, South Korea,
Lebanon, Malaysia, Maldives, Pakistan, Philippine,
Saudi Arabia, Sri Lanka, Syria, and Thailand, from
Asia, Austria, Belgium, Bulgaria, Denmark, Finland,
France, Greece, Hungary, Iceland, Ireland, Italy,
Malta, Netherlands, Norway, Poland, Portugal,
Spain, Sweden, Switzerland, Turkey, United
Kingdom, and finally Australia and New Zealand
from Oceania.

The unvaried statistical analysis of the database
sheds light on the database cross-sectional and time-
series variability. The analysis covered computation
of statistics such as minimum, maximum, mean,
standard deviation and coefficient of variation, as
summarized in Tables 2 and 3 for 1980 and 1995,
respectively. In both tables all variables other than
social and a part of economic variables have high
variability. The study database univariate analysis



showed significant cross-sectional and time-series
variability, as was reflected by the coefficients of
variation.

As a first step to develop an understanding of
the interrelationship among the database variables,
pair-wise correlation analysis for 1980 and 1995 was
performed. The size of the 33x33 correlation
matrices prevented their display herein. The matrix
revealed a number of interesting patterns. Many
pairs of variables were found correlated at a level
of significance 0.05. Based on the 33x33 correlation
matrices, on the average, a variable was 50.6% in
the year 1980, and 37.9% in the year 1995
significantly and positively correlated with the other
variables. Similarly, a variable was 3.0% in the year
1980, and 2.6% in the year 1995 significantly and
negatively correlated with the other variables. Tables
4 and 5 show the aggregated results of the
correlation matrices for two selected cross sections.
The correlation analysis reflected significant
correlations among 33 variables. The few number
of negative correlation in the 33x33 correlation
matrices suggestes that growths in each variable is
generally associated with the others. This is an
overall conclusion according to the averaged values
of the countries. In order to develop country-specific
study, elasticity analysis is used and will be introduced
in the next section.

Elasticity analysis

Sustainable Development has been characterized
by concurrently focusing on three different
dimensions: economical, environmental, and social
aspects. One way to measure this manifold concept
is redefining the popular term “sustainable
development” as “harmonic development”. This
interpretation is applicable because consistency
among the growth of all these three aspects would
naturally cause the main objectives of a sustainable
development. The current research proposes a
measure of sustainability based on this special
viewpoint. This measure is elasticity, which is used
widely in economic literature. In the paper, the
concept of elasticity is used as a technique for
developing more comprehensive indicators. The
basic idea of “elasticity” is that it measures how
strongly people respond to a change in a relevant
factor (Jalal and Rogers, 2002). For instance, when
the demand for a product is price elastic, then the
guantity demanded changes a lot when the price of
the product changes. Conversely, when the demand
is price inelastic, then the quantity demanded changes
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only a little when the price changes. Elasticity is
widely used in economic analyses that study the
relationship between the price of a commodity, and
its demand. In such analyses depending on elasticity
values, demand can be elastic or inelastic. Indeed,
elasticities greater than 1 indicate an elastic
relationship and those less than one reflect an
inelastic relationship (Vaziri and Rassafi, 2001). In
current paper, which comparatively studies the
relationship between non-transportation and
transportation variables, the ordinal values of
elasticity among countries are important and are used
to assess sustainable transportation of the countries.

Elasticity has limitations and strengths. It
measures economic, environmental, or social changes
with respect to transportation change and therefore
is a trend variable (Jalal and Rogers, 2002). This
characteristic also implies that elasticity reflects the
relative dynamic behavior of the variables. The term
“relative” herein means that elasticity shows the
trends of variables but does not reflect their state.

The arc elasticity E of a variable Y with respect
to a variable X for the period t1-t2 reflects the
percent variable Y changes with respect to one
percent change of the variable X as is shown by

Equation 1:
( Yo -Yu J
Yo +Y,
Evix.ue = Evix (XZTEJ (1)
X + Xy
Where E, . ., ., is the arc elasticity of variable Y

with respect to variable X during the period t1 to t2.
When the difference between t1 to t2 gets very small,
the arc elasticity converges to point elasticity. For
the period of 1980 to 1995, 270 arc elasticities were
computed. Each of these elasticities shows the
percentage change of a particular aspect of a country
with respect to that of a transportation variable.

Integrating Indicators

For comparative assessment of transportation
sustainability, elasticities of non-transportation with
respect to transportation variables were used to
develop a composite sustainability index. There are
many suggestions to combine different sustainability
variables to develop a single measure to present the
approximate overall status (Moffatt, 2001), (United
Nations, 2000), (Vaziri and Rassafi 2001), (Vaziri
and Rassafi, 2003). To aggregate elasticities and make
them comparable, first Z scores were computed by:
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Evx — M(E
ZEY/X: YIX ( Y/X) (2)
S(Evix)
Where ZE, , is the Z score of the E,, as

computed by Equation 1, M () and S () are functions
that return the mean and the standard deviation of
their arguments, respectively.

