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Abstract

In the present study we carry out an analysis ekdpfluctuations as a determinant of the
quality of public transport. We do this by focusiog a special cause of unreliability:
variations in weather conditions. We use hourly soead weather conditions. The panel data
results imply that snow has a substantial negatffect on the speed public transport. The
associated welfare loss is 53 eurocent per comgmutip per person made by train and 76
eurocent per commuting trip per person made by foas) and metro. Rain strongly affects
the speed of bus, tram and metro commuting tripsomigested routes. The associated welfare

loss is 1.15 € per commuting trip per person.



Introduction

The main modes of transportation in the Netherlardscar, bicycle and walking. They cover
about 90 percent of all trips. About 50 percenttrgfs are made by car, and the main
alternative for the car is the bicycle, with a €haf about 25 percent. Distance appears to be
an important moderator, as people prefer to nottiisebicycle for longer distances. Three-
quarters of all bicycle journeys to work is lesarttb kilometres, one fifth is between 5 and 10
kilometres, and 5 percent is longer than 10 kilogse(Statistics Netherlands 2008). Longer
commuting trips are mostly made either by car opbllic transportation. Since using the car
is not always a viable option, e.g., because nwedsilicense is available or because of
parking restrictions (especially in the Randstayia), public transport in the Netherlands is
frequently a good alternative for trips over londetances. Public transport will be classified
in two main categories, i.e., trips made by busmtrand metro on the one hand, and trips
made by train on the othér.

Public transport in the Netherlands has about8apercent share of trips. When
travelling by public transport, an individual has go to an access point (bus stop, train
station, etc.). The more time is spent getting ioaacess point, the larger the total time
required to reach the final destination. Transfgrfetween trains or buses during a trip has a
similar effect. Furthermore, waiting time, delayslaadverse weather may also influence the
speed of a trip and hence total travel time. Thius,need for and importance of integrating
the different segments of the journey is clear.

Compared to car trips, the speed of public trarisp often a weak element of
multimodal transport chains. In the large majoatyhe cases car trips are considerably faster
than public transport trips, and it is therefore swrprising that the modal share of the car is
much higher than that of public transport. There taro exceptions to his, leading to market

segments where public transport tends to perfotatively well: in congested areas and for



long distance trips where the high speed of trarsslarge advantage. The first sub market is
an example that push factors (congestion on thd, rparking problems in cities) are an
important factor contributing to the success oflputvansport. In all cases it is clear that a
key success factor for integrated public transpgattiat it achieves speeds that are competitive
to those offered by car transport.

A related consideration is that reliability of rsport services is an important
determinant of the quality of multimodal trips: whdelays occur in part of a trip, travellers
may miss their connection, leading to extra waitinge at transfer points and possibly high
scheduling costs. Thus variations in speed in #icepart of a trip chain may lead to
substantial extra waiting or travel time in thet i@fsthe trip.

The potential success of integrated transport theredepends considerably on the
degree of its reliability. To make integrated pabtransport successful it is therefore
important that transport organisations can copé wiese uncertainties in an adequate way,
i.e., such that the effects for the travellers mieimised. Elements of such policies are that
time tables are made in such a way that therenesslack at transfer points. This may make
the average speed slightly slower, but it woulduoedthe negative impact of disturbances
(Rietveldet al. 2001). Another element would be a high level ¢égnation between services
at the operational level, for example, the busatrivaits a few minutes when it is known that
the train is some minutes late.

This underlines the importance of various ‘softhénsions to achieve integrated public
transport of high quality. One is the dimensionhofman resource management: drivers
should be motivated to serve passengers propeityie Tables should be obeyed where
possible, but in case of disturbances flexibilisy needed. Another important aspect of
integrated public transport is the institutionaménsion: when one integrated company is

responsible for the overall quality of a multimodhhin this creates favourable conditions for



high quality, reliability and flexibility. On the tber hand, with one integrated (bus-rail)
company the potential benefits of competition may Ibst. This leads to challenging
guestions of how to combine the better elementsti worlds.

