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Abstract

The aim of this paper is the comprehensive investigation of the effects of the physical characteristics of urban form on travel behaviour. To this end, the most crucial spatial parameters of both macro- and micro- scale are firstly identified. Secondly the relative significance/importance of these two planning scales is examined, under the scope for promoting sustainable travel choices. The results show that several parameters of both spatial scales could be used in order to affect travel behaviour (f.e. urban density and pavement width). However, the interventions would be more effective only if the two planning levels were activated simultaneously and regarded as equivalent dimensions of the sustainable mobility strategy.  

1. Introduction
Urban transport planning was characterised by a turnover on the strategic goals during the 90s. The “new realism” (Banister, 1999) disconnects the implementation of transport projects from demand, which keeps increasing. The theory of past decades that the expansion of road network will meet the needs for unrestricted demand is now rejected. The interest is focused on the demand restraint and management, and the promotion of public transport and alternative means (walking, cycling).

In the long-term the interest focuses also on the possibility to change travel behaviour through changes on the physical characteristics of urban form. The discussion has already opened on a political level concerning the implications of compact city form on travel choices. 

However, research on this scientific field is still open and no final conclusions have been drawn. Many studies either offer contradictory results or are unable to account reliably for the relationship between urban form and travel behaviour. It must also be noted that most research has been carried out in American cities and this is still another reason why their conclusions  should be transferred with caution in Europe. European cities have historically followed a much different model of development, and their structure differs significantly from those of American cities, particularly with regard to densities and mixture of land uses.

The aim of this paper is to investigate the effects of the physical characteristics of urban form on travel behaviour. In order to achieve a comprehensive approach a three-stepped methodology was developed. In the first two steps the relation between urban form characteristics and travel choices on two spatial levels, the macro- and micro- level, is investigated. In the third step the relative significance/importance of these two spatial levels is examined, in order for more sustainable travel choices to arise. The case study for this research is Athens, where these relations have not been examined until now.  

Past studies have focused only on one spatial level and thus they have underestimate the relations between the macro- and micro- scale. It must also pointed out that the methodologies for each spatial level include an in depth analysis, which aims to contribute to the general debate of the last 25 years in the field of land use transport interaction. 

2. Literature review    

A fair amount of empirical research has analysed the relations of the land use transport system. Most studies have focused on the urban macro-scale parameters like density, land use mix, distance from city centre, city size etc. Micro-scale issues have drawn less attention, mainly because it is assumed that this planning level cannot play significant role towards sustainable mobility. Finally, no studies have investigated the spectrum of relations existing between the urban macro-scale, the urban micro-scale and the travel choices.       

2.1 Studies focusing on urban macro-scale

One of the most important studies was conducted by Newman and Kenworthy (1989, 1999). The work dealt with data from 32 cities in four continents and came to the conclusion that the energy consumption by private vehicles in urban areas is influenced by residential density. They diagnosed a strong negative relationship (R2=0.8594) between residential density and energy consumption. This relationship is exponential for densities beneath 30 persons per hectare and linear for higher levels. Although this work met with severe criticism, both at ideological (Gordon and Richardson 1989, 1997; Breheny, 1997) and methodological level (Gomez-Ibanez, 1991; Wegener, 1998; Mindali et al., 2004), it still remains a landmark study on this field. 

Results similar to those of Newman and Kenworthy are yielded by the research conducted by ECOTEC (1993) in Great Britain. The findings indicate that an increase in population density leads to a decrease in the number of kilometers travelled per person by car and correspondingly to an increase in the distance travelled per person by public transport and on foot. 

Other studies focus on different urban macro-scale parameters. For example several studies examine the influence of land use mix on travel choices (Cervero, 1988, 1996; Frank and Pivo, 1994a), while others focus on jobs-employment balance (Cervero, 1989; Ewing et al., 2001; Frank and Pivo 1994b). Special attention has been given to the parameter ‘distance from centre’. These studies come mainly from Europe, as it is assumed that the monocentric form of most European cities plays an important role in determining travel length (Mogridge, 1985; Spence and Frost, 1995; Curtis, 1995, Naess and Sandberg, 1996). Finally, several studies examine the role of city size (Breheny, 1995; Williams, 1997).   