TheY is a non-transportation variable, and the X
is a transportation variable, Y={SO1-SO6, EN1-
EN3, EC1-EC6}, X={TA1-TA3, TH1-TH6, TR1-
TR6, TS1-TS3}. The composite index of each non-
transportation group, G, with respect to each
transportation mode, M, Cl_,, using the Z scores
were subsequently computed as:

2 2 ZEx

+- _ YeG XeM
CIG/M -

D 2 5x 3)

YeG XeM

M ={TA,TH,TR, TS}, G={SO, EC, EN}

{1 theelasticityY with respect to X exists
YiIX; =

0 Otherwise (4)
Where C'E//_M is the composite index of non-
transportation group G, including social group, SO,
economy group, EC, and environment group, EN,
with respect to transportation modes M, including
Air, TA, Road, TH, Rail, TR, and maritime transport,
TS. The plus or minus signs show two subgroups of
G each of which consisted of variables with desirable
positive sign or with desirable negative sign showed
in Table 1, respectively. Hence, the total number of
these composite indices is 12, which is the
multiplication of 4 modes by 3 non-transportation
groups by 2 subgroups of variables with plus or minus
sign in Table 1. For example Clg,,,, indicates the
composite index of social group with desirable
negative change with respect to air transportation
group. The values of these composite indices can
not be tabulated in a reasonable size.

Concordance analysis

In order to achieve an overall assessment of
countries with respect to 24 computed composite
indices concordance analysis, is performedwhich is
one of the multi-criteria assessment tools. In this
technique alternate plans are ranked by a series of
pairwise comparisons across the set of objectives
inin a rank-ordering technigue. In current study,
alternatives are countries and objectives are three
calculated indices of public and private transport.
The analysis is based on the project effects matrix,

which contains a vector of scores for each
alternative on each of the chosen objective measures.
Two different indices are calculated from the project
effects matrix: A concordance index calculates the
degree to which one alternative plan is preferred to
another for a given weighting structure. A
discordance index calculates the degree to which
one alternative plan is dominated by another.
Dominance indices are developed from the
concordance and discordance scores, and they are
used to establish the relative preference of each
alternative with respect to the given weighting
scheme. Alternatives that perform better than average
on both concordance and discordance are defined
as non-dominated (Giuliano, 1985).

Let Zij be the raw value of the jth index for the
ith country, shown in Table 4. Let r, be the
normalized value of the jth index for the ith country.
Then:

Z.
. if compositeindex j
mslx Zy
, isindicated by + signinTable 1
ij =
Z.
1-— if compositeindex j  (5)
mflx Z,

is indicated by —signinTablel

The concordance and discordance sets are defined
Cii = {j vy = I’i'j} (6)

Dii' = {J' rij < ri'j} (7)

respectively. The concordance and discordance
indices are respectively defined as

Ci = ,;%.Wj Vi i @)
z el
g = Jow )
I m

where w, is the weight given to the jth elasticity
index, and
j
m = max {number of elementsin D;;.} (11)
ii'



Finally, the net concordance dominance and net
discordance dominance values are

il il (12)
d; :;dii'_;di‘i (13)

Countries with ¢, >0 and d.<0 may be considered
non-dominant. These are the better countries given
the set of index weights. Performing the above-
mentioned calculations for the 79 countries and 24
composite elasticity indices with 10 weighting
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strategies identifies the comparative situation of
countries with respect to transportation sustainability
and balancing.

The 10 weighting strategies include equal
emphasis to all indices as weighting system number
1; and more emphasis to air transport, road transport,
rail transport, maritime transport, environment, social,
and economic group as weighting systems number
2 to 8, respectively. The last two weighting system
belong to more emphasis to subgroups with positive
sign, as weighting system 9, and subgroups of
negative sign as weighting system 10.

