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Transportation 

❑ The movement of people and goods from one location to 

another.

A B

People 

Goods  

Transportation System 

❑ A Transportation System encompasses all the components involved 

in the movement of people and goods from one place to another 

efficiently, safely, and sustainably.
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Components of a Transportation System:

❑ Infrastructure: Roads, railways, 
airports, ports, bridges.

❑ Vehicles: Cars, trucks, buses, trains, 
airplanes, ships.

❑ Users: Drivers, passengers, 
pedestrians, cyclists.

❑ Traffic Control Devices: Signals, 
signs, markings, automated 
systems.

❑ Operations and Management: 
Traffic monitoring, congestion 
control, ITS.

Functions of a Transportation System

❑ Mobility: Enables efficient movement of people and goods.

❑ Connectivity: Links urban, rural, and remote locations.

❑ Economic Growth: Supports trade, industry, and tourism.

❑ Sustainability: Promotes green and energy-efficient transportation.

❑ Safety: Reduces accidents and enhances security in transi
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Modes of Transportation in a System

❑ Roadways: Cars, buses, trucks.

❑ Railways: Passenger and freight 
trains.

❑ Airways: Domestic and 
international flights.

❑ Waterways: Cargo ships, ferries.

❑ Non-Motorized: Bicycles, 
pedestrians

Transportation Engineering 

❑ Transportation Engineering is a branch of the engineering 

that deals with planning, design, construction, operation, 

and management of various transportation systems and 

their components, to achieve a safe, efficient, convenient 

and economical movement of passengers and goods.
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Transportation Engineer 

❑ The professional who is concerned with the 

planning, design, construction, operations, and 

management of a transportation system 

Key Tasks in Transportation Engineering
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Transportation Engineering and Planning

Course Syllabus 

Course Overview

• Course Title: Transportation Engineering and Planning

• Course Number: 110 401367

• Institution: The Hashemite University

• Department: Civil Engineering

• Instructor: Dr. Hamza Mohammad Alkuime
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Getting to know me 

❑ Dr. Hamza Mohammad Alkuime

❑ Office : E 3029

❑ Email : Alkuime@hu.edu.jo 

❑ Office Hour :

➢ Sun, Tue, Thurs (10:30 -  11:00 a.m.)

➢ Sun, Tue, Thurs (10:00 -  11:10 p.m.) during Ramadan 
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What do you expect 
from this course ? 

Course Description

• Study of transportation systems including urban planning and 

land use.

• Understanding demand forecasting and transportation 

modeling.

• Engineering economic principles in transportation.

• Evaluation of transportation alternatives and urban mass transit 

systems.

• Airport design fundamentals and operations.
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Textbook 
❑ Paul H. Wright, Norman J. Ashford 

and Robert J. Stammer, 
Transportation Engineering 
Planning and Design, Fourth 
Edition, John Wiley and Sons, 1998

❑ Nicholas Garber and Lester Hoel 
,Traffic & Highway Engineering, 5th 
Edition.. Cengage Learning, 2015

21 

Other Supplementary Materials 

❑ Ashford, N. J., Mumayiz, S., & Wright, P. H. (2011). Airport Engineering: Planning, Design, and 
Development of 21st Century Airports (4th ed.). Wiley. Wiley

❑ Prassas, E. S., & Roess, R. P. (2013). Engineering Economics and Finance for Transportation 
Infrastructure. Springer. Springer Link

❑ O'Flaherty, C. A. (1997). Transport Planning and Traffic Engineering. Butterworth-Heinemann. 
Amazon

❑ Fricker, J. D., & Whitford, R. K. (2004). Fundamentals of Transportation Engineering: A Multimodal 
Systems Approach. Pearson Prentice Hall. Amazon

❑ Findley, D. J., Schroeder, B. J., Cunningham, C. M., & Brown Jr., T. H. (2015). Highway Engineering: 
Planning, Design, and Operations. Elsevier. Amazon

❑ Federal Highway Administration (FHWA), Highway Functional Classification Concepts, Criteria and 
Procedures, 2013, ( 
https://www.fhwa.dot.gov/planning/processes/statewide/related/highway_functional_classifications
/ 
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https://www.wiley.com/en-us/Airport%2BEngineering%3A%2BPlanning%2C%2BDesign%2C%2Band%2BDevelopment%2Bof%2B21st%2BCentury%2BAirports%2C%2B4th%2BEdition-p-9780470398555?utm_source=chatgpt.com
https://link.springer.com/book/10.1007/978-3-642-38580-3?utm_source=chatgpt.com
https://www.amazon.com/Transport-Planning-Traffic-Engineering-OFlaherty/dp/0340662794?utm_source=chatgpt.com
https://www.amazon.com/Fundamentals-Transportation-Engineering-Multimodal-Approach/dp/0130351245?utm_source=chatgpt.com
https://www.amazon.com/Highway-Engineering-Planning-Design-Operations/dp/012801248X?utm_source=chatgpt.com
https://www.fhwa.dot.gov/planning/processes/statewide/related/highway_functional_classifications/
https://www.fhwa.dot.gov/planning/processes/statewide/related/highway_functional_classifications/
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Other Supplementary Materials 

❑ Thagesen, B. (Ed.). (1996). Highway and Traffic Engineering in Developing Countries. E & FN Spon. 
SearchWorks

❑ Findley, D. J., Cunningham, C. M., Brown Jr., T. H., Cahill, L. M., Yang, G., & Huntsinger, L. F. (2015). 
Highway Engineering: Planning, Design, and Operations. CRC Press. Amazon

❑ Rogers, M., & Enright, B. (2023). Highway Engineering (4th ed.). Wiley-Blackwell. Wiley

❑ Ahuja, T. D. (2009). Highway Engineering. CBS Publishers & Distributors. Google Books

❑ Garber, N. J., & Hoel, L. A. (2014). Traffic and Highway Engineering (5th ed.). Cengage Learning. 
Cengage

❑ Federal Highway Administration (FHWA), Highway Functional Classification Concepts, Criteria and 
Procedures, 2013, ( 
https://www.fhwa.dot.gov/planning/processes/statewide/related/highway_functional_classifications
/ 

❑ https://www.faa.gov/

❑ Research articles 

Other Supplementary Materials 

❑ Tang, C. K., & Zhang, L. (2021). Principles and Practices of Transportation Planning and Engineering. CRC 

Press. Amazon

❑ Mannering, F. L., & Washburn, S. S. (2019). Principles of Highway Engineering and Traffic Analysis (7th 

ed.). Wiley. Wiley

❑ Chakroborty, P., & Das, A. (2003). Principles of Transportation Engineering. PHI Learning. Amazon

❑ McNally, M. G. (2000). The Four Step Model. In Handbook of Transport Modelling (pp. 35-52). Pergamon. 

TRID

❑ Miller, E. J. (2003). Transportation Models. In Handbook of Transport Modelling (pp. 53-77). Pergamon. 

Taylor & Francis Online

❑ Hoel, L. A., Garber, N. J., & Sadek, A. W. (2010). Transportation Infrastructure Engineering: A Multimodal 

Integration (4th ed.). Cengage Learning. Amazon

❑ Teodorović, D., & Janic, M. (2016). Transportation Engineering: Theory, Practice, and Modeling. Elsevier.
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https://searchworks.stanford.edu/view/3072565?utm_source=chatgpt.com
https://www.amazon.com/Highway-Engineering-Planning-Design-Operations/dp/0128221852?utm_source=chatgpt.com
https://www.wiley.com/en-au/Highway%2BEngineering%2C%2B4th%2BEdition-p-9781119883302?utm_source=chatgpt.com
https://books.google.com/books/about/Highway_Engineering.html?id=VYcoEAAAQBAJ&utm_source=chatgpt.com
https://www.cengage.com/c/traffic-and-highway-engineering-enhanced-edition-5e-garber-hoel/9781337631020/?utm_source=chatgpt.com
https://www.fhwa.dot.gov/planning/processes/statewide/related/highway_functional_classifications/
https://www.fhwa.dot.gov/planning/processes/statewide/related/highway_functional_classifications/
https://www.faa.gov/
https://www.faa.gov/
https://www.amazon.com/Principles-Practices-Transportation-Planning-Engineering/dp/036770238X?utm_source=chatgpt.com
https://www.wiley.com/en-us/Principles%2Bof%2BHighway%2BEngineering%2Band%2BTraffic%2BAnalysis%2C%2B7th%2BEdition-p-00048182?utm_source=chatgpt.com
https://www.amazon.com/Principles-Transportation-Engineering-Partha-Chakroboty/dp/8120320840?utm_source=chatgpt.com
https://trid.trb.org/View/677889?utm_source=chatgpt.com
https://www.tandfonline.com/doi/pdf/10.1080/01441647.2023.2198458?utm_source=chatgpt.com
https://www.amazon.com/Engineering-Economics-Transportation-Infrastructure-Springer/dp/364242970X?utm_source=chatgpt.com
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Course Materials

❑ Access to Course Materials

• All course materials will be 

available on the Moodle/Teams 

Platforms.

• Lecture slides.

• Assignments and handouts.

• Reference materials and additional 

resources.

Session Recordings

• Each session will be recorded and made available on YouTube: 

• Accessible anytime for review.

• Helps students who miss a session or need additional clarification.

• Recordings will also be available on the Moodle platform

25
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Major Topics Covered

Topics No. of 

Weeks 

Contact 

hours* 

1. Introduction to transportation systems 1/3 1 

2. Transportation planning 1 3 

3. Demand forecasting using 4 steps modeling 4 12 

Quiz 1 TBD 

4. Engineering economy in transportation 3  9 

Quiz 2 TBD 

5. Evaluation of transportation alternatives  2 6 

Quiz 3 TBD 

6. Urban mass transit systems 3 2/3 11 

7. Airports 1  3 

Total  15 45 

Transportation Engineering and Planning

What you will learn

27
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What you will learn 

29 

What you will learn 

30 

Highway Functional Classification 
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What you will learn 

31 

Transportation Planning

Problem 

Traffic 

congestion

Reduce traffic

 congestion

Quantifying

 criteria  

Travel time Establish 

design 

standards

Constraints Objectives 

What you will learn 

32 

Urban Transportation Forecasting Process 
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What you will learn 

33 

Nature and Analysis of Transportation Demand 

What you will learn 

34 

Forecasting Travel Demand
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What you will learn 

35 

Common Economic Analysis Methods

What you will learn 

36 

Evaluation of Transportation Alternatives

35

36



2/21/2026

17

What you will learn 

37 

Highway Transit

What you will learn 

38 

Amman Rapid Bus 

37

38



2/21/2026

18

What you will learn 

39 

Rail Transit

What you will learn 

40 

Airport Components 
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What you will learn 

41 

Airport Terminals

Course Policies & Guidelines

41
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Course Grading: 

 Assessment Breakdown:

• First Exam: 25 Points

• Second Exam: 25 Points

• Quizzes: 10 Points

• Final Exam: 40 Point

43 

General Notes

❑ The maximum allowed number of absentees from the course is 6 classes.

➢Exceeding these limits will lead to prevention from attending the final exam.

❑ Beware of Plagiarism:

➢ Copying and handing in for credit someone else's work.

➢ Any plagiarism (cheating) case will result in an automatic ‘F’ for the course

❑ No MAKE-UP EXAMS

44 
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Major Topics Covered

Topics No. of 

Weeks 

Contact 

hours* 

1. Introduction to transportation systems 1/3 1 

2. Transportation planning 1 3 

3. Demand forecasting using 4 steps modeling 4 12 

Quiz 1 TBD 

4. Engineering economy in transportation 3  9 

Quiz 2 TBD 

5. Evaluation of transportation alternatives  2 6 

Quiz 3 TBD 

6. Urban mass transit systems 3 2/3 11 

7. Airports 1  3 

Total  15 45 

Transportation  Engineering

47 

45

47
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1.1 |Introduction of Transportation systems  

Module | 1 | Introduction

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning

Overview of transportation 
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Transportation

• Definition

• Movement of people and goods to meet societal needs

• Daily Examples

• Patient transported to a hospital

• Goods delivered to supermarkets

• Business travel for management meetings

The Role of Transportation 

3
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The Role of Transportation

• Transportation is essential for economic and social activities.

• It connects people, goods, and services across regions.

• Supports urban development, trade, and industrial growth.

• Improves accessibility and enhances the quality of life.

Transportation & Economic Growth

5
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Transportation & Economic Growth

❑ Facilitates trade and 

commerce by moving 

goods efficiently.

❑ Example:

❑ Port of Shanghai, China 

– The world’s busiest 

container port enables 

large-scale global trade.

Transportation & Economic Growth

❑ Creates jobs in logistics, 

infrastructure, and operations.

➢Example: Dubai International 

Airport – Supports over 400,000 

jobs in aviation and logistics 

sectors.

7
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Transportation & Economic Growth

❑ Contributes to Gross Domestic 

Product (GDP) growth and 

national development.

➢Example: U.S. Interstate 

Highway System – Boosted 

economic growth by enhancing 

nationwide connectivity.

Transportation & Social Connectivity

9
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Transportation & Social Connectivity

❑ Enables commuting for 

work, education, and 

healthcare.

➢Example: New York City 

Subway – Millions rely on it 

daily for work and 

education.

Transportation & Social Connectivity

❑ Enhances mobility and access to essential 

services

• Example: India's Rural Roads Program

11
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Transportation & Social Connectivity

❑ Promotes cultural exchange and tourism.

➢Example: Eurail in Europe – Facilitates cross-
border travel, boosting tourism.

➢Example: Dubai International Airport – A 
global hub connecting diverse cultures.

Transportation & Urban Development

13

16



2/23/2026

8

Transportation & Urban Development

❑ Reduces traffic congestion with 
smart infrastructure.

➢Example: Singapore’s Smart 
Traffic Management System – 
Uses AI to optimize traffic flow.

Transportation & Urban Development

❑ Promotes sustainable mobility 

solutions like cycling and walking.

➢Example: Amsterdam’s Bicycle 

Infrastructure – 60% of commutes 

done by bike.

18
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Transportation & Environmental Impact

Transportation & Environmental Impact

❑ Shift towards sustainable transport 
(EVs, public transit, cycling).

➢Example: Norway’s EV Adoption – 
Over 80% of new cars sold are 
electric.

20
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Transportation & Environmental Impact

❑ Encourages eco-friendly 

solutions like green logistics.

➢Example: UPS Smart 

Logistics – Uses AI to reduce 

unnecessary fuel 

consumption.

Transportation Modes

23
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Transportation Modes

• Land-based transport:

• Road transport: Cars, buses, 
trucks.

• Rail transport: Passenger and 
freight trains.

• Pipelines: Oil, gas, and other fluid 
transport.

• Water-based transport:

• Sea shipping: Cargo ships and 
tankers.

• Inland waterways: River and 
canal transport.

Transportation Modes

• Air-based transport:

• Passenger and cargo aviation.

• Intermodal transport:

• Combines multiple modes (e.g., 
rail + road + sea).

• Telecommunications:

• Transmits information without 
physical movement.

25
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Transportation Modes

Components of Transport Modes

Components of Transport Modes

• Each transport mode consists of:

• Transport Infrastructure (roads, railways, ports, airports).

• Vehicles (cars, trains, ships, airplanes).

• Supporting Facilities (stations, terminals, maintenance depots).

• Equipment (navigation, signaling, safety systems).

• Staff (drivers, pilots, controllers, maintenance crews).

27
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Road Transport Mode

Road Transport Infrastructure

• Key Components:

• Roads (highways, urban streets, rural roads)

• Bridges (crossing rivers, valleys)

• Tunnels (underground or underwater 

passages)

• Terminals/Stations:

• Passenger terminals (bus stations)

• Freight/Cargo terminals (truck depots,)

29
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Truck depots

https://truckall.ca/index.shtml

Road Transport Vehicles

• Fuel-Powered Vehicles:

• Passenger Cars & Buses 
(diesel, petrol)

• Freight Trucks (various sizes 
and capacities)

• Electric-Powered Vehicles:

• Trolleybuses (connected to 
overhead wires)

• BEVs (Battery Electric 
Vehicles) (cars, electric buses)

31
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Road Transport – Supporting Facilities & Equipment

• Traffic Signaling & Control:

• Traffic lights, pedestrian crossings.

• Management Systems:

• highway surveillance cameras.

• Power Supply Systems:

• EV charging stations, trolleybus 
overhead power lines.

• Customer Facilities & Administration:

• Bus stops, highway service stations, 
rest areas.

Road Transport – Staff Roles

• Drivers:

• Bus drivers, truck drivers, taxi/rideshare drivers.

• Traffic Controllers:

• Highway patrol officers, traffic police.

• Maintenance Crew:

• Road construction workers, mechanics.

• Management & Administration:

• Fleet managers, logistics coordinators.

• Customer Support:

• Ticket agents, service desk personnel, roadside assistance providers.

33
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Structure of road transport mode

Rail Transport Mode

35
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Rail Transport Infrastructure

• Main Elements:

• Rail Lines (mainline)

• Shunting Yards

(railcar sorting and storage)

• Passenger Stations (urban 

and regional transit hubs)

• Freight/Cargo Terminals 

(rail freight yards,

Shunting Yards

37
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Passenger Stations

Freight/Cargo Terminals

39
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Rail Transport Vehicles

• Passenger Rail Vehicles:

• Urban/Suburban Rail:

• Streetcars (Tramways)

• LRT (Light Rail Transit)

• Subway (Metro) Systems

• Interurban Rail:

• Conventional & High-Speed Trains

• Freight Rail Vehicles:

• Electric or Diesel-Powered Trains

• Cars/Wagons pulled by locomotives

Light Rail Transit

https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2F

Light_rail&psig=AOvVaw0qM0WUuRVHxw-

AiLLbT5aa&ust=1740545926194000&source=images&cd=vfe&opi=89978449&ved=0

CBEQjRxqFwoTCKDdx_-E3osDFQAAAAAdAAAAABAE
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43 

Tramway Bulk trainHigh speed train

Rail Transport – Supporting Facilities & Equipment

• Traffic Signaling & Control:

• Track signals

• Management Systems:

• Rail network monitoring, scheduling systems.

• Passenger information display systems (PIDS).

• Power Supply Systems:

• Electrified rail networks (catenary systems).

• Diesel refueling stations for non-electric trains.

• Customer Facilities & Administration:

• Railway stations, ticketing offices.

• Cargo terminals, logistics hubs.

43
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Catenary systems

Rail Transport – Staff Roles

• Train Crew:

• Train drivers (locomotive engineers), rail guards.

• Station & Passenger Services:

•  security staff.

• Operations & Control:

• Rail traffic controllers.

• Maintenance Team:

• Rail track inspectors, train mechanics.

• Administrative & Logistics:

• Railway operations managers, scheduling coordinators,

45
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Structure of rail transport mode

Air Transport Mode

47
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Air Transport Infrastructure

• Essential Components:

• Airports:

• Runways and Taxiways 
(aircraft movement areas)

• Terminals 
(passenger and cargo handling)

• Ground Access Systems:

• Road and Rail Links 
(connections to cities and 
logistics hubs)

Air Transport Infrastructure

49
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Runway

https://www.vecteezy.com/free-photos/airplane-runway

Taxiway

51
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Airport hub

https://www.foxnews.com/travel/dubai-airport-closed-for-drone-activity-temporarily

Queen Alia International Airport

53
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Queen Alia International Airport

Air Transport Vehicles

• Passenger Aircraft:

• Regional Jets (short-haul flights)

• Commercial Airliners (medium/long-haul)

• Cargo Aircraft:

• Dedicated Freight Planes (express shipping)

55
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Regional Jets 

Commercial Airliners

57
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Cargo Aircraft

Air Transport – Supporting Facilities & Equipment

• Traffic Signaling & Control:

• Runway lighting systems

• Management Systems:

• Flight scheduling.

• Power Supply Systems:

• Fuel stations for jet refueling.

• Customer Facilities & Administration:

• Airport terminals, check-in counters, 

59
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Air Transport – Staff Roles

• Flight Crew:

• Pilots, co-pilots, 

• Ground Operations:

• Baggage handlers, aircraft refueling crew.

• Air Traffic Control:

• Air traffic controllers, radar operators.

• Maintenance & Technical Staff:

• Aircraft mechanics, safety inspectors.

• Airport Administration & Customer Service:

• Ticketing agents, customs officers.

Structure of air transport mode

61
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Inland Waterways Transport Mode

Inland Waterways Infrastructure

• Core Features:

• Waterways (rivers, canals)

• Ports and Harbors:

• Passenger Terminals (ferries, 

water taxis)

• Freight/Cargo Terminals 

(bulk handling, container 

facilities)

63
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Suez Canal

Ferries 

65
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Water taxis

https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FNew_York_Water_Taxi&psig=AOvVaw0eNMn94wtae-

hfkHSKfAyk&ust=1739948549365000&source=images&cd=vfe&opi=89978449&ved=0CBQQjRxqFwoTCNjU3czTzIsDFQAAAAAdAAAAABAI

Inland Waterways Transport Vehicles

• Types of Vessels:

• Self-Propelled Barges (diesel-powered)

• Towboats & Pushes Barges (diesel-powered)

https://en.wikipedia.org/wiki/Pusher_%28boat%29

67
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Inland Waterways – Supporting Facilities & Equipment

• Traffic Signaling & Control:

• River navigation lights, depth markers.

• Management Systems:

• Lock operation systems.

• Power Supply Systems:

• Diesel fueling stations.

• Customer Facilities & Administration:

• Passenger terminals, cargo loading docks.

Sea Shipping Transport Mode

69
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Sea Shipping (Maritime) Transport Infrastructure

• Land and Water-Based Infrastructure:

• Land-based: Roads, railways for port access

• Water-based: Access channels,

• Seaports:

• Passenger Terminals (cruise ship docks)

• Freight/Cargo Terminals (container ports, bulk cargo facilities)

Aqaba container terminal

71
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Sea Shipping (Maritime) Transport Vehicles

• Passenger Vessels:

• Cruise Ships (for tourism and long-distance passenger travel)

• Cargo Vessels:

• Bulk Carriers (coal, grain, ores)

• Oil & Gas Tankers (petroleum, Liquefied Natural Gas (LNG))

• Container Ships (global trade logistics)

• Powered by: Diesel engines.

• Used for: International freight transport and oceanic travel.

Cruise ship docks

73
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Oil & Gas Tankers

Bulk Carriers

75
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Sea Shipping – Supporting Facilities & Equipment

• Traffic Signaling & Control:

• Lighthouses,.

• Management Systems:

• Port logistics and container handling systems.

• Power Supply Systems:

• Shore power for docked ships.

• Customer Facilities & Administration:

• Passenger terminals 

• Cargo terminals, customs processing centers.

Sea Shipping (Maritime) Transport – Staff Roles

• Ship Crew:

• Captains, navigators.

• Engineers & Technicians:

•  ship electricians, maintenance personnel.

• Port & Terminal Operations:

•  cargo loaders, crane operators.

• Maritime Traffic Control:

• coast guards

• Administrative & Customer Support:

• Cruise ship hospitality staff, ticket agents, customs clearance officers.

77
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Structure of inland waterways  transport mode

Relationships Between Transport Modes

79
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Relationships Between Transport Modes

Competition: Transport modes compete for passengers and 

freight.

Cooperation: Modes collaborate to provide integrated 

transport services.

Goal: Optimize efficiency, market share, and customer 

satisfaction.

Competition Between Transport Modes

• Objective: Maximize passenger and freight 
volumes over time.

• Competitive Factors:

• Service Quality (speed, reliability, comfort).

• Cost (Price) (fares, freight charges).

• Examples:

• Urban transit:

•  Buses vs. Streetcars (Trams) vs. Subways (Metro).

• Intercity travel:

•  High-Speed Rail (HSR) vs. Air Travel.

• Freight transport:

•  Rail vs. Road vs. Sea shipping.

81
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Cooperation Between Transport Modes

Objective: Provide smooth, integrated transport services.

• Intermodal Transfer Locations:

• Common bus/streetcar stops near metro stations.

• Integrated bus/LRT connections for urban & suburban travel.

• Coordinated Schedules for smooth passenger transitions.

• Common Ticketing & Pricing Systems for ease of travel.

Methods of Cooperation:

• Urban Transit: Bus-Tram-Metro integration.

• Regional Transit: Bus and Light Rail Transit (LRT) coordination.

• Freight: Rail-sea, air-road multimodal logistics hubs.

Examples:

Urban Transit: Bus-Tram-Metro integration. Example: Dijon, France
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Regional Transit: Bus and Light Rail Transit 

(LRT) coordination.

Transportation Challenges and problems 
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Transportation Challenges and Problems

• Transportation systems face multiple challenges that impact efficiency, 

sustainability, and safety.

• Key challenges and problems include:

• Traffic Congestion

• Inadequate Public Transportation

• Environmental Pollution

• Road Safety Issues

• Aging Infrastructure

• Sustainability and Energy Consumption

1. Traffic Congestion

• Overcrowded roads lead to longer travel times, 

delays, and economic losses.

• Major causes:

• Increase in vehicle ownership.

• Poor urban planning and road network design.

• Inefficient traffic management and public transport 

systems.
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2. Inadequate Public Transportation

• Many cities lack reliable, accessible, and efficient public 

transport options.

• Challenges include:

• Limited routes and irregular bus schedules.

• High dependence on private vehicles due to lack of alternatives.

• Poor integration between different transport modes.

3. Environmental Pollution

• Transport sector contributes significantly to air 

pollution and climate change.

• Issues include:

• High CO₂ emissions from fossil fuel vehicles.

• Increased urban air pollution affecting health.

• Lack of investment in electric and hybrid transportation.
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4. Road Safety Issues

• Traffic accidents result in injuries, fatalities, and 

economic losses.

• Common causes:

• Speeding and reckless driving.

• Poor road conditions and lack of pedestrian safety 

measures.

• Weak enforcement of traffic regulations.

• Statistics:

• In 2023, Jordan recorded over 170,000 traffic accidents, 

causing 560+ fatalities.

• The economic cost of road crashes in Jordan is estimated 

at $400 million annually.

https://www.jsf.org/ar/infographic/traffic-accidents-in-jordan

Transportation Development

Trends 
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Trends in Transportation Development

• The transportation industry is evolving rapidly due to technological advancements and 

sustainability goals.

• Key trends shaping the future of transportation:

• Smart and Connected Transportation

• Electrification and Alternative Fuels

• Autonomous Vehicles (AVs)

• High-Speed Rail and Urban Transit Innovations

• Sustainable and Green Transport Solutions

• Integration of AI and Big Data in Transportation

1. Smart and Connected Transportation

• Advancements in intelligent 
transport systems (ITS) are 
transforming mobility.

• Key developments:

• Smart traffic management 
using AI-based signal control.

• Example:

• Dubai’s Smart Traffic Systems 
reduced congestion by 20%.
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2. Electrification and Alternative Fuels

• Shift towards electric vehicles 

(EVs) and alternative energy 

sources.

• Key trends:

• Expansion of EV charging networks.

• Government incentives for electric 

public transportation.

3. Autonomous Vehicles (AVs)

• Self-driving technology is reshaping 

personal and commercial mobility.

• Key applications:

• Autonomous taxis and ride-sharing services.

• Self-driving freight trucks for efficient 

logistics.

• AI-powered delivery robots and drones.
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4. High-Speed Rail and Urban Transit Innovations

• Rail and transit developments 

focus on speed, efficiency, and 

sustainability.

• Key trends:

• Expansion of high-speed rail networks 

to replace short-haul flights.

Transportation in Jordan
Roles

98
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Roles of Transportation in Jordan

Transportation plays a critical role in Jordan’s economy and 

daily life.

Key roles include:

Economic Growth & Trade

Tourism & Cultural Exchange

Urban Mobility & Public Transit

Economic Growth & Trade

• Boosts national and regional trade with neighboring countries.

• Major trade corridors:

• Aqaba Port: Jordan’s primary seaport for imports/exports.

• Highway & Rail Links: Facilitates land trade with Saudi Arabia, Iraq, and Syria.

102

103



2/23/2026

49

Aqaba Port

Jordan Existing Railway Network and Stations Map
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Jordan Road Network

Palestine 

2. Tourism & Cultural Exchange

• Vital for Jordan’s tourism industry, 

connecting key destinations:

• Petra, Wadi Rum, Dead Sea, 
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Queen Alia International Airport

108



2/28/2026

1

1.2| Introduction of Transportation engineering 

Module | 1 | Introduction

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning

What is Transportation Engineering

1

2



2/28/2026

2

What is Transport Engineering

Transportation Engineering is a branch of the engineering that deals 

with planning, design, construction, operation, and management of 

various transportation systems and their components, to achieve a safe, 

efficient, convenient and economical movement of passengers and 

goods.

Role of Transportation Engineers

3
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Transportation Engineer 

 The professional who is concerned with the planning, design, construction, 
operations, and management of a transportation system 

6 

Transportation Engineering 
Classifications 

6
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Classification approaches

• Transportation systems consist of 

various modes of travel.

• Focuses on mode-specific design, 

operations, and policies

• Classification helps in the systematic 

study and analysis of transportation.

• Three main classification approaches:

• Modal Classification

• Elemental Classification

• Functional Classification

Modal Classification

• Based on different modes of transport.

• Categorizes transport into broad classes of 

travel:

• Walking & Non-Motorized Transport

• Road Transport (Cars, Buses, Motorcycles)

• Rail Transport (Trains, Metros, Light Rail)

• Air Transport (Aircraft, Helicopters)

• Water Transport (Ships, Ferries, Boats)

8
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Elemental Classification

❑ Looks at a transportation system's 
core elements.

❑ Focuses on how individual elements 
interact in a transport system.

❑ The six key elements:

• Driver

• Vehicle

• Travel Way

• Control

• Terminal

• User

Functional Classification

• Based on the functions of transportation 

engineering.

• Focuses on how engineering expertise is applied 

in transportation systems.

• Transportation engineers perform various tasks, 

such as:

• Facility Design & Planning (Roadways, Terminals, Rail 

Networks)

• Traffic Management (Bus Routes, Highway 

Operations, Control Systems)

• Pavement Engineering (Road Surface Design, 

Maintenance)

• Transport Policy & Planning (Urban Mobility, 

Logistics Strategies)

10

11



2/28/2026

6

What is Transport Engineering
Functional classifications 

Functional Divisions of Transportation Engineering

• Transportation engineering can be functionally categorized based on its 
applications.

• The main functional divisions include:

• Planning & Policy

• Transport economics

• Geometric Design

• Traffic Engineering & Operations

• Pavement Engineering

• Public Transit & Intermodal Systems

• Safety & Environmental Impact

12
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Transportation Planning & Policy

• Involves forecasting future transportation 
needs.

Transport economics

❑ Deals with various 

economic costs and 

benefits of building and 

operating different 

transportation facilities 

14
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Geometric Design of Transport Facilities

• Focuses on the physical design 
of transportation 
infrastructure.

• Ensures safety, efficiency, and 
comfort for transport users.

• Key aspects:

• Roadway alignments (horizontal 
& vertical curves).

• Intersections, roundabouts, and 
interchange design.

• Rail track layout and platform 
configurations.

• Runway & taxiway design in 
aviation.

Traffic Engineering & Operations

• Deals with movement control and traffic flow 
efficiency.

• Key areas:

• Traffic signal design & control systems.

• Traffic flow analysis & congestion management.

• Parking facility design & management.

• Intelligent Transport Systems (ITS) for real-time 
traffic monitoring.

16
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Pavement Engineering

• Focuses on road and runway surface 
design & maintenance.

• Ensures safe, long-lasting, and cost-
effective transport surfaces.

• Key aspects:

• Material selection (asphalt, concrete, 
composites).

• Pavement structural design for 
durability.

• Maintenance strategies (resurfacing, 
rehabilitation).

• Load-bearing capacity for heavy 
transport vehicles.

Public Transit & Intermodal Systems

• Involves designing and optimizing public 

transport networks.

• Aims to reduce congestion, emissions, 

and enhance accessibility.

• Key areas:

• Bus Rapid Transit (BRT) & rail transit 

planning.

• Integration of multiple transport modes 

(bus-rail-airport links).

• Passenger flow management & fare 

collection systems.

• Sustainable transit solutions (electric buses, 

high-speed rail).
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2.1 |Transportation Planning and Its Elements

Module | 2 | Transportation Planning 

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning

Transportation Planning
Definition and purpose 
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Transportation Planning - Definition

• A systematic process for designing, evaluating, and implementing transportation systems.

• Aims to meet mobility needs by ensuring the efficient movement of people and goods.

•  Analyze travel demand and identify necessary infrastructure improvements.

• Considers economic, environmental, and social impacts for long-term viability.

• Supports data-driven decision-making for both short-term solutions and long-term 

planning​ of Transportation infrastructure  

Purpose of Transportation Planning

• Forecasting future transportation needs using data analysis.

• Determines:

• How much traffic will exist in future years.

• Where the traffic will go.

• What routes travelers will take.

• Which transport modes will be most utilized.

3
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Transportation Planning
Importance

Importance of Transportation Planning

• Transportation planning is essential to ensure efficient, sustainable, and cost-effective 

mobility solutions.

• It helps in addressing future transportation demands while balancing economic, 

environmental, and social factors.

• Key reasons why transportation planning is needed:

• Increased Demand for New Facilities and Services

• Huge Investments in Transportation Projects

• Land Use Development

• Multiple Alternatives for Transportation Projects

6
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1. Increased Demand for New Facilities and Services

• Growing population and urbanization increase pressure on existing transportation 

infrastructure.

• Rising vehicle ownership leads to traffic congestion and travel delays.

• Public transit expansion is needed to meet the mobility needs of urban and rural 

populations.

• Example:

• Global road traffic expected to double by 2050, requiring better planning and expansion.

2. Huge Investments in Transportation Projects

• Transport projects require significant financial investments in infrastructure and 

maintenance.

• Planning ensures:

• Efficient allocation of resources to high-priority areas.

• Cost-benefit analysis to justify large expenditures.

• Long-term sustainability of transportation networks.

8
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3. Land Use Development

• Transportation and land use are interdependent

• Poor planning can lead to:

• increased travel times.

• Inefficient public transport accessibility.

• Traffic congestion due to unplanned road networks.

4. Multiple Alternatives for Transportation Projects

• Every transportation project has multiple design and implementation options.

• Planning helps in:

• Evaluating different alternatives based on cost, efficiency, and environmental impact.

• Choosing the most sustainable and effective solution.

• Balancing short-term costs with long-term benefits.

• Example:

• High-Speed Rail vs. Expanding Highway Networks—each has different costs, benefits, and 

environmental impacts.

10
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Transportation Planning
Basic Elements

Basic Elements of Transportation Planning

• Transportation planning consists of seven interrelated elements, forming a continuous decision-making 
process.

• These elements do not always occur sequentially—information from one phase can influence earlier or later 
steps.

• Key elements of transportation planning:

1. Situation Definition

2. Problem Definition

3. Search for Solutions

4. Analysis of Performance

5. Evaluation of Alternatives

6. Choice of Project

7. Specification and Construction

12
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Step 1: Situation Definition 

Situation Definition in Transportation Planning

• It involves analyzing the current system, identifying deficiencies, and determining the scope 

of study.

• Helps in understanding the factors that created the need for a transportation improvement 

project.

• Key components of situation definition:

1. Assessing the Existing Transportation System

2. Collecting Data on Travel Patterns and Traffic Volumes

3. Reviewing Previous Studies and Reports

4. Defining the Study Area and Scope

5. Engaging Public and Stakeholders

14
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Case Study: Feasibility of a New Bridge in Amman

16 

Case Study: Feasibility of a New Bridge in Amman

17 
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Situation Definition - 1. Assessing the Existing Transportation System

• Understanding current infrastructure and services to identify gaps or inefficiencies.

• Includes:

• Analyzing road networks, bridges, railways, transit systems, and traffic conditions.

• Identifying congestion points, and safety concerns.

• Example:

• A city considers a new bridge due to increasing congestion on existing roadways.

Situation Definition - 2. Collecting Data on Travel Patterns and Traffic Volumes

• Understanding how people move and where the highest demand exists.

• Data sources include:

• Traffic surveys, automatic vehicle counters, GPS tracking.

• Peak-hour traffic flow analysis for congestion hotspots.

18
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Situation Definition - 3. Reviewing Previous Studies and Reports

• Examining prior research, geological maps, and environmental reports.

• Helps in understanding past findings and recommendations for similar projects.

• Example:

• A previous study may have analyzed soil conditions, helping determine feasibility for a new bridge.

Situation Definition - 4. Defining the Study Area and Scope

• Establishing the geographic area that will be affected by the proposed project.

• Includes:

• Defining boundaries for analysis.

• Identifying affected communities and businesses.

• Example:

• If a bridge is planned, the study area includes existing roads, alternative routes, and surrounding 

developments.

20
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Example: Applying Situation Definition to a New Bridge 

Project

• Project Idea: Building a new bridge to reduce 

congestion.

• Steps in Situation Definition:

• Analyze the current highway system (existing bridges, 

traffic flow).

• Collect data on travel patterns (commuters, freight 

movement).

• Review prior studies (environmental impact, feasibility 

reports).

• Define the affected study area (nearby communities, 

businesses).

• Conduct public hearings to get input from citizens and 

stakeholders.

Step 2: Problem Definition 

22
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Problem Definition in Transportation Planning

• Problem definition is a crucial step in the planning process where the issue is clearly identified.

• It involves:

• Setting objectives to be achieved by the project.

• Establishing quantifiable criteria to measure success.

• Identifying constraints and limitations affecting the project.

