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Based on the scores and trends of Sustainable Development Goals, Iran, our case study, has been unsuccessful in 

nearly all the pillars of sustainable development despite the variations in socioeconomic variables related to the 

SDGs. This implies a comprehensive underdevelopment in Iran, necessitating the improvement of infrastructure 

which significantly affects all the pillars of sustainable development including environment, health, and economy. 

This study, takes transportation as an important infrastructure which has various direct and indirect impacts on 

all pillars of sustainable development, especially in the case study of Iran. To evaluate this, the present study aims 

to investigate 1) which sustainability perspective dominates in Iran (strong sustainability, weak sustainability, 

or health-centered sustainability); and 2) the consistency degree of each transportation mode with each pillar of 

sustainability including environment, health, and economy. We employ VAR and simultaneous equations system 

to find which perspective of sustainable development dominates Iran; and to rank the transportations modes in 

accordance with their consistency with sustainable development in Iran during 1979–2016. Overall, the results of 

this study is found to be significant and support the strong sustainability perspective in Iran. The most compliant 

transportation modes with the sustainable development in Iran are then ranked as: a) rail, b) air, c) road, and 

d) maritime transportation. These results suggest the policy-makers to: 1) value the environmental issues at the 

top of the agenda for the sustainability strategies; and 2) to shift the load of passenger and goods to the rail 

transportation by investing and developing the rail network. 
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. Introduction 

Starting from the industrial revolution, the vast increase in the pro-

uction of consumer goods, as well as urbanization has been taking place

ll around the world. Although such development has had a positive

mpact on the livelihood of societies, its social reliance and impact on

atural resources has increased considerable concerns on this transition.

ccording to the latest data published by the World Bank, the world’s to-

al population has already passed 7.76 billion, and is expected to reach

ver 9.7 billion by 2050 (World Bank, 2022). Such large population

equire an ever-increasing dependence on natural resources and the en-

ironment [70] . Having foreseen such sustained growth in population,
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he United Nations (UN) has been one of first intergovernmental entities

o organize a series of comprehensive actions over the last few decades

o incorporate sustainable means in this socio-technological develop-

ent. Agenda 21, for instance, has been firstly introduced by the UN in

992, as a comprehensive plan of actions to enhance the human lives

nd conserve the environment at the Earth summit in Rio de Janeiro.

ater in 2015, the UN published a set of 17 goals, commonly referred

o as Sustainable Development Goals (SDGs or also agenda 2030) which

utline the objectives necessary to end poverty, inequality, environmen-

al degradation, as well as advocating peace and justice [ 46 , 66 ]. Since

hen, the doctrine of global sustainability has advanced and become a

ey element of international sustainability studies and developmental
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gendas [ 13 , 56 ]. Following this, numerous studies have used the 17 set

f goals as a playground to incorporate sustainability in various fields

nd industries. 

In general, sustainability refers to creating a condition that human

nd nature can co-exist in a productive harmony that allows the socioe-

onomic development of the current and future generations [ 54 , 88 ]. In

any developing countries, however, the minimum infrastructure for

pplying sustainability is not available or the logistics does not allow its

se at any capacity [53] . Reporting from Adshaed et al. [2] , about 72%

f the SDG targets are directly linked to the provision of infrastructure

hich is a precondition for sustainable social growth. In general, the

ffect of infrastructure provision can be viewed as cumulative in which

ach part of the infrastructure provision has an exponential influence

n the growth and development [ 38 , 55 ]. 

Transportation, for instance, is the major means for international

rade, connectivity, social development, among others, that is enabled

hrough its logistical network of its various modes [87] . As the so-

ial reliance on various modes of transportation has increased in re-

ent decades, its direct and indirect impact on other factors such as the

mpact of pollution on public health has become more clear [39] . In

his sense, transportation sector is one of the main areas that requires

areful planning and investment since it has a large impact on social

esiliency [97] . In developing countries, however, lack of sustainable

echnology and the direct impact of transportation on economic activi-

ies inadvertently causes traffic, noise and air pollution [22] . To make

atter even worse, certain countries that have a relatively higher re-

erves of petroleum, transportation is a means to simulate the economy

t the expense of environmental degradation and unsustainable growth

 21 , 23 , 103 ]. This can be seen in Refs. [ 71 , 80 ] that tend to be the op-

osite of the SDGs, particularly, goals 3, 7, 11, 12, 13 and 15, among

thers. 

To closely evaluate the impact of transportation on sustainable de-

elopment in developing countries, this study chooses the number one

ountry in subsidizing fuel as a means for economic stimulus. Iran, is a

ountry located in western Asia, with petroleum reserves of exceeding

09 billion barrels, ranking as the world’s third and second largest re-

erve holder of oil and natural gas, respectively, in 2020 [33] . With a

opulation of over 80 million, its transportation system consists of air,

ail, road and sea [78] . 

Based on the scores and trends of SDGs in, our case study, Iran, has

een unsuccessful in nearly all the pillars of sustainable development

n spite of certain variations in socioeconomic variables related to the

DGs. Fig. 1 and 2 show the scores of Iran in the SDGs, based on a

hree-pillar-categorization of sustainable development in. The left pil-

ar covers the environmental goals with one red, two orange and two

ellow colors, representing the status of major challenges remain, sig-

ificant challenges remain and challenges remain, respectively. As can

e seen in this figure, except for goal 4 (quality education), in almost

ll pillars, Iran has been unsuccessful in following the SDGs. From a

loser perspective than that of the sustainable development pillars, the

ailure in following the SDGs, can imply a systematic mismanagement

nd infrastructural underdevelopment of Iran. 