Table 1: Description of the database variables

Variable Category Description Dimension ChD::éLagli‘;n
TAl Transport, Air Total Passenger kilometers millions +
TA2 Transport, Air Total tons-kilometers millions +
TA3 Transport, Air Total Kilometers flown millions +
TH1 Transport, Road  Goods transported million ton-km +
TH2 Transport, Road  Two-wheelers per 1,000 people +
TH3 Transport, Road  Passenger cars in use thousand units +
TH4 Transport, Road  Commercial vehicles in use thousand units +
TH5 Transport, Road ~ Number of buses and coaches 1000# +
TH6 Transport, Road  Total network km. +
TR1 Transport, Rail Railway ton-km million ton-km +
TR2 Transport, Rail Passengers - kilometers million +
TR3 Transport, Rail length of railway Lines km. +
TR4 Transport, Rail Number of goods wagons # +
TR5 Transport, Rail Number of locomotives # +
TR6 Transport, Rail Number of passenger coaches # +
TS1 Transport, Sea Goods loaded in international sea-born ~ million ton +
TS2 Transport, Sea Goods unloaded in international sea-born million ton +
TS3 Transport, Sea Merchant shipping: fleets - total thousand gross registered +
SO1 Sacial Life expectancy at birth, total years +
S02 Social Labor force, total +
SO3 Saocial Urban population % of total -
S04 Saocial Safe water % of population with +
S05 Sacial Hospital beds per 1,000 people +
SO6 Sacial Iliteracy rate, adult total % of people 15+ -
EN1 Environment Arable land hectares +
EN2 Environment Commercial energy use kg of oil equivalent per -
EN3 Environment CO2 emissions 1000 tones of carbon -
EC1 Economy Expenditure, total % of GDP -
EC2 Economy GDP at market prices constant 1987 US$ T
EC3 Economy Inflation, consumer prices annual % -
EC4 Economy Interest payments % of total expenditure +
EC5 Economy Total consumption constant 1987 US$ -
EC6 Economy Telephone mainlines per 1,000 people +

87
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Table 2: Descriptive analysis of the database variables in year 1980

Variable | N | Minimum Maximum Sum Mean g;?/?;?;?\ ;Ojgiigi?gr:
TAL-80 | 29| 44.00 103754.00 219316.00 7562.62 19308.48 2.55
TA2-80 | 29| 0.00 17510.00 46091.00 1589.34 3456.16 217
TA3-80 | 29| 0.00 900.00 2860.00 98.62 180.56 1.83
TH1-80 |34 | 302.17 157208.65 983003.35 28011.86 | 4229156 1.46
TH2-80 | 41| 0.92 194.78 1652.47 40.30 52.81 1.31
TH3-80 | 38| 2.00 250000.00 366245.00 9638.03 40394.98 4.19
TH4-80 | 28| 9.70 2863.00 14188.70 506.74 751.92 1.48
TH5-80 | 35| 0.60 500.00 1199.40 34,27 86.41 2,52
TH6-80 |44 | 1229.00 724000.00 4345170.00 98753.86 159802.92 1.62
TR1-80 | 44| 17.02 2316000.00 | 3710156.01 8432173 | 35307258 4.19
TR2-80 | 38| 264.00 227300.00 722735.35 19019.35 39745.43 2.09
TR3-80 | 28| 136.00 39017.00 270624.00 9665.14 11074.75 1.15
TR4-80 | 16| 172.00 99639.00 500052.00 31253.25 26717.79 0.85
TR5-80 | 16| 38.00 7551.00 28532.00 1783.25 1987.09 1.11
TR6-80 | 16| 15.00 15939.00 54047.00 3377.94 424352 1.26
Ts1-80 |15 0.04 116.34 589.51 39.30 4128 1.05
Ts2-80 | 15| 0.01 281.86 1172.81 78.19 95.76 1.22
Ts3-80 25| 56.00 39472.00 152576.00 6103.04 9778.75 1.60
SO1-80 | 44| 61.42 76.63 3144.86 71.47 320 0.04
502-80 | 45| 117420.00| 76038472.00| 362337318.14 |  8051940.40| 13552556.70 |  1.68
503-80 | 45| 29.40 95.40 2809.80 62.44 16.28 0.26
504-80 | 28| 32.80 135.50 2563.51 91.55 18.89 0.21
S05-80 |44 | 2.25 146.41 581.09 13.21 20.87 1.58
506-80 | 10| 1.00 34.40 103.60 10.36 10.14 0.98
EN1-80 | 28| 1000.00 25354000.00|  140086000.00 |  5003071.43| 6569144.57 1.31
EN2-80 39| 402.00 764349.00 2522211.00 64672.08 135353.97 2.09
EN3-80 [ 26| 269.00 159690.00 906366.00 34860.23 44394.69 1.27
EC1-80 | 22| 20.07 70.18 822.51 37.39 1148 0.31
EC2-80 30| 1.35E+09 | 7.85E+11 3.97E+12 132E+11 | 2.04E+11 1.54
EC3-80 | 24| 4.02 131.03 559.80 23.32 31.98 1.37
EC4-80 | 23| 0.00 13.65 130.63 5.68 3.78 0.67
EC5-80 25| 1.06E+09 | 6.00E+11 2. 76E+12 110E+11 | 1.65E+11 1.49
EC6-80 |44 | 10.22 579.95 8311.90 188.91 138.34 0.73
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Table 3: Descriptive analysis of the database variables in year 1995