In the present study we carry out an analysigpekd fluctuations as a determinant of
the quality of public transport. We do this by femg on a special cause of unreliability:
variations in weather conditions. We find that tigsa relatively underexplored theme of
research. We will focus on commuting trips. Thisais important part of the trips made by
public transport. The advantage of focusing on coimg is that weather variations will most
probably not affect the decision of travellers taysat home, which might lead to selectivity
effects. This makes it easier to analyse commutiilgs compared with for example
recreational trips. Please note that by travel tiha trip we mean travel time of a complete
door to door trip, i.e., it not only includes thevehicle time but also includes time spent on
access and/or egress modes, waiting times andsdelay

During the past decades comparatively little d@igbenhas been paid to the effects of
weather on transportation in general, and on putaiesport in particular. An overview of the
empirical literature on weather and transport canfdund in Koetse and Rietveld (2009).
Most of the available empirical studies on weated transport report a reduction in speed
during adverse weather conditions (see e.g., Mattah. 2000; Hranaet al. 2006; Mazeset
al. 2006). The major reduction in speed of road trartsisodue to precipitation and snow.
Martin et al. (2000) report a 10 percent speed reduction inceatitions and a 25 percent
reduction in slushy and wet conditions. These tesafe confirmed by Hranaet al. (2006)
using detailed traffic and weather data from 2002004 for the Baltimore, Seattle and
Minneapolis-St. Paul metropolitan areas. They fimat light rain reduces the free flow speed
by 3 percent and the speed at full capacity by r@gue. Reduction in speed increases with

rain intensity, with maximum reductions of aroun® @ercent for free flow speed and 8-14



for speed at capacity (see also Ibrahim and H#@41%¥all and Barrow 1988; Mazet al.
2006). Finally, Sabiet al. (2008) report negative but small effects of adeergather on the
speed of car commuter trips. However, the effednmiw is substantial, with speed reductions
of around 7 percent. Furthermore, although thectffef rain on speed are small in general,
rain causes a speed reduction of 10-15 percentipsrmade during rush hours on congested
routes.

Interestingly, these studies mainly focus on rtvadsport (but see Hranatal. 2006,
for an exception). Public transport is largely iggth Whereas trip speed reductions for car
transport are mainly caused by congestion, pulhosport delays are also and perhaps
mainly caused by technical failures. Therefore, ¢herent study contributes to the limited
available empirical evidence by providing a closesight into the effects of weather
conditions on the speed of public transport comngutiips and the welfare affects associated
with the changes in travel time.

The rest of the paper is organized as followsti&e@ discusses the data as well as the
descriptive statistics of the variables. Secti@xflains the econometric methodology used to
analyse the effects of weather and individual attarsstics on the speed of commuting trips
made by public transport. Section 3 also discussesxplanatory variables included in the
model. Section 4 provides the empirical results disdusses the welfare effects of weather

conditions for the Netherlands. Section 5 concludes

1. Data

The data used in this paper are taken from two @imces. We make use of a transportation
survey (MON) for the years 2004 and 2005. The MQahgportation survey contains
information about 130,000 persons who reportedttips they made on one particular day

during these two years, leading to about 450,0G®rted trips The data also contain



information about important individual and househoharacteristics. The second data source
is a weather database of the Royal Netherlandsadvidteyical Institute (KNMI) for the years
2004 and 2005. It contains weather conditions orhaurly basis by 32 weather stations
spread over the entire Netherlands. We use theheeabnditions from the weather stations
which are nearest to places of departure (in almtistases). The average distance to a
weather station is about 12 to 13 km, which medred bur measurement of weather
conditions is fairly locaf. The weather conditions refer to temperature, vgipeled, visibility,
rain and snow. By combining these two data souneesire able to analyse for each trip the
local weather conditions of the hour in which thp took place.

