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Abstract

The improvement of quality of life and the environment at urban areas relies on an effective
transportation system and has become a primary objective for both central government and
local authorities all over the world during the last two decades. More especially, the
provision of a safe environment for the pedestrians is of great importance in order to meet
the aforementioned objective. The use of traffic calming techniques aims at the provision
of such an environment at the urban areas that face severe traffic and safety problems.

Traffic calming measures have been recently designed and implemented in some major
cities in Greece. Until then, the main “tool” for the transportation engineers and town
planners for the prevention of all the unwanted impacts from traffic at city centres has been
the implementation of pedestrianisation schemes. Within the framework of this paper, an
attempt is made to evaluate the impact of traffic calming measures at various municipalities
that are part of the Thessaloniki Metropolitan Area. All such measures in the study area
were recorded and evaluated using multi-criteria analysis techniques. The main criteria
chosen for the analysis include traffic, environment, safety and commercial impact.

Special attention was given to the examination of the traffic safety impacts for both
pedestrians and drivers through the analysis of accident data “before” and “after” the
implementation of the traffic calming measures. The data come from the official police
records and are evaluated both in quantitative and qualitative terms.

The overall analysis indicates that traffic-calming measures do have positive effects on
traffic, safety and the environment. However, some negative effects are likely to occur at
roads surrounding the areas where the measures were implemented.
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1. INTRODUCTION
Most urban areas in the EU and in other countries all over the world suffer from the private
car domination. The extensive use of cars results in a number of undesired effects such
as environmental pollution, low safety levels, visual intrusion, and in general degradation
of quality of life. These traffic-related problems continue to increase as a consequence of
both higher mobility and increasing car ownership. At the same time it has been recognised
that increased supply of road infrastructure cannot really offer a solution to this problem.
On the contrary it fuels more the use of private cars in the long run. In order to deal with
this issue, transport planners and other practitioners have come with a variety of Transport
Demand Management (TDM) measures. A rather exhaustive list of TDM measures can be
found in many transport textbooks as well as in several research reports and papers. [1]

Traffic calming has been always an efficient TDM measure. It discourages car users from
using the car in certain areas and thus it reduces drastically traffic flows and speeds in
these areas. Traffic calming are combinations of physical and/or regulatory measures that
impose certain restriction allocated in space and/or in time. In fact traffic calming measures
have been mainly associated with construction of road surface humps or thumps, street
narrowing, alignment changes, use of coloured materials for surfacing, elevated (humped)
pedestrian crossings, creation of lay-bys for parked vehicles and other similar
constructions.

Examples of traffic calming measures can be found in many books, articles, research
reports or in several Internet addresses. The Danish Road Directorate [2] issued recently
a manual on Speed Management that contains useful examples and practices for this
purpose, where traffic calming is one of the most promising interventions.

This paper aims at presenting some of the Greek experience from the introduction of traffic
calming measures in the area of the Thessaloniki Metropolitan Area (TMA).

2. DESCRIPTION OF THE CASE STUDIES
Thessaloniki is the second greatest conurbation in Greece after Athens. It consists of more
than 15 local authorities among which the Municipality of Thessaloniki is the largest one.
The whole area is inhabited by approximately 900.000 people and faces severe traffic
congestion problems. The main reasons for this are the high density in most municipalities,
the concentration of administration and other main activities in the city centre and the
shape of the city which is oblong due to the coast and mountain barriers at south and north
respectively (“butterfly” shaped).

At the late 80’s, the Thessaloniki Organisation for the Implementation of the Master Plan
and the Environmental Protection (O.M.P.E.PT), a state controlled authority, which belongs
to the Ministry of Environment, Physical Planning and Public Works, undertook a major
effort to fund and support interventions at the municipalities of the area.  It must be
mentioned at this point that O.M.P.E.PT is an organisation with co-ordination and
monitoring responsibilities concerning the transport and land-use planning measures in
Thessaloniki Metropolitan Area. (T.M.A)

For this purpose O.M.P.E.PT supported financially almost all Municipalities to carry out
special traffic planning and traffic management studies in order to take actions and
measures to tackle the traffic related problems. O.M.P.E.PT also funded most of the
measures and other interventions implemented later as a result of those studies.

