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0.0 Executive Summary         
 
0.1 Introduction 

 
In May 2010, the Center of Research Excellence in Hajj and Omrah sponsored a research 
study to explore the possibility of using unconventional and modern transportation 
technologies in Makkah to be a part of any multi-modal transportation system in the future. 
Specifically, this study explores the potential and feasibility of Aerial Ropeway Transit 
(ART) to address some of Makkah’s transportation problems. The ART technology is 
spreading very fast throughout the world. In the past 10 years only, systems using this 
technology have been implemented in several countries around the world such as Colombia, 
Venezuela, Brazil, USA, Algeria, Hong Kong, Romania and Germany and soon in London for 
the 2012 Olympics. However, no “off-the-shelf” ART solution can immediately be conceived 
to fit in the challenging context of Makkah, as a thorough understanding of the existing 
transport issues and challenges in Makkah is needed beforehand.  

 
Therefore, the objective of this report is to explore the potential and feasibility of 
introducing ART inside the City of Makkah by developing and analyzing different alternative 
ART concepts for Makkah.  

 
0.2 ART: Technology, Characteristics and Implementation 

 
The proposed transit technology, ART, is a relatively new transit mode that is yet to be fully 
understood and documented in the research and professional communities. Therefore, it is 
important first to understand the characteristics and features of this technology, in order to 
later define its role and possible application areas in Makkah. 
 
ART is a type of aerial transportation mode in which passengers are transported in cabins 
that are suspended and pulled by cables. ART has its origins in aerial lifts that are used in 
Alpine ski resorts for decades to transport skiers and tourists in cable-suspended cars.  
Using ART in the urban environment was once considered a far-fetched possibility. 
Recently, however, ART has gained more attention worldwide, and now is being considered 
one of the most popular, energy-efficient transit modes for urban areas with topographical 
barriers and limited space. The main manufacturers of urban ART systems are 
Doppelmayr/Garaventa Group, Leitner Technologies, and Poma Group. 
 
The basic components of any ART system include carriers (cabins), a drive and a return 
terminal, towers (to support ropes between terminals and stations), and ropes (which may 
be haulage or track ropes).  At the present time, ART technologies that have been used as 
mass transit modes in urban areas include five technologies: Aerial Tramways, Dual-Haul 
Aerial Tramways Monocable Detachable Gondolas (MDG), Bicable Detachable Gondolas 
(BDG) and Tricable Detachable Gondolas (TDG). 
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An aerial tramway consists of two passenger cabins that are suspended on a track rope and 
pulled by a haulage rope.  These cabins typically, but not necessarily, reciprocate between 
terminals and pass each other midway on the cable span.  In detachable gondola systems 
(i.e. MDG, BDG and TDG), the stations include an area where each gondola is detached from 
the ropeway; decelerated to a speed slow enough for boarding and disembarking; and then 
accelerated, allowing for the reattachment of the gondola’s grip to the haulage rope. Safety 
systems include electronic monitors and mechanisms that automatically bring a gondola to 
a halt if the detachment or attachment of grips fails.  The three types of detachable gondolas 
operate similarly; however, the BDG and TDG systems have one and two track ropes, 
respectively, and have improved stability and higher maximum speeds. 
 

0.3 Makkah Transport Conditions 
 
In order to define the role of ART in Makkah, it is essential to understand the existing 
transport conditions in Makkah, and how ART can help solve some of the challenges and 
problems that exist within this system. Accordingly, a thorough review of the transport 
system conditions was conducted in the early stages of the project. The findings and 
observations of this review are discussed in the next few paragraphs.  
 
Makkah’s road network configuration reflects, and its development is constrained, by the 
mountainous topography of the region.  Four gaps in the surrounding mountains lead 
northeast to Mina, Arafat and Ta’if, northwest to Madinah, west to Jeddah, and south to 
Yemen; outer (for Hajj) and inner (for Ramadan) satellite park and ride (P&R) facilities are 
positioned along these inter-city roads and poorly serviced by shuttle buses; parking 
capacity in the central district is insufficient; six radial roads are the main feeders to the 
central area and are connected by four partially completed ring roads centered at the 
Haram; and both radial and ring roads contain a significant number of vehicular and 
pedestrian bridges and tunnels. 
 
The Saudi Arabian Public Transport Company provides bus service only along the radial 
roads of Makkah, thus ignoring the demand on non-radially-oriented corridors.  Transport 
to Masha’er includes traditional bus services (one-batch or two-batch systems) and shuttle 
buses that make between three and nine round trips, enabled in Masha’er by a two-way 
dedicated bus road.  Pedestrian movement is a primary access mode in the Makkah central 
area, reaching over 360,000 persons (in and out of the Haram) on the 26th day of Ramadan 
and 7th day of Thul-Hijjah; close to 74% of pedestrian trip ends lie within a radius of 1.15 
km; and pedestrian flows are expected to increase by close to 50% in the next 20-25 years.  
However, the level of service on the pedestrian arteries is either E or F, which may be 
improved by diverting vehicular traffic to separate transit service. 
 
During the Hajj season, there are temporal and spatial variations in the highest demand 
corridors, i.e. that corridor is the Hajj P&R facilities – Haram (MCA) corridor between the 1st 
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and 7th of Thul-Hijjah, the Haram (MCA) – Masha’er corridor between the 8th and 13th, and 
the Haram (MCA) – Hajj P&R facilities corridor between the 14th and 20th.  In 1423H, nearly 
1.4 million people travelled to KSA to perform Hajj, while about 1 million KSA residents 
(half of them from the Makkah region) performed Hajj.  Umrah is often performed before or 
after Hajj, lasting only about three to four hours in the Haram.  In terms of transport 
demand, the most important Umrah season occurs during Ramadan; during this season, the 
highest demand corridor is the Ramadan P&R facilities – Haram (MCA) corridor.  The 
number of Umrah performers has been on the rise for the past two decades, with nearly 2.8 
million performing Umrah in 1425H compared to 0.5 million in 1408H.  Both Hajj and 
Umrah performers rely mainly on mass transportation.  
 
The planning and management of transportation in Makkah is faced with several problems, 
including the impediment of movements by large-scale developments in the Makkah 
Central Area, the lack of a strategic master plan, the increased visitor accommodation 
outside the central area, the complex ownership issues in the central area, and the lack of 
integration and synergy among transportation solutions.  Other unique challenges that are 
specific to Makkah include: 
 

 the harsh mountainous terrain of Makkah (resulting in difficulty for conventional 
transit modes);  

 the Zamzam Aquifer (constraining the alignment of underground heavy rail lines);  
 high density land use and limited space for additional road and surface transit 

infrastructure;  
 variable activity concentration and travel demand by time of year (fitting with the 

flexible capacity of ART systems);  
 insufficient transport supply and poor service and safety; substantial future growth; 
  the insufficient capacity at a desirable level of service of even future underground 

metro lines and supplementary BRT lines;  
 the likely delay of the proposed massive transport infrastructure with the 

construction of the Haram expansion and surrounding developments; and 
 the radial and centrally-oriented design of the mass transit system (not catering to 

non-centrally-oriented trips).  
 
The issues and challenges mentioned above have serious impacts on mobility, accessibility, 
safety, security, equity, sustainability and the economy. Several initiatives have been 
recommended, proposed or underway to address some of these challenging issues.  Several 
efforts are underway to develop comprehensive transportation and land use plans for the 
City of Makkah as a whole and for its central area, considering strategies for rapid and semi-
rapid transit networks, in addition to the Haramain and Masha’er rail lines. Therefore, it is 
apparent that these challenges can only be addressed by building a multi-modal transport 
system that includes conventional technologies such as heavy/light rail and buses, in 
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addition to innovative and modern transportation technologies (such as ART) to help solve 
some of Makkah’s unique transportation problems. 

 
0.4 Planning and Evaluation Process of ART Service in Makkah  

 
The study team developed, screened and evaluated a number of alternate Aerial Ropeway 
Transit (ART) technologies and routings through a methodology that was based on standard 
public transit planning.  The team’s research began with comprehensive consultations with 
ART vendors; ART and public transit experts; and local stakeholders who attended a 
workshop in Makkah in December 2010.  In addition, the team surveyed the existing 
literature and gathered information regarding ART implementations and best practices.  
Subsequently, the team proceeded with identifying the potential for and possible role of 
ART in Makkah; developing and evaluating several ART alternatives; determining the 
preferred achievable ART alternative; and conducting an economic feasibility study. 
 
The potential for ART as a complementary mode that would contribute to solving Makkah’s 
transportation challenges was investigated by identifying the major ART user groups (i.e. 
residents and groups of visitors with various purposes) and determining which spatial 
areas (i.e. tourist attractions, Masha’er area and corridor, geographically constrained areas, 
or high demand corridors in Makkah) and service seasons (i.e. Hajj, Ramadan or off-season) 
would be most relevant for each user group.  Given the scope and timeline of the study, it 
was decided that the role ART service in Makkah should be similar to existing ART 
applications around the world (i.e. single ART lines using existing ART technology). 
 
Accordingly, an initial set of ART concepts was developed based on the characteristics of 
this role, which include the provision of ART service (supplementary to existing bus 
service) between geographically challenged or naturally constrained areas and possibly 
along high demand corridors; the potential incorporation of transfers between ART lines; 
short to medium planning horizons; the use of existing ART technology (including Aerial 
Tramways and Monocable, Bicable and Tricable Detachable Gondolas). The initial screening 
and evaluation process was based on criteria that reflected the characteristics, benefits and 
objectives of ART in the context of Makkah (described below).  Finally, the preferred ART 
will undergo an economic feasibility study to determine the benefits and costs of 
implementing each proposed ART line of the preferred concept. 

 
0.5 Identification and Evaluation of Initial Set of ART Concepts 
 

The proposed concepts for ART service in Makkah were servicing geographically challenged 
locations within Makkah; pairs of locations impeded by mountainous barriers; P&R 
facilities and passenger drop-off locations; P&R facilities and buildings/hotels in the central 
area; mountainous religious attractions; and proposed Mina Hillside Housing.  The initial 
screening and evaluation process involved the following criteria: user benefits/attitude, 
transportation system benefits, costs and savings, landscape impacts, and other 
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characteristics. Each evaluation criterion was assessed based on its potential positive 
impact and given a score on a three point scale.  The third alternative, service between &R 
facilities and passenger drop-off locations, was found to have the highest positive potential 
and was investigated in the economic feasibility study. 
 
After extensive research of the city needs and consultations with several local experts, the 
following three ART corridors were proposed to connect three of the busiest P&R facilities 
with their corresponding passenger drop-off areas around the Haram: the Kudai, Rusayfah, 
and Taneem corridors.  Each line would be designed as a single line that runs between each 
P&R facility and the corresponding drop-off location (similar to the shuttle bus service) and 
likely connected with other transport modes. The lines are expected to operate all year 
round to serve the main target market, which includes the residents of Makkah as well as 
visitors who stay there during peak seasons (i.e. Ramadan and Hajj).  In the peak season 
(Ramadan and Hajj), it is expected that the demand for the service will exceed its capacity; 
therefore the service will operate mainly as a special transit service for mobility-challenged 
people (elderly, disabled, women and children).  In the off-peak season, the service will have 
regular operations (available to everyone).  
 

0.6 Preferred Concept Alignment, Specifications and Impacts  
 
In order to identify the possible alignments of each of the corridors of the preferred concept, 
several factors have to be taken into account. The first factor is the local context in which the 
transit system will be implemented and its associated challenges and constraints (i.e. 
constraints due to location). The second factor is the type of transit technology used and its 
associated technical constraints that could prevent it from being implemented in certain 
contexts (i.e. technology constraints).  
 
The constraints due to location included Makkah’s topography, the location of the Haram, 
the Zamzam aquifer, high density land use, limited space and observed travel patterns. The 
technological limitations include the length of one ART line with a single motor being 
limited to 6 km, angle stations being required for changes in direction of more than 15 
degrees, branching and networking not having been applied in ART systems, and the 
capacity likely being lower than semi-rapid transit’s capacity. All of these constraints were 
taken into account in the development of the alignments of the preferred concept. 
 
In total, six alignments were developed for the three corridors: one alignment for the Kudai 
corridor, two alignments for the Rusayfah corridor (A and B), and three alignments for the 
Taneem corridor (A, B and C). Since both MDG and TDG technologies were considered for 
each ART alternative, a total of 12 alternatives were evaluated for all the corridors 
combined (2 alternatives for Kudai; 4 alternatives for Rusayfah; and 6 alternatives for 
Taneem). The Kudai corridor extends 2.3 km, and has two alternatives (alternatives #1 and 
#2), one using MDG technology and the other TDG technology.  The Rusayfah corridor has 
two possible alignments, each with two technology alternatives (alternatives #3, #4, #5 and 
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#6). One is a direct route with a total length of 3.2 km, and the other follows the street 
layout and has three intermediate angle stations with a total length of 3.3 km.  The Taneem 
corridor has three possible alignments, the first (alternatives #7 and #8) is a direct route 
with a total length of 5.1 km, the second along the same route but with an intermediate 
station (alternatives #9 and #10), and the third following the street layout with three 
intermediate stations and a total length of 5.8 km (alternatives #11 and #12). Figures 0-1 
to 0-6 show the proposed alignments for all the corridors. 
 
 
 

 

 
Figure  0-1: Kudai Corridor Alignment 

 

 
Figure  0-2: Rusayfah Corridor - Alignment A 
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Figure  0-3: Rusayfah Corridor - Alignment B 

 
 

 
Figure  0-4: Taneem Corridor - Alignment A 
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Figure  0-5: Taneem Corridor - Alignment B 

 
 

 
Figure  0-6: Taneem Corridor - Alignment C  
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In terms of ART service characteristics, the line capacity of ART technologies depends on 
two main parameters: the vehicle (i.e. cabin) size and the service frequency.  Table 0-1 
presents the service and operational characteristics of both MDG and TDG technologies that 
allow the systems to achieve maximum capacity. 
 

 
Table  0-1:  Capacity Related Characteristics of ART Technologies 

Service Characteristics Unit MDG TDG 
Cabin Capacity  Persons 15 35 
Service Headway  Seconds 15 21 
Line Capacity  Persons/hr 3600 6000 

 
 

Other characteristics of both MDG and TDG technology are shown in Table 0-2 below. 
 

Table  0-2:  System Specifications of ART Technologies 
Service Characteristics Unit MDG TDG 

Maximum Line Speed   
6 m/s  

(21.6 km/h) 
8.5 m/s  

(30.6 km/h) 
Terminal Dwell Time (Per Terminal) Seconds 122 167 
Intermediate Station Dwell Time (Per 
Station) 

Seconds 42 87 

 
 
The service and operational characteristics presented in the above tables were used to 
estimate the service and operational characteristics of each ART line as will be discussed in 
Chapter 6. 
 

0.7 Demand Estimation 
 

The demand and revenue for the ART alternatives of the preferred concept were forecasted.  
Several challenges prevented the development of a conventional demand forecasting 
model; these challenges included the lack of readily available data related to trip patterns, 
the lack of existing public transit services that could be used for estimating ridership, and 
the unsuitableness of a traditional demand model for a fairly unconventional public transit 
concept.  Nevertheless, a realistic and reasonable demand forecasting method was 
developed based on the following propositions: the team’s knowledge about the local 
transport conditions and challenges (including temporal variations) sufficed for the 
development of realistic demand assumptions, demand growth was guaranteed by the 
proposed ART lines’ focus on the Haram, sound forecasting techniques were used to 
determine the relative demand volumes of the different types of ART lines, a sensitivity 
analysis was conducted, and very conservative assumptions were used. 
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The assumptions for the values of several general service and operational variables are 
presented and justified in the report.  They include the division of the year into travel 
periods, the daily operating hours, the peak and off-peak hours, and the associated load 
factors.  The demand estimation methodology involved developing estimates for a Base 
Case Scenario for the base (opening) year and using these estimates to build ridership 
estimates for the remaining cases. 
 
The Base Case Scenario (corresponding to alternatives 1, 3 and 7) assumes an ART line of 
only two terminals with no intermediate stations and with MDG technology.  The daily peak 
and off-peak boardings at the non-Haram terminal are calculated for each period of year 
based on the line capacity and load factor; the number of boardings at the Haram terminal 
is assumed to be equal to the number at the non-Haram terminal. The total annual 
boardings on the line is calculated based on the number of days in each period (Ramadan 
and Hajj, Fridays, and Weekdays), resulting in 9,941,760 persons. 
 
The second case (corresponding to alternatives 2, 4 and 8) assumes two terminals, no 
intermediate stations, and TDG technology.  A travel time elasticity of 0.5 was used to 
capture the impact that the lower travel times offered by TDG systems would have on the 
expected ridership compared to MDG systems, resulting in 11,403,784 total annual 
boardings. 
 
The third case (corresponding to alternatives 5, 9 and 11) assumed two terminals, 
intermediate stations, and MDG technology.  In this case, travel time elasticities were used 
to capture the impact that the higher travel times of this case’s alternatives (due to the 
addition of intermediate stations) have on the expected ridership compared to the base 
case, and the additional ridership at the intermediate stations was assumed to be 10% of 
the terminal ridership.  These assumptions resulted in total annual boardings of 
13,631,195, 11,636,290, and 13,610,650 in alternatives, 5, 9 and 11, respectively. 
 
The fourth case (corresponding to alternatives 6, 10, 12) assumes two terminals, 
intermediate stations, and TDG technology; importantly, it is related to the third case rather 
than the base case.  Again, travel elasticities were used to capture the impact of reduced 
travel times by TDG technology, resulting in total annual boardings of 13,913,780, 
12,974,535, and 14,546,617 in alternatives 6, 10 and 12, respectively. 
 
Figure 0-7 shows the computed total annual boardings for all alternatives (i.e. alternatives 
1 through 12).  
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Figure  0-7:  Total Annual boardings for All Preferred ART Alternatives  

 
 
 
Since revenue forecasts are an essential component of any public transportation 
investment, given that it presents the expected financial returns of the project, a revenue 
stream analysis of the revenues was performed for each of the alternatives. In order to 
develop an annual revenue stream for the life cycle of each ART alternative, several 
assumptions were made including:  
 

 The average revenue per one-way trip was assumed to be SAR 3 in the base year; 
 Annual ridership growth of 1% between the years 2014 and 2044;  
 Construction time of one year;  
 Fare adjustment for inflation at a rate of 5%; and  
 Annual discount rate of 5%.   

 
The revenue streams of the Kudai, Rusayfah, and Tan’eem corridors are shown in Figures 
0-8 to 0-10 below. 
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Figure  0-8:  Revenue Stream for Kudai Alternatives  
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Figure  0-9:  Revenue Stream for All Rusayfah Alternatives  
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Figure  0-10:  Revenue Stream for All Taneem Alternatives  
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0.8 Project Capital and Operating Costs  

 
The total capital, operation and maintenance costs for each of the preferred ART 
alternatives were based on consultations with ART vendors and experts.  The exchange 
rates used in the estimates were 5 SAR for one euro and 3.75 SAR for one dollar.  The land 
acquisition costs were not included in the estimates for a number of reasons, including the 
scope of this project, the location of stations not being finalized, and the potential use of 
existing rights-of-way.  The items included in capital and project investment costs are the 
drive and return motors (at the two terminals of each line), infrastructure and line 
equipment, intermediate stations (if they exist), terminal costs, infrastructure civil works 
(including foundations, piling, cupping and soil tests), back-up generator, local material 
transportation, duty on electro-mechanical components (10%), and contingency costs 
(20%).  These items are described and their costs identified in the report. The key cost 
drivers for any ART line are the technology type (MDG and TDG), line length, and number of 
intermediate stations. The preliminary capital cost estimates for all the alternatives are 
shown in Table 0-3 below.  
 
The operation and maintenance of an ART system include energy consumption, human 
resources (station attendants/operators), maintenance (typically $100-$200 per hour of 
operation), insurance and Capital Reserve Fund (to pay for two $3-5 million overhauls 
expected over 30-year lifespan).  The O&M costs were approximated to be about 10% of the 
capital costs of each ART system. The preliminary annual operating and maintenance cost 
estimates for all the alternatives for the base year are shown in Table 0-4 below. 
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Table  0-3:  Capital Costs Summary of all Alternatives 

Alternative 
# 

Corridor Type 
Total Capital 

Costs  
(Million SAR) 

1 Kudai  MDG 69.28 
2 Kudai  TDG 166.65 

 
3 Rusayfah A  MDG 86.73 
4 Rusayfah A TDG 201.39 

 
5 Rusayfah B  MDG 126.10 
6 Rusayfah B  TDG 316.99 

 
7 Taneem A  MDG 124.83 
8 Taneem A TDG 277.24 

 
9 Taneem B MDG 136.95 

10 Taneem B TDG 313.78 
 

11 Taneem C MDG 175.36 
12 Taneem C  TDG 415.10 
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Table  0-4:  Base Year Annual O&M Cost Estimates for all ART Alternatives 

Alternative # Corridor Technology 
Annual O&M Costs 

(Million SAR) 
1 Kudai MDG 6.93 
2 Kudai TDG 16.66 

 
3 Rusayfah-A MDG 8.67 
4 Rusayfah-A TDG 20.14 

 
5 Rusayfah-B MDG 12.61 
6 Rusayfah-B TDG 31.70 

 
7 Taneem-A MDG 12.48 
8 Taneem-A TDG 27.72 

 
9 Taneem-B MDG 13.70 

10 Taneem-B TDG 31.38 
 

11 Taneem-C MDG 17.54 
12 Taneem-C TDG 41.51 
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0.9 Benefit Cost Analysis of the Preferred ART Concept  

 
The economic feasibility study of the preferred ART concept was composed of two parts: a 
major evaluation component concerned with the direct benefits and costs of all the ART 
alternatives (i.e. benefit cost analysis – BCA) and a secondary evaluation component 
concerned with the indirect benefits resulting from the implementation of any of the ART 
alternatives.  
 