24 

Problem 

Traffic congestion

Objectives 

Reduce traffic

 congestion

Quantifying

 criteria  

Travel time Establish 

design 

standards

Constraints 

Problem Definition -1. Setting Objectives

• Objectives define the intended purpose of the transportation project.

• Examples of common objectives include:

• Reduce traffic congestion.

• Improve road safety.

• Enhance economic connectivity.

• Minimize environmental impact.

• Example: A bridge project might aim to reduce traffic congestion on alternative routes.

24
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Problem Definition -2. Establishing Quantifiable Criteria

• Criteria are used to measure the success of meeting objectives.

• These are often called Measures of Effectiveness (MOEs).

• Examples of quantifiable criteria:

• For reducing congestion: Measure average travel time or vehicle delay.

• For improving safety: Measure accident rates per mile.

• For maximizing user benefits: Analyze cost-benefit ratios.

• Example: If the objective is to reduce travel time, the criterion could be reducing average 

delays at key intersections.

Problem Definition -3. Identifying Constraints and Limitations

• Every transportation project faces physical, regulatory, and environmental constraints.

• Common constraints include:

• Physical limitations (e.g., existing buildings, terrain).

• Regulatory constraints (e.g., environmental laws, historic preservation).

• Engineering standards (e.g., bridge width, clearance heights).

• Example: A bridge project may have design constraints due to nearby historic buildings or difficult 

soil conditions.

26

27



2/28/2026

14

Example:  Problem Definition for a New Bridge Project

• Objective: Reduce congestion on alternative routes.

• Criteria: Measure average delay and travel time.

• Constraints:

• Physical: Nearby rivers, existing infrastructure, historic 

districts.

• Regulatory: Environmental approvals required.

• Engineering: Must meet bridge width and load-bearing 

standards.

• Outcome: A well-defined problem statement that 

helps in decision-maki

Step 3: Search for Solutions

28
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Search for Solutions in Transportation Planning

• This phase focuses on generating multiple possible solutions to the identified transportation problem.

• It is a brainstorming stage where different ideas, designs, locations, and system configurations are explored.

• Solutions may be proposed by various stakeholders, including:

• Government agencies

• Urban planners

• Engineers and researchers

• Community groups

• Common alternative solutions include:

• New transportation technologies (electric buses, autonomous vehicles).

• Infrastructure changes (new bridges, tunnels, road expansions).

• System or network modifications (traffic signal adjustments, public transit improvements).

• Policy and operational changes (congestion pricing, tolls, dedicated lanes).

Example:  Bridge Project Alternatives

• For a proposed bridge, multiple options should be considered:

• Location alternatives: Different placement points for minimal disruption.

• Structural alternatives: Suspension bridge vs. cable-stayed bridge.

• Alternative transportation modes: Tunnel instead of a bridge.

• Operational policies: Toll-based funding vs. government funding.

• A “No Build” option should also be evaluated to determine if 

alternative solutions (e.g., road widening, ferry service) might be 

better.

30
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Step 4: Analysis of Performance 

Analysis of Performance in Transportation Planning

• The goal of performance analysis is to estimate how each proposed alternative would function under 

current and future conditions.

• This involves:

• Evaluating investment, maintenance, and operational costs.

• Using mathematical models to forecast travel demand.

• Determining system performance metrics (e.g., travel time, trip length, congestion levels).

• Assessing environmental and community impacts.

• Helps in selecting the most effective and sustainable transportation option.

32
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Example:  Bridge Project Performance Analysis

• Steps for performance evaluation of a new bridge:

• Estimate construction costs for different locations.

• Forecast traffic demand based on bridge width and toll 

charges.

• Compare average trip length and travel time before 

and after the bridge.

• Assess environmental impacts (air pollution, noise, land 

use changes).

• Evaluate user benefits (faster commutes, reduced 

congestion).

Step 5: Evaluation of Alternatives 

38
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Evaluation of Alternatives in Transportation Planning

• The evaluation phase assesses how well each proposed alternative meets project objectives.

• It compares benefits, costs, and overall effectiveness to determine the best solution.

• Key components of the evaluation process:

• Comparing Performance Against Objectives

• Evaluates each alternative based on predefined criteria (e.g., congestion reduction, safety improvement, cost-effectiveness).

• Benefit-Cost Analysis (BCA)

• Weighted Ranking of Alternatives

• Cost-Effectiveness Analysis

• Environmental and Social Impact Considerations

Evaluation of Alternatives- Comparing Performance Against Objectives

• Uses performance data from the previous analysis phase to measure success.

• Evaluates each alternative based on predefined criteria (e.g., congestion reduction, safety 

improvement, cost-effectiveness).

• Example:

• A proposed bridge project is assessed based on:

• Traffic flow improvements.

• Reduction in travel time.

• Environmental impact.

40

41



2/28/2026

19

Evaluation of Alternatives-2. Benefit-Cost Analysis (BCA)

• Determines whether a transportation project is a sound investment.

• Formula: 

•

• If BCR > 1, the project is financially viable.

• Example:

• A highway expansion project is expected to generate $200 million in benefits over its lifespan with 

$150 million in costs, leading to a BCR of 1.33 (favorable investment).

Evaluation of Alternatives-Weighted Ranking of Alternatives

• Some project impacts cannot be directly converted into monetary values.

• A weighted ranking system assigns scores to different criteria based on importance.

• Example:

• A transit project is ranked on:

• Efficiency (40%)

• Environmental impact (30%)

• Construction feasibility (20%)

• Community acceptance (10%)

42

43



2/28/2026

20

Evaluation of Alternatives-4. Cost-Effectiveness Analysis

• Used when benefits cannot be expressed in direct monetary terms.

• Example: Evaluating two alternatives for a new bridge:

• Alternative A: Costs $300M, displaces 100 homes.

• Alternative B: Costs $280M, displaces 50 homes.

• A cost-effectiveness matrix visually compares cost vs. impact to guide decision-making.

Example:  Application to a Bridge Project

• Steps for Evaluating a Bridge Alternative:

• Calculate the benefits and costs for different locations.

• Compute the benefit-cost ratio (BCR) to assess investment 

viability.

• Compare factors like traffic efficiency, environmental 

impact, and engineering feasibility.

• Use a cost-effectiveness matrix to compare construction 

costs vs. benefits.

• Identify the alternative with the best trade-off between 

cost, performance, and social impact.

44
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Step 6: Choice of Project 

Choice of Project in Transportation Planning

• The project selection phase determines which transportation project will move forward.

• Key considerations in project selection:

• Cost and financial feasibility

• Technical and engineering feasibility

• Community and public approval

• Environmental and social impacts

• Political and policy considerations

• In some cases, additional investigations or public hearings may be needed before 

making a final decision.

46
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Choice of Project-1. Simple vs. Complex Project Selection

• Simple projects may be selected based on a single criterion, such as cost.

• Complex projects require a multi-criteria approach, involving:

• Economic analysis

• Public input

• Environmental regulations

• Engineering feasibility studies

• Example:

• A road-widening project may be chosen solely based on cost, while a new metro system would require 

extensive community involvement.

Choice of Project-2. Public and Stakeholder Involvement

• Community feedback can influence project selection.

• Methods of public participation include:

• Public hearings for stakeholder input.

• Surveys and workshops to gather opinions.

• Example:

• A proposed highway expansion may be adjusted due to environmental concerns raised by the 

public.

48
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Choice of Project-3. Role of Transportation Engineers in Project Selection

• Engineers provide data-driven insights to support decision-makers.

• Ethical considerations:

• Avoid bias in selecting or eliminating alternatives.

• Ensure all feasible options are fairly assessed.

• Present accurate cost-benefit analyses and performance metrics.

• Example:

• A transportation engineer should objectively evaluate a bridge location, even if a preferred site 

exists.

Choice of Project-5. Finalizing the Project Location and Design

• The site location is carefully selected after evaluating:

• Land availability and environmental constraints.

• Traffic impact and connectivity with existing infrastructure.

• Engineering feasibility and safety considerations.

• Example:

• A bridge project’s location is determined based on soil conditions, traffic flow, and 

environmental impact studies.
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Example:  Bridge Project Selection

• Steps in selecting a bridge project:

• Evaluate economic feasibility using benefit-cost analysis.

• Compare alternative locations based on environmental and 

engineering studies.

• Consider public input and government policies.

• Make a final decision based on financial and social viability.

• Example Outcome:

• A cable-stayed bridge is chosen over a suspension bridge 

due to lower costs and better structural stability.

Step 7: Specification and Construction 

54

55



2/28/2026

25

Specification and Construction in Transportation Planning

• After selecting a transportation project, the detailed design and construction phases begin.

• Key steps in this phase include:

• Finalizing Design Specifications

• Preparing Detailed Plans and Cost Estimates

• Selecting a Construction Contractor

• Executing the Construction Process

• Transitioning to Operation and Maintenance

Example:  Problem Definition for a New Bridge Project

• Final Design Includes:

• Superstructure type, pier and foundation details.

• Roadway width, pedestrian access, lighting, and signals.

• Bidding & Contractor Selection:

• Bids are evaluated based on cost and expertise.

• Construction Phase:

• Site preparation, material sourcing, and structural assembly.

• Post-Construction:

• Handover to transportation authority for operation and 

long-term maintenance.
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Case Study : Relocation of Rural Road

❑ This example is based on 

a study completed by the 

engineering firm Edwards 

and Kelsey 

Feature US 1 US 1A

Purpose
Major north-south 

highway

Alternate routes, 

scenic byways, or 

business routes

Length 2,370 miles (3,810 km)

Varies by state 

(several 

disconnected 

segments)

Access
Major intersections, 

highways

Local roads, 

business districts, 

and bypasses

Existence
A single continuous 

highway

Multiple separate 

routes in different 

states
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❑ This example is based on 

a study completed by the 

engineering firm Edwards 

and Kelsey 

https://www.google.com/maps/

@44.5655451,-

67.8369908,17025m/data=!3m1!

1e3?entry=ttu&g_ep=EgoyMDI1

MDMwNC4wIKXMDSoJLDEwMjE

xNDU1SAFQAw%3D%3D 

Example 11.2 :Planning the relocation of a rural road 

66 

Step 1- Situation definition

65
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Case Study : Relocation of Rural Road

Step 1: Situation Definition 

Step 1: Situation Definition – Harrington, Maine Road Relocation Project

• Project Overview:

• The project involves the relocation or reconstruction 

of 3.3 miles of U.S. 1A in Harrington, Maine.

• The town center is located at the intersection of U.S. 

1 and U.S. 1A, near the Harrington River.

• Purpose of Situation Definition:

• To understand the existing conditions that led to the 

need for a transportation improvement.

• To analyze the physical, social, and economic factors 

affecting the project are
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Example 11.2 :Planning the relocation of a rural road 
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Step 1- Situation definition

70 

69

70



2/28/2026

30

Town Profile and Population Trends

• Harrington, Maine – Study Area Overview:

• Total population: 553 residents.

• 420 residents live within the study area, including 350 in the town center.

• Population declining due to lack of employment opportunities.

• Economic Considerations:

• Primary industries: Agriculture and fishing.

• Road realignment could affect the local economy if it impacts natural resources.

• 10 business establishments in the study area, with 20% of retail sales tied to tourism.

Traffic and Transportation Characteristics

• Average Daily Traffic (ADT): 2,620 vehicles/day.

• 69% of traffic is through-traffic (not stopping in town).

• 31% of traffic is local (residents and businesses).

• Existing Issues:

• High proportion of non-local vehicles affecting congestion.

• Possible negative impacts on tourism and businesses if the new alignment diverts local traffic away 

from the town center.

• Potential environmental concerns due to the town’s reliance on fishing and agriculture.
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Key Considerations for Situation Definition

• Social Impact:

• Population decline and economic struggles of small businesses.

• The need to maintain access to essential services and businesses.

• Environmental Impact:

• Road realignment could affect the estuary and fishing industry.

• Potential for habitat disruption and water pollution.

• Economic Impact:

• The project must balance traffic efficiency with economic sustainability.

• Tourism and local business accessibility should be maintained.

• Traffic Flow Considerations:

• Reducing congestion while preserving the town’s connectivity.

• Evaluating the impact of diverting traffic from U.S. 1A.

Case Study : Relocation of Rural Road

Step 2: Problem Definition 
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Step 2: Problem Definition – Harrington, Maine Road Relocation Project

• The Maine Department of Transportation (MDOT) aims to improve U.S. 1A by addressing safety and 

traffic flow issues.

• Primary issue: High accident rate in the town center area.

• Causes of the problem:

• Narrow bridge leading into the town center.

• Poor horizontal and vertical alignment of U.S. 1A within the town.

• Dangerous intersection at U.S. 1A and U.S. 1.

• Accident rate: Four times the statewide average, making it a priority for improvement.

1. Objectives of the Road Relocation Project

• Primary Objective:

• Reduce the accident rate by improving road alignment and intersection safety.

• Secondary Objective:

• Improve traffic flow for through traffic by increasing the average speed.

• Key transportation issues:

• The existing bridge is too narrow for current traffic demands.

• Poor road geometry makes driving hazardous.

• The town center intersection is a high-risk crash location.
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2. Measures of Effectiveness (MOEs)

• The success of the project will be measured using:

• Accident Rate: Reduction in crashes after improvements.

• Travel Time: Increased average speed for through traffic.

• Construction Cost: Ensuring the project remains financially feasible.

• Changes in Noise Levels and Air Quality

• Number of Businesses and Residences Displaced

3. Additional Considerations in Problem Definition

• The impact on local businesses and residences will be considered:

• Number of businesses and homes displaced due to construction.

• Environmental impacts:

• Changes in noise levels and air quality.

• Effects on natural habitats, including salt marshes and tree cover.

77

78



2/28/2026

34

Case Study : Relocation of Rural Road

Step 3: Search for Solutions 

Step 3: Search for Solutions – Harrington, Maine Road Relocation Project

• The Maine Department of Transportation (MDOT) has identified four alternative routes 

along with a "Do-Nothing" option.

• All alternatives start and end at the same location:

• 3 miles southwest of Harrington town center → Northeast of the town center.

• The goal is to find the most effective and feasible solution based on safety, efficiency, and 

environmental impact.
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1. Alternative 0 – The “Do-Nothing” Option

• Also known as the Null Alternative.

• Current Issues with Existing U.S. 1A Route:

• Narrow bridge causing traffic bottlenecks.

• Poor horizontal and vertical alignment 
increasing accident risk.

• Dangerous intersection at U.S. 1 and U.S. 
1A.

• Considerations:

• Maintains existing traffic patterns but does 
not address safety issues.

• Lowest initial cost but high long-term 
accident and congestion costs

2. Alternative 1 – Southern Bypass with New Bridge

• Key Features:

• Bypasses the town center to the south.

• A new bridge over the Harrington River, about 0.5 miles 
downstream from the existing bridge.

• Two-lane road, each lane 12-ft wide, with 8-ft shoulders.

• Potential Benefits:

• Reduces congestion in town.

• Minimizes impact on local businesses.

• Provides a direct, faster route for through traffic.

• Potential Drawbacks:

• Requires new right-of-way and land acquisition.

• Environmental concerns related to river crossing.
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3. Alternative 2 – Existing U.S. 1A Route Improvement

• Key Features:

• Uses the existing U.S. 1A alignment but with horizontal and 

vertical realignment.

• Includes construction of a new bridge.

• Same geometric design as Alternative 1 (12-ft lanes, 8-ft 

shoulders).

• Potential Benefits:

• Maintains access to local businesses and tourism traffic.

• Requires less new land acquisition than Alternative 1.

• Potential Drawbacks:

• Construction delays may affect local businesses.

• Less effective in reducing congestion than a full bypass.

4. Alternative 3 – Partial Bypass Using Existing Route 1 Bridge

• Key Features:

• Merges with U.S. 1 west of Harrington and continues through town.

• Uses the recently constructed Route 1 Bridge.

• Same geometric specifications as other alternatives.

• Potential Benefits:

• Leverages existing infrastructure (Route 1 Bridge), reducing costs.

• Improves connectivity with U.S. 1.

• Potential Drawbacks:

• Does not fully eliminate town center congestion.

• May still impact businesses along U.S. 1A.
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5. Alternative 4 – Full Bypass Using Route 1 Bridge

• Key Features:

• Similar to Alternative 3, but instead of passing through 

town, it bypasses the town center on a new alignment.

• Uses Route 1 Bridge instead of constructing a new one.

• Potential Benefits:

• Removes through traffic from the town center, reducing 

congestion and improving safety.

• Uses existing infrastructure (Route 1 Bridge), minimizing 

costs.

• Potential Drawbacks:

• Potentially reduces business exposure in the town center.

• Requires new land acquisition for the bypass segment.
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Comparison of Alternatives

Alternative
New 

Bridge?
Bypasses Town?

Impacts on 

Businesses

Safety 

Improvement
Estimated Cost

Alternative 0 

(Do-Nothing)
No No

High congestion 

remains

No 

improvement
No cost

Alternative 1 

(Southern Bypass + 

New Bridge)

Yes Yes Minimal impact
High 

improvement
High

Alternative 2 

(Upgrade Existing 

U.S. 1A)

Yes No Some disruption
Moderate 

improvement
Moderate

Alternative 3 

(Partial Bypass + 

Route 1 Bridge)

No No Some impact
Moderate 

improvement

Low to 

Moderate

Alternative 4 (Full 

Bypass + Route 1 

Bridge)

No Yes
Reduces town 

center traffic

High 

improvement
Moderate

Case Study : Relocation of Rural Road

Step 4: Analysis of Performance 
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Step 4: Analysis of Performance – Harrington, Maine Road Relocation Project

• This phase evaluates each alternative using measures of effectiveness (MOEs).

• The results of the calculations determine how well each alternative meets the project 

objectives.

• Performance metrics analyzed include:

• Average Travel Speed

• Accident Factor Reduction

• Project Cost

• Displacement of Residences

• Traffic Flow Changes

• Environmental Impact (Air Quality, Noise, Tree Removal, Lost Taxes)

Step 4: Analysis of Performance – Measures of effectiveness 
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1. Travel Speed Comparison

• Objective: Improve traffic flow and efficiency.

• Current Speed on Existing U.S. 1A: 25 mi/h.

• Projected Speeds for Each Alternative:

• Alternative 1 & 4: 55 mi/h (highest improvement).

• Alternative 2 & 3: 30 mi/h (moderate 

improvement).

• Analysis:

• Bypasses (Alternatives 1 & 4) provide the 

highest speed increases due to reduced 

intersections and congestion.

2. Accident Factor Reduction

• Objective: Reduce accident rates, which are 

currently 4 times the statewide average.

• Projected Accident Factors for Each 

Alternative:

• Alternative 4: 0.6 times statewide average 

(best improvement).

• Alternative 1: 1.2 times statewide average.

• Alternative 2 & 3: Moderate reduction.

• Analysis:

• Alternative 4 provides the safest outcome, 

likely due to better road alignment and 

separation of local and through traffic.
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3. Project Cost Comparison

• Objective: Ensure the project is cost-effective 

while achieving transportation goals.

• Estimated Costs for Each Alternative:

• Alternative 3: $1.18 million (lowest cost).

• Alternative 2: $1.58 million (highest cost).

• Analysis:

• Alternative 3 is the most cost-effective but 

does not offer the best safety or efficiency 

improvements.

• Alternative 4 is more expensive but provides 

superior safety benefits.

4. Residential Displacement and Land Use Impact

• Objective: Minimize the number of people 

displaced due to road construction.

• Impacts Considered:

• Number of residences displaced.

• Loss of local businesses and tax revenue.

• Acreage of trees removed.

• Analysis:

• Alternative 4 require the most land 

acquisition.

• Alternative 3 has the least displacement but 

provides lower safety benefits.
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Environmental Impact

• Alternative 1 provides the best air quality 

improvement (306 µg/m³ CO, significantly lower 

than Alternative 2 and 3 at 825).

• Alternative 4 has the highest tree removal (28 

acres), followed by Alternative 3 (25 acres).

• Alternatives 3 and 4 also produce the most 

runoff ("Much"), while Alternatives 1 and 2 have 

only "Some" runoff.

• Noise pollution is lowest in Alternatives 1 and 4 

(70 dBA).

96 

Ranking of alternatives 
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97 

Ranking of alternatives 

Case Study : Relocation of Rural Road

Step 5: Evaluation of Alternatives 
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Step 5: Evaluation of Alternatives – Harrington, Maine Road Relocation Project

• The evaluation phase involves comparing all alternatives based on specific measures of 

effectiveness (MOEs).

• The goal is to determine which alternative provides the best improvements relative to its 

cost and impact.

• Measures of Effectiveness (MOEs) considered in evaluation:

• Accident Reduction

• Travel Speed Improvement

• Construction Cost

• Environmental and Social Impacts

• Economic and Business Impact

1. Travel Time Improvements

• Objective: Reduce congestion and improve 

traffic efficiency.

• Results (Figure 11.4):

• Alternative 1 provides the greatest reduction in 

travel time.

• Alternative 4 is the second-best option.

• Alternatives 2 and 3 provide minor improvements.

• Conclusion:

• Alternative 1 is the best for travel efficiency.

• Alternatives 2 and 3 are less effective.
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2. Accident Factor Reduction (Safety)

• Objective: Reduce the high accident rate, which is 

currently four times the statewide average.

• Results (Figure 11.5):

• Alternative 4 achieves the best safety improvement 

(accident factor reduced to 0.6).

• Alternative 1 is the second-best (accident factor 

reduced to 1.2).

• Alternatives 3 and 2 are less effective.

• Conclusion:

• Alternative 4 offers the greatest safety benefit.

3. Cost Analysis

• Objective: Ensure cost-effectiveness while achieving 

transportation goals.

• Cost Comparison:

• Alternative 3 is the lowest cost ($1.18 million).

• Alternative 2 is the highest cost ($1.58 million) but does not 

improve safety or travel time significantly.

• Alternative 1 costs $0.32M more than Alternative 3 but 

significantly improves safety and travel time.

• Alternative 4 costs $0.04M more than Alternative 1 but 

provides better accident reduction.

• Conclusion:

• Alternative 2 is eliminated due to high cost with low benefits.

• Alternatives 1 and 4 provide the best cost-effectiveness ratio.
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4. Residential Displacement

• Objective: Minimize the number of homes 

affected by construction.

• Impact on Residences:

• Alternative 1 and Alternative 4 do not require any 

home relocations.

• Alternative 3 would displace three residences.

• Alternative 2 would displace seven residences.

• Conclusion:

• Alternative 1 and Alternative 4 are preferable for 

minimizing community impact.

Air Quality Improvement

• Objective: Reduce pollution and improve 

environmental sustainability.

• Evaluation of alternatives:

• Alternative 1: Best air quality improvement due to 

highest reduction in slow-moving traffic.

• Alternative 4: Second-best improvement.

• Alternative 3: Moderate improvement.

• Alternative 2: Lowest improvement in air quality.

• Conclusion:

• Bypassing the town center (Alternatives 1 & 4) 

improves air quality by shifting traffic to faster roads, 

reducing emissions per vehicle.
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2. Noise Levels

• Objective: Reduce noise pollution in residential 

and commercial areas.

• Evaluation of alternatives:

• Alternatives 1 & 4: Lower noise levels due to 

better traffic flow outside town.

• Alternatives 2 & 3: Higher noise levels as they 

continue to direct traffic through the town center.

• Conclusion:

• Alternatives 1 and 4 offer the best solutions for 

minimizing traffic-related noise in urban areas.

3. Tax Revenue Loss

• Objective: Minimize economic disruption and loss of 

tax revenue from displaced businesses and properties.

• Evaluation of alternatives:

• Alternative 1 & 4: Slight tax losses.

• Alternative 3: Moderate tax losses.

• Alternative 2: Highest tax losses due to business and 

property displacements.

• Conclusion:

• Alternative 2 is the least favorable option due to its 

negative economic impact.

• Alternatives 1 and 4 minimize financial loss while improving 

infrastructure.
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4. Tree Removal Impact

• Objective: Preserve natural environments and 

maintain ecological balance.

• Evaluation of alternatives:

• Alternative 1: Minimal tree loss.

• Alternative 2: No trees removed.

• Alternative 3: 25 acres of trees removed.

• Alternative 4: 28 acres of trees removed (highest impact).

• Conclusion:

• Alternative 2 is the most environmentally friendly 

regarding tree removal.

• Alternatives 3 & 4 require significant deforestation, 

potentially impacting wildlife and local ecosystems.

5. Water Runoff Impact

• Objective: Prevent excessive water runoff that 

could lead to flooding, soil erosion, or pollution of 

nearby water sources.

• Evaluation of alternatives:

• Alternative 0: No additional runoff.

• Alternatives 1 & 2: Some runoff.

• Alternatives 3 & 4: Highest runoff impact due to 

larger construction areas.

• Conclusion:

• Alternatives 3 & 4 require better drainage and 

stormwater management solutions.
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Case Study : Relocation of Rural Road

Step 6: Choice of Project 

1. Cost Considerations in Project Selection

• Objective: Select an alternative that maximizes safety and efficiency while minimizing cost.

• Evaluation of alternatives:

• Alternative 3 ($1.18M) → Lowest cost with moderate improvements.

• Alternative 1 ($1.50M) → Slightly more expensive but better overall benefits.

• Alternative 4 ($1.45M) → Similar to Alternative 1 but higher cost.

• Alternative 2 ($1.58M) → Eliminated due to high cost with lower benefits.

• Conclusion:

• If funding is limited, Alternative 3 is the best option.

• If additional funds are available, Alternative 1 is preferred due to better safety, environmental, and community 

benefits.
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Case Study : Relocation of Rural Road

Step 7: Specifications and Construction 

Step 7: Specifications and Construction – Harrington, Maine Bypass Project

• The final project selection Alternative 1 (Southern Bypass) has been approved for construction.

• This alternative includes:

• A new bridge over the Harrington River.

• A new road connecting U.S. 1A to U.S. 1.

• Key Phases in the Construction Process:

• Finalizing Design Specifications

• Cost Estimation and Budgeting

• Contractor Selection (Bidding Process)

• Construction and Quality Control

• Post-Construction Operations and Evaluation
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Case Study 2

Improving public transportation in Amman City

Source : Hussien, M., & Sharawneh, O. (2014). Comparison Between Monorail System and BRT System in 

Amman City. The Fourth Jordan International Conference and Exhibition for Roads and Transport, "High 

Priority Issues in the Future Transport Sector," 1-15.

Situation Definition

• Urban Transportation Challenges: 

• Amman suffers from severe congestion due to a rapidly growing population and 

increasing vehicle ownership.

• Public transport infrastructure is underdeveloped, leading to heavy reliance on private 

cars.

• Key Considerations: 

• Need for a high-capacity, independent, and sustainable transit solution.

• Reduced congestion and travel time with minimal environmental impact.
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118 https://www.youtube.com/shorts/O2FBVRkDSog

Situation Definition - Study Area 

❑ The section under consideration is starting 
from Jamal Abdulnasser square, reaching to 
the Sport city Circle (which extends 1.844 
Km ) ,this segment starts from point A to B 
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Situation Definition

Problem Definition

 Problem Statement: 

• Severe traffic congestion due to rising population & vehicle ownership.

• Inefficient public transport system leads to high dependence on private cars.

• Existing bus services lack reliability and capacity.

 Key Objectives

1. Reduce Traffic Congestion – Shift commuters from private vehicles to public transit.

2. Improve Travel Efficiency – Provide higher speeds and shorter travel times.

3. Enhance Passenger Experience – Offer modern, comfortable, and reliable transit.

4. Ensure Sustainability – Reduce emissions and support eco-friendly urban development.

5. Optimize Public Investment – Long-term cost efficiency through high-capacity transit.
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Problem Definition- Measure of Effectiveness

Service Quality & Performance

Availability

Absolute Travel Time

Reliability

Passenger Experience

Comfort

Convenience

Safety & Security

Operational & Network Efficiency

Area Coverage

Frequency

Capacity

Economic & Financial Considerations
Investment Cost

Operating Cost

Environmental & Long-term 

Sustainability

Passenger Attraction

System Impact

Environmental Impact

Search for Solutions

Alternative 1: Bus Rapid Transit (BRT)

• Features: 

• Dedicated lanes to improve bus travel times.

• Lower initial investment, easier to implement.

• Drawbacks: 

• Requires road space, which may worsen congestion.

• Limited scalability 

• Lower public appeal.

• Station designs require significant urban 

modifications.
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Search for Solutions

Alternative 2: Monorail System

• Features: 

• Elevated rail system avoiding road 
congestion.

• High-speed and high-capacity 
transport.

• Drawbacks: 

• Higher upfront cost.

• Longer construction time but 
greater long-term benefits.

Search for Solutions

https://en.wikipedia.org/wiki/Monorail#/media/File:Chongqing_Rail_Transit_Line_3_Monorail_Train_near_Xuetangwan_Station.jpg
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Analysis of Performance

Factor
Existing Traffic (No 

BRT/Monorail)
After BRT Implementation After Monorail Implementation

Passenger Capacity (Passengers 

Per Hour Per Direction)
N/A (Existing Road Traffic) 15,000 24,000 - 48,000

Traffic Volume 

(Forward Direction)
7,555 vehicles/hour 4,442 vehicles/hour 6,663 vehicles/hour

Average Travel Speed 18.97 km/h 13.27 km/h (slower) 19.92 km/h (faster)

Impact on Road Congestion
High congestion due to private 

vehicles

Increases congestion due to 

road lane reduction

Reduces congestion by shifting 

private car users to transit

Road Space Required Full road access for vehicles
Reduces available lanes for 

private vehicles

Elevated structure, does not 

affect road space

Public Perception Heavy reliance on private cars
Lower acceptance due to 

similarity to buses

More favorable due to 

reliability and modern appeal

Long-Term Feasibility Not sustainable Limited capacity & scalability
High-capacity, expandable 

system

Evaluation of Alternatives

Measure of Effectiveness Monorail BRT Higher Rated System

Availability Very Good Good Monorail

Absolute Travel Time Very Good Good Monorail

Reliability Very Good Good Monorail

Comfort Good Poor Monorail

Convenience Good Poor Monorail

Safety & Security Good Fair Monorail

Area Coverage Very Good Very Poor Monorail

Frequency Very Good Good Monorail

Investment Cost Poor Good BRT

Operating Cost Good Fair Monorail

Capacity Good Poor Monorail

Passenger Attraction Very Good Good Monorail

System Impact Very Good Good Monorail

Environmental Impact Very Good Very Poor Monorail

Durability Good Poor Monorail

Efficient Transport Future Good Poor Monorail
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Choice of Project

• Preferred Alternative: Monorail System

• Reasons for Selection: 

• Higher long-term capacity.

• Better operational efficiency.

• Public perception favors modern rail-based transit.

Specification & Construction

• Proposed Monorail Route: 

• 10.6 km corridor from Sweileh Terminal to Sport City.
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2.2 |Urban transportation planning

Module | 2 | Introduction

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning

Urban and rural areas 
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Urban Area Definition

❑ Definition:

• An urban area is a place within boundaries set by responsible agencies, based on population and 
infrastructure development.

❑ Urban Area Categories:

• Small Urban Areas (5,000 < Population < 50,000)

•  Urbanized Areas (≥ 50,000 Population)

❑ Characteristics of Urban Areas:

• High population density

• Well-developed infrastructure (roads, utilities, public transport)

• Diverse land use (commercial, industrial, residential zones)

• Strong economic and social activity

Definition of Urban and Rural Areas

4 

Urban areas 

Image source: https://en.wikipedia.org/wiki/File:Ginza_area_at_dusk_from_Tokyo_Tower.jpg

Greater Tokyo Area, 

Japan, the world's 

most populated urban 

area, with about 38 

million inhabitants
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Rural Area Definitions

• Areas located outside officially designated 

urban boundaries

• Lower population density, typically less 

than 5,000

• Characteristics:

• Less developed infrastructure

• More open land, agriculture, and natural 

landscapes

• Limited public services and transportation

• Primarily residential and agricultural economy

Suburban Areas

• Suburban areas are transitional zones between urban and 

rural areas.

• Located outside central cities but still part of a metropolitan 

region.

• Characterized by a mix of residential, commercial, and 

open spaces.

❑ Characteristics of Suburban Areas:

• Moderate population density, lower than urban centers but higher 

than rural areas.

• Predominantly residential, with single-family homes and planned 

neighborhoods.

• Dependence on private vehicles, with limited public transportation 

options.

• More open spaces and lower levels of congestion compared to urban 

cores

5
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Road Classifications

Road Classifications

❑ Highways are classified based on:

❑  Their Location (Urban, Rural)

❑  Their Function in terms of traffic flow and accessibility

8

9
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Highway Classification – Location-Based

Highways and streets are classified based on their location:

❑  Urban Roads

• Serve areas within cities and metropolitan regions

• Facilitate high traffic volumes, intersections, and mixed road users

• Urban roads focus on accessibility and multimodal use.

❑  Rural Roads

• Found outside urban areas, connecting towns, villages, and remote locations

• Typically have lower traffic density but support higher speeds

• Rural roads prioritize mobility and long-distance travel efficiency

10

11
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Functional Classification

Functional Classification in Roadway Networks

❑ Travel occurs through a network of interdependent roadways 

❑ Each roadway segment moves traffic through the system towards destinations

❑ Functional classification defines the role of a roadway segment in traffic flow

❑ Roadways serve two primary travel needs:

• Access to/egress from specific locations 

• Travel mobility across longer distances 

❑ Most roads provide a mix of both functions

12

14



2/28/2026

7

Roadway Mobility Function

• Limited access points 

reduce entry and exit 

• Low travel friction from 

vehicle access/egress

• Designed for 

uninterrupted, high-

speed movement 

• Supports long-distance 

and regional travel

• Examples: Highways, 

freeways, expressways

Roadway Accessibility Function

• Frequent access points allow easy entry 
and exit 

• Higher travel friction due to frequent 
stops

• Designed for local and short-distance 
trips 

• Connects residential, commercial, and 
business areas

• Examples: Local roads, 

The roadway entirely provides 

“accessibility” and offers almost 

nothing in terms of mobility

15
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Road Functional Classifications

• Roads are classified based on their role in 

mobility and access

• Three main categories of functional 

classification:

• Arterials – High-speed, long-distance travel

• Collectors – Intermediate connection between 

Arterials and Locals

• Local Roads – Provide direct access to properties 

and neighborhoods

18

19
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Urban interstate Rural two-lane highway 

20

21



2/28/2026

10

Urban Transportation Planning
Introduction 

Introduction to Urban Transportation Planning

• Urban transportation planning involves evaluating and selecting infrastructure solutions to 

support urban growth and mobility needs.

• Key drivers of urban transport planning:

• New commercial & residential developments (e.g., shopping malls, industrial parks).

• Expansion of key facilities (e.g., airports, convention centers).

• Increased travel demand from population and economic growth.

❑ Urban transportation planning is divided into two-time horizons:

• Short-Term Planning (1–3 Years)

• Long-Term Planning (20-Year Horizon)

22

23



2/28/2026

11

Short-Term Planning

❑ Focuses on optimizing existing infrastructure.

❑ Improves traffic flow and public transit operations

❑ 1–3 Years

❑ Examples: 

• Traffic signal timing adjustments to improve intersection flow.

•Carpooling programs to reduce congestion.

•Bus route optimization and increased service frequency.

Long-Term Planning - Examples

❑ Addresses major infrastructure expansions and new projects.

❑ Incorporates future growth projections and long-term mobility 

needs

❑ 20-Year Horizon

❑ Examples

• New highway construction or freeway expansions.

• Expansion of public transit systems (metro, BRT, high-speed rail).

• Development of access roads to major commercial areas.

24
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❑ The planning process include: 

1. Inventory of existing travel and facilities

2. Establishment of goals and objectives

3. Generation of alternatives

4. Estimation of project cost and travel demand

5. Evaluation of alternatives

Comprehensive Urban Area Transportation Planning Process

Urban Transportation planning in Jordan
Amman Queen Alia Light Rail Project - Pre-Feasibility 
Study

28
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Amman Queen Alia Light Rail Project - Pre-Feasibility Study

❑ The Ministry of Transport (the “Ministry”) of the Hashemite Kingdom of Jordan has expressed 

an interest in obtaining support from the European Bank for Reconstruction and Development 

(the “EBRD” or the “Bank”) for the preparation of a modernized and enhanced system of Light 

Rail Transit (“LRT”)

❑ The Ministry has requested the Bank’s assistance in establishing structured public transport 

services across the country through various interventions, including this Project. Through 

these interventions the Ministry would like to reduce traffic and congestions on roads, 

improve health and safety of the public as well as reduce pollution. The Project will be 

designed to address the lack of public transportation, especially from/to the airport by 

improving transport links with the airport and introducing institutional reform in the sector 

and introduction of public service contracts and a private sector operator, as feasible.

https://www.ebrd.com/work-with-us/procurement/pn-47538.html

Amman Queen Alia Light Rail Project - Pre-Feasibility Study

❑ In order to identify EBRD’s potential involvement in the Project, the Bank is 

seeking a consultant (the “Consultant”) to provide an initial assessment of 

project rationale and outline feasibility, including an expert analysis of various 

technical considerations, route analysis and connectivity, investment 

requirements (rolling stock and infrastructure) and potential private sector 

involvement in the operation of the future LRT system.

https://www.ebrd.com/work-with-us/procurement/pn-47538.html
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Urban Transportation planning in Jordan

Feasibility study on underground transport in Amman

Feasibility study on underground transport in Amman

❑ Jordanian authorities have launched a feasibility study with a 

Chinese engineering company for the development of an 

underground railway system in capital Amman, said a report.

