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10. CONCLUDING REMARKS AND RECOMMENDATIONS 

 

The improvements proposed for the two different bus networks are based in the 
optimization of an objective. It is important to notice that the key design variables, 
stop and line spacing, and vehicle frequency, are subject to change depending 
on the objective chosen to optimize. This paper used the objectives considered 
to be the most realistic and reliable, but the actual optimal bus network 
operability depends on the objectives that political decisions in each city consider 
to be more profitable. 

Given the objectives targeted to optimize, the results may also vary depending 
on the assumptions taken for the model. Such assumptions can be constant stop 
and line spacing, uniform frequency within the network, the access speed, or the 
average trip length. 

If the average trip length is assumed to be longer, for instance, the optimal stop 
spacing can be expected to be higher as well. An assumed access speed can 
lead to wrong conclusions as well, since walking is not the only way to access to 
the bus network. For example, the use of bikes or roller skates may lead to lower 
access times that affect the output of the model. Constant line spacing doesn’t 
take under consideration the existence of oblique streets. And uniform frequency 
over the network may not be the best assumption in case there are lines with a 
significant different rate of ridership; although it is an acceptable assumption 
considering that it simplifies the synchronizing of transfers between lines.  

The discussion of the analytical model used in this paper and its output shows 
that the bus network operability in the cities of Chicago and Barcelona can be 
improved by increasing the bus stop spacing , among other measures. The 
optimal values for the characteristic parameters of the bus networks in both cities 
are shown in Table 13.  

The improvement on the bus network is more significant in the city of Chicago 
than in the city of Barcelona, according to the criteria used in this study. The 
model used is greatly influenced by the total travel time, and it is obvious that the 
total travel time increases as the number of bus stops increase. The current 
layout of Chicago’s bus network is prioritizing a short access distance to bus 
stops, which results in a higher value for the average egress time. Therefore, the 
network is easily improved by reducing this high number of stops. 
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Table 13. Optimal values for the bus networks. All distances are in meters and time is in minutes. 

Chicago Barcelona  
Scenario 1 Scenario 2 Scenario 1 Scenario 2 

Stop Spacing 511 475 489 502 

Line Spacing 1,031 1,609 854 700 

Stop density /km2 1.9 1.3 2.4 2.8 

Frequency 9.4 8 14.5 12 

Travel Time 23 24 23 23 

Weighted Travel Time 54 55.9 37 37 

Operator Costs $526 $528 750€ 750€ 

Total Costs $3,418 $3,507 3,821€ 3,838€ 

Patronage (pax/km2) 213 213 500 500 
Operational. Costs per 
Traveler $2.5 $2.5 1.5€ 1.5€ 

Total Costs per Traveler $16 $16.5 7.5€ 7.5€ 

 

Given these results, there are a couple of recommendations to be suggested in 
order to improve the efficiency of the networks. In the case of Chicago, the stop 
spacing should be increased from one block to two blocks and a half (or about 
1/3 of a mile). The line spacing should be reduced by three blocks, leaving a bus 
route every 2/3 of a mile approximately. And the vehicle frequency could be 
therefore increased up to 9,4 vehicles per hour. These measures would imply a 
reduction of costs of the 7% and a reduction of 13% on the average weighted 
travel time (8 minutes). In the case of Barcelona, increasing the bus stop spacing 
to five blocks and the line spacing to eight blocks would imply a new vehicle 
frequency of about 14 vehicles per hour. These improvements would cause a 
reduction of costs of 1,3% and a reduction of 7,5% on the average weighted 
travel time (3 minutes). 

There are, however, arguments against the line of reasoning presented in this 
analytical model. Larger values for stop spacing and line spacing leads to larger 
access distances. Travelers who are not able to use other modes to access the 
transit system (such as bicycles or roller skates) will have to walk longer 
distances, which will possibly result in longer travel times. As a result, the new 
transit system might be less attractive for them, which might lead to a loss of 
patronage too. Typical examples of travelers in this category are elderly, about 
17% of all public transport travelers, or travelers who have no bicycle available. 
This study had the objective of evaluating and analyzing the bus network 
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operability in the cities of Chicago and Barcelona, and proposes measures in 
order to improve the efficiency and the deficiencies detected in the networks. 

The most interesting measure proposed in this study is the implementation of 
larger bus stop spacing in both cities, which would lead to lower operational costs 
and more attractive transit networks. 

However, more accuracy on the model can be achieved if some assumptions 
made for the analytical model are revised and other factors that were 
unconsidered, such as implementation costs or traffic conditions, are included in 
the model’s formulation.  




