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Abstract
Academic and research studies have analysed the potential benefits and costs of demand management techniques mainly from the technical and economic point of view. Less is done from the environmental and social point of view and especially for the human factor that was hardly addressed. The present paper develops a generalized methodological framework that focus on “human’ factor for evaluating the environmental and social impacts resulting from different demand management techniques. The framework is based on three well-accepted multicriteria methods, using both quantitative and qualitative criteria and it investigates the differentiation of the adverse effects on different types of areas. The innovation of the framework is twofold. Firstly, it introduces a common unit scale to measure the impacts/criteria that will be based entirely on human factor indicators and secondly, introduction of two types of weights (criteria related and spatial) is based on a decision analysis interview-method, taking into account the different views of different group of users. The framework is applied to four alternative policies/measures in a coastal area of Athens, in order to prove its flexibility, coherence and robustness in terms of handling uncertainty issues as far as it is possible. 
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1. Introduction
Until the last decade, the criteria for any kind of project development were limited principally to two: (a) minimized cost, and (b) engineering feasibility (Cohn & McVoy, 1982). In the years that followed, the huge traffic growth and great consumption of fuels raised awareness about environmental and social impacts, and more specifically concerning these impacts on human. 
The present paper develops a generalized methodological framework that incorporates the “human’ dimension in the evaluation of environmental and social impacts resulting from different demand management techniques.  The framework is based on three well-accepted multicriteria methods in order to compare and evaluate the transport demand management alternative techniques from the human point of view, using both quantitative and qualitative criteria such as: traffic noise, air pollutants and severance. Furthermore, it investigates the differentiation of these adverse effects on different types of areas (i.e. working, residential, historical etc.). 
The innovative aspects are related to the introduction of a common unit scale to measure the impacts/criteria that will be based entirely on human factor indicators (i.e. annoyance and reaction in noise, health problems due to pollution, and delays due to community severance) as well as on the introduction of two types of weights (criteria and spatial) based on a decision analysis interview-method in order to take into account the different views of different group of users.
2. Methodological Framework 
2.1 Concept 
Problems of decision-making are intrinsically complex and especially when it comes to deciding among transport alternatives because they always involve multiple attributes. In practice, this means that decision-making is based on non-homogenous data collected on different type of impacts whose relative importance needs to be determined by subjective evaluations, thus generating uncertainty in the results. The starting point for the methodological framework developed is that impact data is useful in decision-making only if (a) they are homogenous, else measured in common units in order to be comparable and (b) it is put in a form which reflects its importance from the different perspectives of the stakeholders.
The methodological framework proposed is a “simple aggregative” one that (a) combines three different Multi-Criteria Evaluation methods (Linear Additive Models, Analytical Hierarchical Process (AHP) and Multi-Attribute Utility Theory (MAUT)) in its different stages in order to handle uncertainty, (b) uses decision-analysis interview method to back-up the AHP  in deriving the weights, with an aim to clarify the opinions of different stakeholders and to increase public participation in planning, and (c) introduces the concept of a  double weighting stage, first to obtain criteria weights –reflecting the criteria comparative significance- and secondly to obtain spatial weights - reflecting the different spatial characteristics of the area where transport demand management techniques are implemented-.
Concerning the three different Multi-Criteria Evaluation methods are well established and widely applied methods. Consequently, they are the most appropriate to be used in the proposed framework, applied at different stages of it. 

In terms of transparency the Linear Additive Models appear as most favorable, since they are considered to be in a position to cope with almost any problem. Therefore, Utility Functions can support decision-makers to work easily on a range of problems and in various circumstances (Tsamboulas & Kopsacheili, 2003). 

The “weights” assignment is the most critical process since it many times contains subjectivity.  The decision-analysis interviews process based on the AHP (Saaty, 1980), contributes to overcome this disadvantage by deriving weights in a quasi-independent manner, using pair-wise comparisons made from a representative set of persons in order to cover all the different opinions of stakeholders. Besides, AHP is a very well-known method used for prioritisation when having a wide variety of possible choices and easy to use. In terms of objectivity as well as simplicity, AHP seems to be the most favourable.

Finally MAUT integrates the results of Linear Additive Models and AHP so as to provide a robust and effective framework of evaluation. Robustness is a very important property and refers to the operational efficiency of a method touching upon the following methodological items (Tsamboulas & Kopsacheili, 2003): 

· Data handling requirements: able to analyse cardinal and ordinal data, quantitative and qualitative 

· Treatment of any number of alternatives/criteria

· Treatment of uncertainty

· Addressing sensitivity

In addition, MAUT can aggregate different criteria, expressed in quantitative or qualitative terms including criteria weights, which can change in order to test the uncertainty issues and the sensitivity of the method.