❑ The study will determine  whether establishing an 

underground railway system in Amman is possible and 

feasible

❑ "The Chinese company will look into the topography of 

Amman, its population and several other elements that 

determine whether such a project can be done or not

50
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❑ The proposal to establish a metro transit system in Amman seeks to ease off traffic congestion 

in the capital by providing commuters with transportation alternatives to using their vehicles.

❑ “The proposed project should cover all of Amman’s district.

• However, it remains only an idea until proven possible and feasible,” the official revealed.

• “If proven feasible, GAM will not cover the cost of implementing the project, which will be executed by 

a private company after floating a tender,” the official added.

❑ In addition, if the metro project was found feasible, it will be implemented in parallel with 

the Bus Rapid Transit (BRT), said the official.

Urban Transportation planning in Jordan

Case Study on Air Pollution and CO₂ Emissions Reduction: 

52

53
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Amman Bus Rapid Transit (BRT) System:

• Case Study on Air Pollution and CO₂ Emissions 

Reduction: 

• This study discusses how Amman's BRT system aims 

to tackle air pollution and improve mass public 

transportation by introducing high-capacity buses 

operating on exclusive lanes. 

https://www.c40.org/case-studies/bus-rapid-transit-to-tackle-air-pollution-co2-emissions-and-improve-mass-public-transportation/?utm_source=chatgpt.com 

Urban Transportation planning in Jordan
Traffic and environmental impacts of constructing and 
operating a BRT service: Case study in Amman, Jordan

54
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https://www.tandfonline.com/doi/full/10.1080/23311916.2023.2283316?utm_source=chatgpt.com 

Urban Transportation planning in Jordan

Environmental and Social Impact Assessment Report for the Amman 

and Amman-Zarqa Bus Rapid Transit (BRT) Systems 
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What Next ? 
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Topics

1. Introduction to transportation systems

2. Transportation planning

3. Travel Demand forecasting using 4 steps modeling

4. Engineering economy in transportation

5. Evaluation of transportation alternatives 

6. Urban mass transit systems

7. Airports
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3.1 |Travel Demand Forecasting: Definitions and 

terms  

Module | 3 | Forecasting Travel in Urban Transportation Planning

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning

Transportation Demand

❑ It is the number of persons or vehicles per unit time that 

can be expected to travel on a given segment of a 

transportation system under a set of given land-use, 

socioeconomic, and environmental conditions. 

1
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Capacity

• Capacity refers to a transportation facility’s ability to 

accommodate a moving stream of people or vehicles 

within a given time period.

Mode 

❑ Definition:

• Mode refers to a specific form of transportation that people or goods use to travel from 
one location to another.

❑ Types of Transportation Modes:

• Private Modes – Cars, motorcycles, bicycles.

• Public Transit – Buses, trams, subways, commuter rail.

• Non-Motorized – Walking, cycling.

• Freight Modes – Trucks, cargo rail, shipping, air freight.

• Air Transport – Domestic and international flights.

• Multimodal Transport – A combination of two or more modes for a single trip (e.g., train-to-bus 
transfer).

3

4



3/5/2026

3

Performance Measures

❑ Definition:

• Performance measures are indicators used to evaluate how well a transportation system is 

functioning.

❑ Key Performance Indicators (KPIs):

• Average Speed – Measures efficiency and congestion levels.

• Reliability of Travel – Predictability of trip durations over time.

• Accident Rates – Safety assessment of roadways and transport systems.

• Traffic Volume – Number of vehicles passing a point per hour.

• Passenger Load Factor – Measures public transit utilization.

• Emissions Levels – Environmental impact of transportation.

Land Use

❑ Definition:

• Land use refers to how land is allocated for residential, commercial, industrial, transportation, and recreational 
activities.

❑ Key Types of Land Use:

• Residential – Homes, apartments, and housing complexes.

• Commercial – Offices, shopping centers, and business districts.

• Industrial – Factories, warehouses, and logistics hubs.

• Transportation – Roads, railways, airports, and transit hubs.

• Recreational/Open Space – Parks, stadiums, and green areas.

❑ Importance in Transportation Planning:

• Influences travel behavior and commuting patterns.

5

6



3/5/2026

4

Trip 

❑ Definition:

• A trip refers to a single movement of 

a person or vehicle from an origin to 

a destination using a specific mode of 

transport.

• It is the basic unit of travel behavior 

analysis in transportation planning.

Socioeconomics

• Describes social and economic status and living conditions

• Focuses on “what people have” and “how they live”

Key Variables:

• Income level ,  Education level.  Occupation,  Employment status

• Housing tenure (rent/own),  Access to services (healthcare, transportation)

❑ Example:

Median household income: $38,000

25% have a college degree

15% are unemployed

7
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Socioeconomics and Demographics

❑ Socioeconomics

• Describes the social and economic conditions that shape people’s lives, such as wealth, 

education, job status, and access to services.

• Reflects how people live, their quality of life, and their resources.

• Focuses on “what people have” (e.g., income, housing) and “how they live” (e.g., access to 

healthcare or transport).

❑ Demographics

• Refers to the statistical characteristics that define a population’s structure and identity.

• Helps understand “who” the people are based on quantifiable traits.

• Used to segment populations by key traits for planning and policy-making.

Key Socioeconomic Indicators: what people have and “how they live

❑ Income Level :  Measures how much money a household earns annually.

Example: A family earns $38,000 per year (median income).

❑ Education Level :  Highest level of education completed by individuals.

Example: 25% of residents hold a college degree.

❑ Occupation :  Type of job or profession people engage in.

Example: Common occupations include teacher, mechanic, and cashier.

❑ Employment Status : Describes whether individuals are working, seeking work, or not 

employed.

Example: 15% of adults are unemployed in the area.

❑ Housing Tenure :  Indicates if housing is owned or rented by the occupant.

Example: 60% of households rent their homes, 40% own.

❑ Access to Services :  Evaluates how easily people can reach essential services.

Example: 80% of homes are within 1 km of a bus stop and clinic.

9
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Key Demographic  Indicators:

❑ Age : Measures how old individuals are; helps identify needs for schools, jobs, or elderly care.

Example: 22% of the population is under 18.

❑ Gender :  Indicates the distribution of males, females in a population.

Example: 49% male, 51% female.

❑ Marital Status :  Classifies individuals as single, married, divorced, widowed, etc.

Example: 60% are married; 10% are widowed.

❑ Household Size:  Counts the number of people living together in one housing unit.

Example: Average household size is 3.2 people.

❑ Birth/Death Rates :Tracks population change over time due to natural increase or decrease.

Example: Birth rate = 12.5 per 1,000 people/year.

❑ Population Density:  Refers to the number of people living per unit of land area (e.g., per 

km²).

Example: Urban area density = 4,000 people/km².

Urban Transportation Planning

• Focuses on developing, improving, and maintaining city 

transport infrastructure.

• Includes roadways, public transit, pedestrian and 

bicycle facilities.

11
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Planning-Level Demand Estimation

❑ Purpose:

• Forecast future travel demand based on 

land use, economic activity, and population 

growth.

• Predict traffic volumes on highways and 

transit networks.

❑ Outcome:

• Helps transportation planners determine 

future infrastructure needs.

• Identifies congested areas and necessary 

upgrades for improved service levels.

Travel Forecasting Process

❑ Key Elements:

• Defining the Study Area 

• Defining Traffic Analysis Zones (TAZs)

• Data Collection (Inventories)

• Analysis of Existing Conditions & Calibration

•  Forecast of Future Travel Demand

• Analysis of the Results

15
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Study Area

Study Area in Transportation Planning

❑ A study area is the 

geographic region where 

transportation data is 

collected and analyzed to 

plan and forecast travel 

demand. 

❑ It defines the boundaries 

for transportation studies 

and includes various land 

uses, road networks, and 

traffic patterns.

17
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Amman study area 

19 19 https://www.researchgate.net/publication/332978217_Analysis_of_the_pattern_of_energy_consumptions_and_its_impact_on_urban_environmental_sustainability_in_Jordan_Amman_City_as_a_case_study 

Key Characteristics of a Study Area

❑ Defined Before Data Collection : The study area is established before 

beginning surveys and traffic analysis to ensure relevant data is captured.

❑ Covers Various Levels of Planning

• National Level – Analyzes interstate and country-wide transportation systems.

• Regional Level – Examines transportation links between multiple cities or metropolitan 

areas.

• Urban Level – Focuses on city-wide traffic, public transit, and road infrastructure.

❑ Includes Multiple Traffic Analysis Zones (TAZs) : The study area is 

subdivided into Traffic Analysis Zones (TAZs) to organize travel data 

efficiently.

19

20
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Traffic Analysis Zones (TAZs)

Traffic Analysis Zones (TAZs)

❑ Definition:

• A Traffic Analysis Zone (TAZ) 

is a geographic unit used in 

transportation planning and 

travel demand modeling to 

analyze traffic patterns, land 

use, and trip generation. 

21
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Why Are TAZs Needed?

❑ Dividing the Study Area into Manageable Units

• Large study areas need to be broken down into smaller zones to simplify data collection 

and analysis.

• TAZs help segment regions based on travel characteristics and land use patterns.

❑ Accurate Travel Demand Forecasting

• Helps estimate trip generation, trip distribution, mode choice, and route assignment.

❑ Capturing Land Use and Socioeconomic Characteristics

• Ensures homogeneous socioeconomic zones for precise travel behavior analysis.

Types of Traffic Analysis Zones (TAZs)

❑ Traffic Analysis Zones (TAZs) 
are categorized based on 
their location relative to the 
study area..

❑ Two Main Types of Zones:

• Internal Traffic Zones – Located 
within the study area.

• External Zones – Represent areas 
outside the study area.

https://www.slideserve.com/branxton/the-four-step-travel-model
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Internal Traffic Zones

❑ Definition:

• Internal traffic zones are within the defined study area and contribute to 

local traffic generation and attraction.

❑ Characteristics:

• Contain residential, commercial, and industrial areas.

• Generate intrazonal and interzonal trips.

• Used to analyze local travel behavior.

External Zones

• External zones represent areas outside the study area boundary but still 

influence travel demand.

❑ Characteristics:

• Capture trips entering and exiting the study area.

• Represent regional traffic flow and intercity connectivity.

• Used for highway planning and long-distance travel forecasting.

❑ Examples:

• A highway connection to a neighboring city.

• An airport outside the urban study area attracting passenger trips.

25
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Amman Zones 

27 27 https://www.researchgate.net/publication/332978217_Analysis_of_the_pattern_of_energy_consumptions_and_its_impact_on_urban_environmental_sustainability_in_Jordan_Amman_City_as_a_case_study 

Guidelines for Defining Traffic Zones – Amman City Examples

❑ 1. Socioeconomic Characteristics Should Be 
Homogeneous

• Guideline: Each traffic analysis zone (TAZ) should 
include areas with similar income levels, 
employment patterns, and land use to ensure 
accurate travel behavior analysis.

❑ Why This Matters:

• Homogeneous zones allow for more accurate trip 
generation and mode choice modeling.

• Example in Amman:

• Abdoun can be a separate TAZ due to its high-
income residential and commercial characteristics.

• Al-Wehdat should be a separate TAZ as it consists 
of a lower-income community with distinct travel 
patterns.

27

28
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Guidelines for Defining Traffic Zones – Amman City Examples

❑ 2. Intrazonal Trips Should Be Minimized

• Guideline: A zone should be small enough that most 
trips leave the zone rather than occurring within it.

❑ Why This Matters:

• Minimizing intrazonal trips allows for more effective modeling 
of interzonal travel demand.

• Supports accurate calibration of trip distribution and 
assignment models.

• Example in Amman:

• Al-Rabieh should be a separate zone because most 
residents commute to work outside the neighborhood.

• Queen Alia International Airport should not be part of a 
large regional zone, as most trips originating from the 
airport leave the area rather than staying within.

Guidelines for Defining Traffic Zones – Amman City Examples

❑ 3. Physical, Political, and Historical 

Boundaries Should Be Used Where Possible

• Guideline: Zones should align with major 

natural barriers, administrative boundaries, 

or historically significant areas to ensure 

logical divisions.

❑ Why This Matters:

• Ensures consistency with official maps and census 

data, making data collection and integration easier.

• Example in Amman:

• Jabal Al-Luweibdeh should be a separate TAZ 

due to its historical and cultural significance, 

distinct from surrounding commercial areas.

29
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Guidelines for Defining Traffic Zones – Amman City Examples

❑ 4. Zones Should Not Be Created Within Other 
Zones

• Guideline: Each TAZ should be independent and 
non-overlapping to avoid data inconsistencies.

❑ Why This Matters:

• Avoids duplicate or conflicting data in travel surveys and 
simulations.

• Prevents confusion in trip allocation and ensures accurate 
O-D matrices.

• Example in Amman:

• Al-Sweifieh should be one continuous zone rather 
than breaking it into small clusters within the district.

• Zarqa Industrial Area, while a different city, should 
not be part of an Amman zone but rather its own 
external traffic zone.

Guidelines for Defining Traffic Zones – Amman City Examples

❑ 5. The Zone System Should Generate and 
Attract Approximately Equal Trips

• Guideline: Zones should be designed to 
balance trip generation and attraction, 
ensuring a fair distribution of travel demand.

❑ Why This Matters:

• Promotes model stability by avoiding zones that act 
only as origins or only as destinations.

• Improves the accuracy of trip distribution and mode 
choice models.

• Example in Amman:

• King Hussein Business Park should be a 
separate zone, as it attracts a high number of 
workers from different areas.
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Guidelines for Defining Traffic Zones – Amman City Examples

❑ 6. Zones Should Use Census Tract Boundaries 
Where Possible

• Guideline: Using census tracts allows planners to 
align transportation and demographic data for 
better forecasting.

❑ Why This Matters:

• Enables direct integration of census-based socioeconomic 
and demographic statistics.

• Reduces the need for data interpolation or estimation 
between non-matching zones.

• Example in Amman:

• Al-Madina Al-Munawara Street can be divided 
based on existing census districts rather than 
arbitrary street cuts.

Guidelines for Defining Traffic Zones – Amman City Examples

❑ 7. The Total Number of Zones Should Not Be Too 

Large to Overwhelm Computer Resources

• Guideline: The number of TAZs should be 

optimized to balance accuracy and 

computational efficiency.

❑ Why This Matters:

• Excessive zones increase data processing time and can strain 

computing resources.

• Example in Amman:

• A city-wide study should limit zones to around 1,000 

for a population of 1 million, meaning districts like 

Tla' Al-Ali and Khalda may be merged into one TAZ 

rather than split into excessive subdivisions.
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Agency Guidelines for TAZ Selection

❑ It may be necessary to exercise some judgment in determining the 

total number of zones

❑ Agencies may provide some guidance for achieving these criteria

• An average of 1,000 people/zone for smaller areas

•  A ratio of between 0.9 and 1.1 for productions to attractions trips

• No more than 10,000 trips should be generated for a given zone

• A ratio of labor force (the sum of employed and unemployed persons) to 

employment must be at least 0.80

Transport Network

35
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Transport Network – Overview

❑ A transport network is a system of interconnected routes, 
terminals, and transport modes that facilitate the movement of 
people and goods.

❑ Types 

• Road Network

• Rail Network

• Air Transport Network

• Water Transport Network

• Public Transit Network.

Road Network

❑ A road network consists 

of interconnected roads 

and supporting 

infrastructure designed 

for vehicular and 

pedestrian movement.
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Main Components of a Road Network

1. Nodes – Key points where roads intersect or connect.

2. Links – Road segments connecting different locations.

3. Terminals – Points where trips start, stop, or transfer between routes.

4. Centroids – Represent the central location of traffic zones.

5. External Stations – Entry and exit points for intercity and regional traffic.

Nodes in a Road Network

• Nodes are points where movement begins, ends, or 

changes direction in the road network.

• The end point of a link 

• location where a link changes direction, capacity, width, 

or speed

❑ Types of Nodes:

1.Intersections – Points where multiple roads meet.

2.Roundabouts – Circular junctions for continuous traffic flow.

3.Traffic Signals – Control vehicle movement at junctions.

4.Interchanges – Multi-level connections between highways.

39

40



3/5/2026

20

Links in a Road Network

• Links are the road segments that connect nodes and 

allow movement within the network.

• A portion of the highway system that can be described 

by its capacity, lane width, and speed 

❑ Types of Links:

1.Expressways and Highways – High-speed roads for long-distance 

travel.

2.Arterial Roads – Connect major urban centers.

3.Collector Roads – Distribute traffic between local and arterial roads.

4.Local Streets – Provide access to homes, businesses, and small roads.

A computerized network of the existing street and highway system 
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Terminals in a Road Network

• Terminals are locations where traffic begins, ends, or 

changes between routes.

❑ Types of Terminals:

1. Bus Stations and Depots – Serve public transportation 

users.

2. Parking Lots and Park-and-Ride Areas – Provide 

vehicle storage.

3. Freight Terminals – Handle goods transportation.
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Centroids in a Road Network

• Centroids represent the central location of a traffic 

analysis zone (TAZ), summarizing all trips generated in 

that zone.

• The location within a zone where trips are considered to 

begin and to end

❑ Functions:

1.Simplifies traffic modeling by aggregating travel demand.

2.Represents trip origins and destinations within a zone.

3.Connected to the road network through centroid connectors.

Centroid Connectors

• Centroid connectors are imaginary links that connect 

centroids to the actual road network.
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External Stations in a Road Network

• External stations are entry and exit points for vehicles 

moving between the study area and external regions.

❑ Types:

1. Highway Entry/Exit Points – Connecting cities or 

regions.

2. Border Crossings – Regulating international travel and 

trade.

3. Airports and Seaports – Handling long-distance 

transportation.

49 
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3.2 |Data Collection (Inventories)

Module | 5 | Forecasting Travel in Urban Transportation Planning

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning

Data Collection 

• Definition: The data collection phase provides essential 

information about a city's demographics, land use, economic 

activity, and transportation infrastructure.

• Purpose: To develop accurate travel demand estimates

1
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Types Collected data 

1. Economic Activity:

1. Employment Levels: Understanding the workforce size and distribution helps predict commuting patterns.

2. Business Activity: Data on commercial operations, including sales volumes and service industries, indicate areas with high 
attraction rates for trips.

3. Income Levels: Household income influences travel behavior, mode choice, and trip frequency.

2. Land Use Data:

1. Type and Intensity: Identifying residential, commercial, industrial, and mixed-use areas provides insight into trip 
generation and attraction.

3. Travel Characteristics:

1. Trip Purpose: Categorizing trips by purpose (e.g., work, education, shopping) aids in understanding travel motivations.

2. Traveler Profiles: Demographic data, such as age, gender, and vehicle ownership, help in modeling travel behavior.

3. Mode of Transport: Information on whether travelers use private vehicles, public transit, walking, or cycling is essential 
for mode choice analysis

Data Collection Methods

Two Main Types of Data are Collected:

• Primary Data (Travel Surveys): Data directly gathered through surveys, 

interviews, or field observations specifically designed for the study.

• Secondary Data: Pre-existing information obtained from sources such as land 

use databases, demographic records, road network inventories, and 

transportation system reports.

3
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Data Collection (Inventories)
Travel Surveys 

Travel Surveys in Travel Demand Forecasting – Overview

• Travel surveys collect data on passenger and goods movements 

to forecast future travel demand.

• Provide essential input for trip generation, trip distribution, 

mode choice, and traffic assignment models.

5
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Types of Travel Surveys Related to Travel Demand Forecasting

❑ Household Travel Survey

❑ Origin and Destination (O-D) 

Survey

❑ Mode Choice Survey

❑ Traffic Volume Survey

❑ Speed and Delay Survey

❑ Parking Survey

❑ Public Transit Ridership 

Survey

❑ Freight and Goods Movement Survey

❑ Intermediate Public Transport (IPT) Survey

❑ Pedestrian Survey

❑ Workplace Travel Survey

❑ Intercept Survey

❑ License Plate Survey

❑ GPS and Mobile Tracking Survey

❑ Trip Purpose Survey

Data Collection (Inventories)
Household Travel Survey
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Travel Survey Methods

• Face-to-Face Interviews:

Households are visited, and surveyors collect data in person, providing 

detailed responses but requiring significant time and resources.

• Telephone Surveys:

Randomly selected households provide travel data via phone calls, offering 

a faster and cost-effective method but potentially introducing response 

bias.

• Online and App-Based Surveys:

Digital surveys and mobile applications record real-time travel behavior, 

offering an efficient and convenient approach but requiring internet access.

Advanced Travel Survey Methods

• GPS and Mobile Tracking:

Utilizes GPS-enabled devices or smartphones to collect accurate, location-

based travel data, offering high precision but raising privacy concerns.

• Travel Diaries:

Participants manually record daily or weekly trips, providing detailed 

insights into travel behavior but requiring significant respondent effort.

9
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Data Collected in Household Travel Surveys

• Household Characteristics: Number of members, age, income, and vehicle 
ownership information.

• Trip Purpose: Reasons for travel such as work, education, shopping, medical visits, 
leisure, and business activities.

• Mode of Transport: Modes used including car, bus, metro, bicycle, walking, rideshare 
services, and train.

• Trip Timing and Frequency: Information on peak and off-peak travel periods and 
trip durations.

• Trip Distance and Routes: Origin and destination points of trips and the major 
corridors utilized.

• Travel Costs and Constraints: Expenses related to fuel, transit fares, parking, and 
accessibility challenges.

Home Interview Survey Data Collection
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Household Travel Survey
Case Study:  National Household Travel Survey (NHTS) – United 
States

National Household Travel Survey (NHTS) – Overview

• NHTS is the official U.S. travel behavior survey, conducted by the Federal 

Highway Administration (FHWA).

• Collects detailed data on household travel patterns, trip characteristics, and 

mode choices.

• Analyzes how, where, and why people travel across different regions.

• Monitors commuting trends and transportation mode shifts over time.

https://nhts.ornl.gov/ 

13

14

https://nhts.ornl.gov/


3/8/2026

8

NHTS surveys 

• Geographic Coverage: Nationwide survey across all U.S. states.

• Data Collected:

• Trip purpose (work, education, shopping, leisure).

• Mode of travel (car, public transit, walking, cycling).

• Trip distance and duration.

• Time of day travel patterns.

• Household characteristics (income, vehicle ownership).

• Survey Methods:

• Online & phone interviews (since 2017).

• GPS and mobile tracking (future NextGen NHTS 2024).

https://nhts.ornl.gov/ 

Key Findings 

• Largest Age Group: Individuals aged 65 and 
over represent the highest share at 17.8% of 
the surveyed population.

• Middle-Age Groups: Ages 30–39 (15.2%), 
40–49 (13.3%), and 50–59 (13.9%) each 
account for a significant portion.

• Youth Segment: Ages 5–15 constitute 15.1%, 
reflecting a strong presence of school-aged 
travelers.

• Young Adults: Ages 20–29 represent 12.1%, a 
key group likely to use diverse travel modes.

• Lower Reporting: Only 5.43% belong to the 
16–19 age group, possibly due to data 
collection timing or survey participation rates.

• Unreported Data: A small portion of 
responses was unreported, but it appears 
very minimal.

https://nhts.ornl.gov/ 
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Key Findings: Persons, Drivers, and Workers by Sex

• Population Composition: The total population 

includes a nearly even distribution of males and 

females, with a small share unreported.

• Driver Distribution: Among licensed drivers, males 

slightly outnumber females.

• Worker Distribution: The number of male 

workers exceeds female workers, reflecting 

differences in workforce participation.

• Higher Male Representation: Males consistently 

represent a higher share among drivers and 

workers compared to their share in the overall 

population.

• Female Representation: Females are well-

represented in all categories but show a slight 

drop in the workforce group compared to the 

persons group.

https://nhts.ornl.gov/ 

Key Findings: Vehicle Ownership by Household Income

• Middle-Income Households: 

Households earning $35,000 to $74,999 

report the highest number of vehicles.

• Vehicle Ownership Peaks: The $50,000–

$74,999 income group shows the 

greatest vehicle ownership overall.

• High-Income Contribution: Households 

earning $200,000 or more also report a 

very high number of vehicles, close to 

peak levels.

• Lower Ownership at Low Incomes: 

Households earning less than $10,000 

or $10,000–$14,999 have the fewest 

vehicles.

https://nhts.ornl.gov/ 
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Key Findings: Vehicle Ownership by Household Income

https://nhts.ornl.gov/ 

Key Findings: Vehicle Trips by Household Income

https://nhts.ornl.gov/ 
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Key Findings: Number of Person Trips by Mode

• Car Travel Dominates: Cars are 
the most widely used mode, 
accounting for over 100 
million person trips daily.

• SUVs and Crossover Vehicles: 
The second-highest mode is 
SUVs/Crossovers, followed by 
pickup trucks and vans.

• Low Use of Public Transit: 
Modes such as public buses, 
subways, and commuter rail 
show significantly fewer trips 
compared to private vehicles.

• Walking Is Significant: 
Walking trips are notably high, 
with nearly 20 million person 
trips daily.

https://nhts.ornl.gov/ 

Data Collection (Inventories)
Origin and Destination (O-D) Survey
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Origin and Destination (O-D) Survey – Overview

• An Origin and Destination (O-D) Survey collects data on where trips begin 

(origin) and end (destination).

❑ Purpose:

• Understand how people and goods move within a study area.

• Identify congestion hotspots and alternative routing needs.

Methods of Conducting an Origin-Destination (O-D) Survey

• Roadside Interview Surveys:

Directly question drivers at selected checkpoints; provide real-time trip data 

but may disrupt traffic flow.

• License Plate Surveys:

Record vehicle plates at multiple locations to track movement patterns; 

useful for studying highway and arterial road usage.

• Household Travel Surveys:

Collect detailed O-D trip data from residents; offer insights into daily travel 

behavior and modal choices.

39

40



3/8/2026

13

Methods of Conducting an Origin-Destination (O-D) Survey

• GPS and Mobile Data Tracking:

Use smartphones or in-vehicle systems to analyze real-time movement; 

highly accurate but raises data privacy concerns.

• Public Transport O-D Surveys:

Conduct surveys at transit hubs to help optimize transit routes and improve 

schedules.

• Big Data Analytics (CCTV, Toll Records, Smart Cards):

Analyze toll booth, traffic camera,; efficient for large-scale studies but 

requires advanced data processing.

Origin and Destination (O-D) Survey
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Origin and Destination (O-D) Survey

Key Data Collected in an O-D Survey

• Trip Origin and Destination Locations – Start and end points of travel.

• Trip Purpose – Work, education, shopping, leisure, freight, etc.

• Mode of Travel – Car, bus, train, cycling, walking.

• Trip Duration and Distance – Total travel time and length of trip.

• Time of Travel – Peak and off-peak hour distributions.

• Route Choice – Highways, arterial roads, or alternative streets used.
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Origin Destination Matrix  

https://www.tomtom.com/products/origin-destination-matrix-analysis/
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3.3 |Introduction to Four-Step Model 

Module | 3 | Forecasting Travel in Urban Transportation Planning

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and 
Planning

Transportation Demand

❑ It is the number of persons or vehicles per unit time that 

can be expected to travel on a given segment of a 

transportation system under a set of given land-use, 

socioeconomic, and environmental conditions. 

1
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Transportation Demand: Nature and Analysis

• Transportation demand is a derived demand

• People travel not just to move, but to fulfill other purposes (e.g., 

reaching school, work, or services)

• Demand arises from the need to participate in activities, not 

from the movement itself

• Therefore, two key aspects of travel demand analysis are:

• Land Use

• Trip Purpose

Factors That Affect Transport Demand

3
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Transportation Demand: Land-Use Relationship

• The relationship between land use and 
transportation is cyclical, not one-way

• Changes in land use influence transportation 
needs and demand

• These transportation changes then affect 
land-use patterns again

• This interdependence creates a continuous 
feedback loop

• Cycle stages include:

• Arterial improvements → Increased 
accessibility

• → Higher land value → Land-use change

• → Increased traffic → Traffic conflicts

• → Deterioration of level of service → Need 
for improvements

Trip Definition

• A trip is an outward movement from an origin 

to a destination

• Trip purposes vary, such as going to work, 

school, shopping, or leisure

• Each individual may make multiple trips per 

day, forming a full travel chain

• It is the basic unit used in modeling and 

measuring travel demand

5
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Trip Purpose Categories

• 1. Home-Based Work (HBW)

• Trips between home and the workplace of the 
traveler

• Example: commuting from home to office and back

• 2. Home-Based Other (HBO)

• Trips between home and non-work destinations 
(e.g., school, shops, recreation)

• Includes purposes like shopping, dining, or visiting 
family

• 3. Non-Home Based (NHB)

• Trips that do not begin or end at home

• Example: traveling from office to restaurant, or from a 
store to a friend's house

Influence of Trip Purpose on Travel Behavior

• Travel behavior is shaped by the purpose of the trip, influencing decisions and travel 

patterns

• Work Trips:

• Involve a limited set of routine decisions

• Fixed destination and schedule (e.g., daily commute to office)

• Mode and route are often pre-selected and rarely change

• Recreation Trips:

• Characterized by greater flexibility and spontaneity

• Decisions include whether to go, where to go, when, and how

• More influenced by personal preference and external factors (e.g., weather, mood)

7
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Trip Types

• Trip Production

• Defined as the origin or starting point of a trip

• Home is the production point for all home-
based trips

• For non-home-based trips, the first trip 
origin (e.g., from work) is labeled as the 
production point

• Trip Attraction

• Defined as the destination or endpoint of the 
trip

• Common attractions include work, school, 
shops, or leisure locations

• Any trip that does not start at home is 
classified based on its destination as an 
attraction

•Key Distinction:

• Production = where the trip starts

• Attraction = where the trip ends

•From Diagram:

• Home → Work = Production → Attraction

• Work → Shop = Production → Attraction (non-

home-based)

• Shop → Home = Production → Attraction

Trip-maker travel decisions 

9
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Trip-Maker Travel Decisions

• Trip-making involves a sequence of decisions made 

by the traveler

• These decisions influence when, where, how, and 

along which path travel occurs

• The process can be classified into four key steps:

• Decision to travel :  Whether a trip is necessary (based on 

need, cost, time, etc.)

• Destination choice : Selecting where to go (e.g., work, 

school, shopping)

• Mode choice : Choosing the method of transport (e.g., car, 

bus, walk)

• Route choice : Deciding the path or roadway to reach the 

destination

Scenario: Trip-Maker Travel Decisions in Action

• Context: A university student decides to attend 

a weekend study group at a friend's house in the 

city

• Step 1 – Decision to Travel

• The student realizes they need help preparing for 

Tuesday’s exam

• They decide that joining the study group will 

improve their performance → trip is needed

• Step 2 – Destination Choice

• They consider options: campus library, home study, 

or friend’s house

• They choose the friend’s house in downtown 

Amman, where the group is meeting

11
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Scenario: Trip-Maker Travel Decisions in Action

• Step 3 – Mode Choice

• Options: walk, drive, take a bus, or use ride-

sharing

• Chooses to take the public bus due to no 

available parking and low cost

• Step 4 – Route Choice

• Two routes are available 

•  Route A (direct but crowded) 

• Route B (slightly longer but more reliable)

• Chooses Route B using the city’s BRT (Bus 

Rapid Transit) system for faster, uninterrupted 

service

What is Demand Modeling in Transportation?

13
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What is Demand Modeling in Transportation?

• Demand modeling is the process of estimating and predicting 

how people travel across a transportation system

❑ The Four Step Process is a widely used framework in travel 

demand modeling

What is the Four Step Process?

• It estimates future travel patterns based on land use, population, and 

network data

• It includes the following steps : 

1. Trip Generation

2. Trip Distribution

3. Mode Choice

4. Traffic Assignment

• Each step simulates a key decision made by the traveler

15
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The Four-Step Travel Forecasting Process

❑ Trip Generation

• How many trips?

• Estimates the number of trips 

produced and attracted in each zone

❑ Trip Distribution

• From where to where?

• Connects trip origins and destinations 

to form origin-destination (O-D) 

pairs

The Four-Step Travel Forecasting Process

❑ Mode Choice

• On what mode?

• Predicts how trips are split among 

travel modes (car, bus, walk, etc.)

❑ Traffic Assignment

• On what route?

• Assigns trips to specific routes in the 

transportation network

17
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Linking Travel Decisions to Demand Modeling

❑ Sequential demand 

analysis connects 

real-world traveler 

decisions with 

analytical models

19
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Step 1 – Decision to Travel vs. Trip Generation

• Decision to Travel

• Traveler evaluates need and 

motivation (e.g., work, shopping, 

leisure)

• Influenced by personal needs 

and economic factors

• Trip Generation Model

• Estimates how many trips are 

generated in each zone

• Output: number of trips 

produced and attracted by each 

zone

Step 2 – Destination Choice vs. Trip Distribution

• Destination Choice

• Traveler decides where to go for 

the activity

• Factors include distance, 

accessibility, purpose, and 

attractiveness of locations

• Trip Distribution Model

• Predicts the origin-destination 

(O-D) patterns

• Distributes the trips generated to 

appropriate destinations

21
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Step 3 – Mode Choice vs. Mode Choice Model

• Mode Choice

• Traveler selects how to travel (car, 

bus, walk, bike, etc.)

• Influenced by cost, time, 

convenience, comfort, and 

availability

• Mode Choice (Modal Split) Model

• Allocates trips to different modes of 

transport

• Output: share of trips by each mode 

(e.g., 60% car, 30% transit, 10% 

walking)

Step 4 – Route Choice vs. Traffic Assignment

• Route Choice

• Traveler chooses which path or road 

to take to reach destination

• Influenced by travel time, 

congestion, distance, tolls, and 

reliability

• Traffic Assignment Model

• Assigns trips to specific routes in the 

transport network

• Output: volume of traffic on each 

network link

23
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Analysis Procedures 

Step 1 – Data Collection

• Purpose: Gather all necessary data to 

support accurate forecasting

• Key Data Sources:

• Demographic: population, income, 

household size

• Land Use: housing units, employment 

centers, activity zones

• Travel Behavior: trip rates, mode 

preferences, trip purposes

• Transportation Network: roadways, transit 

routes, capacities, travel times

• Tools: Household travel surveys, traffic 

counts, census data, GIS

Prozzi, Jolanda & Flanagan, Kate & Loftus-Otway, Lisa & Porterfield, Beth & Persad, Khali & Prozzi, 

Jorge & Michael, C.. Actual vs. Forecasted Toll Usage: A Case Study Review 5. Report Date. 

25
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Step 2 – Trip Generation

• Inputs:

• Population and employment data (by 

TAZ)

• Economic growth rates

• Land use (households, activity centers)

• Methods:

• Regression curves

• Trip generation models

• Outputs:

• Total number of trips produced and 

attracted in each zone

Prozzi, Jolanda & Flanagan, Kate & Loftus-Otway, Lisa & Porterfield, Beth & Persad, Khali & Prozzi, 

Jorge & Michael, C.. Actual vs. Forecasted Toll Usage: A Case Study Review 5. Report Date. 

Step 3 – Trip Distribution

• Inputs:

• Origin trip ends from trip generation

• Impedance factors (time, distance, 
cost)

• Methods:

• Growth Factor Model

• Gravity Model

• Intervening Opportunity Model

• Outputs:

• Origin-Destination (O-D) matrix: 
number of trips between each pair of 
zones

Prozzi, Jolanda & Flanagan, Kate & Loftus-Otway, Lisa & Porterfield, Beth & Persad, Khali & Prozzi, 

Jorge & Michael, C.. Actual vs. Forecasted Toll Usage: A Case Study Review 5. Report Date. 

27
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Step 3 – Modal Split

• Inputs:

• Travel time, cost, comfort, reliability

• Mode availability and convenience

• Auto ownership, income levels

• Historical mode shares

• Methods:

• Logit Model

• Discrete Choice Model

• Random Utility Model

• Outputs:

• Trips assigned to different modes : e.g., SOV 
(Single-Occupant Vehicle), HOV (High-
Occupancy Vehicle), transit

Prozzi, Jolanda & Flanagan, Kate & Loftus-Otway, Lisa & Porterfield, Beth & Persad, Khali & Prozzi, 

Jorge & Michael, C.. Actual vs. Forecasted Toll Usage: A Case Study Review 5. Report Date. 

Step 4 – Trip Assignment

• Inputs:

• Road and transit network (base & forecast years)

• Value of time

• Travel time, congestion levels

• Methods:

• Discrete Choice Model

• All-or-Nothing Assignment

• Incremental Assignment

• Capacity Restraint

• User Equilibrium

• Outputs:

• Route allocation of trips: traffic volumes on road links 
or transit lines

Prozzi, Jolanda & Flanagan, Kate & Loftus-Otway, Lisa & Porterfield, Beth & Persad, Khali & Prozzi, 

Jorge & Michael, C.. Actual vs. Forecasted Toll Usage: A Case Study Review 5. Report Date. 
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3.4 | Trip Generation Modeling Using Trip Rates and 

Regression

Module | 3 | Forecasting Travel in Urban Transportation Planning

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and 
Planning

Trip Generation – Definition

• Trip Generation is the process of 

estimating the total number of trips 

generated in a zone

• Covers both:

• Home-Based (HB) trips

• Non-Home-Based (NHB) trips

1

2



3/8/2026

2

Trip Generation – Process

• Step 1: Base Year Survey

• Collect socio-economic, land use, and trip-
making data for the current/base year.

• Step 2: Model Calibration

• Develop a model that relates trip generation to 
observed land use and socio-economic variables.

• Use statistical methods like regression analysis for 
calibration.

• Step 3: Future Input Estimation

• Estimate future-year socio-economic and land use 
data (e.g., projected population, employment, 
households).

