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Abstract

From the point of view of the feasibility of providing growth in road capacity parallel to the predicted growth in traffic as well in terms of impact on the environment and health, current trends in transportation are unsustainable. Transport problems are expected to worsen due to the fact that worldwide automobile ownership tripled between 1970 and 2000, and the movement of goods is projected to increase by 50% by 2010. Similar trends can be seen in an even more dramatic way in Turkey. The Turkish transport network has not followed a planned growth strategy, due to political factors. There is no transportation master plan which aims to integrate the transport modes in order to provide a balanced, multimodal system. This study proposes a decision support system that guides transportation policy makers in their future strategic decisions and facilitates analysis of the possible consequences of a specific policy on changing the share of transportation modes for both passenger and freight transportation. For this purpose, based on the wide spectrum of critical issues encountered in the transportation sector, several scenarios have been built and analysed.
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1. Introduction

European Union (EU) countries recently admitted that, in terms of environment, business efficiency, health and extending road capacity to levels that can keep pace with predicted growth in traffic, their current trends in traffic are unsustainable. Highways have the highest share of passenger (79%) and freight transport (44%). The share of railways in freight transport decreased from 21% in 1970 to 8.4% in 1998, while its share in passenger transport is currently only 6%. Transport problems are expected to worsen due to the fact that automobile ownership tripled between 1970 and 2000 (from 62.5 million to 175 million) and the movement of goods is projected to increase by 50% by 2010 (ETP, 2000).

The first attempts to develop objective measures to improve the EU transport network began in 1993 with the Maastricht Agreement. The introduction of the term “Trans-European Network (TEN)” and the integration of political, institutional and financial bases for this purpose were realized at this stage. The aim of TEN is, first of all, to ultimately forge a truly unique Europe through economic and social integration. The EU also underlines the importance of strengthening relationships with Central and Eastern European countries. The Pan-European concept was thus initiated for this purpose and will be extended in a way which includes Southeast Europe, the Black Sea Region and Mediterranean countries (Transportation Research: APAS, 1999).

In September 2000, the European Commission accepted the “European Transport Policy for 2010: Time to Decide” White Paper and thus accepted the importance of an integrated multi-modal system which will provide a balance between the transport modes by 2010. The aim is to provide high quality and safe transportation that will support sustainable growth. An annual budget of 30 million Euros has been allocated to the Marco Polo Program for this purpose, in order to provide the integration of railways and maritime lines. In terms of infrastructure, in accordance with the TEN, the commission is concentrating on investments that will permit the transfer the shipment of goods to railways (ETP, 2000).

Similar trends can also be seen in Turkey, in an even more dramatic way. As mentioned, the Turkish transport network has not followed a planned growth strategy. The share of highways reached 92% in freight transportation, and 95% in passenger transportation. In the Seventh 5-Year Plan (1996-2000), an increase of 10.9% on average in freight transportation by railways was suggested. http://www.dpt.gov.tr/dptweb/ekutup96/plan7/pln7-oku.html. However, in 1995-1998, freight transport by railways decreased by 0.4% per year and while the share of railways in the total freight transport was 2.3% in 1995, it declined to 2.1% in 1999. There is no Transportation Master Plan which aims to integrate the transport modes in order to provide a balanced multimodal system. The Eighth 5-Year Plan (2001-2005) proposes the development of a Transport Master Plan to overcome all these problems (http://vizyon2023.tubitak.gov.tr/kaynaklar/dpt).Turkey’s 9th development plan (2007-2013) underlines that even though considerable productivity increases have been obtained as a result of structural reforms realized in many areas and the macroeconomic stability achieved in recent years, the competitiveness of Turkey has not been sufficiently improved. One of the main reasons is accepted to be the inadequacy in the quality of transportation infrastructure. The report also emphasizes that due to the inability to adequately develop the physical infrastructure of railway and maritime transportation in line with the increasing transportation demand, in Turkey the freight and passenger transportation is concentrated more on highway network. This situation has resulted in the emergence of an imbalanced and inefficient transportation system In terms of railway density, Turkey has the lowest railway density compared to EU member countries. In terms of total traffic units per km, Turkey also remains well below the EU average of 3.2% (http://ekutup.dpt.gov.tr/plan/ix/9developmentplan.pdf). All the above-given documents show the urgency of preparing a model to provide a guide to the policy makers in creating policies for a balanced, rational and efficient tranportation infrastructure where the tranposrtation system will be handled in an integrated approach. The fact that the transportation system will receive the largest share from public investment during the plan period shows the importance dedicatged to this subject by the Turkish authorities. 
2. State of the Art in Transportation Demand Projections

In many national forecasts, such as those for Germany and the methods adopted in United Kingdom until 1998, the basic strategy is “predict and provide” (Schafer and Victor, 2000). However the assumption underlying this strategy is that the future will be similar to the past and this cannot provide a useful guide to the EU in the attempt to adopt the measures toward a balanced multimodal system. In accordance with EU policies, the British Government recently issued a white paper on its future transport strategy (DETR, 1998), which proposes abandoning the “predict and provide” strategy in order to make way for “pragmatic multimodalism,” a more integrated transport system better suited to tackle the problems of congestions and pollution.

Prediction of passenger and freight demand for the distant future is critical to the planning of long-lived transport infrastructures and to assessing its consequences in order to guide transport planners in the specification of policies to be used and to avoid an undesirable growth of any transport mode. Such distant future predictions necessitate large-scale, long-term models of the transportation system but that pressing need contrasts sharply with the capabilities of existing, traditional forecasting and modeling techniques. Regional and urban transportation models, which are the most extensively and frequently developed transport planning tools, have been oriented to forecast local traffic demand, costs and flows (Button, 1993; Opperheim, 1995). These tools optimize directed traffic flows by minimizing costs or maximizing the utility of consumers (Schafer and Victor, 2000). They compute the details of the transportation system, such as the number of cars using roads at different times, average speeds and the layout of transport infrastructure. They are built on a large number of interrelated variables, such as urban trip speeds, automobile ownership and loading, etc. But the knowledge of the relationships between these variables is generally inadequate and the databases, which show country-based differences, can thus be an obstacle to the realization of a global approach. These multi-variate methods therefore deteriorate rapidly as projections for the future.

It is well known that the “qualitative” or “technological” approaches to forecasting techniques are more suitable for long-term prediction. In the short-term, the assumption that the future will be similar to the past can be more easily defended. However, when the period of analysis is the medium- or long-term, it becomes very difficult to accept this principle. Quantitative forecasting techniques analyze past data and make forecasts based on the relationship between the variables according to this data. In technological forecasts, however, although past data is important, the experts’ opinions and their speculations also play a crucial role. In EU countries, depending on the wide spectrum of critical issues encountered in the transportation sector, there are several scenario-based analyses conducted, such as integrated transportation forecasting, profitability of high speed train usage and highway freight projections etc.

