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 There is strong evidence of scientific consensus that global warming, environmental 

pollution and climate change, and man‘s role in increasing emissions of carbon 

dioxide and other greenhouse gases (GHGs) are accepted as fact and affecting 

Earth's climate. Climate change is a concern at all levels and must be addressed at 

local, state, regional, national and international levels, with coordinated leadership. 

The most obvious way to reduce CO2 emissions is to burn less carbon-based fuels. 

But in this regard there are many strategies against CO2 that their results are use of 

less carbon and less carbon emissions. In large cities this is a problem to decision 

about environmental strategies to reduce carbon dioxide and GHGs against global 

warming and environmental pollution. Because air pollutions are a common reason 

to adverse health effects, consist of disease and death. So this study can help to 

decision makers about selection most effective sustainable strategies against GHGs 

such as carbon dioxide. In this regard this study evaluate and priority fourteen 

strategies that classified in four main groups (offset, reduce, avoid and replace), 

using decision making trial and evaluation laboratory (DEMATEL) method. Results 

show that identification of areas for improvement in energy efficiency is most 

effective strategy that affecting environmental pollution and reduce carbon dioxide 

in air, so results of this study can help to countries and cities about selection most 

effective strategy against CO2 and air pollution. 

 

 

© 2013 AENSI Publisher All rights reserved. 

 

INTRODUCTION 

 

In recent decades, a concern has emerged that the Earth‘s climate is being altered by increased 

concentrations of GHGs into the atmosphere as a result of anthropogenic (human) activity [1]. 

In the last decade, numerous studies conducted in animal and human populations have confirmed that 

exposure to current levels of ambient anthropogenic air pollution lead to a wide range of adverse health effects, 

including disease and death [2]. More recent research suggests that pollutants emitted by cars and trucks are of 

particular health concern [2]. The concern is that activities such as the burning of fossil fuels, waste disposal and 

agricultural and forestry practices may be accelerating the pace of climate change to a rate that natural systems, 

including humans and other organisms, cannot accommodate [1]. A few studies even show that morbidity and 

mortality promptly decreased in areas where air quality improved [2]. 

The main air pollutants are represented by gases forms, particles in suspension, different ionizing radiation 

and noise [3]. Many forms of air pollution are human-made. Industrial plants, power plants and vehicles with 

internal combustion engines produce nitrogen oxides, VOCs, carbon monoxide, carbon dioxide, sulphur dioxide 

and particulates [3].  

Human activities are altering Earth‘s atmospheric composition. Concern about global warming due to long-

lived human-made greenhouse gases (GHGs) led to the United Nations Framework Convention on Climate 

Change [4]. In most mega-cities, cars are the main source of these pollutants [3].  Experimental studies 

conducted in cellular systems, animals, as well as humans and a large number of epidemiological studies have 

shown that the current levels of ambient anthropogenic air pollution lead to morbidity and mortality in humans 

[2]. One important thing to remember about air pollution is that it doesn‘t say in one place. Winds and weather 

play an important part in transport of pollution locally, regionally, and even around the world, where it affects 

everything it comes in contact with [3]. The acute effects of air pollution, i.e. effects that occur within hours or 

days of exposure, are particularly well investigated with several studies conducted in Spain [5, 6]. Depending on 

the frailty and susceptibility of subjects, the acute effects of current levels of ambient pollution range from 

minor annoyance, reduction of pulmonary function, or mild respiratory symptoms to more severe respiratory as 
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well as cardiovascular effects such as the exacerbations of asthma attacks or chronic bronchitis, myocardial 

infarction and strokes [2]. 