The direct benefits were derived from the fare revenues collected from customers using the 
ART service, and the costs included capital (construction) costs as well as the incremental 
operating and maintenance costs (O&M costs). A number of assumptions were made, 
including an annual ridership growth rate of 2%, construction time of one year for MDG 
systems and two years for TDG systems, and annual inflation and real discount rates of 5%. 
The primary evaluation criteria were the net present value (of the life-cycle stream of 
project net benefits), benefit-to-cost ratio, internal rate of return, and payback period. 
 
Table 0-5 presents a summary of the net present value (NPV) analysis of all ART 
alternatives (note that the NPV alone cannot determine the best alternative). Alternative # 5 
(Rusayfah-B-MDG) has the highest NPV (1035.5 Million SAR) followed by alternative # 11 
(Taneem-C-MDG) with an NPV of 850.0 Million SAR and then alternative # 1 (Kudai-MDG) 
with an NPV of 839.7 Million SAR. 
 
 
 

Table  0-5:  NPV of All ART Alternatives 

Alternative # Corridor Technology 
NPV 

(million 
SAR) 

1 Kudai MDG 839.7 
2 Kudai TDG 638.8 
3 Rusayfah-A MDG 774.7 
4 Rusayfah-A TDG 509.5 
5 Rusayfah-B MDG 1,035.5 
6 Rusayfah-B TDG 356.4 
7 Taneem-A MDG 633.0 
8 Taneem-A TDG 227.2 
9 Taneem-B MDG 774.9 

10 Taneem-B TDG 264.7 
11 Taneem-C MDG 847.0 
12 Taneem-C TDG 61.3 
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Table 0-6 shows a summary of the B/C Ratio for all ART alternatives. As shown in the table, 
alternative # 1 (Kudai-MDG) has the highest B/C Ratio (4.26) followed by alternative # 3 
(Rusayfah -A-MDG) with a B/C ratio of (3.40), and then by alternative # 5 (Rusayfah -B -
MDG) with a B/C ratio of (3.21). It is evident that MDG investments generate more value for 
the invested money rather than TDG investments because of the high capital and operating 
costs associated with TDG alternatives. The results also show that for the same corridor, 
alternatives with additional intermediate stations have lower B/C ratios than their 
counterparts with no intermediate stations. 
 
 

Table  0-6:  B/C Ratio of All ART Alternatives 

Alternative 
# 

Corridor Technology 

 
Benefit/Cost 

Ratio 
(B/C Ratio) 

1 Kudai MDG 4.26 
2 Kudai TDG 2.03 
3 Rusayfah-A MDG 3.4 
4 Rusayfah-A TDG 1.68 
5 Rusayfah-B MDG 3.21 
6 Rusayfah-B TDG 1.30 
7 Taneem-A MDG 2.36 
8 Taneem-A TDG 1.22 
9 Taneem-B MDG 2.52 

10 Taneem-B TDG 1.23 
11 Taneem-C MDG 2.30 
12 Taneem-C TDG 1.04 

 
 
 
Figure 0-11 shows the Payback Period for all ART alternatives, i.e. the number of years 
necessary for the project to break even on the basis of accumulated benefits. As shown in 
the figure, the Payback Period for the alternatives ranges between 3 and 20 years with 
alternative # 1 (Kudai-MDG) having the lowest Payback Period (3 years) followed by 
alternative # 3 (Rusayfah -A -MDG) and alternative # 5 (Rusayfah -B-MDG) with a Payback 
Period of 4 years.  The TDG alternatives’ relatively high Payback Periods could be offset by 
higher than expected ridership/revenue numbers given the conservative estimates of 
ridership on the TDG alternatives. 
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Figure  0-11: Payback Period for All ART Alternatives 

 
 
The indirect benefits associated with investments in ART systems in the context of Makkah 
were preliminarily analyzed in order to demonstrate the importance of considering these 
benefits. The following benefits were assessed using the state-of-the-art software 
TransDecTM based on annual values and present values: travel time savings, vehicle 
operating cost savings, greenhouse gas emission savings, and criteria air contaminants 
savings (including nitrogen oxides, volatile organic compounds, sulphur oxides, particulate 
matter of 10 microns or less, and carbon monoxide). The input data included ridership data, 
travel time data, vehicle operating cost assumptions, and greenhouse and gas and criteria 
air contaminants costs (using average international values). The results of the analysis show 
that the indirect benefits of ART alternatives are positively related to the increase in ART 
ridership, as more riders on the ART system mean fewer cars on the roads and therefore 
greater indirect benefits. This also means that TDG alternatives, which usually have higher 
ridership than their MDG counterparts, are expected to have more positive impacts in terms 
of the indirect benefits associated with the investment. However, these benefits still cannot 
offset the large capital and O&M costs of these TDG alternatives. 

 
0.10 Delivery and Financing Options  
 

The project may be delivered with the public sector assuming most project risks, while 
likely minimizing the net cost of the project (conventional public sector delivery) or, given 
the appropriate conditions, with the assignment of project risks, including cost overruns, 
availability of facilities for revenue, and sufficiency of ridership, to private sector 
concessionaires or contractors (public private partnership – P3). A P3 project delivery could 
consist of a single concessionaire exclusively providing design, construction, finance, 

0

5

10

15

20

25



32 
 

operation and maintenance services; alternately, the public sponsor may opt for a dual or 
multiple contract concession. In P3 project delivery, the revenue risk may be fully 
transferred (with the concessionaire covering revenue shortfalls), shared (with the sponsor 
providing a minimum guarantee subsidy to cover revenue shortfalls) or retained (with the 
sponsor covering fare revenue shortfalls); the target investor returns would be 12%, 10% 
and 8%, respectively. The concessionaire would place an equity stake based on the amount 
of revenue risk transferred and the return on investment, i.e. 20% when all revenue risk is 
transferred, 15% when revenue risk is shared, and 10% when revenue risk is retained by 
the sponsor. Conventional project delivery would exclude equity financing and would have 
slightly lower lease rates than those applied to the concessionaire. 

 
0.11 Recommendations and Next Steps 

 
The economic feasibility study of the preferred concept revealed that ART service can be a 
very sound and profitable transportation investment assuming that enough ridership is 
attracted to the new service. While some work needs to be done before a final 
recommendation for implementation of any specific ART line is provided, the results of the 
economic feasibility study revealed that MDG systems have the highest potential for 
implementation given their low capital and O&M costs as well as the low risk associated 
with these investments compared to TDG systems. The risk with TDG systems stems from 
their high capital and operating costs, which means that if the project does not attract 
sufficiently large ridership, the project might face some risk of not being able to cover its 
costs.  
 
Hence, the main recommendation of this report is to install an MDG "pilot" line to test the 
Makkah market and customer perspective of ART, build momentum for ART services, 
collect ridership data and get precise capital and O&M cost numbers of the installed system. 
A comprehensive analysis of the corridors, their alignments, estimated ridership, capital 
and operating costs as well as the results of the economic feasibility study suggested that 
selecting Alternative #9 (Taneem-B-MDG) is the best option in this case based on the fact 
that there is a year-round daily travel demand between the Taneem Mosque and the Haram. 
Therefore, the potential for ridership on this corridor is much higher than any of the other 
corridors, especially given the lack of travel data on these corridors. Moreover, in addition 
to the terminals of this line (near Taneem Mosque and the Haram), this alternative also has 
an intermediate station at Al-Shuhada P&R facility to serve people who use the parking 
facility during the peak seasons of Ramadan and Hajj.  
 
Tables 0-7 and 0-8 show the service and operational characteristics of the recommended 
alternative as well as the results of the ridership, cost and economic evaluation results. 
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Table  0-7:  Recommended ART Alternative Characteristics 

Line Characteristics Measurement  
Unit Alternative #9 

Technology Type   MDG 
Line Length Km 5.1 
Number of Terminals   2 
Number of Intermediate Stations   1 
Cabin Capacity  Persons 15 
Service Headway  Seconds 15 
Line Maximum Capacity  PPDPH 3600 
Line Speed  Km/h 21.6 
Total Dwell Time  Seconds 244 
Total Intermediate Stations Dwell Time  Seconds 42 
One-Way Travel Time between Terminals Minutes 14.9 
Average Operating Speed between Terminals  Km/h 20.6 
Cycle Time  Minutes 33.9 
Number of Cabins in Service   136 
Cabin Spacing Meter 90 

 
 
 
 

Table  0-8:  Recommended ART Alternative Estimated Ridership, Cost and Economic 
Evaluation Results  

Analysis Component  Measurement  
Unit Alternative #9 

Estimated Base Year Annual Ridership Millions 11.64 
PV of Revenues  (Million SAR) 1,284.50 
Capital Cost  (Million SAR) 137 
PV of O&M Cost  (Million SAR) 372.7 
NPV  (Million SAR) 774.9 
Benefit Cost Ratio (B/C Ratio)  2.52 
Payback Period Years 6 
IRR  (%) 42 
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Finally, the results produced in this report for all alternatives (including Alternative #9) are 
preliminary owing to the high level and strategic nature of this study and to some 
limitations encountered. Accordingly, similar to conventional transport planning 
approaches, the next logical step towards implementing ART in Makkah is to conduct a 
detailed design of the recommended ART alternative given that the proposed alignments 
were developed with little consideration to the local areas surrounding the alignments (in 
terms of land availability for terminals, location of towers, etc.), in addition to the fact that 
the development of the alignments was performed without consultation with ART vendors, 
who would have given an expert view of the proposed alignments and the restrictions and 
limitations that may impact the proposed alignments. Moreover, a thorough and dedicated 
effort is required in the next stage of the project to analyze and select the preferred delivery 
and financing option for the recommended ART alternative. 
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1.0 Introduction and Context        
 
1.1 Overview 

 
Makkah Al-Mukarramah is nearing another milestone in its evolution, with the 
commencement of the third expansion of Al-Haram Al-Sharif already underway as well as 
other mega-scale developments around the city. This large expansion, along with other 
factors such as the increase in Muslims worldwide and the increase in religious awareness 
of Muslims, is rapidly expected to increase the number of residents and visitors to Makkah 
in the near future.  
 
Makkah is a medium-size city with a population of around 1.375 m1 as of 2003 (1424H) 
residents, spread over an urbanized area of close to 152 km2, and is expected to reach 2.9 
million by 2029 (1450H). The highest population density exists in the city center (about 6 
km2 within the Second Ring Road), while densities in the new modern residential areas in 
the city fringes are lower. While Makkah can be considered to have a classic city centre, with 
many activities located in the central area, the holy Haram plays a unique role as a 
significant attraction node to people from all over the city.  
  
Makkah is also the focal point for more than a billion Muslims worldwide, where millions of 
Hajj and Umrah visitors visit the city every year (at present time, there are over 2.8 million 
Hajj pilgrims and 5.0 million international Umrah visitors annually), with the proposed 
expansion of the Haram will increase the Haram’s capacity to 1.2 million worshippers. In 
terms of transport demand, the most important Umrah season occurs during Ramadan.  
Both Hajj and Umrah performers rely mainly on mass transportation.  
 
Makkah’s road network configuration is shaped by the mountainous topography of the 
region.  Four gaps in the surrounding mountains lead northeast to Mina, Arafat and Ta’if, 
northwest to Madinah, west to Jeddah, and south to Yemen. Six radial roads are the main 
feeders to the central area and are connected by four partially completed ring roads 
centered at the Haram; and both radial and ring roads include a significant number of 
vehicular and pedestrian bridges and tunnels. 
 
The Saudi Arabian Public Transport Company provides bus service only along the radial 
roads of Makkah, thus ignoring the demand on non-radially-oriented corridors. Transport 
to Masha’er includes traditional bus services (one-batch or two-batch systems) and shuttle 
buses that make between three and nine round trips, enabled in Masha’er by two-way 
dedicated bus routes.  Walking is a primary access mode in the Makkah central area, with 
pedestrian demand reaching over 360,000 persons (in and out of the Haram) on the 26th 
day of Ramadan and 7th day of Thul-Hijjah. However, the level of service on the pedestrian 

                                                             
1 Parking and Transport Network in Makkah Al-Mukarramah and Al-Masha’er Al-Mugaddassah: Background Material Toolkit Report, 
Ministry of Higher Education, Saudi Arabia. 
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arteries is either E or F, which may be improved by diverting vehicular traffic to separate 
transit service. 
 
The planning and management of transportation in Makkah is faced with several problems, 
including the impediment of movements by large-scale developments in the Makkah Central 
Area, the lack of a strategic master plan, the increased visitor accommodation outside the 
central area, the complex ownership issues in the central area, and the lack of integration 
and synergy among transportation solutions. Not only that, but there are other unique 
challenges that impact the transportation system in Makkah; they include:  
 

 the harsh mountainous terrain of Makkah (resulting in difficulty for conventional 
transit modes);  

 the Zamzam Aquifer (constraining the alignment of underground heavy rail lines);  
 high density land use and limited space for additional road and surface transit 

infrastructure;  
 the insufficient capacity at a desirable level of service of even future underground 

metro lines and supplementary BRT lines;  
 the likely delay of the proposed massive transport infrastructure with the 

construction of the Haram expansion and surrounding developments; and 
 
The issues and challenges mentioned above have serious impacts on mobility, accessibility, 
safety, security, equity, sustainability and the economy; several initiatives have been 
recommended, proposed or underway to address some of these challenging issues.  These 
challenges can only be addressed by building a multi-modal transport system that includes 
innovative and modern transportation technologies to help solve some of Makkah’s unique 
transportation problems, in addition to conventional technologies such as heavy/light rail 
and buses. 
 
The Center of Research Excellence in Hajj and Omrah has sponsored this research study to 
explore the possibility of using unconventional and modern transportation technologies in 
Makkah, to be a part of any multi-modal transportation system in the future (the scope of 
this study does not include planning or designing this multi-modal system). Specifically, this 
study explores the potential and feasibility of Aerial Ropeway Transit (ART) to address 
some of Makkah’s transportation problems. The ART technology is spreading very fast 
throughout the world. In the past 10 years only, systems using this technology have been 
implemented in several countries around the world such as Colombia, Venezuela, Brazil, 
USA, Algeria, Hong Kong, Romania and Germany and soon in London for the 2012 Olympics. 
However, no “off-the-shelf” ART solution can immediately be conceived to fit in the 
challenging context of Makkah, as a thorough understanding of the existing transport issues 
and challenges in Makkah is needed beforehand.  
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Therefore, the objective of this report is to explore the potential and feasibility of 
introducing ART inside the City of Makkah by developing and analyzing different alternative 
ART concepts for Makkah.  
 

1.2 Objectives of the Research Study 
 

The overall objective of this research study is to explore the potential of Aerial Ropeway 
Transit technology as a mass transit service in Makkah. The development of such 
unconventional transport system should abide by some general guidelines: 
 

 Help solve some of Makkah’s transportation problems, both in the short term and in 
the long term; 

 Serves the needs of specific groups that might not be well-served by other modes of 
transportation during the peak seasons of Ramadan and Hajj; 

 Does not add to the traffic congestion in the central area; 
 Contributes to improving environmental conditions and city development;  
 Is technically and financially feasible; and 
 Can have multiple delivery and finance options, opening the window for private 

investments.  
 

The approach taken in this project includes the following tasks: 
 

 Reviewing existing and future transport conditions in Makkah in order to identify 
gaps and opportunities in Makkah’s transport system; 

 Identifying where ART can play a role in solving some of Makkah’s transport 
problems, to define potential ART implementation areas and develop an evaluation 
methodology to evaluate the potential and feasibility (technical and financial) of 
ART in the city; 

 Defining a set of initial ART concepts that would contribute to solving some of 
Makkah’s transportation challenges by targeting specific user groups, specific 
spatial areas and specific service seasons; 

 Evaluating the initial set of ART concepts based on relevant criteria and choosing  
the preferred ART concept that will be carried forward for further analysis; 

 Completing a detailed description of the alignment, characteristics, and impacts of 
the preferred ART concept with a description of the operations of the preferred ART 
technology; 

 Presenting an initial capital and operating costs estimates of the preferred ART 
Concept lines;  

 Conducting a technical and economic feasibility study of the preferred achievable 
ART concept. This includes developing a realistic demand forecasting model to 
estimate the ridership and revenues on each proposed ART line in order to assess 
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the project revenue stream for each specific line. The economic feasibility study 
takes into consideration the direct and indirect costs and benefits of the preferred 
ART concept alternatives; and 

 Providing a brief analysis of the available financing options that have the potential 
of attracting private sector investments. 

 
It is important to mention that after consultation with the Hajj CORE, it was decided to make 
some changes to the scope and methodology of the project. These changes were made at 
different time points throughout the project as it became clear that the original research 
methodology and scope could be enhanced and improved to raise the overall quality of the 
project deliverables at no additional cost to the project budget. More information on the 
study process and the changes made to the scope and methodology can be found in 
Appendix A. 
 
Another major task of this project is to produce an animation video that illustrates the 
operation of a potential ART system in Makkah (which replaces the original simulation 
task). The benefit of this task is two-fold:  
 

 First: as the project moved forward, it became clear that there is no need for 
running any simulations of ART service in Makkah as most of the statistical 
information can be obtained using an Excel Worksheet mode; and 

 Second: producing an animation video of ART service in Makkah has many 
benefits to decision makers such as: providing them with a realistic view of ART 
service in Makkah; illustrating the ART system components and their impact on 
the landscape; illustrating the service operation of ART in stations and on-line 
(especially for those who are not familiar with the service). 

 
This animation video will be shown in the final workshop to be conducted at the end of this 
project, and then well be delivered to the client.  

 
1.3 Structure of Report 

 
In addition to this chapter, the report consists of the following chapters: 
 
Chapter two provides an overview of Aerial Ropeway Transit (ART) technologies, ART 
system components, service characteristics and ART applications in the urban environment 
from around the world. 
 
Chapter 3 reviews the existing transport conditions in Makkah, and how these conditions 
might impact/support the introduction of ART in Makkah. The chapter includes a review of 
the road network configuration, parking, mass transportation services, pedestrian flows, as 
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well as a summary of the current travel and personal characteristics associated with the 
Umrah and Hajj activities in Makkah. The chapter concludes with a summary of the gaps 
and limitations that exist in the transport system in Makkah, and the opportunities 
presented for ART to be implemented in Makkah. 
 
Chapter 4 presents an overview of the planning and evaluation process that was used for 
the development, screening and evaluation of the alternative concepts for ART service in 
Makkah. The planning and evaluation process is based on methodologies used in standard 
public transit planning.   
 
Chapter 5 centers around developing a set of alternative ART concepts that are achievable 
using current ART technology based on the role of ART in Makkah that was defined in 
Chapter 4. The concepts documented in this chapter are the outcome of a process that 
involved refining an initial set of concepts after soliciting feedback from the participants of 
the two ART workshops that were held at the University of Toronto in October 2010 and at 
the University of Umm Al-Qura in December 2010.  
 
Chapter 6 discusses all aspects related to the preferred ART concept in terms of alignment, 
infrastructure and capacity and line specifications. It also includes a description of the 
application areas and service specifications, the associated technological and local 
constraints that need to be respected in the alignment specification process, a summary of 
the service and operational characteristics of all preferred ART alternatives, a discussion of 
the possible terminals and station designs and shapes that have been implemented around 
the world, and which can be adopted in Makkah. The chapter also discusses other aspects 
related to the operation of ART in Makkah such as the fare collection system, storage 
facilities characteristics, as well as the environmental and city development impacts that 
ART systems might have as experienced in other applications around the world and which 
would apply to Makkah. 
 
Chapter 7 presents and discusses the demand and revenue procedures that were adopted 
in order to estimate the ridership and revenues for the ART alternatives of the preferred 
concept. The chapter includes a summary of the estimated ridership and revenues on all 
ART alternatives as well as the revenue stream for the life cycle of the project. 
 
Chapter 8 discusses the total capital and operating costs for each of the preferred ART 
alternatives based on estimates compiled by ART vendors and experts. The cost evaluation 
process also covers costs incurred during the project life cycle.  
 
Chapter 9 presents the results of the economic feasibility study of the preferred ART 
concept. The proposed methodology for conducting the economic feasibility study of the 
preferred ART concept is discussed, and it consists of two parts: a major evaluation 
component concerned with the direct benefits (i.e. revenues) and costs (i.e. capital and 
operating costs) of all the ART alternatives (i.e. Benefit Cost Analysis –BCA), and a 
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secondary evaluation component concerned with the indirect benefits (such as impact on 
traffic conditions, vehicle operating cost savings, etc.) resulting from the implementation of 
any of the ART alternatives.  
 
Chapter 10 briefly presents the possible project delivery and finance options that are 
available for this kind of system, including conventional public sector delivery and public 
private partnership (P3) delivery options.   

 
Chapter 11 provides a summary of the objectives of this project, the methodology used and 
the results of the economic feasibility study. The chapter also presents some 
recommendations related to the future steps that are needed in order for this project to 
come to fruition. 

 
Further information on specific aspects of the study is provided in Appendices A, B and C. 
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2.0 Introduction to ART Technology       
 
2.1 Introduction 

 
Aerial Ropeway Transit (ART) is a relatively new transit technology. Understanding how 
this technology works is essential in order to determine the role that this technology can 
play in Makkah. Therefore, this chapter tries to address this by discussing all aspects 
related to this relatively unknown commodity in terms of technology components, types, 
etc. The Chapter begins with an overview of Aerial Ropeway Transit (ART) technologies in 
Section 2.2, followed by Section 2.3, which discusses the system components of any specific 
ART system. Section 2.4 offers a detailed discussion of the available ART technologies and 
their service characteristics. Following that, Section 2.5 provides an overview of the main 
manufacturers of ART technologies along with a list of their products. Section 2.6 discusses 
some of the aspects related to the operation of ART systems. Finally, Section 2.7 offers a 
summary of recent ART applications in the urban environment. 
  