We select only commuting trips for a number ofremic and statistical reasons. First,
because the demand for commuting is derived fraandgmand for workers, which does not
directly depend on weather, whereas the derivedaddnfor other trips (in particular, leisure
trips) are affected by weather conditions. Heneecbmmuting trips, the interpretation of the
welfare effect of weather is more straightforwafkecond, commuters are a relatively
homogeneous group of travellers for which assumptian the value of time are likely to be
more accurate. Third, we select public transpapstbecause for other trips, in particular
bicycle trips, the welfare of commuting is direc#iiffected by weather, e.g., it is unpleasant to
take the bicycle on a rainy day because one getsand not so much because of reductions
in speed. Fourth, the selection of a sample magmgé® biased estimates of the coefficients of
variables (Wooldridge 2003). Fifth, adverse weathay increase the risk of travel speed for
car use due to accidents, but this is less likefypiblic transport users. Finally, commuters
generally take at least two trips per day, pangneion techniques can be employed to deal
with this issue.

Given these selections, our sample contains 136b8c transport trips made by 2,225

commuters. Average trip distance is 32.9 km, avetepg speed is 31.7 km/hour, and average



travel time per trip is 57.5 minutes. The descvpstatistics for bus, tram and metro, and
train are given along with other explanatory vaeahbn Appendix A.

It is important to realize that the speed as wesmesit is based on the travel time of
the whole trip rather than only in-vehicle travel time. Thiaplies that this travel time also
includes the time to reach to access point, watimg, in-vehicle time, and time to get to the
final destination from the arrival. The averagevéhicle travel time for public transport is
24.6 minutes. Average in-vehicle travel time fositam/metro is 21.6 minutes. Whereas,
average in-vehicle travel time for train is 30 nigsl It appears that the share of in-vehicle
time in the total trip time of bus/tram/metro tripad train trips is about 50 percent and 45
percent, respectively. This implies that publimsport travellers spend a significant part of
their total travel time on access/aggress modesnowaiting time. Additionally, this also

explains why the average speed of public trangppg is low.

2. Model specification and estimation procedure

Similar to Sabiet al. (2008) the interpretation of our empirical anadyisibased on standard
micro-economic theory such as used in Van Ommemdrargay (2006), who derived a
structural model for commuting speed and then tisadmodel for Great Britain, as well as
Fosgerau (2005) who applied it to Denmark.

Van Ommeren and Dargay (2006) assume that comsnapgimally chose their speed
given a specified cost function (the only restdntiis that the cost function is a power
function of speed) and the travel time costs aopitional to the wage. Furthermore, they
show that the marginal effect of an exogenous enwuirental characteristic, such as weather,
on the logarithm of speed can be interpreted asdginal effect of this characteristic on the
logarithm of the commuter’s total commuting coske (sum of the travel time and other costs

which vary with speed such as accidents cost aedcdosts). Given an estimate of average



worker value of time, it is meaningful to estimdke effect on the welfare of commuters
through a loss in travel time only. We will useog Ispecification in line with the theoretical

considerations discussed in Van Ommeren and D4R&{6). It takes the form:
In (Std ) = Bo +Bthd +Bz In(Ditd ) +B3In (y| ) +BAXi +BSFtd +Eitd ) (1)

where thef’s are parameters to be estimated and subscriptpresent individualst

represents hour of departure athdepresents day of the ye&@.is speedW is a vector of
individual-specific time-varying variables (incluj weather variables)D denotes the
distance travelled ang is the income of individuals is a vector of individual variables

(including gender and agd) refers to time-specific characteristics such asmnigation, hour
of travel, and seasonal variations, ahdenotes an unobserved error term.

Using OLS for analysing the impact of weather om $peed of commuting trips is not
ideal since it assumes that the residuals are telated. We face two shortcomings if we
employ OLS estimation for equation (1). First, Od8es not control for differences in
unobserved preferences of individuals and diffeesria other unobserved features (such as
the exact location of the individual). We therefeseloit the panel structure inherent in the
data to control for these issues. Specifically,imeude individual fixed-effects in order to
control for selection and unobserved heterogefie8gcond, using OLS for analysing the
impact of weather on the speed of commuting trjpsat ideal since it assumes that the
residuals are uncorrelated. This implies that peason makes two trips on the same day the
residuals from the model of both trips are assutoele uncorrelated. This obviously does
not hold in the current cadeds a result, OLS is inefficient (Wooldridge 2003herefore, a
random effects panel data model that controlshfercorrelation between errors is employed.

