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Abstract: Studies that link human behaviour to the influence of weather have historically been 

conducted in such fields as tourism, marketing and leisure. In most studies that jointly examine 

weather and the mode of transport, only open-air transportation has been considered (for example, 

bicycle, motorcycle or walking). This focus, together with the habitual use of data collected with 

automatic devices and a lack of studies that analyse this issue using stated preference data, are the 

main reasons motivating this paper. This paper aims to analyse the influence of weather and the 

density of traffic on the choice of transport mode. A case study is conducted in an access/egress 

corridor located in the city of Barcelona (Spain). Two data sources were used: revealed preference 

(RP) and stated preference data (SP). Modelling techniques using mixed data enabled the stronger 

features from both data sources to be captured. Finally, we discuss how the selection of different 

Alternative Specific Constants (ASC) in models estimated using mixed data could generate 

unrealistic forecasting results if environmental changes are expected in the actual market. 

Keywords: weather, congestion, RP/SP data, mode choice survey, discrete choice 
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1. Introduction

The influence of the weather on human activities development is an issue that has 

gained importance in the last decade. Weather affects the life of human beings, for 

instance, in terms of leisure activities that occur outdoors or the choice of tourist 

destination. 

One of the primary goals of this paper is to analyse how weather affects 

the traveller’s mode choice. The implications of the results obtained could 

establish several measures that may bear significant favourable effects on the 

quality of public transportation, for example, by adjusting the service frequency to 

expected demand according to the weather. Analogously, certain measures that 

affect private transport users can also be adopted regarding the influence of 
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weather. Intelligent Traffic Systems (ITS) are excellent tools for accommodating 

the traffic flow to the capacity of the road through measures such as establishing a 

variable speed limit or proposing alternative routes. Therefore, the study of mode 

choice patterns in different weather situations may enable us to influence the 

transport network regarding the variable transportation demand of each transport 

mode. 

Few studies have linked the weather with travel mode choice. While few 

studies concluded that congestion due to adverse weather situations represents one 

reason for the shift from automobile to transit (Khattak and De Palma 1997; 

Koetse and Rietveld 2009), most of this research centres on the influence of 

weather and congestion on other issues related to traveller behaviour, such as the 

choice of departure time or route. The traveller’s perception regarding weather 

and congestion has been minimally explored to explain changes in modal split. 

 

Discrete choice models have been employed in this estimation procedure. They 

are based on the Random Utility Maximization theory (RUM), which assumes a 

rational respondent who always chooses the alternative with the highest utility. 

The net utility (U) for the individual q associated with alternative i can be 

represented by two components: a measurable component, the representative or 

systematic utility (V), which is a function of the measured attributes, and a 

random component (ε), which connects the particular tastes for each individual 

with errors in measurement or observation (Domencich and McFadden 1975). 

 

iq iq iqU V        (1) 

 

Two types of data sources have traditionally been used for travel demand 

modelling. First, discrete choice models using revealed preference data (RP data) 

have been used since the last century. This kind of data is obtained through direct 

observation or either through behavioural surveys related to the present moment. 

Detailed revisions such as those proposed by Ben-Akiva and Lerman (1985) or 

Ortúzar and Willumsen (2011) could be consulted for further detail. Second, the 

interest in models using stated preference data (SP data) arose because these kind 

of data facilitate information about new transport modes or alternatives absent in 

the actual market (Hensher 1994). SP data offers other advantages, specifically the 
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incorporation of latent attributes, such as comfort and habits, into choice models 

(Espino et al. 2006). 

 

This paper analyses the influence of weather and congestion on the transport 

mode choice based on a case study in which different data sources are used to 

combine stronger features of both RP data and SP data (Bradley and Daly 1997). 

The interaction between these attributes is also studied. 

Additionally, this case study incorporates certain characteristics 

uncommon to other research. First, two different RP/SP survey formats are used. 

Second, few other studies exist on Mediterranean climate regions (Nikolopoulou 

and Lykoudis 2007; Lin 2009). Third, it acknowledges that several weather 

factors are present, whereas only precipitation has thus far been analysed (rainfall, 

temperature and wind). Finally, the weather situation and the traffic situation at 

the time of the journey are studied by surmising these situations based on prior 

predictions. Differences between these concepts may have been significant, but 

they are of secondary importance to the current study. By simply using their 

smartphone, many people can access weather and traffic information in real time. 

 

The remainder of the article is organised as follows: section 2 discusses the 

background of different issues related to this research. Section 3 presents a brief 

methodological revision of the experimental design used to collecting data. The 

results of several model estimations are reflected in Section 4. Section 5 identifies 

differences obtained in the forecasting results based on the selection of several 

parameters and alternative specific constants (ASC). Finally, Section 6 

synthesises the results to present conclusions, as well as a reflection related to 

possible trajectories for future research. 

2. Background 

Weather is a phenomenon that encapsulates a broad combination of climatic and 

atmospheric events. Temperature, precipitation and wind have been the most 

studied factors. Combinations among these factors have rarely been studied, and 

other weather parameters such as sunshine, cloud cover, radiation, air pressure 

and humidity have also been mostly excluded (Böcker et al. 2013). Most research 

related to this issue centres on precipitation as the interest factor (e.g., intensity 
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and several forms as rain, snow, hail), whereas temperature and wind have been 

considered as factors of minor importance. The influence of these two latter 

factors on the perception of thermal comfort is notable; however, their effects do 

not seem as influential as the influence of precipitation on the traveller’s 

behaviour (Cools et al. 2010). 