The Database and Scenarios for Strategic Transport report is a good reference for the variables and the related databases used in the scenarios conducted for long-term prediction of transportation demand in different EU countries. Generally, those variables are grouped as “socio-economic data”, “transport economy data”, “energy data”, “foreign trade data”, “environment data”, “transportation mode price data” and “accident data” (Transportation Research: APAS, 1999). 

As can be seen in the scenario models mentioned in the referred EU publication, in almost all of the scenarios developed to forecast the transportation demand of EU countries, “gross national product” is the basic variable included in the model. The chief reason for this is the high level of correlation between gross national product and transportation demand. This is followed by export, import and employment variables. The inclusion of other variables in the models depends on the nature of the research and the level of detail requested.

In this study, an integrated Transportation Decision Support System (TDSS) is proposed to allow formulation of aggregate and long-term scenarios (countrywide, regional or global). The research constitutes one of the main parts of the report prepared for the Ministry of Transportation in preparation for the Transportation Master Plan Strategy (2004). The second section introduces the state of the art in transportation demand predictions; the third section highlights the basic features of the proposed model and underlines its basic steps, and; a case study of the Turkish transportation system is analyzed in the fourth section. Finally, conclusions and suggestions are given.

3. Basic Features of the Proposed TDSS Model

Our integrated decision support system is especially designed to allow formulation of aggregate and long-term scenarios (countrywide, regional or global). The basic aim is to support policy makers in their analysis of the impact of both socio-economic variables and variables related to transportation on passenger and freight demand in the future. Developed as such, the DSS is expected to guide transportation policy makers in their future strategic decisions; facilitate analysis of the possible consequences of a specific policy on changing the share of transportation modes for both passenger & freight transportation; highlight in detail the causal relationships among variables that are considered relevant in the transportation system analyzed and finally show the impact of a change in any variable on the whole system. The proposed model does not necessitate detailed data such as trip lengths and O-D matrices etc., but rather require aggregate data in order to make projections for passenger and freight transportation demand for each transportation mode in the future.

The first step of the proposed TDSS is the development of the causal map of the analyzed transportation system. For this purpose, the relevant variables of the system are initially determined. This is realized through a study of the literature and the specification of the variables used in similar studies, which are then revised according to experts’ judgments. In the next stage, the causal relationships between the variables are determined through the integration of the results via traditional econometric techniques, the Artificial Neural Networks (ANN) results and, finally, revisions based on the subjective judgments of the experts. Subsequently, the static causal model is transformed into a dynamic one through the calculation of the Bayesian Causal Maps (BCM). The resulting map is subject to scenario analysis to help transportation planners support policy makers in their analysis of the impact of socio-economic variables and transport-related variables on future passenger and freight transportation demand. The basic steps of the proposed study are summarized in Figure 1.
INSERT FIGURE 1 HERE
3.1. Development of the Causal Map

In the first stage of the proposed model, the use of the causal map is proposed in order to capture the knowledge, expertise and assumptions of the system and to understand the behavior of the system. Causal maps represent domain knowledge in the form of directed cause-effect relationships between variables.A cognitive map is the representation of thinking about a problem that follows the process of mapping (Eden, 2004) . The maps are a network of nodes Due to the fact that they represent domain knowledge more descriptively than other models, such as regression or structural equations, they are more useful decision tools (Nadkarni and Shenoy, 2001). There are three components of a causal map: the nodes representing causal concepts, the links representing causal connections among causal concepts, and strengths representing the causal value of a causal connection. Different methods are used to construct the causal maps, depending on the purpose and the theory guiding the research. In this study, Axelrod’s sense of mapping proves suitable (Axelrod, 1976). Mapping in Axelrod’s sense is designed to be a systematic, reliable way of measuring and analyzing the structure of an argument, not just its separate parts. The purpose of this type of unstructured approach is to inductively explore a new or unfamiliar domain by posing questions regarding the concepts relevant to the decision. (Nadkarni and Shenoy, 2004). The unstructured approach thus yields a richer understanding of the processes that individuals engage in in decision-making as well as helping gather important insights into the general knowledge that individuals have regarding the domain being evaluated. In this paper Decision Explorer (1996) is used as a supporting tool to elicit, store, and handle the complexity revealed by the experts. 
3.1.1. Determination of the Basic Variables

In order to obtain a mutually exclusive and selectively exhaustive list of basic variables of the causal map, interviews are conducted with transportation domain experts, who are encouraged to identify the concepts that might be relevant to the decision. This process is continued until a comprehensive and exhaustive list of concepts has been elicited. 

3.1.2. Specification of the Causal Relations

After identifying the basic variables, the next step is the determination of the causal relations between the variables. Since transportation systems are complex, during the specification process of the variables, more than one technique is used; namely, traditional econometric techniques, ANN’s, and expert judgment.

3.1.2.1. Use of Econometric Techniques for the Prediction of Freight and Passenger Transportation Demands

The proposed TDSS model initially suggests the use of conventional econometric techniques for the prediction of the causal relationships between the variables in the transportation system. However, as is explained in detail in the case study, this approach may encounter several problems, such as degrees of freedom and multicollinearity, etc, due to the nature of the data. If this is the case, the use of ANN to improve the accuracy of the predictions is recommended (Yoon, et.al 1993; Swanson and White 1997; Hwarng and Ang 2001)

3.1.2.2. Use of ANN for the Prediction of Freight and Passenger Transportation Demand 

ANN techniques have been applied to a variety of problem areas and have, in many instances, provided superior results to conventional methods (Yoon et al., 1993). It is well known that ANN performs excellently on pattern recognition tasks and its potential advantages have been mentioned in the existing literature (Swanson White, 1997; Boznar et al., 1993; Hwarng and Ang, 2001), one such advantage being its better performance when extreme values exist. 
Another advantage of ANN is the fact that its estimation can be automated, while the regression and ARIMA models must be re-estimated periodically whenever new data arrives. ANN also gives better results than the traditional methods when it is necessary to work with nonlinear data (Gately, 1996); indeed, one of the primary applications of ANN is in understanding complex nonlinear mapping (Hruschka, 1993).

The basic model of ANN techniques consists of computational units, which emulate the functions of a nucleus in a human brain. The unit receives a weighted sum of all its inputs and computes its own output value by a transformation or output function. The output value is then propagated to many other units via connections between units. In general, the output function is a linear function- a threshold function in which a unit becomes active only when its net input exceeds the threshold of the unit, or a sigmoid function, which is a non-decreasing and differentiable function of the input. Computational units in an ANN model are hierarchically structured in layers and depending upon the layer in which a unit resides, the unit is called an input, a hidden or an output unit. An input (output) unit is similar to an independent (dependent) variable in a statistical model. A hidden unit is used to augment the input data in order to support any required function from input or output. In the ANN literature, the process of computing appropriate weights is known as “learning” or “training”. The learning process of ANN can be thought of as a reward and punishment mechanism (Hruschka, 1993), whereby when the system reacts appropriately to an input, the related weights are strengthened. As a result, it is possible to generate outputs, which are similar to those corresponding to the previously encountered inputs. Contrarily, when undesirable outputs are produced, the related weights are reduced. The model learns to give a different reaction when similar inputs occur, thus gearing the system towards producing desirable results, whilst the undesirable ones are “punished”.