Most of the variables included in model are selMaratory. However, some other

variables need additional explanation. We includespnal characteristics, because they may



effect the optimally chosen travelling speed to/finth access point. Furthermore, in this
way we control for selection effects. The travehdi of a trip may be different during peak
and off-peak hours because of the difference iguieacy of the service, difference in number
of people using the public transport, etc. Theefa dummy variable is included for rush
hours® In order to control for congestion effects on madr bus and tram trips we
distinguish between trips on congested and nonesirg roads. Specifically, we distinguish
those trips that originate in non-congested areamgl the morning peak hours and that are
directed towards congested areas. Similarly, wendigish those trips during evening peak
hours that are directed from congested areas tecangested areas (see Sadial. 2008).
Ultimately, we include a congestion dummy variathlat controls for these specific trips.

In order to analyse the effects of weather onefréine we use hourly measured wind
strength, temperature, precipitation, snow andbilisi. Dummy variables are used to
measure the effects of most weather variables. Véinength is measured by a dummy
variable that represents wind strengths larger th&eaufor We define three temperature
categories, i.e., a dummy for temperatures less @&, a dummy for temperatures between
0 °C and 25°C, and a dummy for temperatures higher tharf@5Precipitation effects are
captured by using a dummy variable that is equabrte for the presence of precipitation
during the hour in which the trip took place. Theibility variable measures the horizontal
visible distance; a dummy is used to indicate ity distance less than 300 meters. We do
not have exact measure of snow. However, we useaiction effects of temperature lower
than or equal to 6C and presences of rain as a proxy for measuriogv.sBut, it may be

noted that it is a crude measure of snow and thi®nly capture the effects délling snow.



3. Resultsand discussion

3.1 Speed of bus, tram and metro trips

The estimation results are presented in Table ® fHsults are robust and most of the
variables have plausible signs. Observe that affhademperature does not have a strong
impact, snow, limited visibility and rain on conges routes all substantially reduce the speed
of bus, tram and metro trips. Remember that trgedg are computed on the basis of the sum
of in-vehicle time and other time components, idolg access and egress times, waiting
times and delays. Apparently, these three spedgiftzimstances (snow, limited visibility and
rain) cause an increase in travel time by affecting or more of these components.

The fixed effects model shows that the speed of tobasn and metro commuting trips is
reduced by 12 percent in snow. A potential reaabieast for bus trips and maybe partly for
tram trips, is that it is more risky to drive inosm and that the capacity of roads is reduced
because of an increased distance between vehiaiesher reason may be that snow causes
people to switch from biking and walking to pubiiansport, thereby increasing the demand
for public transport. This may cause that more Eom@jer stopping and waiting times are
required for passengers to enter and leave theleshiAlthough rain in general has no effect
on trip speeds, it does have a substantial impadtip speeds on already congested routes
(making that the results are mainly driven by tlffeat of rain on the speed of bus trips).
Specifically, rain reduces trip speed on congesteties by approximately 18 percent. This
result is consistent with the result obtained irbiG&t al. (2008), who reported a 10-15
percent reduction in the speed of car commutingsttnder the same circumstances. There
also is a 6 percent reduction in trip speeds whebility is under 300 meters (also this effect
is likely driven by the effects of visibility on ¢hspeed of bus trips). This finding is plausible,

as one would expect people and vehicle operatorshémge their behaviour under risky
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conditions such as limited visibility. The effeai$ other weather variables are small and,

except for strong wind, statistically insignificant

Table 1. Analysis of logarithm of speed of publ&nisport commuting trips (individual