Another important issue is the type of data used for modelling purposes. 

Weather data from public external sources (the public transport operator’s 

databases) or data collection using automatic accounting devices have been used 

on several occasions for this type of studies (Hidalgo et al. 2008; Mills 2009). 

These cases are based on the analysis of network behaviour on a macroscopic 

scale and must be treated carefully: it is necessary to check if distinct data sources 

have temporal and spatial consistency (Böcker et al. 2013). Research that uses SP 

data to model the transport demand have been limited in number compared to 

prior research. The primary reason for this limitation is the hypothetical nature of 

these types of experiments: if the shown scenarios are unrealistic, then 

discrepancies between stated and real behaviour could be generated. Moreover, 

the analyst must be particularly careful when defining the types of weather 

because there is a possibility that potentially different interpretations of the same 

hypothetical weather scenarios have been made by respondents. The few existing 

studies that use SP data related to weather are located in Belgium (Cools et al. 

2010; Khattak and De Palma 1997) and Switzerland (De Palma and Rochat 1999). 

 

The weather affects open-air transportation to a greater degree. There is a 

considerably number of researchers who focus on this type of transport, 

particularly, the bicycle mode (Heinen et al. 2010; Parkin et al. 2008; Bergström 

and Magnusson 2003). With reference to mode choice, it seems that a traveller’s 

migration from bicycle to car or transit occurs during the winter (seasonal 

behaviour). The relationship of traveller’s mode choice to weather influence is 

even more unpredictable in the case of motorised transport modes as car or transit. 

Nevertheless, it is increasingly clear that adverse weather conditions influence 

how traffic development occurs, for example, by reducing visibility or 

manoeuvrability, but more generally, how these conditions affect the safety of the 

road for travelling. Weather can also reduce the flow rate and therefore the 

capacity of the road (NRC 2004). 
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Given the above, the determination of the weather’s influence on the 

traveller’s mode choice requires considering traffic congestion as a relevant 

factor: the interaction between these factors may be a cause of the shift from car to 

transit (Khattak and De Palma 1997), particularly when transit modes have right-

of-way. 

3. Case Study 

The influence of weather and congestion on motorised mode choice is examined 

using a case study. Weather forecasts of commuter trips are provided to 

respondents, as well as forecasts of the traffic situation for the moment in which 

the journeys occur. While recreational trips are more sensitive to changes induced 

by this type of forecasting (Sabir 2011), commuter trips are also influenced by 

weather and congestion, where the latter account for a greater proportion of costs 

incurred by society (e.g., economic, energetic, and environmental) and are also 

more easily controlled through political decisions.   

The response dimension is one of the most important paradigms related to data 

collection. Most existing studies use ranking to collect the dependent variable. 

However, Louviere and Hensher (1983) showed that choice-based experiments 

allowed directly forecasting the market shares. Therefore, a mode choice 

experiment using discrete choice models is selected for this study. 

3.1. The corridor of Llobregat 

The corridor of Llobregat is located in the northwest part of the city of Barcelona. 

It is one of the main corridors of access/egress of this Spanish city, where human 

activity is intimately linked with the developed industrial network. The city enjoys 

a Mediterranean climate, with mild winters and warm summers. 

This corridor suits the purpose of studying the influence of weather and 

congestion on motorised mode choice on commuter trips for these four reasons. 

Firstly, Barcelona is characterised by strong daily and even hourly changes in 

traffic flow (RACC 2007). Second, traffic flow is distributed unevenly between 

two main roads (AP7-B23 highway and A2 freeway), whereas tolls can motivate 

the traveller’s choice of the freeway under normal circumstances. Particularly 

when events motivated by congestion traffic situation occur, drivers could become 

more likely to seek in an alternative route. Third, a rail-based alternative operates 
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parallel to the former roads and provides a good level of service values. 

Moreover, this alternative is available to most populations along the corridor. 

Finally, the bus service has right-of-way in some zones included in the study, so 

congestion affects this transport mode less than it affects car journeys, but it 

affects bus journeys more than it does a rail-based alternative. 

Therefore, only car, rail-based (commuter train or subway) and bus 

transport modes were considered for commuter trips. This decision was also based 

on the analysis of the database EMQ (2006), whereby greater than 170,000 

journeys for the entire Metropolitan Barcelona Region were collected. After 

proper filtering these data, the journeys of the three main regions affecting the 

corridor of Llobregat were selected. These regions, known as “veguerías”, are 

Baix Llobregat, Barcelonés and Vallés Occidental. 

 

 

Fig. 1. Regions comprising the area of influence of the corridor of Llobregat 

 

Only those journeys in which the origin and the destination are located in 

different regions were considered in the estimation procedure. These journeys are 

deemed long journeys because a significant percentage of the journey occurs 

along the corridor. Table 1 shows that car, rail-based and bus journeys constitute 

more than 85% of the total number of long journeys. Non-motorised long 

journeys represent approximately 5% of the total, which is due to the journeys in 

which the origin and the destination are located near the border of the selected 

regions. 
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Table 1. Journeys along the corridor of Llobregat, by length and mode choice 

  BRIEF JOURNEYS* LONG JOURNEYS 

Transport Mode 

Nº of 

Journeys 

% of 

Journeys 

Nº of 

Journeys 

% of 

Journeys 

Non-motorised 49385 59.4% 339 4.3% 

Car 17638 21.2% 5285 67.2% 

Bus 5332 6.4% 409 5.2% 

Rail-Based 6249 7.5% 1034 13.2% 

Other** 4559 5.5% 792 10.1% 

TOTAL 83163 100.0% 7859 100.0% 

*(Origin and destination are located in the same region) 
** (motorcycle, van, school bus, company bus service) 
 

Finally, the main features related to long journey under study and the 

corridor of Llobregat are shown in Table 2. A journey from the village of 

Martorell to the city centre of Barcelona was factored in the SP experimental 

design. 