The main aim of the interventions proposed by the studies has been to improve traffic flow
conditions, increase the safety level and improve the overall level of quality of life. More
especially, the following issues were addressed from these traffic management studies:
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provision of an effective pedestrianisation scheme, reorganisation of the road network, 
 optimisation of vehicle traffic flow, improvement of the safety level for both pedestrians and
drivers, improvement of the level of service offered by the Public Transport system,
formation of an effective on-street and off-street parking policy, other related issues. As it
can easily be seen from these, “traffic calming measures” is not a stand alone task in the
framework of these studies. Looking at the existing guidelines of these studies it is obvious
that there is not “reserved space” just for traffic calming measures.

In several cases the proposed interventions were combinations of traffic calming measures
and pedestrianisations schemes aiming at removing or restraining through traffic from
certain housing areas. The reasoning behind these specific proposals has been that a
significant percentage of vehicles moving along arterial or collector roads prefer to follow
local streets to avoid congestion. Not all proposed measures were implemented; in some
cases the local authority was not determined to do so while in other cases the measures
were implemented but changes were made due to objections of inhabitants who did not
like the idea of changing some of their habits.

The examined local authorities include the Municipalities of Ampelikipi, Kalamaria,
Neapolis, Pilea, Stavroupolis and Thessaloniki. The above Municipalities have different
urban and road network characteristics. Kalamaria for example is spread out at a rather
extensive area with mild topography and adequate road network and on-street parking
space. Neapolis on the other hand is a densely build municipality located on a
mountainous area with poor geometry roads and inadequate free space. Ampelokipi has
similar characteristics with Neapolis but is build on a flat terrain while Pilea offers a variety
of network and morphology characteristics. The main common characteristic of all areas
is that there is generally lack of parking space, high traffic demand and concentration of
activities.

Tables 2.1 and 2.2 present demographic and transportation data concerning the six
examined Municipalities.

Table 2.1: Demographic and transportation data

MUNICIPALITIES

POPULATION
(year 1991)

Area
(Ha)

Car ownership
(cars/1000

inhabitants)

Ampelokipi 40093 125.16 220
Kalamaria 80698 508.57 305
Neapoli 30568 93.86 199
Pilea 29785 291.72 290
Stavroupoli 37596 313.12 238
Thessaloniki 383967 1738.42 244

Source: [3,4]

As presented in Table 2.2, the resulting deficits in parking space for the Municipalities of
Ampelokipi, Neapolis and Stavroupols are satisfied by illegal parking, which takes place
either on street and/or on sidewalks. In the first case the road capacity is reduced, thus
causing congestion and environmental impacts, while in the second case pedestrians are
forced to abandon sidewalks and use the road paths. It is obvious that the overall resulting
conditions are unacceptable both in terms of safety and in terms of the overall
environment. The ones that suffer most are the vulnerable road users either pedestrians
(schoolchildren, elderly people etc.) or cyclists.
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Table 2.2: Parking demand and supply

MUNICIPALITY

Parking
supply (in
thousand
places)

Parking
demand

(in thousand
places)

Deficit Surplus

Ampelokipi 6932 8943 2011
Kalamaria 18568 10630 7938
Neapoli 4870 7636 2766
Pilea 1860 930 930
Stavroupoli 8933 10131 1198
Thessaloniki 72131 102719 30588

Source:[5,6,7,8,9,10]

In the cases of Kalamaria and Pilea the figures on Table 2.2 show surplus. However, real
surplus in parking space exists only in the Municipality of Pilea. In the Municipality of
Kalamaria the recent figures reveal that the demand has exceeded the supply due to the
rapid increase of the car ownership index and due to the population increase. In fact, in
very few areas parking is not a problem.