Although various factors have contributed to this, but the unique

atural resources of the country make it prone to over subsidize fuels

nd stimulate the economy through cheaper transportation infrastruc-

ure. This, in effect, results in heavy use of petroleum emitting CO2

missions and polluting the environment [31] . In a continuing cycle,

his causes very high traffic death, significant air pollution and environ-

ental degradation, all of which, negatively affect the health and social

illars of sustainable development [6] . For the most part, this is basically

aused due to the high amount of fossil fuel subsidy, limiting budget and

epressing the economy in Iran [ 6 , 74 ]. These are clear signals for chal-

enges that would avoid the transportation sector to function as a pos-

tive contributor of the sustainable development. Reporting from Refs.

 49 , 59 ] transportation is commonly considered as the main booster of

any economic sectors in both industrial and non-industrial sectors,
2 
uch as trade and tourism, respectively. In general, transportation was

rst mentioned in Agenda 21 as part of sustainable human settlement

nd the protection of atmosphere (chapters 7 and 9, respectively) [25] .

rom that point, in the majority of sustainability or climatic initiatives

ransportation has gradually become a major influencer. This ranged

rom the President’s Council on Sustainable Development (PCSD) in the

nited States, Centre for Sustainable Transportation (CST) in Canada,

nternational sustainable initiates and to the more recently organized

DGs [25] . In this sense, a sustainable transportation system is required

o meet the health and environmental quality objectives, mostly advised

y the World Health Organization (WHO), while be consistent with eco-

ystem integrity, and should not lead to adverse global phenomena, such

s the climate change or ozone depletion [25] . To achieve the mentioned

ims, it should provide the highest accessibility, follow sustainable plan-

ing (e.g., limit urban sprawl) and environmental protection, as well as

aving economic viability [10] . Accordingly, this study focuses on the

arious modes of transportation and their respective impact on sustain-

bility in the unique case study of Iran. 

The main question of the study is which transportation modes are the

ost consistent with the sustainable development, in the case study. To

nswer the question, this study investigates: 1) which sustainability per-

pective dominates in Iran (e.g., strong sustainability, weak sustainabil-

ty, or health-centered sustainability); and 2) evaluate the consistency

egree of each transportation mode with each pillar of sustainable de-

elopment. This would further show how to shift the load of passenger

nd goods from one type of transportation to another, based on their

ustainability impact on the pillars or goals of SDGs. In this regard, the

esult of this study would help the policy-makers in the modification,

edistribution, and improvement of the transport infrastructure, as it

osters the sustainable development at full capacity. Finally, this study

anks the 4 various transportation modes in Iran, according to their con-

istency with the sustainable development pillars and provides further

uggestions on future research not only in other case studies but also in

eneral sustainability – transportation interface area. 

. Literature review 

.1. Transportation and sustainable development 

Transportation is a major contributor to the various pillars of sus-

ainable development, including the environment, social, and economy.

n this case study of Iran, the main types or modes of transportation are

hose of air, sea, drive and rail road, all of which, are believed to have

nsufficient infrastructure [73] . In addition, the old technology utilized

n different modes of transportation increases the inefficiency and traf-

c death. In our sample study, Iran is the 17th largest country in the

orld with the 1394 kms railroad and more than 150,000 kms of drive

oad [ 17 , 85 ]. Iran’s car industry since the Islamic revolution in 1979

as been trimmed to be domesticated and in doing so vast tariffs started

o impose on import of foreign vehicles. [35] showed the difference in

verage fuel consumption for domesticated vehicles in Iran versus those

f the world’s standard vehicles. They revealed that these domestic cars

re highly inefficient in consuming fuel, requiring about two times more

han those of the international standard vehicles. 

From a purely environmental perspective, the transport is the biggest

ector in consuming the oil products that is almost entirely built on pol-

utant fossil fuels with a large amount of CO2 emissions [76] . In 2017,

t was reported that transportation had consumed more that 66% of all

he oil products in Iran; and the fuel portfolio of transportation had in-

olved 85% of total oil products [31] . This, in effect, can result not only

n air and sea pollution but also lead to significant inefficiency, espe-

ially when almost no alternatives are available for the public. Under

uch scenario, transportation would adversely affect all the three main

DG pillars of environment, economy and even social. 

It is important to note, however, that it is the health sector with a

ighest damage from the transportation, since traffic death in the coun-
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Fig. 1. Scores and trends of sustainable development pillars in Iran in 2019. Source: Elaborated by authors, based on [86] . 

t  

t  

h  

c  

t  

t  

r  

t  

t  

n  
ry has been considered as the 3rd biggest contributory factor in mor-

ality of Iran [5] . Until 2014, the road traffic accidents in Iran were

igher than its average value in each region or each income group of

ountries in the world [99] . The cost of road traffic accidents is es-

imated about 7–40 billion US Dollar each year in Iran which would
3 
ranslate about 2–4% of the country’s total GDP [63] . Moreover, it is

eported that each patient of road traffic accident costs 15 time more

han that of the other patients for hospitalization, a calamity both for

he patient and the healthcare system [6] . In this sense, a clean con-

ection between the social and economic pillar can be drawn and the
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Fig. 2. Scores and trends of SDGs in Iran. Source: Elaborated by authors, based on [86] . 

Fig. 3. Sustainability perspectives. Source: [ 11 , 48 , 57 ]. 
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Fig. 4. Health-centered sustainability framework for the transportation modes 

effects in Iran. Source: Researchers’ findings based on [ 94 , 96 ]. 
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act that the transportation infrastructure can be a key player in its

utcome. 