Hence, the proposed methodological framework can provide the decision-makers with a useful application tool in terms of transparency, objectivity, simplicity and robustness. 

The methodological framework comprises four basic stages: 

· Structuring 

· Weighting (criteria related, spatial weights)

· Rating/evaluating 

· Exploring uncertainty 
2.2 Underlying Assumptions

The framework is using techniques that are based on a series of theoretical assumptions:

· Assumption 1:‘Where scale scores are available for the factors (criteria), it is assumed that intensity of effect for that factor is a continuous function of scale score’ (Lassiere, 1976). This part is referring to the attribution of scores to the impact levels in physical scale.

· Assumption 2: ‘The underlying mathematical structure of the method (linear additive models) allows for maximum flexibility in the selection of criteria and make the overall performance of the method more defendable’ (Voogd, 1983). This part is referring to derivation of the individual utility/corresponding index functions of the criteria.

· Assumption 3: ‘Where an individual is exposed to several factors simultaneously, it is assumed that the total effect is the weighted linear sum of the factors alone’ (Lassiere, 1976). This part is referring to derivation of the final additive utility function (weighted summation).

· Assumption 4: ‘Important assumptions behind the weighted summation technique are:  (a) the criterion weights can be determined on a quantitative measurement scale, (b) the criteria scores (utility function values) are considered to be determined on a ratio scale, (c) the aggregation of the scores takes place by addition’ (Voogd, 1983).

3. Structuring Stage
The structuring stage includes:  

· The objectives, goal and options of the evaluation

· The criteria, describing the evaluation parameters and their corresponding index functions.

· How criteria are combined to meet the objectives

Setting the objectives require specifying the goal and the options of evaluation. One of the main principles of this framework is the evaluation to focus on the human factor, so the main goal and objective of the evaluation is “to minimize the effects on humans directly”. Concerning the options, these are the alternative demand management techniques, which will be presented during the application section of the paper. 

The impacts will be the evaluation criteria in a sense that the evaluation will be based on the changes caused in terms of the impacts. For each criterion the corresponding index function will be derived based on the idea of the utility function using the Linear Additive Model method. 
Finally in order to show how the criteria are combined to meet the objectives, the derivation of the final additive weighted utility function will take place. This final function will be based on Multi-Attribute Utility Theory (MAUT).
3.1 Impacts Concerned 
This paper will focus in particular on environmental impacts such as noise and air pollution (nitrogen dioxide [NO2], particulate matter [PM10]) as well as on social impacts such as severance. The importance of these impacts could be inferred from the fact that most of the European Union relevant directives (deriving from national or international governmental or not organizations) pay special attention to them. 
3.1.1 Environmental Impacts 

Noise is defined as unwanted sound. Transportation vehicles are particular offenders in this regard. The main effects of noise are (Bristow & Tight, 2001a):

· Hearing Impairment

· Interference with Speech Communication

· Sleep disturbance

· Mental health Effects

· Annoyance

· Cardiovascular and Physiological Effects

As for measurement, Noise level is the 18h L10 dB(A): specific index L10 means noise level is exceeded for 10% of the stated time period of 18h  and the unit measured is Decibel scale [dB(A)].
Nitrogen dioxide (NO2) they found to have severe impacts on human health and environment (Lieberman, 1999). Direct emissions are mainly in the form of nitrogen dioxide (NO2).  NO2 can irritate the lungs and lower resistance to respiratory infection, has an adverse effect on materials and can damage vegetation (California Environmental Protection Agency, 1997). Concentrations of NO2 are measured in parts per billion or micrograms/m3.
Particulate matter (PM10) is one of the most dangerous emissions from the transport. PM10 are defined as particulate matter (PM) with a mass median aerodynamic diameter less than 10 micrometers (μm). When inhaled, fine particles are able to enter deep into the lungs, affecting their pulmonary function, causing temporary or permanent impairment. Particulate matters may contribute to the growth of chronic bronchitis and may intensify bronchial asthma, pulmonary emphysema and existing cardiovascular disease. Finally, surveys have shown that the existence of particles in the lungs could lead to faster absorption of carcinogenic compounds (European Commission, 1997). Concentrations of PM10 are measured in micrograms/m3.

3.1.2 Social  Impacts 

Community Severance is defined in as: “.. the separation of residents from facilities and services they use within their community, from friends and relations and, perhaps, from place of work as a result of changes in road patterns and traffic levels”. So severance is a word used to describe the divisive effects of roads and of traffic on communities on parcels of land, parks, farms, industries and shopping centers. The divisive effects can affect both vehicles and pedestrians but the impact on the pedestrians is usually greater, because distance and physical and environmental conditions are a greater deterrent (Bristow & Tight, 2001b). There is no specific measure unit for severance and various ways of measurement are largely dependent upon attitudinal surveys.  