Variable | N | Minimum Maximum Sum Mean Sg;ggg?\ C‘iﬁ;ﬁgﬁgﬁ“
TAL95 [42] 1.00 152698.00 607215.00 14457.50 28652.62 1.98
TA295 41| 4.00 21757.00 87376.00 2131.12 4367.24 2.05
TA3-95 |41| 1.00 863.00 5257.00 128.22 213.41 1.66
THL-95 [29] 3.00 1816401.00 | 334748220 | 11543042 | 357097.10 3.09
TH2-95 41| 0.80 174.17 1385.02 33.78 36.78 1.09
TH3-95 38| 68.00 39918.00 196101.00 5160.55 9187.86 1.78
TH4-95 33| 7.00 4035.00 26139.60 792.11 1094.55 1.38
TH5-95 36| 0.70 892.40 1833.90 50.94 147.46 2.89
TH6-95 | 44| 155800 | 892700.00 557489300 | 12670211 | 183266.80 1.45
TR1-95 |46| 3.50 43561.00 37950649 | 825210 | 9749.75 1.18
TR2-95 38| 166.00 | 192200.00 686775.34 18073.04 36410.58 2.01
TR3-95 |32| 15400 | 43561.00 274180.00 8568.13 10364.83 1.21
TR4-95 20| 66.00 226481.00 637444.00 31872.20 51325.74 1.61
TR5-95 20| 215.00 | 276305.00 4170665.00 20853.25 6428311 3.08
TR6-95 | 21| 15.00 20797.00 95474.00 4546.38 5755.79 1.27
Ts1-95 |12| 0.03 123.55 589.99 4017 | 4854 0.99
TS2-95 |12| 0.00 281.90 1122.25 93.52 111.48 1.19
TS3-95 |40| 2.00 29435.00 168624.00 4215.60 7197.89 171
S01-95 |43| 64.82 78.79 3160.49 7350 | 397 0.05
S02-95 |45| 138012.00| 77033320.00 | 394420466.50| 8764899.26 | 14198035.29 1.62
S03-95 [ 45| 35.60 97.00 3038.30 67.52 15.05 0.22
504-95 | 28| 29.00 214.30 3035.91 108.43 30.86 0.28
S05-95 |44| 2.48 21.13 363.80 8.27 3.58 0.43
506-95 | 10| 0.00 17.70 43.25 4.33 5.59 1.29
EN1-95 |46| 100000 | 130970000.00] 328635000.00| 7144239.13 | 1987825474 2.78
EN2-95 |45| 830.00 | 604461.00 262373000 | 58305.11 109961.32 1.89
EN3-95 [45| 471.00 | 496182.00 1789728.00 | 3977173 83460.46 2.10
EC1-95 | 27| 22.21 50.83 1051.75 3895 | 824 0.21
EC2-95 |35| 1.06E+09 | 1.05E+12 5.26E+12 1.50E+11 2 53E+11 1.68
EC3-95 | 25| 0.99 88.11 215.40 8.62 18.00 2.09
EC4-95 | 28| 0.36 37.67 311.19 11.11 9.01 0.81
EC5-95 | 28| 9.91E+08 | 8.26E+11 3.82E+12 1.36E+11 2.17E+11 1.59
EC6-95 [47| 13.19 681.05 15929.39 338.92 182.64 0.54
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Table 4: Percent of positively and negatively correlated variables in different groups for 1980

Air Transport | Road Transport [ Rail Transport | Maritime Transport | Environment | Social | Economic
5 | SPCC* 100.00 50.00 38.89 100.00 100.00 22.22 50.00
-’2 g S.N.C.C.** 0.00 0.00 0.00 0.00 0.00 0.00 0.00
E No. of Cells 3 18 18 9 9 18 18
5 | SPCC 66.67 50.00 83.33 55.56 25.00 44.44
E § S.N.C.C. 0.00 0.00 0.00 0.00 2.78 0.00
o E No. of Cells 15 36 18 18 36 36
5 | spCcC 46.67 50.00 33.33 36.11 25.00
'é?:s % S.N.C.C. 0.00 0.00 0.00 0.00 0.00
= | No. of Cells 15 18 18 36 36
= £ S.P.C.C. 66.67 88.89 66.67 55.56
= 2" S.N.C.C. 0.00 0.00 11.11 0.00
S 2 | No. of Cells 3 9 18 18
g S.P.C.C. 100.00 27.78 44.44
E |sNCC 0.00 0.00 0.00
o
E No. of Cells 3 18 18
LU
= S.P.C.C. 40.00 44.44
S S.N.C.C. 26.67 8.33
¢ | No. of Cells 15 36
£ |sPcC 26.67
2 S.N.C.C. 0.00
USJ No. of Cells 15