• Step 4: Trip Forecasting

• Apply the calibrated model to future data to 
predict the number of trips for the target year.

Trip Generation – Inputs

• 1. Socioeconomic Data

• Population and household 
characteristics

• Income levels

• Car ownership

• 2. Land Use Data

• Number of housing units

• Retail/commercial floor space

• Employment by sector

3
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Trip generation

6 

Trip Generation Modeling

❑ Regression methods 

❑ Trip Rates 

❑  Cross-Classification Method

6
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Trip Generation
Trip Rates 

Trip rate 

• Trip rate is the average number of trips generated per unit of a given land use 

(e.g., per household, per 1000 ft² of commercial space).

• Expressed as:

• Trips per dwelling unit (residential)

• Trips per employee (office)

• Trips per 1000 ft² GFA (retail, services)

9

10



3/8/2026

5

Example Trip Rates by Land Use Type

• Fast Food Restaurant (Drive-Thru):

▸ Average Trip Rate: 496.12 trips/day per 1,000 ft²

• Office Building (General):

▸ Average Trip Rate: 11.03 trips/day per 1,000 ft²

• Single-Family Detached Housing:

▸ Average Trip Rate: 9.44 trips/day per dwelling unit

• Elementary School:

▸ Average Trip Rate: 1.29 trips/day per student

• Medical Office:

▸ Average Trip Rate: 34.80 trips/day per 1,000 ft²

Trip Generation Example – Elementary School

• Find the average trips for a elementary school is planned for 600 

students

11
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Trip Generation Example – Elementary School

• A elementary school is planned for 600 students

• Calculation:

• Average Trip Rate: 1.29 trips/day per student

• Total Trips/Day=600×1.29=774 trips/day

• Interpretation:

The school is expected to generate 774 daily person-trips, 

including students, parents, staff, and service vehicles.

Trip Rate Development Process

• 1. Land Use Definition : Identify the type of development (e.g., school, retail, hospital).

• 2. Data Collection:  Collect trip count data at multiple similar sites.

• 3. Normalization:  Normalize trips by a common variable (e.g., trips per student, per 1,000 ft² 

GLA).

• 4. Trip Rate Calculation:  Compute average trip rates:

•

13
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Example Trip Rate development – Elementary School

• Independent Variable: Number of Students

• Observed Data (from surveys at 5 schools):

• School A: 300 students → 390 trips/day

• School B: 450 students → 580 trips/day

• School C: 200 students → 260 trips/day

• School D: 350 students → 460 trips/day

• School E: 250 students → 320 trips/day

• Step 1 – Calculate Individual Trip Rates:

• Trip Rate (School A)=390/300=1.30 trips/day/student

• Similar calculation for others...

• Step 2 – Compute Average Trip Rate:

• Average Trip Rate=1.30+1.29+1.30+1.31+1.285=1.296≈1.29

Trip Generation
Regression methods 

15
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Regression Analysis 

 Definition: A statistical method that models the relationship between trip 
generation and influencing factors.

17 

Regression Analysis 

 English Resources:

➢An Introduction to Linear Regression Analysis – YouTube 

➢Linear Regression, Clearly Explained!!! – YouTube 

➢ Excel - Simple Linear Regression – YouTube 

➢Excel 2016 Regression Analysis – YouTube 

  Arabic Resources:

➢ –1الخطي البسيط الإنحدار-مبادئ الإحصاء  YouTube 

➢ –تحليل وتفسير الانحدار باستخدام الاكسيل  YouTube

➢ -الخطي البسيط الإنحدار Linear Regression – YouTube  

18 

Learn more about Regression Analysis through these helpful video tutorials:

17

18

https://www.youtube.com/watch?v=zPG4NjIkCjc
https://www.youtube.com/watch?v=zPG4NjIkCjc
https://www.youtube.com/watch?v=zPG4NjIkCjc
https://www.youtube.com/watch?v=zPG4NjIkCjc
https://www.youtube.com/watch?v=nk2CQITm_eo
https://www.youtube.com/watch?v=nk2CQITm_eo
https://www.youtube.com/watch?v=nk2CQITm_eo
https://www.youtube.com/watch?v=nk2CQITm_eo
https://www.youtube.com/watch?v=Cltt47Ah3Q4
https://www.youtube.com/watch?v=Cltt47Ah3Q4
https://www.youtube.com/watch?v=Cltt47Ah3Q4
https://www.youtube.com/watch?v=Cltt47Ah3Q4
https://www.youtube.com/watch?v=Cltt47Ah3Q4
https://www.youtube.com/watch?v=0lpfmFnlDHI
https://www.youtube.com/watch?v=0lpfmFnlDHI
https://www.youtube.com/watch?v=0lpfmFnlDHI
https://www.youtube.com/watch?v=0lpfmFnlDHI
https://www.youtube.com/watch?v=0lpfmFnlDHI
https://www.youtube.com/watch?v=0lpfmFnlDHI
https://www.youtube.com/watch?v=t8xxuXLa12E
https://www.youtube.com/watch?v=t8xxuXLa12E
https://www.youtube.com/watch?v=t8xxuXLa12E
https://www.youtube.com/watch?v=t8xxuXLa12E
https://www.youtube.com/watch?v=t8xxuXLa12E
https://www.youtube.com/watch?v=t8xxuXLa12E
https://www.youtube.com/watch?v=t8xxuXLa12E
https://www.youtube.com/watch?v=t8xxuXLa12E
https://www.youtube.com/watch?v=t8xxuXLa12E
https://www.youtube.com/watch?v=t8xxuXLa12E
https://www.youtube.com/watch?v=t8xxuXLa12E
https://www.youtube.com/watch?v=CTfFIQwQh-o
https://www.youtube.com/watch?v=CTfFIQwQh-o
https://www.youtube.com/watch?v=CTfFIQwQh-o
https://www.youtube.com/watch?v=CTfFIQwQh-o
https://www.youtube.com/watch?v=Iysu7wEjeTI
https://www.youtube.com/watch?v=Iysu7wEjeTI
https://www.youtube.com/watch?v=Iysu7wEjeTI
https://www.youtube.com/watch?v=Iysu7wEjeTI
https://www.youtube.com/watch?v=Iysu7wEjeTI
https://www.youtube.com/watch?v=Iysu7wEjeTI
https://www.youtube.com/watch?v=Iysu7wEjeTI
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Regression Analysis in Trip Generation

Quantifying the relationship between trips and influencing factors

• Objective: To estimate the number of trips produced or attracted by a zone using statistical 

relationships.

• Dependent Variable:

•  Number of trips generated (e.g., daily person trips per household)

• Independent Variables may include:

• Household income,  Car ownership.  Family size,  Residential density,  Land use type and 

intensity

• Typical Model Structure:

• Trips = a + b₁(Income) + b₂(Car Ownership) + b₃(Family Size) + 

Example: Regression Model for Trip Generation

Model Objective: Estimate the number of home-based work trips produced per household

Model Form:

Trips=2.1+0.75(Household Size)+0.42(Number of Vehicles)+0.03(Household Income

  Where:

• Trips = Number of trips produced per household

• Household Size = Number of persons in the household

• Number of Vehicles = Number of cars owned by the household

• Household Income = Monthly income (in hundreds of dollars)

Example Calculation: For a household with 4 people, 2 cars, and $4,000 income:

Trips=2.1+0.75(4)+0.42(2)+0.03(40)=2.1+3.0+0.84+1.2=7.14 trips/day =7.14 trips/day

19
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Trip Generation – Regression Development Process

• Step 1: Define Dependent Variable : Total number of trips generated per zone or site

• Step 2: Identify Independent Variables : Socioeconomic data (e.g., number of employees, 
floor area, households)

• Step 3: Collect Data : Gather observed trip counts and corresponding land-use variables

• Step 4: Develop Regression Model 

•  Use statistical tools (e.g., Excel, SPSS) to fit a regression line
▸ Equation:

• Trips=a+bX1+cX2+

• Step 5: Evaluate Model Accuracy :

• Step 6: Apply Model for Forecasting : Predict trip generation for future or unstudied zones

Trip Generation regression  development process 

Case Studies in Jordan

21

22
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Develop a customized equation  (e.g., planning model) 

 Naser, Mohammad & Abo-Qudais, Saad & Faris, Hossam. (2015). Developing Trip Generation Rates for 
Hospitals in Amman. Jordan Journal of Civil Engineering. 9. 8-19. 

➢Microsoft Word - developing trip- mohammad naser et al 02 (researchgate.net)

 Al-Madadha, Ayat & Imam, Rana. (2020). Developing Trip Generation Rates for Restaurants in Amman. 12. 69-
79. International Journal of Information, Business and Management, Vol. 12, No. 2, 

➢ Developing-Trip-Generation-Rates-for-Restaurants-in-Amman.pdf (researchgate.net)

 Abu-Ameerh, S. 2007. Trip attraction model for hospitals in Amman. Master of Science in Civil Engineering in 
Transportation. Jordan University, Jordan.

 Al-Jabari, O. 2009. Trip Attraction Model For Fast Food Restaurants In Amman, Master of Science in Civil 
Engineering in Transportation, Jordan University, Jordan 

 Al-Nawaiseh, H 2010. Trip Attraction Model For Private Schools In Amman, Master of Science in Civil 
Engineering in Transportation, Jordan University, Jordan

 Alkuime, H, 2015.  Trip Attraction Model For Universities In Jordan. Master of Science in Civil Engineering in 
Transportation, Jordan University of Science and Technology

23 

Case studies in Jordan 

Trip Attraction Model For Universities In Jordan

Regression models were developed to predict vehicles trips within the day or peak hours, 
based on different characteristics of universities such as:

1. Number of students.

2. Number of administrative staff.

3. Number of academic staff.

4. Gross floor area of universities.

5. Number of studying rooms and labs.

6. Number of courses

7. Number of lectures 

24 

23
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https://www.researchgate.net/profile/Mohammad-Naser-4/publication/273461662_Developing_Trip_Generation_Rates_for_Hospitals_in_Amman/links/5744101d08ae9f741b3a24fc/Developing-Trip-Generation-Rates-for-Hospitals-in-Amman.pdf?_sg%5B0%5D=4d0nwGnC6N4WnYHKdSm6aEvjWNIDZpUc_8T9u1WFHdbpjEKXFh61SRGdOLrH8mOSZ_nLU4au6Va3L91Cfswvdw.AXlFKvJPgLRijyYAwYYA-dSe1J42GXfzfBly51YBFrCo8y3j-ywUcTXVVxEtdckeKqzXkRBFB0_bYZwAHvmeXA.MGm4dy_R2ABIRjN4W5sMvqy1lkbmmTwAjnhPyt4rO4Cx6p8d6HcQCr8BZutCe5Pq4o_OIX7t_EZpAMuRkwe-sA&_sg%5B1%5D=H9vEdm1inZMXy5kKOoXRR1rv8Wkgbdpa6YZbzdxiqx_JcqDUVhPsKyzxDGhK-z55tWcKrM7btDj7hgjWfvUjtc1FtdC83ANIdeC7GAhXOmaP.AXlFKvJPgLRijyYAwYYA-dSe1J42GXfzfBly51YBFrCo8y3j-ywUcTXVVxEtdckeKqzXkRBFB0_bYZwAHvmeXA.MGm4dy_R2ABIRjN4W5sMvqy1lkbmmTwAjnhPyt4rO4Cx6p8d6HcQCr8BZutCe5Pq4o_OIX7t_EZpAMuRkwe-sA&_iepl=
https://www.researchgate.net/profile/Mohammad-Naser-4/publication/273461662_Developing_Trip_Generation_Rates_for_Hospitals_in_Amman/links/5744101d08ae9f741b3a24fc/Developing-Trip-Generation-Rates-for-Hospitals-in-Amman.pdf?_sg%5B0%5D=4d0nwGnC6N4WnYHKdSm6aEvjWNIDZpUc_8T9u1WFHdbpjEKXFh61SRGdOLrH8mOSZ_nLU4au6Va3L91Cfswvdw.AXlFKvJPgLRijyYAwYYA-dSe1J42GXfzfBly51YBFrCo8y3j-ywUcTXVVxEtdckeKqzXkRBFB0_bYZwAHvmeXA.MGm4dy_R2ABIRjN4W5sMvqy1lkbmmTwAjnhPyt4rO4Cx6p8d6HcQCr8BZutCe5Pq4o_OIX7t_EZpAMuRkwe-sA&_sg%5B1%5D=H9vEdm1inZMXy5kKOoXRR1rv8Wkgbdpa6YZbzdxiqx_JcqDUVhPsKyzxDGhK-z55tWcKrM7btDj7hgjWfvUjtc1FtdC83ANIdeC7GAhXOmaP.AXlFKvJPgLRijyYAwYYA-dSe1J42GXfzfBly51YBFrCo8y3j-ywUcTXVVxEtdckeKqzXkRBFB0_bYZwAHvmeXA.MGm4dy_R2ABIRjN4W5sMvqy1lkbmmTwAjnhPyt4rO4Cx6p8d6HcQCr8BZutCe5Pq4o_OIX7t_EZpAMuRkwe-sA&_iepl=
https://www.researchgate.net/profile/Mohammad-Naser-4/publication/273461662_Developing_Trip_Generation_Rates_for_Hospitals_in_Amman/links/5744101d08ae9f741b3a24fc/Developing-Trip-Generation-Rates-for-Hospitals-in-Amman.pdf?_sg%5B0%5D=4d0nwGnC6N4WnYHKdSm6aEvjWNIDZpUc_8T9u1WFHdbpjEKXFh61SRGdOLrH8mOSZ_nLU4au6Va3L91Cfswvdw.AXlFKvJPgLRijyYAwYYA-dSe1J42GXfzfBly51YBFrCo8y3j-ywUcTXVVxEtdckeKqzXkRBFB0_bYZwAHvmeXA.MGm4dy_R2ABIRjN4W5sMvqy1lkbmmTwAjnhPyt4rO4Cx6p8d6HcQCr8BZutCe5Pq4o_OIX7t_EZpAMuRkwe-sA&_sg%5B1%5D=H9vEdm1inZMXy5kKOoXRR1rv8Wkgbdpa6YZbzdxiqx_JcqDUVhPsKyzxDGhK-z55tWcKrM7btDj7hgjWfvUjtc1FtdC83ANIdeC7GAhXOmaP.AXlFKvJPgLRijyYAwYYA-dSe1J42GXfzfBly51YBFrCo8y3j-ywUcTXVVxEtdckeKqzXkRBFB0_bYZwAHvmeXA.MGm4dy_R2ABIRjN4W5sMvqy1lkbmmTwAjnhPyt4rO4Cx6p8d6HcQCr8BZutCe5Pq4o_OIX7t_EZpAMuRkwe-sA&_iepl=
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Develop a customized equation  (e.g., planning model) 

25 

Trip Attraction Model For Universities In Jordan

University Name Type Province

Jordan University of Science & Tech. (JUST) Public Irbid

Al al-Bayt University (AABU) Public Al-Mafraq

Jadara University Private Irbid

Irbid National University Private Irbid

Philadelphia Private University Private Amman

Zarqa University (ZU) Private Zarqa

Jarash University Private Jarash

Ajloun National Private Univ. private Ajloun

Develop a customized equation  (e.g., planning model) 

26 

Trip Attraction Model For Universities In Jordan

R²  =  0.976
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Develop a customized equation  (e.g., planning model) 

27 

Trip Attraction Model For Universities In Jordan

Developed models R2

LN(VTD) = 0.472+0.297*LN(GFA)+0.3256*LN(NS)+0.360*LN(NL)
0.968

LN(VAD) = -0.205+0.296*LN(GFA)+ 0.325*LN(NS)+0.36*LN(NL) 0.967

LN(VTH) = -2.643+0.985*LN(NS)
0.985

LN(VAH) = -2.380+0.926*LN(NS) 0.976

Trip Generation Manuals

27

30
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Trip Generation Manuals 

• Trip Generation Manuals are 

standardized references used to 

estimate the number of trips 

generated by different land use types.

• The most widely used manual is the ITE 

Trip Generation Manual published by 

the Institute of Transportation 

Engineers.

• It provides average trip rates and 

regression models based on land use 

type (e.g., residential, retail, school).

Other Manuals 

32 

31

32
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ITE Trip Generation Manual: Land Use Categories

• ITE Manual categorizes land uses to estimate trips 
generated by different activity types.

• Major land use groups include:

• Port and Terminal: airports, intermodal terminals, park-and-ride 
lots

• Residential: single-family homes, apartments, senior housing

• Recreational: parks, golf courses, bowling alleys

• Medical: hospitals, assisted living facilities

• Industrial: manufacturing plants, warehouses

• Office: general office buildings, business parks

• Retail: shopping centers, fast food, superstores

• Services: banks, daycares, vehicle service centers

ITE Trip Generation Manual

33

34
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Understanding Trip Rate Data

Understanding Trip Rate Data

35

36
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Understanding Trip Rate Data

ITE Trip Generation Manual – Steps for Estimating Trip Rates

• Step 1: Select the Land Use Class

• Step 2: Check Sub-Classification within the selected 
land use

• Step 3: Identify the appropriate Independent Variable
(e.g., floor area, number of employees, number of students)

• Step 4: Choose the Analysis Period
(e.g., daily, AM peak hour, PM peak hour)

• Step 5: Calculate the Trip Generation Rate using one of 
the following:

• Graphic Plot

• Regression Equation

• Weighted Average Trip Rate

37

38
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Guidelines for Using the ITE Trip Generation Manual

• Ensure your zone lies within the calibration limits of the 

independent variables

• Use the regression equation first

• Only if R² > 0.75 (strong statistical fit)

• Use the average trip rate

• Only if Standard Deviation (S.D.) < 1.1 × Average Rate

ITE Trip generation manual 

40 

Example No .1 

39

40
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ITE Trip generation manual 

Estimate the number of trips (T) 
entering and exiting a university 
with 20,000 student ?

41 

Example No .1 

ITE Trip generation manual 

 1. Check the regression model

❖ R2=0.95 > 0.75 , thus use the model 

 2. Use the regression model

❖ T = 1.38 (x) +2108.83

▪ T =Vehicle Trip Ends

▪ X  =No. of students  

❖ T = 1.38 (20,000) +2108.83 

❖ T= 29,708.83

 3. Directional Distribution: 50% entering, 50% exiting 

➢  % of entering trips 

❖ 0.5* 29708 = 14,854

➢  % of exiting trips 

❖ 0.5* 29708 = 14,854

42 

Solution of example No .1  

41

42
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ITE Trip generation manual 

43 

Example No .2 

ITE Trip generation manual 

A 500- acre site is being developed to support 400 single-family detached houses 
and a swimming pool with a clubhouse. 

Estimate the number of trips (T) exiting the subdivision during a typical am peak 
hour. 

44 

Example No .2 

43

44
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ITE Trip generation manual 

45 

Example No .2 

  

ITE Trip generation manual 

46 

Solution of example No .2

45

46
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ITE Trip generation manual 

47 

Example No .3 

ITE Trip generation manual 

48 

Example No .3 

47

48
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ITE Trip generation manual 

49 

Solution of example No .3

Rate: it refers to the number of trips 

per day per activity center.

ITE Trip generation manual 

50 

Solution of example No .3

49

50
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ITE Trip generation manual 

51 

Example No .4 

ITE Trip generation manual 

52 

Example No .4 

 A commercial center in the downtown contains several retail establishments 
and light industries. 

 Employed at the center are 220 retail and 650 non-retail workers. 

 Determine the number of trips per day attracted to this zone. 

51

52
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ITE Trip generation manual 

53 

Solution of example No .4
Rate: it refers to the number of trips per day 

per employee type (retail and nonretail) 

Estimated trips is function with employee type (retail and nonretail) 

ITE Trip generation manual 

Estimated HBW trips 

650 × 1.7 + 220 × 1.7 = 1479 𝑡𝑟𝑖𝑝/day

54 

Solution of example No .4

Employed at the center are 

650 non-retail and 220 

retail and workers. 

53

54
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ITE Trip generation manual 

Estimated HBO trips 

650 × 2 + 220 × 5 = 2400 𝑡𝑟𝑖𝑝/day

55 

Solution of example No .4

Employed at the center 

are 650 non-retail and 

220 retail and workers. 

ITE Trip generation manual 

Estimated NHB trips 

650 × 1 + 220 × 3 = 1310 𝑡𝑟𝑖𝑝/day

56 

Solution of example No .4

Employed at the center 

are 650 non-retail and 

220 retail and workers. 

55

56
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ITE Trip generation manual 

Estimated Total trips 

57 

Solution of example No .4

57
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3.5 | Trip Generation Modeling Using Cross – 

Classification 

Module | 3 | Forecasting Travel in Urban Transportation Planning

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning

Introduction to Cross-Classification

• Cross-Classification is a technique developed by FHWA to determine the 

number of trips that begin or end at the home

• Focuses on ➤ Home based trips

• It classifies households into categories based on key variables to estimate trip-

making behavior

• The most commonly used variables include:

• Average income

• Auto ownership

• Household size and stage in the household life cycle

1

2
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Using Survey Data for Cross-Classification Trip Generation

• The image shows a 2002 Onboard 

Transit Survey used to collect 

detailed household travel behavior

• Key survey inputs collected:

• Household Income

• Number of Vehicles per Household

• Trips Made per Household

• Number of People in Household

• Trip purpose and origin/destination

Using Survey Data for Cross-Classification Trip Generation

4 
https://www.youtube.com/watch?v=owIvi8Kjtpo

3

4
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 A matrix is established, 
based upon family 
income and car 
ownership:

 The numbers inside the 
matrix represent 
household sample 
numbers

Average number of trips per 
household under each 
category is then calculated and 
summarized as:

Example : First cell 

Household = 1 and 2 , then 
average trips = 2 + 4/ 2 = 3 trips 

5

6
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Trip Forcasting 

 The plotted points are fit with smooth 
curves, and the lines are extended — 
extrapolated — based on the shape of 
the curves and logic.

 The curve values are then used to 
develop a completed matrix, which can 
be used to make forecasts of trips.

 From the graph, we can predict that 
families that have an income of Rs. 
60,000 and one car will make about 7 
trips per day.

7

8
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Understanding Cross-Classification charts 

Using Survey Data for Cross-Classification Trip Generation

➤ This table summarizes responses 
from 20 households

➤ Each row corresponds to a 
unique household

➤ Columns include:

• Trips Produced per Household

• Household Income (in $1000s)

• Autos per Household

• These data are grouped into 
categories (e.g., income 
brackets and vehicle ownership 
levels) to compute:

9

10
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Income-Based Household Categorization for Cross-Classification

• The graph shows the distribution of households 

across three income categories based on average 

zone income

• X-axis: Average income in a traffic analysis zone 

(TAZ)

• Y-axis: Percentage of households (%) in each 

category

• Three income categories are defined:

• Low Income: Less than $32,000

• Medium Income: Between $32,000 – $48,000

• High Income: Greater than $48,000

❑ The curves represent the proportion of 

households that fall into each income group

What the Income Distribution Curve Tells Us

• At an average zone income of $44,000:

• 51% of households are in the medium-income 
bracket

• 40% are in the high-income bracket

• Only 9% fall into the low-income group

• As zone income increases:

• The share of high-income households rises

• The share of low-income households drops 
sharply

• These percentages help estimate:

• How many households per zone belong to each 
category

• How many trips are generated by each group 
using cross-classification tables

13

14
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Understanding Income and Vehicle Ownership Distribution

• The graph shows the relationship between 
household income and number of autos 
per household

• X-axis: Household income categories

• Low: < $32,000

• Medium: $32,000 – $48,000

• High: > $48,000

• Y-axis: Percentage of households (%)

• Curves represent the share of households 
owning:

• 0 autos

• 1 auto

• 2 or more autos

Interpreting the Impact of Income on Vehicle Ownership

• As household income increases:

• The share of 0-auto households drops 

sharply

• The share of 1-auto households peaks 

in the medium income range, then 

declines

• The share of 2+ auto households rises 

significantly with higher income

15

16
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Interpreting the Impact of Income on Vehicle Ownership

Example: Zone with $44,000 Average Income

• This falls in the medium income category 

($32,000–$48,000)

• Approximate distribution based on the graph:

• 0 autos: ~4% of households

• 1 auto: ~58% of households

• 2+ autos: ~38% of households

Number of Trips per Household by Income and Auto Ownership

• This graph shows how trip generation varies by:

• Household income category (Low, Medium, High)

• Number of autos per household (0, 1, 2+)

• X-axis: Income level

• Low: < $32,000

• Medium: $32,000–$48,000

• High: > $48,000

• Y-axis: Number of daily trips per household

• Three curves indicate trips per:

• 0-auto households

• 1-auto households

• 2+ auto households

17

18
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Interpreting Trip Production by Income and Vehicle Ownership

• As both income and vehicle ownership 

increase, trip production also 

increases

• For example, Zone with $44,000 

Average Income….. at medium income:

• 0-auto HHs ≈ 2 trips/day

• 1-auto HHs ≈ 8 trips/day

• 2+ auto HHs ≈ 13 trips/day

Trip Purpose Distribution by Income Category

• This chart shows how trip purposes vary 
across income groups

• X-axis: Income category

• Low: < $32,000

• Medium: $32,000–$48,000

• High: > $48,000

• Y-axis: Percentage of total trips (%)

• Three trip categories shown:

• HBW: Home-Based Work

• NHB: Non-Home-Based

• HBO: Home-Based Other

• Each curve shows the percentage of total trips 
from each category for different income 
groups

19

20
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Interpreting the Effect of Income on Trip Types

• For low-income households:

• HBO trips dominate (~51% of total 

trips)

• HBW (commuting) trips make up 

only ~17%

• As income increases:

• HBW trips increase slightly (more 

work-related travel)

• NHB trips increase modestly

• HBO trips decrease in share, but 

still remain dominant

Interpreting the Effect of Income on Trip Types

Example: Zone with Average Household 

Income of $44,000 (Medium 

Income)

• Estimated trip purpose shares (based 

on chart and medium income range):

• HBO (Home-Based Other): ~51% of 

trips

• NHB (Non-Home-Based): ~32% of trips

• HBW (Home-Based Work): ~17% of 

trips

21

22
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Example No .1
Developing Trip Generation Curves from Household Data 

Example No .1 :  Developing Trip Generation Curves from 
Household Data 

25 

A travel survey produced the 
data shown in Table 12.1. 
Twenty households were 
interviewed 

Based on the data provided, develop a 
set of curves showing
1. The number of trips per household 

versus auto ownership?

2. The number of trips per household 
versus income

24

25
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Cross – Classification 

26 

Solution of Example No.1:

Step 1 : Produce a matrix that shows the number and percentage of households as a 
function of auto ownership and income grouping 

Cross – Classification 

27 

Solution of Example No.1:

Step 2 : Produce a matrix shows Average Trips per Household versus Income 
and Car Ownership 

26

27
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Cross – Classification 

28 

Solution of Example No.1:

Step 23 Plot Average Trips per Household versus Income and Car Ownership

Cross – Classification 

29 

Solution of Example No.1:

SOURCE: Modified from Computer Programs for Urban Transportation Planning, U.S. Department of 

Transportation, Washington, D.C., April 1977 

28

29
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Cross – Classification 

30 

Solution of Example No.1:

SOURCE: Modified from Computer Programs for Urban Transportation Planning, U.S. Department of 

Transportation, Washington, D.C., April 1977 

Cross – Classification 

31 

Solution of Example No.1:

Addition work (Step 3): Determine the percentage of trips by each trip purpose for each 
income category

* Data is not 
given in the 
example 

30

31
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Case Study 

33 

32

33
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34 

35 

34

35
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36 

Example No .2
Computing Trips Generated in a Suburban Zone 

36

37
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Cross – Classification 

 Consider a zone that is located in a suburban area of a city.

➢ The population and income data for the zone are as follows.

❖ Number of dwelling units: 60

❖ Average income per dwelling unit: $44,000

 Determine the number of trips per day generated in this zone for each trip 
purpose, assuming that the characteristics depicted in Figures 12.2 through 
12.5 apply in this situation. 

38 

Cross – Classification 

39 

Solution of Example No .2

Figure 12.2 Figure 12.3

38

39
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Cross – Classification 

40 

Solution of Example No .2

Figure 12.4

Figure 12.5

Cross – Classification 

41 

Solution of Example No .2

Step 1 : Determine the percentage of households in each economic category

40

41
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Cross – Classification 

42 

Solution of Example No .2

Step 2 : Determine the number of trips per household per day for each income–auto ownership category.

Cross – Classification 

43 

Solution of Example No .2

Step 3: Determine the number of trips per household per day for each income–auto ownership category

58% of medium-income families 

own one auto per household.

42

43
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Cross – Classification 

44 

Solution of Example No .2

Step 4: Calculate the total number of trips per day generated in the zone

Cross – Classification 

46 

Solution of Example No .2

Step 4: Calculate the total number of trips per day generated in the zone

44

46
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Cross – Classification 

47 

Solution of Example No .2

Step 5 : Determine the percentage of trips by trip purpose

Trip generation 

48 

by Trip types 

47

48
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 Trip production

➢All the trips of home based 

➢The origin of the non 
home-based trips

 Trip attraction

➢Trips do not classify as trip 
production 

49 

Trip types 

Image source: https://www.civil.iitb.ac.in/~vmtom/1100_LnTse/203_lnTse/plain/

Trip generation 

Trip generation 

 Attracted (Ta) trips 

➢Ta  is function with land use

 Produced (Tp) trips?

➢Tp  is function with 

❖ Population

❖ Income

❖ Household size

❖ Number of household size

❖ Vehicle owned

50 

Trip types 

49

50

https://www.civil.iitb.ac.in/~vmtom/1100_LnTse/203_lnTse/plain/
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Trip generation 

51 
Image source: Aloc, D. S. & Amar, J. A. N. A. C. Trip Generation Modeling of Lipa City Trip Generation Modelling of Lipa City. (2014). doi:10.13140/2.1.2171.7126

Example  

52 

Study 

area 

51

52
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Example  

53 

Zoning 

1

5

2

6

3
4

Example  

54 

Attracted trips  
1

5

2

6

3
4

The land use within 
Zone 1 are  

➢ 120 office space

➢500 factory 

➢50 educational seats 

➢100 shopping center  

53

54
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Example 

55 

How many trips are attracted (Ta)  and produced to a zone 1?

Land use ( By 

survey)

Number of units

( By survey) 

Trip rates

  (manual)

Attracted (Ta) trips 

(column 2 X column 

3) 

office space 120 1.18 472

factory 500 0.43 64.5

educational seats 50 1.2 108

shopping center 100 2.1 630

Total attracted trips  (Ta) 626

Example  

56 

1

5

2

6

3
4

Attracted trips  

Ta= 620

Ta= 560

Ta= 350
Ta= 420

Ta= 1200

Ta= 650

55

56
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Example  

57 

Produced Trips
1

5

2

6

3
4

The land use within

 Zone 1 are  

➢  Number of dwelling 
units: 60

➢Average income per 
dwelling unit: $44,000

❖  See example - 6 :  
Computing Trips 
Generated in a 
Suburban Zone

58 

1

5

2

6

3
4

Produced trips (Tp)

Ta= 620

Ta= 560

Ta= 350
Ta= 420

Ta= 1200

Ta= 650

Tp= 250

Tp= 320

Tp= 150

Tp= 400

Tp= 800

Tp= 550

Example

57

58
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Balancing Trip Productions and Attraction 

 A likely result of the trip generation process is that the number of 
trip productions may not be equal to the number of trip attractions 

 Trip productions 

➢which are based on census data, are considered to be more accurate than trip 
attractions 

➢Therefore, 

• Trip attractions are usually modified so that they are equal to trip 
productions 

59 

Balancing Trip Productions and Attraction 

60 

Example No.1 : Balancing the Home-

based trips 

59

60
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Balancing Trip Productions and Attraction 

 The trip generation process between 
zone 1 through zone 3 has produced

➢600 HBW productions trips  

➢800 HBW attraction trips

➢ It requires to balancing trip 
productions and attraction in this 
zone
  

61 

Example No.1 : Balancing the Home-based trips 

Balancing Trip Productions and Attraction 

 𝑇𝑟𝑖𝑝 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑇𝑜𝑡𝑎𝑙 𝑈𝑛𝑏𝑎𝑙𝑎𝑛𝑐𝑒𝑑 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑡𝑟𝑖𝑝𝑠 

𝑇𝑜𝑡𝑎𝑙 𝑈𝑛𝑏𝑎𝑙𝑎𝑛𝑐𝑒𝑑 𝐴𝑡𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑡𝑟𝑖𝑝𝑠

 𝑇𝑟𝑖𝑝 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 =
600

800
= 0.75

62 

Solution of Example No.1

61

62
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Balancing Trip Productions and Attraction 

 𝐵𝑎𝑙𝑎𝑛𝑐𝑒𝑑 𝑎𝑡𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑡𝑟𝑖𝑝𝑠 =  𝑇𝑟𝑖𝑝 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 × 𝑈𝑛𝑏𝑎𝑙𝑎𝑛𝑐𝑒𝑑 𝑎𝑡𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑠 𝑡𝑟𝑖𝑝𝑠

63 

Solution of Example No.1

=(240*0.75)= 180

Balancing Trip Productions and Attraction 

64 

Example No.2 : Balancing the NON- 

Home-based trips 

63

64
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Balancing Trip Productions and Attraction 

 The trip generation process 
between zone 1 through 
zone 3 has produced

➢600 NHB productions trips  

➢800 NHB attraction trips

➢It requires to balancing 
trip productions and 
attraction in this zone
   

65 

Example No.2 : Balancing the Home-based trips 

Balancing Trip Productions and Attraction 

 𝑇𝑟𝑖𝑝 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑇𝑜𝑡𝑎𝑙 𝑈𝑛𝑏𝑎𝑙𝑎𝑛𝑐𝑒𝑑 𝑃𝑅𝑂𝐷𝑈𝐶𝑇𝐼𝑂𝑁𝑡𝑟𝑖𝑝𝑠 

𝑇𝑜𝑡𝑎𝑙 𝑈𝑛𝑏𝑎𝑙𝑎𝑛𝑐𝑒𝑑 𝑎𝑡𝑡𝑟𝑎𝑐ℎ𝑡𝑖𝑜𝑛 𝑡𝑟𝑖𝑝𝑠

 𝑇𝑟𝑖𝑝 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 =
600

800
= 0.75

66 

Solution of Example No.2

65

66
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Balancing Trip Productions and Attraction 

 𝐵𝑎𝑙𝑎𝑛𝑐𝑒𝑑 𝑎𝑡𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑡𝑟𝑖𝑝𝑠 =  𝑇𝑟𝑖𝑝 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 × 𝑈𝑛𝑏𝑎𝑙𝑎𝑛𝑐𝑒𝑑 𝑎𝑡𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑠 𝑡𝑟𝑖𝑝𝑠

67 

Solution of Example No.2

=(240*0.75)= 180

Balancing Trip Productions and Attraction 

 An extra step is required for 
balancing NHB trips. 

➢This extra step is that after total 
productions and total attractions are 
equal, the productions for each zone 
are set equal to the attractions for 
each zone.

➢The rationale behind this extra step is 
that

❖ the true origin of non-home based 
trips is not provided by survey or 
census data.

❖ thus the best estimate of the 
number of NHB trips produced in 
each zone is the number of NHB 
trips attracted to each zone.

68 

Solution of Example No.2

67

68
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Balancing Trip Productions and Attraction 

69 

Example No.3 :

70 

1

5

2

6

3
4

Unbalanced Trip 
Productions and 
Attractions 

Ta= 620

Ta= 560

Ta= 350
Ta= 420

Ta= 1200

Ta= 650

Tp= 250

Tp= 320

Tp= 150

Tp= 400

Tp= 800

Tp= 550

Zone ID

Unbalanced trips 

Production Attraction 

1 250 620

2 320 560

3 150 350

4 400 420

5 550 650

6 800 1200

Total 

trips 
2470 3800

69

70
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Balancing Trip Productions and Attractions 

Zone ID

Unbalanced trips Balanced trips 

Production Attraction Production Attraction 

1 250 620 250 403

2 320 560 320 364

3 150 350 150 228

4 400 420 400 273

5 550 650 550 423

6 800 1200 800 780

Total trip 2470 3800 2470 2470

 𝑇𝑟𝑖𝑝 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑇𝑜𝑡𝑎𝑙 𝑈𝑛𝑏𝑎𝑙𝑎𝑛𝑐𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑡𝑟𝑖𝑝𝑠 

𝑇𝑜𝑡𝑎𝑙 𝑈𝑛𝑏𝑎𝑙𝑎𝑛𝑐𝑒𝑑 𝑎𝑡𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑠 𝑡𝑟𝑖𝑝𝑠

➢𝑇𝑟𝑖𝑝 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 =
𝟐𝟒𝟕𝟎

𝟑𝟖𝟎𝟎
= 0.65

72 

1

5

2

6

3
4

Ta= 620

Ta= 560

Ta= 350
Ta= 420

Ta= 1200

Ta= 650

Tp= 250

Tp= 320

Tp= 150

Tp= 400

Tp= 800

Tp= 550

Zone ID

Balanced trips 

Production Attraction 

1 250 403

2 320 364

3 150 228

4 400 273

5 550 423

6 800 780

Total 

trips 
2470 2470

Balanced Trip 
Productions and 
Attractions 

71

72
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3.6 | Trip Distribution

Module | 3 | Forecasting Travel in Urban Transportation Planning

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning

Review 

2 

Study area 

1

2



2

Review  

3 

Zoning 

1

5

2

6

3
4

Review  

4 

Attracted trips  
1

5

2

6

3
4

The land use within 
Zone 1 are  

➢ 120 office space

➢500 factory 

➢50 educational seats 

➢100 shopping center  

3

4



3

Review

5 

How many trips are attracted (Ta)  and produced to a zone 1?