 

Table 2. Main features related to journeys under study 

Feature Value / Description 
Barcelona city population 1,500,000 inhabitants 

Metropolitan region of Barcelona population 4,500,000 inhabitants 

Length of the corridor of Llobregat 28.5 kilometres 

Climate Mediterranean (Winter conditions: rainy and 

temperate; Summer conditions: dry and hot) 

SP data journey length 30-35 kilometres 

SP Available transport alternatives Car, rail-based and bus 

SP Purpose of journey Commuter trip 

 

3.2. Experimental design methodology 

SP data present some advantages to RP data, as the fact that there are no a priori 

restrictions in the selected scenarios. Additionally, errors in data measurement can 

be avoided, data collection is less expensive and can be completed more quickly. 

Nevertheless, the experimental design requires careful attention because 

unrealistic scenarios may detrimentally affect the results of estimation and 

forecasting. Readers may obtain additional information related to this issue in 

Louviere et al. (2000) and Hensher et al. (2005). 
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In this case study, a fractional factorial design was selected to collect SP 

data within a labelled choice mode experiment. The experimental design attributes 

are specified as follows: 

- Journey time (T): journey time (including, for instance, walking time, 

waiting time, transfer time and time for searching for a parking space). 

- Cost (C): all costs incurred during the journey. 

- Weather (W): the influence of weather is analysed with respect to various 

factors, such as precipitation, temperature, wind and thermal comfort. 

- Traffic situation (TS): it includes such factors as the driving speed, the 

maximum permissible speed and the number of stoppages considering 

congestion. 

 

Three variation levels are considered for all attributes. Values associated 

with each attribute level are shown on Table 3. 

 

Table 3. Attributes and their levels used in the experimental design 

8evel CAR RAIL-BASED BUS 
Journey Time 

1 35 min 40 min 45 min 
2 50 min 60 min 75 min 
3 65 min 80 min 105 min 

Cost 
1 3 € 2.2 € 1.35 € 
2 3.95 € 2.85 € 2.35 € 
3 4.9 € 3.5 € 3.35 € 

Weather 

1 
Good (G): No rainfall or the probability for imminent rain is low. Pleasant 

temperature. 

2 
Regular (R): Slight and intermittent rainfall, wind or some discomfort 

caused by moderate temperature. 

3 

Bad (B): Conditions may include, for example, heavy and continuous 

rainfall, wind and snow, as well as discomfort caused by extreme 

temperature. 

Traffic situation 

1 
Free-flowing (F): The driving speed is similar to the maximum permissible 

speed. Traffic-jams were not caused by the traffic situation. 

2 
Dense (D): Few intermittent stoppings or driving speed between the 

maximum permissible speed and one half of this speed. 

3 
Congestion (CG): The driving speed is less than one half of the maximum 

permissible speed, or traffic-jams caused long delays. 
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The values of the reference level (level 2) related to quantitative attributes 

(time and cost) were calculated based on several data sources: the EMQ survey 

(2006), websites that provide these values for different routes as google.maps or 

mappy.es, and the official website of the public transport operators. The following 

rules were considered: first, the value of the reference journey time is lowest for 

the car and highest for the bus. Second, the bus has the lowest reference cost, 

while car has the highest value. Finally, rail-based alternative assumes 

intermediate values for journey time and cost. The remaining level values were 

calculated based on the reference level. 

Regarding qualitative attributes, weather level descriptions were worded 

carefully to avoid differences in interpretation by respondents. The descriptions 

treat the precipitation, the temperature and the wind as significant factors. Level 

descriptions for distinct traffic situations are based on a document that analyses 

the traffic congestion in the Barcelona city corridors (RACC 2007). 

 

A multinomial logit model (MNL) was selected for the model estimation using SP 

data. This type of parametric discrete choice model is obtained on the assumption 

that the random residuals εiq are independently distributed, identically distributed 

and Gumbel-distributed (also called Extreme Value Type I or EV1), with a 

location parameter η and a scale parameter λ>0. With this assumption, the choice 

probabilities are expressed by the following equation: 

 

exp( )
( )

exp( )
q

iq
q

jqj C

V
P i

V









     (2) 

 

where: 

- Pq(i) is the probability that individual i chooses alternative q 

- Viq is the representative utility associated with individual i and the 

alternative q 

- λ  is the scale parameter for Gumbel residuals  

- Cq is the feasible choice set 

 

The parameter λ is normalised to one in practice because it cannot be 

estimated separately from the parameters contained in Viq. For additional 
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information on the historical development of this issue, readers can consult 

McFadden (2001). 

 

A model specification for estimating the main effects of all attributes and the 

interaction between bad weather and congested traffic situation (two-way 

interaction) was considered. A multinomial logit model is preferred to a nested 

logit model because in this case, the latter estimation collapses into the former. 

Linear in the parameters specification selected for the representative utilities is 

shown by Equation 3. The car specific constant was selected as the reference and 

parameters for the weather and traffic situation were not specified for the bus 

alternative because of identification issues. 

