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Abstract
Statistics Portugal implemented a Mobility survey on metropolitan areas, aiming to get data concerning urban trips’ patterns of the population according to residence area and motivations.
In the particular case of Metropolitan Areas (MA), where the complementarity of transport modes is essential especially for commuters, the mobility surveys are important tools to support the decision in the transport system scope, namely in what concerns the intermodal network definition and ticketing systems.
The survey was defined in order to produce results to feed the national and European statistical systems, as official statistics, and to obtain information in the most possible harmonized way according to EU recommendations for mobility statistics.
Given the specificities of the MA in terms of population and territory characteristics, an innovative approach in terms of methods and procedures have been taken into account by Statistics Portugal in the methodological study of the survey.
A study on territorial division was conducted, in order to allow the definition of homogeneous accessibility areas, via a cluster analysis to group parishes with similar characteristics in terms of mobility, using the combination of Census data about the population and commuting and also the geographic data about transport infrastructure: rail and metro stations; main road intersections; inland waterways connections, on which buffers on their influence were created. Those homogeneous areas have been taken into account for the sampling design. 
Also an innovative approach in terms of sampling design was considered, in order to allow a combination of different data collection methods, namely computer assisted web interview (CAWI) and computer assisted personal interview (CAPI). A stratified two stage sample was implemented, with systematic sampling selection for the CAWI in a first phase and, in a second phase, a sub sample from the first phase was selected for CAPI.
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1. Introduction
Statistics Portugal recently conducted a Mobility survey (IMob 2017) with the purpose of obtaining detailed information on mobility characteristics and patterns of the population living in the metropolitan areas of Lisboa and Porto. Mobility surveys are important sources of information to support decision-making processes regarding the transport system and, particularly, in the case of the metropolitan areas, in what concerns complementarity of transport modes at a detailed territorial level. 
The IMob survey strived to implement an innovative approach in terms of territorial division for sampling design and in terms of data collection methods. 
A study on territorial division was conducted, in order to allow the definition of homogeneous accessibility areas, via a cluster analysis to group parishes with similar characteristics in terms of mobility, using the combination of Census data about the population and commuting and also the geographic data about transport infrastructure. Those homogeneous areas have been taken into account for the sampling design. 
Also an innovative approach in terms of sampling design was considered, in order to allow a combination of different data collection methods, namely computer assisted web interview (CAWI) and computer assisted personal interview (CAPI). A stratified two stage sample was implemented, with systematic sampling selection for the CAWI in a first phase and, in a second phase, a sub sample from the first phase was selected for CAPI.
The aim of this paper is to present the methodological approaches carried out to implement both innovative methods: cluster mobility and combination of data collection methods. Additionally, the paper also aims to highlight the potential of combining geospatial and statistical data to derive relevant indicators to better capture territory-based dimensions, such as mobility and access to transport. 

2. Mobility Survey on Metropolitan Areas
Passenger mobility is a subject covered by the Portuguese Transport Statistics only between 1998 and 2000.
Statistics Portugal planned to develop mobility statistics in order to overcome this data gap, and also to implement in Portugal as much as possible the European recommendations about mobility surveys. 
The definition and the monitoring of transport policies imply the knowledge of population travel patterns. In the particular case of Metropolitan Areas (MA), where the complementarity of transport modes is essential, the mobility surveys are important tools to support the decision in the transport system scope, namely in what concerns the intermodal network definition and price systems, besides monitoring the transition to collective transports and soft transport modes. 
Therefore, Statistics Portugal started working in order to produce a new mobility survey, aiming to get data concerning urban travels’ patterns of the population according to residence area and motivations. This information will allow to: 
· Produce results to feed the national and the European statistical systems, as official statistics;
· Obtain information in the most possible harmonized way according to EU recommendations for mobility statistics;
· Produce indicators about mobility that fulfil the needs of Transports Authorities, researchers and users in general.
The questionnaire included:
- composition of the household;
- socio demographic basic characterisation of the individuals;
- details about vehicles on disposable of the individuals;
- data about trips and its stages, considering detailed origin/destination of the trips, date/time of each stage, modes of transport, motivation;
- when using private vehicle – conductor or not, number of persons in the vehicle;
- data on household income and transport expenditure;
- questions about opinions and motivations to change (or not to use) collective transports.
All trips of the reference day were collected. For trips with more than one day, some basic data to know about duration and destination were collected, so that some results about long distance trips could be compiled.
3. Innovation on methods and procedures
3.1 Territorial division
A study on territorial division was conducted (Statistics Portugal, 2017 (1)), in order to allow the definition of homogeneous accessibility areas, via a cluster analysis to group parishes with similar characteristics in terms of mobility, using the combination of Census data about the population and commuting and also the geographic data about transport infrastructure: rail and metro stations; main road intersections; inland waterways connections, on which buffers on their influence were created. Those homogeneous areas have been taken into account for the sampling design. 
Therefore, the methodological approach followed a twofold perspective in terms of input indicators. On the one hand, a set of relevant indicators on the share of population served by transport mode at parish level was calculated based on: a) point-based data for transport modes (train, metro and fluvial network accesses and entrances to motorways); b) the definition of accessibility areas (buffers) using Euclidian distance for each transport mode; and c) point-based population data (Census 2011 georeferenced data – x, y coordinates at building level) to calculate the population within the accessibility areas. 
[bookmark: _Toc484418081]Figure 1. Initial territorial coverage by means of transport (buffers), MA of Lisbon
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Figure 2.  Initial territorial coverage by means of transport (buffers), MA of Porto
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On the other hand, a set of complementary 2011 Census commuting indicators at parish level were also selected: a) the average time spend on commuting, b) the share of the population working or studying in a different municipality from the one they live in, and c) the share of employed and student population that primarily uses car/ train/ metro/ boat to get to work or school. 
In terms of multivariate data grouping techniques, a hierarchical cluster (Ward method), complemented by an expert sensitivity analysis in order to guarantee spatial contiguity, was carried out. In the end, a total of 87 metropolitan homogeneous mobility areas below the municipality level were identified: 49 for the Metropolitan Area of Lisboa and 38 for the Metropolitan Area of Porto.