In order to determine the causal relationships between variables that have non-linearity and multi collinearity in their nature, the proposed TDSS suggests using ANN. All the variables suggested by the experts in the first evaluation stage are also included (including those found insignificant in econometric models) and considered inputs in ANN models. 
3.2. Construction of the Bayesian Causal Map

In order to represent the dynamic nature of the causal relations and to draw inferences based on the uncertainty concerning the states of the variables, the BCM is used, in which the variables of the system are represented with nodes and the causal relations among the variables are represented with arcs, directed from the parent (affecting) variable to the child (affected) variable.

3.2.1. States of the Variables

In order to construct a BCM, a finite set of states is initially defined for each variable. This set represents the possible behaviors that a variable can have (i.e., its possible states). Both historical data as well as subjective evaluation of experts is needed for this purpose.

3.2.2. Calculation of the Conditional Probabilities

A basic assumption of a BCM is that when the conditional dependencies for each variable are multiplied, the joint probability distribution for all variables in the network is calculated. For example, suppose that variable A is serially connected to variable C through variable B; then the chain rule for BCMs yields:

P (A, B, C) = P (A). P (B \ A). P (C \ B)

In theory, the posterior marginal probability of a variable can be computed from the joint probability by summing out all other variables one by one.
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21.3

29.2

49.5

0.0221 ± 0.0095

Highways freight ton-km

0.306 to 0.49

0.122 to 0.306

-0.0626 to 0...

21.8

27.4

50.8

0.16 ± 0.16

Inflation

0.572 to 0.986

0.157 to 0.572

-0.257 to 0....

15.3

11.8

72.9

0.13 ± 0.33

Tourist 

0.253 to 0.507

-0.00121 to ...

-0.256 to -0....

20.3

59.5

20.3

0.13 ± 0.18

Employment

0.0417 to 0....

-0.00627 to ...

-0.0542 to -...

33.2

33.7

33.1

0.018 ± 0.041

Change in oil prices

0.82 to 1.12

0.515 to 0.82

0.21 to 0.515

28.2

48.7

23.1

0.68 ± 0.23

Oil consumption

0.0953 to 0....

0.0231 to 0....

-0.0492 to 0...

34.1

33.0

33.0

0.06 ± 0.063

GNP

0.0496 to 0....

-0.00862 to ...

-0.0669 to -...

51.7

32.5

15.8

0.041 ± 0.046

Population

0.0236 to 0....

0.0194 to 0....

0.0153 to 0....

17.9

33.3

48.7

0.0202 ± 0.0034

Investments in  airlines 

35.3 to 38.8

31.7 to 35.3

28.1 to 31.7

24.5 to 28.1

20.9 to 24.5

17.3 to 20.9

13.8 to 17.3

10.2 to 13.8

6.59 to 10.2

3.01 to 6.59

0
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0
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0

0
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0
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0
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0

0
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14.8 to 16.3

13.3 to 14.8
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10.2 to 11.8

8.74 to 10.2

7.23 to 8.74

5.72 to 7.23

4.21 to 5.72

2.7 to 4.21

1.19 to 2.7

0

0

0

0

100

0

0

0

0

0

10

Foreign  Trade

0.255 to 0.425

0.0848 to 0....

-0.085 to 0....

20.2

38.0

41.9

0.13 ± 0.14

Passenger rates

kara

hava

demir

deniz

86.4

3.54

8.67

1.37

Freight  transportation r...

kara

hava

demir

deniz
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Foreign  Trade

0.255 to 0.425

0.0848 to 0....

-0.085 to 0....

20.2

38.0

41.9

0.13 ± 0.14

Passenger rates

kara

hava

demir

deniz

86.4

3.54

8.67

1.37

Freight  transportation r...

kara

hava

demir

deniz

84.6

0.15

7.26

7.96

Automobile  ownership 

0.164 to 0.221

0.107 to 0.164

0.0498 to 0....

22.0

22.7

55.3

0.116 ± 0.049


In Figure 2, an example of a BCM is given in order to show the probability calculations.
INSERT FIGURE 2 HERE.

The example in Figure 2 demonstrates the idea that if normalized population is between 0.0236 and 0.0277, and normalized automobile ownership is between 0.164 and 0.221, then normalized highways passenger-km will be between 0.0869 and 0.163 with 100% probability and between 0.001-0.0869 with 0% probability.

In practice, such an approach is not computationally tractable when there are too many variables since the joint distribution will have an exponential number of states and values. Although BCM’s create a very efficient language for building models of domains with inherent uncertainty, it may be time consuming to calculate conditional probabilities even for a very simple BCM (Jensen, 2001). Fortunately, there are several commercial software tools such as Hugin (www.hugin.com) and Netica (www.norsys.com) which can carry out this operation.

For the purposes of this study, Netica software (version 1.12), which is a complete software package for use with BCM’s, decision networks and diagrams, was used.

3.3. Scenario Analysis

Forecasting methods, such as trend extrapolation and regression, are seen to be too dependent on a projection of the past into the future to be useful for anticipating changes (Eden and Ackermann, 1998). Futhermore, they suggest only a single view of the future. In contrast, scenario planning puts forward a number of different alternative futures, each of which is possible, and focuses less on predicting outcomes than on understanding the forces that may eventually compel an outcome. Scenario analysis should have different levels of information, detail and reliability in its various phases and, in principle, has two basic objectives. The first objective is concerned with the estimation of the environment in order to be prepared for efficient decision-making. The second is the evaluation of strategic alternatives. To restrict the framework of scenario analysis to only the first objective will make it a subtopic of forecasting. However, the second objective makes scenario analysis a tool that permits managers to test their decisions and policies under diverse hypothetical situations.

By using the proposed TDSS, a dynamic scenario analysis opportunity is available to Turkish policy makers in their attempt to reduce uncertainties and specify a direction to pursue in the future. The scenarios provide a detailed picture of all the possible futures that may be encountered and in making use of them, it is also possible to see the possible transition and the resulting changes that will occur in the Turkish transportation system.

4. Case study for Turkish Transportation System

The high number of socio-economic and transport-related variables, the existence of both qualitative and quantitative data, and the inaccuracy of making projections based solely on past data are the basic factors that complicate policy makers’ process of decision-making. This study thus aims to alleviate these problems and provide a guide to policy makers by facilitating the analyses of the impact of socio-economic and transport-related variables on future passenger and freight transportation demand.

