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ABSTRACT 
Assessments of transit service networks is usually based on a deterministic point of view 
by assuming that all components of the system perform as planned. In reality however, a 
large number of regular and irregular variations influences transit services such as 
variations in service operation, and infrastructure availability. The question is how these 
phenomena might be taken into account in the transit network assessment. All kinds of 
events might block infrastructure and thus hamper transit services, and might affect transit 
services directly as well. As a result transit operators adapt their service network by 
introducing detours, implementing partial services or even skipping runs. For rail transit 
networks this requires extra attention, as infrastructure is limitedly available. Finally, 
travelers might experience extra travel time or they might not be able to make their trip by 
transit at all. An assessment model is presented that accounts for these mechanisms. A case 
study for the tram network of The Hague demonstrated that the consequences of events 
such as bad weather, road works and incidents are quite substantial. Different options for 
improving transit service reliability are analyzed such as changing the service network 
configuration or adding infrastructure for facilitating detours or partial services. Results 
show that providing additional infrastructure improves transit service reliability and even 
leads to a better overall transit network performance. 
 

Keywords: transit networks, infrastructure, assessment model, connectivity reliability 
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1 INTRODUCTION 
For the analysis of transit networks, it is generally assumed that the network performs as 
planned. In reality, however, there are many disturbances influencing infrastructure 
networks and transit services. In other words, all kinds of disturbances cause service 
quality variations and thus affect transit service reliability. These variations are especially 
critical in rail transit networks due to the fact that they need exclusive infrastructures for 
operation which is limitedly available as well. This paper intends to assess the reliability of 
rail bound urban transit networks by considering impacts of stochastic events such as 
incidents and bad weather. 

Reliability in transit networks can be classified as schedule reliability, the level in 
which departure times are according to schedule (1, 2, 3, 4); as travel time reliability, the 
level to which actual travel times differ from the schedule (5, 6); and as connectivity 
reliability, which relates to the probability that network nodes are connected and can be 
reached (7, 8, 9). In this paper we will focus on the connectivity reliability mostly. 

Looking at the connectivity reliability, a distinction can be made between the 
supply side and the demand side. On the supply side (the service network), it can be 
measured as the probability that network nodes are still connected (7, 8, 9, 10). The 
network is successful, if the existing lines are in operation as planned. In case of 
disruptions in the system, the probability of service line failures might affect the 
connectivity reliability. For instance, it can be quantified as the number of service runs that 
might not reach their destinations. On the demand side, however, travelers might still be 
able to reach their destination, e.g. using alternative routes in the network. Therefore, from 
the travelers’ perspective, the connectivity reliability in transit networks might be 
quantified as the number of trips that were not able to reach their destination (8, 9). On the 
other hand, if travelers use detours they experience longer travel times, which affects travel 
time reliability as well. 

Transit operators can improve service reliability, when designing the network by 
developing a service network that is less vulnerable, or by providing additional facilities 
enabling them to maximize connectivity reliability during operations. Typical options for 
the latter case are infrastructure facilities for shortcuts or short turn facilities in a rail transit 
network. In case of special situations, such as traffic accidents blocking streets or a broken-
down tram blocking a track, transit operators might implement detours in order to continue 
the affected lines’ operations. 