 

1 ,1 1 2,1 2 3,1 3 2,1 2 3,1 3 ,1 3 31T C W W TS TS INTV T C W W TS TS W TS                     

2 2 ,2 2 2,2 2 3,2 3 2,2 2 3,2 3 ,2 3 32T C W W TS TS INTV T C W W TS TS W TSASC                       

3 3 ,3 3 3T CV T CASC          (3) 

 

where: 

- Vi is the representative utility associated with alternative i 

- i = 1, 2 and 3 is refer to car, rail-based and bus alternatives, respectively. 

- βT,i are the parameters associated with the journey time attributes Ti 

- βC is the parameter associated with the journey cost 

- βW2,i are the dummy parameters associated with the regular weather 

attribute level W2 

- βW3,i are the dummy parameters associated with the bad weather attribute 

level W3 

- βTS2,i are the dummy parameters associated with the dense traffic situation 

attribute level TS2 

- βTS3,i are the dummy parameters associated with the congested traffic 

situation attribute level TS3 

- βINT,i are the parameters associated with the two-way interaction between 

bad weather and congested traffic situation attribute levels 

- ASCi are the Alternative Specific Constant associated with the alternative i 
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Given the above, the number of degrees of freedom mathematically 

required in this case study is 19. This number of scenarios is unfeasible for any 

single respondent, so a blocking design strategy was used, and the design was 

divided into three blocks. One additional design column was introduced because 

of the inclusion of the blocking variable, and the number of choice combinations 

was 27. This approach enables a balance in attribute levels design, that is, each 

level of each attribute is shown 3 times in each block. Moreover, the attributes are 

allocated to design columns such that identification problems between the 

influence of main effects and interactions (confounding) are minimised. 

3.3. Conducting the survey 

The survey presentation format influences the quality of the data obtained, mainly 

because of two issues. The first issue involves the number of presented choice sets 

and their presentation order. There exists some learning behaviour in which the 

first few choice sets are used to understand the experiment and thus, the questions 

posed to respondents. Choice sets subsequently shown might be not treated 

identically if one thinks in utility terms. Moreover, if the number of scenarios is 

high, the “fatigue effect” occurs, and the respondent’s answers may become 

biased. Second, the decision makers should treat choice sets independently, yet 

this independence is not always possible (Hensher et al. 2005). 

A survey based on actual market data (RP data) and hypothetical scenario 

data (SP data) was designed for our case study. Surveys were conducted during 

several periods between May and October 2011, and two presentation formats 

were used: 

- A computerised survey was developed for a tactile device: this data 

collection strategy allows a randomisation of the choice sets and 

subsequently, an independent presentation of the scenarios. Therefore, the 

pernicious effects resulting from the two issues identified above can be 

mitigated using this strategy. On-board surveys were conducted on public 

transport modes (rail-based and bus). Car users were surveyed at trip 

attraction centres, such as petrol stations and centres of technical 

inspection of vehicles. All respondents were engaged by one trained 

interviewer. 
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Fig. 2. SP choice scenario presented with a tactile device (computerised questionnaire) 

 

- Self-completed questionnaires on paper form: this strategy was selected to 

gather extended information about private transport users. Questionnaires 

were sent to working centres located at the periphery of the city. Working 

centres were selected from the database SABI (System for Iberian 

Balances Analysis). Several survey versions were developed to mitigate 

the negative effects of presentation order of the choice sets. 

 

Answers to 64 questionnaires were obtained using a computerised survey (576 

choice scenarios), while 97 self-completed questionnaires were collected at 

working centres (873 choice scenarios). After considering such factors that would 

have a pernicious influence on the forecasted demand results, such as inconsistent 

data, captive users, non-response scenarios, lexicographic respondents, 

recreational journeys, and blocking design restrictions, the data of 99 respondents 

were determined valid for use in the study. Each survey contains 9 SP choice 

scenarios, so 891 SP scenarios were collected from the SP database. Furthermore, 

228 RP journeys compound the RP database: this last sample referred to the first 

round-trip of that day that includes home and work/studies centre. It encompasses 

all outward and return journeys between home and the work/studies centre. 

4. Model estimation 

Results obtained for several model estimations are shown in this section. In first 

place models using only SP are estimated to analyse the influence that time, cost, 
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weather and traffic situation have on mode choice. Jointly influence of the latter 

two attributes on mode choice is also analysed. Secondly, a mixed RP and SP data 

model is obtained to exploit stronger features for both types of data on a 

subsequent estimation and travel demand forecasting under adverse 

circumstances.  

4.1. Two-way interaction between the weather situation and the traffic 

situation 

A MNL model was selected for the model estimation using SP data. The main 

features of the three linear in the parameter models estimated in this analysis are 

shown below: 

- MNL1: This model follows the specification (3) that was discussed 

above. Specific parameters are used to estimate the main effects of the 

journey time and the weather and traffic situations. A generic cost 

parameter was considered reasonable due to the hypothetical nature of SP 

experiments. A two-way interaction between bad weather and a congested 

traffic situation was also estimated. 

- MNL2: The specification in this case is identical to that in the former 

model except that two-way interactions are not considered. 

- MNL3: Journey time and cost parameters are specified as they were 

previously. Moreover, the weather is only considered for the car transport 

mode and the traffic situation is only considered for the rail-based 

alternative. 

 

Table 4 shows the parameter values and t-test statistics obtained using the 

linear combinations of parameters in the MNL. Parameter values different from 

zero at a 5% level of significance are bolded. The model estimation was 

developed using the software BIOGEME (Bierlaire 2003). 