From the economy pillar, the transport sector spends a large share

f budget in Iran. It is reported that Iran ranks the 2nd and 1st coun-

ry, respectively, in 2016 and 2018 in the absolute value of fossil fuel

ubsidies, which the transport sector has the main share in it [ 32 , 47 ].

n addition to spending the budget, it limits the economy via unrealis-

ic pricing and hence no optimal allocation of resources in the energy

arket, reducing the efficiency level of the economy [ 74 , 80,82 ]. Thus,

he transport sector in Iran degrades all the pillars of sustainability and

he development of each transportation mode has various effects on the

illars of sustainability, due to the distinctive, specific, and unique char-

cteristics of each. 

.2. Perspectives of sustainable development 

The literature of sustainability proposes three different perspectives

or sustainable development: a) strong sustainability, b) weak sustain-

bility, and c) health-centered or social sustainability [ 11 , 48 , 57 ]. Each

an propose a special and distinctive strategy for the development of

ransportation infrastructure, since each perspective sustainability as-

umes different importance to each pillar of sustainable development

e.g., social, environmental, and economic) [ 52 , 75 ]. 

Based on Fig. 3 , the strong sustainability attaches the greatest impor-

ance to the environmental pillar. It emphasizes on the consequences of
4 
ransportation for the environment [77] . After that, the social pillar is

n the 2nd place before the economic one at the 3rd place. These pillars,

owever, have an equal role in the sustainable development from the

erspective of weak sustainability [4] . In this scenario, all the conse-

uences of transportation system are considered equally, irrespective of

he different pillars of sustainability. Nonetheless, there are numerous

tudies on the two perspectives of sustainability and both are the best-

nown and reported in the literature. Additionally, the literature about

he entire concept of strong and weak sustainability, there are tremen-

ous researches which confirm the interrelationship between sustain-

bility pillars as displayed in Table 1 . These studies, in general, accept

he strong and weak sustainability [ 11 , 48 , 57 ]. Further to these two clas-

ical perspectives of sustainable development, the World Health Organi-

ation (WHO) recently proposed another perspective in which the health

as a social sector) plays the leading role in the sustainability [ 94 , 96 ]. 

According to WHO, the center of sustainability is the health sector.

t claims that SDG 3, Good Health and Wellbeing, can be located at the

eart of sustainable development [96] . This implies that the develop-

ent of health paves the way for the other sectors to be developed,

eading to the sustainable development. We refer to this perspective as

he “Health-Centered Sustainability ” which is displayed in Fig. 4 . Based

n this figure, the health sector is placed as the dominating pillar which

s remained from social. This perspective is supported by a large number

f studies which are classified in Table 2 . In fact, this strong research

ackground is the basis on which the WHO claims the health-centered
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Table 1 

Supportive studies for the interconnection of sustainability pillars. 

Environment – Economy 

E-Y 

Health – Environment 

H-E 

Health – Economy 

H-Y 

Natural resources as input Environmental health theories Productivity theories 

Environmental Kuznets hypothesis Mental health Health expenditure 

Grossman and Kruger [24] 

Han et al. [26] 

Taghvaee and Parsa [81] 

Theobald et al. [84] 

Taghvaee and Hajiani [79] 

Sarkodie and Strezov [67] 

Mohamad Taghvaee et al. [104] 

Lu et al. [40] 

Mandal and Kaur [42] 

Nerisa et al. [50] 

Wendling et al. [89] 

World Bank and United Nations [100] 

WHO [94] 

WHO [95] 

Yale University [101] 

Zaidi and Saidi [102] 

Ayubi [9] 

Chaabouni and Abdennadher [14] 

Mehrara et al. [43] 

Miller et al. [44] 

Richmond and Kaufmann [64] 

s  

1  

[  

c  

a  

w  

t  

v

 

l  

a

 

p  

t  

T  

b  

t  

f

3

 

i  

t  

i

 

m  

h  

e  

fi  

r

 

t  

o  

f

𝐻  

𝐸  

𝑌  

w  

[  

r  

p  

A

 

t  

c  

l  

a  

u  

t  

o  

i  

i  

o  

w  

t  

F

 

w  

p

𝐻  

𝐸  

𝑌  

w  

t  

g  

T  

i  

n  

b  

s  

d  

w  

t  

s  

d  

p  

i  

h  

d  

𝛽  

p  

r  

t  

m  

p  

t  

E  

p  
ustainability. In the early 2020, the pandemic (Coronavirus or COVID-

9), showed the strong role of the health for other socioeconomic pillars

1] . Thus, the new perspective, “Health-Centered Sustainability ”, can be

onsidered as a new approach to the older concepts such as the strong

nd weak sustainability. In this sense, the present study investigates

hich sustainability perspective dominates in Iran’s various modes of

ransportation and what infrastructure is best to follow sustainable de-

elopment. 

Fig. 5 displays the main sustainability perspectives mentioned in the

iterature review including Traditional, weak, strong, health-centered,

nd integrated sustainability [ 45 , 83 ]. 

The health centered sustainability puts the improvement of trans-

ortation infrastructure at the top of the agenda in Iran. In this regard,

his study considers the SDG 3 as a major target as illustrated in Fig. 6 .

he figure provides information on the traffic death which is categorized

y the U.N. as major challenges remain, suggesting the development of

ransportation infrastructure as the most urgent and important plan for

ostering the sustainable development in Iran. 

. Methodology and data 

This study ranks the various modes of transportation in Iran accord-

ng to the sustainability criteria. Beforehand, it investigates which sus-

ainability perspective dominates the nexus of sustainable development

n Iran. 

For the investigation of sustainability, this research employs HEY

odel (Health, Environment and Economy), displayed in Fig. 7 with

ealth as an index for the social pillar. These pillars are interrelated to

ach other on the basis of the theories and hypotheses, mentioned in the

gure. This figure is a benchmark for the specification of the following

egression. 