In this paper we introduce a methodology for assessing the impact of all kinds of 
events on connectivity reliability and travel time reliability in transit networks. First, we 
will discuss several types of events and their impact on transit networks, considering both 
the infrastructure network and the service network. Next, we discuss how transit operators 
cope with disturbances and adjust transit services and what the consequences are for 
travelers. Given these mechanisms, an assessment model will be presented to determine the 
impact of events on transit network performance. The tram network of The Hague in the 
Netherlands will be used to demonstrate the potential of this approach. Different options 
for improving transit service reliability will be analyzed using the assessment model as 
well, demonstrating that these options not only improve reliability, but also they might lead 
to a sensible reduction in travel costs. 
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2 IMPACTS OF EVENTS ON TRANSIT NETWORKS 
Events can affect many components of a transit network: infrastructure, service operations, 
and patronage. If we exclude major calamities such as earthquakes and floods, there are 
still many events that can affect urban transit service quality. Various weather conditions 
such as thunderstorms and heavy snow could lead to blocked infrastructure, e.g. due to 
fallen trees. Heavy rain might reduce the speed of transit vehicles. And in severe weather 
conditions, cyclists might switch to transit as well leading to a higher patronage.  
 Public events are another type of event. Parts of the city might not be accessible for 
transit services, while additional demand needs to be facilitated.  
 Furthermore, urban infrastructure needs maintenance, and since it is part of the city 
it might be affected by other building or maintenance activities for e.g. sewers, cables, et 
cetera. As a result, infrastructure might be blocked for transit services. Please note that it is 
possible to schedule these kinds of activities in such a way that their impacts on 
transportation networks are minimal (11). 
 At a more frequent level all kinds of incidents might reduce capacity or block 
infrastructure. Traffic accidents might lead to temporary blockades, while transit vehicles 
themselves might suffer from breakdowns as well. Furthermore, transit operators might 
have problems for recruiting adequate staff. 
 The dominant pattern for all these types of events is that infrastructure is 
temporarily blocked, which will affect transit performance. Empirical studies demonstrate 
the importance of infrastructure availability (12, 13).  
 A Norwegian study (14) shows that infrastructure faults are a major source for 
delayed and cancelled rail bound services. They show that 30% of the total amount of 
delay hours in Norwegian railways in 2005 was caused by failures in infrastructures. 
Infrastructure failures may take place due to different causes; however, construction sites, 
signal failures and calamities are the main sources of infrastructure failures (15,16). 
External conditions such as bad weather, incidents, and public events are other sources of 
infrastructure failures (17,18,19). For instance, heavy snow can block tracks and roads. In 
this condition, trains and cars can not use the affected infrastructures until snow removal 
operation. 

Furthermore, transit services have their own variations in service quality due to 
variations in driver behavior, traffic conditions, traffic signals, vehicle breakdowns et 
cetera (18,20). For example, consider the London transit system. London Underground 
operator reports that they cancel on average 5% of all services almost every day and this 
rate is even higher during the morning peak period (18). External sources such as bad 
weather and incidents are factors beyond of a transit operating system affecting service 
operation. For instance, the same study in London Underground proves that more than half 
of the services are cancelled in case of a major incident.  

In spite of the fact that events influence the transport system only temporarily, their 
impacts might be rather substantial. If a part of the infrastructure network is blocked, 
transit operations need to be adjusted to maintain service quality. In the next part some 
adaptive operational adjustments that are made by urban transit operators are discussed. 
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3 TRANSIT OPERATIONS IN CASE OF DISTURBANCES 
In general, transit service providers will try to maintain services as good as possible and 
restore them quickly in case of disturbances. As such, it is likely that they will attempt to 
reduce the events’ impacts by appropriate service adjustments. Remedial solutions are 
limited and they depend on the type of event. 

For an urban transit service a likely option is implementing detours for the affected 
lines by diverting the route using the available infrastructure. For bus services such a 
detour might be easily feasible, while for rail bound transport services the options for 
detours are likely to be limited. Naturally, due to such detours some stops may not be 
served during the disturbance. Applying detours as a remedial solution can affect the 
operational costs for transit operators. Detours require additional driving time and thus 
additional operational costs. Hence, operators might consider a maximum allowable 
detour. 

Applying partial services could be another option. In this case the scheduled 
services are limited to a shorter route or might even be split in two different route parts, 
depending on the location of the disturbance. 

In case of public events, operators might establish dedicated extra services to 
maintain a proper level of service. Normally, these extra services will be operated between 
the event’s location and major points of the city such as the central station and the city 
center. 

Furthermore, operators might try to maintain the regular service frequency. In case 
of bad weather conditions the running speed might be reduced, while the dwell time at 
stops can increase due to higher transit demand. This leads to an increase of the service 
running times. A case study in Ireland shows that bad weather increases the service 
running time around 15 % per run (21), in which case it is likely that the frequency will be 
affected. In order to keep the service schedule as unaffected as possible, the operator might 
deploy extra vehicles.  

In severe conditions, it is possible that some services need to be skipped from the 
schedule; for instance, in case of multiple disturbances along a service line, or in the case 
of disturbances due to extreme weather conditions. 