3.2 Criteria and Respective Utility Functions 
3.2.1 Noise Criterion Utility Function 
As mentioned above, the policies in terms of noise will be evaluated according to the changes of noise impacts they cause. Research on annoyance response has shown that annoyance responses can be best thought of as being ranked along an underlying continuous scale, which does not have discrete points of discontinuity. 
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Figure 1 Estimation of Traffic Noise Nuisance (source: DETR, 1993a)
An example is illustrated in Figure 1 (DETR, 1993a), and based on it the relationship between noise-annoyance is:
(% of people annoyed) = 
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In the framework of multi-criteria appraisal the “value”/artificial scale can have many forms, in this case the adopted one is: (-10) – (0)– (+10): From –10 to +10, with middle point 0. Zero for no changes in annoyance, negative scores for growth in annoyance and positive scores for decline in annoyance. 

The next step is to define the exact relationship of the physical scale (% changes in % of annoyed people) with the artificial scale mentioned above.

An approach is for example a reduction of 5% in % of annoyed people to be valued/scored as +0.5, in other words the function connecting the physical with the artificial scale to be a linear one, derived by connecting the upper and lower limit of artificial scale with 100% decrease and 100% increase in annoyed people. So the function will be:

U =  (% change in % of annoyed people)*(10/100)

(4)

Where: U 
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 (-10, +10).
As it is shown in the application section, the calculation of noise and annoyance changes it will be done per link, so the form of noise criterion utility function per link is:

Uinoise = [(A0i-A1i)/ A0i]*(10/100)
(5)
Where:

A0i and A1i: Initial and final (or else do-nothing and do-something) levels of % of people annoyed for Link i.

3.2.2 Air Pollution Criterion Utility Function 
Searching previous literature on the subject, the most complete work was done by the Committee on the Medical Effects of Air Pollution (DoH, 1998) in a quantification of the effects of air pollution on health. The exposure – response coefficients were calculated for PM10 and NO2, a presented in Table 1.
Table 1 Exposure response coefficients (Source: DoH, 1998)
	Pollutant
	Health Outcome
	Dose-Response Relationship

	PM10 
	Deaths (all causes)

Respiratory hospital admissions
	+0.75% per 10mg/m3 (24 hour mean)

+0.80% per 10mg/m3 (24 hour mean)

	NO2
	Respiratory hospital admissions
	+2.50% per 50mg/m3 


The artificial scale chosen is the same as in noise: (-10) – (0)– (+10). Zero for no changes in pollutants concentrations, negative scores for growth in pollutants concentrations and positive scores for decline in pollutants concentrations. 
According to Table 1, for an increase of 10mg/m3 for PM10 and of 50mg/m3 for NO2 we have respectively 0.80% and 2.5% increased respiratory hospital admissions. So we can easily transform changes in pollutants concentrations into possible  % changes in respiratory hospital admissions, e.g. an increase of 10mg/m3 for PM10 will increase respiratory hospital admissions by 0.80%. Thus:
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Where: u 
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 (-10, +10).
As it was done for noise, the form of air pollutants utility functions per link is:
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Where:

C0i and C1i:  Initial and final (or else do-nothing and do-something) concentration of each pollutant for Link i

Furthermore we also need to attach different importance to each pollutant (
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) before add their effect in terms of health in the utility function of air pollution criterion. 

A rather crude approach is to estimate their relative importance according to the percentage of respiratory diseases occurring because of each pollutant out of the total number of respiratory diseases as it was calculated in “Quantification of the Effects of Air Pollution on Health in the United Kingdom”, by the Committee on the Medical Effects of Air Pollution (DoH, 1998) and shown in Table 2.
Table 2 Exposure response coefficients (Source: DoH, 1998)
	Pollutant
	Health Outcome
	GB Urban

	PM10 
	Respiratory hospital admissions 
	10.500

	NO2
	Respiratory hospital admissions
	8.700


* Estimated total admission to hospital for respiratory diseases occurring in urban areas of GB per year = 530000

In this way the absolute importance for each pollutant in general will be:

PM10 weight = 10500/530000 = 0.019 







NO2 weight = 8700/530000 = 0.017

and their relative importance –in the air pollution utility function - can be derived as presented next:
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So final utility function of air pollution criterion for Link i will be:
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Where:

Wk: importance weights of pollutants as calculated above 

The derivation of Wk might be considered a rather crude and probably too subjective one. Other solutions could be:

· Search more literature in order to be more certain about the effects of these pollutants on human health and about their ‘relative importance’.