In all the studies referred above, various urban macro-scale, socio-economic and travel characteristics were employed. If one compares the results of these studies, it becomes evident that there are significant differences (e.g. as regards the threshold of residential density at which a noticeable change in travel behaviour occurs), or even contradictions. According to Van Wee (2002), the main reasons for the variety of the results are:
· the low level of difference among the urban form characteristics in the study areas,

· the various research methodologies,

· the different sizes of the regions studied,

· the different understanding of the same parameters in different countries,

· differences in culture and outlook, particularly in regard to travel behaviour,

· the indirect effects in the form of the relationship between land use and socio-economic characteristics, which also influence travel behaviour.

2.2 Studies focusing on urban micro-scale

Urban micro-scale refers to the neighbourhood level characteristics. Most studies on the urban micro-scale level utilise general (usually qualitative) descriptors of neighbourhood characteristics. Then they examine the influence of these descriptors on travel behaviour, without identifying the separate effects of specific features of the urban environment such as the pavement and road width, the parking availability etc. The most common descriptors are (a) the road network form (Flemming and Pund, 1994, Messenger and Ewing, 1996; Crane and Crepeau, 1998) and (b) the neighborhood type (traditional-, suburban-, auto-, transit- development) (Handy, 1992; Friedman et al., 1994; McNally and Κulkarni, 1997; Cervero and Kockelman, 1997)

3. 1st Step: Investigation of the urban macro-scale effects on travel behaviour

3.1 Conceptual model

In this paragraph the research for the investigation of the urban macro-scale effects on travel behaviour is presented. The conceptual model (fig. 1) and the research questions are initially posed:

· Is there any relation between urban form parametres and travel choices? If yes, which of these parametres are the most significant and reliable?

· The urban or the non-urban form parametres (e.g. socio-economic) affect travel behaviour more? Is there any interaction between them?

· If there is such an interaction, which of the urban form parametres affect travel choices directly?   

3.2 Data and methodology

In order to answer the above questions a three-leveled methodology was developed. Each level addresses one question and forms the basis for the examination of the next. Greater Athens was case-studied. The study metropolitan area of Athens consists of 82 municipalities, with a total population of 3 833 400 persons. The spatial unit for the present analysis was the municipality, since it is the smallest area for which data is available. 95% of the population of the study area is concentrated in a basin, of about 1270 km2, and surrounded by sea and mountains. This basin includes 65 municipalities.  The average municipality size is 15 km2. Data derive from surveys carried out by the Metro Development Study (MDS), in 1996, namely on

· land use and socio-economic characteristics and 

· travel characteristics 

The land use surveys covered 74 500 hectares (66 600 blocks). Travel characteristics and social-economic characteristics of households derive from a total of 29 358 interviews (general sampling 2% of the population) (AM-DPGS, 1998).

Three categories of parametres were used in the research: 

The Urban Form Parametres (UFPs)

· net residential density 

· jobs-employment balance

· land use balance 

· distance from centre 

· road space per person

The non-Urban Form Parametres (non-UFPs)

socio-economic, namely:

· household income

· household size 

· car ownership 

and

· public transport accessibility

Travel characteristics

· modal split (car, public transport, walking)

· mean journey length by car and

· per capita energy consumption by car

At the first level, the aim was to investigate whether UFPs influence travel behaviour and which of them significantly explain the variability of each of the five travel characteristics chosen for this study. Five multiple regressions were performed, with travel characteristics serving as dependent variables and UFPs as explanatory variables.

In each multiple regression, the final model was approached in successive steps. In each step, the level of significance of each parametre and the total explanatory power of the model were examined. The base model consisted of the five UFPs. If the ‘t-value’ and the corresponding level of significance for a parametre was less than 10%, then the parametre in question was removed from the next regression step. At the same time, the value changes for the corrected co-efficient of determination (adjusted R2) at each step of the regression were examined. 

At the second level, the aim was to compare the degree of influence exercised by UFPs and non-UFPs on travel characteristics and to identify and measure any mutual influences. Firstly, the R2-value is determined separately for UFPs and for non-UFPs. Then a third multiple regression is applied, in which all the parametres listed above are included as explanatory variables. This third calculation allows one to find the degree of direct and indirect influence exercised by every group of parametres on travel characteristics. However, it is certainly difficult, if not impossible, to define a causal relation. Furthermore, if one assumes that a particular UFP causes changes in non-UFPs and, ultimately, indirectly influences travel behaviour, this is not a particularly helpful conclusion, when it comes to applying respective policies. The time frame for realising such a chain of changes is excessively long and certainly not politically viable.