Following [ 8 , 29 , 58 , 72 ], and to investigate which perspective of sus-

ainability dominates Iran, this research employs the HEY model based

n data derived from the World Bank during 1979–2016, developed as

ollows: 

 𝑡 = 

𝑚 ∑

𝑖 =1 
𝛿1 𝑖 𝐻 𝑡 − 𝑖 + 

𝑚 ∑

𝑗=1 
𝛿2 𝑗 𝐸 𝑡 − 𝑗 + 

𝑚 ∑

𝑘 =1 
𝛿3 𝑘 𝑌 𝑡 − 𝑘 + 𝜀 1 𝑡 (1)

 𝑡 = 

𝑛 ∑

𝑖 =1 
𝜋1 𝑖 𝐸 𝑡 − 𝑖 + 

𝑛 ∑

𝑗=1 
𝜋2 𝑗 𝐻 + 

𝑛 ∑

𝑘 =1 
𝜋3 𝑘 𝑌 𝑡 − 𝑘 + 𝜀 2 𝑡 (2)

 𝑡 = 

𝑧 ∑

𝑖 =1 
𝛾1 𝑖 𝑌 𝑡 − 𝑖 + 

𝑧 ∑

𝑗=1 
𝛾2 𝑗 𝐸 𝑡 − 𝑗 + 

𝑧 ∑

𝑘 =1 
𝛾3 𝑘 𝐻 𝑡 − 𝑘 + 𝜀 3 𝑡 (3)

here H is health whose proxy is the expected life years, derived from

98] ; E is environmental pollution whose proxy is CO2 emissions in met-

ic tons per capita derived from [98] ; and Y is economic growth whose

roxy is GDP per capita in constant 2010 US dollar, from [98] as in

ppendix. All the variables are in natural logarithm. 
5 
This triple-equation-system estimates the causal relationship among

he sustainable development pillars in Iran. The direction and signifi-

ance of estimated causal relationships show which pillar plays a more

eading role in the development of other pillars, or rather the sustain-

bility. The health-centered sustainability is confirmed, in the case of

nidirectional causal nexus from health to the other pillars. In turn, if

here is a unidirectional causal relationship from environment to the

ther pillars, as well as from health to economy, the strong sustainabil-

ty is confirmed. Finally, the weak sustainability is accepted, if the there

s a relatively equal causal relationship among the pillars. The result

f HEY model helps us to study the nexus of each transportation mode

ith the sustainable development in Iran. In fact, this study plugs the

ransportation into the HEY model to develop THEY model as shown in

ig. 8 . 

THEY model estimates which transportation mode is more consistent

ith the sustainable development pillars in Iran to transport the load of

assengers and goods across the country. 

 𝑡 = 𝛼1 + 𝛼2 𝑀𝐴 𝑡 + 𝛼3 𝐴𝐼 𝑡 + 𝛼4 𝑅𝑂 𝑡 + 𝛼5 𝑅𝐴 𝑡 + 𝑒 1 𝑡 (4)

 𝑡 = 𝜃1 + 𝜃2 𝑀𝐴 𝑡 + 𝜃3 𝐴𝐼 𝑡 + 𝜃4 𝑅𝑂 𝑡 + 𝜃5 𝑅𝐴 𝑡 + 𝑒 2 𝑡 (5)

 𝑡 = 𝛽1 + 𝛽2 𝑀𝐴 𝑡 + 𝛽3 𝐴𝐼 𝑡 + 𝛽4 𝑅𝑂 𝑡 + 𝛽5 𝑅𝐴 𝑡 + 𝑒 3 𝑡 (6)

here MA is maritime transportation; AI is air transportation; RO is road

ransportation; RA is rail transportation; their proxies are the weight of

oods transported in ton, derived from the Central Bank of Iran [12] .

he RO data is available within 1996–2016 and this research estimates

t for 1979–1995 with linear manipulation. Since, all the variables are in

atural logarithm, the coefficients show the elasticity [74] . So, they can

e compared with one another. The coefficients of MA, AI, RO, and RA

how the nexus of each transportation mode with their corresponding

ependent variables. 𝛼2 , 𝛼3 , 𝛼4 , and 𝛼5 show the connection of health

ith each transportation mode, including maritime, air, road, and rail

ransportation, respectively. The more they are, the more the corre-

ponding transportation value improves the health pillar of sustainable

evelopment. 𝜃2 , 𝜃3 , 𝜃4 , and 𝜃5 show the connection of environmental

ollution, or rather the CO2 emissions with each transportation mode,

ncluding maritime, air, road, and rail transportation, respectively. The

igher their value are, the more the corresponding transportation mode

egrades the environmental pillar of the sustainable development. 𝛽2 ,

3 , 𝛽4 , and 𝛽5 show the nexus of economic growth with each trans-

ortation mode, including maritime, air, road, and rail transportation,

espectively. The greater their value are, the more the corresponding

ransportation mode boosts the economic pillar of sustainable develop-

ent. These coefficients show how each transportation mode affects the

illars of the sustainable development pillars. 𝛼1 , 𝜃1 , and 𝛽1 are the in-

ercept of the Eqs. (4) - (6) ; 𝑒 1 , 𝑒 2 , and 𝑒 3 are the residual series of the

qs. (4) - (6) , respectively; and the remaining symbols are as described

reviously. The estimated residual series are put in the robustness test
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Table 2 

Previous studies, explaining the interconnection of health with all SDGs. 