4.1. Development of Causal Map of the Turkish Transportation System

This research consists of the socio-economic status analysis part of the transportation master plan strategy report prepared for the Ministry of Transportation. The aim of the report is to provide an input for the transportation master plan and includes detailed data acquisition analysis and evaluation of transportation modes as well as short-term proposals for improvement on infrastructure, traffic and management of transport modes.

Academic board of the study are involved in examination of highways, railways, maritime lines, airways, pipelines, socio-economic conditions, logistics and support (a total of 41 academics from Istanbul Technical University, Yildiz Technical University and Gebze Institute of Technology), with a supervising committee of 29 members from governmental units, including the Ministries of Transportation, Foreign Affairs, Defense, Finance and Internal Affairs, etc. 

The development process of the Turkish Transportation System’s causal map consists of two main stages; namely determining the basic variables, and identifying the causal relations between the variables.

4.1.1. The Basic Variables of the Turkish Transportation Causal Map 

In order to determine the relevant variables a detailed survey of the literature is conducted and the variables of similar studies taken into account. Additionally, interviews are conducted with transportation sector experts, who are encouraged to identify concepts that might be relevant to the Turkish transportation system and factors influencing the passenger and freight transportation demand of different modes. This process is continued until a comprehensive and exhaustive list of concepts is elicited. In this initial attempt to reveal the basic variables, a consensus is reached on 38 variables, which can be categorized as demographic, socio-economic and transportation-related. This list of variables, obtained to develop the structural model of the Turkish transportation system, is much more detailed when compared to the ones used in similar studies conducted in EU countries (Shaw et. al. 2003). The list of variables is given below:

Demographic: population, literacy rate, rate of urbanization

Socio-economic: gross national product (GNP), foreign trade, number of tourists, employment, inflation.

Transportation: automobile ownership, truck ownership, change in oil prices, oil consumption, highway freight ton/km, highway passengers/km, railway passenger/km, railway freight ton/km, number of domestic airline passengers, number of international airline passengers, domestic airlines’ freight ton/km, international airlines’ freight ton/km, maritime lines passenger/km, entering ships tonality, leaving ships tonality.

Commodity groups: lumber, mixed goods, wheeled Ro-Ro, container, crude oil, living animals, frigorific, processed petroleum products, asphalt, LPG-LNG, acid, ammoniac, oil, ore, cereals. 
4.1.2. Determination of the causal relationships

Due to the complexity of the transportation system in Turkey, a mixture of quantitative and qualitative forecasting techniques are used in order to construct its complete and accurate causal map as the econometric techniques used in the initial stage showed important drawbacks in providing the whole picture. Consequently, econometric techniques, ANN model and expert judgments were used to determine the causal relationship between variables. 
4.1.2.1. Use of Econometric Techniques 

In the first stage of the determination of the causal relationships stage, conventional econometric techniques are used in order to analyze the causal relations between the variables through simultaneous systems of equations (see Figure 3). 
In the econometric model 11 exogenous variables are used: population, GNP, foreign trade, number of tourists, airlines domestic passengers, airlines passenger-km, airlines international passengers, maritime lines gross ton, highways vehicle-km, railways ton-km, highways ton-km. The data used could only be found for the period 1982-2004 from Turkish Statistical Institute (TUIK - www.tuik.gov.tr ). 
From the econometric analysis the following results are gathered and then used to define interrelations between variables. 

LOG(RAILWAYS TON-KM) = 4.635 + 0.237 * LOG(GNP) + 0.422 * LOG(FOREIGN TRADE) + -0.390 * LOG(HIGHWAYS TON-KM)

	R-squared
	0.867250
	    Mean dependent var
	8.961370

	Adjusted R-squared
	0.843824
	    S.D. dependent var
	0.158934

	S.E. of regression
	0.062809
	    Akaike info criterion
	-2.527781

	Sum squared resid
	0.067065
	    Schwarz criterion
	-2.328824

	Log likelihood
	30.54170
	    F-statistic
	37.02010

	Durbin-Watson stat
	1.095273
	    Prob(F-statistic)
	0.000000


LOG(MARITIME LINES GROSS TON) = -31.999 + 2.185 * LOG(GNP) + 0.516 * LOG(FOREIGN TRADE)


	R-squared
	0.986852
	    Mean dependent var
	12.10567

	Adjusted R-squared
	0.985391
	    S.D. dependent var
	0.875380

	S.E. of regression
	0.105804
	    Akaike info criterion
	-1.522889

	Sum squared resid
	0.201502
	    Schwarz criterion
	-1.373672

	Log likelihood
	18.99033
	    F-statistic
	675.5225

	Durbin-Watson stat
	1.467816
	    Prob(F-statistic)
	0.000000


LOG(HIGHWAYS TON-KM) = 1.244 + 0.503 * LOG(GNP) + 0.736 * LOG(FOREIGN TRADE) -0.759 * LOG(RAILWAYS TON-KM) -0.231 * DUMMY


	R-squared
	0.996444
	    Mean dependent var
	11.19425

	Adjusted R-squared
	0.995556
	    S.D. dependent var
	0.503178

	S.E. of regression
	0.033545
	    Akaike info criterion
	-3.747604

	Sum squared resid
	0.018004
	    Schwarz criterion
	-3.498908

	Log likelihood
	44.34984
	    F-statistic
	1121.016

	Durbin-Watson stat
	2.203649
	    Prob(F-statistic)
	0.000000


LOG(HIGHWAYS VEHICLE-KM) = -2.334898 + 0.724 * LOG(GNP) + 0.442 * LOG(FOREIGN TRADE) -0.580 * LOG(RAILWAYS TON-KM) -0.088 * DUMMY

	R-squared
	0.978709
	    Mean dependent var
	10.21015

	Adjusted R-squared
	0.973386
	    S.D. dependent var
	0.403496

	S.E. of regression
	0.065826
	    Akaike info criterion
	-2.399349

	Sum squared resid
	0.069329
	    Schwarz criterion
	-2.150653

	Log likelihood
	30.19316
	    F-statistic
	183.8688

	Durbin-Watson stat
	0.969378
	    Prob(F-statistic)
	0.000000


LOG(AIRLINES INTERNATIONAL PASSENGERS) =  -18.50762 + 1.560 * LOG(GNP) + 0.701 * LOG(NUMBER OF TOURISTS)


	R-squared
	0.977390
	    Mean dependent var
	16.07931

	Adjusted R-squared
	0.974160
	    S.D. dependent var
	0.699914

	S.E. of regression
	0.112511
	    Akaike info criterion
	-1.372753

	Sum squared resid
	0.177221
	    Schwarz criterion
	-1.225715

	Log likelihood
	14.66840
	    F-statistic
	302.5940

	Durbin-Watson stat
	0.920153
	    Prob(F-statistic)
	0.000000


LOG(AIRLINES DOMESTIC PASSENGERS) = -40.51247 + 1.197 * LOG(GNP) + 2.119 * LOG(POPULATION)