specific effects}®

Bus, Tram and Metro Train

Fixed Effects |Random Effects| Fixed Effects |Random Effects

Coeff. SE. | Coeff. SE. | Coeff. SE. | Coeff. SE.
Strong Wind —005 .002 |-004 .001 .001 .001 |.0003 .001
Temperature <= €C .02 .02 .01 .02 .04 .01 .04 .01
Temperature >2%C -01 .02 -01 .02 -04 .01 -03 .01
Rain .01 .01 .01 .01 .003 .00 .005 .005
Snow -12 .04 —-08 .04 -06 .02 -05 .02
Limited visibility -06 .02 -06 .02 .03 .02 .03 .02
Congestion x Rain —-18 .05 —-17 .05 - - - -
Congestion 08 .04 -.01 .01 - - - -
Rush Hours —-01 .01 —-06 .03 02 .01 01 .01
Distanct .56 .02 .57 .01 .62 .02 .52 .01
Gender (Males) - - .01 .02 - -.02 .01
Age less than 18 years - - .04 .07 - 4 =02 .09
Age between 30 and 40 ye - - .02 .08 - - 05 .02
Age between 40 and 65 years - - =01 .02 - - .0202
Age greater than 65 years - - 14 12 - - 19 A2
Weekday - - |-.0E .04 - - =01 .04
Very Urbanised - - 11 .04 - - 08 .03
Urbanised - - | =05 .04 - -| =04 .03
Moderately Urbanised - - 05 .04 - - .0004 .03
Little Urbanisec - - .02 .04 - - 04 .04
Summer - - .002 .02 - - .003 .01
Autumn - - |-.03 .02 - - .01 .01
Winter - - .05 .02 - - 01 .01
Constant - - 166 .06 - - 173 .06
R? 95 - 94
Number of groups 1124 1124 1441 1441
Variance of random error - .02 - .01
Variance of group specific er - .09 - .06
Correlation between error terms - .84 - .83

Bold coefficients are statistically significant%, italic coefficients are statistically signéiat at

10%.

® The reference categories for temperature, urbémisage, and seasonal variables, are temperature
between GC and 25C, rural, age between 18 and 30 years, and spesgectively.
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The effect of log distance on the speed of busHvéatro trips is around 0.6, i.e. on
average, trip speed increases by 0.6 per cent wdist@ince increases by one percent. This
makes sense because longer trips are likely to make use of roads with higher speed
limits than shorter trips. The congestion variagllews a reduction of 8 percent in trip speed,
which is comparable to results by Sagtilal. (2008) who reported an 8 percent reduction in
the speed of car commuting trips on congested sodtee effects of other characteristics on
the speed of bus, tram and metro commuting trigs generally small and most are
statistically insignificant. An exception is comnmg trips made in highly urbanised areas,
which are on average 11 percent slower comparedp® made in rural areas. This makes
sense, since in these areas public transport fsordad with a larger number of crossings and
traffic lights. Also the speed of the access masalKing or cycling) to the public transport
stop will be lower in highly urbanised areas.

Our analysis shows that snow, fog, wind and nagteed have an impact on the speed of
bus/tram/metro trips. Part of the explanation it tthe speed of these vehicles themselves
will be affected, implying increases in in-vehitime. Another part of the explanation is that
adverse weather leads to longer waiting times af@ins, in particular when people miss a
connection, and leads to longer access and egmess. tNote also that adverse weather has a
doubly negative effect on integrated public tramspwot only does it lead to longer and less
reliable travel times, but also the comfort at $fan points will be worse. This provides a
challenge to operators that aim at offering integgtaransport services. Time tables should be
made in such a way that they are reasonably ramd#r conditions of adverse weather, and

also the comfort levels at transfer points sho@ddequate under various weather conditions.
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3.2 Speed of train trips