All three models generate travel time and cost parameters that have an 

intuitively correct sign. Differences in parameter values presented in MNL1 and 

MNL2 models are caused by the confounding of the influence of congested traffic 

situations with bad weather situations in MNL2 (two-way interactions were not 

estimated), so independent effects of each attribute cannot be identified. 
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Table 4. Model estimation results using SP data 

Attribute or ASC Parameter 

MNL1 MNL2 MNL3 

Value t-test Value t-test Value t-test 

Car-ASC  0 - 0 - 0 - 

Rail-ASC -0.114 -0.21 0.34 0.7 0.469 0.27 

Bus-ASC -0.216 -0.42 -0.0727 -0.14 0.124 -6.99 

Car-time (βT,1) -0.0488 -7.05 -0.0482 -7.07 -0.0465 -11.56 

Rail-time (βT,2) -0.0553 -8.78 -0.0607 -11.59 -0.0599 -11.24 

Bus-time (βT,3) -0.0577 -11.05 -0.0582 -11.11 -0.0586 -7.27 

Cost (βC) -0.467 -6.63 -0.464 -6.69 -0.494 -1.87 

Car-regular W (βW2,1) -0.338 -1.22 -0.306 -1.12 -0.385 1 

Rail-regular W (βW2,2) 0.24 0.9 0.25 0.93 - - 

Car-bad W (βW3,1) -0.0954 -0.3 0.126 0.47 -0.0227 -0.12 

Rail-bad W (βW3,2) 0.294 0.91 0.228 0.85 - - 

Car-dense TS (βTS2,1) -0.159 -0.61 -0.141 -0.54 - - 

Rail-dense TS (βTS2,2) 0.0128 0.05 0.0274 0.1 0.165 0.84 

Car-congested TS (βTS3,1) -0.913 -2.59 -0.6 -2.09 - - 

Rail-congested TS (βTS3,2) 0.602 1.9 0.554 2 0.952 4.77 

Car-Int. W/TS (βINT,1) 0.742 1.4 - - - - 

Rail-Int. W/TS (βINT,2) -0.24 -0.41 - - - - 

Null Log-likelihood -978.864 -978.864 -978.864 

Only constants Log-Likelihood -936.661 -936.661 -936.661 

Final Log-likelihood (LL) -692.4 -694.788 -697.894 

Adjusted Rho-Square 0.276 0.276 0.278 

Likelihood ratio test:  

-2· (LL(β)Restricted - LL(β)Full) 

MNL1-MNL2 

χ2=4.776 (2 d.f.) 

MNL2-MNL3 

χ2= 6.212 (4 d.f.) 

Number of parameters 16 14 10 

Choice situations (n) 891 891 891 

 

In this particular case, the introduction of two way interaction (MNL1) is 

rejected at the significance level α=0.05, based on the likelihood ratio test results. 

The associated chi-squared statistic is 4.776 (2 d.f.), and the critical value for 

α=0.05 is 5.99, so the assumption that two way interaction parameters are equal to 

zero cannot be rejected. By the same reasoning, the MNL2 model estimation does 

not offer significant improvements to that of the MNL3 model estimation: the 

associated chi-squared statistic is 6.212 (4 d.f.), and the critical value for α=0.05 is 

9.49, so the MNL3 model estimation can be accepted as representative for the 

case study. 
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Nevertheless, some insights can be gained by analysing the joint contribution of 

weather and traffic situation on the alternative utility functions of the MNL1 

estimated model: 

- Private car users considered this transport mode less preferable in cases 

of a congested traffic situation, as expected. Generally, this alternative is 

more preferable when a bad weather situation occurs. 

This statement becomes clearer when the interaction between bad weather 

and the congested traffic situation is examined. Namely, bad weather could 

explain a congested traffic situation, so car users realise that the journey 

time may increase. Nevertheless, they are less willing to choose this 

alternative if the congested traffic situation occurs in regular weather 

conditions. All these statements are based on the results shown in Table 5, 

which shows the contributions of the weather and traffic situations to the 

representative utility. 

- Regarding rail-based alternative users, it seems that as the weather and 

traffic situations worsen, the utility for this alternative increases. This 

correlation follows logically from the characteristic right-of-way of rail-

based modes. 

Moreover, the traffic situation is more relevant for the utility function than 

the weather situation is. A congested traffic situation is the most 

favourable condition for this transport mode, as indicated by Table 5. 

 

Table 5. Contribution of the weather and traffic situation to the utilities, according to the MNL1 

estimated model 

 Car Rail-based 
Weather / Traffic Situation Dense Congested Dense Congested 

Regular -0.497 -1.251 0.253 0.842 
Bad -0.254 -0.266 0.307 0.656 

 

It is worth noting that the MNL3 specification was selected after an 

iterative process in which several model specifications were considered. Examples 

of these specifications are as follows: a specification in which two-way 

interactions between travel time and weather were analysed; several specifications 

in which weather and traffic situation parameters affect, jointly or independently, 

different alternative utilities; specifications in which specific cost parameters, 

generic cost parameters for transit alternatives and generic cost parameters for all 
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the alternatives were also considered, as well as combinations of all the 

specifications earlier mentioned. Finally, a model specification that disregarded 

the weather and traffic situations on mode choice was estimated. 

4.2. Model estimation using mixed (RP/SP) data 

A data enrichment method is used in this section to obtain a model estimation 

using RP/SP mixed data (Louviere et al. 2000).  