Table 1 outlines the operators’ remedial solutions for some common event types. 
All of these options lead to minor of major changes in the transit service networks and thus 
will have consequences for the travelers.  
 

TABLE 1 Operators’ Remedial Options in Case of Events 
Event type Operating remedial solution 
 Line detour Partial services Dedicated services Extra vehicles 
Incidents     
Storm     
Black ice     
Snow     
Thunderstorm     
Public events     
Vehicle failure     
Road works     
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4. CONSEQUENCES FOR TRAVELERS 
Due to all these types of events, travelers are confronted with service networks that are 
different than expected. Consequently, they have to adapt their behavior or to accept 
changes in service quality.  
 If events and their implications for the transit service network are known 
beforehand, such as public events and road works, travelers could change their travel 
choices beforehand, such as choosing a different path in the transit network.  
 In the alternative situation that events or their consequences for the service network 
are not known, travelers will have to deal with changes in the service network during their 
trip. In the case of detours, they might comply with the additional travel time involved. In 
other cases, they could adapt their path by walking to another stop or by transferring to 
another line. In general, this would lead to additional travel time as well. Given the fact 
that travelers aren’t fully aware of the situation in the transit network, it is likely that they 
will attach a higher weight to such extra travel time (5). 
 The worst case is that travelers find that the transit service network is no longer 
able to offer transport services to their destination. In that case they have to reconsider their 
mode, for instance switching to a taxi, or to reschedule their activities. In other words, they 
have to cancel their intended transit trip, which from the traveler’s perspective as well as 
the transit operator’s perspective is highly undesirable. 
 As travelers experience the effect of these events, they might change their 
appreciation of the transit system on the long term as well, and opt for other modes. 

Summarizing, there are two main indicators that account for the effects that 
travelers might experience due to events affecting transit networks: 

• Additional travel time; 
• Number of cancelled transit trips. 
 

5 MODELING FRAMEWORK 
The previous sections gave a description on the way all kinds of events might affect transit 
service performance. In order to make a systematic analysis of the consequences of such 
events, an assessment model has been developed. The main focus of the model is assessing 
the transit service network connectivity reliability due to stochastic events and the 
corresponding consequences for travel time reliability. 

The model simulates the performance of a specific transit network given the 
probabilities of all kinds of events. The output of the model are indicators of the 
performance in regular conditions, such as travel times per OD-pair and operational costs, 
plus a set of indicators for transit service network reliability. Typical indicators are the 
variation in travel times per OD-pair, number of cancelled transit trips, line vulnerability 
and variation in link loads. At a more aggregate level total network costs is determined 
which is the sum of all cost components. Please note that in this case travel time is 
monetized using a value of time. Equation (1) shows the mathematical formulation of the 
aggregate network assessment criterion in which the first part represents the deterministic 
components and the other parts express the cost components associated with service 
reliability: 
     (1) ( ) ( ) ( )N t te tc e eC C OC IC C C OC IC= + + + + + + ( )
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Where: 
 CN = Total network costs; 
 = travel costs; tC
 OC= service operation costs; 
 IC= infrastructure investment and maintenance costs; 
 Cte= extra travel costs in case of events; 
 Ctc= trip cancellation costs in case of events; 
 OCe= extra operation costs in case of events; 
 ICe= extra investment costs for building and maintaining extra infrastructure  
  facilities. 
 

The model can be split in 5 stages:  
• Generating events;  
• Determining impact on the infrastructure network; 
• Determining impact on transit demand; 
• Determining impact on the transit service network; 
• Determining the impact for travelers. 
 
In the first stage the model creates events for a certain period of time, e.g. a year. 

Different events with their specific time intervals and durations are generated given 
appropriate parameters. For determining the interval between events an exponential 
distribution is used (22), while for the duration of the events a lognormal distribution is 
applied (23). Event types that are considered are bad weather (storm, black ice, and heavy 
snow), public events, road works, traffic incidents, and vehicle breakdowns. Seasonal 
effects can be accounted for. 