Synergistic Goal Study Synergistic Goal Study 

[7] [84] [18] [60] [19] [61] 

[16] [20] [34] [36] [51] 

[84] [18] [60] [19] [61] 

[16] [20] [34] [36] [51] 

[16] [20] [34] [36] [51] [16] [20] [34] [36] [51] 

[62] [84] [18] [60] [19] [61] 

[16] [20] [34] [36] [51] 

[16] [20] [34] [36] [51] 

[7] [18] [41] [69] [27] [30] 

[84] [92] [91] [90] [60] 

[16] [20] [34] [36] [51] 

[16] [20] [34] [36] [51] 

[16] [20] [34] [36] [51] [16] [20] [34] [36] [51] 

[16] [20] [34] [36] [51] [16] [20] [34] [36] [51] 

[93] [92] [91] [68] [37] 

[84] [60] [19] [61] [16] 

[20] [34] [36] [51] 

[84] [18] [60] [19] [61] 

[68] [37] [16] [20] [34] 

[36] [51] 

[28] [16] [20] [34] [36] [51] [84] [18] [60] [19] [61] 

[16] [20] [34] [36] [51] 

6 
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Fig. 5. Various sustainability concepts according to the literature review. 
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or Autocorrelation, the Durbin Watson test. However, before running

he model, we put the variables into the preliminary tests. 

. Result 

This section presents the results of HEY and THEY model, using VAR

nd simultaneous equations system during 1979–2016 that reveal the

ausal relationships among the various pillars of sustainable develop-

ent; and their interactions with different modes of transportation in

ran during 1974–2016. Our estimations cover various cases of “inter-
7 
ept only ”, “intercept and trend ”, and “trend only ” to search any possible

tationarity [ 3 , 15 , 58 ]. Beforehand the variables are put in the unit root

ests, represented in the Appendix. 

Fig. 9 presents how the various pillars of sustainability affect each

ther, based on the results of VAR model in Iran which supports the

trong sustainability perspective. As in Fig. 9 , CO2 and life expectancy

ave a unidirectional causal nexus from CO2 to life expectancy; CO2 and

DP have a unidirectional nexus from CO2 to GDP, consistent with [74] ;

nd life expectancy and GDP have a unidirectional relationship from life

xpectancy to GDP. Implicitly, the environment affects both the health
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Fig. 6. Decomposition of SDG 3, Good health 

and well-being in Iran in 2019. Source: [65] . 

Fig. 7. Interconnection of sustainable development pillars in HEY model. 

Source: Elaborated by authors. 
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Fig. 8. Interconnection of transportation with sustainable development pillars. 

Source: Elaborated by author. 
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nd economy, playing the most dominant role in the other pillars. In

he 2nd place is health as a proxy for social pillar which only affects the

conomy. Finally, the economy is found not to have causal effect on the

ther pillars. In other words, environment is found to be the background

or both the social and economy pillars; and social is background for the

evelopment of economy. This supports the perspective dominance of

trong sustainable development in Iran, rather than the weak or health-

entered ones, as in Fig. 3 , consistent with [ 11 , 48 , 57 ] and in consistent

ith [ 94 , 96 ]. 

Fig. 10 shows the response functions of GDP and life expectancy. It

isplays how a variable responds to a shock in another variable while
8 
eing equal to standard deviation. Based on Fig. 10 , the response of GDP

o CO2 is considerably greater than to life expectancy; and the response

f life expectancy to CO2 is positively increasing. This confirm that the

conomy responds to the environment more than to the health; and the

ealth itself responds positively to the environment which is consistent

ith the perspective of strong sustainability. 

We employ the GMM and 2LS methods to investigate the THEY

odel, for the estimation of the interaction among the transportation,

n one side, and the three pillars of sustainable development including

conomic, environmental, and social pillars, on the other side, in Iran

uring 1974–2016. 
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Fig. 9. Causal relationships among the pillars of sustainable development in 

Iran. Source: Researchers’ findings. 
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Table 3 and Table 4 display the estimated coefficients and statis-

ics of the THEY model as a simultaneous equations system, with two

echniques, GMM and 2SLS, in Iran. It is divided into three parts, each

ssigned to one equation. The results of each equation are represented in

our distinctive cases: 1. no trend and no dummy variable; 2. with trend;

. with dummy variable; and 4. with both the trend and the dummy vari-

ble. Despite some minor differences in the results of the tables, there

s a high similarity between each of these items. 

According to the health equations in the Table 3 and Table 4 , the

ocial pillar of sustainable development, which shows the most statisti-

al significance in the explanatory variables, is compared with the other

illars, the environmental and economic equations. Accordingly, except

or the trend-only case, all the four transportation modes have statisti-

ally significant effect on the life expectancy, as the health proxy, in both

he tables. This conclusion implies that the effect of transport system is

ostly on the health status, compared to the other pillars of sustainable

evelopment. Thus, it would be an effective policy-making decision to
Fig. 10. functions of life expectancy and GDP to CO2 a

9 
ecide and manage each transportation mode with its own particular

haracteristics in Iran. 

Given the available data and based on the results of both the tables,

he rail transportation is found as the healthiest mode. In the health

quation, except for the trend-only cases, the rail mode coefficient is

.03 for all the other six cases which is greater than the other modes.

ll of the coefficients of rail mode show 99% statistical significance

evel, confirming the highest possible effectiveness of the rail mode on

ife expectancy, or rather the health status. Following the railroad is air

ransportation mode which shows the greatest positive effect on health.

xcept for trend-only cases, its coefficient is 0.01 with 99% statistical

ignificance level. 

The road mode, despite its various statistical significance level, its

oefficients are near to zero in all the cases, confirming an almost neg-

igible positive impact on health. This shows that the road mode has

een unsuccessful to increase the health status in Iran. This issue might

e rooted in its negative effects originating directly from the traffic

eath and accidents and indirectly from the greenhouse gas emissions.

bove that, the low quality and high price of the cars can be other

easons in reducing the life expectancy, or rather the health status in

ran, in spite of its positive capabilities for a great positive effect on

ealth. 