The results of the fixed effects model on the speketrain commuting trips show that at
temperatures below T train trips are 4 percent faster than train tripsde at temperatures
between (°C and 25°C. Similarly, train commuting trips made during @enatures higher
than 25°C are 4 percent slower compared to normal tempastRemember that trip speeds
are computed on the basis of the sum of in-veliicle and other time components, including
waiting times, delays, access and egress timestttoghe station by foot, bicycle, bus, car,
etc. A likely explanation is therefore that peopiay prefer to walk or bike rather than use
public transport to go to or from a train statidmother reason may be that demand for train
trips is lower in cold weather, which may resultansmaller number of people on access
points, implying lower probabilities of delays. Slianly, if demand for train trips is higher in
warm weather, we would observe an increased prbtyabi delays. The results furthermore
show that also train trips are slower during sntve; speed reduction is around 5 percent.
Comparing the effects of snow on the speed of tras) and metro trips on the one hand and
train trips on the other shows that train trips lass affected by snow. This is not surprising
given the technology of the train compared to ths. lBoth types of trips share the possible
delay during the access and egress mode, but héahd up to some extent trams) travel on
road networks with other vehicles, whereas thentteas a separate network. Trains will
therefore suffer less congestion and one may expsataller effect of snow on the speed of
train trips compared to the effect for other modes.

Again the effects of other characteristics arelsara generally insignificant for train
commuters. However, the age variable shows sonegesting results. The results suggest
that trips made by people in the oldest age cayeai 19 percent slower compared to trips
made by younger people. This likely reflects thdeo people take more time to reach access

points and spend more time transferring betwednsdirdt is also possible that older people

13



have less access to cars, so they have to use pavisport even when they live further away

from an access point. Another interesting findiagthe speed reduction in very urbanised

areas compared to rural area. This probably refledifference in access modes: residents of
highly urbanised areas typically will not use the ¢o get to the railway station and other

access modes are typically slower than the car.

We find that, compared to bus/tram/metro trips,ithpact of weather on rail trips is
considerably smaller. The main effect we obserlages to snow, and this most probably is a
consequence of the impact of snow on the accessgreds modes used, not on the railway
trip itself. This robustness makes rail an attkectransport mode compared to
bus/tram/metro, and also compared to the car. ddes not mean that reliability is not an
issue in rail trips, because it certainly is. ledanean that that weather is not an important
factor here and that the negative effects of aesagather conditions on rail trips is confined
to the comfort level at railway stations. Thusnirthe perspective of adverse weather, the
main challenge to railway operators that aim ah lygality public transport services is to

build railway stations that are comfortable underaus weather conditions.

3.3 Waelfare effectsthrough changesin travel time

An important purpose of the current study is toeasswelfare effects of weather through
changes in travel time of public transptrEor this we use information on the average value
of travel time. There is a vast empirical literatam the value of travel timgee, e.g., Small
and Verhoef 2007)Based on a meta-analysis of 56 value-of-time eséisniom 14 different
countries, Waters (1996) finds an average ratigadiie of time equal to 48 per cent of gross
wage rate and a median ratio of 42 per cent fornsotimg trips made by automobile. In
another review, Wardman (1998) finds similar valdesthis paper we follow the standard

literature on values of time and use 50 percertonfrly gross wages as our measure. In the
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Netherlands the average gross hourly wage rateoigte 8 €, implying a value of time of 9 €
per hour (Statistics Netherland$)The welfare effects are based on the estimates fhe
fixed effects models, and are obtained by takirg phoduct of the percentage effects, the
average travel time and the value of time. Theltesue presented in Table 2.

The highest welfare loss due to adverse weathebserved for bus, tram and metro
trips. The welfare loss for these trips due to si®W®.76 € per commuting trip per per§6n.
Similarly, bus, tram and metro commuting trips madeainy conditions and on congested
routes experience a welfare loss of 1.78 € per catinigy trip per person. Furthermore, the
welfare loss due to limited visibility is around38. € per commuting trip per person. The
highest welfare loss for train trips is that of wnawvhich leads to a loss of 0.50 € per
commuting trip per person. Additionally, train sipmade during high temperatures
experience a loss of 0.40 € per commuting tripgeeson. However, there is a gain of 0.40 €
per commuting trip per person when trips are madingd temperatures below°C. Note that
these calculations only address the travel timmefd, and disregard the comfort element of
adverse weather. No doubt, comfort levels of wagitat plattorms and walking to access
points will be lower under such circumstancess Ibéyond the scope of the present study to

provide estimates for this aspect.