*  Percent of positively significant correlated cells
** percent of negatively significant correlated cells

Table 5: Percent of positively and negatively correlated variables in different groups for 1995

Air Transport | Road Transport| Rail Transport | Maritime Transport [Environment| Social [Economic
5 | s.p.cC* 100.00 38.89 16.67 33.33 100.00 16.67  50.00
Z 2 | S.N.C.C** 0.00 0.00 0.00 0.00 0.00 0.00 0.00
= | No. of Cells 3 18 18 9 9 18 18
£ | sp.CccC. 40.00 36.11 27.78 44.44 30.56 33.33
i 2 | SIN.C.C. 0.00 0.00 0.00 0.00 2.78 0.00
& = | No. of Cells 15 36 18 18 36 36
£ | s.p.c.C. 53.33 22.22 33.33 27.78 19.44
ET:s % S.N.C.C. 0.00 0.00 0.00 0.00 0.00
= | No. of Cells 15 18 18 36 36
e §_ S.P.C.C. 33.33 33.33 33.33  16.67
:g 2 | SN.C.C. 0.00 0.00 5.56 0.00
S £ | No. of Cells 3 9 18 18
2 |spce 100.00 16.67 44.44
= .P.C.C.
% S.N.C.C. 0.00 0.00 0.00
,_% No. of Cells 8 18 18
= | S.P.CC. 40.00 36.11
s | S.N.CC. 26.67  5.56
@ | No. of Cells 15 36
2 |sP.cCcC 26.67
§ S.N.C.C. 0.00
& No. of Cells 15

*  Percent of positively significant correlated cells
** percent of negatively significant correlated cells
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Table 6: The weighting systems of composite indices*

Weighting wil w2 w3 wi wbh w6 w7 w8 w9 w10
System
With more emphasis on
= = -
=%| 2 |gE8|_E|2E| &8 | = | E 5|2
S < 2 Bal=2o| 52 = o S >0 | .22
TS © c2| 2| ¢ S S = = 5| 85
rsgs| s = =3 =} 52| .2
. L = [ [ [ = L a =
Indices < L

Cl'enra  0.042  0.067 0.033 0.033 0.033 0.063 0.031 0.031
Clenya  0.042 0.067 0.033 0.033 0.033 0.063 0.031 0.031 0.028 0.056
Cl'enysn  0.042  0.033 0.067 0.033 0.033 0.063 0.031 0.031 0.056 0.028
Clenan  0.042 0.033 0.067 0.033 0.033 0.063 0.031 0.031 0.028 0.056
Cl'enysr  0.042  0.033 0.033 0.067 0.033 0.063 0.031 0.031 0.056 0.028
Clenqr  0.042 0.033 0.033 0.067 0.033 0.063 0.031 0.031 0.028 0.056
Cl'envss  0.042 0.033 0.033 0.033 0.067 0.063 0.031 0.031 0.056 0.028
Clengs  0.042 0.033 0.033 0.033 0.067 0.063 0.031 0.031 0.028 0.056
Cl'soma  0.042 0.067 0.033 0.033 0.033 0.031 0.063 0.031 0.056 0.028
Cl'sora  0.042 0.067 0.033 0.033 0.033 0.031 0.063 0.031 0.028 0.056
Cl'somn  0.042 0.033 0.067 0.033 0.033 0.031 0.063 0.031 0.056 0.028
Clsomq  0.042 0.033 0.067 0.033 0.033 0.031 0.063 0.031 0.028 0.056
Cl'sorr ~ 0.042 0.033 0.033 0.067 0.033 0.031 0.063 0.031 0.056 0.028
Clsomr  0.042 0.033 0.033 0.067 0.033 0.031 0.063 0.031 0.028 0.056
Cl'sors  0.042 0.033 0.033 0.033 0.067 0.031 0.063 0.031 0.056 0.028
Clsors  0.042 0.033 0.033 0.033 0.067 0.031 0.063 0.031 0.028 0.056
Cl'ecra  0.042 0.067 0.033 0.033 0.033 0.031 0.031 0.063 0.056 0.028
Clecra  0.042 0.067 0.033 0.033 0.033 0.031 0.031 0.063 0.028 0.056
Cl'ecrn  0.042 0.033 0.067 0.033 0.033 0.031 0.031 0.063 0.056 0.028
Clecqmn  0.042 0.033 0.067 0.033 0.033 0.031 0.031 0.063 0.028 0.056
Cl'ecrr ~ 0.042 0.033 0.033 0.067 0.033 0.031 0.031 0.063 0.056 0.028
Clecqrr  0.042 0.033 0.033 0.067 0.033 0.031 0.031 0.063 0.028 0.056
Cl'gcrs  0.042 0.033 0.033 0.033 0.067 0.031 0.031 0.063 0.056 0.028
Clecrs  0.042 0.033 0.033 0.033 0.067 0.031 0.031 0.063 0.028 0.056
sum 1 1 1 1 1 1 1 1 1 1

o
o
a1
(o]
o
o
N
oo

* The shaded cells indicate the groups with more emphasis in each weighting system.