Based on the examination of the alternative traffic management schemes which were
proposed (and some of them are partially implemented), in various Municipalities in T.M.A
the following measures - as they are presented in Table 2.3 - can be classified as “traffic
calming measures”.

Table 2.3: Overview of proposed and implemented traffic calming measures in
T.M.A

Traffic Calming
Measures

Thessalonki Kalamaria Stavroupolis Neapolis Ampelokipi Pylea

Proposed Measures
Pedestrianisation – no
access

X X X X X

Pedestrianisation – limited
 access

X X X X X

Plateau X
Speed humps X X
Changing street alignment X X X
Woonerf X X X X
Street narrowing X X X X X
30 km zone X
Implemented Measures
Pedestrianisation – no
access

X X X X

Pedestrianisation – limited
 access

X X X X

Plateau
Speed humps X
Changing street alignment X X
Woonerf X X
Street narrowing X X X X X
30 km zone X

The above measures were implemented in different timings during the period 1991 – 1999.
Though in each case the local priorities were somehow different, the overall philosophy
has been the same, i.e. to reduce speed and traffic flow in specific areas and to make car
users follow the designated arterial or collector roads. It should be mentioned that the
majority of the traffic calming measures did not involve expensive solutions such as re-
paving of the street surface or usage of high class materials, but they were rather relied
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only on the necessary physical or regulatory interventions. A reason for that was the doubt
of the decision-makers about the success of these measures; doubt that was raised due
to the apriori unjustified complaints of some inhabitants who were in favour of car usage
any time any place at any cost.

3. EVALUATION METHODOLOGY
The evaluation of traffic calming measures is based on a number of criteria that are related
to the expected effects of the measures. The most common of these criteria are the
following:

• Traffic flow
• Vehicle speed
• Traffic accidents or road safety
• Pollutant emissions
• Noise levels

Other criteria may be also used such as behaviour of drivers and pedestrians in the area
or other subjective ones such as opinions or attitudes. Economic criteria can be also
employed such as commercial value of residences and/or shops. The success or not of
the measures will depend on the values of certain indices that are used to measure the
change achieved in these criteria.

In the cases under discussion there were no data for all the above mentioned criteria. From
the traffic management studies, which were carried out before the implementation of the
measures, there were data available on traffic flows (mainly peak hour volumes and
average daily traffic volumes) and on traffic accidents from the local traffic police.
Furthermore, traffic flow data for the period “after” became available from other traffic
studies. At a similar way, traffic accident data covering the broader areas of the traffic
calming locations were obtained from the traffic police.

Regarding other criteria such as commercial or market value of houses and shops there
was too little available to be of exploitable value. It is a common secret that the market
value of shops at pedestrianised areas rises sharply, but there is no specific study for the
areas under discussion to substantiate it.

Finally, with respect to subjective criteria such as opinions or intentions of inhabitants,
shopkeepers or visitors, several sets of data were available which were used in the
appropriate manner.

Based on the above the actual evaluations of the traffic calming measures for the
aforementioned six Municipalities was carried out using the following criteria:

• Traffic flow
• Road accidents with fatalities and/or injuries
• Opinion data from interviews

It must be noted that the interview data do not refer to all areas. Furthermore some
interviews were conducted having other main objective than that of evaluating traffic
calming measures. However, useful conclusions can be drawn in either case.
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4. “BEFORE” AND “AFTER” DATA
Before and after data about traffic flow and road accidents were also gathered. The former
were obtained either from the authorities which are responsible for the traffic counts in the
area or from traffic studies, while the latter from the Traffic Police records and/or similar
studies. In the case of Pilea additional data were obtained from reference [16]. Table 4.1
presents for each Municipality the number of accidents, fatalities and injuries within a
period shown in column 2. The pedestrian related accidents are shown in the last column.