	R-squared
	0.922462
	    Mean dependent var
	15.46880

	Adjusted R-squared
	0.913847
	    S.D. dependent var
	0.614840

	S.E. of regression
	0.180467
	    Akaike info criterion
	-0.454977

	Sum squared resid
	0.586228
	    Schwarz criterion
	-0.305759

	Log likelihood
	7.777257
	    F-statistic
	107.0727

	Durbin-Watson stat
	2.051765
	    Prob(F-statistic)
	0.000000


LOG(AIRLINES PASSENGER-KM) = -2.694279 + 0.715 * LOG(GNP) + 0.166 * LOG(NUMBER OF TOURISTS)


	R-squared
	0.980574
	    Mean dependent var
	11.82715

	Adjusted R-squared
	0.977798
	    S.D. dependent var
	0.239963

	S.E. of regression
	0.035755
	    Akaike info criterion
	-3.665472

	Sum squared resid
	0.017898
	    Schwarz criterion
	-3.518435

	Log likelihood
	34.15652
	    F-statistic
	353.3357

	Durbin-Watson stat
	0.778355
	    Prob(F-statistic)
	0.000000


The resulting model can be seen in Figure 3.

INSERT FIGURE 3 HERE. 

In Figure 3, GNP and foreign trade are found to play significant roles in the specification of freight and passenger transport demand on airways, railways and highways, according to the results of the analysis. Additionally, an important interaction can be seen between railway and highway freight transport demand. However, such an interaction is not present between other transport modes. Therefore, according to the econometric techniques, only a small subset of variables was found to be significant. When those results were presented to the evaluation committee in the first report, the committee members underlined the fact that there have been other important variables influencing transport demand variables. However, many of the variables suggested by the evaluation committee were already analyzed and found to be insignificant, for which two reasons may be propsed. First of all, the potential variable that is thought to be significant on the transport demand variables might correlate with one of the existent explanatory variables. As a result, its inclusion may result with multicollinearity issues and this will allow a correct specification of the coefficient of the variables. In the transportation forecasting equations, the suggested additional variables generally had a high level of correlation with gross national product, foreign trade or other variables already included in the model, which is why their coefficients were found to be insignificant and reduced the impact of the coefficient of other variables as well when they were included in the model. The relationship between changes in foreign currency and inflation can be given as an example of this situation. The second reason may be the low level of variance of the explanatory variables that are recommended for inclusion in the model. For example, although the percentage of urbanization showed important changes on average in the period 1930-2003, its variance has been low in the last ten years, which explains why its coefficient was deemed insignificant in the explanation of transport demands.

Similarly, in order to reflect upon the cost structure of the transport modes, the inclusion of their relative prices in the model was suggested. However, in a high inflation economy such as Turkey’s, the use of relative prices is not realistic. Additionally, it was not possible to get relative prices on a yearly basis. Finally, it is found that in Turkey, the price of transporting one unit for one kilometer by any transportation mode has not shown any important change over the last 25 years, rendering the relative price variable insignificant. This does not mean that relative prices do not have an impact on the transport demand but it underlines the fact that this impact is already catched by the constant term of the equation.

Another problem encountered in the forecast through econometric techniques was the degree of freedom (dof), which is calculated by the number of observations (n) and the number of explanatory variables (m) (dof = n – m – 1).  In a study where the number of observations is constant, the inclusion of additional variables results in the reduction of degree of freedom, which increases the multicollinearty issue and leads to inaccurate forecasts. 

Due to the fact that the transport demand forecasting model is a system of simultaneous equations, in theory the use of simultaneous forecasting techniques such as the Three-Stage Least Square may be thought to increase the efficiency of the forecast of the coefficients. However, although this is valid for situations with a high number of observations, due to the lack of data, it is not valid for our situation, in which the period of analysis is 1982-2002, which is why the coefficients of the equations are predicted using the least square method.

4.1.2.2. Use of ANN

In order to eliminate the drawbacks encountered with classical econometric techniques and to highlight the complete picture of the causal relationships between all the variables of the Turkish transportation causal map, the use of ANN is decided upon for the next stage, in which all the variables, including those suggested by the evaluation committee but found insignificant by the econometric techniques, are considered as inputs in the ANN models. Employment, oil prices and transport mode usage of commodity groups in the analyzed period are also included as additional variables.

The ANN model is constructed and run, each time taking one variable as output and the others as the input of the system, leading to the creation of 38 different ANN models. Supervised learning is used with 6 hidden neurons in one hidden layer and a tansigmoid function is used as an activation function. In multilayer neural networks the inputs are connected to the outputs via hidden neurons instead of with direct connection. For this reason, in order to determine the characteristic of each input neuron and the strength of the connection between input Xi and output Oi, different weight measurement techniques can be used. One such a measure, which is also used in this study, has been proposed by Yoon et al. (1993).
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In this formula, RSji is the strength of the connection between input i and output j. Wki is the weight between the hidden neuron k and the input neuron, while Ujk is the weight between the output neuron j and the hidden neuron k. This statistic, in fact, is the ratio of strength between input i and output j to the total strength of all input-output neurons. The absolute value in the denominator is used to eliminate the negative relations between input-output neurons. This measurement is slightly changed by taking the square of both the numerator and the denominator in order to make it more effective and thus making the sum of the weight equal to 1. By using this formula, the inputs are ranked based on their weights. The resulting matrix is given in Figure 4.

Finally, in preparing the causal relationship matrix according to ANN results, it is decided to take into account only the weights between input and hidden layers passing a threshold value specified by the academic board (see Table 1).

INSERT FIGURE 4 HERE.

INSERT TABLE 1 HERE.

The variables in the first column of Table 1 are the affecting variables. For example, population affects GNP, oil consumption, number of tourists, urbanization and literacy rates, the number of passengers per km of highway and the number of passengers on domestic airlines. 

4.1.2.3. Final Configuration of the Turkish Transportation Causal Map 

In both econometric techniques and ANN models, it is assumed that the past will repeat itself in the future. In order to include all factors, including even those that cannot be predicted using on historical data but are expected to have an impact on the transportation demand structure in the future, experts’ judgments are considered. A detailed variable list used in the econometric and ANN models was presented to the evaluation committee during the project evaluation meeting held in Ankara. The transport practitioners and experts were then invited to a workshop (held in October 10, 2004). Finally, due to time retraints in the workshop, the causal relations matrix was also distributed to each participant. They were asked to analyze the list of variables and the causal relationship matrix and send their suggestions and revisions by fax or e-mail. Based on the experts’ suggestions, in addition to the variables included in the ANN analysis, the share of each transportation mode (%) and the share allocated to each transport mode from the total transportation investment budget (%) were included as additional variables in the Turkish transportation system. Figure 5 shows the final causal map of the Turkish transportation system. Domain Analysis made using Decision Explorer showed that the most central variables are “population”, “GNP”, and “railways freight ton-km”. All have 10 as centrality value, which means that the sum of incoming to and outcoming from each variable is 10. 
INSERT FIGURE 5 HERE.