The events are sorted along the time axis, so that for each moment in time it is 
known whether there is a disturbance and if so, which type(s). Please note that multiple 
events might take place at the same time. Furthermore, the correlation between bad 
weather and incidents is considered. Bad weather influences the frequency of traffic 
accidents by affecting both the volume of traffic, and therefore the number of vehicles 
exposed to risk, and the risk per unit of travel (24, 25). 

The second stage determines which links of the infrastructure network are affected 
by the events. A Monte-Carlo approach is used to select failing links, while for simplicity 
sake no correlation between failing links for minor events such as incidents is assumed. 
The probability of link affections depends on the link length. However, other factors such 
as link sensitivity to failures can be included in this mechanism. For events such as snow 
and storm, a number of links within a part of network are affected simultaneously; whereas 
for events such as incidents only a single link is blocked at the time of incident. In case of 
public events, we assume predefined locations.  

In the third stage the impacts of events on transit demand are determined. The main 
focus is the effect of bad weather and public events. As indicated before these events can 
increase transit demand considerably. Data from travel surveys might be useful to 
determine these effects. 

The fourth stage considers operator adjustments and remedial solutions previously 
discussed in Section 3. A systematic procedure is followed in which first is checked 
whether given the available infrastructure and type of event, it is possible to provide 
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detours. If not, the option of introducing partial services is analyzed. Finally, if none of the 
remedial solutions are feasible, the service is cancelled during the period at hand. Please 
note that the transition between the states of the service network is not part of the analysis. 

In the fifth stage new transit paths in case of disruptions are determined. Given 
these new paths, travelers will choose their new routes through the network. Pre-trip 
decision making is considered for expected events such as road works, or public events, 
while en- route decision making is taken into account in case of unexpected events such as 
incidents, and vehicle breakdown. For choice modeling a Path-size logit model is used 
(26). If during an event a destination cannot be reached, the transit trip is assumed to be 
cancelled. At the end of each event, travel costs including extra travel costs as well as trip 
cancelation costs and operation costs including extra operation costs are computed.  
 

6 CASE STUDY 
In order to demonstrate the potential of the assessment model, we use the case study of the 
tram network of the city of The Hague in the Netherlands. Figure 1 shows a schematic 
illustration of the tram network including nodes number and links number (Bold italic 
numbers).  

It consists of 12 service lines with a total length of 135 km. The network can be 
characterized as a radial network with a grid structure in the city center. The tram network 
has a high percentage exclusive right of way (85%). The average tram speed is 20 
km/hour. The operation time is 18 hours (from 6 o’clock till 24 o’clock). The transit 
demand pattern is known by traveler’s surveys (27). About 140 million trips are made 
annually for the transit network, of which about 90 million are made by tram. Transit 
demand is primarily center oriented, while some sub centers (e.g. the cities of Delft, 
Wateringen, Scheveningen and Leidschendam) also attract their share of the demand. The 
waiting time, which is assumed to be half of the headway (28), is 5 minutes. The average 
passenger journey time by transit including the waiting time and the probable transfer time 
in the entire network is approximately 45 minutes.  

HTM, The Hague service operator, as well as the local authorities would like to 
achieve a reliable tram service network. Obviously, the bus network might be used as a 
back up in case of emergencies. However, due to the tendency to tender different networks 
independently, it is preferred to achieve maximum service reliability for each sub network.  

In the analysis we will first make an assessment of the current situation. Next, we 
will analyze the impact of measures that operators or authorities might apply to improve 
transit service reliability. Both measures related to the service network itself as well as to 
the infrastructure network will be considered. 

Apart form the network, the main input are the parameters describing the frequency 
and duration of each type of event, which are based on interviews and realistic estimates 
for the Dutch climate. The increase in transit ridership in case of bad weather follows from 
the Dutch National Travel Survey. The value of time for the additional travel time is twice 
the regular travel time valuation, i.e. €20/hour instead of €10/hour. This rate has been 
found in several empirical researches (5, 29). A penalty for cancelled transit trips is 
included in the travel costs as well, using a cancelation penalty based on the origin-
destination distance.  
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FIGURE 1 Tram network of The Hague (Reference network) 
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7 ASSESSMENT OF THE CURRENT PERFORMANCE 
To have an overview of the current performance of the network, the network is analyzed 
for several years (20 different simulating runs representing 20 different years) in which all 
kinds of events take place 

On average the network suffers from disturbances in 102 days of a year (28%). Due 
to disturbances, 89% of the trips are made with less than 10 minutes delay. Moreover, in 
terms of the connectivity reliability about 2.1 % of the annual trips are cancelled due to 
disturbances (1,890,000 passenger trips). The disturbances will also raise travel costs on 
average 2.0 % due to the extra travel time imposed to travelers.  