2.2 ART Technology 
 
Aerial Ropeway Transit (ART) is an aerial public transit technology in which cabins (also 
called carriers, vehicles or cars) are suspended and propelled from above by cables. The 
underlying technology of ART has been around for almost a century, where it has been 
applied mostly in terrain-challenged recreational contexts (e.g. Gondolas in ski resorts) to 
transport skiers and tourists from the bottom to the top of the mountains and vice versa 
(see Figure 2.1).  In recent years, however, the same technologies used in these resorts 
have been adopted and implemented in non-alpine urban regions as a mode of urban 
transit in geographically-constrained urban areas, where conventional transit service was 
deemed very difficult or infeasible to implement. 
 
ART can be thought of as a member of the broader Cable-Propelled Transit technology 
(CPT), which also includes rail-supported Cable Cars.  CPT can be defined as a transit 
technology that moves people in motor-less, engine-less vehicles that are propelled by a 
steel cable.2  In both the literature and industrial communities, the term “Ropeway” is used 
to describe a system that is used for transporting materials and/or passengers in carriers 
suspended from or controlled by ropes or cables, while the term “Aerial Ropeway” refers to 
any ropeway system that is suspended in the air.  The term “Aerial Ropeway Transit” or 
(ART), on the other hand, describes any type of aerial transportation mode in which 
passengers are transported in a cabin that is suspended and pulled by cables. 
 
Recently, especially in the past decade, ART has gained increasing attention worldwide as a 
cost effective and attractive transit mode for terrain-constrained urban areas.  As it stands 
now, an ART system can use one of the following aerial technologies: Aerial Tramways, 

                                                             
2 More information on CPT systems can be found on the Gondola Project website: http://www.gondolaproject.com 
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Dual-Haul Aerial Tramways, Monocable Detachable Gondolas (MDG), Bicable Detachable 
Gondolas (BDG) and Tricable Detachable Gondolas (TDG), as well as other technologies. A 
description of these technologies is provided in Section 2.4. 
 

 
 

 

 
 

Figure  2-1: Mountainous Terrain of Makkah 
 

 
 
2.3 ART System Components 

 
Almost all ART systems have the same basic components, irrespective of the technology 
used.  The basic components of any ART system include carriers (cabins), terminals, towers, 
ropes, and evacuation and rescue system.  The following is a discussion of each component. 
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2.3.1 Carriers (Cabins) 
 
Carriers are defined as the structural and mechanical assemblage in which the passenger(s) 
of a ropeway system are transported.  The carrier includes the carriage or grip, hanger, and 
the passenger cabin (see Figure 2-2).  The carriers can consist of large cabins as in the case 
of Aerial Tramways, or small and medium cabins as in the case of Gondolas.  The carriers 
are usually described by capacity (e.g. 80-passenger cabins on an Aerial Tramway system, 
15-passenger Gondola cabins, etc.). The cabins are always totally enclosed and have a 
standing room to reach full capacity. 

 
2.3.2 Terminals (Stations) 

 
Virtually all ART systems have two terminals: a drive terminal and a return (idle) terminal.  
If a vertical change takes place, the terminals are called the upper and lower terminals. The 
bull wheel in the drive terminal can operate as the drive wheel, and the bull wheel at the 
return terminal acts as a fixed return mechanism (see Figure 2-3). The drive machinery 
may be installed overhead or in an underground vault.  For detached grip Gondola 
operations, a separate area for slowing down and loading is needed in the terminals and is 
often electronically monitored for safety.  Some systems that use Gondolas might have few 
intermediate stations as well to pick up and drop off passengers between the drive and 
return terminals. 
 

 
 

 
Figure  2-2: Components of an ART Carrier  

 
 

Carriage 

Hanger 

Cabin 
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Figure  2-3: An Example of an ART Terminal3 

 
 

 
 
2.3.3 Towers 
 

Towers are intermediate structures that support the track and haulage ropes between 
terminals.  They are often steel framed, and are sometimes pylon-shaped.  The tower’s 
primary function is to support track ropes and haulage ropes on saddles and line sheaves, 
respectively.  Towers must also have guides to keep carriages from hitting them for safety 
(see Figure 2-4).  Towers might not always be necessary depending on the length of the 
system.  For long systems, intermediate towers are necessary to provide support to the 
system and therefore eliminating the need for long spans. 

 
2.3.4 Ropes (Cables) 

 
The rope (cable) is the heart of any Aerial Ropeway Transit system.  The rope is formed by 
inter-twining individual wires to form a strand and then the strands to form a rope (cable).  
There are many variations of the processes used in manufacturing ropes and in choosing 
the appropriate rope for any given application.  One critical point is to specify whether the 
rope is a haulage rope or a track rope (Aerial Tramways) or if one rope supports both 
functions (Gondolas). 

 

                                                             
3 http://ww1.whistlerblackcomb.com/p2pg, Peak 2 Peak Website.  Accessed June 8, 2011. 
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Figure  2-4: Tower Supporting an ART System4 

 
 
 

2.4 Available ART Technologies 
 
At the present time, ART technologies that have been used as mass transit modes in urban 
areas include five technologies: Aerial Tramways, Dual-Haul Aerial Tramways Monocable 
Detachable Gondolas (MDG), Bicable Detachable Gondolas (BDG) and Tricable Detachable 
Gondolas (TDG).  

 
2.4.1 Aerial Tramways 

 
An Aerial Tramway (also called Reversible Ropeway or Jig-back Ropeway) is a type of aerial 
lift in which two passenger cabins (vehicles) are suspended from one or more fixed cables 
(called "track cables") and are pulled by another cable (called a "haulage rope").  The fixed 
cables provide the support for the cabins, while the haulage rope, by means of a grip, is 
solidly connected to the truck (the wheel set that rolls on the track cables).  The haulage 
rope is usually driven by an electric motor and being connected to the cabins, moves the 
cabins from one end to the other.5 
 
They are called jig back because the power source and electric engine at the bottom of the 
line effectively pulls one carrier down using the weight to push the other carrier up.  A 

                                                             
4 http://en.leitner-lifts.com, Leitner Ropeways Website.  Accessed June 8, 2011. 
5 Dwyer, Charles.  Aerial Tramways, Ski Lifts, and Tows: Description and Terminology.  US Forest Service.  1975. 
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similar concept is used in funicular railways.  The two passenger cabins are situated at 
opposite ends of the loops of cable.  Thus, while one is coming up, the other is going down 
the mountain, and they pass each other midway on the cable span.   
 
Aerial tramways usually have big cabins that can carry from 20 to 200 people (see Figure 
2-5) at speeds of up to 12 meters per second (43.2 km/h) and will pass each other mid span 
each time due to the reversible operation of the ropeway.6 Depending on the size of the car, 
line speed, and line length, transport capacities vary between 500 and 2,000 persons per 
hour.7 Some aerial trams have only one cabin, which lends itself better to systems with 
small elevation changes along the cable run.  
 
The technology is originally developed for ski resorts but was also adopted in other 
locations as a transit mode.  Two examples of using Aerial Tramways as a transit mode exist 
in Portland and New York (USA). Table 2-1 provides a summary of the service and 
technology characteristics of Aerial Tramway systems. 
 

 
Table  2-1:  Service and Technology Characteristics of Aerial Tramways 

System Characteristics  Aerial Tramway Specifications 

Cable Configuration 
Cabins are suspended from one or more fixed 
cable (called "track ropes") and are pulled by 
another cable (called a "haulage rope") 

Detachability 
The two cabins cannot be detached from the 
moving cable (the movement of the two cabins 
is synchronized) 

Maximum # of Passenger Cabins 2 Cabins 

Max # of Stations 3 stations 
Max Distance between Towers Less than 1000 m 
Cabin Capacity High capacity (up to 200 pass/cabin) 
Maximum Transport Capacity 2000 pass/h 
Speed Up to 43.2 km/h 

 
 
 
 
 
 
 
 
 
                                                             
6 http://www.doppelmayr.com/products, The Doppelmayr/Garaventa.  Website, accessed May 7, 2010. 
7 http://www.doppelmayr.com/products, The Doppelmayr/Garaventa.  Website, accessed May 7, 2010. 
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Figure  2-5:  An Example of an Aerial Tramway Cabin 

 
 
 

 
2.4.2 Dual-Haul Aerial Tramways 

 
Dual-Haul Aerial Tramways are a relatively new ropeway technology that is built to 
improve some of the characteristics of Aerial Tramways. Similar to Aerial Tramways, this 
system consists of two reversible cabins that run on parallel tracks. However, unlike Aerial 
Tramways which have fixed ropes and a haulage rope loop for the two cabins, the Dual-Haul 
system has two guide ropes and a haul rope loop per cabin (see Figure 2-6).  
 
At the top of each track, the haul rope for that track loops back to the bottom instead of 
looping over to serve the other track as occurs with a normal Aerial Tramway. This feature 
allows for single cabin operation when demand warrants. The independent drive also 
allows for evacuations to occur by means of a bridge connected between the two adjacent 
cabins. Another advantage of the Dual-Haul system is its stability in high wind conditions 
owing to the horizontal distance between the two guide ropes comprising each track. Refer 
to Table 2-2 for a summary of the service characteristics of Dual-Haul Aerial Tramways. 
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Table  2-2:  Service and Technology Characteristics of Dual-Haul Aerial Tramways 

System Characteristics  Dual-Haul Aerial Tramway Specifications 

Cable Configuration 
Cabins are suspended from two fixed cables and 
pulled by another cable 

Detachability 

Cabins can’t be detached from the moving cable 
(however, the movement of the cabins is NOT 
synchronized; each cabin operates 
independently) 

Maximum # of Passenger Cabins 2 Cabins 

Max # of Stations 3 stations 
Max Distance between Towers Less than 1000 m 
Cabin Capacity High capacity (up to 100 pass/cabin) 
Maximum Transport Capacity 2800 pass/h 
Speed Up to 27 km/h 

 
 
 

 
Figure  2-6:  An Example of an Aerial Tramway Cabin 
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2.4.3 Monocable Detachable Gondolas (MDG) 

 
A Gondola Lift, or as it technically known as Monocable Detachable Gondola (MDG), is a 
type of aerial lift in which the cabin is suspended from a moving loop of steel cable that is 
strung between two terminals, sometimes over intermediate supporting towers (see Figure 
2-7). 
 

 
 

 
Figure  2-7:  An Example of MDG Cabins 

 
 
 
The cable is driven by a bull-wheel in the terminal, which is connected to an engine or 
electric motor. Gondolas have small cabins, set at regularly-spaced close intervals.  The 
systems are continuously circulating with cabins passing around the terminal bull-wheels.  
Cabins detach from the hauling rope at terminals, are decelerated and carried through the 
unloading and reloading areas at a very slow speed, then accelerated for reattaching to the 
haulage rope for high speed travel "on the line" between terminals.  Cabin capacity of MDG 
systems varies from 4 to 15 persons per cabin and system capacity can be as much as 3,600 
pphpd (persons per hour per direction).  Table 2-3 provides a summary of the service and 
technology characteristics of MDG systems. 
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Table  2-3:  Service and Technology Characteristics of MDG Systems 

System Characteristics  MDG Specifications 

Cable Configuration 
Cabins are suspended and pulled by the same 
cable (a moving loop of cable) 

Detachability 
Cabins are set at regularly-spaced intervals and 
they detach from the cable at the terminal for 
unloading and loading 

Maximum # of Passenger Cabins 
Depends on line length and headway; can have 
100+ cabins 

Max # of Stations Can have multiple stations 
Max Distance between Towers 350 m 
Cabin Capacity Low capacity (up to 15 pass/cabin) 
Maximum Transport Capacity 3600 pass/h 
Speed Up to 21.6 km/h 

 
 
 
 
2.4.4 Bicable Detachable Gondola (BDG)  

 
BDG systems combine features of both Gondola and Reversible Ropeway systems. On the 
one hand, they use the reversible ropeway technology in their operation (i.e. separate ropes 
serve the two functions: static support ropes or "track cables" and a moving "haul rope"), 
which allow the system to have long spans, and therefore overcome difficult terrain 
conditions (see Figure 2-8). On the other hand, the system is detachable (like Gondolas), 
which allows the system to have a high capacity similar to the capacity of detachable 
circulating systems and similar operations at the terminals.  
 
The difference between a BDG and an MDG system is that unlike MDG systems, which are 
both propelled and suspended by the same cable, BDG systems have two separate cables for 
the two functions. Cabin and transport capacities of BDG systems are similar to those of 
MDG systems, with cabin capacities ranging from 4 to 15 persons per cabin and transport 
capacity of up to 3,600 pphpd (The Doppelmayr/Garaventa Group 2011). Table 2-4 
provides a summary of the service characteristics of BDG systems. Successful 
implementations of BDG technology as a transit mode exist in Hong Kong and Singapore. 
The BDG system in Singapore was originally an MDG system but was rebuilt in 2010 and 
converted to a BDG system.  
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Figure  2-8:  An Example of a BDG Cabin 
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Table  2-4:  Service and Technology Characteristics of BDG Systems 

System Characteristics  BDG Specifications 

Cable Configuration 
Cabins are suspended from one fixed cable and 
are pulled by another cable (similar to Aerial 
Tramways) 

Detachability 
Cabins are set at regularly-spaced intervals and 
they detach from the cable at the terminal 
(similar to MDG) 

Maximum # of Passenger Cabins Depends on line length and headway; can have 
100+ cabins 

Max # of Stations Can have multiple stations 
Max Distance between Towers 700 m 
Cabin Capacity Low capacity (up to 15 pass/cabin) 
Maximum Transport Capacity 3600 pass/h 
Speed Up to 21.6 km/h 

 
 
 
 
2.4.5 Tricable Detachable Gondolas (TDG) 

 
Similar to BDG systems, TDG systems (sometimes referred to as 3S technology) combine 
features of both Gondola and Reversible Ropeway systems (i.e. separate ropes serve the two 
functions: static support ropes or "track cables" and a moving "haul rope"), and detachable 
gondolas. Unlike BDG systems, however, TDG systems have two stationary cables that 
support the cabins instead of one as in BDG systems (see Figure 2-9).  
 
Although TDG systems are more expensive than both MDG and BDG systems, this added 
cost is more than offset by their advantages, as  these detachable circulating ropeways can 
carry more passengers with higher speeds. In fact, TDG systems operate with carrier 
capacities of up to 35 passengers for a maximum system capacity of 6,000 pphpd. Table 2-5 
provides a summary of the service characteristics of Aerial Tramways. It should be 
mentioned, however, that ART vendors believe that the TDG technology can theoretically 
achieve a capacity of 9000 pphpd if needed, although systems with such capacity do not 
exist yet to prove this claim.  
 
Other advantages of TDG systems include their outstanding wind stability, low power 
consumption and the use of very long spans of up to 3,000 m (Leitner Technologies 2011). 
Successful implementation of TDG technology in the urban environment exists in the city of 
Koblenz (Germany), as discussed later in this chapter. The system is mainly a tourist-based 
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system, but its implementation within the City of Koblenz provides evidence of the ability to 
use TDG technologies in urban areas.  

 
 
 

 
Figure  2-9:  An Example of a Tricable Detachable Gondola Technology 

 
 
 

Table  2-5:  TDG Service and Technology Characteristics 

System Characteristics  TDG Specifications 

Cable Configuration 
Cabins are suspended from two fixed cables and 
are pulled by another cable 

Detachability 
Cabins are set at regularly-spaced intervals and 
they detach from the cable at the terminal for 
unloading and loading 

Maximum # of Passenger Cabins 
Depends on line length and headway; can have 
100+ cabins 

Max # of Stations Can have multiple stations;  

Max Distance between Towers 3000 m 
Cabin Capacity Medium capacity (up to 38 pass/cabin) 
Maximum Transport Capacity 6000 pass/h 
Speed Up to 30.6 km/h 
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2.4.6 Other ART Technologies 

 
In addition to the above-mentioned ART technologies, there are a few other technologies 
produced by the main vendors of ART that are just variations of the two basic technologies 
(Aerial Tramways and Detachable Gondolas).  At the present time, these technologies have 
been used mainly in ski resorts and tourist attractions.  However, similar to Aerial 
Tramways and Gondolas, these technologies, depending on their applicability, might be 
transferred to the urban environment as a mass transit mode.  These technologies include: 
Pulsed-movement Aerial Ropeways, Funitel, and Funifor. 

 
2.5 ART Manufacturers 
 
2.5.1 Doppelmayr/Garaventa Group 

 
The Doppelmayr/Garaventa Group is an Austrian-Swiss partnership that is considered one 
of the world’s technology leaders in ropeway engineering in general, and specifically ART.  
The Group has production facilities and sales and service locations in over 33 countries 
around the world, and to date (June 2010) has built more than 13,970 installations in over 
81 countries.  The Group develops, among other products, state-of-the-art passenger 
transport systems for the urban environment as well as aerial passenger transport systems 
for summer and winter tourist resorts.   
 
The Doppelmayr/Garaventa Group has five divisions that handle different types of 
products. The Rope-hauled Local Passenger Transport Systems Division is responsible for 
several ropeway technologies.8  Some of the ropeway technologies produced by the 
Doppelmayr/Garaventa Group that have been applied in urban areas as a mass transit mode 
include Reversible Ropeways (Aerial Tramways), Gondolas and Bicable and Tricable 
Gondolas.  Other products, some of which are a hybrid of both technologies, are also 
produced by the Doppelmayr/Garaventa Group.   
 
These technologies are yet to be used in the urban environment, but have a very good 
potential because of the advancements in these technologies compared to the basic Aerial 
Tramways and Gondola systems.  Some of these technologies include: Pulsed-movement 
Gondolas, Funitel, and Funifor. Table 2-6 provides a summary of the 
Doppelmayr/Garaventa Group’s Aerial Ropeway products. 

 
 
 
 
 
 

                                                             
8 http://www.doppelmayr.com/products, The Doppelmayr/Garaventa.  Website, accessed May 7, 2010. 
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Table  2-6:  Summary of the Doppelmayr/Garaventa Group’s Aerial Ropeway Products 

Aerial Ropeway 
Technology 

Speed 
(km/h) 

Cabin 
Capacity 

Maximum Transport 
Capacity (persons/h) 

Aerial Tramway 43.2 20-200 500-2000 
Gondola (MDG) 21.6 4-15 3600 
Bicable/Tricable Ropeway 27 Up to 30 6000 
Pulsed-Movement 
Ropeway 

25.2 4-15 3600 

Funitel 27 24 3200-4000 
Funifor 27 100 800 

 
 
 
2.5.2 Leitner Technologies 

 
Leitner Technologies is a worldwide company that is active in the markets of ropeways, 
snow groomers, urban transportation systems and wind energy.  In 1888, the Sterzing 
mechanic Gabriel Leitner set up a workshop in his home town, where he produced 
agricultural machinery, material ropeways, water turbines and sawmill equipment, and 
within a hundred years the company developed into a global player in the field of ropeway 
engineering.  The headquarters of today’s Leitner Technologies group still occupy the 
original site in Sterzing, Italy.  After the 2nd World War, when tourism came to the Alps 
generating demand for a modern mountain infrastructure, the company switched from 
material to passenger ropeways, and in 1947 Leitner built its first chairlift in Corvara, Italy.   
 
At the end of the 20th century, the company started to develop new production facilities and 
agencies outside of Sterzing in other countries, and today Leitner has works in Austria, 
France and Colorado (USA) in addition to Sterzing as well as over seventy sales and service 
outlets worldwide.  In the meantime there has been rapid progress in ropeway engineering, 
too.  Since 1983 high speed detachable systems have gradually replaced fixed-grip 
installations; the year 2000 saw the debut of the direct drive for ropeways, and ropeway 
systems have become a viable solution to the problem of traffic congestion in urban areas 
with special terrain needs.   
 
Leitner produces several ART technologies including Reversible Aerial Tramways, 
Gondolas, Pulse Gondola Ropeways, Bicable and Tricable Ropeways and 3S Carriage.9 
Table 2-7 provides a summary of Leitner Technologies’ Aerial Ropeway products. 

 
 
 

                                                             
9 http://www.leitner-lifts.com/default.asp?l=3, Leitner Ropeways Website, Accessed May 12th, 2010. 
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Table  2-7:  Summary of Leitner Technologies’ Aerial Ropeway Products 

Aerial Ropeway 
Technology 

Maximum 
Speed 

(km/h) 
Cabin Capacity 

Maximum 
Transport Capacity 

(persons/h) 

Aerial Tramway 43.2 

Up to 100 
(single track 

ropes) 
Up to 200 (twin 

track ropes) 

2800 

Gondola (MDG) 21.6 Up to 15 3600 
Bicable/Tricable 
Ropeway 

25.2 
16 (Bicable) 
35 (Tricable) 

Over 5000 

3S Carriage 23.4 
Up to 17 (2S) 
Up to 40 (3S) 

Over 5000 

Pulsed-Movement 
Ropeway 

25.2 Up to 15 3600 

 
 
 
 
2.5.3 Poma Group 

 
Poma, also known as Pomagalski S.A. is a French company that engineers, manufactures, 
installs and services all types of ropeway systems.  Poma has installed more than 7800 
devices in five continents, in 73 countries which can transport up to 6.25 million passengers 
per hour.10 In 2000, Leitner Technology’s parent company became the majority owner of 
Poma.  Poma and Leitner remain independent, but formed a strategic partnership which 
includes the combined purchase of raw materials and the formation of Leitner-Poma as a 
joint venture in North America.  The majority of Poma's installations are constructed in ski 
areas in Europe and Asia.  Poma produces several ART technologies including Reversible 
Aerial Tramways, Gondolas and Funitels. 