· Attach them equal weights in the framework of objectivity.

The first was impossible to be done, since the most complete study was the one used. As for the second one, the weights derived were almost equal (0.453 
[image: image16.wmf]@

0.547). 

3.2.3 Severance Criterion and Utility Function 

According to Goldschmidt (1977), there is a very strong link between severance and pedestrian delay, since in setting an implicit objective of minimizing the severance effect of traffic, the minimization of pedestrian delay is used as the touchstone.

Number of pedestrians delayed depends on pedestrian delay, which has three elements: geometric delay, level of service delay and road crossing delay. The first two elements depend on physical layout of road and pavements, flow of pedestrians, characteristics of pedestrians and purpose of walking trip. The last element, road-crossing delay, depends heavily on traffic and its prediction is based on traffic flow theory. The methodology will look into road crossing delay (see Figure 2).
Di = 100 * (1.01 – 
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Where:

Di:  Level of % of people delayed for Link i 
Qi: traffic flow in Link i  

The artificial scale chosen is the same as in the other two criteria: (-10) – (0)– (+10). Zero for no changes in pedestrians’ delayed, negative scores for growth in pedestrians delayed and positive scores for decline in pedestrians delayed. 
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Figure 2 Pedestrian Delay Curves (Source: Goldschmidt, J., 1977)
The basis for the utility function of severance criterion is to calculate the difference of % of pedestrians delayed between the do-nothing and do-something scenario and assuming again linear relationship between artificial and physical scale connect the upper and lower limit of artificial scale with the -100% and +100% change in % of pedestrians delayed. For example if the % change in pedestrians delayed with the do-something scenario is 3% increase then the value in the artificial scale will be  -0.3.

U= (% change in % of pedestrians delayed)*(10/100)
(12)
Where: U 
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 (-10, +10).

The form of severance criterion utility function per link is:

Uiseverance = [(D0i - D1i)/ D0i]*(10/100)   
(13)

Where:

D0i and D1i:  Initial and final (or else do-nothing and do-something) levels of % of people delayed for Link i 
3.3 Final Additive Weighted Utility Function (MAUT) 
The simplest multicriteria method for cardinal data is weighted summation by using MAUT, which will take place in two phases. The weights (W) are interpreted in the context of a linear utility function so that the performance of alternative scenario j for each link i can be computed as:

[image: image19.wmf](

)

I

U

W

W

S

i

m

mij

criteria

m

spatial

i

j

/

*

*

þ

ý

ü

î

í

ì

ú

û

ù

ê

ë

é

=

å

å



(14)
Where:

Uimj: the utility function for criterion m in each alternative scenario j, per link i. 

Wmcriterio: criterion related weight 

Wispatial: spatial weight 
4. Weighting Stage
4.1 Weights Categories
This stage will define weighting technique – or else determine the factors Wmcriterio and Wispatial presented above in formula (14):
· Criteria related weights: Here will be the definition of how the criteria are weighted against each other in the evaluation. 

· Spatial weights: These will depend on links local characteristics (e.g. traffic flows) so we will have to identify the critical links of the given network. Also in this type we should take in mind special parameters e.g. hospitals, schools, residential areas etc. 
For the definition of criteria related weights Saaty’s AHP method seemed the most appropriate (Williams et.al, 1998; DTRL, 2001; EUNET, 1997). The weights we need to derive by this method are: Wnoisec, Wair_pollutionc and Wseverancec.
Saaty’s AHP method was also chosen for the derivation of spatial weights, but in this weight category some assumptions were also made:
· Split the area under examination, in sub-areas by grouping links, because it is rather impossible to have a different weight for each link.

· For all links that belong in the same sub-area we will use the same spatial weight.
So the separation can be:

· 1st Area: Highly Sensitive Links – with hospitals and schools
· 2nd Area: City Centre - inner routes around the city centre 

· 3rdArea: Minor routes & predominantly residential links

· 4th Area: Major radial routes

· 5th Area: Outer orbital routes 
So we have to define respectively the following weighting factors respectively: Wsi1, Wsi2, Wsi3, Wsi4 and Wsi5.
In both cases (criteria or spatial weights), the application of Saaty’s AHP method is  done by using decision-analysis interviews process.
4.2 Decision-analysis interviews process
The decision-analysis process includes 
· Preparation of interview

· Select represenative group of stakeholders

· Perform interview

· Synthesis of interviews results

· Feedback from stakeholders

4.2.1 Preparation

Preparation of interviews is the first stage of the process, where the planners in co-operation with the decision-makers specify the alternatives and the factors under comparison (the determination of the relevant impact categories as well as the affected areas). The ultimate goal is to structure the interviews “platform”, so as 

· all factors which are considered relevant for a decision are included

· all factors can be compared against each other in a pair-wise comparison matrix which is a measure to express their relative importance.