At a more detailed level we can look at the way the tram lines are affected, the 
impact of the detours on the links’ load (passenger) and the origins that suffer highly from 
transit trip cancellation. 

Figure 2-A illustrates the number of affections per line due to disturbances in a 
year. It clearly shows that some lines are more vulnerable than others. It appears that there 
is a strong correlation between vulnerability and the line length. For example, line 1 with 
length of 19.7 km and the combined line 15+16 with length of 20.1 km suffer from events 
about 2.5 times and 2.9 times respectively as much as line 3 having a length of 8 km. This 
is an obvious phenomenon since long lines are more highly in exposure of events’ 
consequences compared to short lines.  

Furthermore, if a line is affected by more than one event simultaneously, it might 
even be more difficult to provide detours or other adjustments. This might influence transit 
trip cancelation rates as well.  

Figure 2-B shows the relative difference in the link’s load per link due to stochastic 
events compared to the situation without events. It shows that some links are used up to 
23% more in case of non recurrent events (e.g. link 9-10). This means these links are used 
as detours when other links are blocked. The links which are used less in non recurrent 
conditions are links without any function as a detour. Most of these links are located at the 
beginning or the end of the service lines. Therefore, these links indicate risk for transit trip 
cancellation as well.  

Finally, Table 2 outlines the ten most vulnerable origins in terms of the 
connectivity reliability expressed by transit trip cancellation. The result shows that terminal 
Delft Tanthof is the most vulnerable one. The results clearly shows that the most 
vulnerable nodes are terminal points located at the end of service lines and do not have any 
alternatives when their corresponding lines are affected. This finding is in line with 
analysis of the link loads. 
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Figure 2-B: Relative changes in links' passenger load in The Hague tram network 
due to non recurrent conditions
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Figure 2-A: The Hague tram lines' vulnerabilities per year due to non recurrent 
events

0

50

100

150

200

250

300

350

Line 1 Line 2 Line 3 Line 4 Line 6 Line 9 Line 10 Line 11 Line 12 Line
15+16

Line 17 Line 19

N
o.

 o
f A

ffe
ct

io
ns

 
FIGURE 2 The Hague tram network assessment in non recurrent conditions 
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TABLE 2 Connectivity Reliability: The Ten Most Vulnerable Nodes 

Origin number Origin name The annual percentage of trip 
cancelation (mean value) 

40 Delft Tanthof 7.0% 
43 Voorburg Station 5.9% 
45 Leidschendam Noord 5.6% 
41 Delft University 5.3% 
31 Delft Station 4.6% 
34 Duindorp 4.2% 
44 Leidschenhage 3.8% 
36 Kraaijenstein 3.7% 
20 Essesteijn 3.4% 
30 Scholekstersingel 2.9% 

 

8 IMPROVING SERVICE RELIABILITY OF THE TRANSIT NETWORK  
The assessment of the current network shows that quite a lot of trips (2.1% of all trips) 
should try to find an alternative to reach their destination or should reschedule their trips. 
Furthermore, the more detailed analysis indicated several network components that be 
improved. In this section we will analyze different options to improve transit service 
reliability. In the first option, it is studied whether splitting line 1 might improve the 
connectivity reliability, as short lines tend to be less vulnerable. The other three options all 
relate to adding extra infrastructure which enables the operator to provide detours in case 
of non recurrent events.  
 

8-1 Enhancing Reliability by Changing Service Line Configuration 
In this analysis we focus on tram line 1 which was shown as one of the most vulnerable 
lines. Moreover, it as serves several of the most vulnerable origins. One of the reasons that 
line 1 is so vulnerable is that it one of the longest tram lines, which increases the 
probability of suffering from two or more events simultaneously. In those cases, it proves 
to be nearly impossible to maintain a proper service level. Thus, splitting the line into two 
parts might reduce this probability substantially. Disadvantage, however, is that travelers 
might have to transfer which increases their travel time consequently.  