4.2. Bayesian Causal Map of the Turkish Transportation Causal Map

Based on the final structure of the causal map of theTurkish transportation system, the last step in the long-term projection of transportation mode demands was the development of different scenarios in order to analyze in detail how different strategic decisions about macroeconomic variables influence the transportation demand of different modes for both freight and passenger. For this purpose, initially, the causal map of the Turkish transportation system is converted into a Bayesian Causal Map. All the variables are normalized into a 0-1 scale and a finite set of states defined for each variable. This set represents the possible behaviors that a variable can exhibit.  Both historical data and the experts’ subjective evaluation are needed for this purpose. Discretization of the variables is accomplished by dividing the data set of each variable into 3 equal intervals.

Due to the fact that in this study there were 44 decision variables and 94 relationships, the number of conditional probabilities was 159 451 561. In order to calculate the joint probabilities, the final map was put to Netica 1.12 software. Additionally, in order to facilitate analysis, commodity groups are not taken into account. In fact, with its current structure with 44 variables, this configuration necessitated 350 MB for just one iteration and even with Netica software its analysis was possible due to the capacity restriction of our current computer network. In reality, even with the elimination of the commodity groups, the number of variables is 29, with 74 conditional relations and 79240 conditional probabilities between those variables. 

Once the conditional probabilities are calculated, 7 scenarios are used for illustrative purposes in order to analyze the long-term projection of different decisions. However, in order to see the implication of their decisions, transportation planners can use Netica software in order to test as many scenarios as they want. In the development of scenarios, Netica takes into account the final detailed causal map and calculates conditional probabilities. 

However, it is worth noting that the calculation of the expected values will not be so simple in the Turkish Bayesian Causal Map due to the highly complex nature of the interrelationships between the variables.
4.3. Scenario Analysis for Turkish Transportation System

Due to the fact that the aim of this study was to provide a decision support system for Turkish policy makers in their attempt to analyze Turkey’s future transportation system, seven different scenarios were generated and analyzed.

In the “status quo” analysis, the “expected values” calculated by Netica were left unchanged for both macro variables as well as for transportation variables and it was assumed that the allocation of the transportation investment budget among the transportation modes would remain unchanged in the future.  

In scenarios I and II, the values of the macroeconomic variables were accepted as the same as those calculated by Netica as “expected values” but it was assumed that there would be partial (scenario I) and radical improvements (scenario II) respectively, in the allocation of the transportation investment budget in favor of railways.

In scenarios III, IV and V, the economic report prepared by State Planning Organization in 2004, ‘Economic Report Before Integration into the EU’ was used in order to make projections for Turkey’s macroeconomic conditions before integration, and these were taken as the basis of the analysis (www.dpt.gov.tr); optimistic, pessimistic and crisis scenarios were developed respectively in order to highlight whether it would be possible to improve upon the distribution of the transportation modes just by the changes made in macroeconomic variables.

Finally in scenario VI, the yearly increase rates suggested by the academic board of the transportation master plan study were taken as input in order to see whether these targeted values would be sufficient to change the demand for different transportation modes to the levels suggested by the current trend in both EU countries and Turkey.

Using Netica software, each scenario was analysed in detail with the aim of specifying in each scenario the impact of the selected variable on the levels of the other variables. Figure 6 shows an example of Netica output for scenario 1. (The outputs of other scenarios are not given due to limited space). The details of the scenarios are given below.

4.3.1. Analysis of status quo (the expected configuration according to status quo conditions)

The status quo scenario is based on the assumption that the expected values of the variables calculated for the period 1982-2000 will continue in 2005. Similarly, in this scenario, it is also assumed that the transportation investment policy of the government will be unchanged such that, on average, 73% of investment will be made on highways, 15% on airways, 11.5% on railways and 6.8% on maritime lines.Turkey’s Gross National Product is expected to grow by 4.1% and its population by 2%. An increase of 13% is expected in the number of tourists per year, and the inflation rate is taken as 13%. If the status quo scenario holds, the 10-projections show that in passenger traffic, the use of highways will be 82.4%, while the share of railways will only be 7.6%, and that of the airways and maritime lines will be 8.9% and 1% respectively. For freight transportation, these values are 94.59%, 1.8%, 3.5% and less than 1% for highways, railways, airways and railways respectively.

4.3.2. Partial improvement in the share of transportation modes (Scenario I)

The impact of partial and radical improvement in the distribution of the transportation budget among the modes are investigated in the subsequent two scenarios, in which the impact of increasing the share of railways in the transportation budget is analyzed in detail due to the fact that this mode has been neglected by Turkish governments for 50 years. As a result, in the partial improvement scenario, highways’ share of the total transportation budget is reduced from 73% to 60% a year, the railways’ and maritime shares increase from 11.5% to 15% and from 6.8% to 10% respectively, while airways’ share is held constant at 15%. In such a situation, in a 10-year period, passenger transportation demand for highways will be 75.8% while the share of railways, airways and maritime lines will be 11.8%, 11.1% and 1.1% respectively. For freight transportation, on the other hand, these values are 88.7%, 31%, 8% and less than 1% respectively. Figure 6 shows the Netica output for the Bayesian causal map of Scenario 1.
INSERT FIGURE 6 HERE
4.3.3. Scenario in which policies based on the 2005 Transportation Investment Targets are Sustained (Scenario II)

Scenario II analyses the impact of radical changes in the allocation of the transportation budget among the transportation modes. Within the context of this scenario, the share of highways in the total transportation investment budget is reduced from 73% to 51%, the share of the railways increased from 11.5% to 24%, that of maritime lines increased from 6.8% to 10% and that of the airways fixed at 15%. If this scenario is valid, in a 10-year period the share of highways in passenger transportation demand will be 65.6%, while that of railways, airways and maritime lines will be 22.1%, 10.9% and 1.1% respectively. For demand for freight transportation, the corresponding shares are 83.2%, 6.1%, 10.4% and less than 1% respectively. For the comparisons of the status quo, Scenarios I and II are given in Table 2.

INSERT TABLE 2 HERE. 
4.3.4. Optimistic Scenario of the Macroeconomic Variables on the Way of Integration with EU (Scenario III)

In this scenario, the transportation investment distribution is accepted as unchanged, and the possibility of an improvement in the share of transportation models regarding passenger and freight transportation demand based solely on the expectations of optimistic change (related to macroeconomic variables) investigated. For this purpose, if growth of Turkey’s gross national product is accepted at 5% and the employment growth rate at 1.7%, within 10 years highways will absorb 80.2% of passenger transportation demand, while railways will absorb 7.6, airways 11% and maritime lines 1%. In freight transportation, the corresponding values are 94.2%, 1.8%, 3.7% and less than 1% respectively.