Sustainability Index
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T: Transport, NT: Non-Transport, H: Road, M: Maritime, R: Rail,
A: Air, C: Economy, E: Environment, S: Social Issues, B: Public,
V: Private, U: Supply, D: Demand, P: Passenger, F: Freight

Figurel: The structure of variable selection
a1
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Table 7: Average net concordance and net discordance indices of the selected countries

Tifees Average Net A\_/erage Net Tieleed Average Net A\_/erage Net

Country Concordance | Discordance Country Concordance | Discordance
Index Index Index Index
Algeria -9.50 0.66 South Korea -5.25 0.22
Argentina -0.54 -0.73 Lebanon -8.67 1.36
Australia 1.42 -0.36 Madagascar -1.00 0.39
Austria -1.33 0.39 Malaysia 7.33 -0.70
Bahrain -0.21 -0.10 Maldives -8.42 0.34
Bangladesh -10.83 0.74 Malta -3.83 0.22
Belgium 3.42 -0.26 Mauritania -4.33 0.98
Benin -0.17 0.74 Mexico 1.92 -0.14
Brazil 4.17 -0.32 Morocco 1.25 0.03
Bulgaria 9.33 -1.03 Netherlands -2.92 0.08
Cameroon 3.25 -1.03 New Zealand -1.58 0.30
Canada 8.96 -0.43 Nicaragua -13.25 1.17
Chile 4.75 -0.15 Nigeria -1.42 0.50
Colombia -0.50 0.17 Norway -5.17 0.01
Congo -9.08 0.50 Pakistan -3.00 0.35
Costa Rica -6.37 0.35 Panama 9.67 -0.80
Cote d'lvoire -2.75 -0.22 Paraguay 0.92 -0.15
Denmark 1.33 -0.38 Peru 21.33 -1.75
Dominica -8.75 0.54 Philippines 0.83 0.06
Ecuador -1.58 0.21 Poland 5.33 -0.51
Egypt 4.75 -0.07 Portugal -6.92 0.64
El Salvador -7.63 0.46 Saudi Arabia -5.17 1.08
Finland 5.96 -0.40 Senegal -5.25 0.45
France 14.92 -0.74 Sierra Leone -22.42 1.33
Gabon 21.58 -0.53 South Africa -3.08 0.15
Ghana 8.08 -0.99 Spain 0.83 -0.45
Greece -0.75 0.08 Sri Lanka 8.25 -0.10
Guatemala 8.00 -0.07 Suriname 0.33 -0.53
Hungary -3.50 0.43 Sweden 5.67 -0.13
Iceland -9.50 0.71 Switzerland 2.17 0.11
India -7.54 0.11 Syria 10.75 -2.97
Indonesia -4.17 0.21 Tanzania -7.75 0.87
Iran 7.33 -0.85 Thailand -9.50 0.68
Ireland 15.25 -0.77 Togo 5.71 -0.56
Italy -3.42 0.32 Tunisia -12.92 0.51
Jamaica -12.33 0.30 Turkey -10.67 0.86
Japan 4.25 -0.26 United Kingdom 9.25 -0.61
Jordan 0.08 0.93 United States 26.17 -1.43
Kenya 8.54 -0.19 Uruguay 1.33 0.03
Venezuela -6.00 -0.06

Table 6 shows the weighting systems for the
composite indices. Table 7 shows the results of
calculation of net concordance and discordance
indices for the countries and considering the
weighting systems introduced. In order to have
reasonable size tables, the average values of net
concordance and net discordance indices have been
reported. Having this values one can rank countries
based on each of weighting systems w1l to w10.