Table 2. Welfare effects of weather through chamgésavel time

Welfareloss/gain (in €)
Variables Bus, Tram and Metro Tran
Wind strength -0.03 0
Temperature <= 6C 0 0.40
Temperature > 2%C 0 —-0.40
Rain 0 0
Rain x Congestion -1.78 -
Snow -0.7¢ -0.5C
Visibility -0.3¢ 0

15



4. Conclusion

In this study we analyse the effects of weatherthenspeed of commuting trips made by
public transport in the Netherlands. We use micatadat the trip level obtained from a
national transportation survey for the Netherlaridse data cover trips made by bus, metro,
tram and train during 2004 and 2005. Hourly measueather data for this period are
obtained from Royal Netherlands Meteorologicalitng. The weather and transport data are
matched in such a way that each trip was assigredeéather data for the hour in which that
trip took place and from the weather station thas wearest to the place of departure.

We estimate panel data models with individual gmeéixed and random effects in
order to control for possible selection problemd anobserved heterogeneity. We use a large
number of variables in our model to explain theespef public transportation. Our main
interest, however, is in the effect of weather afalies on the speed of public transport and the
associated welfare effects.

In general, the results are robust and most ottedficients have plausible signs. The
results show that wind strength has only a smajhtiee effect on the speed of bus, tram and
metro commuting trips. Snow has a substantial megaffect on the speed public transport.
The associated welfare loss is 53 eurocent per adimgtrip per person made by train and
76 eurocent per commuting trip per person made ug; lram and metro. Rain strongly
affects the speed of bus, tram and metro commttipg on congested routes. The associated
welfare loss is 1.15 € per commuting trip per perso

Effects of other characteristics are generallyeahsHowever, one interesting finding is
that train trips made by older people are 19 pdrstower than those made by younger
people. This may indicate that older people hawefeoptions to take the car on their way to

the train station. They may also walk slower toirtfimal destination on the egress part of
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their trips. It may of course be that they are Jast in a hurry, but one should not forget that
in our analysis we focus on commuting trips.

In terms of integrated transport we find that #ftects of weather on trip speed are
relatively strong in the case of bus/tram/metrpstriThey may well lead to changes in in-
vehicle time, but most probably also in waiting ¢snat transfer points. This implies a
challenge to public transport operators to devéloe tables and operating routines that lead
to reasonably robust outcomes for travellers. éndase of railway trips the impact of weather
on speeds is clearly smaller. For both types pkte general observation is that the comfort
of trips under adverse weather likely depends sumlistly on the quality of the facilities at
transfer points such as bus stops and railwayosstiThis is one of fields where efforts to

improve the quality of integrated transport shdolcus.
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Appendix A

Table Al. Descriptive statistics of variables irtgd in the empirical analyses

BusTram/Metro Train

Mean SD Mean SD
Speed (km/h 21.1¢ 11.2¢ 38.17 14.9:
Travel Time (h) 0.71 0.34 1.11 0.48
Travel Time Congested Areas (h) 1.10 0.34 - -
Distance (km)’ 15.63 13.15 43.34 29.10
Strong Wind 0.02 0.16 0.02 0.16
Temperature <=0° C 0.05 0.22 0.05 0.23
Temperature >0 to <=25 0.93 0.26 0.93 0.25
Temperature >25 0.02 0.15 0.02 0.12
Rain 0.19 0.40 0.19 0.39
Snow 0.01 0.10 0.01 0.09
Visibility 0.0z 0.14 0.01 0.11
Morning Peak Hours 0.45 0.50 0.47 0.50
Evening Peak Hours 0.37 0.48 0.40 0.49
Non Peak Hours 0.18 0.39 0.13 0.34
Weekday dumm 0.94 0.2¢ 0.9¢ 0.1¢€
Spring 0.25 0.43 0.22 0.41
Summer 0.21 0.41 0.23 0.42
Autumn 0.32 0.46 0.34 0.47
Winter 0.22 0.42 0.21 0.41
Very Urban 0.37 0.48 0.23 0.42
Urbanised 0.30 0.46 0.41 0.49
Moderately Urbanized 0.11 0.32 0.21 0.41
Little Urbanised 0.13 0.34 0.09 0.29
Rural 0.09 0.28 0.05 0.22
Age less than 18 years 0.02 0.15 0.00 0.07
Age between 18 to 30 ye 0.31 0.4¢ 0.2t 0.4
Age between 30 and 40 years 0.19 0.39 0.27 0.44
Age between 40 and 65 years 0.47 0.50 0.47 0.50
Age greater than 65 ye: 0.01 0.07 0.0C 0.0t
Male 0.42 0.49 0.59 0.49
Congestion 0.05 0.21 - -
Congestion x Rain 0.01 0.08 - -
Number of Observations 5126 8492
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Endnotes