Land use ( By 

survey)

Number of units

( By survey) 

Trip rates

  (manual)

Attracted (Ta) trips 

(column 2 X column 

3) 

office space 120 1.18 472

factory 500 0.43 64.5

educational 

seats 
50 1.2 108

shopping center 100 2.1 630

Total attracted trips  (Ta) 626

6 

1

5

2

6

3
4

Ta= 620

Ta= 560

Ta= 350
Ta= 420

Ta= 1200

Ta= 650

Tp= 250

Tp= 320

Tp= 150

Tp= 400

Tp= 800

Tp= 550

Review

Zone ID

Balanced trips 

Production Attraction 

1 250 403

2 320 364

3 150 228

4 400 273

5 550 423

6 800 780

Total trips 2470 2470

Balanced Trip 
Productions and 
Attractions 

5

6
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Review

 Four-step process” 
➢ Trip generation

❖ How many trips

➢ Trip distribution

❖ From where to where

➢ Modal choice

❖ On what mode

➢ Traffic assignment

❖ On what route

7 

Travel Forecasting Process

NHI 6 Trip Dist.ppt (live.com)

Trip Distribution 

 is a process by which the trips generated in 
one zone are allocated to other zones in 
the study area.

 These trips may be

➢  Internal-internal 

❖ within the study area 

➢ Internal-external

❖ between the study area and areas outside 
the study area 

8 

Definition 

7

8

https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
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i j

Pi Aj

Trip 

Generation

i j
Tij

Trip 

Distribution

Production Attraction

Trip Distribution Lecture 8 Norman W. Garrick and Hamed Ahangari - ppt download (slideplayer.com)

Trip Distribution 
 Goal

❑ Where the trips are traveling 

❑ What affect the destination

❖ Type of land use

❖ Costs of travel between zones (Time, distance, speed )

 Inputs 

❑ Trip generated within the study area and zones

 Output

❑ Origin- destination matrix 

10 NHI 6 Trip Dist.ppt (live.com)

9

10

https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
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Trip Generation    Trip Distribution

The question is… how do we allocate all the trips among 
all the potential destinations?

TAZ Productions

1 12

2 19

3 35

4 4

5 5

6 10

7 13

8 22

TAZ Attractions

1 9

2 12

3 4

4 38

5 45

6 6

7 4

8 2

Zone 1

Zone 2

Zone 3

Zone 4

Zone 5

Zone 6

Zone 7

Zone 8

Zone 1

TAZ 1 2 3 4 5 6 7 8

1

2

3

4

5

6

7

8

Trip Matrix

or

Trip Table

Example  

12 

Trip distribution  

1

5

2

6

3
4

Tp= 250

11

12
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Example  

13 

Trip distribution  

1

5

2

6

3
4

Ta= 620

Basic Assumptions of Trip Distribution

 Number of trips

➢ decrease with COST between zones

➢increase with zone “attractiveness”

Trip Distribution Lecture 8 Norman W. Garrick and Hamed Ahangari - ppt download (slideplayer.com)

13

14

https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
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Trip Distribution 

1. Gravity model

➢Preferred to be used because 

❖ Simple and accurate 

❖ Uses the attributes of the transportation system and land-use characteristics 

❖ Has been calibrated extensively for many urban areas 

2. Growth factor models

➢Uniform Growth Factor

➢Singly-Constrained Growth Factor

➢Average Factor

➢Detroit Factor

➢Fratar Method

15 

Methods   

Trip Distribution Models 

16 

Gravity model

15

16
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The Inspiration for the Gravity Model

❑ The big idea behind the gravity model is Newton’s law of gravitation…

 

❑ The force of attraction between 2 bodies is

❑  directly proportional to the product of masses between the two bodies 

❑ inversely proportional to the square of the distance

Gravity Model 

 The number of trips between two zones is 

➢ Directly proportional to the number of trip attractions 
generated by the zone of destination 

➢ Inversely proportional to a function of time of travel 
between the two zones 

18 

Definition 

i is origin zone number 

j is destination zone 

n is total number of zones 

17

18
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Trip Distribution 

 What is the F-Factor?

 Represents the willingness to travel 
between two zones.

➢ High F-value = High willingness to make 
the trip.

➢ Low F-value = Discouraged from making 
the trip.

 The Golden Rule of Trip Distribution

➢ Inverse relationship: As Travel Time 
INCREASES, the F-Factor DECREASES.

19 

F values for calibration  

Trip Distribution 

20 

F values for calibration  

19

20
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Gravity Model 

 The number of trips between two zones is 

➢ Directly proportional to the number of trip attractions 
generated by the zone of destination 

➢ Inversely proportional to a function of time of travel 
between the two zones 

21 

Definition 

i is origin zone number 

j is destination zone 

n is total number of zones 

Gravity Model 

22 

Relative Attractiveness: How Trips Choose Their Destinations

21

22
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Gravity Model 

23 

Relative Attractiveness: How Trips Choose Their Destinations

Gravity Model 

24 

The Probability-to-Trips Formula 

23

24
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Gravity Model 

26 

Mathematically 

Gravity Model 

 Tij = number of trips that are produced in zone i and attracted 
to zone j

 Pi = total number of trips produced in zone i

➢ Determined from trip generation step 

 Aj = number of trips attracted to zone j 

➢ Determined from trip generation step 

➢ The sum of Pi for all zones must equal the sum of Aj for all zone 

 Fij = a value which is an inverse function of travel time

➢ Determined by a calibrating process

 Kij = Socioeconomic adjustment factor for interchange ij 

➢ Determined by a calibrating process

27 

Mathematically i is origin zone number 

j is destination zone 

n is total number of zones 

26

27
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Trip Distribution 

30 

Kij = Socioeconomic adjustment factor

Trip Distribution 

31 

Example No. 1

30

31
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Example: Calculate the Attractiveness of Each Zone

32 NHI 6 Trip Dist.ppt (live.com)

Calculate the Attractiveness of Each Zone

NHI 6 Trip Dist.ppt (live.com)

32

33

https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
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Calculate the Relative Attractiveness of Each Zone Make 

sense?

NHI 6 Trip Dist.ppt (live.com)

Distribute Productions to TAZs

NHI 6 Trip Dist.ppt (live.com)

34

35

https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
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First Iteration Distribution

NHI 6 Trip Dist.ppt (live.com)

Trip Distribution 

37 

Example No. 1 (Example 12.4) : Use of 
Calibrated F Values and Iteration 

 

36

37

https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fweb.engr.uky.edu%2F~rsouley%2FCE%2520451%2FLECTURES%2FTrip%2520Distribution%2FNHI%25206%2520Trip%2520Dist.ppt&wdOrigin=BROWSELINK
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Trip Distribution 

 A study area consisting of three zones 

  Trip Productions and Attractions for a Three-Zone Study Area 
➢ Determined from trip generation step are provided in Table 12.9 

 Average travel times between each zone 

➢  Determined  ( Table 12.10)

 Determine the number of zone-to-zone trips through two iterations.

38 

Example -1 (Example 12.4): Use of Calibrated F Values and Iteration 

Solution of Example -1 (Example 12.4) 

 Step -1: Balanced Attracted and produced trips for a Three-Zone Study Area 

39 

Zone Balanced Trip 

Production(Pi) Attraction (Aj)

1 140 300

2 330 270

3 280 180

Total 750 750

38

39
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Solution of Example -1 (Example 12.4) 

 Step -2: Average travel times between each zone 

40 

Use of Calibrated F Values and Iteration 

Average travel time 

Zone 
Zone

1 2 3

1 5 2 3

2 2 6 6

3 3 6 5

Orange cells are internal-internal green cell are internal-external

Solution of Example -1 (Example 12.4) 

 Step -3: Determination of F factors based on travel time (Calibration process)

41 

Use of Calibrated F Values and Iteration 

Note that the book use another chart to 

determine the f factors for the example 

40

41
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Solution of Example -1 (Example 12.4) 

 Step -3: Determination of F factors based on travel time (Calibration 
process)

42 

Use of Calibrated F Values and Iteration 

Travel 

time 

(Min) 

1 2 3 4 5 6 7 8

f factor 82 52 50 41 39 26 20 13

Solution of Example -1 (Example 12.4) 

 Step -4:  Determine f factor between zones

43 

Use of Calibrated F Values and Iteration 

Travel time 

(Min) 
1 2 3 4 5 6 7 8

f factor 82 52 50 41 39 26 20 13

Average travel time 

Zone 
Zone

1 2 3

1 5 2 3

2 2 6 6

3 3 6 5

F factor (Fij)

Zone 
Zone

1 2 3

1 39 52 50

2 52 26 26

3 50 26 39

42

43
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44 

F factor (Fij)

Zone (i) 
Zone (j)

1 2 3
1 39 52 50

2 52 26 26
3 50 26 39

Zone 
Balanced Trip 

Production(Pi) Attraction (Aj)

1 140 300
2 330 270

3 280 180

Total 750 750

Kij =1 for all zones 

Zone 
Zone

1 2 3
1 1 1 1

2 1 1 1
3 1 1 1i is origin zone number 

j is destination zone number

n is total number of zones 

45

44

45
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Solution of Example -1 (Example 12.4) 

 Step -5:  Solve 

48 

Use of Calibrated F Values and Iteration 

Solution of Example -1 (Example 12.4) 
 Step -5:  Solve 

49 

48

49
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50 

Solution of Example -1 (Example 12.4) 

 Step -5:  Solve 

51 

50

51



24

Solution of Example -1 (Example 12.4) 

 Step -5:  Solve

  The results summarized in Table 12.12 represent a singly constrained gravity model.

➢This constraint is that the sum of the productions in each zone is equal to the number of productions given in 
the problem statement.

52 

Solution of Example -1 (Example 12.4) 

 Step -5:  Solve

  To create a doubly constrained gravity model 

➢where the computed attractions equal the given attractions, 

➢You have to adjust attraction trips as presented in step-6

53 

52

53
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Solution of Example -1 (Example 12.4) 

 Step -6: Adjusted attraction trip factors 

54 

j is destination zone number

k is iteration number 

55 

Zone 

Balanced Trip 

Production(Pi) Attraction (Aj)

1 140 300

2 330 270

3 280 180

Total 750 750

k  = 1 

54

55
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56 

Zone 
Balanced Trip 

Production(Pi) Attraction (Aj)

1 140 300
2 330 270

3 280 180

Total 750 750

Solution of Example -1 (Example 12.4) 

 Step -6: Adjusted attraction trip factors 

57 

56

57
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Solution of Example -1 (Example 12.4) 

 Step -5:  Use the adjusted factors (iteration No.2) 

58 

59 

F factor (Fij)

Zone (i) 
Zone (j)

1 2 3
1 39 52 50

2 52 26 26
3 50 26 39

Zone 

Balanced Trip 

Production(

Pi)

Attraction 

(Aj)

1 140 300

2 330 270

3 280 180

Total 750 750

Kij =1 for all zones 

Zone 
Zone

1 2 3
1 1 1 1

2 1 1 1
3 1 1 1

i is origin zone number 

j is destination zone number

n is total number of zones 

Adjusted 

Attraction (Aj) 

at k =2

237

347

201

750

58

59
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Solution of Example -1 (Example 12.4) 

 Step -5:  Use the adjusted factors (iteration No.2) 

60 

Solution of Example -1 (Example 12.4) 

 Step -5:  Use the adjusted factors (iteration No.2) 

 The results are summarized in Table 12.13. 

 Note that, in each case, the sum of the attractions is now much closer to the given value. 

 The process will be continued until there is a reasonable agreement (within 5%) between the A that is 
estimated using the gravity model and the values that are furnished in the trip generation phase

61 

60

61
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Trip Distribution 

62 

New Example 

 

 In trip distribution, the Gravity Model ensures the total trips leaving a zone 
(Productions) match our data, but trips arriving (Attractions) often do not. We 
must iterate to balance them.

 Our Study Area Data:

63 

Zone 
Balanced Trip 

Production(Pi) Attraction (Aj)

1 100 240

2 200 200

3 300 160

Total 600 600

62

63
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Iteration 1 - Initial Run ( k= 1)

 Action: We run the standard Gravity Model using travel times 
(friction factors) and initial Target Attractions.

64 

Origin \ 

Dest
Zone 1 Zone 2 Zone 3

Row Sum 

(P)
Target P

Zone 1 50 30 20 100 100

Zone 2 80 90 30 200 200

Zone 3 150 50 100 300 300

Col Sum 280 170 150 600 600

Target 240 200 160 600

Iteration 1 - Calculating New Attraction Factors ( K=2)

65 

Origin \ 

Dest
Zone 1 Zone 2 Zone 3

Row 

Sum (P)

Target 

P

Zone 1 50 30 20 100 100

Zone 2 80 90 30 200 200

Zone 3 150 50 100 300 300

Col 

Sum
280 170 150 600 600

Target 240 200 160 600

Zone 
Balanced Trip 

Production(Pi) Attraction (Aj)

1 100 240

2 200 200

3 300 160

Total 600 600

64

65
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Iteration 2 - Second Run

66 

Zone 
Balanced Trip 

Production(Pi) Attraction (Aj)

1 100 240

2 200 200

3 300 160

Total 600 600

Adjusted 

Attraction (Aj) 

at k =2

205.7

235.3

170.7

750

Iteration 2 - Second Run

Origin \ 

Dest
Zone 1 Zone 2 Zone 3

Row Sum 

(P)
Target P

Zone 1 43 35 22 100 100

Zone 2 67 101 32 200 200

Zone 3 122 63 115 300 300

Col Sum 232 199 169 600

Target 240 200 160 600

67 

66

67
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Iteration 3 - Calculating Attraction Factors ( K=3)

68 

Zone 

Balanced Trip 

( From trip generation)

Production(Pi) Attraction (Aj)

1 100 240

2 200 200

3 300 160

Total 600 600

Iteration 2 - Second Run

69 

Zone 
Balanced Trip 

Production(Pi) Attraction (Aj)

1 100 240

2 200 200

3 300 160

Total 600 600

Adjusted 

Attraction (Aj) 

at k =3

212.8

236.5

161.6

600

Adjusted 

Attraction (Aj) 

at k =2

205.7

235.3

170.7

750

68
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Iteration 3: Final

Origin \ Dest Zone 1 Zone 2 Zone 3 Row Sum (P) Target P

Zone 1 44 35 21 100 100

Zone 2 69 100 31 200 200

Zone 3 127 65 108 300 300

Col Sum 

($C_{j3}$)
240 200 160 600

Target $A_j$ 240 200 160 600

70 

Trip Distribution 

71 

Example No. 2 (Example 12.5) : Selecting 
Singly or Doubly Constrained Gravity 

Model Results

 

70

71
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Trip Distribution 

72 

Example No. 2 (Example 12.5) : Selecting Singly or Doubly 
Constrained Gravity Model Results

Trip Distribution 

 A three-zone system with 900 home-based shopping productions

 Zones 1 and 2 each generate 400 productions, while zone 3 generates 100 
productions 

 Each zone contains a shopping mall with 300 attractions 

73 

Example No. 2 (Example 12.5) : Selecting Singly or Doubly Constrained Gravity 
Model Results

72

73
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Solution of Example -2 (Example 12.5) 

 F factors 

➢The shopping mall in zone 1 can be easily reached due to the 
parking availability and transit service.

❖  Thus, F11, F21, and F31 = 1.0 

➢Parking costs at the shopping mall in zone 2 are moderate 
with some transit service.

❖  Thus, F12, F22, and F32 = 0.5 

➢Parking costs at the mall in zone 3 is high and transit service 
is unavailable. 

❖ Thus, F13, F23, and F33 = 0.2 

74 

Selecting Singly or Doubly Constrained Gravity Model Results

Solution of Example -2 (Example 12.5) 

75 

Selecting Singly or Doubly Constrained Gravity Model Results

74

75
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Solution of Example -2 (Example 12.5) 

76 

Selecting Singly or Doubly Constrained Gravity Model Results

Trip Distribution 

77 

Calibration of the Gravity Model 

 

76

77
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78 

Trip Distribution 

79 

Reading assignment  

 

78

79
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Reading Assignment: Trip Distribution Models in Practice

 Reading Material

❑Title: Modelling Trip Distribution Using the Gravity Model and Fratar’s 
Method

❑Authors: Areeq T. Al-Rubaie, et al.

❑Published In: International Journal of Design & Nature and Ecodynamics 
(2020)

80 

Trip Distribution Models 

89 

Growth Factor Model

80

89
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Growth Factor Models

❑ Growth Factor Models assume that we already have a basic trip matrix

❑ Usually obtained from a previous study or recent survey data

TAZ 1 2 3 4

1 5 50 100 200

2 50 5 100 300

3 50 100 5 100

4 100 200 250 20

Trip Distribution Lecture 8 Norman W. Garrick and Hamed Ahangari - ppt download (slideplayer.com)

What is a Growth Factor Model?

❑ The goal is then to estimate the matrix at some point in the future 

❑ For example, what would the trip matrix look like in 10 years time?

❑ Idea: Future trips = Base trips × Growth factor

TAZ 1 2 3 4

1 5 50 100 200

2 50 5 100 300

3 50 100 5 100

4 100 200 250 20

Trip Matrix, t 

(2008)

Trip Matrix, T 

(2018)

TAZ 1 2 3 4

1 ? ? ? ?

2 ? ? ? ?

3 ? ? ? ?

4 ? ? ? ?

Trip Distribution Lecture 8 Norman W. Garrick and Hamed Ahangari - ppt download (slideplayer.com)

90

91

https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
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Some of the More Popular Growth Factor Models

❑ Uniform Growth Factor

❑ Singly-Constrained Growth Factor

❑ Average Factor

❑ Detroit Factor

❑ Fratar Method

Growth Factor Models 

 It is a mathematical formula that 
proportions future trip generation 
estimates to each zone as a 
function of the product of 

➢the current trips between the 
two zones Tij

➢The growth factor of the 
attracting zone Gj

93 

Fratar method

TAZ 1 2 3 4

1 5 50 100 200

2 50 5 100 300

3 50 100 5 100

4 100 200 250 20

TAZ 1 2 3 4

1 6 60 120 240

2 60 6 120 360

3 60 120 6 120

4 120 240 300 24

Trip Matrix, t 

(2013)

Trip Matrix, T 

(2018)

If we assume τ = 1.2 (growth rate), then…

Tij = τ tij

 = (1.2)(5)

 = 6

Trip Distribution Lecture 8 Norman W. Garrick and Hamed Ahangari - ppt download (slideplayer.com)

92
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https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
https://slideplayer.com/slide/15548190/
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Growth Factor Models 

 Tij = Number of trips estimated from zone i to zone j

 ti = Present trip generation in zone i

 Gi = Growth factor of zone i

 Gj = Growth factor of zone j

 Gx = growth factor of zones x

 Ti = ti Gi = Future trip generation in zone i

 tix = Number of trips between zone i and other zones x

 tij = Present trips between zone i and zone j

94 

Fratar method

i is origin zone number 

j is destination zone number

x are all zones in the study 

area except the origin zone i 

Future Trips 

generated by 

Origin zone

Fratar method

97 

Mathematically 

Future 

Trips by two 

zones

Attractiveness = [Present trips between zone i and zone j ] *[The growth factor of the attracting zone Gj ]

Zone (i) Growth factor ( Gj )

A 1.2

Present Trips between zone i and zone j  

( tij )
Total

Zone (i) 
Zone (j)

A B C D

A - 400 100 100 600

94

97
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Trip Distribution 

98 

Example No. 3 (Example 12.6) : 
Forecasting Trips Using the Fratar Model 

 

Example No. 3 (Example 12.6) :

99 

Forecasting Trips Using the Fratar Model 

98

99
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Example No. 3 (Example 12.6) :

100 

Forecasting Trips Using the Fratar Model 

 A study area consists of four zones (A, B, C, and D)

 An O-D survey indicates that the number of trips between each zone is as shown in Table 
12.17.

 Planning estimates for the area indicate that in five years the number of trips in each zone 
will increase by the growth factor shown in Table 12.18 on page 612 

➢That trip generation will be increased to the amounts shown in the last column of the table 12.18

 Determine the number of trips between each zone for future conditions.

Solution of Example No. 3 (Example 12.6) :

 Present Trips between Zone

101 

Forecasting Trips Using the Fratar Model 

100

101
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Solution of Example No. 3 (Example 12.6) :

 Present Trip Generation and Growth Factors 

102 

Forecasting Trips Using the Fratar Model 

= 1.2*600

103 

Present Trips between zone i and zone j  ( tij )

Zone (i) 
Zone (j)

A B C D

A - 400 100 100

B 400 - 300 -

C 100 300 - 300

D 100 - 300 -

Total 600 700 700 400

Present Trip Generation and Growth Factors

Zone Present

 Trip Generation  

(Trips/ day)

( Ti )

Growth 
factor
( Gj )

Trip Generation 

in

 Five Years 

(= column 2 X 

column 3) 

A 600 1.2 720

B 700 1.1 770

C 700 1.4 980

D 400 1.3 520

= 1.2*600

i is origin zone number 

j is destination zone number

x are all zones in the study 

area except the origin zone i 

102

103
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Growth Factor Models 

 Tij = Number of trips estimated from zone i to zone j

 ti = Present trip generation in zone i

 Gi = Growth factor of zone i

 Gj = Growth factor of zone j

 Gx = growth factor of zones x

 Ti = ti Gi = Future trip generation in zone i

 tix = Number of trips between zone i and other zones x

 tij = Present trips between zone i and zone j

104 

Fratar method

i is origin zone number 

j is destination zone number

x are all zones in the study 

area except the origin zone i 

105

104

105
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106

107

106

107
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Solution of Example No. 3 (Example 12.6) :

108 

Forecasting Trips Using the Fratar Model 

109 

108

109
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110 

111 

110

111
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112 

113 

112

113
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Solution of Example No. 3 (Example 12.6) :

114 

Trip Distribution 

117 

New Example 

 Forecasting Trips Using the Fratar Model 

 

114

117
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Example  

 If the number of present trips between zones and the growth factors 
for a three-zone study area are as shown in Table 2.69, 

 Estimate the future zone-to-zone trips (trip distribution) using the 
Fratar model and after two iterations 

118 

Calculate future trip generation 

 The present trip generation (productions) and future trips are 
computed for each zone based on the given data 

119 

118

119
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Present trip generation 

 The present trip generation (productions) and future trips are 
computed for each zone based on the given data 

120 

Calculate future trip generation 

 The present trip generation (productions) and future trips are 
computed for each zone based on the given data 

121 

120

121



53

Calculate future trip generation 

 The present trip generation (productions) and future trips are 
computed for each zone based on the given data 

122 

Growth Factor Models 

 Tij = Number of trips estimated from zone i to zone j

 ti = Present trip generation in zone i

 Gi = Growth factor of zone i

 Gj = Growth factor of zone j

 Gx = growth factor of zones x

 Ti = ti Gi = Future trip generation in zone i

 tix = Number of trips between zone i and other zones x

 tij = Present trips between zone i and zone j

123 

Fratar method

i is origin zone number 

j is destination zone number

x are all zones in the study 

area except the origin zone i 

122

123
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124

Zone To Zone 1 To Zone 2 To Zone 3
Present Trip 

Generation

Future Trip 

Generation

Growth 

Factor

1 — 100 300 400 480 1.2

2 100 — 200 300 450 1.5

3 300 200 — 500 1000 2.0

Total 400 300 500

125

Zone To Zone 1 To Zone 2 To Zone 3
Present Trip 

Generation

Future Trip 

Generation

Growth 

Factor

1 — 100 300 400 480 1.2

2 100 — 200 300 450 1.5

3 300 200 — 500 1000 2.0

Total 400 300 500

124

125
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126

Zone To Zone 1 To Zone 2 To Zone 3
Present Trip 

Generation

Future Trip 

Generation

Growth 

Factor

1 — 100 300 400 480 1.2

2 100 — 200 300 450 1.5

3 300 200 — 500 1000 2.0

Total 400 300 500

127

Zone To Zone 1 To Zone 2 To Zone 3
Present Trip 

Generation

Future Trip 

Generation

Growth 

Factor

1 — 100 300 400 480 1.2

2 100 — 200 300 450 1.5

3 300 200 — 500 1000 2.0

Total 400 300 500

126

127
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128

Zone To Zone 1 To Zone 2 To Zone 3
Present Trip 

Generation

Future Trip 

Generation

Growth 

Factor

1 — 100 300 400 480 1.2

2 100 — 200 300 450 1.5

3 300 200 — 500 1000 2.0

Total 400 300 500

129

Zone To Zone 1 To Zone 2 To Zone 3
Present Trip 

Generation

Future Trip 

Generation

Growth 

Factor

1 — 100 300 400 480 1.2

2 100 — 200 300 450 1.5

3 300 200 — 500 1000 2.0

Total 400 300 500

128

129
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First Iteration  Matrix 

130 

First Iteration  Matrix 

131 

130

131
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The problem: Two different estimates for the same pair

 Trips between Zone 1 and Zone  3 

❖ From zone 3 → zone 1 : 545.5 trips

❖ From zone 1 → zone 3 : 384 trips

❖ They are not equal (546 ≠ 384).

 Why is this a problem?

❑ A final trip matrix requires one symmetric value per 
zone pair (i.e., 𝑇13 = 𝑇31

❑ Travel time and friction are usually the same in both 
directions → logically, trips should be balanced.

❑ Asymmetric estimates cannot be used directly in 
most traffic models (which assume symmetry for 
network assignment).

 Solution 

❑ Trips should logically be balanced

132 

The Standard Solution: Averaging

133 

132

133
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First iteration 

 Unbalanced       Balanced  

134 

First iteration 

 Unbalanced       Balanced  

135 

134

135
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First Iteration-Average Computed Trip Distribution 

136 

First Iteration-Average Computed Trip Distribution 

137 

136

137
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First Iteration-Average Computed Trip Distribution 

138 

First Iteration-Average Computed Trip Distribution 

 Add Actual future total trips 

139 

138

139
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The need for second iteration  

 The first iteration (averaged) gave us a symmetric trip matrix, but...

 The computed totals do NOT match the actual targets.

 This means the first iteration has not yet balanced productions (row sums) to the given 
future trip generation values.

 Therefore, we need to run a second iteration 

140 

Data preparation for the second iteration  

 You need to prepare 

❑1) New “Base Year” Trip Matrix 

❑2) New Growth Factors 𝐺𝑖
𝑛𝑒𝑤

141 

140

141
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New “Base Year” Trip Matrix

 Use the averaged 
symmetric matrix from 
the first iteration as the 
starting point.

142 

2) New Growth Factors 𝐺𝑖
𝑛𝑒𝑤

 Compute a new growth factor for 
each zone:

 Formula:

143 

𝐺𝑖
𝑛𝑒𝑤

=
Actual future trip total for zone 𝑖

Computed row total from 1st iteration

Zone
Computed 
Total (1st Iter)

Actual 
Target

New Growth 
Factor

1 565 480 480/565 ≈ 0.85

2 500 450 450/500 = 0.90

3 865 1000 1000/865 ≈ 1.16

142

143
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Second Iteration Growth Factors 

144 

145

144
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146

147

146

147
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Second Iteration-Computed Trip Distribution

Unbalanced 

148 

Second Iteration-Average Computed 

149 

148

149
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Second Iteration-Average Computed 

 It still need another iteration

 When do we stop?

❑When the computed row totals are close enough to the actual targets (e.g., within 
1–2% or a few trips). This usually takes 3–5 iterations.

150 

Trip Distribution 

151 

150

151
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152 

1

5

2

6

3
4

Ta= 620

Ta= 560

Ta= 350
Ta= 420

Ta= 1200

Ta= 650

Tp= 250

Tp= 320

Tp= 150

Tp= 400

Tp= 800

Tp= 550

Example

Origin 

zone 

Distination zone 

Given P Computed p
1 2 3 4 5 6

1 63 20 20 35 62 50 250 250

2 41 22 63 50 80 64 320 320

3 18 22 26 60 14 10 150 150

4 40 70 60 90 60 80 400 400

5 63 80 60 100 137 110 550 550

6 90 80 180 150 140 160 800 800

152
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3.7 | Mode Choice

Module |3| Forecasting Travel in Urban Transportation Planning

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning

Review  

2 

Study area 

1

2
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Review   

3 

Zoning 

1

5

2

6

3
4

Review 

4 

Attracted trips  
1

5

2

6

3
4

The land use within 
Zone 1 are  

➢ 120 office space

➢500 factory 

➢50 educational seats 

➢100 shopping center  

3

4
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5 

1

5

2

6

3
4

Ta= 620

Ta= 560

Ta= 350
Ta= 420

Ta= 1200

Ta= 650

Tp= 250

Tp= 320

Tp= 150

Tp= 400

Tp= 800

Tp= 550

Review 

Zone ID

Balanced trips 

Production Attraction 

1 250 403

2 320 364

3 150 228

4 400 273

5 550 423

6 800 780

Total trips 2470 2470

Balanced Trip 
Productions and 
Attractions 

Review   

6 

Trip distribution  

1

5

2

6

3
4

Tp= 250

5

6
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7 

1

5

2

6

3
4

Ta= 620

Ta= 560

Ta= 350
Ta= 420

Ta= 1200

Ta= 650

Tp= 250

Tp= 320

Tp= 150

Tp= 400

Tp= 800

Tp= 550

Example

Origin 

zone 

Distination zone 

Given P
Compute

d p1 2 3 4 5 6

1 63 20 20 35 62 50 250 250

2 41 22 63 50 80 64 320 320

3 18 22 26 60 14 10 150 150

4 40 70 60 90 60 80 400 400

5 63 80 60 100 137 110 550 550

6 90 80 180 150 140 160 800 800

Review

 Four-step process” 

➢ Trip generation

❖ How many trips

➢ Trip distribution

❖ From where to where

➢ Mode choice

❖ On what mode

➢ Traffic assignment

❖ On what route

8 

Travel Forecasting Process

7

8
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Mode Split

 To determine the number (or %) of trips made 
between zones using each mode of travel 

 For the analysis, the following variables might 
be used:

1. Trip characteristics

❖ length, time of day, purpose, …etc.

2. Trip maker characteristics

❖  Income, auto ownership, employment, …etc.

3. Transportation system characteristics

❖  Accessibility, parking, travel time, …etc.

9 

Definition 

Mode Choice

 Goal

➢What modes these trips are taking ?

 Inputs 

➢Origin- destination matrix 

 Output

➢Mode wise Origin- destination matrix 

10 

9

10
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Mode Choice

 Depending on the level of detail required, three types of transit estimating procedures 

1. Direct Generation of transit trips

2. Trip End models

3. Trip Interchange Models

13 

Types of Mode Choice Models 

Mode Choice Models 

14 

1. Direct Generation of transit trips

13

14



7

Mode Choice

 Idea: 

➢ Transit trips can be estimated directly (without a detailed mode choice model).

 Direct generation estimates the number of transit trips directly using simple relationships 
with: 

➢Population density (persons/acre)

➢Car ownership (autos per household)

 What the method assumes

➢ Transit use is mainly explained by land-use and population characteristics (e.g., density, car ownership).

➢ System attributes (Level of Service) are treated as not important in this approach.

 What is NOT considered (important limitation)

➢ Travel time,  Travel cost,   Comfort / convenience,  Waiting time / frequency,  Reliability

➢ In other words, this approach cannot capture changes in service quality.

15 

Direct Generation of transit trips

Mode Choice

 How to read the figure

➢X-axis: Population density (persons/acre)

➢Y-axis: Transit trips per day per 1000 
population

➢ Two curves represent different car ownership 
levels: 

❖ 0 autos/HH: higher transit trips

❖ 1 auto/HH: lower transit trips

 Interpretation

➢As density increases, transit trips increase for 
both curves
(more people nearby → transit can serve more 
trips).

➢At the same density, lower car ownership 
produces more transit trips
(fewer cars available → more reliance on 
transit).

16 

Direct Generation of transit trips

15

16



8

Mode Choice

17 

Example No. 1 (Example 12.7 ): Estimating 
Mode Choice by Direct Trip Generation 

 

Example No. 1 (Example 12.7 ):

 Determine the number 
of transit trips per day in 
a zone which has

➢  5000 people living on 50 
acres. 

➢Auto ownership is 

❖ 40% of zero autos per 
household 

❖ 60% of one auto per 
household 

18 

Estimating Mode Choice by Direct Trip Generation 

17

18
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19 

510

250

 Determine the 
number of transit 
trips per day in a 
zone which has

➢  5000 people living on 
50 acres. 

➢Auto ownership is 

❖ 40% of zero 
autos per 
household 

❖ 60% of one auto 
per household 

Solution of Example No. 1 (Example 12.7 ):

20 

19

20
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Mode Choice Models 

21 

2.Trip End Models

Trip End Models

 Purpose: 

➢Estimate the percentage of total trips (person trips or auto trips) that will use each travel mode (e.g., car, 
transit, walk).

 When it is used: 

➢Mode shares are estimated before the trip distribution step (i.e., prior to connecting origins and 
destinations).

 What it is based on (zone characteristics): 

➢Land-use (residential, commercial, industrial, mixed-use)

➢Socioeconomic factors (income, car ownership, household size, employment, etc.)

 Key limitation: 

➢Trip End Models do NOT account for the quality of service (LOS)
(e.g., travel time, cost, frequency, comfort, reliability).

22 

Introduction 

21

22
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Slide: Urban Travel Factor (UTF)

 Urban Travel Factor (UTF) is a zone-level index used in Trip End Models to represent

➢  how “urban” an area is 

➢and how limited car availability is.

 UTF helps estimate the transit mode split (%) using a mode choice curve.

 Formula

➢𝑈𝑇𝐹 =
1

1000

Households
Autos

Persons
mi2

 In general, higher UTF → higher expected transit use.

23 

Definition

Urban Travel Factor (UTF) 

 1) Households

➢Total number of households in the zone

➢Represents how many “home units” exist in that area.

 2) Autos

➢Total number of private cars available to those households in the zone

➢Used as a measure of car availability.

 Interpretation of (Households / Autos):

➢This ratio is basically the inverse of “cars per household.”

➢Higher value → fewer cars available per household → more dependence on transit/walk. 

➢Example: 

❖ If 100 households / 50 autos = 2 → low auto ownership

❖ If 100 households / 120 autos ≈ 0.83 → high auto ownership

24 

Terms

23

24
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Trip End Models

 3) Persons

➢Total number of people living in the zone

➢ Indicates population size.

 4) mi² (square miles)

➢The area size of the zone in square miles.

  Interpretation of (Persons / mi²):

➢This is population density (how crowded/urban the area is).

➢Higher density → transit becomes more viable and attractive
(more destinations nearby, more riders per route, better service potential).

25 

Urban Travel Factor (UTF) terms 

Trip End Models

 Why multiply the two ratios?

➢
Households

Autos
×

Persons
mi2

 Combines two key drivers of transit use: 

➢ Car availability (how easy it is to use a private car)

➢ Urban intensity (how dense the zone is)

 Overall meaning of UTF

➢ Higher UTF → more urban + fewer cars → higher transit mode share

➢ Lower UTF → more cars + lower density → higher auto mode share

26 

Urban Travel Factor (UTF) terms 

25

26
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Trip End Models

 Overall meaning of UTF

➢ Higher UTF → more urban + fewer 
cars → higher transit mode share

➢ Lower UTF → more cars + lower 
density → higher auto mode share

27 

Procedures (How the Method Works)  

Trip End Models

 Compute total trips by purpose

➢Estimate trip productions (P) and trip attractions (A) for each zone and each trip purpose (from the Trip 
Generation step).

 Calculate the Urban Travel Factor (UTF)

❖ 𝑈𝑇𝐹 =
1

1000

Households
Autos

Persons
mi2

➢Higher UTF → typically higher transit use

28 

Procedures (How the Method Works)  

27

28
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Trip End Models

 Estimate transit share using 
a Mode Choice Curve

➢Use the UTF value to read 
the % of trips made by 
transit from the curve.

29 

Procedures (How the Method Works)  

Trip End Models

 Compute: 

➢Transit Trips = (Transit %) × Total Trips

➢Auto Trips = Total Trips − Transit Trips

30 

Procedures (How the Method Works)  

29

30
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Trip End Models

 Distribute trips separately by mode

➢Perform Trip Distribution twice: 

❖ Transit trips distributed independently

❖ Auto trips distributed independently

 Output: two OD matrices (Transit OD + Auto OD)

33 

Procedures (How the Method Works)  

Trip End Models

34 

Example No.1 (Example 12.8 ): Estimating 
Trip Productions by Transit 

 

33

34
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Trip End Models

 The total number of productions in a zone is 10,000 trips/day. 

 The number of households per auto is 1.80, 

 The residential density is 15,000 persons/square mile.

  Determine the percent of residents who can be expected to use transit. 



35 

Example No.  1 (Example 12.8 ): Estimating Trip Productions by 
Transit 

Trip End Models

 Compute the urban travel 
factor (UTF)

➢ 𝑈𝑇𝐹 =
1

1000
×

𝐻𝑜𝑢𝑑ℎ𝑜𝑙𝑑

𝑎𝑢𝑡𝑜
×

𝑃𝑒𝑟𝑠𝑜𝑛

𝑚𝑖2

➢𝑈𝑇𝐹 =
1

1000
× 1.8 × 15000

= 27.0

 Transit mode split =  45%. 