At the third level, the aim was to establish which UFPs directly influence travel behaviour. There, each non-UFP is divided into two sets, the one of low and the other of high values.  For every non-UFP (control parametre), four multiple regressions are applied to each set. The most significant UFPs, according to the first level of analysis, are used as explanatory variables in each regression. Then UFPs are checked to ascertain whether they retain their significance and form, either positive or negative, of their relation to the dependent variable. Ιf, in both sets of values, an explanatory variable 

1. retains its significance in terms of the ‘t-value’ criterion, and 

2. retains the same form of relationship,

its relationship with the specific travel characteristic is considered to be direct. This means that the change in a particular UFP will influence travel behaviour, independently of both the socio-economic parametres and the accessibility of public transport.

3.3 Results

The most crucial characteristics of urban form affecting travel behaviour were identified at the first level of the analysis. These characteristics are presented in table 1.

The second level of the analysis allows one to compare the influence of UFPs and non –UFPS on travel behaviour. The results indicate that UFPs exert more influence than non-UFPs on: 

· the use of public transport,

· walking,

· the mean journey length by car, and 

· the energy consumption by car.

By contrast, non-UFPs exert more influence than UFPs on 

· the use of car.

UFPs, directly or indirectly, explain the variability of ‘mean journey length by car’ (81.0%). Then come ‘energy consumption by car’ (74.6%), ‘public transport use’ (63.9%), ‘car use’ (46.6%) and ‘walking’ (24.8%). Non-UFPs, directly or indirectly, explain the variability of ‘car use’ (75.6%), ‘energy consumption by car’ (57.2%), ‘public transport use’ (37.4%), ‘mean journey length by car’ (19.1%) and ‘walking’ (17.3%).

From the third level of analysis the results regarding UFPs that directly influence travel behaviour are derived. The results indicate that, the UFP or UFPs directly influencing 

· public transport use, are ‘net residential density’ and ‘jobs-employment balance’,

· car use, is ‘net residential density’

· walking, is ‘net residential density’

· mean journey length by car, are ‘distance from centre’ and ‘road space per person’, and

· energy consumption by car, is ‘distance from centre’ and ‘road space per person’.

The overall conclusion, arising from all of the results above, is that density is the most important UFP, which influences travel behaviour. This relationship is to a great extent direct, that is, it is independent of socio-economic characteristics and of public transport accessibility.  Nevertheless, car use also depends to a great extent upon non-UFPs. Finally, it could be argued that residential density is an efficient tool for increasing the use of public transport at the expense of the car. Such influence can be expected to remain particularly strong up to a threshold of 200 persons per hectare (see fig. 2 and table 2).

Similar conclusions, however, are not to be drawn regarding the influence of residential density on mean journey length and on energy consumption by car. In fact, this parametre did not maintain its significance level in all the sets of the control parametres. By contrast, as regards the above travel characteristics, the parametre ‘distance from centre’ was particularly significant and independent of non-UFPs.

Thus, an increase in residential density and a decrease in distance from the city centre, could constitute two basic tools towards sustainable mobility. These two pillars of such a strategy could then rest upon small scale changes in other physical characteristics of urban form, namely ‘jobs-employment balance’ and ‘road space per person’, which were of lesser importance and influence on travel behaviour. In particular:

· ‘jobs-employment balance’ does indeed influence the number of journeys per person by public transport and car, but not the journeys per person on foot, the mean journey length and the energy consumption by car, and

· ‘road space per person’ does indeed influence the mean journey length and energy consumption by car, but not the number of journeys per person by car, public transport and on foot.

A summary of the results from the three levels of the analysis are presented in table 3.

4. 2nd Step. Investigation of the urban micro-scale effects on travel behaviour

4.1 Conceptual model

In this paragraph the research for the investigation of the urban micro-scale effects on travel behaviour is presented. The conceptual model and the research questions are initially posed:

· Is there any relation between urban micro-scale parametres and travel choices? 