This has been done in Table 8 which presents a
sustainability index of countries after rescaling the
values of average net concordance index minus
average net discordance index to a range between
0 and 1. In this measurement system 0 is the worst
and 1 is the best. The values of the sustainability
index of the selected countries show that United
States is in the best place and Sierra Leon is in the
worst place. Non-dominated countries
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Table 8: Sustainability indices and ranking of the selected countries

Country Sustainability Index | Rank Country Sustainability Index | Rank
Algeria 0.265 71 South Korea 0.356 58
Argentina 0.466 37  Lebanon 0.267 70
Australia 0.497 29  Madagascar 0.435 43
Austria 0.429 44 Malaysia 0.619 16
Bahrain 0.460 38 Maldives 0.292 67
Bangladesh 0.237 75  Malta 0.384 54
Belgium 0.534 26 Mauritania 0.359 57
Benin 0.445 42 Mexico 0.502 28
Brazil 0.550 24 Morocco 0.486 33
Bulgaria 0.664 8  Netherlands 0.404 49
Cameroon 0.546 25 New Zealand 0.426 46
Canada 0.645 10 Nicaragua 0.182 78
Chile 0.558 21  Nigeria 0.425 47
Colombia 0.449 39  Norway 0.362 56
Congo 0.276 69 Pakistan 0.397 51
Costa Rica 0.332 62 |Panama 0.666 7
Cote d'lvoire 0.413 48  Paraguay 0.483 34
Denmark 0.496 30 Peru 0.912 2
Dominica 0.282 68  Philippines 0.477 36
Ecuador 0.428 45  Poland 0.576 19
Egypt 0.556 22 Portugal 0.315 63
El Salvador 0.305 65  Saudi Arabia 0.341 61
Finland 0.586 17 Senegal 0.352 59
France 0.767 5  Sierra Leone 0.000 79
Gabon 0.893 3 South Africa 0.400 50
Ghana 0.639 11  'Spain 0.487 32
Greece 0.446 40  Sri Lanka 0.625 13
Guatemala 0.620 15 Suriname 0.479 35
Hungary 0.386 53  Sweden 0.575 20
Iceland 0.264 73 |Switzerland 0.503 27
India 0.314 64  Syria 0.730 6
Indonesia 0.377 55 Tanzania 0.295 66
Iran 0.622 14 Thailand 0.264 72
Ireland 0.774 4 Togo 0.585 18
Italy 0.390 52 Tunisia 0.201 77
Jamaica 0.217 76 Turkey 0.238 74
Japan 0.550 23 UK 0.655 9
Jordan 0.446 41 USA 1.000 1
Kenya 0.632 12 'Uruguay 0.488 31

Venezuela 0.347 60

are identified in Table 9. Countries with greater non-
dominance values are prefered. The results of this
table are in harmony with that of Table 8. This table
provides details for classifying countries based on
their non-dominance values. Thus, the 79 countries
are grouped in three classes of more sustainable;
partly sustainable, partly unsustainable; and more
unsustainable as shown in Table 10.

Discussion and Conclusion

The study offers the methodology and results of
a comparative appraisal of macroscopic
transportation sustainability for the selected world
countries. The paper attempts to characterize and
assess national sustainability by considering relevant
characteristics of a country including transportation,
economy, environment, and social aspects. The
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Table 9: The non-dominant countries with respect to weighting systems