Further, it can be seen that the maritime transportation is negatively

ffecting the health status in Iran. Its coefficients, except for the trend-

nly cases, are − 0.01 or − 0.02 which are statistically significant at 99%

evel. Although there is no clear evidence for this direct negative-effect

f maritime transportation on life expectancy, its indirect effect can be

een when considering the pollutions of this transportation mode such

s greenhouse gas emissions as well as sea pollution. 

In general, CO2 emissions are found to negatively affecting the life

xpectancy, confirming one side of the HEY model, the connection of

nvironmental and social pillars of the sustainable development. Based

n the health equation results of Table 3 and Table 4 , the coefficients of

O2 are − 0.06, − 0.07, and − 0.33, which are statistically significant at

9%. This confirms that CO2 emissions are an effective factor to damage

he health status in Iran, that are the byproduct of transportation system,

articularly the maritime mode. 
nd life expectancy. Source: Researchers’ findings. 
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Table 3 

GMM estimations with life expectancy as the health proxy. 

No-trend and dummy variable Trend-only Dummy variable-only Trend and dummy variable 

Coef. Prob. Coef. Prob. Coef. Prob. Coef. Prob. 

Health equation 

C 0.71 0.00 6.15 0.00 0.95 0.00 0.96 0.00 

AI 0.01 0.00 − 0.02 0.17 0.01 0.00 0.01 0.00 

MA − 0.02 0.00 − 0.05 0.20 − 0.01 0.00 − 0.01 0.00 

RA 0.03 0.00 0.14 0.01 0.03 0.00 0.03 0.00 

RO 0.00 0.00 − 0.01 0.47 0.00 0.00 0.00 0.02 

E − 0.07 0.00 − 0.33 0.00 − 0.07 0.00 − 0.06 0.00 

Y 0.01 0.60 0.58 0.00 0.01 0.29 0.01 0.69 

H t-1 0.96 0.00 − 0.00 0.20 0.88 0.00 0.87 0.00 

Trend 0.01 0.12 0.01 0.13 

D 0.01 0.12 0.01 0.13 

R2 value 0.99 0.93 0.99 0.99 

DW stat. 1.45 1.19 1.40 1.47 

Environment equation 

C 0.49 0.71 − 0.84 0.44 − 1.29 0.18 − 2.30 0.02 

AI 0.01 0.71 0.06 0.10 − 0.00 0.94 0.01 0.60 

MA 0.13 0.05 0.10 0.08 0.11 0.03 0.08 0.11 

RA 0.04 0.61 − 0.08 0.49 0.03 0.59 − 0.02 0.82 

RO 0.00 0.04 − 5.31 0.81 0.00 0.00 0.00 0.26 

Y − 0.05 0.74 0.14 0.33 0.19 0.11 0.33 0.01 

E t-1 0.49 0.00 0.41 0.00 0.37 0.00 0.28 0.00 

Trend 0.11 0.00 0.11 0.00 

D 0.01 0.05 0.01 0.02 

R2 value 0.97 0.97 0.98 0.98 

DW stat. 1.93 1.93 1.85 1.67 

Economic equation 

C 5.35 0.00 5.22 0.00 5.12 0.15 6.54 0.05 

AI 0.06 0.13 0.07 0.15 0.02 0.58 0.02 0.70 

MA 0.09 0.16 0.09 0.22 0.12 0.03 0.13 0.04 

RA − 0.05 0.54 − 0.05 0.63 − 0.03 0.78 − 0.02 0.90 

RO 0.00 0.11 0.00 0.64 0.00 0.48 8.68 0.75 

H − 0.37 0.16 − 0.44 0.23 − 0.54 0.51 − 0.89 0.28 

Y t-1 0.49 0.00 0.54 0.00 0.61 0.00 0.60 0.00 

Trend 0.02 0.79 0.05 0.53 

D 0.00 0.82 0.00 0.86 

R2 value 0.85 0.86 0.86 0.87 

DW stat. 1.43 1.49 1.65 1.64 

Source: Researchers’ findings. 
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According to the environment equation of the Table 3 and Table 4 ,

aritime transportation has the highest positive effect on the CO2 emis-

ions. This shows the coefficient range of 0.10–0.13 with the statistical

ignificance of 95% and 90% levels. It further implies that maritime

ransportation has negative affected not only the health, as the social

illar, but also on the environmental pillar, proposing it as the most

nconsistent transportation mode for sustainable development in Iran.

he other transportation modes have inconsiderable effect on the CO2

missions as the environmental pillar of sustainable development. 

Further from the economic equation of the Table 3 and Table 4 , it

an be seen that all the transportation modes are ineffective on the

conomic pillar of sustainable development, but the maritime mode

hows a statistically significant and positive impact. This might be

ooted in the high potential of marine transportation to carry the

arge amount of cargo, increasing the trade volume and economic

rowth. Despite its positive effect on the economic pillar of sustain-

ble development, its effects are negative on the other two pillars,

ealth and environment, proposing it as a transportation mode with

symmetric effects on the various pillars of sustainable development.

hus, the results winnow out the maritime transportation from the

ist of transportation modes which are consistent with the sustainable

evelopment. 

In general, all the results show robustness with the R-squared values

nd Durbin-Watson (DW) statistics. In this regard, all the R-squared val-

es are above 85, showing that the explanatory variables are explaining

t least 85% of the changes in the dependent variables; and all the DW

tatistics claim no autocorrelation. Thus, the results are substantially
 a  

10 
eliable for ranking the transportation modes in accordance with their

onsistency with the sustainable development. 