· If yes, which of these parametres are the most critical? 

4.2 Data and methodology

In order to answer the above questions, four multiple linear regressions were conducted. The municipality of Kallithea was case-studied and data from AUTO (1997) and the Transport Study of Kallithea (1989) were used. The spatial unit was traffic zone (22 in total). Kallithea is placed at a distance of 5.5 km southern from the city center with a total population of 135 000 persons. It has a quite high density (690 person/ha) and is surrounded by some of the most important road arteries of Athens (see fig. 3). Two categories of parametres were included in this part of the research:

Urban micro-scale characteristics

· Height of buildings to road width ratio

· Pavement width

· Percentage of two-way roads 

· Distance from the metro station

· Percentage of main arteries in the road network

· Availability of parking spaces

Travel characteristics 

· Modal split (car use, public transport use)

· Mean journey length by car

Urban micro-scale characteristics were used as explanatory variables, whereas each travel characteristic was used as dependent variable. In each regression the corrected coefficient of determination and the t-value of each parametre were checked. In this case no threshold for the t-value was determined. 

4.3 Results

Public transport use was found to be positively influenced by the following parameters (Table 4):

· Height of buildings to road width ratio, and

· Pavement width

and negatively influenced by the parametres:

· Distance from the metro station

· Percentage of two-way roads

· Percentage of main arteries in the road network

· Availability of parking spaces

In contrast, car use was found to be positively influenced by the parameters (see Table 4): 

· Distance from the metro station

· Percentage of two-way roads

· Percentage of main arteries in the road network

· Availability of parking spaces

and negatively influenced by the parametres:

· Height of buildings to road width ratio, and

· Pavement width

However, public transport and car use is highly correlated (r = -0.985). That explains why the parametres of influence are the same in both cases, but they have adverse effects (negative in the first case and positive in the second, and vice versa). It is assumed that some of the parametres primarily influence public transport use and as a result they subsequently affect car use. More specifically, it is estimated that the parametres: 

· Pavement width, and

· Distance from the metro station

affect mainly public transport use. The increase of the pavement width facilitates the accessibility of public transport stations. On the other hand, the nearer the origin of a trip to the metro station, the easier it is to walk to the station. The latter is confirmed by a relevant study, which found out that the range of a metro station is gradually decreased especially over 500 m (Dimitriou, 2004: 184-185). 

The parametres that primarily affect car use are estimated to be the following:

· Percentage of two-way roads

· Percentage of main arteries in the road network

· Availability of parking spaces

· Height of buildings to road width ratio

The first three parametres are positively correlated with car use. All of them reflect the difficulties that may face if someone use a car. As the number of two-way roads in a network increases, so do the degrees of freedom available for a car to move. This means easier and faster reaching of the destination and of course avoidance of unnecessary kilometres. 

In the same way, if a road network comprises many arteries, it will be easier and faster for someone to reach his destination and of course to avoid traffic congestion. Consequently, the easier for someone to get to an artery, the more he will use his car, especially if his trip is quite long (intermunicipal trips).  

The next parametre that primarily affects car use is the availability of parking spaces. The fewer the parking spaces, the more difficult for someone to use his car. Consequently, the supply of plenty parking spaces and especially one that is free of charge, is a motive for intense car use. 

The last parametre “height of buildings to road width ratio” describes indirectly the degree of congestion. As the number of activities at the side of the road increases the space available for traffic diminishes. More houses at the side of the road, the less road space. The increase of the above ratio could be a product of:

1. increasing buildings’ height and maintaining road width

2. decreasing road width and maintaining buildings’ height

3. increasing buildings’ height and simultaneously decreasing the road width   

All these cases are correlated with more congested road network, as (a) more cars will use the constant road space or (b) constant number of cars will use less road space. It is quite reasonable then that an increase in the above parametre will lead, due to the congestion, to less car use. This is a point confirmed by the research results. 

Finally, as far as it concerns mean journey length, the results show that this parametre is not affected by urban micro-scale characteristics (see Table 4). This is quite reasonable as journey length depends mainly on the distance between origin and destination of the trip (see the results of the 1st methodological step in paragraph 3.3). This means that if the decision to make a car trip is done, then urban micro-scale characteristics will play no role in determining its length.    