Therefore numerical values expressing a judgement of the relative importance (or preference) of one factor against another have to be assigned. Since it is known from psychological studies that an individual cannot simultaneously compare more than     7 ± 2 elements, Saaty (1977) and Saaty & Vargas (1991) suggested a scale for comparison consisting of values ranging from 1 to 9 which describe the intensity of importance (preference/dominance). A value of 1 expresses “equal importance” and a value of 9 is given for those factors having an “extreme importance” over another factor (Table 3).

Table 3 Example scale for comparisons (Source: Saaty & Vargas, 1991)
	Intensity of importance 
	Description 

	1
	Equal importance 

	3 
	Moderate importance of one factor over another 

	5 
	Strong or essential importance 

	7 
	Very strong importance 

	9 
	Extreme importance 

	2, 4, 6, 8 
	Intermediate values 

	Reciprocals 
	Values for inverse comparison 


4.2.2 Selection of representative group of stakeholders
The aim of the second stage of the process is to find a balanced and representative set of stakeholders so that the interviews would cover all the different opinions. The success key is that the persons are selected by the steering group and not nominated directly by the interest groups. These persons should be active in the related interest grioups and all important interest groups which were directly or indirectly affected by the alternatives should be considered. In addition, proponents and opponents of the alternative demand management techniques should be represented equally. 
4.2.3 Perform interviews
This stage concerns asking persons to compare the factors in pairs. Depending on the participant interviewed the comparison will be assigned verbally (according to the verbal expression of column ‘Description’ of Table 3 above). This comparison is  repeated until all factors have been evaluated. The participant is also asked to give brief arguments to justify his/hers statements.

4.2.4 Synthesis of interviews results and Feedback
For each participant the optimal set of weights (for criteria and affected areas) is calculated using the eigenvector method. Then the average set of weights is calculated. Finally, a seminar on the results of the interviews is arranged for all participants/stakeholders in order to get feedback on the results and agree on the weights sets.
5. Rating/Evaluating

Having the scores of the three criteria (un-weighted) for each link in each alternative option from the structure stage, using equations (1) to (13), and the weights (criteria related and spatial) from the weighting stage, by using equation (14), we will have the final/total score of each alternative. The total score for each alternative demand management technique results in the same artificial scale [-10, +10]. 
Hence, ranking of the alternatives is done considering as better solution the ones with higher scores.
6. Exploring Uncertainty
Uncertainty in a multicriteria method can have the following forms.

· Criterion uncertainty

· Assessment uncertainty

· Priority/weight uncertainty

· Method uncertainty

6.1 Criterion uncertainty
In criterion uncertainty terms, three problems can be noted:
· Are all the relevant criteria taken into consideration?

· Is the definition of the criterion in agreement with its intention?

· Are the criteria equally distributed among the various dimensions of the choice probabilities?

Concerning the first, since we are dealing with a cardinal multicriteria method, which needs an assessment of the various criterion scores on a quantitative scale, it was inevitable to result in a limited list of criteria in comparison with the full list of criteria proposed for use in a multicriteria evaluation. So the number of criteria chosen for this framework is rather satisfying. Concerning the second problem, is very hard to treat generally, but in this case the criteria were based on the objectives/goals of the evaluation, therefore in this sense it seems unnecessary to worry about this type of uncertainty.  For the third problem, we also do not need to deal with; the criteria are all belong to the same category (social-environmental) and the ‘sector evaluation’ or ‘step wise evaluation
’ taking place is the best treatment for this type of uncertainty.

So, we can support that criterion uncertainty is rather adequately handled in this so we do not need any further treatment of it.
6.2 Assessment uncertainty
The assessment uncertainty, unlike the criterion uncertainty exists and can be dealt in several ways: the use of probability functions, sensitivity analysis and feedback to research.

Use of probability functions contains one really important condition; that the various criteria probability distributions are independent to each other. This condition is very difficult to keep in practice, since criterion scores of different criteria - and especially belonging to the same category like in this project i.e. environmental – are often related to each other. Therefore, it can be concluded that in order to make the assessment uncertainty explicit, the use of probability functions is less appealing due to this drawback (Voogd, 1983). The same drawback is met in sensitivity analysis and by neglecting this fact sensitivity analysis may introduce a new kind of uncertainty into the evaluation illustration instead of making another kind explicit (Voogd, 1983). The third approach, feedback to research, is something that it can be only performed after the implementation so it is not appealing.