Environmental protection has taken serious notice of global warming. The Intergovernmental Panel on 

Climate Change (IPCC) has proved that CO2 is one of the factors for global warming [7]. The State and 

Territorial Air Pollution Program Administrators  and Association of Local Air Pollution Control Officials 

believe it is important to focus on the relationship between GHG mitigation and conventional air pollutant 

control, because with few exceptions, strategies that mitigate GHGs will also result in reduced emissions of 

other air pollutants [1]. climate data and on-going global changes indicate that ‗slow‘ climate feedback 

processes not included in most climate models, such as ice sheet disintegration, vegetation migration, and GHG 

release from soils, tundra or ocean sediments, may begin to come into play on time scales as short as centuries 

or less [8, 4]. 

The most widely recognized harmonized strategies relate to fossil-fuelled combustion, the major source of 

carbon dioxide (CO2), as well as a source for particulate matter (PM), nitrogen oxides (NOx), sulphur dioxide 

(SO2), carbon monoxide (CO) and air toxics [1]. A large fraction of fossil fuel CO2 emissions stays in the air a 

long time, one-quarter remaining airborne for several centuries [9, 10, 11]. 

Thus moderate delay of fossil fuel use will not appreciably reduce long-term human-made climate change 

[4]. Coal is the largest reservoir of conventional fossil fuels, exceeding combined reserves of oil and gas [5, 11]. 

The only realistic way to sharply curtail CO2 emissions is to phase out coal use except where CO2 is captured 

and sequestered [4]. 

Long-term CO2 limit is in the range 300-500 PPM for 25 present risk tolerances, depending on climate 

sensitivity and non-CO2 forcing. Stabilizing atmospheric CO2 and climate requires that net CO2 emissions 

approach zero, because of the long lifetime of CO2 [12, 9, 4]. 

City is the commodity‘s consumption centre, distribution centre and production centre. Activities in these 

centres are inseparable from urban freight transportation. However, urban freight transportation also brings 

much negative impact, such as traffic congestion, environment pollution and energy consumption, etc., which 

need a comprehensive solution [13]. 

At the beginning, the pollution has been felt in urban areas and the forms of relief that favoured the 

accumulation of pollutants and long stay (depressions, closed valleys, etc.). Currently, air pollution has become 

a larger area, sometimes to disperse across multiple continents. Air pollution can be analysed on three spatial 

scales: global pollution, regional pollution and local pollutants [3]. In the last two decades of the 20th century, 

there was a growing concern about pollution in major cities, and in particular about the large contribution made 

by the road transportation to this problem [14]. Government legislation on internal combustion engine emissions 

and fuel quality substantially improved the air quality in cities through the reduction in regulated pollutants [15, 

7] 

This study focuses primarily on CO2 for two reasons. First, over half of the predicted global warming 

impacts are expected to result from CO2. Second, the primary source of this CO2 is fossil-fuel combustion, an 

activity that state and local officials address by regulating categories of emission sources [1]. Further discussion 

will be shown in continue. The objective of this study is to investigate main strategies and evaluate them against 

carbon dioxide (CO2) and study the influence of these most important strategies for use of less carbon and less 

carbon emissions with using the DEMATEL method.  

The remainder of this study is organized as follows: The review of literature related to environmental and 

air pollution is mentioned in Section 2. The DEMATEL is described in Section 3. The results are presented in 

Section 4. Section 5 discusses the results and finally, conclusion and implications are presented in this Section. 

 

Litrature Reveiew: 

Environmental pollution is any discharge of material or energy into water, land, or air that causes or may 

cause acute (short-term) or chronic (long-term) detriment to the Earth's ecological balance or that lowers the 

quality of life however, pollutants may cause primary damage, with direct identifiable impact on the 

environment, or secondary damage in the form of minor perturbations in the delicate balance of the biological 

food web that are detectable only over long time periods [3]. Efforts to understand and mitigate the effects of air 

pollution on human health and welfare have a rich and interesting history [16].  