The decision on which parameters can be estimated as common for both 

data sources is determined based on a graphic method. The existence of two scale 

parameters λRP and λSP related to the RP data and the SP data, respectively, should 

be considered. These scale parameters are inseparable from the parameters related 

to each model, so it is impossible to identify the value of the different scale 

factors. The separated RP and SP models must be estimated. Then, the parameter 

values can be plotted as a graph. If both data sources reflect a similar utility, we 

can compare the terms (λRPβRP) = (λSPβSP), and the graph must show a cloud of 

points around a line passing through the point of origin. The slope of this line is 

positive and equals λRP/λSP.  This method was originally developed by Swait and 

Louviere (1993) and is valid for a prior estimation of consistent parameters. 

Given the discussion in the previous section, we choose the MNL3 model 

specification for estimating the separate RP data and SP data MNL models. The 

utility functions associated were amended to read as follows: 

 

1 ,1 1 2,1 2 3,1 31T C W WV T C W W           

2 2 ,2 2 2,2 2 3,2 32T C W TSV T C W TSASC             

3 3 ,3 3 3T CV T CASC          (4) 

 

The parameters and variables expressed in the equations are identical to 

those defined in Section 3.2. The discrete choice modelling software BIOGEME 

(Bierlaire 2003) was used for the MNL model estimations. The results obtained 

for these model estimations are shown in Table 6. 

When the graphic method is applied to this case study, four parameters 

become candidates for joint estimation: the journey time for the rail-based 

alternative, the generic journey cost, the regular weather situation for car 
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alternative and the dense traffic situation for the rail-based alternative. The graph 

associated with these four parameters is shown in Figure 3. 

 

 

Fig. 3. Obtaining consistent RP/SP parameters with a graphic method: selected parameters 

 

If certain points of the cloud previously mentioned are sufficiently 

separated from the line through the origin point and with positive slope equalling 

λRP/λSP, the hypothesis of preference homogeneity across the two data sources 

must be rejected, and joint estimation is impossible in these conditions. This result 

can be verified with a likelihood ratio test (LR) that is chi-squared distributed with 

K-1 degrees of freedom (K is the number of jointly estimated parameters): 

 

 2 RP SP JointLR L L L          (5) 

 

where: 

- LRP is the maximum log-likelihood obtained for the RP separate model 

- LSP is the maximum log-likelihood obtained for the SP separate model 

- LJoint is the maximum log-likelihood obtained for the mixed RP/SP data 

model 
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A method that exploits the structure of the error from the nested logit model (NL) 

can be developed and thus used to estimate the parameters and the relative scale 

factors simultaneously. This NL “trick” has been used several times by several 

authors (Bradley and Daly 1997; Louviere et al. 2000; Hensher et al. 2005; Espino 

et al. 2006) and has been accepted for estimating discrete choice models using 

mixed RP/SP data. Based on the assumption that both the RP data and SP data 

generation processes are independently and identically distributed EV1 with 

different scale factors, the cluster or nest parameter for SP alternatives can be 

understood as the inverse of the SP scale factor λSP  (provided that λRP is 

normalised to one). The SP cluster parameter (θSP) serves as an estimator of the 

ratio of the scale factors, namely: θSP= λRP / λSP. 

 

 

Fig. 4. NL “trick” for the estimation of the mixed RP/SP data model 

 

The estimation results for the mixed data model and the separate RP and 

SP data models are shown in Table 6. The parameter values that are different from 

zero at the 5% level of significance are bolded, and the parameters jointly 

estimated are displayed in a frame for the mixed data model. 

In this case, the associated chi-squared statistic equals 7.702 (3 d.f.), while 

the critical value for the α=0.05 significance level is 7.815. These results indicate 

that the hypothesis of parameter homogeneity between the two data sources could 

be retained.  It must be noted that the null hypothesis for the t-test related to the 

SP Nest parameter is accepted (θSP ≈ 1), thus indicating that the difference 

between scale factors for both types of data is small and reinforcing the 

assumption of homogeneity between the parameters from the two data sources. 

Consequently, the prediction of market shares using jointly estimated parameters 

for the RP data model is valid for this case study. 
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Table 6. Estimation results: RP model, SP model and mixed data model 