6.3 Priority uncertainty
There are several ways to deal with priority/weights uncertainty and they are the same as in assessment uncertainty except an additional approach, which is simply defining alternative sets of priorities/weights (Voogd, 1983).The latter mentioned is already considered in the decision-analysis interview process. Therefore, we can support that priority uncertainty is rather adequately handled in this so we do not need any further treatment of it.
6.4 Method uncertainty
There are three ways to deal with this type of uncertainty:

· Apply more than one evaluation technique

· Delimit the number of criteria

· Delimit the number of alternative choice-possibilities

All the above are already implemented in this methodological framework, since it is based on three evaluation techniques and has a limited number of criteria and alternative choice-possibilities (as presented next in the application).

7. Application
7.1 Application Area and Transport Demand Management Techniques
The case study area where the performance of four alternative transport demand management techniques was tested is the Municipality of Voula, a coastal area that is located at the greater Athens area in Greece. The application is related to a project aiming to reduce congestion and environmental impacts in Voula. The four strategies considered were parking regulation, speed reductions, traffic calming and road pricing, presented as follows: 
Scenario 0: Maintain Current Situation
Prediction and estimation of the level of impacts if no additional remedial measure was introduced.

Scenario 1: Regulate Parking by Impose Parking Charges in the City Centre 
It is related to the implementation of a parking charging measure. The pricing charge examined was chosen rather high (6€/hour). The charges are incurred only by those trips terminating in the city centre, but it was assumed that all drivers would pay them. 

Scenario 2: Impose Speed Reductions to Selected Links Around the City Centre 
It is related to the implementation of speed reduction measures. Speed reductions basically include proper signaling (standard or VMS) and maximum speed limit in the selected links up to 50 km/h. 

Scenario 3: Impose Traffic Calming Measures to Selected Links Around the City Centre 
It is related to the introduction of a combination of physical restraint measures for traffic calming. Traffic calming measures basically include woonerfs and pedestrian roads (in combination) on the radial routes around city centre.

Scenario 4: Impose Road Pricing for the Area Around City Centre
It is related to the introduction of road charges for road users/ drivers entering to the city centre. The pricing charge examined was chosen rather low (2 €). The charges are incurred only by those trips terminating in the city centre, but it was assumed that all drivers would pay them (exception were included for residents living near the boundary). 
7.2 Data Description

Traffic flows and average speeds are estimated for each scenario, using an in-house computer model for the analysis and evaluation of demand management schemes over relatively localized networks. The base line conditions data, else the current traffic flows and average speeds, were collected through a field survey (traffic counts) in the framework of the project.

The model works per link and as such it can easily be connected with the pedestrian delays and thus used directly for estimating severance criterion physical performance. The same stands for noise criterion. 
For the emission concentration for NO2 and particulates, for a road link, calculation formulas were developed connecting changes in emission concentrations with changes in traffic average speed, but for a given vehicle population and population structure (percentages of light and heavy vehicles).  These formulas were developed by linear regression analysis on data collected (traffic volumes, speed and various air emission concentrations) from measurements in various areas in Athens performed, on a monthly basis, from the Department of Air Quality (2006). These formulas are presented in Table 4. 
Table 4 Calculation Formulas for Emission Concentration (NOx, PM10)
	Pollutant (y)
	Parameter  (x)
	Vehicle Type
	Formula*

	Change in PM10 concentration
	Change in Average Speed (km/h)
	Heavy
	y = 20,164x-0,686

	
	
	Light
	y = 0,0001x2-0,0154x+1,4694

	Change in NO2 concentration
	Change in Average Speed (km/h)
	Heavy
	y = 9,3895x-0,5329

	
	
	Light
	y = 9*10-5x2-0,0062x+0,7031


* For a given flow of 1.000 vehicles/h 

7.3 Prediction and Estimation of Impacts Levels

The noise levels, emission levels and severance levels, on the physical scale, were predicted by using the baseline data and the outputs of the traffic model for almost 300 road links.  More analytically:
· Using traffic volume counts (from field survey), the output of traffic model (traffic volumes) and equations (1), (2) and (3) the % of annoyed people from traffic noise was calculated for each Scenario (including Scenario 0: Maintain Current Situation). 
· Using the formulas of Table 3, speed counts (from field survey) and the output of the traffic model (average speeds), the changes in air pollutants concentrations were estimated for each Scenario, always in comparison to the current situation (Scenario 0). 
· Traffic volume counts (from field survey), the output of traffic model (traffic volumes) and equation (11) provided the % of people/pedestrians delayed due to traffic, for each Scenario (including Scenario 0: Maintain Current Situation). 

Some technical/operational assumptions adopted are (DETR, 1993b):
Traffic composition The method assumes that the traffic composition is consistent from light (passenger) vehicles (LV) at 95% and from heavy vehicles (HVs) at 5%.