4.3.5. Pessimistic Scenario of the Macroeconomic Variables on Integration with EU (Scenario IV)

In this scenario, a pessimistic trend for the macroeconomic variables is assumed and the resulting impact on the shares of the various transportation modes investigated. In this scenario, -1% is the figure settled upon for GNP growth, 20% for inflation, 5% for growth in foreign exchange, and -1% for employment growth. Accordingly, ten years later, it can be seen that the highways would absorb 85.4% of passenger transportation, while the railways, airways and maritime lines would each absorb 7.9%, 5.8% and 0.8% respectively, with the shares in freight transportations at 95.3%, 1.7%, 2.8% and less than 1% for the same modes.

4.3.6. Crisis Scenario (Scenario V)

In this scenario, the trend in macroeconomic variables is expected to lead to an economic crisis in Turkey. In order to analyze in greater detail the impact of foreign trade, the values of this variable are grouped in 5 intervals and the worst interval range is assumed to happen in this scenario, while the values for the other macroeconomic variables are assumed to be the same as those used in the pessimistic scenario. In other words, the GNP growth is assumed to be -1%, the employment growth rate to be -1%, inflation 20% and the growth in foreign trade to be -1%. Accordingly, 10 year later, 85.4% of the passenger transportation will be on highways, 7.9% on highways, 5.8% by airlines and 0.8% via maritime lines. For freight transportation, these values are 90.9% and 32% for highways and railways respectively, while the share of maritime lines will be 5.7% and that of airways less than 1%. The comparison of the status quo and scenarios III, IV and V are given in Table 3.
INSERT TABLE 3 HERE.

4.3.7. Scenario where the transportation experts’ targets for the rate of increase in passenger and freight transportation of transportation modes is realized (Scenario VI)

In this scenario, the targeted increase rates in the use of the entire transportation mode for both passenger and freight transportation is assumed to come true and the impact of these on transportation mode usage is investigated. Accordingly, for highways, the expected yearly increase of ton/km freight transportation is taken as 5% and for passenger transportation 6%, while for railways these values are 8% and 3%, for airways 7% and 9% and for maritime lines 10% and 2% respectively. If these increase rates continue over a 10-year period, the highways’ share of passenger transportation will be 89.1% while the railways’ share will be 6.2%, with 3.9% and 0.7% for airlines and maritime lines respectively. For freight transportation, these percentages are 81.2%, and 10% for highways and railways, and 8.5% and less than 1% for maritime and airlines respectively.

INSERT TABLE 4 HERE.

Scenario analyses show that in Turkey, it is very difficult to change the share of transportation modes if status quo conditions are preserved in the future. Similarly, only marginal changes can be realized through changes in the macroeconomic variables if the current transportation policy is not experienced and the dominant role of highways will continue. Therefore it is necessary to make important changes in transportation policies, vis-à-vis changes in the share of investment.

CONCLUSION

The proposed model has a macro-structure and will provide an input for the Transportation Master Plan that is being prepared. The details on transportation policies (e.g., details regarding investments) will be available in the Transportation Master Plan. However, some information about the investment priorities etc can also be found in the seventh section of Transportation Master Plan Strategy Development Report, for each transportation mode. The proposed model recognizes the need to look at the transportation problem as a whole, not in its separate components. It analyses transportation passenger and freight demand based on a causal map developed as a result of traditional econometric models, Artificial Neural Networks and transportation experts’ judgements. In this way, both affecting and affected variables are considered in relation to its effect on other modes and other variables.
As a further suggestion, the SODA methodology that has recently developed further into “JOURNEY Making” (JOintly Understanding Reflecting and NEgotiating StrategY) can be used as a more  structures tool for the collation and analysis of the view of many experts in relation to the transportation issue of Turkey. SODA workshops are designed for small groups to work on focusing thoroughly on the specific issues revealed by the cognitive maps. The composite model acts as a tool to help negotiation towards an agreed policy. By this way a clear and agreed statement of goals, major policy ares and policy options available can be revealed in a more effective way (Eden and Ackerman, 2004). 

In this study, only 7 scenarios are analyzed but it should be noted that these scenarios are just examples to check the validity of the model and observe the implications of certain strategies. The developed scenarios were based on the suggestions of government authorities, which acknowledge the necessity of increasing the role of the railways and maritime lines in order to get a more balanced transportation network.  However, using this model and Netica software, policy makers can analyze any scenario in order to see the impact of different policies.

Scenario analyses show that if the railways and maritime lines are expected to play an expanding role in the future of the Turkish transportation system, the investment required for this purpose is much higher than current status values and their share in the total invest budget should thus be increased. This increase will not, however, reduce the amount of money invested in other modes since the total investment budget will increase in the future. Nevertheless, in order to get accurate feedback from the proposed decision support system, data should be updated periodically.

The environmental variables that are beyond the scope of this research should be added to the model. These variables are: noise emission; NOx, CO2, and SO2 etc. emissions which have an impact on the ozone layer and global warming; emissions which affect the quality of water, air and earth, and; reliability and traffic congestion. Otherwise, analysis of economic growth which is independent of energy usage and pollution may conflict with the goals determined in the EU’s Maastricht Agreement.

In its current state, our model does not consider the trip rate or length. Thus, it is not possible to further constrain the scenarios by matching modes to the particular types of transport services for which they are most appropriate and this can be added to the model as a further suggestion.
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Figure 1 Steps of the proposed study
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Figure 2 Example of Bayes’ rule
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Figure 3 Econometric Model
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Figure 4 The relationship matrix of the variables
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Figure 5 Final Structure of the Causal map of Turkish Transportation System
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Figure 6 Bayesian Causal Map representing Scenario I
TABLES
Table 1 The resulting relationships among the variables passing the threshold
	Affecting Variable
	Affected variables

	Population
	GNP, oil consumption, tourism, rate of urbanization, rate of literacy, highways passenger-km, airlines of domestic passengers

	Foreign trade
	Employment, outward bound ships’ tonality, inward bound ships’ tonality, highways freight ton/km, railways freight ton/km

	Automobile ownership
	Oil consumption, passengers per km of highway, passengers per km of railway

	GNP
	Foreign trade, automobile ownership, inward bound ships’ tonality, Highway freight ton/km, passengers on domestic airlines, passengers on international airlines, domestic airline freight ton/km

	Oil consumption
	Inflation

	Change in oil prices
	Inward bound ships’ tonality

	Tourist
	passengers on domestic airlines, passengers on international airlines, passengers per railway km

	Rate of urbanization
	Domestic airlines’ freight ton/km, Railways freight ton-km

	Rate of literacy
	Automobile ownership

	Inflation
	

	Employment
	Automobile ownership

	Truck ownership
	Oil consumption, Highways freight ton-km, Airlines domestic freight ton-km, Airlines international freight ton-km