 
2.6 ART Operations 

 
The most recent urban ART projects (including the London Cable Car) have been 
detachable gondola systems, involving constantly circulating gondolas that slow down at 
stations, as shown in Figure 2-10 and Figure 2-11.  For detachable systems, including the 
MDG and TDG systems discussed in this report, the station’s gondola structure includes an 
area where each gondola is detached from the ropeway; decelerated to a speed slow 
enough for boarding and disembarking; and then accelerated, allowing for the reattachment 

                                                             
10 http://www.poma.net, POMA GROUP Website, Accessed May 14th, 2010 
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of the gondola’s grip to the haulage rope.  Therefore, disembarking and boarding take place 
in separate locations on the platform.  Similarly, at intermediate angle stations, each 
gondola detaches from one cable and subsequently attaches to another cable that is aligned 
in a different direction; hence turns are possible in detachable gondola systems.11  These 
detachment and speed control mechanisms are often electronically monitored for safety 
(see Section  6.8). 
 
 
 
 

 
Figure  2-10: Caracas Metrocable Angle Station 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                             
11 http://gondolaproject.com, The Gondola Project.  Accessed June 7, 2011. 
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Figure  2-11: Typical Detachable Gondola Operation 
 
 
 
 
In aerial tramways, also known as reversible ropeways, each carrier travels and reverses on 
the same cable line, as shown in Figure 2-12.  If there are two lines, the carriers may 
reciprocate between the terminals, with the electric engine at the lower terminal using one 
carrier’s weight to raise the other (single-haul); alternatively, the carriers may be moved 
independently using separate haul ropes (dual-haul).  The Roosevelt Island Tram is a 
reversible ropeway system that was converted to dual-haul operation during its 
modernization in 2010; the two carriers now operate independently, thus facilitating 
scheduling flexibility during peak and off-peak hours and maintenance periods (see Figure 
2-13).12 
 
Unlike detachable gondolas, each aerial tramway carrier must stop at the station, where 
disembarking and boarding takes place while the carrier is stopped.  Alighting and boarding 
may proceed from the opposite doors of the carrier in order to facilitate unloading and 
loading.  Also, since carriers are not detachable, angle stations and changes in direction are 
not possible in aerial tramways. 
 
 
 

                                                             
12 http://www.rioc.com, Roosevelt Island Operating Corporation.  Accessed June 7, 2011. 
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Unloading/
Loading Area

TerminalTerminal

 
 

Figure  2-12: Typical Aerial Tramway (Reversible Ropeway) Operation 
 
 

 
 

 
 

Figure  2-13: Roosevelt Island Tram Operation13 
 
 
 
 

                                                             
13 http://www.poma.net, Poma Website.  Accessed June 7, 2011. 
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2.7 ART Case Studies 

 
The available information on Aerial Ropeway Transit is very limited, even though ART 
systems now operate in several cities around the world as discussed next. It should be 
noted that the construction (capital) cost numbers provided in the following case studies 
sometimes include costs that are not associated with the systems themselves but rather 
specific to some systems, such as the cost of building huge terminal/stations and other 
services/amenities that add to the cost of the system, but could not be separated from the 
total cost of the system. This might show capital costs that are not consistent with the 
capital cost estimates of the different technologies provided in Chapter 8. 
 

2.7.1 Portland Aerial Tramway, USA 
 
The system’s brief history began in 1999 when the Oregon Health & Science University 
(OHSU) developed a 20-year Plan to address OHSU's future growth in its campus, which is 
located on top of Marquam Hill in Portland. The expansion of the Marquam Hill Campus 
over the years led the University to consider moving to another location due to the 
topographical and road constraints preventing expansion in the campus area.14 OHSU 
considered several expansion scenarios, but after agreement with the city identified South 
Waterfront as the best expansion site. However, connecting the campus with South 
Waterfront was a challenge given the change in elevation and limited accessibility between 
the two locations.  
 
Based on that assumption, a study was commissioned to consider the connection 
alternatives between the two locations concluded that an aerial tram would be the best 
transportation solution that can provide door-to-door travel between campuses of no more 
than 15 minutes. Accordingly, construction of the tram began in August 2005. Construction 
of the system cost $57 million dollars, with OHSU providing $40 million of that cost.  The 
city's share of construction costs ($8.5 million) will be collected over time from the rising 
property values in South Waterfront resulting from its redevelopment.15   
 
In December 2006, the Portland Aerial Tram began its Operational Phase. The tram was 
opened to OHSU employees and students, and on January 27, the tram was opened to the 
public after over eight years of planning. OHSU oversees operation of the Tram, while the 
city is responsible for the maintenance of the upper and lower stations and tower and for 
providing regulatory oversight.  
 
The Tram is part of Portland's public transportation network that includes the Portland 
Streetcar, MAX Light Rail, and Tri-Met buses. The lower terminal is located in the South 

                                                             
14 Gmuender, J. The Marquam Hill – OSU Project. Portland Oregon. Presented at the Ninth Symposium of the 
International Organization for Transportation by Rope, 2004. 
15 Portland Aerial Tram. http://www.portlandtram.org. Accessed May 11, 2011. 
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Waterfront neighborhood, adjacent to a stop on the Portland Streetcar line, which connects 
the South Waterfront neighborhood with downtown Portland. The tram's route goes over a 
state highway, two frontage/service roads, an interstate highway, and several 
neighborhoods. The alternative to riding the tram is via public roadways through a 1.9 mile 
(3.1 km) route with numerous traffic lights and intersections (see Figure 2-14).  
 
The tram consists of two stations (terminals) and a single intermediate tower. As with the 
operation of any Aerial Tramway systems, two tram cabins (i.e. cars) operate on parallel 
track ropes and are pulled in unison by a haul rope which is driven by an engine at the 
lower terminal. Each car has a capacity of over 13 tons and there is sufficient room in the 
cabin for 78 passengers and one operator (see Figure 2-15).  

 
 
 
 

 
Figure  2-14: Portland Aerial Tram Route 
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Figure  2-15: Portland Tram Car Design16 

 

                                                             
16 http://www.portlandtram.org/, Portland Aerial Tramway Website. Accessed May 11, 2010. 
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Earlier studies by transportation officials originally estimated the tram would carry over 
1,500 people a day, a figure that was expected to rise to 5,500 by 2030. Those initial 
estimates proved to be modest as the tram actually attracted one million riders in its first 
10½ months of operation, an average of 3,700 riders per day17. Table 2-8 shows the service 
characteristics of the Portland Aerial Tramway. 
 
The tram has been subject to criticism from the public since its introduction as many 
residents in the neighborhoods under the tram's route objected to the tram's presence. 
Many residents of neighborhoods over which the tram passes were concerned the cars 
would be an invasion of privacy and lead to lower property values. Initially, residents were 
promised that overhead power lines would be buried as part of the project, but as cost 
overruns mounted, this plan was scrapped.18 Therefore, although the system has been a 
huge success in terms of attracting ridership, there are still privacy issues that need to be 
dealt with. 

 
 
 

Table  2-8:  Service Characteristics of the Portland Aerial Tramway 
Line Length (m) 1005 
Line Speed (km/h) 35.4 
Headway (min) 5 
Cabin Capacity (pers) 78 
Transport Capacity (pers/h) 936 
Number of Cabins 2 

 
 
 
 
2.7.2 Roosevelt Island Tramway, USA 
 

Roosevelt Island in New York had been connected to Manhattan by a trolley line that 
crossed over a bridge since 1909. Beginning in the mid-1970s, Roosevelt Island was 
redeveloped to accommodate low- to mid-income housing projects. This led the Roosevelt 
Island Development Corporation (RIOC) to study several alternatives to connect the island 
to Manhattan. RIOC concluded that the limited access to Manhattan and long commuter 
trips that require several transfers, make aerial tramways the best interim solution to be 
installed until the subway is extended and a station could be built on the island. The plan 
was for the tram to become a tourist attraction and shuttle people back and forth to the 
island’s numerous sports facilities once the subway is extended to the Island. 

                                                             
17City of Portland. (2008). “Portland Aerial Tram 2007 Annual Report.” City of Portland, Portland, Oregon. 

 
18 Portland Aerial Tram. http://www.portlandtram.org. Accessed May 11, 2011. 
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Accordingly, the Roosevelt Island Tramway was built in 1976; as the subway project fell 
further behind schedule, the tram became more popular. When the subway was finally 
extended to Roosevelt Island and a subway station was built in 1989, the tram was too 
popular to discontinue, and was kept as a permanent transportation facility. The Roosevelt 
Island Tramway was the first aerial ropeway used for mass transit service (i.e. commuter 
aerial tramway) in North America. By 2010, over 26 million passengers have used the tram 
since it began operation in 1976.19 Since 2005, the tram service has been integrated with 
the New York’s Metropolitan Transit Authority (MTA) MetroCard system, providing tram 
riders with bus and subway transfer privileges enjoyed by other MTA passengers. 
 
The tram runs parallel to the Queensboro Bridge with three intermediate towers over the 
East River. The system has two terminals: the Roosevelt Island terminal that contains the 
engine room for the system and the Manhattan terminal, which had to be elevated in order 
to prevent tram cars from being close to car traffic on Second Avenue. Before a 
modernization project in 2010 changes the way the system operates (as discussed later), 
the line had two cabins each with a capacity of 125 passengers. During rush hours, the tram 
operates with peak headway of 7.5 minutes, resulting in a line capacity of 1000 PPDPH. 
Table 2-9 shows the service characteristics of the Roosevelt Island Tramway. 
 
 
 

Table  2-9:  Service Characteristics of the Roosevelt Island Tramway 
 Old 

System 
New 

System 
Line Length (m) 960 960 
Line Speed (km/h) 26 30 
Peak Period Headway (min) 7.5 7.5 
Off-Peak Headway (min) 15 15 
Cabin Capacity (pers) 126 110 
Transport Capacity (pers/h) 1000 1500 
Number of Cabins 2 2 

 
 
 
On March 1, 2010, the Roosevelt Island Tramway was closed as part of a $25 million project 
to upgrade and modernize the system. The system was converted from the traditional 
Aerial Tramway to a Dual-Haul Aerial Tramway, where the cabins are allowed to operate 
independently of each other. All system components, including cables, were replaced except 
for the three tower bases. The original "single haul" Aerial Tram system that was in 
operation for 34 years required cabins to travel along the cable loop at the same time, with 
each cabin ending its trip at the opposite side because of the synchronization of the cabins 

                                                             
19 Roosevelt Island Operating Corporation. http://www.rioc.com. Accessed June 28, 2011. 



65 
 

found in traditional "single haul" Aerial Trams. This resulted in situations where both 
cabins were operational during non-peak travel times, even though the demand did not 
warrant that. Moreover, when maintenance on just one part of the system was required, 
both cabins were taken out of operation because of the system design. In contrast, the new 
Dual-Haul system enables the cabins to travel independently, allowing for greater 
scheduling flexibility during rush and off-peak hours, while also permitting maintenance on 
one side while the other remains operational avoiding the need for high level rescue 
equipment. The new cabins can carry up to 110 passengers (resulting in line capacity of 
1500 PPDPH, and adhere to all the requirements of modern urban transport, in particular 
Disability Access (ADA) and the utilization of highly durable construction materials (see 
Figure 2-16).20 

 

                                                             
20 Roosevelt Island Operating Corporation. http://www.rioc.com. Accessed June 28, 2011. 
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Figure  2-16: Roosevelt Island Tramway (a) Original Single-Haul System Cabins (b) New Dual-Haul System Cabins 
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2.7.3 Medellin Metrocable, Colombia 
 

The Metrocable system is a branch of Medellin's metro, and it is managed by the 
corporation Metro of Medellin. The system consists of gondolas connected to a fixed cable 
through means of a grip. The haulage cable is pulled by large wheels allowing the cabins to 
move at an average speed of 16 km/h. At the present time (July 2011) three lines have been 
built: Line K, Line J and Line L. Figure 2-17 shows the three Metrocable lines as part of the 
Medellin transit system. 

 
Line K was opened in 2006 as the first Metrocable line in Medellin. The line cost $26 million 
for a length of 2.8 km and four stations. Line K was such a huge success that it resulted in 
overcrowding almost immediately upon opening.  In the four years since Line K opened, 
crime in Santo Domingo virtually disappeared and jobs have increased 300%.21 With the 
success of line K, Metro officials had little trouble convincing decision-makers to open Line 
J.  Line J was opened in 2008 and cost $50 million for a length of 2.7 km and four stations. 
However, unlike Line K, which was built only for the purpose of connecting the hill 
residents to the Metro system, Line J is much more actively involved in Transit Oriented 
Development (TOD). Unlike Line K, Line J connects several smaller barrios in the western 
end of the city. These barrios suffered from similar economic conditions but did not have 
the population density that Line K had; therefore Line J did not experience the 
overcrowding of Line K.22 

 
Medellin’s third and most recent Metrocable line is Line L, which serves Parque Arvi, a new 
nature preserve a few kilometers away from the city.  Line L was opened in 2010 and cost 
$25 million for a length of 4.6 km and two stations.  The line was built in part to help 
promote and develop tourism in the rural areas around Lake Guarne.  Line L could be 
thought of as an extension to Line K as it extends from the Santo Domingo Savio Station on 
Line K to the Parque Arvi area. However, the two lines have separate operations; therefore, 
Santo Domingo Savio Station is considered a transfer station that connects the two lines 
(see Figure 2-18). Unlike Medellin’s previous two cable lines, Line L requires an additional 
fare to ride. To access Line L, passengers must disembark at the Santo Domingo terminal of 
Line K and cross over to another station and board Line L. Nevertheless, transfers are 
relatively hassle-free due to an elevated cross-over connecting the two lines.23 Table 2-10 
shows the service characteristics of the Medellin Metrocable. 
 
 
 
 
 
 

                                                             
21 The Gondola Project. http://www.gondolaproject.com. Accessed July 3, 2011. 
22 The Gondola Project. http://www.gondolaproject.com. Accessed July 3, 2011. 
23 The Gondola Project. http://www.gondolaproject.com. Accessed July 3, 2011. 
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Figure  2-17: Medellin Metrocable Route Map 
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Figure  2-18: Santo Domingo Transfer Station 

 
 
 

Table  2-10:  Service Characteristics of the Medellin Metrocable System  
 Line K Line J Line L 
Line Length (m) 2789 2072 4595 
Line Speed (km/h) 18 18 22 
Peak Period Headway (min) 12 12 65 
Cabin Capacity (pers) 10 10 10 
Transport Capacity (pers/h) 3000 3000 550 
Number of Cabins 93 119 70 

 
 

 
2.7.4 Caracas Metrocable, Venezuela 

 
The city of Caracas, Venezuela, is located in a narrow mountain valley and, similar to 
Medellin, has impoverished and poorly connected hillside barrios. In contrast to Medellin, 
the Caracas aerial tramway system was originally built in 1952; the system remained open 



70 
 

until the end of the 1970s when political and economic strife caused the government to 
neglect both the hotel and tramway.24 
 
The original Caracas aerial system had four stations and two sections. The first section ran 
between the city of Caracas (1000 m), and the top of Avila hill (2100 m), while the second 
section started from the Avila station, passed over the town of Galipán and ended in El Cojo 
station in Macuto.  It was not until the year 2000 that the national government gave 
concession to reopen the system to coincide with the new Hotel Humboldt.  The operating 
company (before the concession was revoked) reconstructed the entire first section and the 
state announced plans to further modernize the second section of the system, a task the 
previous operator failed to fulfill.  At the beginning of 2008, the state put their plan into 
action and began the reconstruction of the second section of the system.  Caracas opened 
the new modernized aerial transit system in early 2010. Figure 2-19 shows the three 
Caracas Metrocable lines as part of the Caracas transit system. 
 
 
 

 
Figure  2-19: Caracas Metrocable Route Map 

 
 
 
The Caracas Metrocable uses MDG technology and was built by the Doppelmayr/Garaventa 
Group.  The line has five stations: two terminal stations and three intermediate stations.  
Caracas Metrocable feature enormous stations that included social facilities such as 
gymnasiums, police stations, community centers and markets.  The cost of building the 
system is reported to be $265 million, which includes the cost of the stations/community 

                                                             
24 The Gondola Project. http://www.gondolaproject.com. Accessed July 3, 2011. 
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centers. However, the price of the gondola system itself was only $18 million25. Table 2-11 
shows the service characteristics of the Caracas Metrocable. 
 

 
 

Table  2-11:  Service Characteristics of the Caracas Metrocable System  
Line Length (m) 1800 
Line Speed (km/h) 18 
Peak Period Headway (min) 12 
Cabin Capacity (pers) 10 
Transport Capacity (pers/h) 3000 
Number of Cabins 70 

 
 
One of the most extraordinary aspects of the Caracas Metrocable is its alignment, which 
includes two 90 degree turns at two stations along the route. It is considered the first aerial 
ropeway system in the world to implement a 90 degree turn.  This revolutionary technology 
illustrates the willingness of aerial ropeway manufacturers to adapt to certain 
requirements by improving upon their technology. 26 The system uses a single, passive-
deflection bull wheel at the two 90 degree stations, dramatically reducing the complexity, 
size and cost of the system. Only at the middle station is a second drive wheel utilized. This, 
in essence, means that the Caracas Metrocable is made up of two separate lines where 
vehicles switch automatically from one line to the second at the middle station. 
Additionally, a mechanism was designed into the middle station that allows operators to 
divert vehicles such that they do not automatically switch onto the new line, returning 
instead from where they came.  This configuration creates additional benefit from an 
operations perspective, since in the event that either of the two lines experiences any 
mechanical difficulties; the second line would be able to continue its operations without any 
problem.  

 
2.7.5 Cable of Constantine, Algeria 

 
The Cable of Constantine was opened in 2008 to connect the east and west banks of the city 
of Constantine, Algeria.  The city faced a number of obstacles when it built the system.  The 
first obstacle was that the system required the use of substantial resources especially at the 
terminal sites.  Secondly, there were some mistakes made during the steps prior to starting 
work as the geotechnical and topographical surveys conducted in 2006 underestimated 
some details that have caused problems later. 
 
Nevertheless, the system is popular among the residents, as it carries more than 10,000 
passengers per day.  In fact, the success of the first ART line in Constantine seems to have 

                                                             
25 The Gondola Project. http://www.gondolaproject.com. Accessed July 3, 2011. 
26 The Gondola Project. http://www.gondolaproject.com. Accessed July 3, 2011. 
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encouraged the local authorities to repeat the experience by offering the government to 
create no fewer than four new lines to relieve transportation problems in Constantine 
known for its particularly rugged topography.  One of the proposed lines will link the 
downtown Bekira, and the other will connect the center city to city Daks, two locations 
known for their high density urban development, but especially for their high traffic 
congestion.  The first line will extend over a distance of 5km and will serve a population of 
over 120,000 residents.  The second will cover a distance of 3 km and should greatly help 
relieve the region's traffic problems. 
 
The system, which runs daily from 6:00am to 11:00pm, was built by the 
Doppelmayr/Garaventa Group.   The system has three stations (two terminals and one 
intermediate station).  The first section of the line is 425m long while the second section is 
1091m long, resulting in a total line length of 1516m. The 35 MDG gondola cabins carry 
2,400 passengers per hour and serve 100,000 residents of the northern sector of the city.  
Table 2-12 presents the system characteristics of the Cable of Constantine. 
 
 
 

Table  2-12:  Service Characteristics of the Cable of Constantine  
Line Length (m) 1516 
Line Speed (km/h) 21.6 
Peak Period Headway (min) 22.5 
Cabin Capacity (pers) 15 
Transport Capacity (pers/h) 2400 
Number of Cabins 35 

 
 
 
2.7.6 Ngong Ping Cable Car 360, Hong Kong  

 
Ngong Ping Cable Car is a Bicable gondola system (referred to by its operators as a "cable 
car") linking Tung Chung Town Center (where it connects with Hong Kong’s Mass Transit 
Railway –MTR- Tung Chung station) with Ngong Ping on Lantau Island, with eight towers 
including the stations (see Figure 2-20). The idea of the system came to life in 2000 when, 
following a feasibility study, the Hong Kong government issued an invitation for a 30-year 
franchise on a Build-Operate-Transfer basis for the operation, management and 
maintenance of a gondola system.27 
 
 
 
 

                                                             
27Hong Kong Mass Transit Railway. (2011). “Ngong Ping 360.” <http://www.np360.com.hk> (Jan 22, 2010). 
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Figure  2-20: The Ngong Ping Cable Car System 

 
 
 
Construction of the Cable Car Project started at the beginning of 2004 and the system was 
opened in November 2006. The system is owned by the MTR Corporation, the operator of 
Hong Kong's rail system, with a length of 5.7 km, which provides a 25 minute aerial 
alternative to the current one-hour journey by road. The line uses a continuous circulating 
Bicable gondola ropeway system.  Between the Tung Chung and Ngong Ping Terminals, the 
system changes direction twice at the two angle stations.  The gondola cabins are 
temporarily detached from the cables at each angle station; there are no passenger loading 
or unloading facilities at these points.  The system is supported by eight towers.  The cabin 
has a modern design with seating for 10 and standing room for another seven.  It also 
incorporates features to meet the needs of disabled passengers, including elderly and 
wheelchair users.  The system has a capacity of 3,500 people per hour in each direction28. 
Table 2-13 presents the system characteristics of the Ngong Ping Cable Car System. 
 
 
 
 

                                                             
28 Ngong Ping 360. http://www.np360.com.hk. Accessed June 22, 2011. 
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Table  2-13:  Service Characteristics of the Ngong Ping Cable Car System 

Line Length (m) 5700 
Line Speed (km/h) 27 
Peak Period Headway (min) 18 
Cabin Capacity (pers) 17 
Transport Capacity (pers/h) 3500 
Number of Cabins 112 

 
 
 
The system was originally scheduled to open in June 2006, but during the trial-run with the 
maximum of 109 gondola cabins on the cables, a cabin arriving at Ngong Ping station had a 
slight collision with a late departing cabin. The entire system was automatically halted by 
the safety system, leaving 500 volunteers trapped for two hours. The company that 
operates the system stressed that the trials were meant to help identify problems and said 
that there were absolutely no doubts about passengers' safety during the incident.  The 
problem was resolved when the system that controls the spacing of the cabins resumed 
operation without any harm to the passengers onboard.29 

 
2.7.7 Rhine Ropeway, Koblenz  

 
The Rheinseilbahn is a TDG (3S) Gondola system in the City of Koblenz in Germany. The 
system is used to shuttle locals as well as tourists from downtown Koblenz to the location of 
the annual BUGA horticultural show located 1 kilometer across the Rheine River (see 
Figure 2-21). The BUGA is supposed to open in the summer of 2011, but almost a year prior 
to the show’s opening (i.e. 2010), the Rheinseilbahn is already in service. 
 