36 

Solution of Example No.1 (Example 12.8)

36 

35

36
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Origin 

zone 

Generated trips 
Destination zone 

1 2 3 4 5 6

1 63 20 20 35 62 50

2 41 22 63 50 80 64

3 18 22 26 60 14 10

4 40 70 60 90 60 80

5 63 80 60 100 137 110

6 90 80 180 150 140 160

Origin 

zone 

Trips by Car ( 55% of trip generated  )

Distination zone 

1 2 3 4 5 6

1

2

3

4

5

6

Origin 

zone 

Trips by Bus ( 45% of trip generated  )

Distination zone 

1 2 3 4 5 6

1

2

3

4

5

6

mode choice 55% mode choice 45 %

Mode Choice Models 

38 

3. Trip Interchange Models

37

38
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Mode Choice

 When it is applied:

➢  Mode choice is estimated after Trip Distribution

➢ (i.e., after we know the OD pairs: which zones travel to which zones).

 Main idea:

➢  This method uses system Level-of-Service (LOS) variables to explain why travelers choose one mode over another.

 Typical LOS variables considered

➢ Relative travel time (e.g., transit time compared to auto time)

➢ Relative travel cost (fare, fuel, parking, tolls)

➢ Traveler socioeconomic characteristics (income, car ownership, value of time)

➢ Relative service quality (frequency, reliability, comfort, access/egress, waiting time)

 Why it’s stronger than Trip End Models:

➢ It can reflect changes in the transport system (e.g., faster bus, cheaper fare, better frequency)

39 

Trip Interchange Models (Mode Choice Approach)

Trip Interchange Models

 Quick Response System (QRS) is a planning-level method used to estimate mode choice (how trips split 
among auto, transit, walk, etc.).

 It is commonly used as an example of Trip Interchange (post-distribution) mode choice, where mode shares 
are estimated after Trip Distribution (after OD pairs are known).

 Key feature: QRS explicitly considers service (Level-of-Service) parameters, such as: 

➢ Travel time (in-vehicle time, walking time, waiting time)

➢ Travel cost (fare, fuel, parking, tolls)

➢ Service quality (frequency/headway, reliability, transfers, comfort)

 Main output: Estimated mode split (%) for each OD pair or corridor, based on the relative attractiveness of 
each mode.

40 

Quick Response System (QRS) Method — Introduction

39

40
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QRS method

 Impedance (I) is a single “generalized cost” measure that combines time, inconvenience, and money into 
one value to represent how difficult (or unattractive) a trip is by a specific mode.

 Impedance 𝐼𝑖𝑗𝑚 = 𝑡𝑖𝑗𝑚
𝑖𝑣 + 2.5 𝑡𝑖𝑗𝑚

𝑒𝑥 + 3
𝐶𝑖𝑗𝑚

𝐼𝑅

 Key interpretation

➢ Lower 𝐼→ more attractive mode → higher probability of being chosen

➢ Travelers generally choose the mode with the smallest impedance

41 

Impedance (I) in the QRS Model

Impedance (I) in the QRS Model

42 

Impedance 𝐼𝑖𝑗𝑚 = 𝑡𝑖𝑗𝑚
𝑖𝑣 + 2.5 𝑡𝑖𝑗𝑚

𝑒𝑥 + 3
𝐶𝑖𝑗𝑚

𝐼𝑅

 𝐼𝑖𝑗𝑚 is the impedance (generalized travel “resistance”) for a trip

 It combines time + inconvenience + money into a single value

 Indices: 

➢𝑖: origin zone

➢𝑗: destination zone

➢𝑚: mode (e.g., auto, transit)

 Interpretation: 

➢Lower 𝐼𝑖𝑗𝑚→ more attractive mode → more likely to be chosen

➢Higher 𝐼𝑖𝑗𝑚→ less attractive mode

i is origin zone number 

j is destination zone number

t for transit mode

a for auto mode 

41

42



20

Impedance (I) in the QRS Model

43 

Impedance 𝐼𝑖𝑗𝑚 = 𝑡𝑖𝑗𝑚
𝑖𝑣 + 2.5 𝑡𝑖𝑗𝑚

𝑒𝑥 + 3
𝐶𝑖𝑗𝑚

𝐼𝑅

 𝑡𝑖𝑗𝑚
𝑖𝑣

= in-vehicle travel time in minutes

 It is the time spent inside the main vehicle while traveling

 Examples: 

➢Auto: driving time from zone 𝑖 to zone 𝑗

➢Transit: time on the bus/train between boarding and alighting

 Note: 

➢This term represents the “main movement time” of the trip

Impedance (I) in the QRS Model

44 

Impedance 𝐼𝑖𝑗𝑚 = 𝑡𝑖𝑗𝑚
𝑖𝑣 + 2.5 𝑡𝑖𝑗𝑚

𝑒𝑥 + 3
𝐶𝑖𝑗𝑚

𝐼𝑅

 𝑡𝑖𝑗𝑚
𝑒𝑥

= excess time in minutes

 It includes time spent outside the vehicle or in activities that feel more inconvenient than riding

 Typical components: 

➢walking to/from stop or parking (access/egress)

➢waiting time

➢ transfer time

➢ time spent searching for parking (auto)

43

44
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Impedance (I) in the QRS Model

45 

Impedance 𝐼𝑖𝑗𝑚 = 𝑡𝑖𝑗𝑚
𝑖𝑣 + 2.5 𝑡𝑖𝑗𝑚

𝑒𝑥 + 3
𝐶𝑖𝑗𝑚

𝐼𝑅

 Why it is weighted: 

➢ Excess time is multiplied by 2.5 because travelers usually perceive walking/waiting/transfer time as more stressful than 
in-vehicle time

 The 2.5 Weight on Excess Time

➢ The coefficient 2.5 reflects perceived inconvenience

 Meaning: 

➢ 1 minute of excess time is treated like 2.5 minutes of in-vehicle time

 Example: 

➢ If 𝑡𝑒𝑥 = 4 min,  then 2.5𝑡𝑒𝑥 = 10 “equivalent minutes”

 Interpretation: 

➢ Reducing waiting or walking time can strongly improve a mode’s attractivenes

Impedance (I) in the QRS Model

46 

Impedance 𝐼𝑖𝑗𝑚 = 𝑡𝑖𝑗𝑚
𝑖𝑣 + 2.5 𝑡𝑖𝑗𝑚

𝑒𝑥 + 3
𝐶𝑖𝑗𝑚

𝐼𝑅

𝐶𝑖𝑗𝑚= monetary cost of traveling from 𝑖 to 𝑗by mode 𝑚 in dollars

 Examples of what may be included: 

➢Transit: fare, passes (converted per trip), transfer fees

➢Auto: fuel cost, parking fees, tolls

 Important: 

➢Cost affects mode choice, especially when differences between modes are large

45

46
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Impedance (I) in the QRS Model

47 

Impedance 𝐼𝑖𝑗𝑚 = 𝑡𝑖𝑗𝑚
𝑖𝑣 + 2.5 𝑡𝑖𝑗𝑚

𝑒𝑥 + 3
𝐶𝑖𝑗𝑚

𝐼𝑅

 𝐼𝑅= income rate expressed in $/minute

 Purpose: 

➢ converts money cost into an equivalent time cost

 Typical calculation:

 𝐼𝑅 =
Annual income ($/year)

Minutes worked per year (min/year)

 Common assumption: 

➢minutes worked per year ≈ 120,000 min/year (e.g., 2000 hr/year × 60)



Impedance (I) in the QRS Model

48 

Impedance 𝐼𝑖𝑗𝑚 = 𝑡𝑖𝑗𝑚
𝑖𝑣 + 2.5 𝑡𝑖𝑗𝑚

𝑒𝑥 + 3
𝐶𝑖𝑗𝑚

𝐼𝑅


𝐶𝑖𝑗𝑚

𝐼𝑅
 converts dollars into equivalent minutes

 Interpretation: 

➢ “How many minutes of work-time does this cost represent?”

 Example: 

➢If 𝐶 = 2$  and 𝐼𝑅 = 0.20$/𝑚𝑖𝑛


𝐶

𝐼𝑅
=

2

0.20
= 10 min

 Meaning: 

➢ Paying $2 is treated like spending 10 minutes (time-equivalent)

47

48
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Impedance (I) in the QRS Model

49 

Impedance 𝐼𝑖𝑗𝑚 = 𝑡𝑖𝑗𝑚
𝑖𝑣 + 2.5 𝑡𝑖𝑗𝑚

𝑒𝑥 + 3
𝐶𝑖𝑗𝑚

𝐼𝑅

 The coefficient 3 increases the influence of money cost in QRS

 Meaning: 

➢ the cost-based “time-equivalent minutes” are multiplied by 3

 Example: 

➢ if 
𝐶

𝐼𝑅
= 10 min, then 3

𝐶

𝐼𝑅
= 30“equivalent minutes”

 Interpretation: 

➢ cost differences can strongly shift mode choice in the QRS approach

QRS method

50 

Mode Share Equations (Auto vs Transit)
i is origin zone number 

j is destination zone number

t for transit mode

a for auto mode  𝑀𝑆𝑎: Auto mode share (%) of trips between zone 𝑖and zone 𝑗

 𝑀𝑆𝑡: Transit mode share (%) of trips between zone 𝑖and zone 𝑗

 𝐼𝑖𝑗𝑎: auto impedance for travel from 𝑖to 𝑗

 𝐼𝑖𝑗𝑡: transit impedance for travel from 𝑖to 𝑗

 𝑏: calibration exponent (depends on trip purpose)

 Key interpretation


1

𝐼𝑏 represents mode attractiveness

 If a mode has lower impedance, it has higher attractiveness and 
therefore higher share

49

50
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𝒃— Calibration Exponent

 What is 𝑏?

➢𝑏 is a calibration exponent that controls how sensitive mode share is to differences in impedance between 
modes.

➢ It is sometimes called a sensitivity or steepness parameter.

 What does 𝑏do in the equation?

➢QRS uses mode attractiveness: Attractiveness ∝
1

𝐼𝑏

➢ If 𝑏 is large → small impedance differences cause a large shift in mode share

➢ If 𝑏is small → mode shares change slowly with impedance differences

51 

𝒃— Calibration Exponent

 Assume impedances between the same OD pair are:  Auto impedance: 𝐼𝑎 = 40, Transit impedance: 𝐼𝑡 = 50

 QRS auto share: 𝑀𝑆𝑎 =
1/𝐼𝑎

𝑏

1/𝐼𝑎
𝑏+1/𝐼𝑡

𝑏 × 100

 Case A: 𝑏 = 1

➢𝑀𝑆𝑎 =
1/40

1/40+1/50
× 100 ≈ 55.6%  𝑀𝑆𝑡 ≈ 44.4%

 Case B: 𝑏 = 2

➢𝑀𝑆𝑎 =
1/402

1/402+1/502 × 100 ≈ 61.0%, 𝑀𝑆𝑡 ≈ 39.0%

 Conclusion:  Increasing 𝑏 makes the model more sensitive, so the lower-impedance mode (auto here) gains 
more share.

52 

Example 1 — How 𝒃affects mode share

51

52
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𝒃— Calibration Exponent

 𝑏is not guessed — it is calibrated using real observed mode shares.

 We estimate 𝑏 by fitting the QRS mode share model to measured data for a specific trip purpose (work, school, shopping, leisure, etc.).

 Observed data sources (examples)

➢ Household travel surveys (reported mode choices)

➢ OD surveys / stated preference surveys

➢ Transit ridership counts and passenger surveys

➢ Traffic counts

 Calibration idea

➢ Choose a trip purpose (e.g., work trips).

➢ For many OD pairs 𝑖 𝑗 , we have: 

❖ Observed shares: 𝑀𝑆𝑎 and 𝑀𝑆𝑡

❖ Computed impedances: 𝐼𝑖𝑗𝑎and 𝐼𝑖𝑗𝑡

 Helpful calibration form (used in practice)
𝑀𝑆𝑎

𝑀𝑆𝑡
=

𝐼𝑡

𝐼𝑎

𝑏
….. Taking logs: ln

𝑀𝑆𝑎

𝑀𝑆𝑡
= 𝑏 ln

𝐼𝑡

𝐼𝑎

 Using many OD observations, estimate 𝑏 as the best-fit slope (regression).

 Result: a calibrated 𝑏 value for each trip purpose (and sometimes time period

53 

Where Do We Get 𝒃From? (Calibration Using Observed Data)

How to Use the QRS Mode Share Formula

 Steps

➢Compute 𝐼𝑖𝑗𝑎and 𝐼𝑖𝑗𝑡using the QRS impedance equation

➢Get value for Bb

➢Compute attractiveness terms: 
1

ቀ𝐼𝑖𝑗𝑎)𝑏
and 

1

ቀ𝐼𝑖𝑗𝑡)𝑏

➢Substitute into the mode share equation to get 𝑀𝑆𝑎

➢Compute 𝑀𝑆𝑡 = 100 − 𝑀𝑆𝑎

54 
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QRS method

58 

Example No. 1 (Example 12.9 ): 
Computing Mode Choice Using the QRS 

Model 

 

QRS method

 The data in table 12.21 have been 
developed for travel between a 
suburban zone S and a downtown 
zone D 

 Determine the percent of work trips by 
auto and transit 

 An exponent value of 2.0 is used for 
work travel.

 Median income is $24,000 per year 

59 

Example No. 1 (Example 12.9) : Computing Mode Choice Using the 
QRS Model 

58
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60 

 Excess time 

61 

60
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63 
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76 

1

5

2

6

3
4

Ta= 620

Ta= 560

Ta= 350
Ta= 420

Ta= 1200

Ta= 650

Tp= 250

Tp= 320

Tp= 150

Tp= 400

Tp= 800

Tp= 550

Example
Trip distribution  

Origin 

zone 

Destination zone 

Given P
Compute

d p1 2 3 4 5 6

1 63 20 20 35 62 50 250 250

2 41 22 63 50 80 64 320 320

3 18 22 26 60 14 10 150 150

4 40 70 60 90 60 80 400 400

5 63 80 60 100 137 110 550 550

6 90 80 180 150 140 160 800 800

Mode Choice 

➢42 % by car

➢58% by bus 

Origin 

zone 

Generated trips 
Destination zone 

1 2 3 4 5 6

1 63 20 20 35 62 50

2 41 22 63 50 80 64

3 18 22 26 60 14 10

4 40 70 60 90 60 80

5 63 80 60 100 137 110

6 90 80 180 150 140 160

Origin 

zone 

Trips by Car ( 58 % of trip generated  )

Distination zone 

1 2 3 4 5 6

1

2

3

4

5

6

Origin 

zone 

Trips by Bus ( 41 % of trip generated  )

Distination zone 

1 2 3 4 5 6

1

2

3

4

5

6

mode choice 41 .6% mode choice 64.8% 

76
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3.8 | Traffic Assignment

Module |5| Forecasting Travel in Urban Transportation Planning

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning

Review  

2 

Study area 

1

2
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Review   

3 

Zoning 

1

5

2

6

3
4

Review 

4 

Attracted trips  
1

5

2

6

3
4

The land use within 
Zone 1 are  

➢ 120 office space

➢500 factory 

➢50 educational seats 

➢100 shopping center  

3

4
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5 

1

5

2

6

3
4

Ta= 620

Ta= 560

Ta= 350
Ta= 420

Ta= 1200

Ta= 650

Tp= 250

Tp= 320

Tp= 150

Tp= 400

Tp= 800

Tp= 550

Review 

Zone ID

Balanced trips 

Production Attraction 

1 250 403

2 320 364

3 150 228

4 400 273

5 550 423

6 800 780

Total trips 2470 2470

Balanced Trip 
Productions and 
Attractions 

Review  

6 

Trip distribution  

1

5

2

6

3
4

Tp= 250

5

6
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7 

1

5

2

6

3
4

Ta= 620

Ta= 560

Ta= 350
Ta= 420

Ta= 1200

Ta= 650

Tp= 250

Tp= 320

Tp= 150

Tp= 400

Tp= 800

Tp= 550

Example
Trip distribution  

Origin 

zone 

Destination zone 

Given P
Compute

d p1 2 3 4 5 6

1 63 20 20 35 62 50 250 250

2 41 22 63 50 80 64 320 320

3 18 22 26 60 14 10 150 150

4 40 70 60 90 60 80 400 400

5 63 80 60 100 137 110 550 550

6 90 80 180 150 140 160 800 800

Model split 

➢42 % by car

➢58% by bus 

Origin 

zone 

Generated trips 
Destination zone 

1 2 3 4 5 6

1 63 20 20 35 62 50

2 41 22 63 50 80 64

3 18 22 26 60 14 10

4 40 70 60 90 60 80

5 63 80 60 100 137 110

6 90 80 180 150 140 160

Origin 

zone 

Trips by Car ( 41% of trip generated  )

Distination zone 

1 2 3 4 5 6

1 26 8 8 15 26 21

2 17 9 26 21 34 27

3 8 9 11 25 6 4

4 17 29 25 38 25 34

5 26 34 25 42 58 46

6 38 34 76 63 59 67

Origin 

zone 

Trips by Bus ( 58% of trip generated  )

Distination zone 

1 2 3 4 5 6

1 37 12 12 20 36 29

2 24 13 37 29 46 37

3 10 13 15 35 8 6

4 23 41 35 52 35 46

5 37 46 35 58 79 64

6 52 46 104 87 81 93

mode choice 41% mode choice 58% 

7
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Review

 Four-step process” 

➢ Trip generation

❖ How many trips

➢ Trip distribution

❖ From where to where

➢ Modal choice

❖ On what mode

➢ Traffic assignment

❖ On what route

9 

Travel Forecasting Process

Traffic Assignment (Rout choice) 

10 

9

10
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Traffic assignment 

 Goal

➢Determines the route a traveler chooses based on travel time, cost, distance, and speed

➢Identifies which roads and highways will carry traffic

➢Predicts traffic volumes of automobiles and buses on each network link

 Input

➢Origin–Destination (O–D) Matrix (Trip Table)

 Output

➢Path table showing assigned routes and corresponding traffic volumes

11 

12 

Required Data

Traffic Assignment

11

12
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Required Data for Traffic Assignment

 To perform traffic assignment, we need:

 O–D Trip Matrix

 Network Representation 

 Link Attributes 

 Route Choice Logic 

13 

14 

O–D Trip Matrix

Required Data for Traffic Assignment

13

14
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Required Data for Traffic Assignment

15 

O–D Trip Matrix

16 

Network Representation 

Required Data for Traffic Assignment

15

16
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Required Data for Traffic Assignment

 Transportation Network

➢A simplified representation of the 
transportation system used for 
traffic assignment and route 
choice analysis

 Main Components of a Road 
Network

1. Nodes 

2. Links

3. Terminals

4. Centroids 

5. External Stations.

17 

Network Representation 

Nodes in a Road Network

• Nodes are points where movement begins, ends, or changes 
direction in the road network.

• The end point of a link 

• location where a link changes direction, capacity, width, or 
speed

❑ Types of Nodes:

1.Intersections – Points where multiple roads meet.

2.Roundabouts – Circular junctions for continuous traffic flow.

3.Traffic Signals – Control vehicle movement at junctions.

4.Interchanges – Multi-level connections between highways.

17
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Links in a Road Network

• Links are the road segments that connect nodes and allow 
movement within the network.

• A portion of the highway system that can be described by its 
capacity, lane width, and speed 

❑ Types of Links:

1. Expressways and Highways – High-speed roads for long-distance travel.

2. Arterial Roads – Connect major urban centers.

3. Collector Roads – Distribute traffic between local and arterial roads.

4. Local Streets – Provide access to homes, businesses, and small roads.

A computerized network of the existing street and highway system 

19

20
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21 

Terminals in a Road Network

• Terminals are locations where traffic begins, ends, or 
changes between routes.

❑ Types of Terminals:

1. Bus Stations and Depots – Serve public transportation 
users.

2. Parking Lots and Park-and-Ride Areas – Provide vehicle 
storage.

3. Freight Terminals – Handle goods transportation.

21
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Centroids in a Road Network

• Centroids represent the central location of a traffic analysis 
zone (TAZ), summarizing all trips generated in that zone.

• The location within a zone where trips are considered to 
begin and to end

❑ Functions:

1. Simplifies traffic modeling by aggregating travel demand.

2. Represents trip origins and destinations within a zone.

3. Connected to the road network through centroid connectors.

24 

Link Attributes 

Required Data for Traffic Assignment

23

24
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4. Required Data for Traffic Assignment

 What are Link Attributes?

➢Link attributes are measurable properties of a roadway or transit segment that determine 
travel cost, performance, and capacity, and directly influence route selection in traffic 
assignment models.

 Common Link Attributes 

➢Travel time

➢Speed

➢Length

➢Capacity

25 

Link Attributes 

4. Required Data for Traffic Assignment

 Travel Time

➢ Time required to traverse a link under specific 
traffic conditions

➢May represent free-flow travel time or 
congested travel time

➢ Primary criterion used in route choice and 
shortest-path algorithms

 Speed

➢ Average or posted speed on the link

➢ Used to calculate travel time 

➢ Travel Time =
Length
Speed

➢ Decreases as traffic volume approaches 
capacity

26 

Link Attributes 

 Length

➢ Physical distance of the link (km or m)

➢ Influences both travel time and vehicle 
operating cost

➢ Important for fuel consumption and emissions 
analysis

 Capacity

➢Maximum number of vehicles a link can carry 
per unit time (veh/hr)

➢ Determines congestion effects and level of 
service

➢ Used in capacity-restraint and equilibrium 
assignment models

25

26
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27 

Skim tree

Network Representation 

Skim Tree: Concept

 A skim tree represents the 
minimum-travel-time paths from one origin 
zone to all other zones in the network.

 It is created using fixed link travel times, 
consistent with the all-or-nothing assignment 
assumption.

28 

27

28
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Network Elements in a Skim Tree

 Nodes

❑Each zone is represented by a node in the network.

❑A node represents the entire zone area, not a single 
intersection.

❑Example: 

❖ Zone 1 → Residential area

❖ Zone 10 → Central Business District (CBD)

 Links

❑ Links connect nodes and represent road or transit 
segments.

❑Each link has physical and operational characteristics



29 

Network Elements in a Skim Tree

 Link attributes describe the performance 
of each network segment and may 
include:

➢Travel time

➢Speed

➢Length

➢Capacity

➢Functional classification

 Example:

➢Link (6–9) 

❖ Travel time = 2 minutes

❖ Capacity = 800 vehicles/hour

30 

Link Attributes

29

30
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Network Elements in a Skim Tree

 A path is a sequence of connected links 
forming a complete route from origin to 
destination.

 Path travel time is calculated as:

➢ Path Travel Time = ∑(Link Travel Times)

 Example: 

➢Path: 1 → 4 → 6 → 9 → 10

➢This represents the shortest-time path, not 
necessarily the shortest distance.



31 

Path Definition

Network Elements in a Skim Tree

 Skimming is the process of: 

➢Translating link-level attributes into path-level attributes

 For each destination: 

➢Link travel times are aggregated

➢The minimum cumulative value is stored

 The result is a table or tree of minimum travel 
times and paths from the origin.

32 

Skimming Process

31

32
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Traffic assignment 

 Problem Definition

 Origin: Zone 1

 Destination: Zone 4

 The network contains multiple 
possible paths between Zones 1 and 4

 Each link has a given travel time (in 
minutes)

 Objective: Identify the minimum 
travel-time path

34 

Skim Tree – Example Path Evaluation

Traffic assignment 

 Possible Path Options and Travel Time 
Calculation

 Each path travel time is computed as the 
sum of its link travel times:

 Path Travel Time = ∑(Link Travel Times)



35 

Skim Tree – Example Path Evaluation

34

35
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Traffic assignment 

36 

Skim Tree – Example Path Evaluation

37 

Route Choice Logic 

Required Data for Traffic Assignment

36

37
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4. Required Data for Traffic Assignment

 Defines how travelers select routes between origin and destination zones

 Provides the rules or algorithms used to assign trips to network paths

 Determines how trips are distributed among available alternative routes

38 

Route Choice Logic 

Common Route Choice Assumptions Include

 (Route choice rule: what travelers try to minimize)

 Explanation

➢Assumes travelers select routes based on travel time only

➢The chosen route is the one with the minimum total travel time between origin and destination

➢Other factors (distance, cost, comfort) are ignored or included within travel time

➢Forms the basis of shortest-path algorithms

 Simple Example

➢Origin A → Destination B

➢Route 1 = 10 min

➢Route 2 = 12 min

➢  Route 1 is preferred because it has the shorter travel time
(This statement does NOT say how many travelers choose it)

39 

1. Travelers choose the minimum travel time path

38

39
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Common Route Choice Assumptions Include

 (Behavioral assumption: how travelers differ from each other)

 Explanation

➢Assumes all travelers facing the same conditions: 

❖ perceive travel times identically

❖ have the same preferences

➢No randomness or individual variation in route choice

➢ Leads to all trips between an O–D pair using one single route

➢ Produces all-or-nothing assignment

 Simple Example

➢ Same situation as above 

❖ Route 1 = 10 min

❖ Route 2 = 12 min

➢  100% of travelers choose Route 1
Route 2 receives 0 trips

40 

2. All travelers behave identically (Deterministic Models)

4. Required Data for Traffic Assignment

 (Simplifying assumption used in basic models)

 Explanation

➢ Travel times on links are constant

➢ Travel time is independent of traffic volume

➢ Adding more vehicles does not change travel time

➢ Used in simple models, such as: All-or-nothing assignment,  Shortest-path analysis

 Simple Example

➢ A road has a travel time of 10 minutes

➢Whether: 

❖ 100 vehicles/hour or

❖ 1,000 vehicles/hour
 Travel time remains 10 minutes

➢  Easy to compute

➢  Does not represent congestion effect

41 

3. Travel time is fixed

40

41
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4. Required Data for Traffic Assignment

 (Realistic assumption used in advanced models)

 Explanation

➢ Travel time increases as traffic volume approaches link capacity

➢ Reflects real-world congestion and delay

➢ Travel time becomes a function of volume and capacity

➢ Used in: 

❖ Capacity-restraint assignment

❖ User equilibrium models

 Simple Example

➢ A road has a free-flow travel time of 10 minutes

➢ Traffic conditions: 

❖ Light traffic → 10 minutes

❖ Heavy traffic → 15–20 minutes

➢  Realistic representation of congestion
Allows traffic to redistribute across route

42 

4. Travel time varies with congestion

43 

Approaches

Traffic assignment 

42

43
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Traffic assignment 

• Three basic approaches are commonly used in traffic assignment:

• Diversion curves

• Minimum time path (all-or-nothing) assignment

• Minimum time path with capacity restraint

44 

Approaches 

45 

1. Diversion curves

Traffic assignment Approaches  

44

45
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1. Diversion curves

 Diversion curves are empirical 
relationships used in traffic 
assignment that describe how 
trips are divided between 
alternative routes connecting 
the same origin–destination 
pair, based on observed driver 
behavior.



46 

1. Diversion curves

 The horizontal axis represents the Travel 
Time Ratio

➢Travel Time Ratio =
Time on Route A
Time on Route B

 The vertical axis represents the percentage 
of travelers using Route B.

➢Ratio = 1.0 → equal split

➢Ratio > 1.0 → traffic diverts to Route B

➢Ratio < 1.0 → traffic diverts to Route A

47 

curve explanation 

Time on Route A = Travel Time Ratio × Time on Route B

46

47
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1. Diversion curves

 Both routes have equal travel 
time

 Example:

➢Time on Route B = 15 min

➢Travel Time Ratio = 1.0

➢ Time on Route A = 1.0 × 15 = 15min

 Interpretation:

➢Routes A and B are equally attractive

➢Traffic is approximately evenly split 
between routes



48 

Case 1: Travel Time Ratio = 1.0

Time on Route A = Travel Time Ratio × Time on Route B

1. Diversion curves

 Route A is slower than Route B

 Example:

➢Time on Route B = 10 min

➢Time on Route A = 20 min

➢Travel Time Ratio = 2.0

 Interpretation:

➢Route A takes longer

➢A larger percentage of travelers 
divert to Route B

➢From the diversion curve, most 
traffic uses Route B



49 

Case 2: Travel Time Ratio > 1.0

Time on Route A = Travel Time Ratio × Time on Route B

48

49



25

1. Diversion curves

 Route A is faster than Route B

 Example:

➢Time on Route B = 20 min

➢Travel Time Ratio = 0.75

➢Time on Route A = 0.75 × 20 = 15min

 Interpretation:

➢Route A is faster

➢More travelers choose Route A

➢Percentage using Route B is low



50 

Case 3: Travel Time Ratio < 1.0

Time on Route A = Travel Time Ratio × Time on Route B

1. Diversion curves

• Two parallel routes: Route A and 
Route B

• Travel time on Route A = 20 
minutes, on Route B = 10 minutes

51 

Example 

50

51
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1. Diversion curves

52 

Example 

How Diversion Curves Are Generated
 Identify alternative routes

❑ Select two or more competing routes connecting the same O–D pair

 Collect observed field data

❑ Measure traffic volumes and travel times on each route

❑ Use traffic counts, surveys, GPS data, or past studies

 Calculate relative performance

❑ Compute the Travel Time Ratio Travel Time Ratio =
Time on Route A
Time on Route B

 Determine the percentage of travelers using each route

 Plot observed behavior

❑ X-axis: Travel Time Ratio

❑ Y-axis: Percentage of traffic using one route

 Fit a smooth curve

❑ Draw an empirical (typically S-shaped) curve through the data points

 Apply for prediction

❑ Use the curve with new travel times to estimate future traffic splits

53 

52

53
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54 

2. Minimum time path (all-or-nothing) 
Algorithm

Traffic assignment 

2. Minimum time path (all-or-nothing) Algorithm

 Definition

❑The all-or-nothing (AON) assignment method assigns all trips between each 
origin–destination (O–D) pair to the single route with minimum travel time.

55 

54

55
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2. Minimum Time Path (All-or-Nothing) Algorithm

 Travelers have perfect knowledge of the network

➢All routes and travel times are known and accurately perceived

 Travelers always choose the minimum travel time path

➢Route choice is based solely on travel time

➢Other factors (cost, comfort, reliability) are ignored

 All travelers behave identically

➢No variation in individual preferences or decision-making

➢All users facing the same conditions make the same choice

 Travel time is fixed

➢ Link travel times do not change with traffic volume

➢Congestion effects are not reflected

 Congestion effects are ignored

➢ Links can carry unlimited traffic without delay increase

56 

Basic Assumptions

2. Minimum time path (all-or-nothing) Algorithm

 Represent the transportation system as a network:

➢Nodes → zones or intersections

➢Links → roads or transit segments

 Assign a travel time to each link.

 For each origin zone:

➢Find the shortest travel time path to all destination zones

➢Use a shortest-path algorithm (e.g., Dijkstra’s algorithm)

 Assign 100% of trips between each O–D pair to the identified shortest path.

57 

How the Algorithm Works

56

57
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Skim tree
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Example No. 2 (Example 12.10) : Using of 
Skim tree
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Example No. 1 (Example 12.10) : Using of Skim tree

1. Assign the vehicle trips shown in the O-D trip table to the network shown in Figure below 
using the all-or-nothing assignment technique. 

2. Make a list of the links in the network and indicate the volume assigned to each.

3. Calculate the total vehicle minutes of travel. 

4. Show the minimum path and assign traffic for each of the five nodes.

77 

Trips between Zones

From/to 1 2 3 4 5

1 - 100 100 200 150

2 400 - 200 100 500

3 200 100 - 100 150

4 250 150 300 - 400

5 200 100 50 350 -

Example No.1 (Example 12.10) : Using of Skim tree

78 

Travel time between zones 

77
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Solution of Example No.1 (Example 12.10) : Using of Skim tree

 Steps: 

➢Step 1: Find the shortest paths between zones

➢Step 2: Find total cumulative travel time for shortest paths between zones

➢Step 3: Find traffic volumes (or estimated trips) for shortest paths between zones 

❖  from O-D matrix

➢Step 4: Find total trips (volume) on each link 

➢Step 5: Find total vehicle minutes of travel on each link 

➢Step 6: Assign traffic for each of the five nodes

➢Step 7: Draw the minimum path (skim trees) at each node

79 

Solution of Example No.1 (Example 12.10) : Using of Skim tree

80 

Step 1: Find the shortest paths between zones

shortest path = The path with 

minimum cumulative travel time

From To

2

3

4

5

1

3

4

5

1

2

4

5

1

2

3

5

1

2

3

4

2

3

4

5

Nodes Shortest 

Path 

Path 

ID

1

79

80



37

Solution of Example No.1 (Example 12.10) : Using of Skim tree

81 

Step 1: Find the shortest paths between zones

shortest path = The path with 

minimum cumulative travel time

From To

2 1-2 1

3 1-2,2-3 2

4 1-5,5-4 3

5 1-5 4

1 2-1 5

3 2-3 6

4 2-4 7

5 2-4,4-5 8

1 3-2,2-1 9

2 3-2 10

4 3-4 11

5 3-4,4-5 12

1 4-5,5-1 13

2 4-2 14

3 4- 15

5 4-5 16

1 5-1 17

2 5-4,4-2 18

3 5-4,4-3 19

4 5-4 20

Nodes Shortest 

Path 

Path 

ID

1

2

3

4

5

Solution of Example No.1 (Example 12.10) : Using of Skim tree
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Step 2: Find total cumulative travel time for shortest paths between zones

shortest path = The path with 

minimum cumulative travel 

time

From To

2 1-2 1

3 1-2,2-3 2

4 1-5,5-4 3

5 1-5 4

1 2-1 5

3 2-3 6

4 2-4 7

5 2-4,4-5 8

1 3-2,2-1 9

2 3-2 10

4 3-4 11

5 3-4,4-5 12

1 4-5,5-1 13

2 4-2 14

3 4- 15

5 4-5 16

1 5-1 17

2 5-4,4-2 18

3 5-4,4-3 19

4 5-4 20

Nodes Shortest 

Path 

Path 

ID

Cumlative Travel Time 

(min)

1

2

3

4

5

81
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Solution of Example No.1 (Example 12.10) : Using of Skim tree

83 

Step 2: Find total cumulative travel time for shortest paths between zones

shortest path = The path with 

minimum cumulative travel 

time

From To

2 1-2 1 8

3 1-2,2-3 2 11

4 1-5,5-4 3 11

5 1-5 4 5

1 2-1 5 8

3 2-3 6 3

4 2-4 7 5

5 2-4,4-5 8 11

1 3-2,2-1 9 11

2 3-2 10 3

4 3-4 11 7

5 3-4,4-5 12 13

1 4-5,5-1 13 11

2 4-2 14 5

3 4- 15 7

5 4-5 16 6

1 5-1 17 5

2 5-4,4-2 18 11

3 5-4,4-3 19 13

4 5-4 20 6

Nodes Shortest 

Path 

Path 

ID

Cumlative Travel Time 

(min)

1

2

3

4

5

Solution of Example No.1 (Example 12.10) : Using of Skim tree
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Step 3: Find traffic volumes (or estimated trips) for shortest paths between zones ( from O-D matrix)

Trips between Zones

From/to 1 2 3 4 5

1 - 100 100 200 150

2 400 - 200 100 500

3 200 100 - 100 150

4 250 150 300 - 400

5 200 100 50 350 -

From To

2 1-2 1 8

3 1-2,2-3 2 11

4 1-5,5-4 3 11

5 1-5 4 5

1 2-1 5 8

3 2-3 6 3

4 2-4 7 5

5 2-4,4-5 8 11

1 3-2,2-1 9 11

2 3-2 10 3

4 3-4 11 7

5 3-4,4-5 12 13

1 4-5,5-1 13 11

2 4-2 14 5

3 4- 15 7

5 4-5 16 6

1 5-1 17 5

2 5-4,4-2 18 11

3 5-4,4-3 19 13

4 5-4 20 6

Nodes Shortest 

Path 

Path 

ID

4

5

Traffic volume on 

shortest paths  

Cumlative Travel Time 

(min)

1

2

3

83
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Solution of Example No.1 (Example 12.10) : Using of Skim tree

85 

Step 3: Find traffic volumes (or estimated trips) for shortest paths between zones ( from O-D matrix)

Trips between Zones

From/to 1 2 3 4 5

1 - 100 100 200 150

2 400 - 200 100 500

3 200 100 - 100 150

4 250 150 300 - 400

5 200 100 50 350 -

From To

2 1-2 1 8 100

3 1-2,2-3 2 11 100

4 1-5,5-4 3 11 200

5 1-5 4 5 150

1 2-1 5 8 400

3 2-3 6 3 200

4 2-4 7 5 100

5 2-4,4-5 8 11 500

1 3-2,2-1 9 11 200

2 3-2 10 3 100

4 3-4 11 7 100

5 3-4,4-5 12 13 150

1 4-5,5-1 13 11 250

2 4-2 14 5 150

3 4- 15 7 300

5 4-5 16 6 400

1 5-1 17 5 200

2 5-4,4-2 18 11 100

3 5-4,4-3 19 13 50

4 5-4 20 6 350

Traffic volume on 

shortest paths  

Cumlative Travel Time 

(min)

1

2

3

4

5

Nodes Shortest 

Path 

Path 

ID

Solution of Example No.1 (Example 12.10) : Using of Skim tree
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Step 4: Find total trips (volume) on each link 

Link
Used in Paths  

with ID

Cumulative trips 

on link

1-2

2-1

Nodes
Shortest 

Path 
Path ID

Estimated 

trips 

between 

zones 
From To

1

2 1-2 1 100

3 1-2,2-3 2 100

4 1-5,5-4 3 200

5 1-5 4 150

2

1 2-1 5 400

3 2-3 6 200

4 2-4 7 100

5 2-4,4-5 8 500

3

1 3-2,2-1 9 200

2 3-2 10 100

4 3-4 11 100

5 3-4,4-5 12 150

4 5-4 20 350

85
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Solution of Example No.1 (Example 12.10) : Using of Skim tree

87 

Step 4: Find total trips (volume) on each link 

Link
Used in Paths  

with ID

Cumulative trips 

on link

1-2 1 and 2 =100+100=200

2-1 5 and 9 =400+200=600

Nodes
Shortest 

Path 
Path ID

Estimated 

trips 

between 

zones 
From To

1

2 1-2 1 100

3 1-2,2-3 2 100

4 1-5,5-4 3 200

5 1-5 4 150

2

1 2-1 5 400

3 2-3 6 200

4 2-4 7 100

5 2-4,4-5 8 500

3

1 3-2,2-1 9 200

2 3-2 10 100

4 3-4 11 100

5 3-4,4-5 12 150

4 5-4 20 350

Solution of Example No.1 (Example 12.10) : Using of Skim tree

88 

Step 4: Find total trips (volume) on each link (Cont.) 

