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Preface 
 

In response to a request from the Government of the Republic of Peru, the 
Government of Japan decided to conduct the Master Plan for Lima and Callao 
Metropolitan Area Urban Transportation in the Republic of Peru (Phase 1) and entrusted 
the study to the Japan International Cooperation Agency (JICA ). 

 
JICA selected and dispatched a study team headed by Mr. Koichi TSUZUKI of 

Yachiyo Engineering Co., Ltd., to Peru, seven times between January 2004 and May 
2005.  In addition, JICA set up an advisory committee headed by Dr. Hisao Uchiyama, 
Tokyo University of Science between January 2004 and May 2005, which examined the 
Study from specialist and technical points of view. 

 
The team held discussions with the officials concerned of the Government of Peru 

and conducted a field survey in the study area.  Upon returning to Japan, the team 
conducted further studies and prepared this final report. 

  
I hope that this report will contribute to the promotion of this project and to the 

enhancement of friendly relationship between our two countries. 
 
Finally, I wish to express my sincere appreciation to officials concerned of the 

Government of the Republic of Peru for their close cooperation extended to the team. 
 

August 2005 
 
 
 
 
 
 
 

Kazuhisa MATSUOKA 
Vice President  
Japan International Cooperation Agency 
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21. EFFECTIVENESS OF TRAFFIC AND TRANSPORT BY MASTER PLAN 

21.1. ANALYTICAL PROCEDURE 

The previous sections included the economic, financial, environmental and traffic 
evaluations of the Master Plan projects. This chapter analyzes the effectiveness of traffic 
and transport by the Master Plan.  

Figure 21.1-1 shows the analytical procedures of the Master Plan in 2025, in which the 
relationship between the Master Plan project, transport users and criteria of development 
are illustrated. The public transport and private vehicle users benefit from the effects of the 
Master Plan projects, which are shortening of commuter hour and alleviation of traffic 
congestion by rendering a rapid, punctual and convenient service of mass transit system 
and road improvement.  

In this chapter, the effectiveness of traffic and transport is analyzed in the following 
manner: 

1) Demand analysis in the morning peak hour 
2) Evaluation of fare rate 
3) Influence of mass transit (trunk bus and railway) on the low-income population 
4) Traffic sensitivity analysis 

The demand analysis is done in the morning peak hour. Demands on the proposed trunk 
bus and railway systems are forecasted and these service levels in the morning peak hour 
are disclosed. The service frequency or headway of those transport systems must be 
forecasted to observe busway and railway capacities in the peak hour and to prepare the 
number of operated buses and coaches in the peak hour.  

In the previous Chapter 20, daily traffic demand in the Master Plan is forecasted for the 
evaluation of the cost and benefit analysis. The demand on the road and transport facilities 
is forecasted without a transport fare rate. Therefore, the analysis of the fare rate and its 
change of demand is done to see an optimized fare rate as well as the integrated fare 
system which is proposed in Chapter 14, Trunk Bus Transport Sector Plan. In the analysis, 
the flexibility of the fare rate by Estrato E is also identified in consideration of the results 
of the poverty interview survey, which was carried out to clarify the transport behavior of 
the low income population in the study.  

The influence of a mass transit system, composed of trunk bus and railway systems, on the 
low income population is also analyzed in consideration of the results of the poverty 
survey. In the analysis, the fare system policy and feeder bus route network are proposed.  

The traffic sensitivity analysis is done to measure the impact on travel demand on the road 
and transport facilities. In the sensitivity analysis, the relationship between economic 
growth and traffic demand is disclosed. In the Master Plan, the growth rate of GRDP/capita 
during a 21-year period, from 2004 to 2025, is set at 1.78 times. When the low growth rate 
is assumed, the travel demand on the road and transport facilities is analyzed and the modal 
share of private and public transport is disclosed.  
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Figure 21.1-1 Analytical Procedures for Effectiveness of the Master Plan in 2025 
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21.2. TRAFFIC DEMAND ANALYSIS IN THE MORNING PEAK HOUR 

Figure 21.2-1 shows the outline of the traffic demand analysis, which is composed of the 
following. 

1) Peak hour travel demand analysis 
2) Effectiveness of traffic and transport system 

The peak hour travel demand is analyzed in the morning peak hour in the years 2004 and 
2025 in the “with and without project” cases. From the peak hour analyses, the public 
transport service conditions such as travel time, operated bus fleets and total proceeds, are 
disclosed.  

In this analysis, the proposed fare system, which is the integrated fare system, is 
considered in the traffic assignment. In the integrated fare system, the following fare rate is 
applied:  

a) Conventional bus:  S./1.0 
b) Trunk Bus:  S./1.5 
c) Railway:   S./1.5 
d) To establish a fare rate of each public transport mode for transfer between public 

transport   

- Conventional bus to others  
- Trunk bus to railway 

e) No additional fare for transfer between trunk bus lines 
f) No additional fare for transfer between railway lines 

Based on those analyses, shortening of commuter hour, decrease of number of bus fleets, 
etc. in the proposed transport system in the Master Plan are evaluated.  