Attribute or ASC Parameter MNL3 RP MNL3 SP NL Mixed data 

 Value t-test Value t-test Value t-test 

Car-ASC RP 0 - - - 0 - 

Car-ASC SP - - 0 - 0 - 

Rail-ASC RP 2.44 3.07 - - 2.78 4.06 

Rail-ASC SP - - 0.469 0.99 0.164 0.35 

Bus-ASC RP 3.65 2.79 - - 3.29 2.61 

Bus-ASC SP - - 0.124 0.27 0.011 0.02 

Car-time (βT,1) RP 0.114 3.14 - - 0.061 2.52 

Car-time (βT,1) SP - - -0.0465 -6.99 -0.0472 -3.81 

Rail-time (βT,2) RP -0.0425 -3.30 - - -0.057 -4.91 

Rail-time (βT,2) SP - - -0.0599 -11.56 -0.057 -4.91 

Bus-time (βT,3) RP -0.178 -3.07 - - -0.179 -3.17 

Bus-time (βT,3) SP - - -0.0586 -11.24 -0.059 -4.28 

Generic cost (βC) RP -0.817 -4.3 - - -0.574 -4.28 

Generic cost (βC) SP - - -0.494 -7.27 -0.574 -4.28 

Car-regular W (βW2,1) -0.728 -1.37 - - -0.422 -2 

Car-regular W (βW2,1) - - -0.385 -1.87 -0.422 -2 

Car-bad W (βW3,1) 1.26 1.24 - - 1.18 1.24 

Car-bad W (βW3,1) - - -0.0227 -0.12 -0.0423 -0.22 

Rail-dense TS (βTS2,2) RP 0.395 0.74 - - 0.161 0.86 

Rail-dense TS (βTS2,2) SP - - 0.165 0.84 0.161 0.86 

Rail-congested TS (βTS3,2) RP -0.556 -0.48 - - -0.958 -0.91 

Rail-congested TS (βTS3,2) SP - - 0.952 4.77 0.97 3.43 

SP Nest - - - - 0.981 -0.09* 

Null Log-likelihood -176.689 -978.864 -1155.553 

Final Log-likelihood -68.631 -697.894 -770.376 

Adjusted Rho-Square 0.555 0.277 0.301 

Likelihood ratio test: -2·[ LJoint – (LRP + LSP)] χ2= 7.702 (3 d.f.) 

Number of parameters 10 10 17 

Choice situations (n) 228 891 1119 

*(t-stat is performed with respect to one) 
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5. Forecast of Market Shares under Adverse 

Conditions 

5.1. Forecasting parameters 

In this respect, Louviere et al. (2000) suggest that the forecast model should 

contain all parameters that were jointly estimated. They also suggest a few helpful 

guidelines for deciding which of the non-jointly estimated parameters (RP and SP 

parameters from separated models) should be used in generating the predictions 

(pp. 247). These guidelines can be applied as follows: 

- SP data rarely yield incorrect and statistically significant signs. If non-

joint RP parameters have an incorrect sign, the corresponding SP 

parameter must be used. 

- If there are significant differences between the values of RP and SP non-

joint parameters, the analyst must decide depending on the case studied. 

 

After applying these guidelines to the case study, the selected parameters 

obtained for the prediction of market shares are shown in Table 7.  

 

Table 7. Parameter values used for market shares forecasting 

Attribute Value t-test Data Source 

Car-time (βT,1) -0.0474 -6.99 Scaled - SP 

Rail-time (βT,2) -0.057 -4.91 JOINT MODEL 

Bus-time (βT,3) -0.0597 -11.24 Scaled - SP 

Generic cost (βC) -0.574 -4.28 JOINT MODEL 

Car-regular W (βW2,1) -0.422 -2 JOINT MODEL 

Car-bad W (βW3,1) -0.0231 -0.12 Scaled - SP 

Rail-dense TS (βTS2,2) 0.161 0.86 JOINT MODEL 

Rail-congested TS (βTS3,2) 0.9704 4.77 Scaled - SP 

 

The main purpose of Table 7 is to inform the decision related to non-joint 

estimated parameters. The SP car journey time (βT,1) and the SP rail congested 

traffic situation (βTS3,2) parameters were selected because the RP corresponding 

parameters had incorrect signs.  The SP car bad weather parameter (βW3,1) was 

selected for the same reason, but in this case, the associated t-test is very low. This 

result indicates that the parameter could be removed, but we retain it because the 
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analysis of weather influence is one of the goals of our study. Finally, the SP bus 

travel time parameter (βT,3) was selected to offer values of time consistency. It 

should be noted that the SP parameters were scaled using the SP scale factor (λSP 

equals 1/ θSP =1.0194). 

The values of the parameters for the achieved model are intuitively 

consistent with prior expected signs. Specifically, time and cost yields disutility in 

each alternative; adverse traffic situations benefit the rail-based transport mode; 

and adverse weather situations make the car mode choice less appealing. 

5.2. Analysis of several ASC specifications for predictive models 

In connection with the ASC to be applied for predictive models, Louviere et al. 

(2000) suggest that RP alternative specific constants should be used. Years later, 

Cherchi and Ortúzar (2006) noted the general agreement on this issue but only 

when existing alternatives are evaluated. Moreover, ASC specifications for 

predictive models are complex and must be analysed carefully for each case. 

Table 8 shows different values for the alternative specific constants that are 

considered in this case study: 

- RP-ASCs: this is the characteristic estimation in the actual market. 

Clearly, this estimation becomes disadvantageous when forecasts for 

future markets are required (for example, because of new alternatives or 

structural changes).  

- SP-scaled-ASCs: SP ASCs must be scaled if predictions are generated 

using RP data. This type of data is appropriate for the study of latent 

attributes and when changes occur in the actual market. 

 

Table 8. Values of ASCs, depending on the data source used for the model estimation  

 RP-ASC SP-scaled-ASC 

Alternative Value t-test Value t-test 

Car 0 - 0 - 

Rail-Based 2.44 3.07 0.478 1 

Bus 3.65 2.79 0.126 0.27 

 

Other, additional specifications require prior ASC estimations. These 

estimations can be completed by constraining the ASCs of corresponding 

alternatives to equal the NL mixed data model (RP/SP-generic-ASCs) or by 



22 

constraining the ASCs to reproduce the market shares of the sample (RP-

calibrated-ASCs). Nevertheless, two main reasons indicate that both approaches 

are inadequate for this case study: the use of the first type of specification is not 

recommended if forecasting is conducted for scenarios involving structural 

characteristics not inferior to those described in the SP design. Moreover, the 

second specification could be inconsistent with the traveller’s mode choice if 

structural changes that modified the service level for any alternative occur 

(Cherchi and Ortúzar 2006). 

Sample enumeration results yielded for enumeration of the forecasted 

transport demand in bad weather situations and congested traffic situations are 

displayed in Table 9. The values of the parameters shown in Table 7 and different 

ASCs specifications shown in Table 8 were considered.  