The system operates at a line speed of 19.8 km/hr, a speed lower than the 30.6 km/h that 
can be achieved by TDG systems. The system has a capacity of 3,700 PPDPH with a cabin 
capacity of 35 persons per cabin. The system characteristics (speed and capacity) are much 
lower that what can be achieved by TDG systems due to the tourist-based nature of the 
system, where tourists prefer lower speeds to enjoy the scenery, and the low ridership 
expected on the system30. Table 2-14 presents the system characteristics of the Ngong Ping 
Cable Car System. 
 
 

 
 

                                                             
29 Leung, W. Ngong Ping 360 Gets Off the Ground at Last. The Standard, Sep. 2006. 
http://www.thestandard.com.hk/news_detail.asp?pp_cat=11&art_id=27609&sid=9978942&con_type=3. 
Accessed July 13, 2011. 
30 The Gondola Project. http://www.gondolaproject.com. Accessed July 3, 2011. 
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Figure  2-21: Rhine Ropeway System 

 
 
 
 

Table  2-14:  Service Characteristics of the Rhine Ropeway System 
Line Length (m) 890 
Line Speed (km/h) 19.8 
Peak Period Headway (min) 34 
Cabin Capacity (pers) 35 
Transport Capacity (pers/h) 3700 
Number of Cabins 18 

 
 
 

2.7.8 Telluride Gondola, USA 
 
Telluride is a ski resort town in southwest Colorado; its partner city, Mountain Village, is on 
the other side of a steep ridge and outside of the box canyon in which Telluride lies31. 
Telluride is a very walkable place and has not expanded inside its canyon. On the other 
hand, its partner city Mountain Village, which was founded in 1995, is the base for the 
Telluride ski resort; the need to connect the two towns while reducing parking and traffic 
problems was a great concern to local authorities32. 

                                                             
31Telluride. Gondola. http://www.telluride.com/telluride/summer-activities/gondola. Accessed July 13, 
2011. 
32Clifford, H. Inside the True Telluride, Feb. 2004. http://articles.cnn.com/2004-02-
05/travel/ski.telluride. Accessed July 13, 2011. 
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Given the location of the two towns, several constraints made it difficult to connect the two 
town through conventional transportation solutions; these constrains included the 
mountainous terrain and the expense of building mountain roads, pollution from 
automobiles and weather conditions. Accordingly, the Telluride Ski and Golf Company 
(Telski) decided that an unconventional transportation alternative was needed to connect 
the two villages together, which led to building a three-leg gondola system to serve the 
resort towns and the ski slopes.  

 
The Telluride Gondola was opened in November 1996, and it provides visitors and locals 
with free, accessible transportation between the towns of Telluride and Mountain Village in 
15 minutes (compared to the 20 minutes’ drive time).  The system has two sections, one 
between Telluride and Mountain Village with one intermediate station called St. Sophia and 
another between the Mountain Village core and services elsewhere in the same town. 

 
The gondola system avoids the constraints of the mountains, weather, pollution from 
automobiles, and the expense of building mountain roads to the national historic district of 
Telluride. This two-mile $16 million project with 32 eight-passenger gondolas increased 
capacity from 80 to 480 people per hour, completely different from the alternate eight-mile 
bus route.  The system was designed for additional gondolas to be added when demand 
increases.  Operating costs of about $3.5 million per year are paid for by a 3% tax on real 
estate transactions. Table 2-15 presents the Telluride Gondola. 
 
 
 

Table  2-15:  Service Characteristics of the Telluride Gondola 
Line Length (m) 4000 
Line Speed (km/h) 17.7 
Peak Period Headway (min) 30 
Cabin Capacity (pers) 4 
Transport Capacity (pers/h) 480 
Number of Cabins 32 

 
 
 
2.7.9 Complexo do Alemao Teleférico, Rio de Janeiro, Brazil 

 
As part of public works initiatives ahead of the 2016 Olympic Games in Rio, Brazil’s 
government has invested $74 million for the third cable propelled urban transit system in 
South America, following the success of Medellin and Caracas discussed earlier.  The 3.4-km 
line connects to the Complexo do Alemão, a group of shantytowns on hillsides in the city’s 
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north, with a total travel time of 16 minutes33. The Teleférico do Complexo has six stations, 
and the line capacity is 3,000 passengers per hour per direction, using 152 gondolas 
carrying ten passengers each.  The gondola system contributes to the pacification of the 
serviced area, which was recently freed from drug traffic control, and it provides an efficient 
transportation mode in an area with steep, narrow, winding passageways34. The 
significantly reduced travel time from about one and half hours to a nearby commuter rail 
station is beneficial to the community35. Table 2-16 shows the service characteristics of the 
Teleférico do Complexo. 

 
 

Table  2-16:  Service Characteristics of the Complexo do Alemao Teleférico 
Line Length (m) 3400 
Line Speed (km/h) 21.6 
Peak Period Headway (min) 12 
Cabin Capacity (pers) 10 
Transport Capacity (pers/h) 3000 
Number of Cabins 152 

 
 
2.7.10 Sentosa Island Gondola, Singapore 

 
Originally opened in 1974, the Sentosa Island Cable Car carries mostly tourists from Mount 
Faber on Singapore’s south shore, across the harbor to Sentosa Island, a popular recreation 
destination; locals have a boardwalk and monorail as cheaper alternatives, hence the mostly 
tourist ridership. This gondola system was pioneering in being the first to span a major 
harbor and the first to implement an intermediate station within the envelope of a 
skyscraper.  It is 1.7-km long, has a capacity of 2,000 passengers per hour per direction, and 
a vehicle capacity of eight and maximum operating speed of 18 km/h. Table 2-17 shows the 
service characteristics of the Teleférico do Complexo. 

 
 

Table  2-17:  Service Characteristics of the Sentosa Island Gondola 
Line Length (m) 1650 
Line Speed (km/h) 14.4 
Peak Period Headway (min) 15 
Cabin Capacity (pers) 6 
Transport Capacity (pers/h) 1400 

Number of Cabins 81 
 

                                                             
33Maclean’s Magazine. http://www2.macleans.ca. Accessed July 5, 2011. 
34 Gokandy. http://nav.gokandy.com. Accessed July 5, 2011. 
35Wired Magazine. http://www.wired.com. Accessed July 5, 2011. 
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The system reflects its surroundings, as it moves from a dense urban environment, to an 
industrial area, and then to a resort area.  It recently underwent an overhaul, converting 
from an old BDG system to a contemporary MDG system, using a single cable for both 
propulsion and support and requiring significant changes to pre-existing towers and 
stations.  The overhaul cost $26 million, with $18 million for electro-mechanical parts.  A 
unique VIP cabin can now be booked for a more luxurious trip36. 
 

2.7.11 Other Planned ART Installations 
 
2.7.11.1 London, United Kingdom 

 
The United Kingdom’s first urban gondola system, funded upfront by Transport for London, 
will cross the River Thames, from Greenwich Peninsula to the Royal Docks, stretching 1.1 
km. It will have a capacity of up to 2,500 passengers per hour, using 34 gondola cabins.  
Completion is target for summer 2012 before the London Olympic Games.37  The system will 
have only two stations and will be intended mainly for tourists; although London’s pay-as-
you-go Oyster fare card will be accepted, there will not be physical integration with the 
city’s transit system and a separate fare will be required for the gondola line.38 

 
2.7.11.2 Sochi, Russia 

 
Sochi will have more than 20 lifts installed before the 2014 winter Olympics that will take 
place in that Russian city.  The latest lift to be ordered with Doppelmayr is the world’s first 
two-section TDG system, which will be 3,100 m long and 700 m high.  The system, to be 
completed in 2013, connects Krasnaya Polyana to Rosa Khutor Olympic Village and then the 
Rosa Khutor Finish Zone, with a transport capacity of 4,500 passengers per hour.  The 
system includes 53 passenger cabins, and it will serve as a back-up to the road leading to 
the Olympic Village with 25 special carriers for the transportation of cars39. 
 

2.7.12 Summary of Case Studies 
 
As explained in the discussion above, each case has its own characteristics and system 
design depending on the technology used. However, it is clear that in all cases, ART was 
implemented because it was deemed a more effective transit mode than conventional 
transit modes in these terrain-constrained urban areas. A Review of the above ART 
implementations reveals that the greatest potential for ART systems has been found to exist 
in the following conditions: constrained financial resources, major natural or artificial 

                                                             
36 The Gondola Project. http://www.gondolaproject.com. Accessed July 3, 2011. 

37 Online PR Media. http://www.onlineprnews.com. Accessed July 5, 2011. 
38The Gondola Project. http://www.gondolaproject.com. Accessed July 3, 2011. 
39Snowboard Club. http://www.snowboardclub.co.uk. Accessed July 5, 2011. 
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obstacles, time constraints, the availability of a straight alignment, the requirement of a 
direct link between two points, and the lack of planned extensive expansions. The 
advantages of installing these systems include low capital, maintenance and operating costs 
and minimal environmental and construction impacts.  The disadvantages include the 
difficulty of expanding the system, the requirement of straight alignments between stations 
for some technologies (i.e. Aerial Ropeways), forced shutdowns by high winds and electrical 
storms, dramatic evacuation techniques, and high insurance premiums. 
 
The fact that most of these applications came to life during the past decade and the success 
of these applications prove that ART is gaining more attention from transit agencies around 
the world that see ART as a viable and feasible transit mode especially in naturally 
constrained urban areas. Moreover, the success of the existing ART applications in the 
urban environment has led to several other ART applications being planned for new 
introduction all over the world In fact, and as explained earlier, some of the existing urban 
ART applications reviewed earlier in this section are being planned for expansion (e.g. 
Caracas, Medellin and Constantine systems) and new systems are in the planning or 
constructions phase such as in London (UK), Hamburg (Germany), Sochi (Russia) and the 
Simon Fraser University Gondola in British Columbia, Canada which has already conducted 
a preliminary feasibility study and – at time of writing – was in the advanced stages of 
public consultation and business case analysis. Table 2-18 presents the system 
characteristics of all the ART systems discussed in this section. For more information on the 
above-discussed systems, please refer to Appendix B. 
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Table  2-18:  Service Characteristics of Some ART Applications around the World 

ART System Country ART Type Opening 
Year 

Line 
Length 

(m) 

Line 
Speed 

(km/h) 

Cabin 
Capacity 

Peak 
Headway 

(sec) 

Offered Line 
Capacity 
(PPDPH) 

Number 
of Cabins 

in 
Service 

Portland Aerial Tram USA Aerial Tram 2007 1005 35.4 78 5 min 936 2 

Roosevelt Island 
Tramway* USA 

Aerial Tram 1976 960 26 126 7.5 min 1000 2 
Dual Haul 

Aerial Tram 2011 960 30 110 7.5 min 1500 2 

Telluride Gondola USA MDG 1996 4000 17.7 4 30 480 32 

Medellin 
Metrocable 

Line K 
Columbia MDG 

2006 2789 18 10 12 3000 93 
Line J 2008 2072 18 10 12 3000 119 
Line L 2010 4595 22 10 65 550 27 

Caracas Metrocable Venezuela MDG 2010 1800 18 10 12 3000 70 

Complexo Do Alemao Brazil MDG 2011 3400 21.6 10 12 3000 152 
Koblenz Cable Car Germany TDG 2010 890 19.8 35 34 3700 18 

Ngong Ping Cable Car Hong 
Kong BDG 2006 5700 27 17 18 3500 112 

Singapore Cable Car Singapore BDG 1974 1650 14.4 6 15 1400 81 
Cable Constantine Algeria MDG 2008 1516 21.6 15 22.5 2400 35 

* The system was modernized in 2010 and was converted to a Dual-Haul Aerial Tram instead of an Aerial Tram 
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3.0 Makkah Transport Conditions       
 

3.1 Introduction  
 

In order to define the role and objectives that ART can have within a multi-modal transport 
system in Makkah, it is important first to understand the existing transport conditions in 
Makkah, and how these conditions might impact/support the introduction of ART in 
Makkah.  Section 3.2 includes a thorough discussion of the existing transport conditions in 
Makkah in terms of the existing road configurations, parking facilities, mass transit services 
as well as other issues that impact the existing transport conditions such as the religious 
events of Hajj and Umrah. Following that, Section 3.3 provides a summary of the proposed, 
planned and ongoing transportation projects that are meant to improve Makkah’s transport 
system. Finally, Section 3.4 presents and discusses the role that ART might play in Makkah 
based on the study team’s understanding of the critical issues that can be solved using ART. 
 

3.2 Existing Transport Conditions in Makkah 
 

This section lays out the existing transport conditions in Makkah, in order to identify the 
transport objectives and gaps that could help determine the role of ART in Makkah. The 
bulk of this section is extracted from the report “Background Material Toolkit” prepared for 
the Center of Research Excellence in Hajj and Umrah40. 
 

3.2.1 Road Network Configuration 
 

Entry to the city of Makkah takes place through 4 passages (gaps) in the surrounding 
mountains.  The passages lead to Mina, Arafat and Ta’if in the northeast; northwest to 
Madinah; west to Jeddah; and south to Yemen.  Makkah’s existing road network includes a 
hierarchy of roads which are classified by the Makkah Municipality into expressway, major 
arterial, minor arterial, collector, and local streets.  The network consists of two distinct 
patterns of radial and ring roads, with the Haram being the central landmark within the City 
(see Figure 3-1).  Four partially completed ring roads connect the radial roads, which 
provide insufficient vehicular capacities.  Makkah’s road network includes a significant 
number of vehicular and pedestrian bridges and tunnels along both the radial and ring 
roads.   
 
Relevant Observation: This phenomenon is a product of the mountainous topography of 
the city as well as the scarce available land in the central area that play a major role in 
defining the available transport options in the city.  Therefore, it is imperative to 
understand the limited road capacity as well as the complex topography of the city when 
planning for any future public transport options.   

                                                             
40 “Parking and Transport Network in Makkah Al-Mukarramah and Al-Masha’er Al-Mugaddassah - 
Background Material Toolkit”. 2010. Prepared by SETS the Ministry of Higher Educatin (KSA). 
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Figure  3-1:  Makkah Road Network 

 
 
 

3.2.1.1 Intercity Road Network 
 

Makkah is connected to other nearby municipalities through a regional network of six inter‐
city roads/highways, namely Jeddah Expressway (west), Old Jeddah Road (west), Sail Road 
(east), Hada Road (east), Madinah Road (north) and Laith Road (south).  Figure 3-2 shows 
the layout of these roads along with the locations of the key hajj sites as well.  One key fact 
that should be mentioned in this context is that during Hajj, designated checkpoints along 
the intercity roads prohibit passenger cars whose drivers intend to make Hajj from 
proceeding to Makkah and direct such cars to park-and-ride (P&R) facilities. 
 
Relevant Observation: These roads are directly related to the public transportation 
network within Makkah, since a great number of visitors to Makkah use these roads to 
access the P&R facilities around the city, where they require mass transit services to 
transport them to the Haram.  Therefore, a fast, reliable and efficient public transport 
service is needed to transport these visitors from the P&R facilities to the Haram, especially 
during the peak seasons (i.e. Hajj and Ramadan). 
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Figure  3-2:  Existing Makkah Regional Road Network 

 
3.2.1.2 Radial Roads 
 

The radial roads from/to the Haram share a common function, which is to provide access 
links from the outskirts of the city to the center (the Haram) across the ring roads (see 
Figure 3-3).  The radial roads are the main feeders to the Haram and generally follow the 
topography of the city.  The bulk of commercial activities in the central area of Makkah 
occur along the major radial roads. 
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Figure  3-3: Radial Roads in Makkah 

 
 
 
The main access roads to the Central Area of Makkah are the following: 

 From the north, Masjid Al-Haram street, a vital commercial road. 
 From the east, Ajyad Al-Sad street. 
 From the west and northwest, Jabal Al-Ka'aba and Umm Al-Qura streets.  This latter 

street has special importance in that it serves most of the traffic originating in 
Jeddah. 

 From the south, Ajyad and Ibrahim Al-Khalil streets. 
 
Relevant Observation: Since these radial roads are the main feeders to the central areas, 
transit agencies currently have these roads as the only option where they can provide 
transit service from the outskirts to the Haram.  Moreover, the radial nature of the road 
network makes it difficult to serve locations that are not centrally oriented, and that need 
direct links without the need to follow road topography.  Therefore, there is an urgent need 
for transit solutions that are not constrained by the radial nature of the road network 
topography, but rather flexible enough to overcome natural barriers and road topography 
to serve corridors in the fastest most direct way possible. 
 



85 
 

 
3.2.1.3 Ring Roads 
 

The center of Makkah, where the Haram exists, is surrounded by three ring roads (see 
Figure 3-1 above).  The First Ring Road deals directly with the Haram and its periphery and 
acts as a peripheral main road that is connected to the central part of the city through 
secondary roads.  Its function is to divert the heavy flow of vehicles from the boundaries of 
the Haram, thus relieving the rim of the Haram of traffic congestion by providing peripheral 
outlets.  This road infrastructure is mostly sunken underground to allow for aboveground 
pedestrian dissipation into zones neighboring the Haram.  Only the southern section and 
part of the northern section of the road have been implemented.  The western section, 
currently incomplete, is planned for construction as part of the Jabal Omar Development 
project. 
 
The Second Ring Road duplicates the function of the First Ring Road at a farther distance 
from the center. This central Ring Road intersects with several roads and feeders to the city.  
It channels the movement of pilgrims to other holy sites without passing through the city.  
The western section of this ring road has not been constructed yet, but Al-Mansour Street, a 
North-South arterial street, acts as the de facto western section.  It is noteworthy that the 
second ring road defines the boundary of the Makkah Central Area. 
 
The Third Ring Road has the southern section only constructed so far, extending from the 
western entrance of Makkah to Kudai Street in the south.  Currently, the main function of 
the Third Ring Road is to distribute traffic incoming from the Jeddah – Makkah Expressway 
to the southern outskirts of Makkah and further east to the Aziziyah district which houses 
large numbers of visitors during Hajj.  It is worth mentioning that the Third Ring Road 
provides access to the large satellite parking facility at Kudai. 
 
Unlike the radial roads, the ring roads do not follow the topography as they pass through 
areas with significant variations in slope and elevation.  Therefore, tunnels are used for long 
sections of these roads.  To the southeast of Makkah lie mainly the residential area of 
Aziziyah and the Holy sites of Mina, Muzdalifah, and Arafat which represent destinations of 
religious activities during the Hajj period.  In this case also, mountainous terrain separates 
central Makkah from the Aziziyah-Mina region.  Therefore, a number of tunnels and other 
roads connect central Makkah to Aziziyah and Mina, and are particularly congested during 
the Hajj period.   
 
Relevant Observation: This issue shows that there is a pressing need for supplementary 
transit service to increase the capacity on these corridors in the high demand seasons of 
Hajj and Ramadan.  Building more tunnels requires huge investment costs as well as long 
period of time to build.  A transit service that is fast to implement with low investment costs 
(like ART) will be a more feasible intermediate solution in this case.   
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3.2.1.4 Masha’er Road Network 
 

Figure 3-4 below represents the road network in Masha’er area where primary, secondary, 
tertiary, and unclassified roads are indicated, along with the shuttle and pedestrian roads. 

 
 
 

 
Figure  3-4: Masha’er Road Network 

 
 
 
3.2.2 Parking 
 

Parking is not ample in the Central District.  The Planning authorities discourage the 
building of large parking areas close to the Haram so as to reduce traffic load on the present 
network.  Substantial amount of parking spaces are planned in new major projects such as 
Jabal Omar (to the west of the Haram), Shamiyah (to the north) and King Abdul Aziz 
Endowment II (to the east).  Additionally, the city is served by some multi-story car park 
within walking distance to the Haram.  They serve mostly people coming from outside 
Makkah where the average stay is about 3 to 4 hours to perform Umrah, attend the Friday 
prayer or attend the Taraweeh prayers during the month of Ramadan. 
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To reduce the number of private vehicles reaching the central area of Makkah during the 
high demand seasons of Hajj and Ramadan, several satellite parking areas in and around the 
city are provided.  These satellite parking facilities, also known as Park-And-Ride (P&R) are 
divided into two types: outer P&R facilities that are used during the Hajj season, and inner 
P&R facilities that are used during Ramadan.  The outer P&R facilities include: Jeddah Road, 
Al-Laith, Al-Hada, Al-Sail, and Al-Jumum.  The inner P&R facilities exist in several locations 
including Kudai, Mahbas Al-Jin, Al-Zaher, Kishla, and Rusayfah.  The capacities of some of 
the larger parking areas are summarized in Table 3-1.  Figure 3-5 represents the location 
of the existing parking lots in Makkah and Masha’ir areas along with the drop off location 
and existing shuttle lines within MCA. 
 
Relevant Observation: Currently, shuttle bus service from the parking lots to the Haram is 
provided.  Very long waiting times and travel times are observed for shuttle buses serving 
many of these parking areas, and are considered to be detrimental to the attractiveness of 
such satellite parking facilities.  Therefore, there is a need for additional transit service in 
order to alleviate some of the pressure on the existing shuttle bus service from the P&R 
facilities to the Haram by providing more transport capacity coupled with lower waiting 
times and faster travel times to the Haram. 
 