Air pollution is the process which the substances and the energy forms are not present in normal 

atmospheric composition reach the atmosphere, or are present but in much lower concentrations, thus, air 

pollution is the introduction of chemicals, particulate matter, or biological materials that cause harm or 

discomfort to humans or other living organisms, or cause damage to the natural environment or built 

environment, into the atmosphere [3]. More than 3,000 substances that are not part of the atmospheric 

composition, falling in the atmosphere can be considered air pollutants. The global pollution is the result of 

cumulative effects of various sources, located on the entire surface of the globe, manifested by global effects: 

the stratospheric ozone depletion; greenhouse effect - emission of greenhouse gases (CO2, methane, CFCs, 

etc.); formation of aerosols (pollutant clouds which suspended particles and chemical compounds) [3]. 
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However, recently emerging scientific and decision support 53 needs require another step in emissions 

resolution down to the 54 scale of the urban landscape [17]. At the beginning, the pollution has been felt in 

urban areas and the forms of relief that favoured the accumulation of pollutants and long stay (depressions, 

closed valleys, etc.). But currently, air pollution has become a larger area, sometimes to disperse across multiple 

continents [3]. Many major cities are considered heavy polluters due to substantial energy use in transport, 

domestic, commercial and industrial sector [18]. Many large towns have experienced a progressive degradation 

in air quality as a consequence of rapid development over the last two decades. In particular, the levels of air 

pollutants are increasing rapidly in urban and peri-urban areas in many major cities of the, developing world 

[19]. In major cities, air pollution has increased rapidly with urban populations, numbers of motor vehicles, use 

of fuels with poor environmental performance, badly maintained roads and ineffective environmental 

regulations [20]. There are numerous ways in which CO2 emissions can be reduced in major cities, most just 

simply cost money and it adds up. In this study, two main strategies for the reduction and elimination of CO2 is 

expressed which is briefly described: 

The first strategy is called strategies that enable use of less carbon and the second strategy is called 

strategies that result in less carbon emissions, the first strategy involves offset and reduce and second strategy 

involves avoid and replace. On this basis, twenty tow sub-strategies were determined and classified in 4 main 

groups (see Table 1). 

 

1.  Offset: 

One mitigation strategy receiving significant attention in policy discussions is carbon offsets, or the 

reduction in emissions or increase in sequestration of greenhouse gases (GHG) by one entity that is used to 

compensate for emissions produced by another entity [21]. Within the category of carbon offsets, forest 

management is receiving particular attention as a way to reduce emissions or increase the uptake and storage of 

carbon dioxide (CO2) [22]. 

 

2. Reduce: 

There has been much interest and research over the last years in reduced emission renewable energy sources 

also, the assessments of renewable technologies applicable in the domestic sector can assist in making the 

correct selection and consequently reduce the release of CO2 [23]. 

 

3.  Avoid: 

Avoided deforestation would conserve carbon values, while forest conversion into alternative land uses 

eliminates carbon values partly or almost totally and actually, there exists substantial evidence that 

diversification is generally an important and practiced strategy in land-use [24]. It is thus fundamental to 

consider this perspective in deriving compensation to avoid CO2 emissions from forest conversion. But as far as 

we know, it has not yet been used in the context of compensation to avoid CO2 emissions [24]. Here, the 

avoidance of 1Mg CO2 emissions would require US$ 6.13 (risk-aversion) or US$ 13.03 (risk-ignoring). 

 

4.  Replace: 

The recent increases in the cost of energy, principally carbon based fuels, coupled with global concerns 

related to CO2 emissions, have resulted in major efforts to improve the uptake of alternative energy sources 

[23]. However, less effort has been expended in attempting to ensure that the energy that is available to 

individuals and to industry is not wasted and is used as efficiently as possible. This is likely to have serious 

implications for energy consumption and consequently greenhouse gas emissions, if carbon-based energy 

sources are not replaced more rapidly by non-carbon or renewable sources of energy and energy is not used 

more efficiently [23]. 

 

Methodology: 

Decision Making Trial and Evaluation Laboratory (DEMATEL) is a comprehensive tool for building and 

analysing a structural model involving causal relationships between complex factors [52, 53, 54]. Developed by 

the science and human affairs program of the battle memorial institute of Geneva between 1972 and 1976 [55, 

56]. 