Table 4.1 Evolution of road accidents in the study area

T.M.A and
Municipalities

Period Total
number of
accidents

Fatalities Injuries Accidents
involving

pedestrians
Ampelokipi 1990-92 86 0 113 29

1994-96 87 0 NA 13
Kalamaria 1986-89 211 9 291 66

1994-96 206 6 NA 29
Neapolis 1989-91 126 7 167 42

1994-96 92 3 NA 23
Pilea 1987-89 38 0 0 3

1994-96 22 6 NA 6
Stavroupolis 1988-90 195 17 246 44

1994-96 190 10 NA 46
Thessaloniki NA NA NA NA NA

1994-96 1412 52 NA 448
T.M.A 1982-84 3572 178 4493 NA

1994-96 3853 263 5204 1042
NA: not available
Source: [4,5,6,7,8,9,12]

Table 4.2 presents the “before” and “after” values for the traffic volumes along the main
roads in the Municipalities under study

In most cases there is an increase in the traffic volumes. In some cases the increase is
very large while in others appears to be small or moderate. However, this latter
phenomenon is due to the fact that the specific roads were functioning at capacity levels
and therefore it is not possible for them to accommodate higher traffic volumes. Capacity
improvements most of the times are due to changes in traffic signal settings.

Table 4.3 presents the % changes in terms of accidents per 3-year period – before and
after – both for pedestrians related accidents and for all accidents. These % values were
calculated taking the TMA total figures for all accidents as control system. More accurate
figures could be obtained should all figures were available. Table 4.4 shows the fatality %
changes in the same manner.
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Table 4.2 Evolution of traffic volumes (ADT) in main roads of the study area
(“before” and “after” situation)

Municipality “Before” “After”
Ampelokipi (1992 –1997)

El.Venizelou 15138 18240
M.Alexandrou 9738 12930
Koloniari 15275 19070

Kalamaria (1989 – 1999)
Th.Sofouli 33000 18000 (1)
Chilis 12000 14300
Ethn.Antistasis 30000 52800
Adrianoupoleos 35000 36500

Neapolis (1991 – 1997)
Konstantinoupoleos 35975 44250
El.Venizelou 14738 18250
Vas.Georgiou 17463 22460

Pilea (1989 – 1997)
Pr.Elia 22250 28370
Politehniou 8500 7910

Stavroupolis (1991 – 1997)
Konstantinoupoleos 40575 49580
Karaoli & Dimitriou 17613 19900
Oreokastrou 8000 17000
Politehniou 5613 4370

Thessaloniki (1986 – 1996)
Antheon 40993 41515
Vas.Olgas 50312 58672
M. Alexandrou 54037 54198
Papanastasiou 32489 28400
N.Egnatia 28252 46772
Leof.Stratou 44854 46333
Egnatia 67706 68209
Kassandrou 26418 31367
Tsimiski 56920 58854
Mitropoleos 14821 22163
Ag.Sofias 8889 9018
Lagada 39544 58716

Source:[4,5,6,7,8,9,13,14,15]
(1) This is now one way street

Table 4.3 “Before” and “After” accidents figures and % change
Municipality Pedestrian related accidents All accidents

Before After After
Estimate
d without
measure

s

%
change

Before After After
Estimate
d without
measure

s

%
change

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Ampelokipi 29 13 31 58,4% 86 87 93 6,2%
Kalamaria 66 29 71 59,3% 211 206 228 9,5%
Neapolis 42 23 45 49,2% 126 92 136 32,3%
Pilea 3 6 3 -85,4% 38 22 41 46,3%
Stavroupolis 44 46 47 3,1% 195 190 210 9,7%
Thessaloniki 448 1412
TMA 1042 3572 3853 3853 0,0%
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Table 4.4 “Before” and “After” fatality figures and % change
Municipality All accidents

Before After After,
Estimated

without
measures

% change

(1) (2) (3) (4) (5)
Ampelokipi 0 0 0 0,0%
Kalamaria 9 6 13 54,9%
Neapolis 7 3 10 71,0%
Pilea 0 6 0 0,0%
Stavroupolis 17 10 25 60,2%
Thessaloniki 52
TMA 178 263 263 0,0%

Should a simple before / after comparison had happened slightly different figures would
have been obtained.