Figure 3. The 49 metropolitan homogeneous mobility areas below the municipality level, 
MA of Lisboa
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Figure 4.  The 38 metropolitan homogeneous mobility areas below the municipality level, 
MA of Porto
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3.2 Data collection methods
Also an innovative approach in terms of sampling design was considered, in order to allow a combination of different data collection methods, namely computer assisted web interview (CAWI) and computer assisted personal interview (CAPI). A stratified two stage sample was implemented, with systematic sampling selection for the CAWI in a first phase and, in a second phase, a sub sample from the first phase was selected for CAPI.
The reference period was one week day between Monday and Sunday, previously chosen for each lodging (the sample was decomposed in this way). The type of day (Monday, Tuesday, ...) to be considered by each respondent was the most recent in view of the day of reporting. 
The collection method was mainly CAWI, and a subsequent face-to-face interview was conducted in case of response refusals and also to obtain better diversity in terms of household profiles. 
An introduction letter with the necessary information to the response via CAWI, with the reference day, was sent to every sample household in the CAWI phase. 
In case of CAWI collection, the IT software had editing rules during data entries. In the office environment data had further validation. 
A telephone contact centre was also established, to support respondents using CAWI data collection.
3.3 Sampling design
The sampling frame (Statistics Portugal, 2017 (2)) was extracted from the National Household File, being composed by the family lodgings. Collective lodgings were excluded (hotels, pensions and similar, religious institutions and assistance institutions), as well as the individuals living in them. 
The sample was stratified according to the characteristics of the resident population. 
The sampling unit corresponded to the household and the individual is the statistical unit. The information collected in each lodging was about all resident individuals. 
A first exercise about sample dimension (of effective household responses) concluded that sample would be:
- MA Porto: 42 thousand individuals and 20 thousand households;
- MA Lisboa: 46 thousand individuals and 24 thousand households.
However with the innovative method combining CAWI and CAPI data collection methods and by using the metropolitan homogeneous mobility areas below the municipality level, a new stratification method was conceived, with more impact in CAWI sample, and the final sample was:

1st phase, a CAWI sample composed by:
- MA Porto: around 80 thousand households;
- MA Lisboa: around 129 thousand households.

2nd phase, a CAPI sample (a sub sample of the CAWI non-responses) composed by:
- MA Porto: around 7 thousand households;
- MA Lisboa: around 11 thousand households.
This sample was defined in order to allow reliable results for the indicator share of trip-makers among the respondents for each mobility area (parishes or parishes’ homogeneous groups).

4. Conclusion
The purpose of this paper was to present the methodological approaches carried out to implement both innovative methods: cluster mobility and combination of data collection methods. Their effective implementation in the Mobility Survey on Metropolitan Areas by Statistics Portugal in 2017/2018 was a reality, and the main results of the questionnaire are now being analysed.
In terms of response rate, the combination of both data collection methods was positive, and a final response rate of 20% in CAWI and around 70% in CAPI was achieved, higher than the initial expectations for CAWI. The usage of CAWI data collection in statistics based in households is now a reality, and subsequent implementations of this data collection method by Statistics Portugal are underway.
The potential of combining geospatial and statistical data to derive relevant indicators to better capture territory-based dimensions, such as mobility and access to transport is also a specific objective of this survey, and the results so far achieved are very positive and enthusiastic. 
Results by metropolitan homogeneous mobility areas below the municipality level are now being compiled, and will be of great usefulness for both metropolitan areas, in order to allow them to establish and update the local public transport network.
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