 

Table 9. Simulation results using several ASCs specifications 

 

Sample 

(Initial Situation) 

RP-ASC Model 

(Adverse conditions) 

SP-scaled-ASC 

Model (Adverse 

conditions) 

Alternative  Nº % Nº % Nº % 

Car 153.19 67.19% 31.69 13.90% 115.32 50.58% 

Rail-based 61.89 27.14% 85.53 37.51% 78.30 34.34% 

Bus 12.92 5.67% 110.77 48.59% 34.38 15.08% 

TOTAL 228 100% 228 100% 228 100% 

 

It can be observed that forecasted market shares are considerably different 

for each model specification. While greater than 50% of the respondents shift 

from the car mode to a transit mode according to the RP-ASC model, less than 

17% of the users shift from the car mode to the rail-based mode or the bus mode if 

the SP-scaled-ASC model is used. Moreover, the former forecast shows that 

approximately all users transferred from car to bus, while the latter forecast 

showed that car users are more evenly split between the rail-based alternative and 

the bus.  These results yield two main insights. First, making the right choice 

when different ASCs can be used for forecasting purposes is of paramount 

importance because results obtained are strongly related to them. Second, ASCs 

yielded by the SP data sources seem more suited for forecasting market shares 

when actual market conditions vary. 
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6. Conclusions 

Bearing in mind the objective of this paper and the restrictions of this case study, 

five primary conclusions are evident. 

First, compared with the bus mode, rail-based modes under adverse 

weather conditions are preferred. This preference may likely be explained by the 

superior comfort characteristics associated with commuter trains and subways in 

which the stations, stops and mainly the vehicles are generally designed for a 

higher passenger volume than in the case of buses. Regarding the car mode, 

adverse weather conditions yield a disutility compared with bus in most estimated 

models examined. While the authors intuitively expected the opposite effect, the 

empirical results could result from an intangible association between weather and 

congestion generally made by car users (as stated by Khattak and De Palma 

1997). 

Second, regarding the effects of the traffic situation on mode choice across 

all model estimations, the rail-based mode is affected in positively, while the car 

mode is affected negatively compared with the bus. Rail-based modes have right-

of-way, so they are not adversely affected by dense or congested traffic situations. 

Nevertheless, adverse traffic situations generate the opposite effect on the car 

mode because the bus alternative has right-of-way in a few sections of the 

traveller’s journey. Moreover, activities related to work and study can be 

performed with a handheld device during journeys occur in transit modes: for 

example, accessing the Internet, logging into an e-mail account, and consulting or 

generating working/study documents. Hence, these journeys are more productive 

than journeys in which users are car drivers. 

Third, the representative utility of rail-based alternatives is hardly affected 

by the effects of the interaction between bad weather and congested traffic 

situations, as can be observed in the MNL1 estimation results. This transport 

mode seems to be more affected by the traffic situation than by weather 

conditions. Nevertheless, a peculiarity related to the car mode arises when this 

two-way interaction is examined: congested traffic situations combined with bad 

weather situations are less harmful than are combinations of congestion and 

regular weather situations. Drivers may believe that congestion appears to be 

justified by adverse weather conditions, so they are more responsive under this 

stressful situation. 
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Fourth, the traffic situation seems to be more relevant in terms of utility (or 

disutility) than does the weather situation. We should remember that the case 

study considered only motorised commuter journeys. Weather may affect the 

route choice more so than the mode choice, as Koetse and Rietveld (2009) 

suggested. The mode choice related to recreational journeys is more sensitive to 

weather changes. 

Fifth, while mixed RP/SP data models supply an important resource for 

estimating and forecasting travel demand, care should be heeded when common 

RP/SP parameters are selected. Only those parameters that ensure the 

homogeneity between the two data sources should be selected. A poor selection 

could generate a misspecification of estimated models and unreasonably low or 

high forecasted market shares. ASCs specification selected for predicting market 

shares must be studied for each particular case. Given that model transferability is 

a vexed issue, we regard the models in this paper as representative of respondents’ 

behaviour only for this case study. 

 

Many research questions remain related to the weather’s influence on mode 

choice with respect to transport. Mixed data models introduce a world of 

possibilities for demand forecasting and for modelling the influence of several 

attributes on transport mode choice. Many opened forays of research are related to 

these models and their evolution.  

First, model estimation considering interaction terms merit investigation. 

To assume that weather independently influences the mode choice is unrealistic. 

Different two-way interaction terms between weather and other attributes should 

be considered in future research. 

Efficient experimental designs have steadily gained importance in the last 

few years. Several factors can be named for this steady growth, but regardless of 

the specific factors, a progressive incorporation of this type of design in many 

scientific contexts of research (e.g., for marketing and medicine) is the primary 

reason for the recent success of the efficient experimental designs. Furthermore, 

an orthogonally property can be retained using this method (Bliemer and Rose 

2011). 

Finally, the use of the NL “trick” method for mixed data modelling 

purposes has been analysed by Hensher et al. (2008). He exposes certain 
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limitations of this method, with particular attention to the property related to the 

independence of choice situations. Notably, respondents habitually face one RP 

choice situation and several SP choice scenarios in the RP/SP data experiments. 

Several authors have highlighted that a mixed logit model (ML) allows for the 

heterogeneity of individual tastes to be incorporated in the estimation methods 

and thus may be more fitting for this task (Hess and Train 2011; Hensher 2012). 
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