1 The Randstad consists of a ring of the four lstrgities of the Netherlands (Amsterdam, Utreclatit€&dam
and the Hague) and their surrounding areas. Thelapn of the Randstad is over seven million inteatis
which is almost 50 per cent of the total Dutch dapan. The Randstad is the main centre of employraed
business activities, so in the morning congestimrucs on roads towards the Randstad while evertingestion
occurs on roads from the Randstad.

2 We combine trips made by bus, tram and metréwformain reasons. First, average speed, distartc&avel
time of trips made by bus, tram and metro werelaimSecond, bus, tram and metro are mostly usméatium
distance trips, unlike the train which is mostheddor long distance trips.

3 The exact number of individuals in the sampl&38,534. These people have reported 453,885 tupsfo
which 13,618 were made by public transport .

4 We have estimated the average distance as follbwestotal land area of the Netherlands is 33/889.
Given the assumption that stations are homogenapsbad over the country and each weather staticers a
circle, the maximum distance is 18.78 km. The ayewdistance of a circle is 2/3 of the maximum dis&g so
the average distance to a station is 12.52 km.ofigh there may be differences in rain-no rain dimas within
this range, especially during the summer, thikésgmallest range available for hourly weather et in the
Netherlands.

5 We improve on the statistical analyses of Fosgé805) and Van Ommeren and Dargay (2006) by eixgli
taking the time dimension of the moment of traueltime of days, hours) into account as well ashseoved
heterogeneity of commuters.

6 Note that some commuters have two different dista on the same day, which allows us to identiéyeffect
of distance using individual fixed-effects.

7 The correlation between the two errors is highan 0.80 for all public transport modes.

8 Morning peak hours are from 06:00 to 10:00, evgmieak hours from 16:00 to 18:00, and all othersare
off-peak hours.

9 The Beaufort scale (BFT) measures wind strength scale of 1 to 12. On this scale, 6 BFT reptssen
powerful winds with a speed between 39 and 49 léltams per hours (or 10.8 to 13.8 meters per seaorat)a
period of at least 10 minutes. Similarly, 12 BFpresents a hurricane with wind speeds larger thdn 1
kilometers per hour (or larger than 32.6 metersspeond).

10 The calculation for welfare effects are compuwirdh per person basis, implying that total welfass for a
trip by train or bus should be multiplied by theeeage load factors. This holds for all welfare gkdtions in this
study.

11 Gross wage is 19 euro for (whole populationindty be noted that the gross wage can be lowdru®r
commuters and a higher for train commuters. Theegf@sults will be slightly biased.

12 There is a 12 percent reduction in speed oftams/metro when it snows. This implies an increafse. 0852
hours in average travel time (0.12 x 0.71 = 0.08&2yen a value of time of 9 € per hour, the welfloss due to
snow is 0.0852 x 9 € =0.76 €.

13 This is average distance of the entire tripsTimplies that it includes not only in-vehicle diste but also
distance travelled by access/aggress modes. Thagevian-vehicle distance for bus/tram/metro tripd &ain
trips is 13.1 km and 36.7 km, respectively.
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