Finally, the results suggest the rail transportation mode as the most

onsistent one with the sustainable development, especially with the

ealth, as the social pillar. After the air mode, in the third place is the

aritime transportation mode; and the road is the most inconsistent

ransportation mode with sustainable development in Iran. 

. Discussion 

The results of this study show that the effects of the transportation

odes are highly distinctive on the various pillars of the sustainable de-

elopment. Fig. 11 , for instance, displays how the various sustainable

evelopment pillars are affected by the impacts of the four transporta-

ion modes during 1979–2016. 

Based on Fig. 11 , the rail and air modes of transport have consider-

ble effects on the health pillar. Despite the positive sign of both, the

ail mode has a higher effect than that of the air. This phenomenon can

e rooted in the lower share of rail and air transportation in traffic death

s a direct effect on health, on the one hand; and their positive effects

n the welfare, utility, leisure, travel, and life expectancy, on the other

and. 

Although, road transportation is ineffective in health in Iran, it could

ave a highly positive effect due to its great potential for providing a

igh level of privacy, as well as independency in this mode of trans-

ort. Although, it must be appeared in a considerable positive effect, its

dverse impacts undo the positive ones, as the results point out to. In
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Table 4 

2SLS estimations with life expectancy as health proxy. 

No-trend and dummy variable Trend-only Dummy variable-only Trend and dummy variable 

Coef. Prob. Coef. Prob. Coef. Prob. Coef. Prob. 

Health equation 

C 0.67 0.01 6.46 0.00 0.95 0.00 0.95 0.00 

AI 0.01 0.00 − 0.02 0.44 0.01 0.00 0.01 0.00 

MA − 0.02 0.00 − 0.06 0.19 − 0.02 0.00 − 0.02 0.00 

RA 0.03 0.00 0.14 0.12 0.03 0.00 0.03 0.00 

RO 0.00 0.00 − 8.14 0.67 0.00 0.00 0.00 0.08 

E − 0.07 0.00 − 0.37 0.03 − 0.06 0.00 − 0.06 0.01 

Y 0.01 0.64 0.62 0.00 0.01 0.50 0.00 0.91 

H t-1 0.96 0.00 − 0.00 0.51 0.88 0.00 0.86 0.00 

Trend 0.01 0.11 0.01 0.07 

D 0.01 0.11 0.01 0.07 

R2 value 0.10 0.92 0.10 0.99 

DW stat. 1.31 1.22 1.51 1.59 

Environment equation 

C − 0.25 0.89 − 1.19 0.50 − 2.38 0.08 − 2.91 0.03 

AI 0.03 0.48 0.06 0.22 − 0.00 0.89 0.01 0.70 

MA 0.13 0.04 0.10 0.10 0.12 0.01 0.10 0.04 

RA 0.02 0.84 − 0.11 0.39 0.04 0.56 − 0.05 0.64 

RO 0.00 0.38 − 0.00 0.53 0.00 0.05 0.00 0.89 

Y 0.03 0.90 0.19 0.42 0.32 0.06 0.41 0.02 

E t-1 0.53 0.00 0.41 0.01 0.29 0.01 0.22 0.07 

Trend 0.12 0.00 0.10 0.00 

D 0.01 0.16 0.01 0.24 

R2 value 0.97 0.98 0.98 0.98 

DW stat. 2.04 2.00 1.72 1.63 

Economic equation 

C 4.17 0.02 3.88 0.07 8.40 0.01 8.18 0.02 

AI 0.06 0.22 0.05 0.35 0.02 0.67 0.01 0.74 

MA 0.09 0.11 0.10 0.12 0.12 0.04 0.12 0.05 

RA − 0.07 0.53 − 0.05 0.74 0.06 0.66 0.07 0.66 

RO 0.00 0.35 0.00 0.49 0.00 0.18 0.00 0.42 

H − 0.21 0.61 − 0.14 0.78 − 1.32 0.12 − 1.26 0.16 

Y t-1 0.56 0.00 0.56 0.00 0.56 0.00 0.55 0.00 

Trend 0.13 0.13 0.12 0.14 

D − 0.00 0.80 − 0.01 0.89 

R2 value 0.86 0.86 0.89 0.88 

DW stat. 1.57 1.56 1.59 1.58 

Source: Researchers’ findings. 

Fig. 11. Transportation modes’ effects on the sustainable development pillars 

in Iran. 
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ther words, although the road transportation has a very high poten-

ially positive impact, the outdated infrastructure in Iran as well as the

ighly inefficient domesticated vehicles offset this impact for it to be

lmost zero. In addition, the road mode of transport is the most passive
11 
ne with zero effects on all the sustainable development pillars, due to

ts low capacity in carrying goods and passengers, compared with the

ther modes of transport, especially with the maritime transportation. 

The maritime transportation, in this regard, is found to affect health

illar negatively. This can be due to the indirect impact of maritime

ransportation on air and sea pollution. Hence, the effect of maritime

ransportation must be negative on the environment which affects the

ealth pillar as well. Similar results, has been reported in the authors’

revious researches as in [ 72 , 73 ]. However, the maritime transportation

as positive effect on the economy, potentially for its large capacity

n carrying a large amount of cargo, increasing the trade volume and

conomic growth. In fact, this can explain the reason as to why the

aritime transportation is the most active mode of transportation in

ffecting all the pillars of sustainable development considerably, albeit

symmetrically, as displayed in Fig. 11 . 