The DEMATEL designs a system structure by using knowledge of experts [56]. This technique is widely 

used in solving complex problems [57]. According to opinions of some researchers [58, 59], it is preferred to 

use DEMATEL method for the following reasons: 1. This method extracts mutual impressible and effective 

relations of elements by using graph theory so that it score rate of each relation by a number. 2. This method 

uses a feedback of relations; namely, each element can affect other elements in the same, upper, and lower 

levels and be affected by them. 3. The importance and weight of each element in this model are determined not 

only by upstream and downstream factors, but also by all available factors or total model [56]. 
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This methodology can confirm interrelations between variables/ attributes and limit the relations which 

reflect the characteristics of a system [60]. DEMATEL method has been developed based on the belief that 

proper use of scientific research methods could improve understanding of certain problems and determine 

solutions with executive capability by a hierarchical structure [53, 54]. 

 
Table 1: Main strategies and sub-strategies against carbon dioxide (CO2) 

Goal Strategies References Sub-Strategies References 

S
u

st
ai

n
ab

le
 s

tr
at

eg
ie

s 

Offset 22, 21 

Increase domestic natural gas supply by reducing technological and 

regulatory barriers to producing gas from unconventional resources. 

(C1) 

25, 26,  27 

CO2 reuse, carbon capture, storage and transformation through new 

technologies. (C2) 
28, 29 

Development of a benchmarking program. (C3) 30, 31 

Reduce 32, 33,34 

Identification of areas for improvement in energy efficiency. (C4) 35, 36, 30 

Development of an energy audit program. (C5) 37, 30 

Training in energy efficiency. (C6) 38, 39 

Increase the quantity of R&D for CO2 emission reduction 

technologies. (C7) 
27 

Avoid 24, 40 

Establishment of a renewable energy committee. (C8) 41, 30, 42 

Design and technology selection for effective and efficient capture & 

treatment of CO2. (C9) 
43, 30, 44 

Adopt sustainable design methods to minimize energy and 

environmental footprint, and enable upstream resource use to produce 

materials and fuels. (C10) 

45, 27 

Sequester CO2 by new and innovative methods. (C11) 46 

Replace 23, 47 

Increase attention to dematerialization and material selection during 

design. (C12) 
27 

Accelerate development of coordinated policy and technology 

strategies for adoption of bio fuels. (C13) 
48, 49, 27 

Accelerate development of alternative propulsion technologies. (C14) 50, 51 

 

Generally, the DEMATEL method can through analysis of visual relationship of levels among system 

factors, all elements are divided into causal group and effected group and the relationship between the causes 

and effects of criteria into an intelligible structural model of the system. This can provides researchers a better 

understand of the structural relationship between system elements, and find ways to solve complicate system 

problems [61, 62, 63]. The essentials of the DEMATEL method suppose that a system contains a set of criteria 

C= {C1, C2, …, Cn}, and the particular pairwise relations are determined for modelling with respect to a 

mathematical relation. The DEMATEL process can be summarized by the following steps: 

Step 1: Generating the direct relation matrix: Measuring the relationship between criteria requires that the 

comparison scale be  designed into four levels: 0 (no influence), 1 (very low influence), 2 (low influence), 3 

(high influence), and 4 (very high influence). An initial direct relation matrix A is a  matrix obtained by 

pair-wise comparisons, in which  is denoted as the degree to which the criterion  affects the  criterion, i.e. 

 

Step 2: Calculate the normalized initial direct-relation matrix: On the base of the direct  relation matrix A, 

the normalized direct relation matrix S can be obtained through the equation. 

 

S = K × A              (1) 

 

             (2) 

 

Step 3: Calculate the total relation matrix: Once the normalized direct relation matrix S is obtained, the total 

relation matrix T is denoted as the identity matrix. 