 
 

Table  3-1:  Capacities of Existing Parking Lots in Makkah and Masha’er  
ID Location Parking Capacity 
1 Al-Hada Road 12,000 
2 Al-Madinah Road 12,000 
3 A-Leith Road 10,000 
4 Jeddah expressway 12,000 
5 Al-Sayl Road 16,000 
6 Mahbas Al-Jin 3,500 
7 4th Ring Road - Moaisem 4,500 
8 Kishla 2,000 
9 Rusayfah 4,000 

10 Kudai 7,000 
11 Al-Zaher 6,000 

 Total 89,000 
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Figure  3-5: Existing Parking Lots in Makkah and Al Masha’er and drop off areas and 

shuttle lines in MCA 
 
 
 
3.2.3 Mass Transit Services 
 

Bus service in Makkah is provided by the Saudi Arabian Public Transport Company 
(SAPTCO), along the main roads in the city.  A study conducted in 1991 indicated that 22 
bus lines were in operation at that time41.  The study evaluated the services along some of 
these bus lines, and identified a number of operational deficiencies including instances of 
long headways and overcrowding.  Significant differences in demand levels between peak 
(typically before and after prayers) and off-peak times were also observed.   

 
An assessment of the bus network as a whole indicated that all bus lines are radial in nature, 
focusing on the Haram and causing further congestion in the central area.  The radial nature 
of the bus service is influenced by the radial topography of the road network, which limits 
the options that transit agencies have as to where to operate their services.  The lack of 
circumferential lines needs to be addressed in future transport plans. 

                                                             
41 A.  Abdul Majid and S.  Barhamain.  "Evaluation of Mass Transit Operational Services in Makkah Al‐Mukarramah", Hajj 
Research Center, Umm Al‐Qura University, 1411H (May 1991). 
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With regard to transit demand, an earlier report had estimated average daily ridership on 
the bus lines at 75,000 passengers, rising to close to 90,000 on Friday42.  More recent daily 
ridership figures (2001) indicate a significant decrease of daily ridership on all transit lines 
to 8,680 passengers on a regular weekday (off season), 13,800 passengers on a Friday, 
70,000 on a Ramadan day and about 35,000 on a Hajj day. 
 
A more recent study43 evaluated shuttle services between the bus stop in front of King 
Abdul Aziz Gate of the Haram and the Kudai parking facility, using the King's Gate tunnels.  
A ridership level of 5,800 passengers per hour was observed in Ramadan 1415H, with long 
queues and significant waiting times that reached an average of 25 minutes on the 24th of 
Ramadan.  The service was subsequently improved, and average headways of less than 3 
minutes were achieved in Ramadan 1418H, resulting in significant reductions in waiting 
times.  The study recommended the establishment of a mass transit terminal in the Kudai 
parking area so that passengers transported from the Haram to the parking area may be 
transported on bus lines to various areas of the city. 
 
As mentioned in the previous section, shuttle bus service between satellite parking lots and 
the central area is provided, especially during the holy month of Ramadan.  The Al-
Shubaykah shuttle station serves the parking facilities in Rusayfah.  On the other hand, the 
Bab Al-Malek and Bab Ali shuttle stations serve the parking facilities in Kudai and Mahbas 
Al-Jin, respectively (Ramadan only).  Figure 3-6 shows the locations of the stations of the 
shuttle bus service in the central area as well as the routes that the shuttle buses take to 
reach these stations. 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                             
42 Proceedings of Workshop on Hajj Transport, Ministry of Transport and Hajj Research Center, Umm Al‐Qura University, 
1408H (1988), quoted in "Development of the Area Surrounding Al‐Masjid Al‐Haram", First Preliminary Report, Vol.  1, 
Makkah Construction and Development Company and Center for Planning and Architectural Studies, Makkah Al‐
Mukarramah, Kingdom of Saudi Arabia, 1990. 
43 F.  Uthman and H.  Abdul Salam.  "Transport Development in the Bus Station in Front of King Abdul Aziz Gate in the 
Haram", Proceedings of the Workshop on Planning and Management of Transport and Traffic of Cities and Villages in the 
Region of Makkah Al Mukarramah, Jeddah, Kingdom of Saudi Arabia, 1420H (1999). 
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Figure  3-6: Existing Parking Shuttle Services in the Makkah Central Area 

 
 
3.2.3.1 Shuttle Transport in Masha’er 
 

Bus services have been utilized to transport pilgrims between the Hajj venues in Makkah 
and Masha’er, starting on the 7th of Thul-Hijjah to the 13th of the same month.  While some 
pilgrims perform their journeys on foot, buses are utilized to transport a substantial 
number of other pilgrims.  There are two types of bus services, namely: 
 

3.2.3.1.1 Traditional services 
 

 Single-trip bus service (one-batch system): buses in this class make one-way trips to 
transport each group of pilgrims. 

 Dual-trip bus service (two-batch system): buses make two round trips to transport each 
group of pilgrims. 

 
3.2.3.1.2 Shuttle service 

 
Buses make between 3 and 9 round trips.  In Masha’er, this service operates in a two-way 
road dedicated for buses only, without pedestrian interference, which enables more than 
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three round trips to be performed.  In Makkah, however, there no dedicated roads exist, and 
therefore the number of round trips is limited to about three.  The shuttle-bus path during 
Al-Nafrah (Arafat to Muzdalifah to Mina) consists of two loops as in Figure 3-7 below: loop 
1 and loop 2. 
 

 Loop 1 connects Arafat with Muzdalifah for a seven-kilometer distance.  Bus activity 
in loop 1 starts at sunset (around 6 PM) and ends around 2 AM. 

 Loop 2 connects Muzdalifah to Mina for a two-kilometer distance. 
 
 
 
 

 
Figure  3-7: Shuttle Transport Plan among Masha’er Areas 

 
 
 
Currently, there is a vision that by 1435H, all pilgrims shall be served by high-quality shuttle 
transport services to help them perform the rituals with ease and serenity.  The following 
phasing plan was conceived by the coordination committee for shuttle transport services: 
 

 Phase 1, 1416 – 1419 H: serving the pilgrims of Turkey, Europe, America and 
Australia (245,000 – 319,200 pilgrims) 
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 Phase 2, 1421 – 1424 H: serving the pilgrims of Southeast Asia (300,000 – 384,000 
pilgrims) 

 Phase 3, 1427 – 1431 H: serving the pilgrims of Iran and non-Arab African nations 
(260,000 – 312,000 pilgrims)  

 Phase 4, 1431 – 1435 H: serving the pilgrims of Southern Asia and Arab countries 
(800,000 – 1,030,800 pilgrims) 

 Phase 5, 1431 – 1435 H: serving the pilgrims of KSA and other gulf states (700,000 –
954,000 pilgrims) 

 
The committee updated the operational plans of the shuttle transport services to be 
consistent with the alignment of the Masha’er Rail. 
 
Relevant Observation: Currently, bus routes are the only form of public transit existing in 
Makkah, which makes it very difficult to effectively serve pairs of geographically 
constrained areas using buses.  An assessment of the bus network indicated that all bus 
lines are radial in nature.  This issue need to be addressed in future transport plans as the 
city cannot rely only on radial bus routes and ignore the demand on other corridors that are 
not radially-oriented.  The need for circumferential lines that reduce flows through the 
central area and provide direct connections between city areas without transfers should be 
addressed. 
 
Moreover, shuttle bus service is the only form of public transit that exists between the 
satellite parking lots and the drop-off locations in the central area.  Therefore, there is an 
urgent need for more capacity to be provided along these corridors to reduce the waiting 
times at the parking facilities and transport more people in less time. This is particularly 
important for special groups such as the elderly, handicapped, women, emergency 
personnel, etc. 
 

3.2.4 Pedestrian Flows 
 

Pedestrian movements comprise a critical element and a primary access mode in the 
Makkah central area.  Large numbers of pedestrians head towards the Holy Haram at 
different times, including the five daily prayers, and particularly during the Ramadan and 
Hajj seasons.  Due to the limited capacity of roads leading to the Haram, many worshippers 
park their cars around the central area before prayer times and head towards the Haram on 
foot. 
 
The last 10 days of Ramadan represent one of the busiest periods of the year for the area 
around the Haram as the faithful converge to pray at the Haram.  On the night of the 27th of 
Ramadan (i.e. starting after the sunset on the 26th of Ramadan), the number of worshippers 
exceeds the Haram capacity.  As such, the peak pedestrian and crowd movement reaches its 
peak on the two days of 26th of Ramadan and 7th of Thul-Hijjah one day before the pilgrims 
move from Makkah to Mina.  Pedestrian counts and statistics have indicated that the scale of 
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peak pedestrian flows is similar during these two days, reaching close to 366,000 persons 
(in and out of the Haram) during the peak hour.  In Ramadan, this peak hour occurs as 
worshippers exit the Holy Haram following the nightly prayer (Taraweeh). 
 
Figure 3-8 presents the distribution of trip ends for pedestrians accessing the Haram.  It 
may be observed that close to 74% of the trip ends lie within a circle of radius 1,150m.  
Figure 3-9 illustrates the main arteries used by pedestrians to reach the Holy Haram as 
observed during the pilgrimage season of 1414H (2003G).  It may be observed that close to 
20% used Masjid Al Haram Street (northeast), while 36% approached the Haram from the 
south and southwest.  At the same time, 22% approached the Haram from each of the 
west/northwest and the north (Bin Zubair, Raqoubah, and Jaoudrieh streets).  These 
pedestrian flows are expected to increase in the next 20-25 years by close to 50% due to the 
major, large-scale development projects that are planned or proposed in the Makkah 
Central Area (MCA), possibly reaching as high as 555,000 persons during the peak hour. 
 
Relevant Observation: An analysis of the pedestrian arteries used to access the Haram has 
indicated that the Level of Service (LOS) is either E or F along these paths if sidewalks only 
are used by pedestrians, clearly demonstrating the need for interventions to improve such 
LOS.  In addition, pedestrian studies indicated that the MCA lacks appropriate walkways 
and sidewalks that can provide the desired capacity and LOS.  Therefore, having a transit 
service that does not interact with pedestrians (i.e. ART) will not only provide faster travel 
times but also improves the LOS for pedestrians as it will reduce vehicular traffic along 
these corridors.   
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Figure  3-8: Distribution of Haram‐bound pedestrian trip ends by neighborhoods around Haram 
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Figure  3-9: Arteries used by pedestrians to reach Holy Haram  

 
 
 

3.2.5 Characteristics of Hajj and Umrah 
 

This section provides an overview of the rituals of Hajj and Umrah as well as the current 
travel and personal characteristics associated with the Hajj and Umrah activities in Makkah. 

 
3.2.5.1 Hajj Period 
 

3.2.5.1.1 The Process and Rituals of Hajj 
 
The Hajj rituals take place at the Haram and the Holy Sites (Al-Masha’er Al-Muqadasah) 
which lie to the southeast of the Haram and include three distinct areas: Arafat (20 kms 
from the Haram), Muzdalifah (13 kms from the Haram) and Mina (6 kms from the Haram).  
Figure 3-2 depicts the location of the pilgrimage venues in Makkah. 
 
The Hajj rituals take place every year between the 8th and 13th of Thul-Hijjah.  Most of the 
pilgrims arrive in Makkah during the first 6 to 7 days of the month of Dhul-Hijjah for their 
initial religious activity at the Haram, thereby making several trips to and from the Haram 



96 
 

each day.  The remaining 30 percent are pilgrims from Saudi Arabia reaching Makkah 
primarily by large-capacity individual vehicles on the eighth day.  Since most pilgrims from 
international and regional countries travel in groups, the typical mode of land 
transportation into Makkah is buses. 
 
Starting on the eighth of Thul-Hijjah, pilgrims leave Makkah heading towards Mina before 
Noon Prayer.  On the ninth of Thul-Hijjah, pilgrims leave Mina after Dawn Prayer for the 
plain of Arafat for the Wuquf, which is the central rite of the Hajj.  Just after sunset, the 
pilgrims proceed en masse to the valley of Muzdalifah, which is an open plain area about 
halfway between Arafat and Mina.  This mass movement of more than two million pilgrims 
takes place on buses and foot, and it always results in a traffic jam of massive proportions. 
 
After the Dawn prayer of 10th of Thul-Hijjah, the pilgrims move en masse from Muzdalifah 
to Mina to cast the pebbles at Jamarat Al-Aqaba.  It is noteworthy that some classes of 
pilgrims (e.g. the old, sick) may elect to depart Muzdalifah before the dawn of the 10th of 
Thul-Hijjah.  Pilgrims sojourning in Mina visit Makkah to perform Tawwaf Al-Ifada.  Pilgrims 
then return to Mina, where they stay up to the 12th (or optionally the 13th) day of Thul-
Hijjah.  The exodus from Makkah usually takes place between the 14th and 20th of Thul-
Hijjah. 
 
Relevant Observation: In terms of transport demand, the Hajj season takes place between 
the 1st and the 20th of Thul-Hijjah.  Between the 1st and the 7th, the highest demand corridor 
is the Hajj P&R facilities – Haram (MCA) corridor.  Between the 8th and the 13th, the highest 
demand corridor is the Haram (MCA) – Masha’er corridor.  Between the 14th and the 20th, 
the highest demand corridor is the Haram (MCA) – Hajj P&R facilities corridor.  Therefore, it 
is important to acknowledge the temporal and spatial variation of the highest demand 
corridors during the Hajj season when planning for ART in Makkah. 

 
3.2.5.1.2 Hajj: Personal and Travel Characteristics of Pilgrims 

 
While most pilgrims come from outside KSA, many are residents of the kingdom.  In 1423H, 
nearly 1.4 million travelled from outside KSA to perform Hajj, while about 1 million 
residents of KSA performed Hajj in the same year.  About half of the KSA-resident pilgrims 
came from the Makkah region while the remaining half came from other parts of KSA.  In 
1427H, about 36% of the domestic pilgrims came from the Makkah region and 24% from 
the Riyadh region.  Most pilgrims perform Hajj by joining organized groups (called 
“Hamla”).  Many travel agencies and organizations around the world offer Hajj travel and 
accommodation packages, the subscription to which typically involves travelling with a 
group of pilgrims and enjoying various Hajj-related services (such as travel, 
accommodation, logistical support, spiritual guidance, etc.).  Typically, about 60% of the 
pilgrims belong to an organized group.   
Public transit is the main mode of transportation for pilgrims’ travel into Makkah.  In 
1426H, about 94% of the pilgrims used mass transport to travel into Makkah, with buses 
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accommodating 90% of the visiting pilgrims and other for-hire vehicles (such as taxis) 
accommodating 4%.  In 1427H, about 90% of the pilgrims used mass transport to travel 
into Makkah, with the bus share declining to 66% of travelling pilgrims and the share of 
other for-hire vehicles increasing to 24%. 
 
During their stay in Makkah, the visiting pilgrim makes on average 5.1 trips per day.  In 
comparison, the average resident of Makkah makes about 1.67 trips per day during the Hajj 
season.  The use of mass transportation during Hajj is fairly high, particularly by visiting 
pilgrims.  In 1424H, 93% of the visiting pilgrims used mass transport while the 
corresponding percentage for the domestic pilgrims was 39%. 
 

3.2.5.2 Umrah 
 

3.2.5.2.1 Umrah Rituals 
 
Most pilgrims either precede or follow Hajj with Umrah, usually referred to as the lesser 
pilgrimage.  The Umrah, unlike Hajj, takes place only in the Haram itself and can be 
performed at any time of the year.  However, the “season of Umrah”, when international 
visitors are eligible to apply and receive Umrah visas, stretches for 9 months of the year, the 
exception being Shawwal, Thul-Qidah and Dhul-Hijjah.  The Umrah season culminates with 
Ramadan, when Makkah experiences large volumes of visitors similar in magnitude to Hajj 
volumes.  Performing Umrah takes only about three to four hours in the Haram. 
 
Relevant Observation: In terms of transport demand, the most important Umrah season 
occurs during Ramadan.  During this season, the highest demand corridor is the Ramadan 
P&R facilities – Haram (MCA) corridor. 
 

3.2.5.2.2 Umrah Personal and Travel Characteristics 
 
Unlike hajj, the rituals of Umrah can be performed at any time of the year, but many choose 
to make Umrah in the month of Ramadan.  By far, the highest volume of Umrah performers 
occurs in the last 10 days of Ramadan, specifically on the night of the 27th.  The number of 
Umrah performers has been on the rise for the past two decades, with nearly 2.8 million 
performing Umrah in 1425H compared to 0.5 million in 1408H.  In Ramadan, the number of 
Umrah performers in 1423, 1424 and 1425 were 0.81, 0.76 and 1 million, respectively.  In 
fact, in 1425H, the number of Umrah visitors was about 2.78 million persons, of whom 38% 
visited during Ramadan and 21% during Sha’ban.  This number is projected to grow to 
nearly 3.28 million persons by 1440H and 4.2 million persons by 1450H.  In 1420H, nearly 
78% of Umrah visitors during Ramadan arrived in Makkah in the 3rd week of the month.  
About 36% of all Umrah performers during Ramadan are from outside KSA, 39% from 
Makkah and 25% from other parts of KSA.   
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The Umrah visitors (particularly from other countries) spend between 1 and 2 weeks in 
Makkah, with some spending even longer than 3 weeks.  In 1420H, 28% spent one week, 
35% spent 2 weeks, and 24% spent 3 weeks.  Similar to Hajj, Umrah visitors rely heavily on 
mass transportation to travel to Makkah.  In 1424H, about 84% of the Umrah performers 
used mass transportation to travel into Makkah (61% by bus and 23% by hired 
transportation).  In Ramadan, the numbers increase slightly (87 use mass transportation for 
inbound travel, 61% by bus and 26% by hired transportation). 
 
The visiting Umrah performers from outside the KSA rely mainly on mass transportation for 
travel within Makkah.  About 46% use for-hire transportation to travel within Makkah, 34% 
use bus transportation provided by the travel agency and 10% use private vehicles.  On the 
27th of Ramadan, 58% of the Haram visitors arrived on foot. 
 

3.2.6 Other Issues 
 
The proposed expansion will expand the Haram in the Shamiyah region, which lies to the 
north of the Haram.  This new expansion is viewed to convert Al-Haram Al-Sharif from its 
current irregular shape into a circular shape structure with a radius of approximately 660 
m, to allow future expansion.  The total Haram capacity with the expansion is expected to 
accommodate up to 1.2 million worshippers. 
 
 

3.3 Potential Improvements in Makkah Transport and Mobility Systems 
 
The central challenge to the mobility and transport system of Makkah is posed by the 
severely constrained activities that take place during the peak seasons of Hajj and Umrah 
(particularly in the month of Ramadan).  Not only do such mega-scale events occur at 
specific times on specific days of the year with very little time flexibility, but they also 
consist of prescribed rituals performed at specific locations which are characterized by 
limited space (particularly that of the Haram area) and challenging topography. 
 
As explained before, the rituals of Hajj and Umrah are somewhat different, and so are the 
associated activity locations and movements.  During the Hajj season, the major activities in 
Makkah are concentrated in the Haram and Masha’er areas.  In contrast, the main activities 
of Umrah are focused in the Haram area only.  In the special Umrah season of Ramadan, the 
Taraweeh prayer represents a peak event that draws almost all Umrah visitors and many 
residents to the Haram area.  On the 27th night of Ramadan after Taraweeh prayer, 
considered the peak of the peak, the Haram area experiences its highest traffic and 
pedestrian demand of the year. 
 
The mobility challenges in Makkah are further compounded by its limited and sub-standard 
transport infrastructure and services.  Several studies have discussed the issues and 
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challenges with regards to the transport supply/services and the associated 
planning/management activities.  They can be summarized in the next few paragraphs.   
 
The core road network consists of four ring roads that are partially complete and a set of 
radial arterials, each with limited capacity.  With such characteristics, the road network 
provides users with poor connectivity between various city locations, and it suffers from 
low levels of operational efficiency.  The existing parking lots offer capacity levels that fall 
extremely short on meeting the traffic parking demand, particularly during the peak 
seasons. 
 
While bus transport services are available in the central area of Makkah, they provide 
customers with limited network coverage and poor quality of service characterized by low 
speed and reliability, long waiting times, very crowded conditions and lack of user 
information.  The bus terminals in the Haram area are of limited capacity, contributing 
further to the poor transit system quality.  Operating in shared rights of way, buses in the 
Haram area are repeatedly impeded by private vehicles and taxis stopped for picking up 
and dropping off passengers.  These issues, coupled with the rise of pilgrim 
accommodations outside the central area, have accentuated the need of overhauling the 
transit system and introducing high performance transit modes.  One of the challenges to 
the introduction of such improvements relates to the difficulty of land acquisition for future 
transit stations. 
 
In the absence of viable alternatives to private vehicles and taxis, walking is a major mode 
of access to and from the Haram.  However, pedestrians have no exclusive facilities to use 
and as a result they have to share the street right of way with vehicles, with obvious safety 
issues and problems.  While sidewalks can accommodate some pedestrians, they have 
limited width and the pedestrian flow is usually interrupted by the scattered street vendors 
selling their goods on the sidewalks. 
 
In summary, the planning and management of transportation in Makkah is faced with 
several problems, some of them inadvertent while others are not.  These problems can be 
summarized as follows: 
 

 The construction of large-scale mixed-use developments in the Makkah Central Area 
impedes pedestrian and vehicle movements to/from the Haram. 

 The central area, despite its central position in Makkah, lacks a strategic Master plan 
for integrated transportation and land use. 

 The increased visitor accommodation outside the central area is causing changes in 
overall travel patterns. 

 The acquisition of lands in the central area for public projects is rather challenging 
due to complex ownership issues. 

 There is a lack of integration and synergy among transportation solutions. 
 