Distance from road centre Since the method is interested in the levels of impacts in the ambience, the concentrations of air pollutants and the noise levels were estimated at a distance 10m from the centre of the road with no allowance for any corrections on the basic noise level such as reflection, façade etc.

Flow The flow given from the models used is expressed in vehicles/h and is the average hour flow, in morning peak period. The process followed assumes that this volume is equal to average annual peak hourly flow, which is needed in order to predict the levels.

Speed In addition to the flow, the formulas used for estimation of emissions concentrations uses the speed of vehicles in order to estimate the level of impacts. The speed is given from the models used is expressed in kms/h and is the average hour speed, in morning peak period
7.4 Relative Importance and Distribution of Impacts Levels

Following the decision-analysis process stages, first the preparation of interviews took place from the transport planners, responsible for the prediction of impacts and the evaluation of the alternative scenarios. The interviews were decided to be computer-based, and the pair-wise comparison matrices (both for criteria and affected areas comparisons) were suitably created in spreadsheets. 

Then the selection of persons to form the ‘Stakeholders Representatives Group’ took place from the transport planners. In this case the groups represented and the number of people interviewed were the following: region’s city council (4), region’s environmental authorities (4), region’s social authorities (4), region’s commercial & business unions (4), officers of the region’s police department (2), residents (12). 

Careful preparations were considered important to improve the reliability of the results and to save time in the actual interviews. Thus, a first meeting with the ‘Stakeholders Representatives Group’ was an introductory seminar organized somewhat like the starting phase of a decision conference (Marttunen & Haimailaiinen, 1995). In this seminar the different transport policy alternatives and impacts as well as the interview method were presented. 
During the interviews performance the values in the matrices were completed by the planners according to the verbal answers from the interviewed persons in the ‘Stakeholders Representatives Group’.  The participant was also asked to give brief arguments to justify his/hers statements.
By using Visual Basic Programming Language, macros were developed in order to calculate the optimal set of weights (for criteria and affected areas) for each participant, based on the eigenvector method, as well as to calculate the average sets of weights for all participants in the ‘Stakeholders Representatives Group’. 

According to the synthesis of the results and the participants’ arguments, the following can be supported as it concerns criteria and spatial weights. 
The air pollution criterion was considered more important than noise and severance from most of the participants, since according to them it can result in respiration problems or even death. And between noise and severance, noise is considered more important than severance since it can cause mental problems on humans. So, the respective final set of criterion weights was:

 (wnoisec, wair_pollutionc, wseverancec) = (0.33, 0.55, 0.12)

According to the separation of the whole area of the municipality of Voula into: 

· 1st Area: Highly Sensitive Links – with hospitals and school.

· 2nd Area: City Centre - inner routes around the city centre 

· 3rdArea: Minor routes & predominantly residential links

· 4th Area: Major radial routes

· 5th Area: Outer orbital routes

the links with hospitals and schools were considered from all the participants as the most important since all the environmental factors affect people in sensitive groups that are patients and children. Next most important (especially fro the commerce and business unions) is the city centre for the obvious reason (more pedestrians since it is also a shopping district) and after this the mainly residential areas. The last two categories of areas as non-residential and non-center were considered less sensitive and less important. So the respective final set of spatial weights was:

(wi1, wi2, wi3, wi4, wi5) = (0.36, 0.28, 0.20, 0.12, 0.04)

These final results were synthesized in a short report, which was presented in the ‘Stakeholders Representatives Group’ for final comments and/or adjustments.

7.5 Estimation of Alternatives Scores and Final Rank
By using equations (5), (8), (9), (10) and (13) the three criteria (respectively, noise, air pollution and severance) scores on the artificial scale were first estimated. Then by introducing the weights presented above (both criteria and spatial) the estimation of alternative transport policy scenarios scores took place according to equation (14). Thus, the final scores for each Scenario are:
S1 = 0.031
S2 = 0.033
S3 = 0.036
S4 = 0.015
Consequently, the final ranking among the alternative scenarios is: 