1-2

2-1

1-5

5-1

2-5

5-2

2-3

3-2

2-4

4-2

3-4

4-3

4-5

5-4

Selected Link
Link travel time 

(min [from 

Used in Paths  

with ID

Culmlative trips on 

link
From To

2 1-2 1 8 100

3 1-2,2-3 2 11 100

4 1-5,5-4 3 11 200

5 1-5 4 5 150

1 2-1 5 8 400

3 2-3 6 3 200

4 2-4 7 5 100

5 2-4,4-5 8 11 500

1 3-2,2-1 9 11 200

2 3-2 10 3 100

4 3-4 11 7 100

5 3-4,4-5 12 13 150

1 4-5,5-1 13 11 250

2 4-2 14 5 150

3 4- 15 7 300

5 4-5 16 6 400

1 5-1 17 5 200

2 5-4,4-2 18 11 100

3 5-4,4-3 19 13 50

4 5-4 20 6 350

Nodes Shortest 

Path 

Path 

ID

4

5

Traffic volume on 

shortest paths  

Cumlative Travel Time 

(min)

1

2

3

87
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Solution of Example No.1 (Example 12.10) : Using of Skim tree

 Total Vehicle Minutes:

➢The total cumulative time all vehicles spend traveling through a roadway segment or network during a given 
time period.

 Formula:

➢Total Vehicle Minutes = Travel Time per Vehicle (min) × Number of Vehicles

 Interpretation 

90 

Step 5: Find total vehicle minutes of travel on each link 

Total Vehicle 

Minutes
Total Vehicle Minutes Traffic Condition Implication

Low 0 – 5,000 Free-flow traffic Efficient flow, short delays

Moderate 5,001 – 20,000 Steady or peak-hour traffic
Manageable demand, moderate 

congestion

High 20,001 – 50,000 Heavy congestion Long delays, poor Level of Service (LOS)

Very High 50,001 and above Severe congestion or incidents
Major delays, inefficiency, high user cost 

impact

Solution of Example No.1 (Example 12.10) : Using of Skim tree

91 

Step 5: Find total vehicle minutes of travel on each link 

1-2 1, 2 200 8.00

2-1 5, 9 600 8.00

1-5 3, 4 350 5.00

5-1 3 450 5.00

2-5 0 0 5.00

5-2 0 0 12.00

2-3 3,6 400.00 3.00

3-2 9,10 300 3.00

2-4 7,8 600 5.00

4-2 14,18, 250 5.00

3-4 12, 250 7.00

4-3 19 350 7.00

4-5 8,12,13,16 1300 6.00

5-4 18,19,20 700 6.00

0

Link travel time 

(min [from figure)

Used in Paths  

with ID

Colmlative trips on 

link
Selected Link

Total vehicle minutes of 

travel

90

91
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Solution of Example No.1 (Example 12.10) : Using of Skim tree

92 

Step 5: Find total vehicle minutes of travel on each link 

1-2 1, 2 200 8.00 1600.00

2-1 5, 9 600 8.00 4800.00

1-5 3, 4 350 5.00 1750.00

5-1 3 450 5.00 2250.00

2-5 0 0 5.00 0.00

5-2 0 0 12.00 0.00

2-3 3,6 400.00 3.00 1200.00

3-2 9,10 300 3.00 900.00

2-4 7,8 600 5.00 3000.00

4-2 14,18, 250 5.00 1250.00

3-4 12, 250 7.00 1750.00

4-3 19 350 7.00 2450.00

4-5 8,12,13,16 1300 6.00 7800.00

5-4 18,19,20 700 6.00 4200.00

32950

Selected Link
Total vehicle minutes of 

travel

Link travel time 

(min [from figure)

Used in Paths  

with ID

Colmlative trips on 

link

Solution of Example No.1 (Example 12.10) : Using of Skim tree
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Step 6: Assign traffic for each of the five nodes

Link

Total vehicle 

minutes of 

travel ( column 

2 X column 3) 

1-2 1600

2-1 4800

1-5 1750

5-1 2250

2-5 0

5-2 0

2-3 900

3-2 900

2-4 3000

4-2 1250

3-4 1750

4-3 2450

4-5 7800

5-4 4200

Total 32650

1600
900

4500

4800

4200

900

92
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Solution of Example No.1 (Example 12.10) : Using of Skim tree

94 

Step 6: Assign traffic for each of the five nodes

Volume AssignedAttracted tripsNode

1050600+4501

750200+300+2502

650300+3503

1550600+250+7004

1650350+13005

Trips between Zones

From/to 1 2 3 4 5 Total

1 - 100 100 200 150

2 400 - 200 100 500

3 200 100 - 100 150

4 250 150 300 - 400

5 200 100 50 350 -

Total 1050 450 650 750 1200

Link
Cumulative trips on 

link

1-2 200

2-1 600

1-5 350

5-1 450

2-5 0

5-2 0

2-3 300

3-2 300

2-4 600

4-2 250

3-4 250

4-3 350

4-5 1300

5-4 700

Total

Solution of Example No.1 (Example 12.10) : Using of Skim tree
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Step 7: Draw the minimum path (skim trees) at each node

Nodes Shortest

Path 
Path ID

From To

1

2 1-2 1

3 1-2,2-3 2

4 1-5,5-4 3

5 1-5 4

94
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Solution of Example No.1 (Example 12.10) : Using of Skim tree

96 

Step 7: Draw the minimum path (skim trees) at each node (cont.)

Nodes Shortest

Path 
Path ID

From To

2

1 2-1 5

3 2-3 6

4 2-4 7

5 2-4,4-5 8

Solution of Example No.1 (Example 12.10) : Using of Skim tree
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Step 7: Draw the minimum path (skim trees) at each node (cont.)

Nodes Shortest

Path 
Path ID

From To

2

1 2-1 5

3 2-3 6

4 2-4 7

5 2-4,4-5 8

96
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Solution of Example No.1 (Example 12.10) : Using of Skim tree

98 

Step 7: Draw the minimum path (skim trees) at each node (cont.)

Nodes Shortest

Path 
Path ID

From To

3

1 3-2,2-1 9

2 3-2 10

4 3-4 11

5 3-4,4-5 12

Solution of Example No.1 (Example 12.10) : Using of Skim tree
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Step 7: Draw the minimum path (skim trees) at each node (cont.)

Nodes Shortest

Path 
Path ID

From To

3

1 3-2,2-1 9

2 3-2 10

4 3-4 11

5 3-4,4-5 12

98
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Solution of Example No.1 (Example 12.10) : Using of Skim tree

100 

Step 7: Draw the minimum path (skim trees) at each node (cont.)

Nodes Shortest

Path 
Path ID

From To

4

1 4-5,5-1 13

2 4-2 14

3 4-3 15

5 4-5 16

Solution of Example No.1 (Example 12.10) : Using of Skim tree
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Step 7: Draw the minimum path (skim trees) at each node (cont.)

Nodes Shortest

Path 
Path ID

From To

4

1 4-5,5-1 13

2 4-2 14

3 4- 15

5 4-5 16

100
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Solution of Example No.1 (Example 12.10) : Using of Skim tree

102 

Step 7: Draw the minimum path (skim trees) at each node (cont.)

Nodes Shortest

Path 
Path ID

From To

5

1 5-1 17

2 5-4,4-2 18

3 5-4,4-3 19

4 5-4 20

Solution of Example No.1 (Example 12.10) : Using of Skim tree
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Step 7: Draw the minimum path (skim trees) at each node (cont.)

Nodes Shortest

Path 
Path ID

From To

5

1 5-1 17

2 5-4,4-2 18

3 5-4,4-3 19

4 5-4 20

102
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What Next 

 The travel demand calculation for the urban transportation system has been successfully 

completed

  The results of this work will be used to:

•  Identify where improvements are needed in the transportation system

•  Evaluate project priorities through economic analysis

•  Support the design process, including geometric layout and pavement planning

104 
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Engineering Economy

❑ Engineering Economy is the application of economic 

principles and analysis techniques to evaluate the costs, 

benefits, and financial feasibility of engineering projects. 

Importance 

It helps answer critical questions in transportation project planning:

• Which projects are worth investing in?

• Does building a new highway or expanding public transport bring economic benefits?

• Which projects should be prioritized?

• Should funds go to road maintenance or new infrastructure based on cost-effectiveness?

• How should transportation projects be designed?

• What is the best road alignment or material choice to reduce costs and improve durability?

• What are the financial impacts?

• Have future costs, inflation, and funding sources been considered?

3
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Engineering Economy in Transportation

• Definition: 

• Application of economic principles in transportation decision-making.

• Role

• Determining Economic Viability: Select projects with highest economic return.

• Cost-Benefit Trade-offs: Balances cost and benefits.

• Optimizing Resource Allocation: Ensures efficient use of budgets.

• Improving Decision-Making: Provides quantitative basis for comparing options

Basic Concepts of Engineering Economy

• Cash Flow:

•  Represents inflows (revenues) and outflows (expenses) over time.

• Time Value of Money (TVM):

•  Future costs & benefits are discounted to present value for accurate comparison.

• Cost-Benefit Analysis (CBA):

•  Compares project benefits against costs to determine feasibility.

• Life Cycle Cost Analysis (LCCA):

•  Evaluates the total cost of ownership over a project's entire lifespan.

5
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Performing an Engineering Economy Study

Engineering Economy Study

• Definition: 

•A structured approach to evaluating economic feasibility and 

decision-making in engineering projects.

• Objective: 

• Identify, analyze, and select the best financial alternative for 

transportation infrastructure and systems.

7
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Steps 

1. Identify and understand the problem and the 
objective of the project.

2. Collect relevant, available data and define viable 
solution alternatives.

3. Make realistic cash flow estimates.

4. Identify an economic measure of worth criterion 
for decision making 

5. Evaluate each alternative

6. Select the best alternative

7. Implement the solution and monitor the results. 

Engineering Economy
Terminology and Symbols

9
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Terminology and Symbols

• t = Time

• Stated in years, months, days.

• P = Present Value

• Value of money at the present time (t = 0).

• Also called Present Worth (PW), Present Value (PV), Net Present Value (NPV), Discounted Cash 
Flow (DCF), Capitalized Cost (CC).

• Expressed in monetary units (e.g., dollars, JOD).

• F = Future Value

• Value of money at a future time.

• Also called Future Worth (FW), Future Value (FV).

• Expressed in monetary units (e.g., dollars, JOD).

Terminology and Symbols

• A = Annuity (Equal Series of Payments)

• A sequence of equal, end-of-period cash flows = Paid at the end of the period 

• Also known as Annual Worth (AW), Equivalent Uniform Annual Worth (EUAW).

• Expressed in dollars per year, euros per month.

• i = Interest Rate per Time Period

• The percentage applied to a principal amount over a specific time interval.

• Determines the growth or discounting of money over time.

• Expressed as percent per year (% per year), percent per month (% per month).

• n = Number of Interest Periods

• Total number of time intervals over which interest is applied.

• Defined in years, months, or days.

11
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General Notes 

• P and F represent one-time occurrences

• P (Present Value): A single amount at time = 0.

• F (Future Value): A single amount at a future time.

• A represents a uniform series

• Equal amounts occurring at the end of each period.

• Remains constant over a specified number of periods

• Fundamental Rule for Solving Problems

• Every problem involves at least four of the symbols P, F, A, n, and i.

• At least three of them must be known or estimated to solve for the unknown.

Terminology and Symbols
Examples 

13
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Example 

A transportation engineer borrows $5,000 to purchase surveying equipment for 
road design. 

The loan can be repaid using one of two options:

• Option A: Five equal annual installments with an interest rate of 5% per year.

• Option B: A single lump-sum payment after 3 years with an interest rate of 
7% per year.

• Determine the engineering economy symbols and their value for each option. 

Terminology and Symbols

Solution of Example 1.6

15
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Engineering Economy

Cash Flow

Cash Flow – Definition

• Cash flows represent the movement of money (inflows and outflows) in a project.

• Types of cash flows: 

• Estimated for future projects.

• Observed for completed transactions.

• Timing of Cash Flows: 

• Can occur monthly, semi-annually, or annually.

• Annual cash flows are the most common in engineering economy.

• Example: 

• A payment of $10,000 once every year for 5 years is a series of 5 outgoing cash flows.

19
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Cash Inflows in Transportation Projects

❑ Cash inflows are revenues, savings, and funding sources generated by a 

transportation project.

❑ Represented by a positive sign (+) in engineering economic analysis.

❑ Common Transportation Cash Inflows:

• Toll Revenue: JD 150,000/year from a newly constructed expressway

• Cost Savings: JD 24,500 in tax savings from road construction equipment

• Government Grants: JD 750,000 received for public transportation development

• Efficiency Savings: JD 150,000/year from energy-efficient LED streetlights

• Revenue Growth: JD 50,000–75,000/month after upgrading bus and metro services

Cash Outflows in Transportation Projects

❑ Cash outflows are costs, expenses, and taxes incurred during a transportation 

project.

❑ Represented by a negative sign (–) in engineering economic analysis.

❑ Common Transportation Cash Outflows:

• Operating Costs: JD 230,000/year for road maintenance and highway operations

• First Cost (Capital Cost): JD 800,000 next year to purchase replacement vehicles for a 

public transport fleet

• Financing Expense: JD 20,000/year for loan interest payments on transportation 

infrastructure projects

21
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Net Cash Flow in Transportation Projects

• Net Cash Flow (NCF) represents the difference between total cash inflows and outflows.

• Formula:

Where:

• NCF = Net Cash Flow (overall financial position of the project)

• R = Receipts (total income, funding, and revenue sources)

• D = Disbursements (total expenses, investments, and operational costs)

Application in Transportation Projects:

• Positive NCF: Indicates a profitable or sustainable project, ensuring financial stability.

• Negative NCF: Suggests a funding gap, requiring additional investment or cost reductions.

Cash Flow Diagrams in Transportation Projects

• Cash Flow Diagrams (CFD) visually 

represent cash movements over time.

• Time is shown on the x-axis, while 

cash inflows and outflows are on the 

y-axis.

• Arrow Direction: 

• Upward Arrows represent positive cash 

flows (income, grants, or savings).

• Downward Arrows indicate negative 

cash flows (construction costs, 

maintenance expenses, or loan payments).

23
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Cash Flow Diagrams in Transportation Projects

Diagram Components:

• What is known: Confirmed costs, 

toll revenues, or government 

grants.

• What is estimated: Future 

maintenance costs, operational 

expenses, or projected fare 

revenues.

Cash Flow Diagram

Example 1.8 

26 
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Cash Flow Diagram

 Assume you borrow $8500 from a bank 
today to purchase an $ 8000 used car for 
cash next week, and you plan to spend 
the remaining $500 on a new paint job 
for the car two weeks from now.

➢ There are several perspectives possible 
when developing the cash flow diagram

❖ Those of the borrower (that’s you)

❖ The banker

❖ The car dealer

❖ The paint shop owner

Cash flows from perspective of borrower for loan and purchases 

Cash Flow Diagram

Cash flows from perspective of borrower for loan and purchases 

One, and only one, of the perspectives is selected to develop 

the diagram.

27
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Cash Flow Diagram

Example 1.9 

29 

Cash Flow Diagram

• A national transportation agency allocates $1 million now and $1 million 

annually for the next 4 years to upgrade traffic signal systems on 

highways.

• The objective is to improve road safety and traffic efficiency by deploying 

smart traffic control technologies.

• Construct the cash flow diagram ,assuming a 12% annual cost of capital.

29
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Cash Flow Diagram

• A national transportation agency allocates $1 million now and $1 million annually for the 

next 4 years to upgrade traffic signal systems on highways.

• The objective is to improve road safety and traffic efficiency by deploying smart traffic 

control technologies.

• Construct the cash flow diagram , then calculate the equivalent value of these expenditures 

at the end of year 4, assuming a 12% annual cost of capital.

Cash Flow Diagram

Example 1.10 

35 
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❑ A transportation agency plans to deposit an amount P now to fund periodic 

road maintenance and infrastructure improvements.

❑ The agency will withdraw an equal annual amount of $2000 per year for 

the first 5 years to cover routine road maintenance costs. 

❑ After the first phase, the agency will withdraw a different annual amount of 

$3000 per year for the following 3 years to fund larger-scale rehabilitation 

projects.

❑ The interest rate is 8.5% per year.

A transportation agency plans to deposit an amount P now to fund periodic 

road maintenance and infrastructure improvements. The agency will withdraw 

an equal annual amount of $2000 per year for the first 5 years to cover 

routine road maintenance costs. After the first phase, the agency will withdraw 

a different annual amount of $3000 per year for the following 3 years to 

fund larger-scale rehabilitation projects.

❑ The interest rate is 8.5% per year.

36
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Cash Flow Diagram

Example 1.11 

39 

A highway agency spent $2500 on a new traffic signal system 7 years ago.

• The annual revenue generated from improved traffic management and toll savings has been 

$750.

• The maintenance cost for the traffic signal system was $100 in the first year and has 

increased by $25 each year.

• The agency plans to decommission and sell the traffic signal system at the end of next year 

for $150.

Task:

❑ Construct the cash flow diagram from the transportation agency’s perspective and indicate 

where the present worth is located.

39
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A highway agency spent $2500 on a new traffic 
signal system 7 years ago.

• The annual revenue generated from improved 
traffic management and toll savings has been 
$750.

• The maintenance cost for the traffic signal 
system was $100 in the first year and has 
increased by $25 each year.

• The agency plans to decommission and sell the 
traffic signal system at the end of next year for 
$150.

Task:

❑ Construct the cash flow diagram from the 
transportation agency’s perspective and 
indicate where the present worth is located.

Cash Flow Diagram

Solution of Example 1.11 

42
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Understanding Interest

What is Interest?

❑ Interest is: 

• the cost of borrowing money, or

• the return earned on an investment over time.

❑ Interest may be: 

• paid (on loans), or

• earned (on investments).

❑ Common Types of Interest:

• Simple Interest: Calculated only on the principal amount.

• Compound Interest: Calculated on the principal plus accumulated interest.

❑ It is usually expressed as a percentage of the principal amount.
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Interest Paid

❑ Occurs when money is borrowed, 

requiring repayment with an 

additional cost over time.

❑ Interest Paid is the extra amount 

paid above the principal to the 

lender.

❑ Represents the cost of borrowing 

funds

Interest Paid = Total Amount Owed − Principal

Interest Paid – Example

❑ A transportation agency borrows JD 10,000 from a bank to fund bridge 

maintenance.

❑ After 1 year, the agency repays JD 10,700.

❑ Solution

• Interest Paid = Total Amount Repaid − Principal

• Interest Paid = 10,700 − 10,000 = 𝐉𝐃 𝟕𝟎𝟎

❑ Interpretation

• Interest represents the cost of borrowing

• Cash flow is negative (–) from the borrower ’s perspective
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Interest Earned

❑ Occurs when money is invested, 

generating a return that grows 

over time.

❑ Interest Earned is the amount 

received beyond the initial 

principal.

❑ Formula

❑ Represents the reward for 

investing funds

Interest Earned = Total Amount Received − Principal

Interest Earned – Example

❑ A transportation authority invests JD 20,000 in a project to upgrade traffic 
monitoring systems.

❑ After 1 year, the investment grows to JD 22,000.

❑ Solution

• Interest Earned = Total Amount Received − Principal

• Interest Earned = 22,000 − 20,000 = 𝐉𝐃 𝟐, 𝟎𝟎𝟎

❑ Interpretation

• Interest represents the return on investment

• Cash flow is positive (+) from the investor ’s perspective
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Interest Period 

❑ The interest period is the time interval over which interest is calculated 
and applied.

❑ It determines how often interest is added to the principal.

❑ The interest rate must match the interest period.

❑ Common Interest Periods:

• Annually – once per year

• Semi-annually – twice per year

• Quarterly – every three months

• Monthly – every month

• Daily – every day

Interest Rate and Rate of Return
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Interest Rate

❑ Interest Rate : 

•  The interest rate is the percentage of the principal that is accrued as interest per time period.

❑ General Formula Interest Rate (%) =
Interest Accrued per Time Period

Principal
× 100

❑ It represents: 

• the cost of borrowing (for loans), or

• the rate of return (for investments).

❑ Types of Interest Rate:

• Interest Rate (Paid Interest) – borrower’s perspective

• Rate of Return (ROR) – investor’s perspective

Interest Rate or Paid Interest

❑ The interest rate (or Paid Interest)

•  is the cost of borrowing money

• expressed as a percentage of the principal loan amount.

• It represents the additional amount a borrower must pay to the lender for using borrowed 

funds over a specific time period.

❑ Formula 

•  Interest Rate (%) =
Interest Accrued per Time Period

Principal
× 100
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Interest Rate or Paid Interest

❑ A business borrows $50,000 and pays $2,500 in interest over 1 year.

• Interest Rate =
2,500

50,000
× 100 = 𝟓% per year

❑ A transportation agency borrows $20,000 to purchase traffic equipment

and pays $1,800 in interest after 1 year.

• Interest Rate =
1,800

20,000
× 100 = 𝟗% per year

❑ A contractor takes a $15,000 loan for road maintenance and pays $750 in 

interest over 1 month.

• Interest Rate =
750

15,000
× 100 = 𝟓% per month

Rate of Return (ROR)

❑ Rate of Return (ROR) measures the profitability of an investment,

❑ Expressed as a percentage of the initial investment (principal).

❑ It represents the gain earned from investing money over a specific time 

period.

❑ Formula

❑ Rate of Return (%) =
Net Gain

Initial Investment
× 100
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Rate of Return (ROR) – Worked Examples

❑ Example 1

• An investor invests $20,000 in a project. After 1 year, the value increases to $22,000.

• ROR =
22,000−20,000

20,000
× 100 = 𝟏𝟎% per year

❑ Example 2

• A transportation authority invests $50,000 in a traffic management system. After 1 year, the value rises 
to $55,000.

• ROR =
5,000

50,000
× 100 = 𝟏𝟎% per year

❑ Example 3

• An investor invests $30,000 in road infrastructure equipment. After 1 Month, the investment is worth 
$33,600.

• ROR =
3,600

30,000
× 100 = 𝟏𝟐% per Month

Interest Rate and Rate of Return

58 

Example 1.3
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• A transportation agency borrows $10,000 on May 1 to fund the 

maintenance of a highway bridge.

• The agency must repay a total of $10,700 exactly 1 year later 

from collected toll revenues.

Determine:

❑ The interest amount

❑ The interest rate paid
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Interest Rate and Rate of Return

61 

Example 1.4

A transportation agency plans to borrow $20,000 from a bank for 1 

year at 9% interest to fund the purchase of new traffic 

management equipment.

Compute:

• The interest

• The total amount due after 1 year
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A transportation agency plans to borrow $20,000 from a bank for 1 year at 9% 

interest to fund the purchase of new traffic management equipment.

Compute:

• The interest

• The total amount due after 1 year

Inflation
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Inflation

❑ Inflation is the rate at which the general level of prices for goods and 
services increases over time.

❑ As inflation rises, the purchasing power of money decreases.

❑ This means the same amount of money buys fewer goods and services in 
the future.

❑ Illustrative Example

• Price of a cup of coffee: 

• 1970: $0.25

• 2019: $1.59

How Inflation Rate Is Reported

❑ Inflation is usually reported as an annual percentage rate.

❑ It measures the average increase in prices of a selected group of 
goods and services.

❑  Example:

• Inflation rate = 4% per year

• Prices increase by about 4% each year, on averag

❑ Reported By

• National statistical agencies (e.g., Central Bank, Department of Statistics)

• International organizations (e.g., World Bank, IMF)
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Jordan Inflation Rate

Economic Meaning of Inflation Rate

❑ An inflation rate of 4% per year means: 

• An item costing $100 today

• Will cost approximately $104 next year

❑ Future Price = Current Price × (1 + 𝑓)

• Where:

• 𝑓= inflation rate per year

•  Inflation reflects loss of purchasing power, not profit or growth.
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Importance of Considering Inflation in Engineering Economics

❑ Accurate Project Cost Estimation

• Inflation affects material, labor, and equipment costs, making accurate cost forecasting 
essential.

❑ Realistic Financial Planning and Budgeting

• Accounting for inflation helps in allocating sufficient funds and preventing budget 
shortfalls over the project life.

❑ Ensuring Long-Term Project Feasibility

• Inflation influences return on investment (ROI) and overall project viability, especially for 
long-term projects.

❑ Engineering economic decisions must account for both time value of 
money and changes in price levels.

Example – Including vs Not Including Inflation

❑ Illustrative Comparison

• Current cost: $1,000,000

• Project life: 10 years

• Inflation rate: 4%

❑ Ignoring Inflation

• Future Cost = $1,000,000

❑ Including Inflation

• Future Cost = 1,000,000(1.04)10 = $1,480,000

❑ Ignoring inflation underestimates the project cost by 48%.

69

70



4/15/2026

32

Interest Rate in Engineering Economic Studies

❑ In engineering economic analysis, the project interest rate (nominal rate) usually 
includes: 

• Real interest rate → compensation for the time value of money

• Inflation rate → compensation for loss of purchasing power

❑ Relationship 1 + 𝑖 = (1 + 𝑟)(1 + 𝑓)

• Where:

• 𝑖= nominal (market) interest rate

• 𝑟= real interest rate

• 𝑓= inflation rate

❑ Key Interpretation

❑ The interest rate used in projects reflects both time and price changes

Example: Project Interest Rate Including Inflation

❑ A project owner plans to invest in a transportation project.

❑ The owner requires a real gain of 5% per year (real interest rate).

❑ The expected inflation rate is 3% per year.

❑ Determine the required interest 
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❑ Step 1: Identify Components : 

• Real interest rate (owner’s desired gain): 𝑟 = 5% per year

• Inflation rate: 𝑓 = 3% per year

❑ Step 2: Compute the Nominal Interest Rate 1 + 𝑖 = (1 + 𝑟)(1 + 𝑓)

• 1 + 𝑖 = (1.05)(1.03) = 1.0815

• 𝑖 = 𝟖. 𝟏𝟓% per year

❑ Interpretation

• 5% → owner’s desired real gain

• 3% → expected inflation compensation

• 8.15% → nominal interest rate used in the engineering economic analysis

•  This is the interest rate normally used when future cash flows include inflation.
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4.2 |Economic Equivalence 

Module | 4 | Engineering Economics with 

Transportation Applications

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning
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Anthony Tarquin, 
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Interest rate 

• The amount charged by a lender to a borrower for the use 

of assets.

• Typically noted on an annual basis 

• Expressed as a percentage of principal

❑ Types 

• Simple interest 

•Compound interest

Simple interest 
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Simple interest 

❑ When the total interest earned or charged is linearly proportional to 

the initial amount of the loan (principal)

•  the interest rate, and the number of interest periods, the interest and interest rate are 

said to be simple.

❑ Simple interest is calculated using the principal only, ignoring any interest 

accrued in preceding interest periods. 

P = principal amount lent or borrowed

N = number of interest periods (e.g., years)

i = interest rate per interest period

The total amount repaid at the end of N  

interest periods is P + I.

Example 1.14

❑ City Transport Authority provided a loan of $100,000 to a 

construction company to upgrade a highway intersection for 

improved traffic flow.

❑ The loan is for 3 years at 10% per year simple interest.

❑  How much money will the company repay at the end of 3 

years?
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Simple interests 

 Same interest amount is added each period

 Growth is linear over time

 No interest on interest

 Rarely used in engineering economic analysis

 Example 1

➢Principal = 1,000 JOD
Interest rate = 10% per year
Interest each year = 100 JOD

➢After 1 year → Total = 1,100 JOD
After 2 years → Total = 1,200 JOD
After 3 years → Total = 1,300 JOD

 Example 2

➢Borrow 5,000 JOD at 6% simple interest for 4 years
Interest per year = 300 JOD
Total interest = 300 × 4 = 1,200 JOD
Total repayment = 6,200 JOD

Key characters 
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Compound  interest 

Compound interest 

 Interest that is computed on:

➢the original unpaid debt (principal)

➢the unpaid interest  (interest on top of interest)

 Because interest is added to the balance after each period,
the base amount increases over time.

 Interest amount changes every period

In most financial and engineering economic analyses,
compound interest is assumed because it reflects real-world behavior.

Concept 
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Compound Interest – Simple Example

❑ Given

•Principal (P) = 1,000 JOD

• Interest rate (i) = 10% per year

•Time = 3 years

• Interest is compounded annually

Compound Interest – Simple Example

❑ Year 1

• 𝐼1 = 𝑃 × 𝑖 = 1000 × 0.10 = 100

• Total after Year 1: 1000 + 100 = 1100

❑ Year 2

• Interest is now calculated on principal + previous interest:

• 𝐼2 = 1000 + 100 × 0.10 = 110

• Total after Year 2: 1100 + 110 = 1210

❑ Year 3

• 𝐼3 = (1000 + 100 + 110) × 0.10 = 121

• Total after Year 3: 1210 + 121 = 133
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Compound interest 
Formula 

It = interest for time period t

P = principal amount lent or borrowed

t = time period

i = interest rate per interest period

 For 𝑡 = 1

➢𝐼1 = 𝑃 ෍
𝑗=1

0

𝐼𝑗 𝑖 = 𝑃 ×  𝑖

 For 𝑡 = 2

➢𝐼2 = 𝑃 ෍
𝑗=1

1

𝐼𝑗 𝑖 = (𝑃 + 𝐼1) × 𝑖

 For 𝑡 = 3

➢𝐼3 = 𝑃 ෍
𝑗=1

2

𝐼𝑗 𝑖 = (𝑃 + 𝐼1 + 𝐼2) × 𝑖

It = interest for time period t

P = principal amount lent or borrowed

t = time period

i = interest rate per interest period
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Total due after n years Compound Interest

❑ Step 1: What happens in one year

• You start with principal 𝑃

• Interest rate per year = 𝑖

• Interest earned in 1 year:

•  𝐼1 = 𝑃𝑖

❑ Total amount after 1 year:

• 𝑃 + 𝑃𝑖 = 𝑃(1 + 𝑖)

❑  After 1 year, money becomes:

• 𝑃(1 + 𝑖)

Total due after n years Compound Interest

❑ Step 2: What happens in second year

❑ Amount at start of year 2:

• 𝑃(1 + 𝑖)

❑ Interest earned in year 2:

• 𝑃(1 + 𝑖)𝑖

❑ Total after 2 years:

• 𝑃(1 + 𝑖) + 𝑃(1 + 𝑖)𝑖

❑ Factor 𝑃(1 + 𝑖):

• 𝑃(1 + 𝑖)(1 + 𝑖)

❑ So:

• 𝑃(1 + 𝑖)2
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Total due after n years Compound Interest

❑ Step 3: What happens in third year

❑ At start of year 3:

• 𝑃(1 + 𝑖)2

❑ Interest earned in year 3:

• 𝑃(1 + 𝑖)2𝑖

❑ Total after 3 years:

• 𝑃(1 + 𝑖)2 + 𝑃(1 + 𝑖)2𝑖

❑ Factor:

• 𝑃(1 + 𝑖)2(1 + 𝑖)

❑ So:

❑ 𝑃(1 + 𝑖)3

Future Value of a Loan With Compound Interest

It = interest for time period t

P = principal amount lent or borrowed

t = time period

i = interest rate per interest period
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Example 1.15

❑ A transportation agency borrows $100,000 at 10% per year compound 

interest to fund the expansion of a railway station. 

❑ The agency will repay the principal and all interest after 3 years.

❑ Tasks:

• Compute the annual interest and total amount due after 3 years.

• Compare results with simple interest.

Economic Equivalence 
Solution of Example 1.15

Compounded interest

Simple interest:

Year 1: 10,000

Year 2: 10,000

Year 3: 10,000

Sum of interest= 30,000

Total due, year 3=

100,000+30,000= 130,000
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Moving Cash Flows 
Present to Future 

Moving Cash Flows Along the Cash Flow Diagram
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Converting factor | Future Value (F) from Present (P)_ 

❑ 𝑭 = 𝑷 𝟏 + 𝒊 𝑵  

❑ 𝟏 + 𝒊 𝑵  

•  is a factor that find that a present amount, P, can grow into a 

future amount, F, in N time periods at interest rate i

Moving Cash Flows 
Converting Between P, F, and A

24
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Conversion Between F and P

Conversion Between F and A
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Conversion Between P and A

Interest Tables 
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Example :

❑ Find the Equivalence Future value of 1000 JOD at the 

following conditions

•  i = 2%, n = 1

•  i = 4%, n = 2

•  i = 6%, n = 3

•  i = 8%, n = 4

Example :

❑ Find the Equivalence Future value of 1000 JOD at the 

following conditions

•  i = 2%, n = 1

•  i = 4%, n = 2

•  i = 6%, n = 3

•  i = 8%, n = 4
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Example :

❑ Find the Equivalence Future value of 1000 JOD at the 

following conditions

•  i = 2%, n = 2

•  i = 4%, n = 2

•  i = 6%, n = 6

•  i = 8%, n = 6

Example :

❑ Find the Equivalence Future value of 1000 JOD at the 

following conditions

•  i = 2%, n = 2

•  i = 4%, n = 2

•  i = 6%, n = 6

•  i = 8%, n = 6
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What Are Pre-Calculated Interest Factors?

• Pre-calculated interest factors are values derived from standard 

formulas

• Factors eliminate the need for manual calculations with:

• Each factor corresponds to a financial conversion:

• Present to future (F/P) 

•  Future to present (P/F)

• future o a uniform annual amount (A/F)

Types of Interest Factors and Their Use

36
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Interest tables present pre-calculated compound interest factors

Examples 
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Find the  followings 

❑ (P/F, 8%, 5)

❑ (F/P, 8%, 5) 

❑ (P/A, 8%, 5)

❑ (A/P, 8%, 5)

❑ (F/A, 8%, 5)

Present Worth Factor (P/F, 8%, 5)
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F/P, 8%, 5

(P/A, 8%, 5)
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(A/P, 8%, 5)

(F/A, 8%, 5)
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Examples

Example: $2,500 at time zero is equivalent to how much after six years if the 

interest rate is 8% per year?

Example: $3,000 at the end of year seven is equivalent to how much 

today (time zero) if the interest rate is 6% per year?

Examples

Example: $2,500 at time zero is equivalent to how much after six years if the interest 

rate is 8% per year?

Example: $3,000 at the end of year seven is equivalent to how much today (time zero) 

if the interest rate is 6% per year?
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Example 

❑ A transportation project will require an investment of $200 million to 

construct (year 2012). 

❑ Delays beyond the anticipated implementation year of 2012 will require 

additional money to construct the factory. 

❑ Assuming that the cost of money is 10% per year, compound interest

❑ determine the following: 

• (a) The equivalent investment needed if the project is built in 2015.

• (b) The equivalent investment needed had the plant been constructed in 

the year 2008.

Notation for Calculating a Present Value
Solution of Example 2.2
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Notation for Calculating a Present Value

 (a) To find the equivalent investment required in 3 years, apply the F/P factor. Use $1 million units and the 
tabulated value for 10% interest.

➢ F3 = P(F/P, i,n) = 200(F/P, 10%, 3) = 200(1.3310)

➢ =                        = $266.2 ($266,200,000)

 (b) The year 2008 is 4 years prior to the planned construction date of 2012. To determine the equivalent cost 
4 years earlier, consider the $200 M in 2012 (t = 0) as the future value F and apply the P/F factor for n = 4 to 
find P-4. 

➢ P-4 = F(P/F,i,n) = 200(P/F,10%,4) = 200(0.6830)

➢ =                         = $136.6 ($136,600,000)

Solution of Example 2.2

Example 

❑ A transportation project will require an investment of $200 million to construct (year 2012). 

❑ The project may generate a revenue base of $50 million per year. 

❑ The president of the company may have reason to be quite pleased with this projection for 

the simple reason that over the 5-year planning horizon, the expected revenue would 

total $250 million, which is $50 million more than the initial investment. With money 

worth 10% per year, 

- Will the initial investment be recovered over the 5-year horizon with the time value of money 

considered? 

- If so, by how much extra in present worth funds? 

- If not, what is the equivalent annual revenue base required for the recovery plus the 10% 

return on money? 
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❑ P = 50( P/A ,10%,5)=  50(3.7908)

•  = $189.54 ($189,540,000)

❑ The present worth value is less than the investment plus a 10% per year return,

❑ To determine the minimum required to realize a 10% per year return, use the 

A/P factor.

• A = 200( A/P,10%,5) = 200(0.26380)

•  = $52.76 per year

• where A starts 1 year after P at t = 0 and n = 5.