To improve the reliability of line 1, we split it into two radial lines as follows: 
• Line 1-A: From Scheveningen (SN32) to Hollands Spoor (HS46) in the city center 

with the length of 7.2 Km. 
• Line 1-B: From to Hollands Spoor (HS46) to Delft Tanthof (DT40) with the length 

of 12.5 Km. 
 
The assessment of this option shows that the results are according to our 

expectations. Changing line 1 to two radial lines will result in 1% reduction in the total 
number of cancelled trips in the entire tram network. Of course, for Delft Tanthof, which is 
directly served by line 1, this rate is much higher (22% or around 416,000 trips). 
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Therefore, no longer is station Delft Tanthof most vulnerable station in the network. 
However, splitting line 1 increases travel costs due to additional transfers of through going 
passengers. Thus, splitting line 1 will enhance the connectivity reliability for the tram 
network while increasing travel costs as well. The net result proves to be negative for total 
network costs. This finding is in line with more theoretical analyses which demonstrated 
that different service network designs might improve service reliability, but tend to lead to 
higher total network costs (12,13). Apparently, the performance in regular conditions is 
dominant for the overall network assessment. 
 
8.2 Extra Infrastructure to Enhance Connectivity Reliability 

In this part, we investigate the role of additional infrastructures on improving the reliability 
of the tram network. We assess separately the impacts of common additional 
infrastructures namely bypasses, shortcuts, and turn facilities.  
 

8.2.1 Scenario 1: Bypass 
Basically, a bypass is used as backup for vulnerable links, thus enabling the operator to 
provide detours in case of events. The HTM planning department suggested an at-grade 
bypass for link 19, an elevated tramway which is heavily used by two tramlines and two 
light rail services. Since, this link is the only connection between Leidschendam and The 
Hague, a blockade of this link thus leads to transit trip cancelation as be seen in Table 2: 
three origins are located in Leidschendam area (origins: 20, LL 44, LN 45). The at-grade 
bypass is connected with the at-grade tram network near Central Station, which also 
facilitates for detours for the tram tunnel (link 28). This link proves to be very vulnerable 
as well. The location of the new bypass is illustrated in Figure 3-A. 
 Analysis of the network performance including this bypass shows 9% reduction in 
the total number of cancelled transit trips. In some simulated years this rate rises even up to 
24%. In other words, on average 170,000 more passenger trips are made annually. This is 
not only due to the fact that Leidschendam area may no longer be temporarily disconnected 
from the tram network, but also due to the lower probability that runs of tramlines 2 and 6 
are cancelled. Furthermore, because of this bypass, tramlines 2 and 6 can maintain service 
quality for a longer period and many travelers in other parts of the city do not need to make 
a detour or to choose alternative routes. So both the connectivity reliability and the travel 
time reliability are substantially improved. The net result is that the extra travel costs 
decreases with 4%.Also as an overall estimation, despite of the fact that the infrastructure 
costs for an at-grade tramway is rather high, the total network costs decreases on average 
with 0.4%.  
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Figure 3-A: Detail of the network 
between Central Station and eastern 
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FIGURE 3 Infrastructure facilities to enhance reliability of tram network of The 

Hague 

8.2.2. Scenario 2: Shortcuts 
Connecting service lines with shortcuts provides a substitution opportunity for vulnerable 
service lines in case of link failures. In this scenario we introduce an additional shortcut 
infrastructure that connects two vulnerable lines, being tram lines 2 and 3. The origins 
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located at the end of these lines have a high level of trip cancelation (Loosduinen (LS 35) 
and Kraayenstein (KS36) (see also table 2)). Figure 3-B shows the lay-out of the network 
including the shortcut between these lines. 

Note that this shortcut could be a single track since it is not heavily used like the 
bypass and thus, its construction cost could be lower than for the bypass. The shortcut will 
be used in case of disturbances at links 13 or 23. Thus, the corresponding lines can be 
diverted from the original path, use another track, and still terminate at their original 
terminal via the shortcut and vice versa. 