 

T = S (I - S) – 1              (3) 

 

Step 4: Producing a causal diagram: The sum of rows and the sum of  columns are separately denotes as 

vectors D and R within the  total relation matrix T. A causal and effect graph can be  acquired by mapping the 

dataset of (D+R, D-R). The horizontal axis vector (D+R) named ―Prominence‖ is made by adding D to R, which 

reveals how much importance the criterion has. Similarly, the vertical axis (D-R) named ―Relation‖ is made by 

subtracting D from R, which may group criteria into a cause group. Or, if the (D-R) is negative, the criterion is 

grouped into the effect group. 
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, i, j= 1,2,…,n            (4) 

            (5) 

 

            (6) 

 

Set a threshold and draw the cause-effect diagram In order to explain the structural relationship among the 

criteria while keeping the complexity of system to a manageable level. 

Step 5: Analysis matrix for total relations: The X-axis (D+R) indicates the sum of the criteria attribute that 

influences other criteria and the sum of the criteria attribute over which other criteria exert an influence. The Y-

axis (D-R) indicates the difference in the criteria attribute influencing other criteria and the difference in the 

criteria attribute over which other criteria exert an influence. 

 

Results: 

This section evaluates methodology for strategies against CO2 at a city. There are reasons for strategy 

evaluation. Town continues to face air pollution and climate changes with how they manage the strategies 

against CO2 to develop their performance and reduce air pollution. This study attempts to apply the DEMATEL 

to build up a cause and effect model for strategies against CO2. Following is four proposed steps: 

Step 1: Identifying decision goal - gathering the relevant information and defined the goals in order to 

examine the interrelationships of strategies in uncertainty. 

Step 2: Ten strategies are evaluated including: (C1), (C2), (C3),(C4), (C5), (C6), (C7), (C8), (C9), (C10) 

(C11), (C12), (C13), (C14). The DEMATEL method is also used to test the influence of each strategy. Then, the 

respondents were asked to evaluate the interrelationship of each strategy using four scores in linguistic term: 0 

(no influence), 1 (very low influence), 3 (high influence), and 4 (very high influence). To ensure the 

relationships among the evaluation strategies, it is necessary to consult the experts to confirm reliable 

information of the strategies influences and directions using a survey instrument. In this study 20 experts 

answered to questions and evaluated strategies. Experts included teachers and managers in municipalities and 

department of environment in Esfahan city, Iran (see Table 2 and Table 3). 

 
Table 2: The linguistic scale 

Linguistic variable Influence score 

No influence 0 

Very low influence 1 

Low influence 2 

High influence 3 

Very high influence 4 

 

Table 3: Direct relation matrix T 

T C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 

C1 0 3 1 2 3 1 0 0 0 1 2 1 0 1 

C2 3 0 0 1 0 1 3 3 2 1 1 2 2 1 

C3 1 0 0 2 2 3 1 2 3 1 1 1 2 3 

C4 2 1 2 0 1 2 2 1 3 3 2 1 2 1 

C5 3 0 2 1 0 3 3 1 3 2 0 3 1 4 

C6 1 1 3 2 3 0 1 2 3 1 3 2 1 2 

C7 0 3 1 2 3 1 0 3 2 3 1 2 2 3 

C8 0 3 2 1 1 2 3 0 1 3 2 1 3 2 

C9 0 2 3 3 3 3 2 1 0 2 2 1 2 3 

C10 1 1 1 3 2 1 3 3 2 0 3 2 1 3 

C11 2 1 1 2 0 3 1 2 2 3 0 3 2 1 

C12 1 2 1 1 3 2 2 1 1 2 3 0 3 2 

C13 0 2 2 2 1 1 2 3 2 1 2 3 0 3 

C14 1 1 3 1 4 2 3 2 3 3 1 2 3 0 

 