Weighting ol = Weighting o=
SHEEEEEHEEE R e EIEE R EEEEEEE

Country Country
Algeria 0 00 O0OO0OOO OO OO O O Southkerea 0 0 0 0 0 0 0 0 0 0 O
Argentina 0 1 1 0 0 0 0 1 0 0O 3 Lebanon 0 00 0O0OOOTOTODTOPO
Australia 111 1 11 1 0 0 1 8 Madagascar 000 0O0O1O0O0T11O0 2
Austria 0 000 OO O OO0 O 0 Malaysia 1111111110 9
Bahrain 0 001 001 1 1 0 4 Maldives 0 00 OOOOOOTG OO
Bangladesh 0 000OO OO OO OO0 0 Malta 0 00 0OO0OOO0OT1O001
Belgium 11 11 1 1 1 1 0 1 9 Mauritania 0 00O0OOOTOOTU OGO OO
Benin 0 0O0OOO O O O 0O O 0 Mexico 110011100166
Brazil 1111 1 1 1 1 1 0 9 Morocco 0 01 00 O0OO0OO0OT1IO0 2
Bulgaria 1 1 1 1 1 1 1 1 1 1 10 Netherlands 0 01 00O O0OO0OTO0OT1 2
Cameroon 111110111 0 8 NewZealand 0 0 0 0 0 0 1 0 0 1 2
Canada 1111 1 1 1 1 1 1 10 Nicaragua 0 0O0O0OOOOOTU OGO OTPO
Chile 1111 1 1 1 1 1 1 10 Nigeria 0 000 O0OO0OTOTOT11
Colombia 0 01 0O0O0O0 OO 1 2 Norway 0 00 O0OO0OO0OO0OOTUODT11
Congo 0 000OO O O O O O O Pakistan 0 00 O0OO0OOO0OUOT11O01
Costa Rica 0 0O0OO OO O OO0 0O 0 Panama 1111 11111110
Coted'lvoire 0 0 0 0 O O O O O 1 1 Paraguay 11011110107
Denmark 11 11 01 1 1 0 1 8 Peru 1111 11111110
Dominica 0 00O O OO0 O O O O Philippines 0 00 01 O0O0O0TO0TO01
Ecuador 0 00O OO O0OO0OO0O O O Poland 11110111119
Egypt 111111 11 1 0 9 Portugal 0 00O 0OOOOOTU OGO OTPO
ElSalvador O 0 0 0 0 1 0 O O O 1 SaudiArabia 0 0 0 0 0 0 O O O O O
Finland 1111 1 1 1 0 0 1 8 Senegal 000 O0OOOOOOTU OO
France 111111 1 1 1 1 10 Sierraleone 0 0 0 0 0 0 0 0 0O O O
Gabon 111111011 1 9 SouthAfrica 0 0 0 0 0 0 0 0 0 0 O
Ghana 111111 1 1 1 0 9 Spain 11110011017
Greece 0 0O0O0OO0O 0 1 0 0 1 2 SrilLanka 111111111 110
Guatemala 111 1 1 1 0 1 1 1 9 Suriname 1101 010 0105
Hungary 0 00O OO O 0O O O O O Sweden 1111111101029
Iceland 0 00 OO O OO O O 0 Switzerland 0000010 O0T10 2
India 0 00O 0O O0OOO 1 0 1 Syria 11111011119
Indonesia 0 000OO OO OO0 O O Tanzania 0 00OOOOOOTUOTG OTO
Iran 11 1111 1 1 1 0 9 Thailand 0 00 O0OOOOOOTG OO
Ireland 111111111 0 9 Togo 1111111110 9
Italy 0 00OO OO O O O O Tunisia 000 O0OOOOOOTG OO
Jamaica 0 00O 0O 0O OO0 O O O Turkey 0 000OO0OO0OOOTOTG OO O
Japan 111111 110 1 9UK 111111111110
Jordan 0 000OO OO OO O 0 USA 111111111110
Kenya 1111111 11 0 9 Uruguay 0 001 0O01O0O0T1S3
Venezuela 0 00 0OO0OOO0OO0OTO0ODTOTPO

accessible databases were overwhelmed by
incomplete data and missing values. Seventy nine
countries were selected for detailed analysis. The
study time-series database consisted of 33 variables,
covering 1980 to 1995.

The study database univariate analysis showed
significant variability. The correlation analyses for
the selected countries presented interesting results

and relations for the selected variables. It showed
significant relationships between each variable and
the others. Having proposed a different viewpoint
to sustainable development which was
reconstructing its concept by the term harmonic
development elasticity values of non-transport
variables with respect to transport ones were
presented as study indicators. The elasticity analysis
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Tablel10: The taxonomy of countries with respect to the results of concordance analysis for sustainable transport

Category

Member Countries

More Unsustainable

Algeria, Austria, Bangladesh, Benin, Congo, Costa Rica, Dominica, Ecuador, Hungary,
Iceland, Indonesia, Italy, Jamaica, Jordan, South Korea, Lebanon, Maldives,
Mauritania, Nicaragua, Portugal, Saudi Arabia, Senegal, Sierra Leone, South Africa,
Tanzania, Thailand, Tunisia, Turkey, and Venezuela.

Partly unsustainable

Cote d'lvoire, El Salvador, India, Malta, Nigeria, Norway, Pakistan, Philippines,
Colombia, Greece, Madagascar, Morocco, Netherlands, New Zealand, Switzerland,
Argentina, Uruguay, Bahrain, Suriname, and Mexico.

Partly sustainable
Syria, and Togo.

Paraguay, Spain, Australia, Cameroon, Denmark, Finland, Belgium, Brazil, Egypt,
Gabon, Ghana, Guatemala, Iran, Ireland, Japan, Kenya, Malaysia, Poland, Sweden,

More Sustainable

United States.

Bulgaria, Canada, Chile, France, Panama, Peru, Sri Lanka, United Kingdom, and

sheds further light on the variable changes and trends
during the period of 15 years for the countries. For
the selected countries, the composite indices were
computed and were suggested for comparative
assessment and ranking. Using concordance analysis
the 24 composite indices of each country were
aggregated to a unique sustainability index. The index
showed that among the selected countries United
States had the highest ranking and Sierra Leon had
the lowest ranking. Moreover, the taxonomy of
countries based on the non-dominance values was
performed. Given these values, countries were
categorized to four classes according to the their
non-dominance values within the ten weighting
systems. The results of the study depict an overall
scheme for comparative assessment of
transportation sustainability of the countries.
Furthermore, they identify the “more sustainable”
countries as practical examples for “more
unsustainable” countries, in order to help such
countries in development of realistic and optimum
strategies.
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