Network assessment results show that there is 2.4% reduction in the total number of 
cancelled trips on average (around 45,500 trips). This rate rises even up to 12 % for some 
simulated years. However, since more trips are made using a detour, extra travel costs 
increase about 1.5%.  

The impact of shortcut infrastructure in terms of the connectivity reliability is 
smaller than in case of the bypass. However, the infrastructure cost could also be lower, 
which would lead to a reduction of the total network costs of 0.1% on average.  
 

8.2.3 Scenario 3: Turn facilities 
The last option considered in this analysis is the introduction of a turn facility to increase 
the flexibility of the operator to maintain transit service reliability. A turn facility could 
facilitate detours, while U-turn facilities allows for applying partial services. In this case, 
we focus once again on line 1, being one of the most vulnerable tram lines. On the branch 
between Delft and The Hague, four turning facilities are considered (figure 3- C): 

• U-turn facility in link 66; 
• U-turn facility in link 47; 
• U-turn facility in link 50; 
• Turn facility at node 30, which is also served by lines 15 and 19. 
 
The first three options have been selected based on lack of U-turn facilities on the 

corresponding links. Thus, if there is a blocked in those links, there will be no possibilities 
for short-turn and then continuing operation.  

Facilitating the last option with right and left turn capability at node 30 provides 
detour alternative for tram line 1. In this case, it can be diverted from the original path and 
then traverses through link 48 and 62 and finally returns to the original itinerary. This will 
be valid for the reverse direction as well. 

Analysis of these four options shows that that a turn facility at node 30 is most 
effective. The assessment model shows that adding this turn facility can reduce the number 
of cancelled transit trips. This reduction in the total number of canceled trips is around 
6.1% on average (around 115,500 trips). For some simulated years this rate rises even up to 
22.9%. Also, the turn facility decreases extra travel costs down to 8.9% with the mean 
value of 2.6%. This is again due to the longer period of operation of line 1 in the rest of the 
city. These reliability benefits yield a 0.3 % decrease in total network costs for The Hague 
tram network.  
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9 CONCLUSIONS 
In this paper we analysed the impact of all kinds of events on transit service reliability, and 
especially the connectivity reliability. An assessment model is presented that describes the 
way events affect infrastructure availability, the network adjustments by operators such as 
detours and partial services, and the consequences for travellers. Output of the model is 
among other matters, assessment criteria as cancelled transit trips and extra travel costs.  
 A case study for the tram network of The Hague showed that the impact of events 
like bad weather, public events, road works and incidents is quite substantial. More than 
2% of the trips can not be made using the tram network, while more than 10% of the 
travellers are confronted with an additional travel time of more than 10 minutes which is 
around 22% of the average journey time in the network. Long lines proved to be more 
vulnerable than short lines, while terminal nodes are more likely to be temporarily 
disconnected from the rest of the network. 
 Different options to improve transit service reliability were studied: splitting a long 
service line, adding a bypass, introducing a shortcut, and adding turn facilities. All options 
considered yielded an improvement of transit service reliability. Obviously, the size of the 
effects depends on the examples chosen for this analysis. Furthermore, local effects are 
more substantial than effects at the overall network level. Despite these limitations, the 
examples show that the connectivity reliability can be improved substantially. Reductions 
in cancelled transit trips range between 1% and 9%. Additionally, the experiments show 
that higher connectivity reliability is also beneficial for the travel time reliability as 
services can be maintained over a longer period of time.  
 These results confirm the findings of earlier analyses for a hypothetical radial ring 
network (13). Therefore, when designing transit networks, planners should consider the 
impact of events on service quality. They can reduce the vulnerability of the service 
network. They can also create flexibility for operators to cope with the effects of events by 
providing all kinds of infrastructure facilities, such as bypasses, shortcuts and turning 
facilities. The model presented in this paper proved to be a suitable tool to assess such 
network options. Further research could elaborate on the effects of combined transit 
networks, such as a mixed bus/tram network. Moreover, it appears to be worthwhile to see 
whether the methodology developed could be extended to heavy rail networks in which 
operational adjustments are constrained by safety measures.  
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