Scenario 1>Scenario 2>Scenario 3>Scenario 4
Due to the multiplicity of links and calculation parameters, it’s not possible to demonstrate analytically all calculations described above but an example is presented –for a specific link in one specific Scenario - in ANNEX I. 
8. Conclusions
The aim of this paper is to offer decision-makers a methodological framework for the evaluation of environmental and social impacts resulting from pre-defined alternative demand management techniques. 
From using the framework, it became obvious that it has some advantages and some shortcomings which influence its performance. 
The simplistic form adopted makes the procedure easy to understand and apply. Thus, it is able to measure different impacts, expressed in different units, by introducing a common unit scale. This facilitates the comparison between levels of different impacts and can be used in order to find the overall level on a link and of a project. 
Moreover, the use of decision-analysis interview method removed on a certain level the subjectivity in the weighting technique and incorporated the different views of different group of users in the planning process. Finally, the structure of the framework handles most types of uncertainty rather adequately, securing the final outcome/result, at least in terms of alternatives ranking if not the absolute value of alternatives’ total scores.
On the other hand, there are some weak points.  First of all the framework is using techniques that are based on a series of theoretical assumptions and changes in some of these assumptions may lead to different results. The two most sensitive assumptions are the second and third, as mentioned in the respective section of the paper, which introduce linearity in the individual utility functions of the criteria as well as in the final additive utility function. Perhaps, a more sophisticated approach, based on non-linear utility functions, could reflect the physical performances of impacts into artificial performances more accurately, in terms of absolute values.
The prediction and estimation of impacts levels was also based on a number of technical/operational assumptions. Those hypotheses have probably affected the final outcomes in such a way that the impacts levels are probably not accurate. There were no corrections on the basic noise level, there were several assumptions simplifying the estimation of pollutants and not all the impacts’ characteristic had been taken into account but only the effects on humans. To this extent, there might be a problem in correlating the results with real time situations.

Last but not least, regarding the results of the case study: the traffic model used is not an official one (i.e. SATURN for instance) and most of its functions are still under elaboration and improvement. This can affect the criteria physical performances and consequently the final ranking of the alternative scenarios.  Furthermore, the environmental data extracted from the annual report on air pollution of the relevant department of the Ministry of the Environment and Public Works, although official, are continuously changing, and thus possible changes in overall alternatives ranking might occur. 
Nonetheless, the proposed methodological framework was easily adapted in the characteristics of the area and demand management techniques under evaluation, indicating its transferability and provided a ranking of policy alternatives, which was in line with previous studies in the area and with the decision-makers expectations, in short time. 
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ANNEX I
1. Link Description:

Location: in the City Centre - inner routes around the city centre (2nd Area)
2. Scenario under assessment:

Scenario 4: Impose Road Pricing for the Area Around City Centre
(Scenario 4 assessed against Scenario 0: Maintain Current Situation)

3. Data Description:

	Link ID
	Scenario 0

Baseline Conditions (Traffic counts)
	Scenario 4

Future Conditions (Model Outputs )

	
	Flow

(veh/h)
	Speed

(km/h)
	LGV

(95%)
	HGV

(5%)
	Flow

(veh/h)
	Speed

(km/h)
	LGV

(95%)
	HGV

(5%)

	100
	963
	23
	915
	48
	813
	28
	772
	41


Template 1

4. Impacts Estimation (Criteria Scores)

a. Noise Impact Estimation on Link 100

Using data in template 1, and Equations (1), (2) and (3):

	Noise

[dB(A)]
	Noise Physical Scale

(% of people annoyed)
	Noise Artificial Scale

	Scenario 0
	Scenario 4
	Scenario 0
	Scenario 4
	(Unoise)

	32.08
	32.01
	53.25
	52.79
	+ 0.09


Template 2
b. Air Pollution Impact Estimation on Link 100

Using data in template 1, equations of Table 4, equations (8), (9) and (10) as well as the relative importance of each pollutant (pg. 17):

	Absolute Changes

(decrease between Scenario 0 and Scenario 4)

in Air Pollution Emission Concentrations

(mg/m3)
	Air Pollution Physical Scale

(% change/decrease of respiratory hospital admissions)
	Air Pollution Artificial Scale

	NO2
	PM10
	NO2
	PM10
	uNO2
	uPM10
	Uair pollution

	3.349
	-1.902
	0.167
	0.152
	+0.0167
	+0.0152
	+0.0159


Template 3 
c. Severance Impact Estimation on Link 100

Using data in template 1 and equation (11):
	Flow

(veh/h)
	Severance Physical Scale

(% of people delayed)
	Severance  Artificial Scale

	Scenario 0
	Scenario 4
	Scenario 0
	Scenario 4
	Useverance

	963
	813
	63.91
	57.71
	+0.97


Template 4

5. Combined Impacts Estimation on Link 100 (Total Score - Weighted Summation of Criteria Scores)

Based on the above Templates 2 to 4 and equation (14):

	Utility Function Values
	Criteria  Related Weights
	Spatial Weights
	Total Score 

	Unoise
	Uair pollution
	Useverance
	Wnoise
	Wair pollution
	Wseverance
	W100spatial
	S100 

	+0.09
	+0.0159
	+0.97
	0.33
	0.55
	0.12
	0.28
	+0.043


Template 5
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� The use of criteria and spatial weights later achieves the step-wise evaluation. 
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