21.2.1. PEAK HOUR TRAVEL DEMAND ANALYSIS 

(1) Passenger Demand on Public Transport in the Peak Hour 
Passenger demands on the public transport in the morning peak hour in 2004 and 2025 are 
shown in Figure 21.2-2 to Figure 21.2-6. Figure 21.2-2 shows the present traffic conditions 
on roads. In Figure 21.2-3, which shows the traffic volumes in 2025, the figure in the upper 
part shows the traffic demand in the “without project” case, in which future OD trips are 
assigned on the present transport network. The bottom figures show the traffic demand in 
the “with project” case, in which future OD trips are assigned on Master Plan networks. 
Figure 21.2-4 shows the difference of travel demand between the “with project” and 
“without project” cases. Figure 21.2-5 shows the hourly passenger volumes in 2025 on the 
trunk busway and railway. Figure 21.2-6 shows the passenger volumes for 2004 in the 
upper part and for 2025 in the bottom part, which is without the Master Plan case.  

In those figures, the traffic volume on each road transport facility is drawn by a narrow 
band whose width is proportional to the assigned traffic volume. In the upper side figure, 
in Figure 21.2-5, hourly railway passenger volumes are shown in green and hourly trunk 
bus passenger volumes are shown in red. The conventional bus passengers are shown in 
the bottom.  

When comparing traffic volume in the “without project” cases in Figure 21.2-3, the 
segments with a traffic volume-capacity ratio of over 1.0 (pink and red color) gradually 
increase with the progress of the years and then, in 2025, almost all the roads exceed a 
ratio of 1.0. When the Master Plan is developed, the segments on roads with a ratio of over 
1.0 are considerably reduced as shown in the bottom figure.  
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Master Plan Network

Fare Rate ：Conventional Bus: S./1.0
　　　　　　　Trunk Bus: S./1.5
　　　　　　　Railway: S./2.0
*　Additional Fare for Transfer from One 
Conventional Bus to Another
*　No additional Fare for transfer 
between Trunk Bus
*　Additional Fare for Railway Transfer 　

Travel Demand in the Peak Hour

*　Total Passenger Demand on Public 
Transport
*　Total Travel Time
*　Total Operation Bus Fleets
*　Total Proceeds by Public Transport
*　Service Frequency by Trunk 
Bus/Railway
*　Average Travel Speed on Roads
*　Volume-Capacity Ratio on Roads

*　Without Case in 2025
*　Present Case in 2004

Comparison with Master Plan 
Network

* Shortening of Commuter Hour
* Decrease of Number of Operated Buses
* Change of Total Proceeds per Trip
* Decrease of Volume-Capacity Ratio on Road
* Improvement of Travel Speed

2) Effectiveness of Traffic and Transport Projects

1) Travel Demand in Peak Hour in 2025

Table 21.2-1 shows the total hourly number of passengers on the public transport by mode, 
which is the total number of public transport users, not the flow rate on transport lines. In 
the “without project” case in 2025, the conventional bus passengers will increase 1.46 
times the volume in 2004, in contrast to 0.46 times in the “with project” case since public 
transport passengers divert to the trunk bus and railway system. Since the mass transit 
system does not occupy traffic lanes on roads, the traffic congestion on roads will be 
alleviated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21.2-1 Procedure of Traffic Demand Analysis 
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Table 21.2-1 Hourly Number of Public Transport Passengers By Mode 

(Unit: Passengers/hour) 
2025 2025/2004 2025 

Mode 2004 
With Project Without Project 

With 
Project/Without 

Project 
With 

Project 
Without 
Project 

Composition 
Ratio With 

Project 
Conventional Bus 1,512,716 702,464 2,212,095 0.32 0.46 1.46 0.28 
Trunk Bus - 1,119,130 - - - - 0.45 
Train - 678,901 - - - - 0.27 
Total 1,512,716 2,500,495 2,212,095 1.13 1.65 1.46 1.00 

Note: Trip means a trip is counted every transfer, when a passenger transfers from one mode to another. 

Volume / Capacity in 2004 Peak Hour
100PCU/Peak hour

1.5 over
1  to 1.5
0  to 1

10,000 20,000 30,000

Number of PCU/day

 

Figure 21.2-2 Peak Hour Traffic Demand of All Modes (2004 Network/2004 Peak Hour OD)  
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2004 Network/2025 Peak OD:  
Without Project Case 
 
 
 
 
 
 
 
 
 
 
 
 

With Project Case 

Figure 21.2-3 Peak Hour Traffic Demand of All Modes (2004 Network/2025 Peak OD: Without Project Case for 
Upper Part, and 2025 Network/2025 Peak OD Table: With Project Case for Bottom Part) 

Volume / Capacity in 2025 Without Peak Hour
100PCU/Peak hour

1.5 over
1  to 1.5
0  to 1

10,000 20,000 30,000

Number of PCU/day

 

Volume / Capacity in 2025 Peak Hour
100PCU/Peak hour

1.5 over
1  to 1.5
0  to 1

10,000 20,000 30,000

Number of PCU/day
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Figure 21.2-4 Difference of Peak Hour Travel Demand between “With Project” and “Without Project” Cases 

Without - With in 2025
( 1000PCU/Peak Hour )

decrease 10 to 14
decrease  5 to 10
decrease 0 to 5
increase 0 to 5
increase 5 to 10
increase 10 to 18
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Figure 21.2-5 Peak Hour Traffic Demand by Trunk and Railway Transport for Upper Part and by Conventional Bus 
for Bottom Part (2025 Network/2025 Peak OD)  
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Figure 21.2-6 2004 Peak Hour Traffic Demand of Public Transport for UpperPart, and 2025 Peak Hour Traffic 
Demand (Without Project Case) for Bottom Part  
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