5. 3rd Step. Investigation of the relative significance/importance of the urban macro- and micro- scale effects, towards more sustainable travel behaviour

In this methodological step the relative significance/importance of the urban macro- and micro- scale effects towards more sustainable travel behaviour is examined. The fundamental question is whether changes of urban characteristics in only one spatial level would be adequate in order to change travel behaviour. Should we give priority to one spatial level or should the interventions be directed towards both spatial levels simultaneously? 

The theoretical basis for the examination of the above questions comprises (a) the action spaces theory (see Hägerstrand, 1970) and (b) the travel cost-time budgets theory (see Zahavi, 1974). ‘Action space’ is the geographical area that someone could reach in a given time-period by using a specific means (f.e. his bicycle). A four-leveled methodology was developed, which follows a bottom-up approach. In the first level, the mean travel time (one-way trip) for the case of Athens was calculated. It was found to be 32 minutes. Based on this time, the action spaces of public transport users and walkers who live in the municipality of Kallithea, were spatially determined (fig. 3, 4). 

In the third step, the car share for each traffic zone of the municipality of Kallithea was calculated taking into account only trips destinated outside the action spaces of public transport users and walkers. Finally, in the forth step, the question of, whether the car share variability between the zones could be explained/influenced by the urban micro-scale characteristics or not was examined.  

According to the regression results (Table 5), car trips outside the action spaces cannot be influenced by urban micro-scale characteristics. The explanatory power and t-values for all micro-scale parametres were significantly decreased in comparison with the corresponding values for all car trips (see table 4). It should be noted that these trips constitute a quite large proportion (25%) of the total trips made by car and that they are expected to increase even more in the following years, as cities will further sprawl. It is then assumed that the intervention on urban characteristics in order to promote more sustainable travel patterns would be more effective only if an integrated approach is adopted. 

6. Conclusions

Land use policies are often regarded as a panacea against excessive car use and its implications. Proposals related with urban form changes (especially the compact city) have been adopted on a political level and included in political documents. However, research on this scientific field is still incomplete and the results it yields cannot be regarded as definitive. Indeed, many studies either offer contradictory results or are unable to reliably account for the relationship between urban form and travel behaviour.

In this paper a comprehensive approach of land use transport system is presented. Urban macro- and micro- scale characteristics were included in our methodology, in order to examine their influence on travel behaviour. It was also examined the relative significance of these two planning scales towards more sustainable travel patterns. The conclusions of this research are separated into three paragraphs, corresponding to the three steps of methodology.
6.1 Urban macro-scale 

The results presented in paragraph 3, support the notion that land use policies can constitute an effective tool for changing travel behaviour, although travel behaviour is largely dependent on socio-economic parametres. However, the crucial urban form parametres, and their critical thresholds for travel behaviour, may vary from country to country, especially among cities in Europe and America, which means that no universal standards can be adopted.

In the case of the Athens Metropolitan Area the two most crucial urban form parametres were found to be ‘net residential density’, and ‘distance from centre’. Thus, an increase in residential density and a decrease in distance from the city centre, could constitute two basic tools towards sustainable mobility. The two pillars of such a strategy could then rest upon small scale changes in other physical characteristics of urban form, namely ‘jobs-employment balance’ and ‘road space per person’, which were of lesser importance and influence on travel behaviour.

A threshold of 200 persons per hectare was also found in the case of Athens. Below this threshold, when density increases, car use decreases and public transport use increases significantly. Such a threshold is very high in comparison with others found in studies both in America (Frank and Pivo, 1994a) and Europe (Stead, 2001). Finally, neither urban form parametres, nor socio-economic parametres were found to influence the number of trips on foot significantly. 

Generally, it is proposed that, in every case, one should first analyse the existing relationships between land uses and transport, without underestimating the role of non-urban form parametres (e.g. socio-economic). It is also proposed that, in every case, one should identify the urban form parametres that directly influence travel behaviour, to ensure that any policies subsequently applied are effective. Otherwise any land use policies aiming to change travel behaviour run the risk of being ineffective. 

6.2 Urban micro-scale
The intervention on the urban micro-scale characteristics could also constitute a tool for changing travel behaviour. This influence regards mainly public transport and car use. On the contrary, mean journey length by car was not found to be influenced by urban micro-scale characteristics.