We utilized the DEMATEL to construct the influence map in accordance with the real situation in which 

strategies should be interdependent. Use 14 * 14 pairwise comparisons. The normalized initial direct-relation 

matrix was then generated by using Eqs. (1) - (2). Total relation matrix was computed by using Eqs. (3), as 

shown in Table 4. Final results of computations used Eqs. (4) - (5) and used Microsoft office Excel 2010 

software are given in Table 4. Obtained results made it possible to present the influence map of considered, 

mutually interdependent strategies. The influence map of these 14 mutually interdependent strategies is depicted 

in Fig. 2, according to Table 4. 
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Table 4: Final results of the analysis 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 

D 3.95 4.56 3.75 5.44 4.98 4.42 5.16 4.43 4.86 4.67 4.48 3.65 4.13 4.59 

R 3.99 4.36 4.15 5.37 4.57 4.34 5.20 4.39 5.25 4.53 4.28 3.66 4.44 4.56 

D+R 7.94 8.92 7.91 10.82 9.55 8.76 10.36 8.81 10.11 9.20 8.76 7.31 8.57 9.15 

D-R -0.04 0.20 -0.40 0.07 0.41 0.07 -0.03 0.04 -0.39 0.14 0.21 -0.01 -0.31 0.04 

 

Considering the significance of strategies against CO2, as presented in Table 4, the importance is identified 

as C4 > C7 > C9 > C5 > C10 > C14 > C2 > C8 > C11 > C6 > C13 > C1 > C3 > C12 according to the degree of 

importance ( ). Incorporating analysis of the DEMATEL divides criteria into two groups of cause and 

effect criteria. CO2 reuse, carbon capture, storage and transformation through new technologies: (C2), 

identification of areas for improvement in energy efficiency: (C4), development of an energy audit program: 

(C5), training in energy efficiency: (C6), establishment of a renewable energy committee: (C8), adopt 

sustainable design methods to minimize energy and environmental footprint, and enable upstream resource use 

to produce materials and fuels: (C10), sequester CO2 by new and innovative methods: (C11), accelerate 

development of alternative propulsion technologies: (C14), belong to cause group which should be controlled 

and paid more attention to. Increase domestic natural gas supply by reducing technological and regulatory 

barriers to producing gas from unconventional resources: (C1), development of a benchmarking program: (C3), 

increase the quantity of R&D for CO2 emission reduction technologies: (C7), design and technology selection 

for effective and efficient capture & treatment of CO2: (C9), increase attention to dematerialization and material 

selection during design: (C12), accelerate development of coordinated policy and technology strategies for 

adoption of bio fuels: (C13), are in effect group that needs to be improved. Amongst those, identification of 

areas for improvement in energy efficiency: (C4) and increase the quantity of R&D for CO2 emission reduction 

technologies: (C7), would to be taken into deeper consideration. Also this study results show that identification 

of areas for improvement in energy efficiency has the greatest influence among the criteria for selecting 

effective strategy against carbon dioxide.  

 

 
 

Fig. 2: The cause and effect diagram, 

 

The X-axis (D+R) indicates the sum of the criteria attribute that influences other criteria and the sum of the 

criteria attribute over which other criteria exert an influence. The Y-axis (D-R) indicates the difference in the 

criteria attribute influencing other criteria and the difference in the criteria attribute over which other criteria 

exert an influence. (D+R) and (D-R) are from Table 4 for each criteria. 

 

Conclusions And Future Research: 

The air pollution conceptual framework and operational model for the incorporation of identification 

strategies against carbon dioxide and air pollution into strategy selection have been presented. After identifying 

the strategies related to carbon dioxide reduction and against air pollution for the proposed framework, the 

DEMATEL was applied in the case of analysis devoted to cities and countries. Application of the DEMATEL 

revealed not only the structure and interrelationships between the strategies, but also allowed to identify the key 

strategy influencing the strategy selection with regard to carbon dioxide reduction and against air pollution. 

Results of the analysis indicate that identification of areas for improvement in energy efficiency is most 

effective strategies among fourteen strategies against carbon dioxide and air pollution. Cities and countries can 

choose this strategy to more affect carbon dioxide reduction and against air pollution. 
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