	Leaving ships tonality
	Employment, Freight transportation rates

	Entering ships tonality
	Employment, Freight transportation rates

	Highways passenger-km
	Passenger transportation rates

	Highways freight ton-km
	Oil consumption, Rate of urbanization, Railways freight ton-km, Freight transportation rates

	Airlines # of domestic passengers
	Highways passenger-km, Airlines # of international passengers, Passenger transportation rates

	Airlines # of international passengers
	

	Airlines domestic freight ton-km
	Employment, Railways freight ton-km

	Airlines international freight ton-km
	Employment, Railways freight ton-km

	Railways freight ton-km
	Employment, Freight transportation rates

	Railways passenger-km
	Passenger transportation rates

	Maritime lines passenger-km
	Passenger transportation rates

	Investments in airlines
	Airlines # of domestic passengers, Airlines # of international passengers, Airlines domestic freight ton-km, Airlines international freight ton-km

	Investments in railways
	Railways freight ton-km, Railways passenger-km

	Investments in maritime lines
	Leaving ships tonality, Entering ships tonality

	Investments in highways
	Highways passenger-km, Highways freight ton-km

	Passenger transportation rates
	

	Freight transportation rates
	


Table 2 Comparison of status quo, Scenario I and Scenario II

	
	Status quo
	Scenario I
	Scenario II

	Share of transportation investments 
	
	
	

	Highways
	73
	60
	51

	Railways
	11.5
	15
	24

	Airways
	15
	15
	15

	Maritime lines
	6.8
	10
	10

	Annual percentage of change
	
	
	

	Highways freight
	20
	16
	12

	Highways passenger
	4.6
	2.8
	1.2

	Railways freight
	2
	5
	10

	Railways passenger
	5
	8
	14

	Airways domestic passengers
	20
	21
	21

	Airways international passengers
	15
	16
	16

	Airways domestic freight
	1
	2
	2

	Airways international freight
	16
	17
	17

	Maritime lines freight
	10
	15.5
	15.5

	Maritime lines passenger
	2.3
	2.4
	2.4

	
	
	
	

	Share of modes after 10 years (freight) 
	
	
	

	Highways
	94.59
	88.7
	83.2

	Railways
	1.8
	3.1
	6.1

	Airways
	<1
	<1
	0.1

	Maritime lines
	3.5
	8.0
	10.4

	
	
	
	

	Share of modes after 18 years (freight)
	
	
	

	Highways
	97.65
	90.5
	81.53

	Railways
	0.5
	1.4
	5.2

	Airways
	<1
	<1
	<1

	Maritime lines
	1.8
	7.9
	13.1

	
	
	
	

	Share of modes after 10 years (passenger)
	
	
	

	Highways
	82.4
	75.8
	65.6

	Railways
	7.6
	11.8
	22.1

	Airways
	8.9
	11.1
	10.9

	Maritime lines
	1
	1.1
	1.1

	
	
	
	

	Share of modes after 18 years (passenger)
	
	
	

	Highways
	72.4
	58.6
	40.2

	Railways
	6.8
	13.6
	35.3

	Airways
	19.9
	26.9
	23.7

	Maritime lines
	0.7
	0.8
	0.8

	
	
	
	


Table 3 Comparison of status quo, Scenario III, Scenario IV and Scenario V

	
	Status quo
	Scenario III
	Scenario IV
	Scenario V

	Annual percentage of change
	
	
	
	

	Highways freight
	20
	21
	18
	10

	Highways passenger
	4.6
	4.4
	4.5
	4.5

	Railways freight
	2
	3
	0
	0

	Railways passenger
	5
	5
	5
	5

	Airways domestic passengers
	20
	23
	13
	13

	Airways international passengers
	15
	17
	11
	11

	Airways domestic freight
	1
	3
	-2
	-2

	Airways international freight
	16
	18
	13
	6

	Maritime lines freight
	10
	11.5
	6.5
	7.5

	Maritime lines passenger
	2.3
	2.7
	0.4
	0.4

	
	
	
	
	

	Share of modes after 10 years (freight) 
	
	
	
	

	Highways
	94.59
	94.2
	95.3
	90.9

	Railways
	1.8
	1.8
	1.7
	3.2

	Airways
	<1
	<1
	<1
	<1

	Maritime lines
	3.5
	3.7
	2.8
	5.7

	
	
	
	
	

	Share of modes after 18 years (freight)
	
	
	
	

	Highways
	97.65
	97.4
	98.2
	93.4

	Railways
	0.5
	0.5
	0.4
	1.5

	Airways
	<1
	<1
	<1
	<1

	Maritime lines
	1.8
	2
	1.3
	4.9

	
	
	
	
	

	Share of modes after 10 years (passenger)
	
	
	
	

	Highways
	82.4
	80.2
	85.4
	85.4

	Railways
	7.6
	7.6
	7.9
	7.9

	Airways
	8.9
	11
	5.8
	5.8

	Maritime lines
	1
	1
	0.8
	0.8

	
	
	
	
	

	Share of modes after 18 years (passenger)
	
	
	
	

	Highways
	72.4
	65.3
	81.8
	81.8

	Railways
	6.8
	6.4
	7.9
	7.9

	Airways
	19.9
	27.3
	9.7
	9.7

	Maritime lines
	0.7
	0.7
	0.5
	0.5

	
	
	
	
	


Table 4 Comparison of status quo and Scenario VI

	
	Status quo
	Scenario VI

	Annual percentage of change
	
	

	Highways freight
	20
	5

	Highways passenger
	4.6
	6

	Railways freight
	2
	8

	Railways passenger
	5
	3

	Airways domestic passengers
	20
	9

	Airways international passengers
	15
	9

	Airways domestic freight
	1
	7

	Airways international freight
	16
	7

	Maritime lines freight
	10
	10

	Maritime lines passenger
	2.3
	2

	
	
	

	Share of modes after 10 years (freight) 
	
	

	Highways
	94.59
	81.2

	Railways
	1.8
	10

	Airways
	<1
	0.1

	Maritime lines
	3.5
	8.5

	
	
	

	Share of modes after 18 years (freight)
	
	

	Highways
	97.65
	76.3

	Railways
	0.5
	11.8

	Airways
	<1
	0.1

	Maritime lines
	1.8
	11.6

	
	
	

	Share of modes after 10 years (passenger)
	
	

	Highways
	82.4
	89.1

	Railways
	7.6
	6.2

	Airways
	8.9
	3.9

	Maritime lines
	1
	0.7

	
	
	

	Share of modes after 18 years (passenger)
	
	

	Highways
	72.4
	89.5

	Railways
	6.8
	4.9

	Airways
	19.9
	4.9

	Maritime lines
	0.7
	0.5
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