It is estimated that the increase of pavement width and the orientation of urban development around metro stations will lead to an increase of public transport use. Limited parking availability and traffic restraints are estimated to lead also to a considerable decrease in car use. Journey length by car cannot be controlled through changes in the urban micro-scale characteristics. If, for example, someone decides to make a journey by car, the distance of the destination will mainly influence its length, especially for a commuting journey.

6.3 Relative importance of the two planning scales
In the last part of the research (paragraph 5) the relative significance/importance of the urban macro- and micro- scale effects, towards more sustainable travel behaviour was examined. The fundamental question was whether we should give priority to one spatial level or whether the interventions should be directed at both spatial levels simultaneously, in order for more sustainable travel patterns to arise. 

According to the results, the intervention on the urban micro-scale characteristics cannot influence a quite large part of the trips made by car. These, not influenced trips, are about 25% of the total trips made by car, which are destinated outside the action spaces of public transport users and walkers. The action spaces were calculated on the basis of the mean travel time (one-way trip) for the case of Athens, which was found to be about 32 minutes. 

The question then, is how we can influence this group of trips? The first and obvious solution is to improve public transport accessibility in order to expand the action space of passengers in a given time period. Indeed, the expansion of the public transport network and the interconnection of all means would influence travel choices for the benefit of public transport use. However, is it possible to expand public transport network in order to cover the entire city space?

All the cities around the world expand towards their periphery. Urban sprawl is a phenomenon that Athens has also experienced throughout the last 20 years. Residential densities in the new suburbs are quite low, as a result of the tendency for more housing space per person and a yard. Detached houses constitute a more desirable residential pattern.  

Under these conditions, investment in public transport will not be beneficial in economic terms. In Athens, where public transport network is restricted in central areas with high density, public transport organisations are not profitable. This is the case for nearly all the cities around the world. Therefore, it would be an utopia to expect the public transport network and the corresponding action space of a passenger to cover the whole trip destinations in the future city. 

A second solution has been investigated by this study. It regards the intervention in the urban macro-scale characteristics. According to the results, it is possible to have a modal shift towards public transport and to reduce journey length by car, through land use changes on that scale. Two goals can be achieved through these changes (a) to bring the origins and destinations of trips closer and (b) to increase public transport patronage without the need for a financially unprofitable expansion of the network. 

The ultimate conclusion is that the intervention on urban characteristics will be effective only if an integrated approach is adopted. This means that the two levels of planning                               (micro- and macro-) should be activated simultaneously and regarded as equivalent dimensions of the same strategy, the strategy for sustainable mobility and for better quality of the urban environment.      
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	Parametres entered in the base model
	Final models

	
	Public transport
	Car
	Foot
	Mean journey length by car
	Energy consumption by car

	
	Constant:   0.125

(2.011 / 0.048)α
	Constant:   1.828

(14.579/ 0.000)
	Constant:                -0.050

(-1.300 / 0.197)
	Constant:          6 282.539

(4.449 / 0.000)
	Constant: 41.843

(4.388 / 0.000)

	Net residential density
	0.050

(5.456 / 0.000)
	-0.190

(-8.127 / 0.000)
	0.025

(3.138 / 0.002)
	-428.736

(-1.929 / 0.058)
	-5.305

(-3.535 / 0.001)

	Jobs-employment balance
	0.018

(2.953 / 0.004)
	-0.089

(-3.991 / 0.000)
	--
	184.386

(1.699 / 0.094)
	-2.537

(-3.463 / 0.001)

	Land use balance
	--
	--
	0.140

(2.397 / 0.019)
	--
	--

	Distance from centre
	-6.0Ε-06

(-3.032 / 0.003)
	--
	--
	0.210

(5.904 / 0.000)
	4.0Ε-04

(1.651 / 0.103)

	Road space per person
	--
	--
	--
	4.576

(2.578 / 0.012)
	0.041

(3.393 / 0.001)

	
	
	
	
	
	

	Adj. R2
	0.625
	0.451
	0.230
	0.799
	0.731

	F-value
	45.979*
	34.204*
	13.129*
	71.470*
	49.247*

	
	
	
	
	
	

	α (t-value / significance)

	* statistical significance of  1%


Table 1. The final models of the 1st level of the analysis on the urban macro-scale.
	