100 
 

As can be imagined, the above issues and challenges have serious impacts not only on 
mobility and accessibility but also with respect to safety, security, equity, sustainability and 
economy.  The vulnerability of the existing transport and land use system to safety and 
security threats is of prime concern.  In particular, pedestrian safety is a major concern due 
to the life‐threatening overcrowding levels and to the disorderly mixing of pedestrians with 
vehicular traffic.  The nature and intensity of the Hajj and Umrah events pose major security 
risks that are extremely difficult to manage under the existing prevailing conditions.  Such 
security risks include fire, terrorism, robbery, riots, etc.  The severe congestion levels, 
particularly in the central area, give rise to acute and undesirable environmental and health 
conditions characterized by severe levels of air and noise pollution.   
 
Last but not least, the importance of equity issues cannot be overstated.  Since the 
composition of Hajj and Umrah visitors is extremely heterogeneous with regards to age, 
health, income, ethnicity, culture, language, etc., it is crucial to cater to the needs of the 
vulnerable groups such as the elderly, the physically disabled, the poor and those who 
cannot speak Arabic or English.   
 
Given the current status of the transport system in Makkah, there is a significant need for a 
transport strategy that addresses the challenges and problems associated with this system.  
Accordingly, several initiatives have been recommended, proposed or underway to address 
some of these challenging issues.  The following sections provide a summary of these 
initiatives. 
 

3.3.1 Makkah Structural Plan 
 

The aim of the Makkah Structural Plan is to provide a framework for guiding the growth and 
development in Makkah to the horizon year of 1450H.  The plan was founded on a set of 
principles which reflect the higher goals and needs of the city.  The following is a summary 
of the key principles relevant to this study. 
 

 Recognize explicitly the connection and relationship of the central area of Makkah 
with the other holy sites so as to provide the pilgrims with an integrated system for 
performing the various rituals of hajj. 

 Observe and ensure consistency with the topographic features of Makkah. 
 Dedicate the areas surrounding the Haram and delineated by the first Ring Road as a 

pedestrian-only car-free zone. 
 Locate terminal transportation stations and collective waiting areas beyond the 

mountains that surround the Haram, and provide shuttle bus lines between these 
locations and the Haram. 

 Consider the first Ring Road as the terminal boundary for vehicular traffic and a 
distributor onto the radial roadway axes. 
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 Adopt a comprehensive approach to the planning and development of the central 
area, taking into consideration the ongoing property development projects and 
ensuring effective connection with neighboring urban locations. 

 Encourage urban development at the city outskirts and provide various public 
transit services (including rapid transit) to connect these areas with the Haram and 
holy sites. 
 

Based on the above principles, a set of alternative scenarios were formulated and evaluated, 
leading to a number of principal decisions, including the following transport-related ones: 
 

 Complete the development of the ring roads in an integrated road system with the 
radial roads that should serve as collectors of traffic in the central area. 

 Surround distinct urban developments with local ring roads which should be 
connected with the ring roads that surround the Haram. 

 Provide, in the medium term, non-conventional rapid transport modes in Makkah 
and the holy sites. 

 Establish principles to develop various mountainous areas and to minimize rock 
cutting in construction of new developments. 

 Establish connection between suburban areas with flat topography and the city 
center using rapid transport modes.   

 Adopt an approach of directed and focused development taking into consideration 
the prevailing topography. 

 
Also, the updated structural plan includes the following transport-related general directions 
pertaining to the Masha’er area (i.e. Mina, Muzdalifah and Arafat): 
 

 Use innovative solutions to utilize and develop the mountain valleys in Mina that are 
amenable to development in order to increase the capacity of this holy site.   

 Find and develop access links between Mina and the Aziziyah area as well as 
between Mina and north of Mountain Thabeer.   

 Establish a general system of shuttle bus lines between the three holy sites and 
Madinah through two-way freeways. 

 Separate pedestrian movements from vehicular roadways 
 Construct a tunnel or an elevated roadway for emergency purposes and services, 

starting from Arafat and ending outside the holy sites.  It should connect with the Al-
Taif Road in southeast, the Third Ring Road and extending to the King Faisal 
Hospital in the northwest. 

 Prohibit parking of buses inside the holy sites, and construct bus parking lots 
outside the religious limits of the holy sites. 

 In the long term, develop an elevated rapid transit link that parallels the main 
pedestrian path, starting from the regional rail station at the border of Arafat, 
passing by the three holy sites and terminating at the Haram (i.e. Masha’er Rail Line) 
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3.3.2 Future Land Use and Transportation Plans 
 
Several efforts are underway to develop comprehensive transportation and land use plans 
for the City of Makkah as a whole and its central area in specific.  Those studies are 
predicated on the principles of the Makkah Structural Plan, with the grand aims of 
emphasizing the spiritual character of Makkah, recognizing the religious status and 
significance of the Haram, respecting the topography of Makkah, and enhancing the spiritual 
experience of the Haram visitors as they arrive and depart.  Those planning efforts center 
around the key concept of creating an urban form of low-density low-rise developments 
around the Haram and multiple high-density nodes of mixed-used developments at greater 
distances from the Haram, with a network of rapid transit (likely Metro) connecting the 
high-density developments radially with the Haram and peripherally with one another.  The 
considered Metro network will be integrated with the Masha’er line between Arafat and 
Mina, currently under construction, and the planned High Speed Rail terminal on the west 
side of Makkah.  The metro stations will be at reasonable distances away from the Haram to 
avoid overcrowding effects which are likely to be experienced near the Haram.  All stations, 
particularly those closest to the Haram, will include platform doors and other schemes to 
manage passenger movements inside and outside the stations. 
 
In addition to metro, semi-rapid transit (such as BRT) is being proposed to provide 
additional surface transit capacity.  The high-capacity transit lines are envisioned to run 
along radial corridors in partial or exclusive right of way, terminating at drop-off stations in 
the central area at one end and at park-and-ride lots at the other end.  A two-tier system of 
park-and-ride lots is being considered, the inner tier catering to short-term visitors while 
the outer tier planned for visitors staying longer.  ITS technologies and services will direct 
incoming drivers to appropriate parking lots.  The design of parking lot locations and sizes 
is conceived as a demand management strategy to balance traffic flows across the radial 
corridors. 
 
While the ring roads are expected to be completed, in accordance with the Makkah 
Structural Plan, traffic access to the inner city area will likely be restricted, particularly 
during the peak seasons of Hajj and Umrah.  The inner ring roads and radial streets in the 
central area will serve mainly internal resident traffic and service and emergency 
operations.  A modern intelligent transportation system is envisioned to play a key role in 
managing traffic across the road network. 
 
The immediate access to and from the Haram will most likely be exclusive to pedestrians.  It 
is conceived to have dedicated pedestrian corridors that connect the gates and access points 
of the Haram with nearby developments and with transit stations.  The width of individual 
corridors will be designed in a manner that ensures effective crowd management. 
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3.3.3 Haramain High Speed Rail  
 

The Haramain High Speed Rail will connect the cities of Makkah, Jeddah and Madinah.  The 
project details are as follows: 

 
3.3.3.1 Alignment Corridor 
 

 The line starts at a terminal station east of third ring road in Makkah, and extends 
through Bahrah until the Haramain road in Jeddah, where a central station will be 
located.  The alignment then extends north to King Abdul Aziz Airport station.   

 The line then extends until it reaches King Abdullah Economic City, where a station 
is located.  The line runs it connects to the terminal station at the Knowledge 
Economic City development in Madinah (see Figure 3-10). 
 

3.3.3.2 Technical Data 
 

 450km long 
o Makkah – Jeddah 77 kms 
o Jeddah-Rabigh 188 kms 
o Rabigh – Madinah 185kms 

 Design speed 350 km/h 
 Running speed 300 km/h 
 Journey times 

o Jeddah - Makkah 30 minutes 
o Jeddah - Madinah 120 minutes 

 State-of-the-art signaling and communication system 
 There are 5 stations, at the following locations: 

o Makkah 
o Jeddah Central 
o King Abdul Aziz Airport 
o King Abdullah Economic City 
o Madinah 

 Opening year 2012 
 Design year 2042 
 Design capacity to meet non-Ramadan Friday volumes 
 12 journeys per hour between Jeddah & Makkah at peak (12000 passenger per 

hour) 
 3 journeys per hour between Jeddah & Madinah at peak 
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Figure  3-10: Haramain High Speed Rail Alignment and Station Locations 

 
 
 
3.3.4 Masha’er Rail 

 
This rapid rail transit system connects the Holy sites of Mina, Muzdalifah and Arafat, as well 
as provides a link between the three holy sites and Makkah.  A study was conducted by the 
Central Directorate for Development Projects in the Ministry of Municipal and Rural Affairs 
in collaboration with various concerned authorities, and concluded that an elevated rapid 
rail transit will be an efficient mode of transport for pilgrims between the Masha’er, which 
can operate as an alternative to or in combination with the existing bus services.  The 
Masha’er Rail is designed to help accommodate the continuously growing number of 
pilgrims.  The project details are as follows: 
 

3.3.4.1 Rail Lines 
 

 Five proposed rail lines connecting the holy sites with one another and with Makkah 
(as shown in Figure 3-11) 

 Construction of the southern rail line started in July 2009G and operation of the line 
started during the 2010G Hajj season. 



105 
 

o The line includes 9 stations: 3 in Mina, 3 in Muzdalifah and 3 in Arafat (see 
Figure 3-12) 

o It is estimated to replace 35,000 cars and buses 
 The rail system will remain in operation all year round and will be used to access 

the Haram and Makkah Central Area. 
 It is proposed to extend the future lines to the Holy Haram and introduce a rail 

station at that location. 
 It is also proposed to extend the southern rail line to Jeddah Airport, with an 

elevated alignment above the Jeddah Expressway over an 80 Km length. 
 

3.3.4.2 Planning and Design Principles 
 

 Elevated rapid rail transit that extends over existing roads on a pier supported 
structure, with the piers constructed in the road median. 

 Stations are also elevated with 2 waiting areas per station (station capacity=3,000 
pilgrims). 

 The pilgrims using the rail system are dropped off at the fourth level of the Jamarat 
Bridge Structure to ease the burden on the first floor. 

 Private vehicles are required to park near the rail stations.  Park and ride facilities 
are provided. 

 Walking distance from the Mina Camps to the station does not exceed 300m. 
 Built and planned rail corridors will avoid passing through the Mina Camps. 

 
3.3.4.3 Technical Data 

 
 Rail has the ability to reach a speed of 120Km/hour 
 Headway 2-3 minutes, could be reduced to 1.5 minutes depending on passenger 

loading/unloading times 
 Estimated rail capacity ranges: 

o For 6 hours of operation and 3 minute headway: 20 trains/hour X 12 
wagons X 250 passengers X 6 hours = 360,000 pilgrims 

o For 8 hours of operation and 2 minutes headway: 30 trains/hour X 12 
wagons X 250 passengers X 8 hours = 720,000 pilgrims 

 It should be mentioned that during the first year of operation, the Southern line 
operated with lower capacity than the estimated capacity ranges mentioned above.  

 It is anticipated to be able to transfer 5 million pilgrims per day on the five rail lines 
(considering 10 hours of operation). 
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Figure  3-11: The 5 Proposed Masha’er Lines 

 
 
 

 
Figure  3-12: Southern Rail Line [Arafat‐Muzdalifah‐Mina] (3 stations in each) 
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Relevant Observation: There are several proposals to build rapid and semi-rapid transit 
services in order to try to solve the existing and future transport problems, given the 
expected rise in demand due to the increase in the number of Makkah residents and 
visitors.  However, the applicability and feasibility of the proposed transport solutions 
might depend on external factors like the Zamzam Aquifer which might prevent the 
construction of some or all the metro lines, or the major developments in the central area, 
that either under construction or planned, which might hinder the feasibility of building a 
metro.  On the other hand, even if these proposals and recommendations were to be 
adopted, the construction and development of some of these projects might take more than 
several years to be in place.   
 
Moreover, several recommendations of the structural plan (such as the need to minimize 
rock cutting, respect the topography, introduce innovative solutions, connect Aziziyah and 
Mina, etc.) are recommendations that can be accommodated by using ART in Makkah. In 
this case, ART might present a feasible temporary transport alternative that can operate 
until the construction of the metro lines is complete; given it is relatively low capital and 
operation cost and its fast implementation times.  Even after the construction of the metro, 
the ART lines can continue its operation as a supplementary public transport mode that 
provide additional capacity to that of the metro and BRT. 

 
3.4 Roles and Objectives of ART in Makkah 

 
3.4.1 Introduction 

 
The previous sections discussed the status and limitations of the existing transport system 
in Makkah.  Moreover, the discussion shed some light on the recommended and proposed 
future improvements to the transport system as well as the current and planned future land 
use in the city.  Therefore, the potential role of ART in Makkah will vary depending on these 
contexts.  In the short to medium term, ART could help solve some of the existing transport 
system challenges, while in the long term, ART could be an integral part of the 
recommended multi-modal transport system that would be built in Makkah to help solve 
most of the transport problems.  In this section, we identify the transport gaps and 
opportunities for ART in Makkah, which will help in defining the role(s) that ART can play 
given these opportunities.  This will also allow us to define the technical requirements in 
order for the ART to be applied effectively in Makkah.   
 

3.4.2 Transport Gaps and Opportunities for Art in Makkah 
 
As previously discussed, there is a multitude of transportation issues and challenges in 
Makkah which makes it one of the most challenging urban contexts to implement viable 
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transport solutions44.  The list of these issues and challenges in Makkah is rather long.  
However, based on the previous discussion, we attempt to summarize below the most 
pressing transport-related issues in Makkah that are relevant to this study (ART), with 
special focus on urban transportation (as opposed to intercity): 
 

 Mountainous Terrain: The harsh mountainous terrain of Makkah presents many 
transportation challenges (see Figure 3-13).  Locations on top of mountains (e.g. 
developments on Jabal Kahndamah, Cave Hira’a on Jabal Thawr) are extremely hard 
to connect with other locations at different elevations using conventional transit 
modes.  Moreover, pairs of locations separated by mountainous barriers such as the 
Mina-Aziziyah pair are hard to connect, as direct tunnels through mountains are 
costly and links that circumvent the barriers impose a time penalty on users.  These 
kinds of transportation problems can be addressed using ART, as ART can have 
fairly straight lines between any two locations without relying on the topography or 
the street network layout.  

 
 
 

 
 

Figure  3-13:  Mountainous Terrain of Makkah 
 

                                                             
44 Ministry of Higher Education, 1429; Supreme Authority for the Development of Makkah, 1419 and 1424 
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 Zamzam Aquifer: Although underground heavy rail technologies (i.e. Metro) can be 
implemented in Makkah’s city center, the alignment might be constrained by the 
Zamzam Aquifer, potentially limiting direct underground access between key 
locations and along critical corridors, and might prevent the implementation of 
most of the proposed Metro lines.  Accordingly, there are locations that, under all 
circumstances, might not be feasible to serve by underground systems and could 
also be constrained aboveground by the limited street capacity.  In such cases, ART 
can be a valuable option that will not be affected by the presence of the Zamzam 
Aquifer, nor will it be constrained by the limited street capacity. 

 
 High-Density Land Use and Limited Space: Owing to its relatively small area 

(approximately 6 km2) and large numbers of residents/visitors and activities, the 
central area of Makkah is characterized by a high-density land use, offering very 
limited space for additional road and surface transit infrastructure (see Figure 3-
14).  This means that the only space available for transit service is the air, where 
ART can run without any hassles. 

 
 
 

 
 

Figure  3-14:  High Density Land Use in Central Makkah 
 
 

 Variable Activity Concentration and Travel Demand by Time of Year: Unlike other 
urban environments, Makkah experiences extremely variable demand throughout 
the year, with major influxes of several million visitors for Hajj and Umrah 
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(particularly in Ramadan) and much lower visitor demand during the rest of the 
year (with exceptions on Fridays).  Additionally, for the limited duration of Hajj, the 
major city activities are concentrated in the central area of Makkah and the 
Masha’er area.  During Umrah (particularly in Ramadan), the main activities are 
focused in the Haram area.  For the rest of the year, the regular city activities 
(businesses, study, tourist, etc.) are dispersed throughout the City of Makkah.  Such 
variability in the travel demand and activity concentration/dispersion by time of 
year poses major challenges to the planning and provision of efficient and cost–
effective transportation system that can serve the mobility needs in Makkah 
throughout the year.  Therefore, in high demand seasons, ART can operate at full 
capacity as an integral part of the transit system in Makkah, helping to transport 
worshippers all around the city.  In low demand seasons, ART can operate at lower 
capacity with fewer cabins and lower frequency.  However, given the unique type of 
service that ART can provide, there is a great chance that ART demand will be still 
relatively high as people who visit Makkah will try to experience this unique service 
in person.   
 

 Insufficient Transport Supply and Poor Service and Safety: The existing road 
network of Makkah consists of a set of partially completed ring roads and radial 
streets with limited capacity.  The existing parking lots offer capacity levels that fall 
extremely short on meeting the traffic parking demand, particularly during the peak 
seasons.  This combined with high traffic demand levels (particularly during Hajj 
and Ramadan) results in severe traffic delays and poor mobility by car.  The existing 
public transport system, consisting mainly of bus services with no dedicated right of 
way or any form of priority, offers very poor level of service to the residents and 
visitors of Makkah.  The walk mode provides the primary access mode to/from the 
Haram.  However, pedestrians do not enjoy dedicated facilities for walking, and 
there is severe mixing of vehicles and pedestrians in Makkah roads (see Figure 3-
15), resulting in high road fatality rates.  On the contrary to the existing bus 
services, ART will not suffer from the lack of dedicated right of way as it operates in 
the air, and therefore has its own right of way that is not impeded by pedestrians or 
traffic. 
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Figure  3-15:  Insufficient Transport Supply in Makkah 

 
 
 

 Substantial Future Growth: Makkah’s transportation challenges will grow even 
more acute in the near future, as the Haram expansion unfolds, the major 
developments surrounding the Haram are completed, and the substantial growth in 
Makkah’s populations of residents and visitors takes place (see Figure 3-16).  Even 
with all the planned rapid and street transit services, it is expected that there will 
not be enough capacity to meet the demand.  ART, therefore, can be an addition to 
the other parts of the transit system, which only can add to the overall transit 
system capacity, and can also provide lateral connections between these future 
developments without relying on the radial topology of the road network. 
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Figure  3-16:  Future Developments in Makkah 

 
 
 

 Transport Plans: Several transport planning studies have proposed transport 
strategies to cope with existing and future travel issues and challenges.  Briefly, the 
plans call for introducing pedestrian-only streets, building a multi-modal mass 
transit system consisting of heavy rail and LRT/BRT lines in addition to “Al-
Masha’er Rail Line” currently in service, completing the ring roads, constructing 
additional ones further away from the center, expanding and augmenting the radial 
roads, building park-and-ride lots at the outer boundaries of the city, and 
introducing a supporting intelligent transportation system.  While such plans will 
indeed help, some issues and challenges will remain: 

o Even with underground metro lines and supplementary surface BRT lines, 
the total capacity will not meet the expected demand to/from the expanded 
Haram at a desirable level of service.  There is a need for additional transit 
capacity, and there is no available medium for hosting such capacity but the 
air. 
 

o The construction of the proposed massive transport infrastructure will be 
severely challenged and likely slowed down by the construction of the 



113 
 

Haram expansion and surrounding urban developments.  As such, transport 
mobility is likely to suffer in the short to medium term.  Therefore, there is a 
need for transit solutions that can be implemented rapidly.  This need can be 
addressed by ART as it has fast implementation times and can be a 
temporary transit option in the short to medium term on some corridors 
that are planned for rapid transit services. 

 
o The transport system, particularly the mass transit system, will be centrally 

oriented due to the radial design, thus catering more to trips to/from the 
central area and less to non-centrally oriented trips (typical of regular city 
activities).  There is a need for transit solutions that are not radially 
oriented, and more specifically not tied to the road network topology.  ART 
technology can address that need given that ART is not restricted by the 
road network topology. 

 
o Connections between locations separated by difficult topography and 

geography will still remain a challenge.  There is a need for connecting such 
locations effectively, and ART is the clear choice in such cases as it can save 
time and money compared to conventional transit services. 
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4.0 Planning and Evaluation Process of ART Service in Makkah  
 

4.1 Introduction  
 

This Chapter presents an overview of the planning and evaluation process used for the 
development, screening and evaluation of alternatives for ART service in Makkah. Section 
4.2 discusses the planning process that was adopted in order to explore the potential for 
ART in Makkah. Section 4.4 discusses the possible role that ART might have in Makkah 
given the existing and expected future transportation conditions in Makkah. Section 4.5 
provides an overview of the process that is used to develop the initial set of ART concepts 
for Makkah, while Section 4.6 summarizes the initial evaluation process that was adopted 
and used for evaluating the initial set of ART concepts and selecting the preferred 
alternative. Finally, Section 4.7 discusses the evaluation process of the preferred ART 
concept, which includes an economic as well as technical feasibility study to determine the 
feasibility, costs and benefits of the preferred ART concept. 

 
4.2 Planning and Evaluation Process  

 
In public transit planning practices, there are several factors that need to be identified first 
in order to articulate the possible role of any new public transport system. Although ART is 
a relatively new public transit mode, its planning still has to follow these general practices. 
In the context of Makkah, there are unique factors that would add more challenges to the 
planning process of ART.  
 
Accordingly, the scope and timeline of the proposal for ART service in Makkah required the 
study team to undertake several levels of analysis and evaluation to select an ART 
alternative that is both robust and defensible. In developing the ART alternatives, the study 
team worked closely with several parties including Hajj CORE, ART vendors and ART 
experts to identify a range of data and information that supports the delivery of the study.  
 
The analysis considered factors key to identifying appropriate routes for ART service in 
Makkah. These factors included such elements as possible user groups targeted, spatial and 
temporal aspects, key demand generators, movement desire lines, demand by corridor and 
movement in key time periods.  
 
Based on the above discussion, the study team relied on consultations and information 
gathered from several sources, each source providing valuable input. These sources 
included: 
 

 ART Vendors  
Provided valuable information about ART technical and technology information, 
potential application areas, and future ART technological advancements. 