The mentioned different effects require a classification to pave the

ay for ranking, prioritizing, and comparing the transportation modes,

n the basis of their effects on the pillars of sustainable development.

s a result, this study ranks the sustainability friendliness of transporta-

ion modes in Iran as follows: 1) train, 2) air, 3) road, and 4) maritime.

he ranking shows robustness from all the perspectives on sustainabil-

ty: health-centered, strong, and weak sustainability, albeit this study’s

upportive findings in confirming the strong sustainability in Iran. 

Based on the Fig. 12 , the rail and air transportation modes are af-

ecting positively the 2nd main pillar of sustainability, the health as a

ocial item. The rail and road are the most sustainability-friendly modes

f transport, in the 1st and 2nd places, respectively; and the road trans-
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Fig. 12. Strong sustainability framework for the transportation modes effects 

in Iran. Source: Researchers’ findings based on Table 3 and Table 4 . 

Fig. 13. Health-centered sustainability framework for the transportation modes 

effects in Iran. Source: Researchers’ findings based on Table 3 and Table 4 . 
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Fig. 14. Weak sustainability framework for the transportation modes effects in 

Iran. Source: Researchers’ findings based on Table 3 and Table 4 . 
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ortation is in the 3rd place due to its neutral role. The maritime is

t the end of the ranking due to its damaging effect to the 1st and 2nd

ain pillars, the environment and the health, despite its positive impact

n the most minor pillar, the economy. Although, our findings support

his perspective of sustainability for Iran, the other perspectives of sus-

ainability (the health-centered and the weak ones) confirm the above

anking of transportation modes in Iran. 

From the health-centered sustainability perspective which can be

een in Fig. 13 , rail and air transportations affect the health pillar,

roposing the rail and air as the most consistent transportation mode

ith sustainable development, respectively, in the 1st and 2nd places.

n the 3rd place is the road mode with its neutral role. However, the mar-

time transportation mode, despite, has a positive effect on the economy

s a minor pillar, it has a negative effect on both the environment as a

inor pillar, and the health as the central pillar. Hence, its total effect

s negative in the health-centered sustainability. So, the ranking is as

ollows: 1) rail, 2) air, 3) road, and 4) maritime modes of transport,

ccording to the health-centered sustainability. 

The weak sustainability, also, confirms the same ranking as the other

ustainability perspectives: 1) rail, 2) air, 3) road, and 4) maritime trans-

ortations, as in Fig. 14 . The rail and road show a positive effect on one

illar, the health; and road has no effect. The maritime transportation,

owever, show negative effect on a couple of pillars, the health and envi-

onment, despite its positive effect on only one pillar, the economy. The

um of its effect is negative, introduced as the most inconsistent mode

f transport with sustainability. Thus, the above-mentioned ranking is

orrect in the weak sustainability. 
12 
Overall, the ranking of transportation modes is as follows according

o their level of sustainability friendliness in Iran: 1) rail, 2) air, 3) road,

nd 4) maritime transportations. In addition, this ranking is confirmed

rom all perspectives of the sustainable development, despite the results

ostly supporting strong sustainability. 

. Conclusion 

Based on the score of Sustainable Development Goals (SDGs), Iran

as been unsuccessful in almost all of the sustainable development goals

nd pillars. This implies a comprehensive underdevelopment in Iran in

arious dimensions including environment, social, and economic. To

valuate this, the present study focuses on transportation, since it plays

 key role in each single sustainable development pillar in Iran. 

This research tries to find the most consistent transportation mode

ith the sustainable development pillars in Iran. To find a more accu-

ate ranking of transportation modes, we investigate which perspective

f sustainable development dominates in Iran by producing and using

EY model with VAR approach based on World Bank data during 1979–

016. The findings point that the strong sustainability perspective is

ost effective in case of Iran which implies that the environment plays

he most important role in sustainable development, before the social

nd economic pillars. 

Then, this study ranks the transportation modes on the basis of their

onsistency with sustainable development pillars. For this, the method-

logy employs THEY model in a simultaneous equations system to have

n estimation within 1979–2016. The results show that, it is the rail

ode whose expansion benefits the sustainable development pillars in

ran mostly, compared with the other modes of transportation. The air

ode is in the 2nd place, promoting the health pillar. The road mode

as an insignificant role in the sustainable development due to the neu-

ralization of its benefits by its significant underdevelopment adversely

ffecting the role it could play in sustainable development. Finally, the

ost damaging transportation mode is found to be the marine one. Al-

hough, it promotes the economic pillar of the sustainable development,

t damages both the health and environment which are more highlighted

n the strong sustainability perspective. 

In spite of the dominance of strong sustainability in our findings

bout Iran, the above-mentioned ranking coincides with the other per-

pectives of sustainable development. In other words, the order of the

ost-to-the-least beneficial transportation mode is found to be: 1) rail,
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) air, 3) road, 4) maritime, from all the viewpoints of sustainable de-

elopment. 

On the basis of this study, policy makers are advised to invest further

n the rail transportation mode to expand it throughout the country. The

ir mode needs international support to upgrade its own fleet which suf-

ers from the global and the US sanctions on Iran’s aviation industry. The

oad challenges, however, relate to the domestic policies. Not only the

overnmental support does not help the domestic car industry in Iran,

ut also it damages the other sectors of the country. This study claims

hat the removal of domestic industry is one of the most urging and

ecessary factors to achieve the sustainable development in Iran. The

ustainable development requires a considerable improvement of the

aritime transportation infrastructure to get well-adapted for support-

ng the environment and health pillars of the sustainable development,

s it supports the economic pillar. 

As a future study, researchers can estimate how much load of pas-

enger and goods should be moved from one transportation mode to

nother, and their respective impact on the pillars of sustainable devel-

pment as well as achieving the SDGs. This can be applied to not only

 case study but also regionally or even internationally to find the most

uitable mode or type of transportation for achieving the SDGs. 
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