	Residential density increase from 10 to 30 persons/hectare
	Residential density increase from 210 to 230 persons/hectare

	Journeys/person  by car
	+ 18.6%
	+ 1.6%

	Journeys/person by public transport
	- 6.9 %
	- 0,6%

	Journeys/person on foot
	+ 24.1%
	+ 1.9%

	Mean journey length by car
	- 30.7%
	- 2.5%

	Energy consumption by car
	- 37.2%
	- 3.1%


Table 2. The effects on travel characteristics from the density increases.
	Crucial UFPs

	
	Public transport
	Car
	Foot
	Mean journey length by car
	Energy consumption by car

	Net residential density
	√ (+)

→
	√ (-)

→
	√ (+)

→
	√ (-)


	√ (-)



	Jobs-employment balance
	√ (+)

→
	√ (-)

→
	
	
	

	Land use balance
	
	
	√ (+)


	√ (-)


	√ (-)



	Distance from centre
	√ (-)


	
	
	√ (+)

→
	√ (+)

→

	Road space per person
	
	
	
	√ (+)

→
	√ (+)

→

	Range of influence

	UFPs
	29.0% – 63.9%
	0.6% – 46.4%
	12.9% – 24.9%
	63.6% – 81.0%
	29.2% – 74.6%

	non-UFPs
	2.5% – 37.4%
	29.8% – 75.6%
	5.3% – 17.3%
	1.7% – 19.1%
	11.8% – 57.2%

	√  : Crucial UFPs

	(+): Positive influence

	(-): Negative influence


Table 3. Summary of results from the three levels of the analysis for the examination of the urban macro-scale effects on travel behaviour.

	Parametres
	Final models

	
	Public transport
	Car
	Mean journey length by car

	Height of buildings to road width ratio
	0.114

(2.361 / 0.032)α
	-0.353

(-2.654 / 0.018)
	6693

(1.929 / 0.073)

	Pavement width
	0.036

(2.894 (0.011)
	-0.323

(-2.366 / 0.032)
	1121

(1.399 / 0.182)

	Percentage of two-way roads 
	-0.032

(-1.208 / 0.246)
	0.279

(1.838 / 0.086)
	1136

(0.687 / 0.503)

	Distance from the metro station
	-2.06Ε-05

(-2.411 / 0.029)
	0.251

(1.956 / 0.069)
	-0.330

(-0.736 / 0.473)

	Percentage of main arteries in the road network
	-0.075

(-1.575 / 0.136)
	0.071

(0.696 / 0.497)
	-2377

(-0.750 / 0.465)

	Availability of parking spaces
	-0.018

(-2.894 / 0.011)
	0.380

(2.658 / 0.018)
	406

(0.980 / 0.343)

	
	
	
	

	Adj. R2
	0.851
	0.852
	0.042

	F-value
	20.989*
	21.059*
	0.860

	
	
	
	

	α (t-value / significance)
	
	
	

	* statistical significance of  1%
	
	
	


Table 4. The final models of the analysis on the urban micro-scale. 

	
	Coefficient
	(t-value / significance)

	Height of buildings to road width ratio
	-1.103
	(-1.499 / 0.155)

	Pavement width
	0.082
	(0.484 / 0.635)

	Percentage of two-way roads 
	-0.590
	(-1.681 / 0.113)

	Distance from the metro station
	7.24Ε-05
	(0.761 / 0.458)

	Percentage of main arteries in the road network
	-0.517
	(-0.769 / 0.454)

	Availability of parking spaces
	-0.095
	(1.085 / 0.295)

	
	

	Adj.R2
	0.216

	(F-value / significance)
	(1.963 / 0.136)


Table 5. The regression results of the 3rd methodological step. Car trips, which are destinated outside the action spaces of walkers and public transport users, serve as dependent variable.  
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Fig. 1. The conceptual model of the research for the examination of the urban macro-scale effects on travel behaviour.
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Fig. 3. The action space of walkers, who start their trip from the municipality of Kallithea (study area).





Fig. 4. The action space of public transport users, who start their trip from the municipality of Kallithea (study area).
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Fig. 2. Graphical representation of the relationships between density and travel characteristics.
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