 
 ART Best Practices  
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Provided information about current best practices, user experience and attitude 
toward the service, and potential application areas. 
 

 ART Literature 
Provided information about the history of ART, earlier implementations of ART, and 
the research required to advance the use of ART as a transit mode. 
 

 ART Experts 
Provided information about ART technical and technology information, ART service 
planning and design, and ART system characteristics. 

 
 Public Transportation Planning Practices 

Provided information about transit planning and design issues. 
 

 Public Transportation Planning Experts 
Provided information about possible ART planning issues and advice on the best 
possible ART implementation areas in the urban environment. 
 

 ART Makkah Transportation-related Reports 
Provided information about the transportation system in Makkah, transportation 
challenges and problems in Makkah, corridors with the highest demand, seasonal 
demand characteristics, etc.   
 

 Site Visit to Makkah 
Obtained information relevant to Makkah’s topography, Makkah transportation 
system, user experience of the transportation system, and possible implementation 
areas. 
 

 ART Workshop in Makkah 
One of the main activities of this study was the ART workshop held at Umm Al-Qura 
University in Makkah on Dec 21, 2010. The workshop was attended by a large group 
of professionals, government officials and media personnel. The participants 
provided valuable feedback, commentary, and suggestions related to several ART 
issues such as: possible ART corridors in Makkah, need for safety and evacuation 
systems, privacy issues as well as other suggestions and comments. 

 
Based on the outcomes of these consultations and the information collected from the 
different sources, the study team developed a planning process for ART in Makkah that 
included several steps as follows: 
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1. Identify the possible role of ART in Makkah based on defining the possible 
implementation areas; service seasons; and user groups targeted; 

2. Develop several ART alternatives (concepts) for each role; 
3. Conduct initial evaluation of the list of ART alternative (concepts); 
4. Determine the preferred achievable ART alternative; 
5. Conduct an economic and technical feasibility investigation of the preferred 

alternative; 
 
This planning process was key to developing an ‘initial list’ of potential ART alternatives 
and selection of the preferred alternative.  
 

 
4.3 Possible Role for ART in Makkah 

 
Based on the distinctive characteristics of Makkah as well as the existing problems and 
challenges facing its transportation system (as discussed in Chapter 3), it was determined 
that ART can play an important role as a complementary transportation mode to all other 
existing and planned transportation system components. Accordingly, the study team 
determined that the possible role of ART in Makkah would be affected by three factors: user 
groups targeted; implementation area and temporal demand variation. 
 
The first factor is the user groups that might be targeted by ART. In the Makkah context, the 
possible user groups include: 

 Makkah residents; 
 International Umrah Visitors (especially in Ramadan); 
 Domestic Umrah Visitors (especially in Ramadan); 
 International Hajj Visitors; 
 Domestic Hajj Visitors; and 
 Tourists 

 
The second and third factors are the spatial and temporal challenges that face the existing 
transport system in Makkah, given the variable activity concentration areas and travel 
demand patterns by time of the year as has been illustrated throughout this report. From an 
ART perspective, Makkah can be divided spatially into the following spatial areas: 
 

 Tourist attractions; 
 Masha’er Area; 
 Makkah - Masha’er corridor; 
 Geographically constrained areas; and 
 Makkah high demand corridors  

 
In terms of temporal demand variation in Makkah, the following demand seasons can be 
identified: 

 Hajj Season; 
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 Ramadan Season; and 
 Off-Season (rest of the year) 

 
Accordingly Table 4-1 below summarizes, for each user group, the possible application 
areas and corridors that are of most importance to that group. Table 4-2, on the other hand, 
summarizes for each user group the service seasons that are relevant to that group. Based 
on these tables, several possible ART roles can be developed by matching the contents of 
these two tables.  
 
For example, from a Makkah resident perspective, the most beneficial way of implementing 
ART in Makkah would be to have ART service run along high demand corridors, which 
would help alleviate some of the road congestion and reduce travel times (especially during 
high demand seasons, i.e. Ramadan and Hajj seasons), and/or to have an ART service that 
connects pairs of geographically constrained corridors that might be otherwise difficult to 
serve using conventional transit services, and which would reduce the travel times 
compared to other transport modes.  
 

 
 
 

Table  4-1:  ART Potential Application Areas and Corridors 

Group 

Application Area or Corridor 

Tourist 
Attractions Masha'ir 

Makkah 
↔ 

Masha'ir 

Geographically 
Constrained 

Areas 

High 
Demand 

Corridors 

Makkah Residents       ✔ ✔ 

International Umrah Visitors 
(Ramadan) 

✔   ✔ ✔ ✔ 

Domestic Umrah Visitors 
(Ramadan)       ✔ ✔ 

International Hajj Visitors ✔ ✔ ✔ ✔ ✔ 

Domestic Hajj Visitors   ✔ ✔ ✔ ✔ 

Tourists ✔ ✔ ✔ ✔ ✔ 
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Table  4-2:  ART Potential Service Seasons 

Group 

Season (Time) 

Off-Season Ramadan  Hajj Season  

Makkah Residents ✔ ✔ ✔ 

International Omrah Visitors ✔ ✔   

Domestic Omrah Visitors  ✔ ✔   

International Hajj Visitors     ✔ 

Domestic Hajj Visitors     ✔ 

Tourists ✔ ✔ ✔ 

 
 
 

It is very important to mention that ART is still a relatively new public transit mode and that 
its application around the world was mostly done within the past decade although the 
underlying technology had been applied for almost a century in Alpine Ski areas. Therefore, 
it is necessary when identifying the possible roles of ART in Makkah to acknowledge this 
fact, which may see some of the developed ART roles in this study having no comparable 
applications around the world (in terms of area of application, capacity and technology 
requirements, etc.).  
 
Based on the above observations and after careful consideration, it was concluded that ART 
should only play a limited similar to existing ART applications around the world. In other 
words, the development of alternative ART concepts for Makkah should take into account 
the limitations of the existing ART technology and draw from ART implementations around 
the world.  

 
4.4 Development of Initial Set of ART Concepts 

4.4.1 Characteristics of ART concepts 
 
In order to identify the initial list of ART alternatives for Role 1, several characteristics of 
ART role in Makah has to be identified beforehand. These include:  
 
Objective: 
Each alternative ART concept will provide limited ART service in geographically challenged 
areas; and/or between pairs of naturally constrained areas (that are otherwise 
difficult/expensive to serve with conventional transit service); and/or for geographically 
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challenged tourist attraction areas to serve tourists and visitors. Depending on the 
feasibility, some concepts might include ART service running along high demand corridors 
(roads) during the off-season or all year round, which could also work as a temporary short-
to-medium term solution until the proposed rapid or semi-rapid transit solutions are 
implemented on some of these corridors. 
 
Planning Horizon:  
Short to medium term. 
 
Role within a Multi-Modal Transport System:  
Provide a supplementary transit service to existing bus service, which could introduce 
transit service to difficult-to-serve areas and/or increase the available transit capacity on 
some corridors (roads) served during both the high demand religious seasons and the off-
season. 
 
Characteristics:  
Single ART lines that run along specific corridors and/or between pairs of naturally 
constrained areas without line branching, but which might include transfers between ART 
lines with some kind of integration with other transportation modes where 
possible/applicable. 
 
Groups Targeted (Markets):  
All groups. However, in the next stage of the project, each service concept by itself might not 
serve all groups.  
 
ART Technology Used:  
Existing ART technologies such as Aerial Tramways, Monocable Detachable Gondolas, 
Bicable Gondolas or Tricable Gondolas (3S technology). In some cases, the applicability of 
some of these technologies might depend on having some technological advancements 
made to the technology. 
 
Application Examples: 
Serve geographically constrained areas especially in the central area (Mountain 
Khandamah, Jabal Almadafe’, Almalawi,)  
Serve tourist attraction areas (e.g. Cave Hira’ on top of Jabal Al-Noor, Cave Thawr on top of 
Jabal Thawr, Masha’er Area, etc.) 
Serve high demand corridors (Kudai Parking to Haram, Um Al-Qura Street)  

 
These characteristics will be the basis on which the initial list of ART alternatives will be 
developed in Chapter 5.   

 
4.4.2 ART Technical Requirements                                                                                                        

 
The technical requirements of the study are defined by stakeholder class. For the purpose of 
this study, we define the following stakeholder classes: 
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 Makkah Residents: These are the residents of Makkah (both nationals and 

expatriates) who live in the city year-round. The primary objective of this group is 
to have a transit service that is available, frequent, fast, reliable, safe, comfortable, 
inexpensive, connects important nodes of origins and destinations, and provide 
connections between pairs of naturally-constrained areas. 

 
 International Umrah (Ramadan) Visitors: Those represent the Umrah visitors to 

Makkah who come from outside the kingdom, during the times in which Umrah is 
allowed (especially Ramadan). The visitors of this group usually stay in Makkah for 
more than a week. The primary requirement of this group is to have a transit service 
available from their housing to their final destination (the Haram). The service 
should be frequent, fast, reliable, safe, comfortable, inexpensively and also connects 
important nodes of attraction within Makkah. 

 
 Domestic Umrah (Ramadan) Visitors: Those represent the Umrah visitors to 

Makkah from inside the kingdom, during the times in which Umrah is allowed 
(especially Ramadan). The visitors of this group usually stay in Makkah for a short 
period of time. The primary requirement of this group is to have a transit service 
available from the Ramadan Park-and-Ride facilities to their final destination (the 
Haram). The service should be frequent, fast, reliable, safe, comfortable, 
inexpensively and also connects important nodes of attraction within Makkah. 

 
 International Hajj Visitors: Those represent the Hajj visitors to Makkah from 

outside the kingdom during the Hajj season. The primary objective of this group is 
to have a transit service available from both their housing areas to the Haram and 
from the Haram to Arafat through Masha’er area. The service should be frequent, 
fast, reliable, safe, comfortable, inexpensively and also connects important nodes of 
attraction within Makkah. 

 
 Domestic Hajj Visitors: Those represent the Hajj visitors to Makkah from outside 

the kingdom during the Hajj season. The primary objective of this group is to have a 
transit service available from both the Hajj Park-and-Ride facilities to the Haram 
and from the Haram to Arafat through Masha’er area. The service should be 
frequent, fast, reliable, safe, comfortable, inexpensively and also connects important 
nodes of attraction within Makkah. 

 
 Tourists: Those include visitors who want to visit important attractions within 

Makkah in addition to their religious visits. The primary objective of this group is to 
have a transit service that is available, frequent, fast, reliable, safe, comfortable, 
inexpensively and most importantly available to major attractions/religious sites 
within the city. 
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 Transit Agencies: Those include the public transit agencies that operate transit 
services within the city. Their primary objective of this group is to have a transit 
service that provides good area coverage with high capacity, reliable, fast, flexibility, 
Safe and Secure, have low investment costs, provides good passenger attraction and 
is energy-efficient. 

 
 Government: This class represents the interests of all levels of governments. 

Member of this class include Amanah of the Holy Capital, Ministry of Transport, 
Ministry of Interior, Ministry of Hajj, etc. This class has a range of interests and 
requirements concerning the overall system mobility, financing, environment, 
economy, security, governance, etc. 

 
 Community: This class represents the interests of the overall community, including 

non-users of the transit service. This class has a range of interests and requirements 
concerning the overall service quality, system cost, environmental impacts, social 
objectives, energy consumption and long-term impacts. 

 
 
Table 4-3 below lists the major requirements of each stakeholder group. 
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Table  4-3:  ART Potential Service Seasons ART Technical Requirements in Makkah 
Stakeholder Requirement Description  (what the stakeholder seeks) 
Makkah Residents Availability 

 
 
Frequency 
Punctuality 
 
Speed/Travel Time 
 
Comfort  
 
 
 
Convenience 
 
 
Security and Safety 
User Cost 
 
Information 
 
Access to Naturally-
Constrained Destinations 
Transit Integration 

Service that is reasonably close to important O and D 
locations and is available most of the time of the day, 
every day of the week. 
Service that have short headways (frequent service) 
High % of vehicle (cabin) arrivals around the scheduled 
arrival time 
High speed/low travel time that is competitive with other 
modes of transportation 
Moderate walking distances to/from stations through an 
attractive environment, attractive appearance, with 
weather protection, amenities and services (food outlets, 
washrooms, etc.) 
Simplicity of line/network design, direct travel and easy 
transfers, ease of payments, ability to accommodate 
disabled persons, etc. 
Secure and safe environment in and around stations. 
Low fare to use the service. Fares should be competitive 
with out-of-pocket cost compared to other travel options  
Real-time and reliable information (expected waiting 
times, journey times, expected delays, etc.) 
Access to (from) areas constrained by natural barriers and 
difficult to reach by other transit modes 
Frequent connections and seamless transfers with other 
transit modes 

Umrah (Ramadan 
)Visitors 

Spirituality 
 
Availability 
 
 
Frequency 
Punctuality 
 
Speed/Travel Time 
 
Comfort  
 
 
 
Convenience 
 
 
Security and Safety 
User Cost 
 
Information 
 
Access to/from Haram 
 
Access to Naturally-

Spiritual/serene experience of the journey to/from the 
Haram  
Stations should be reasonably close to important religious 
sites - Service should be available most of the time of the 
day. 
Service that have short headways (frequent service) 
High % of vehicle (cabin) arrivals around the scheduled 
arrival time 
High speed/travel speed that is competitive with other 
modes of transportation 
Moderate walking distances to/from transit through an 
attractive environment, attractive appearance, weather 
protection, amenities and services (shopping, food outlets, 
washrooms, etc.) 
Simplicity of line/network design, direct travel and easy 
transfers, ease of payments, ability to accommodate 
disabled persons 
Secure and safe environment in and around stations. 
Low fee to use the service. Fees should be competitive 
with out-of-pocket cost compared to other travel options  
Real-time and reliable information (expected waiting 
times, availability, expected delays, etc.) 
Sseamless access from around the city to (from) Haram 
and from Umrah P&R facilities to (from) Haram 
Access to (from) destinations constrained by natural 
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Constrained Destinations 
 
Transit Integration 

barriers and difficult to reach by other transit modes 
 
Frequent connections and seamless transfers with other 
transit modes 

 
 
 
Hajj Visitors 

Spirituality 
 
Availability 
 
 
Frequency 
Punctuality 
 
Speed/Travel Time 
 
Comfort  
 
 
 
Convenience 
 
 
Security and Safety 
User Cost 
 
Information 
 
Access to/from Haram 
 
Access to Naturally-
Constrained Destinations 
Transit Integration  
 
Access to/from Masha’er 

Spiritual/serene experience of the journey to/from the 
Haram and Masha’er 
Stations should be reasonably close to important religious 
sites - Service should be available most of the time of the 
day. 
Service that have short headways (frequent service) 
High % of vehicles (cabin) arrivals within a certain 
interval after the scheduled time 
High speed/travel speed that is competitive with other 
modes of transportation 
Moderate walking distances to/from transit through an 
attractive environment, attractive appearance, weather 
protection, amenities and services (shopping, food outlets, 
washrooms, etc.) 
Simplicity of line/network design, direct travel and easy 
transfers, ease of payments, ability to accommodate 
disabled persons 
Secure and safe environment in and around stations. 
Low fee to use the service. Fees should be competitive 
with out-of-pocket cost compared to other travel options  
Real-time and reliable information (expected waiting 
times, journey times, expected delays, etc.) 
Sseamless access from around the city to (from) Haram 
and from Hajj P&R facilities to (from) Haram 
Access to (from) destinations constrained by natural 
barriers and difficult to reach by other transit modes 
Frequent connections and seamless transfers with other 
transit modes 
Seamless access from Haram to (from) Masha’er 

Tourists Availability 
 
 
Frequency 
Punctuality 
 
Speed/Travel Time 
 
Comfort  
 
 
 
Convenience 
 
 
Security and Safety 
User Cost 
 
Information 
 
Transit Integration  

Service that is reasonably close to important tourist 
attractions is available most of the time of the day, every 
day of the week. 
Service that have short headways (frequent service) 
High % of vehicle (cabin) arrivals around the scheduled 
arrival time 
High speed/low travel time that is competitive with other 
modes of transportation 
Moderate walking distances to/from stations through an 
attractive environment, attractive appearance, with 
weather protection, amenities and services (food outlets, 
washrooms, etc.) 
Simplicity of line/network design, direct travel and easy 
transfers, ease of payments, ability to accommodate 
disabled persons, etc. 
Secure and safe environment in and around stations. 
Low fare to use the service. Fares should be competitive 
with out-of-pocket cost compared to other travel options  
Real-time and reliable information (expected waiting 
times, journey times, expected delays, etc.) 
Frequent connections and seamless transfers with other 
transit modes 
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Transit Agencies Area Coverage 
 
 
Reliability 
Speed 
 
Capacity 
 
Flexibility 
 
Safety and Security 
Costs 
Passenger Attraction 
Side Effects 

The service should provide area and temporal coverage 
consistent with the goals and standards of the transit 
agency. 
Low % of time without service “failure” 
Aim for an adequate speed competitive with other modes 
of transport 
Aim for capacity that can meet passenger demand without 
delay and discomfort 
Ease or inexpensiveness to adapt to changes in conditions 
and operations (assembling and dissembling) 
Secure and safe environment in and around stations 
Aim for low investment and operation cost 
Making the service attractive to riders 
Minimize noise and air pollution 

Government Spirituality 
 
Mobility and accessibility 
 
Safety and security 
 
Economy 
 
Financing 
 
Environment 
 
Society 
Civility 
 
Integration 
 
 
 
Phasing and coordination 
 
Tourism 
 
Monitoring and control 
 
Governance  

Promote and maintain an environment conducive to 
spirituality 
Encourage public transit usage, enhance access to 
landmarks, improve mobility of all system users, etc. 
Reduce accidents and pedestrian-vehicle, enhance 
security, etc. 
Provide work opportunities for Saudis; create a revenue 
stream, etc. 
Minimize subsidy by investing in a low-cost transit service 
suitable for Makkah.  
Protect Zamzam and reduce air pollution, noise and other 
adverse impacts 
Ensure social equity of access and mobility 
Maintain a civil and modern appearance of Makkah and 
Masha’er 
Have ART seamlessly integrated with the rest of the 
transit network and with other modes of transportation, 
and integrated with traffic plans for Hajj and Ramadan 
seasons 
Coordinate ART with future Haram, land use and 
transport  plans 
Support tourism by introducing modern and attractive 
transit service (ART) 
Effectively monitor and control operations of the service 
to ensure quality of service 
Have a proper governance framework for the ART system 

Community Service 
Quality/Passenger 
Attraction 
System Cost 
 
Reliability in 
Emergencies 
Social Objectives 
 
Environmental Impacts 
 
Energy Consumption 
Economic/Land Use 
Impacts 

Achieve highest degree of mobility of the transportation 
system in Makkah by maximizing the number of transit 
passengers in the city 
Minimize cost of ART service (capital and operating) while 
meeting other requirements 
Aim for an ART system that is largely independent of the 
road system 
Achieve equity in service availability for all major 
population groups 
Aim for positive aesthetic effects and minimum noise and 
air pollution effects 
Aim for overall energy efficiency of the transit system 
Provide positive economic impacts and create sustainable 
land use forms 
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4.5 Evaluation Process of Initial Set of Concepts 
 

The next step in the planning process is to assess the technical, operational and economic 
feasibility (benefit-cost analysis) of the developed alternatives. However, the scope and 
timeline of the project does not allow for assessing all the developed alternatives. 
Therefore, only one preferred ART alternative will be considered for further analysis. 

 
In order to choose the preferred ART alternative, an initial screening and evaluation process 
to evaluate all ART alternatives was needed. Consequently, several evaluation criteria were 
developed to objectively assess all ART alternatives in order to determine which ART 
alternative has the most potential for further investigation and analysis. The evaluation 
criteria reflect the specific characteristics, requirements, benefits, and objectives of ART in 
the context of Makkah as will be discussed in Chapter 5. 

 
4.6 Preferred Concept Evaluation Process  

 
The final step of the evaluation process focuses on conducting an Economic Feasibility 
evaluation (i.e. benefit-cost analysis) of the preferred ART alternative. Our proposed 
methodology for conducting the economic feasibility study of the preferred ART concept 
consists of two parts: the first is concerned with the direct benefits (i.e. revenues) and costs 
(i.e. capital and operating costs) of any specific ART line, and the second part is concerned 
with the indirect benefits resulting from the implementation of the project. 
 
The evaluation framework employed in this study uses a comprehensive cost-benefit 
analysis framework that translates state-of-the-art theoretical and empirical knowledge into 
model components and applies evaluation metrics that provide the decision maker with a 
summary of the overall value of the investment. The model considers: 
 

 Direct Benefits - in terms of the fare revenues collected from customers using the 
ART service; 

 Indirect Benefits - including those related to Greenhouse Gas (GHG) and pollution 
emission reductions, transportation safety, traffic congestion and increased 
mobility; 

 Costs including construction costs (e.g., guide-way costs, station costs, etc.), vehicle 
costs, anticipated non-construction costs (e.g., project administration), and 
incremental operation and maintenance costs 

 Project evaluation metrics including the Net Present Value (NPV), which is the 
principal criterion used to evaluate an investment proposal and alternatives 

 Other evaluation metrics derived from the values of costs and benefits include 
Benefit-To-Cost Ratio, Internal Rate of Return, and Payback Period. 



126 
 

 
For the evaluation of Indirect Benefits, the proposed methodology involves using state-of-
the-art software, called TransDecTM, to examine the indirect benefits associated with the 
investment, which is a typical procedure in most western countries. TransDecTM is a 
decision-support software developed by Canada’s Ministry of Transport in order to facilitate 
urban transportation decision-making. The software is used by transportation planners 
engaged in multi-year strategic planning and budgeting for transit and highway 
investments. It allows decision makers to perform a comprehensive assessment of the costs 
and benefits of new transportation investment alternatives. 
 

 
 
 
 
 
 
 
 