Finally some before and after data concerning traffic flows and average vehicle speeds
were obtained for the specific area at the Municipality of Pilea where the interview surveys
took place. The following Table 4.5 is quite revealing.

Table 4.5: Before and After flow and speed data in the Municipality of Pilea
Flow (veh/hour) Speed (Km/hour)

Before After Before After After + 4
years

Direction 1 246 169 55 27 36
Direction 2 227 204 49 26 34
Source: [16]

It is worth noting that the speed was gradually increased from 26 Km/hour after the
implementation of the measures to 35 km/hour 4 years later, but it was kept at well lower
levels than the before figure of 55 km/hour.

5. OPINION INTERVIEW SURVEYS
A survey based on questionnaire interviews was conducted within the framework of a traffic
management study for the Thessaloniki city centre [11]. The survey results are based on
264 valid interviews. Socio-economic, trip and other characteristics were obtained together
with the respondents’ intentions regarding several transport-related issues. Table 5.1
presents the questionnaire results concerning the priorities put by the public about the
improvement of the overall transport situation in Thessaloniki.

Though the survey was a rather simplistic one, it offers results that are of certain
usefulness. Public Transport users and pedestrians rank environment as their first priority,
perhaps because they are the first recipients of its degradation, whereas private car users
seem to be interested mostly in the improvement of Public Transport and in parking
conditions. While the former is an expected priority, the latter stems questions. This could
be explained as an indication of guilt for using private car instead of Public Transport. In
any case, the overall results give the first rank to the environment and the last one to the
pedestrian facilities.
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Two other interview surveys, more focused on the effects of traffic calming measures, were
also conducted. The first was about the effectiveness of special humps constructed in a
certain area in the Municipality of Pilea and the second was about the overall effects of
interventions in the centre of Kalamaria. The responses were given in the form of an
ordinal scale, the questions being about the success or not of the implemented measures.
The overall results coming from these interviews were used for the evaluation in this paper.
Table 5.2 presents the results for Pilea, while Table 5.3 the results for Kalamaria.

Table 5.1: Priorities concerning the improvement of the overall transport situation
in Thessaloniki

Improvements
Private cars

drivers &
passengers

Public
Transport
users &

pedestrians

Total

Quality of the environment 20 % 28 % 27 %
Level of service of Public
Transport

26 % 18 % 21 %

Parking conditions 25 % 20 % 21 %
Vehicle traffic flow 17 % 17 % 17 %
Pedestrian facilities 12 % 17 % 14 %

Source: [11]

Table 5.2: Opinion survey results in the Municipality of Pilea
(in % values based on 82 and 108 questionnaires for old and new users respectively)

Item

Inhabitants / Drivers
Users before and after

the implementation

Inhabitants /
Drivers

Users after the
implementation

1 2 3 1 2 3
Safety Level for
pedestrians

80 12 8 58 22 20

Safety level for drivers 54 23 23 46 32 22
Safety level for motor
cyclists

32 52 16 - - -

S N D I
Driving convenience level 32 42 16 10 - - -

1: Improved / Better 2: Not improved / Worse 3: The same / Don’t know
S: Satisfactory N: Not satisfactory but necessary D: Very Disturbing I: Indifferent
Source: [16]

Table 5.2 indicates that there is a significant difference in the opinions between the users
that knew the situation before the implementation of the traffic calming measures and
those who used the road after the implementation. In general there is a positive reaction
from people - both inhabitants and drivers - on the implementation of traffic calming
measures. There is a deviation regarding the opinions about the safety of motorcyclists,
but apparently this is linked with the fact that motorcyclists tend to speed up.

In the case of Kalamaria the opinion interviews indicate that there is an overall positive
reaction on the traffic calming measures implemented in the city centre of the Municipality.
As expected, there is a significant difference between pedestrians and drivers, since the
latter are mainly the recipients of the negative effects of the measures while the former are
recipients of the positive effects. The shopkeepers seem to be split, though there is the
impression that they are favouring some types of measures such as pedestrianisation. The
difference in opinion depends on other factors such as type of business, size of the shop
etc.
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Table 5.3: Opinion survey results in the Municipality of Kalamaria for Pedestrians,
Drivers and Shopkeepers
(in % values based on 120, 100 and 50 questionnaires respectively)

Question Pedestrians Drivers Shopkeeper
s

Y N D Y N D Y N D
Overall Safety Improvement 74 16 10 52 30 18
Improved Safety for pedestrians 88 6 6 60 25 15
Improved Safety for vehicles 70 14 16 40 45 15
Loss of Convenience for drivers 42 34 24 78 10 18
Loss of Business (Shopkeepers) 29 53 18
Do you recommend repetition  of
the measures

75 10 15 35 38 27 43 31 26

Source [15]

6. CONCLUSIONS AND DISCUSSION
The results presented in the previous sections are quite revealing about the effectiveness
of traffic calming measures implemented in different Municipalities in the greater area of
Thessaloniki. They can be summarised as following:

• Traffic flows within the traffic calming areas have been reduced in all cases though
the overall flow is greatly rising in the TMA. The reallocation of traffic due to car
restraint policies did not resulted in an equivalent deterioration of traffic conditions in
the surrounding areas.

• Traffic accidents in general were decreased in the areas under consideration.
Again, the areas that received the additional traffic burden did not behave much
different than before. In terms of fatalities the overall statistics reveal that there has
been a significant improvement in the TMA, though no other specific measures
were taken as a result of some road safety plans. This results in an overall
improvement of safety. The before and after comparisons, when adjusted on the
basis of the TMA total traffic accident figure, indicate that the accident and fatality
improvements in the Municipalities under consideration are quite significant.

• Observed speeds in areas where traffic calming measures were implemented prove
that the basic goals of reducing speed levels has been achieved. These low levels
remain even after some time though a slight upward trend is obvious.

• As a result of the above findings, positive environmental effects must be expected.
Traffic noise and air pollution reductions are secured in most cases. The migration
of traffic will definitely result in increased levels of noise and air pollution along other
roads that will accommodate some of the diverted traffic but there is overall an
improvement.

• Subjective data - opinions and level of acceptance of traffic calming measures -
indicate that there is in general a positive reaction on behalf of the people who live
by or use the new infrastructure. Pedestrians are the most positively affected by all
user groups. Drivers seem to be less satisfied than the pedestrians, because of the
restraints imposed to their cars’ usage. Finally, shopkeepers, where the case is
applicable, are rather happy, though they tend not to be quite explicit about this.
Many of them still believe that their patronage mainly comes from passing vehicles.
Others again, have realised the benefits that arise from an improved pedestrian
environment.

The above findings are valid though the measures were implemented without following
some typical specifications. The various effects seem to be similar to the ones achieved
in other areas of Europe. By looking at the different evaluation criteria, one is convinced
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that traffic calming measures have been successful in the TMA. People seem to accept
car restraint policies and this will continue as long as traffic flow and congestion increase
with time.

A point that needs to be raised is that in no case from those presented in this paper an
awareness or promotion campaign was launched. The impact of such campaigns has been
studied in several occasions, [17] and it has been mentioned in others [18,19]. It is
believed that better results and certainly, stronger acceptance would have been achieved,
should such campaigns had been launched.

Another aspect that needs to be taken care is the protection of the areas where traffic
calming measures have been implemented, and in particular pedestrianisation. Most
violations occur because motor cycles can illegally access these areas. No major accident
events have been recorded so far due to this phenomenon, but it is more than certain that,
if no measures are taken to prevent this kind of misuse, there will be victims among
pedestrians and even worse among children that will be feeling secure enough and risk
free.

For the immediate future, it is believed that the involved authorities in the TMA, such as
O.M.P.E.PT, must employ standards for traffic calming measures that will be followed by
all interested Municipalities. The measures should be selected based on certain indicators
that will permit practitioners to rank and prioritise interventions among areas. Finally, a
standard evaluation framework must be formulated to enable objective and subjective
evaluation of this type of measures.
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