• The plant needs to generate $52,760,000 per year to realize a 10% per year return over 5 years.

Example 

❑ How much will you have in 40 years if you save JOD 3,000 

each year and your account earns 8% interest each year?
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Example 

❑ How much will you have in 40 years if you save $3,000 each 

year and your account earns 8% interest each year?

Example

The Ministry of Transport wants to determine the equivalent future worth of an annual 

capital investment of 1 million JOD for 8 years, starting 1 year from now.

❑  The investment is aimed at road maintenance and infrastructure development, and the 

expected rate of return is 14% per year.
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Example 

F = 1000( F/A, 14%,8) = 1000(13.2328) = $13,232.80*1000 = 
$13,232,800

solve for N or i.
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❑ It can be challenging to solve for N or i.

•We may know P, A, and i and want to find N.

•We may know P, A, and N and want to find i.

Finding N 

 Example: Adam borrowed $100,000 from a local bank, which 
charges them an interest rate of 7% per year.  

 If Adam pays the bank $8,000 per year, how many years will it take 
to pay off the loan?
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Finding N

 Example: Adam borrowed $100,000 from a local bank, which 
charges them an interest rate of 7% per year.  If Adam pays the bank 
$8,000 per year, how many years will it take to pay off the loan?

So,

This can be solved by using the interest tables 

and interpolation, but we generally resort to a 

computer solution. N= 30.7 years

Finding i 

 Example: Jill invested $1,000 each year for five years in a local 
company and sold her interest after five years for $8,000.  What 
annual rate of return did Jill earn?
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Finding i 

 Example: Jill invested $1,000 each year for five years in a local 
company and sold her interest after five years for $8,000.  What 
annual rate of return did Jill earn?

So,

Again, this can be solved using 

the interest tables and 

interpolation, but we generally 

resort to a computer solution. i= 

23.69%

62



4/17/2026

1

4.3 |Present Worth (PW) Analysis

Module | 4 | Engineering Economics with 

Transportation Applications

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning

Basic elements of transportation planning

The transportation planning process comprises seven basic elements:

1. Situation definition

2. Problem definition

3. Search for solutions

4. Analysis of performance

5. Evaluation of alternatives

6. Choice of project

7. Specification and construction

2 
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Evaluation and Selection of Economic Proposal

❑ The evaluation and selection of economic proposals require 

1. Cash flow estimates over a stated period of time

2.  Mathematical techniques to calculate the measure of worth

3. A guideline for selecting the best proposal

Nature of Economic Proposals

• Proposals originate from ideas, experience, 

estimates, and plans

• After screening, only viable proposals are 

considered for evaluation

• Two types of viable proposals:

• Mutually Exclusive Alternatives

• Independent Projects

• Do nothing 
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Do-Nothing (DN) Proposal

❑ Represents the current approach

❑ No new costs, revenues, or 
savings

❑ Included in all economic analyses

❑ Serves as the baseline for 
comparison

❑ Key role of DN:

❑ Answers: Is doing something better 
than doing nothing?

❑ PW value:

• PW_DN = 0

Independent Projects

❑ Multiple projects may be selected

❑ Each viable proposal is called a project

❑ Projects do not compete with each 
other

❑ Evaluated individually, each against 
Do-Nothing (DN)

❑ Typical examples:

• Several road maintenance projects

• Independent intersection improvements

❑ Decision rule (PW):

•  Accept all projects with PW ≥ 0

5

6
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Mutually Exclusive Alternatives

❑ Only one alternative can be selected

❑ Each viable proposal is called an 
alternative

❑ Selection of one eliminates all others

❑ Compared pairwise and against the 
Do-Nothing (DN) alternative

❑ Typical examples:

• Electric or Gas or Solar vehicle

• One pavement design or one bridge 
alignment

❑ Decision rule (PW):

❑  Select the alternative with the best PW
(highest PW or lowest PW of cost)

Revenue in Transportation Projects

❑ Projects that generate direct income in addition to costs

❑ Evaluation considers both revenues and costs

❑ Objective: maximize economic benefit

❑ Common transportation examples:

• Toll roads and express lanes

• Paid parking facilities

• Public transit systems with fare revenue

7
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Cost Alternatives in Transportation Projects

❑ Projects that do not generate direct revenue

❑ Only costs are considered in evaluation

❑ Objective: minimize total cost while meeting service needs

❑ Common transportation examples:

• Road maintenance and rehabilitation

• Traffic signal installation

• Pavement management equipment

Commonly used economic analysis methods are:

• Present Worth (PW) Analysis: Converts all cash flows to a single present 

value

• Annual Worth Analysis: Compares alternatives based on equivalent annual 

value

• Benefit/Cost (B/C) Analysis: Ratio of total benefits to total costs

• Rate of Return (ROR) Analysis: Finds interest rate at which net present worth 

is zero

• Used to compare alternatives and select financially sound proposals

9
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Present Worth (PW) Analysis

Present Worth (PW) Analysis – Concept

• PW analysis expresses all cash flows as an equivalent single amount at 

present time

• Commonly used for public sector and infrastructure projects

❑ Approaches

A. Present Worth (PW) Analysis of Equal-Life Alternatives

B. Present Worth Analysis of Different-Life Alternatives

C. Capitalized Cost Analysis

11
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Present Worth (PW) – Decision Criteria

• For project 

• If PW > 0 → the project is economically viable

• If PW = 0 → the project breaks even

• If PW < 0 → the project is not acceptable

• For multiple alternatives:

•  Choose the highest positive PW (revenue alternatives) 

•  Choose the lowest PW of cost (cost-only alternatives)

Present Worth (PW) Analysis
A. Present Worth (PW) Analysis of Equal-Life Alternatives

13
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PW Analysis of Equal-Life Alternatives

• Used when all alternatives have the same service life

• Compares total Present Worth (PW) of cash flows for each alternative

• Types of alternatives:

• Cost alternatives → choose option with lowest PW of cost

• Revenue alternatives → choose option with highest net PW

• The Do Nothing (DN) alternative is also included in comparisons

Which alternative would you select ? 

=

15
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Solution 

Example 

❑ A transportation authority is evaluating three equipment options to support pavement 

condition monitoring for the next 8 years.

❑ The options include an Electric-powered, Gas-powered, and Solar-powered field data 

acquisition vehicle. Each machine has different first cost, annual operating cost, and expected 

salvage value.

❑ The authority uses a Minimum Attractive Rate of Return (MARR) of 10% per year.

❑ Determine the most economical alternative using Present Worth (PW) analysis.

Machine Type First Cost (JOD)
Annual Operating 

Cost (JOD/year)

Salvage Value 

(JOD)
Life (years)

Electric-Powered −4500 −900 200 8

Gas-Powered −3500 −700 350 8

Solar-Powered −6000 −50 100 8

17
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Machine Type First Cost (JOD)
Annual Operating 

Cost (JOD/year)

Salvage Value 

(JOD)

Electric-Powered −4500 −900 200

Gas-Powered −3500 −700 350

Solar-Powered −6000 −50 100

Machine Type First Cost (JOD)
Annual Operating 

Cost (JOD/year)

Salvage Value 

(JOD)

Electric-Powered −4500 −900 200

Gas-Powered −3500 −700 350

Solar-Powered −6000 −50 100

20
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Machine Type First Cost (JOD)
Annual Operating 

Cost (JOD/year)

Salvage Value 

(JOD)

Electric-Powered −4500 −900 200

Gas-Powered −3500 −700 350

Solar-Powered −6000 −50 100

22
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Step 1 – Use Present Worth (PW) Formula

• For cost alternatives:

PW = First Cost + (AOC × P/A, i%, n) + (Salvage × P/F, i%, n)

• Use interest factors at i = 10%, n = 8 years:

• (P/A, 10%, 8) = 5.3349

• (P/F, 10%, 8) = 0.4665

Step 2 – Calculate PW for Each Alternative

electric-Powered Vehicle:

PW_E = −4500 − (900 × 5.3349) + (200 × 0.4665)

PW_E = −4500 − 4801.41 + 93.30 = −9208 JOD

Gas-Powered Vehicle:

PW_G = −3500 − (700 × 5.3349) + (350 × 0.4665)

PW_G = −3500 − 3734.43 + 163.28 = −7071 JOD

❑ Solar-Powered Vehicle:

PW_S = −6000 − (50 × 5.3349) + (100 × 0.4665)

PW_S = −6000 − 266.75 + 46.65 = −6220 JOD

24
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Step 3 – Decision and Recommendation

• All options are cost alternatives, so we choose the one 

with the lowest present cost

• Present Worth results:

• PW_Electric = −9208 JOD

• PW_Gas = −7071 JOD

• PW_Solar = −6220 JOD

B. Present Worth Analysis of Different-Life Alternatives

26
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B. Present Worth Analysis of Different-Life Alternatives

• Applied when alternatives have unequal service lives

• Objective: compare alternatives using Present Worth (PW) over a common 

analysis period

• Two common approaches:

• Least Common Multiple (LCM) Method:

• Study Period or Co-Terminated Method:

B. Present Worth Analysis of Different-Life Alternatives

Least common multiple (LCM) approach

28
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LCM Approach – PW Analysis of Different-Life Alternatives

• Used when alternatives have unequal lives and are mutually exclusive

• Establish a common evaluation period for fair comparison

• Choose the Least Common Multiple (LCM) of the alternatives' lives

• Repeat alternatives as needed to cover the LCM period

• Assume replacements with same cost, performance, and salvage

Example | 3.3.1 

❑ A public transportation agency is evaluating two equipment procurement options for 
automated ticketing systems offered by Vendor A and Vendor B.

❑ These systems have different service lives and associated installation and maintenance 
costs.

❑ The agency uses a rate of return of 15% per year.

❑ Determine which offers the most economical option in each case, based on JOD costs. 

❑ Compare the vendors using Present Worth (PW) based on their full life spans, 

31
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Example 

• LCM of 6 years 

(Vendor A) and 9 years 

(Vendor B) = 18 years

• To ensure a fair 

comparison, repeat 

each alternative over 

18 years

Solution 

Vendor A (6-year life):

• Replaced at years 0, 6, and 12

• Each replacement includes:

• First cost

• Annual M&O costs over 6 years

• Salvage value at the end of each 6-

year cycle

Vendor B (9-year life):

• Replaced at years 0 and 9

• Each replacement includes:

• First cost

• Annual M&O costs over 9 years

• Salvage value at the end of each 9-year cycle

35
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37 

Vendor A

38 

37
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Vendor B

39 

Solution 

Vendor B is selected

since it costs less in PW terms; that is, the PWB value is numerically larger than PWA 

40 

39
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B. Present Worth Analysis of Different-Life Alternatives

Study Period  

Study Period Approach (PW Analysis)

42 

❑ A specific time horizon (study period) is selected for economic evaluation

❑ Only cash flows occurring within the study period are considered in the analysis

❑ Cash flows beyond the study period are ignored

❑ An estimated market (salvage) value is required at the end of the study period

❑ Commonly used when: 

• Alternatives have different service lives

• Short-term planning goals are important

• Long-term forecasts are uncertain

❑ Important Note:

❑ Changing the study period may change the economic decision

41
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Example|3.3.2

❑ A public transportation agency is evaluating two equipment procurement options for 

automated ticketing systems offered by Vendor A and Vendor B.

❑ These systems have different service lives and associated installation and maintenance 

costs.

❑ The agency uses a rate of return of 15% per year.

❑ Compare the vendors using Present Worth (PW) based on study period of 5 years 

43
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Vendor A

46 

45
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Vendor B

47 

 Study period of 5 years has caused a switch in the economic decision.

  In situations such as this, the standard practice of using a fixed study period 
should be carefully examined to ensure that the appropriate approach, 

48 

47
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Present Worth (PW) Analysis

49 

C. Capitalized Cost Analysis

Capitalized Cost Analysis

❑ Represents the present worth of a project with a very long or infinite life

❑ Applied when: 

• Project life is very long (typically > 35–40 years)

• The planning horizon is considered very long or infinite

❑ Assumes the number of periods: 𝑛 → ∞

❑ Typical applications:

• Highways, bridges, tunnels

• Public infrastructure and facilities

• Assets requiring continuous operation and maintenance

❑  Key Idea:

• Capitalized cost is the single present value equivalent of all future costs forever

49
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Capitalized Cost Explanation 

Capitalized Cost Formula 

51
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Types of Cash Flows

53 

❑ The cash flows in a capitalized cost calculation are usually of three types: 

• Recurring  ( R cash flows)

• Repeat at set intervals (e.g., maintenance every few years)

• A rework cost estimated at $40,000 every 12 years

•  Nonrecurring  (P, F cash flows)

• One-time costs at specific points in time

• Examples:  Initial investment in Year 0,      $500,000 fee in Year 2

▪ Annual  (A) 

• Uniform costs or revenues every year

• Example: 10,000 /year 

Example| 3.3.3

 The cost of grading and spreading gravel on a short rural road is expected to be $300,000.

  The road will have to be maintained at a cost of $25,000 per year. 

 In addition, the road will have  a recurring maintenance cost of $50,000 every 5 years. 

 Calculate the CC value using an interest rate of 5% per year

58 
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Solution 

Given:

• Initial construction cost = 

$300,000 → Nonrecurring

• Annual maintenance cost = 

$25,000/year → Annual

• Recurring cost = $50,000 every 5 

years → Periodic recurring

• Interest rate i = 5%

59

60



4/17/2026

28

Convert all costs to their capitalized cost values

1. Nonrecurring Cost (Initial Construction)

Since this occurs at Year 0, the capitalized cost is:

CC1=300,000

 2. Annual Maintenance Cost

Use the capitalized cost formula for uniform annual cost:

𝐶𝐶2=𝐴/𝑖=25,000/0.05=500,000

61
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Total Capitalized Cost

Example |3.3.4

 A Transportation Authority has just installed new software to charge and track toll fees. The 
director wants to know the total equivalent cost of all future costs incurred to purchase the 
software system. If the new system will be used for the indefinite future, find the equivalent 

cost:now, a CC value

 The system has an installed cost of $150,000 and an additional cost of $50,000 after 10 
years. 

 The annual software maintenance contract cost is $5000 for the first 4 years and $8000 
thereafter. 

 In addition, there is expected to be a recurring major upgrade cost of $15,000 every 13 
years. 

 Assume that i = 5% per year for county funds.

64 

63
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Identify and categorize all cash flows:

• Nonrecurring:

• -$150,000 installed now (Year 0)

• -$50,000 after 10 years

• Recurring (Periodic):

• -$15,000 every 13 years (upgrade)

• Annual:

• -$5,000/year for first 4 years, then -$8,000/year forever

Draw Cash Flow Diagram

67
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Solution 

Solution 

69
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C. Capitalized Cost Analysis

71 

Example –Solution (Part a)  
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4.4 |Annual Worth Analysis (AW)

Module | 4 | Engineering Economics with 

Transportation Applications

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning

What is Annual Worth (AW)?

• AW is the equivalent uniform annual worth of all expected receipts and 

disbursements throughout the project or alternative’s life cycle.

❑ AW = PW × (A/P, i, n) = FW × (A/F, i, n)

❑ Converts Present or Future worth into an annual equivalent value.

1
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What is Annual Worth (AW)?

❑ Annual Worth (AW) is the equivalent uniform annual value of all expected 
receipts and disbursements over the life of a project or alternative

❑ Expresses the entire project in terms of a constant annual amount

❑ Useful for comparing alternatives based on year-by-year performance

❑ AW Relationships

• 𝐴𝑊 = 𝑃𝑊(𝐴/𝑃, 𝑖, 𝑛)

• 𝐴𝑊 = 𝐹𝑊(𝐴/𝐹, 𝑖, 𝑛)

❑ Converts Present Worth (PW) or Future Worth (FW) into an annual equivalent 
value

❑  Key Takeaway:

• Annual Worth answers the question: “What is this project worth per year?”

Annual Worth (AW) – Decision Criteria

❑ Projects 

•AW > 0 → Project is economically acceptable

•AW = 0 → Project breaks even

•AW < 0 → Project is not acceptable

❑ For multiple alternatives:

•Revenue alternatives → choose the highest AW

•Cost alternatives → choose the lowest AW (annual cost)

3
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Example 3.4.1

10 

■ Two manufacturers offered the estimates below.

a. Determine which vendor should be selected on the basis of an Annual worth 
comparison, if the i is 15% per year.

Solution 

11 

10
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Solution 

12
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Solution 
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4.5 |Benefit/Cost analysis

Module | 4 | Engineering Economics with 

Transportation Applications

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning

Salvage Value (S)

❑ Salvage value

•  is the estimated remaining value of an asset at the end of the 
analysis period or service life

•Represents the amount recovered from selling, reusing, or 
retaining the asset

❑ Transportation Examples

•Remaining resale value of maintenance equipment

•Residual value of vehicles, buses, or construction machinery

•Reuse value of steel, pavement materials, or structures

1
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Costs 

❑ Definition

• Costs are the estimated expenditures to the government or agency for:   Construction,  
Operation,  Maintenance

• Less any expected salvage value

• Cost (C)=Expenditures−Salvage Value (S)​

❑ Transportation Examples

• Initial highway construction cost

• Annual road maintenance and rehabilitation

• Traffic signal installation and operation

• Bridge inspection and repair costs

❑  Key Idea: Costs represent all monetary resources consumed by the project.

Benefits

❑ Definition

• Benefits are the advantages experienced by owners or the public

• Represent positive outcomes of implementing the project

• Often measured in monetary terms, even if originally non-monetary

❑ Transportation Examples

• Travel time savings

• Reduction in vehicle operating costs

• Accident and injury reduction (safety benefits)

• Reduced congestion and improved mobility

❑ Key Idea: Benefits measure what society gains from the transportation project.

3
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Disbenefits 

❑ Definition

• Disbenefits are undesirable or negative consequences caused by the project

• May be direct or indirect economic disadvantages

• Usually assigned a monetary equivalent and treated as costs

❑ Transportation Examples

• Increased noise levels near highways

• Environmental impacts (air pollution, land use disruption)

• Increased travel delay during construction

❑  Key Idea:

• Disbenefits reduce the net benefit of a project and must be accounted for.

What is Benefit/Cost (B/C) Analysis?

5
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Benefit/Cost (B/C) Analysis of a Single Project 

Benefit/Cost (B/C) Analysis of a Single Project 

11 

10
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Interpreting the Benefit/Cost (B/C) Ratio

B/C Ratio Value Interpretation

B/C > 1.0
 Accept the project – benefits outweigh costs; 

project is economically viable

B/C = 1.0
 Break-even – benefits equal costs; decision 

depends on other factors

B/C < 1.0
 Reject the project – costs exceed benefits; not 

economically justified

Example 3.5.1 

13 

12

13



4/17/2026

6

Annual Worth of Benefit Calculation

• Annual Benefit from the Project: $90,000/year

• Annual Disbenefit: $10,000/year

❑ Net Annual Benefit Calculation:

Annual Worth of Cost  Calculation

15
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Benefit/Cost (B/C) Ratio Calculation

Example 3.5.2 

 The cost of grading and spreading gravel on a 
short rural road is expected to be $300,000.

 The road will have to be maintained at a cost of 
$25,000 per year. 

 The improved accessibility has led to a 150% 
increase in the property values along the road. 

➢If the previous market value of a property was 
$900,000, 

 Calculate the B/C ratio using an interest rate of 6% 
per year and a 20-year study period

18 

17

18



4/17/2026

8

Example 3.5.2 – Given Data

• Initial Construction Cost: $300,000

• Annual Maintenance Cost: $25,000/year

• Property Value Increase:

• 150% increase due to improved accessibility

• Previous property value = $900,000

• Interest Rate: 6% per year

• Study Period: 20 years

• Objective: Calculate the Benefit/Cost (B/C) Ratio

Present Worth of Benefit

• One-Time Benefit:

• Benefit = 1.5 × 900,000 = $1,350,000 (one-time gain)

• Property value increase = $1,350,000 

• Occurs in Year 0 → Already in Present Worth

• Therefore, PW (Benefit) = $1,350,000 - 900,000  = 450,000

19
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Present Worth of Cost

Benefit/Cost (B/C) Ratio Calculation

21
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Example 3.5.3 

23 

23
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Incremental Benefit/Cost (B/C) Analysis

What is Incremental Benefit/Cost (B/C) Analysis?

• Definition:

A decision-making method used to determine whether the extra cost of a 

more expensive alternative is justified by additional benefits.

• Purpose:

Compare mutually exclusive alternatives that differ in cost.

• Concept:

Focuses only on the difference (increment) between alternatives:

25

26



4/17/2026

12

Decision Rule for Incremental B/C Analysis

Decision Rule for Incremental B/C Analysis

27
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Why Choose the Higher-Cost Alternative When ∆B/∆C > 1.0

Example 3.5.3 – Evaluation of Highway Designs (JOD)

• The following estimates are to be considered to determine which highway design to 
recommend to the Ministry of Public Works.

• The user cost represents the estimated annual travel time and vehicle operation costs 
borne by road users.

• The discount rate is 5%, and the life of the highway project is estimated at 30 years.

• Use incremental Benefit/Cost (B/C) analysis to select Design A or Design B.

Design A Design B

Construction cost, JOD 10,000,000 15,000,000

Annual maintenance cost, JOD 35,000 55,000

Annual user cost saving  (JOD/year) 200,000 450,00

29
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Annual Worth of Costs – Design Alternatives

Annual Worth of benefits  – Design Alternatives

Design AW of Benefits (JOD/year)

A 200,000

B 450,000

31
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Incremental Values Between Design B and Design A

❑ The incremental B/C ratio is less than 1.0

❑ This indicates that the extra costs associated with Design B are not justified

❑ Design A provides higher user benefits and lower annual cost

❑  Design A is selected for the construction bid

Item Design B Design A Δ (B – A)

AW of Benefits (JOD/year) 450,00 200,000 +250,000

AW of Costs (JOD/year) 1,030,750 685,500 +345,250

Incremental B/C Ratio – – +0.724

Example 3.5.2 

34 

 Table 9–1 (top section) summarizes the estimates for each proposal, including the present
worth of the initial construction cost and anticipated annual revenue. The annual M&O 
costs
are expected to be the same for all locations. Use incremental B/C analysis at 7% per year 
and an 8-year study period to advise the board of directors if they should consider any of 
the offers to be economically attractive 

33
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Benefit/cost analysis 

35 

Example 9.6

36 

35
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Step-by-Step Process:

•  1. Rank Alternatives

• Order from lowest to highest AW cost (or first cost if AW is not available)

•  2. Select Base Alternative

• Start with the least-cost option

• Must have B/C ≥ 1 to be eligible

37 
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5.1|Evaluation of Transportation Alternatives 

Module | 5 | Evaluation of Transportation Alternatives 

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning

Overview  

1
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Major Topics To Be Covered

Topics
No. of 

Weeks
Contact hours*

1. Introduction to transportation systems 1/3 1

2. Transportation planning 1 3

3. Demand forecasting using 4 steps modeling 4 12

4. Engineering economy in transportation 3 9

5. Evaluation of transportation alternatives 2 6

6. Urban mass transit systems 3 2/3 11

7. Airports 1 3

Total 15 45

Basic Elements of Transportation Planning

The transportation planning process comprises seven basic elements,

1. Situation definition

2. Problem definition

3. Search for solutions

4. Analysis of performance

5. Evaluation of alternatives

6. Choice of project

7. Specification and construction

4 
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Why Evaluate Transportation Alternatives?

• To identify the most cost-effective solution.

• To maximize benefits such as safety, accessibility, and mobility.

• To reduce environmental and social impacts.

• To ensure budget optimization and proper resource allocation.

• To compare long-term impacts of multiple alternatives.

Evaluation (Quantifying) Criteria

5
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Evaluation (Quantifying) Criteria

• Evaluation criteria are measurable indicators used to compare 

transportation alternatives.

• They help quantify and assess the impacts, costs, and benefits of 

each option.

Types of Evaluation Criteria

Transportation alternatives are evaluated using multiple performance criteria:

❑ Economic Criteria

• Cost–benefit analysis (C/B),   Net present value (NPV),  Internal rate of return (IRR)

❑ Technical Criteria

• Engineering feasibility ,   Durability and reliability

❑ Environmental Criteria

• Emissions and air quality,   Land use impacts,  Ecological footprint

❑ Social Criteria

• Equity and fairness,  Public acceptance,  Accessibility

❑ Operational Criteria

• Capacity,  Efficiency, Level of service (LOS)

❑ No single criterion is sufficient—decisions require a balanced evaluation.

7
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Selecting Evaluation Criteria

❑ A transportation project is designed to achieve specific goals and objectives,

which must be translated into operational evaluation criteria to allow systematic comparison among 

alternatives.

❑ Appropriate evaluation criteria should:

• Be directly and explicitly related to the project’s stated objectives

• Be measurable using available, reliable, and consistent data

• Be sensitive to variations among alternatives, so that meaningful differences can be detected

❑ It is generally advisable to limit the number of evaluation criteria to those that:

• Contribute most effectively to sound decision-making

• Keep the evaluation analytically manageable for both analysts and decision-makers

❑  Emphasis: The effectiveness of an evaluation depends more on the relevance and quality of criteria than 

on their quantity.

Selecting Evaluation Criteria
Review 

9
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Step 2- Problem definition

 Problems 

➢ High accident rate on 1A rout 

➢ Low level of service for through traffic 

 Objective

➢ Reduce the high accident rate on this road

➢ Improve the level of service for through traffic by 
increasing the average speed on the relocated 
highway.

11 

Case study  : Planning the relocation of a rural road 

Basic Elements of Transportation Planning

Step 2- Problem definition

 Quantifying criteria 

1. Accident rate

2. Travel time

3. Construction cost 

4. Changes in noise levels and air 
quality 

5. Number of businesses and 
residences that would be 
displaced 

12 

Case study  : Planning the relocation of a rural road 

11
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Basic Issues in Evaluation 

13 

Measures of Effectiveness

Evaluation approaches 

13
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Evaluation Approaches

❑ Measures of Effectiveness (MOEs) are quantitative or qualitative indicators used to evaluate 

and compare transportation alternatives in a systematic manner.

❑ MOEs provide a means to quantify how well each alternative satisfies the defined project 

objectives, thereby linking planning goals to decision-making.

❑ Based on the nature of the criteria and available data, transportation evaluation is 

commonly conducted using two main approaches:

• Common Unit Approach  

• Evaluation Based on Multiple Criteria: 

❑ Emphasis: The selection of an evaluation approach depends on project objectives, data 

availability, and the need to balance economic efficiency with non-monetary considerations.

Evaluation Approaches
Common Unit Approach

15
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Approach One: Common Unit Approach

❑ The Common Unit Approach evaluates transportation alternatives 

by converting all measures of effectiveness (MOEs) into a single 

common unit, most commonly monetary value.

❑ This conversion allows for direct economic comparison among 

competing alternatives by expressing diverse impacts—such as 

travel time, safety, and operating costs—on a common basis.

Procedure of the Common Unit Approach

❑ Step 1: Identify all relevant measures of effectiveness (MOEs) associated 

with project objectives.

❑ Step 2: Convert each MOE into a monetary equivalent, using appropriate 

unit values

(e.g., value of time in $/hour, cost per accident avoided).

❑ Step 3: Compute the total monetary value of benefits and costs for each 

alternative over the analysis period.

❑ Step 4: Compare alternatives using Net Benefits or the Benefit–Cost Ratio 

(BCR) to identify the economically preferred option.

17
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Example 

You are part of a transportation planning team tasked 

with evaluating five relocation alternatives for a rural road 

project. 

The following table summarizes key performance criteria 

for each alternative, including travel time, accident factor, 

construction cost, and social/environmental impacts.

Your Task:

Using the Common Unit Approach, evaluate and 

recommend the most cost-effective alternative based on 

the following:

Assumptions (Unit Costs):

•Value of accident reduction = $700,000 per unit 

decrease

•Value per displaced residence = $200,000

•Construction costs as provided in millions of dollars

Question:

Which alternative provides the highest incremental 

benefit cost ration an economic point of view?

Support your answer with cost-benefit calculations using 

the provided data.

Criteria
Alternative 

0

Alternative 

1

Alternative 

2

Alternative 

3

Alternative 

4

Accident 

factor
4.0 1.2 3.5 2.5 0.6

Construction 

cost
0.00 1.50 1.58 1.18 1.54

Residences 

displaced
0 0 7 3 0

Example : Alternative 1 vs. 0 

Step 1: Select Key Criteria for Monetization

• Accident reduction

• Construction cost

• Residences displaced

Criteria Alternative 0 Alternative 1 Alternative 2 Alternative 3 Alternative 4

Accident factor 4.0 1.2 3.5 2.5 0.6

Construction 

cost
0.00 1.50 1.58 1.18 1.54

Residences 

displaced
0 0 7 3 0

23
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Step 2: Assign Unit Costs

Impact Unit Cost

Accident factor $700,000 per accident avoided

Residences displaced $200,000 per house

Construction cost As given ($ million)

Criteria Alternative 0 Alternative 1 Alternative 2 Alternative 3 Alternative 4

Accident 

factor
4.0 1.2 3.5 2.5 0.6

Construction 

cost
0.00 1.50 1.58 1.18 1.54

Residences 

displaced
0 0 7 3 0

Step 3: Convert to Monetary Terms :

❑ Accident Reduction – Monetary Benefits

❑ Given

• Baseline accident factor (Alternative 0) = 4.0

• Unit value = $700,000 per unit reduction

❑ Formula

• Accident Benefit = (4.0 − Accident Factor) × 700,000
Alternative

Accident 

Factor

Reduction from 

Baseline
Monetary Benefit ($)

0 4.0 0.0 0

1 1.2 2.8 1,960,000

2 3.5 0.5 350,000

3 2.5 1.5 1,050,000

4 0.6 3.4 2,380,000

25
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Step 3: Convert to Monetary Terms :

❑  Construction Cost – Monetary Costs

❑ Given : Construction cost provided in $ million

❑ Formula : Construction Cost ($) = Cost ($ million) × 1,000,000

Alternative
Construction Cost ($ 

million)
Monetary Cost ($)

0 0.00 0

1 1.50 1,500,000

2 1.58 1,580,000

3 1.18 1,180,000

4 1.54 1,540,000

Step 3: Convert to Monetary Terms :

❑  Residence Displacement – Monetary Costs

❑ Given :  Unit value = $200,000 per displaced residence

❑ Formula Displacement Cost = No. of Residences × 200,000

Alternative Residences Displaced Monetary Cost ($)

0 0 0

1 0 0

2 7 1,400,000

3 3 600,000

4 0 0

27
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Step4 : Total Benefits and Total Costs

❑ Definition

• Total Benefit ($) = Accident‐reduction benefit

• Total Cost ($) = Construction cost + Residence displacement cost

• Baseline: Alternative 0 (Do-Nothing

Alternative Total Cost ($)
Total Benefit 

($)

0 $0 $0

1 $1,500,000 $1,960,000

4 $1,540,000 $2,380,000

3 $1,780,000 $1,050,000

2 $2,980,000 $350,000

Incremental B/C Analysis Table

Alternative Total Cost ($)
Total Benefit 

($)
Δ Cost ($) Δ Benefit ($)

Incremental 

B/C Ratio

0 $0 $0 — — —

1 $1,500,000 $1,960,000 1,500,000 1,960,000 1.31

4 $1,540,000 $2,380,000 40,000 420,000 10.50

3 $1,780,000 $1,050,000 240,000 –1,330,000 –5.54

2 $2,980,000 $350,000 1,200,000 –700,000 –0.58

29
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Limitations of Economic Evaluation Methods

• Difficulties in Monetization

Converting all criteria (e.g., safety, environmental quality) into dollar values is 

often complex and subjective.

• Interest Rate & Service Life Assumptions

Selecting appropriate values for interest rate and service life can significantly 

affect results and vary by context.

• Incomplete Cost Accounting

Important external costs, such as air pollution, traffic noise, and congestion impacts, are 

frequently excluded or underestimated, resulting in an incomplete representation of total 

societal costs

Evaluation Approaches
Evaluation Based on Multiple Criteria 

31
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Evaluation Based on Multiple Criteria – Definition

❑ Evaluation based on multiple criteria is a structured decision-making 

approach that:

• Considers multiple performance indicators simultaneously

(e.g., cost, safety, environmental impact, social equity).

• Integrates both quantitative and qualitative measures, allowing a more comprehensive 

assessment of transportation alternatives.

❑ Enables comparison among project alternatives even when impacts cannot 

be reliably converted into monetary terms.

Types of Measures

❑ Quantitative Measures

• Numerically defined and directly measurable

• Examples: Travel time savings,   Number of passengers,   Accident rates

❑ Qualitative Measures

• Descriptive or judgment-based indicators

• Not always expressible in numerical form

• Examples: User satisfaction, Public acceptance,  Visual impact

33
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Evaluation Based on Multiple Criteria 

Evaluation based on multiple criteria can be applied at different stages of 

the transportation project lifecycle, as follows:

 Before Construction

1.Rating and Ranking

2.Cost-Effectiveness

 After Construction (Finished Projects)

1.Evaluation of completed projects

2.Evaluating effects of transportation on social and natural systems

Evaluation Based on Multiple Criteria 
Rating and Ranking method 

35
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Rating and Ranking

• Converts each measure of effectiveness (MOE) to a numerical score

• If a project performs well on a criterion → assign a high score

• If a project performs poorly → assign a low score

• Useful when impacts are non-monetary or difficult to price

Rating and Ranking Method Steps 

❑ Step 1 : Identify the goals and objectives of the project 

❑ Step 2. Determine the relative weight for each objective 

❑ Step 3. Define an appropriate measure of effectiveness for each objective 

❑ Step 4 . Develop the alternatives that will be tested. 

❑ Step 5. Determine the value of each measure of effectiveness for the selected 

alternatives 

❑ Step 6. Compute a score and ranking for each alternative 

37
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Rating and Ranking method 

39 

Example 13.2 

Example 13.2

 A transportation agency is considering the construction of a light-rail transit 
line from the center of town to a growing suburban region.

 The transit agency wishes to examine five alternative alignments 

➢ I

➢ II

➢ III

➢ IV

➢ V

40 
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Rating and Ranking method 
Step 1: Identify the Goals and Objectives of the Project

Step 1: Identify the Goals and Objectives of the Project

 This step establishes what the project is intended to achieve and provides the foundation 
for all subsequent evaluation steps.

 Objectives translate goals into specific, measurable targets that can be evaluated using 
defined criteria.

41
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Step 1 : Identify the goals and objectives of the project

No. Objective 

1
Net revenue generated by fares should be as large as possible with respect to the 

capital investment

2 Ridership on the transit line should be maximized. 

3 Service on the system should be comfortable and convenient

4
The transit line should extend as far as possible to promote development and 

accessibility

5
The transit line should divert as many auto users as possible during the peak hour 

in order to reduce highway congestion 

43 

Rating and Ranking method 
Step 2. Determine the relative weight for each objective 
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Step 2. Determine the relative weight for each objective 

 This step assigns relative importance to each project objective, reflecting how much each 
objective should influence the final decision.

 Weighting recognizes that not all objectives are equally important; some objectives may 
carry more significance due to policy priorities, stakeholder concerns, or project context.

 Determining relative weights involves subjective judgment by the evaluation group and 
may vary among:

➢ Individuals

➢Stakeholder groups

➢ Institutional and political interests

45 

Step 2. Determine the relative weight for each objective 

 Approach 1: Allocate Weights on a 100-Point Scale

➢A total of 100 points is distributed among all objectives.

➢Objectives considered more important receive more points.

➢The sum of all weights equals 100.

 Advantages:

➢Simple and intuitive

➢Easy to explain and interpret

➢Commonly used in practice and teaching

➢  This approach directly reflects decision-maker priorities.

Relative Weight Approaches

45
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Step 2. Determine the relative weight for each objective 

 Using the 100-point scale approach, a total of 100 points is 
distributed among the objectives based on their relative 
importance.

No. Objective Allocated Weight (Points) Weight (%)

1
Net revenue generated by fares 

relative to capital investment
30 30%

2
Maximize ridership on the transit 

line
25 25%

3
Provide comfortable and 

convenient service
15 15%

4
Extend the transit line to promote 

development and accessibility
15 15%

5
Divert auto users to reduce 

peak-hour congestion
15 15%

Total 100 100%

Step 2. Determine the relative weight for each objective 

 Approach 2: Ranking with Proportional Weights

➢Objectives are first ranked in order of importance
(most important → least important).

 A formula of proportionality is then applied to convert ranks into relative weights.

➢Higher-ranked objectives receive larger weights.

 Advantages:

➢Useful when exact weight values are difficult to assign

➢Reduces complexity by starting with simple ranking

➢Provides a systematic way to derive weights

  This approach emphasizes relative importance rather than absolute values.

Relative Weight Approaches

47

48



4/30/2026

23

Step 2. Determine the relative weight for each objective 

49 

No. (j) Objective Rank Relative 

Weight 

(Wj)

Weighting 

Factor (Kj) X 100

1 Net revenue generated by fares should be as large 

as possible with respect to the capital investment

1 5 30%

2 Ridership on the transit line should be maximized. 2 4 24%

3 Service on the system should be comfortable and 

convenient

3 3 17%

4 The transit line should extend as far as possible to 

promote development and accessibility

3 3 17%

5 The transit line should divert as many auto users as 

possible during the peak hour in order to reduce 

highway congestion 

4 2 12%

Total 17 100

Rating and Ranking method 
Step 3. Define an appropriate measure of effectiveness for 
each objective 

49
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Step 3: Define an Appropriate Measure of Effectiveness (MOE) for 

Each Objective

❑ This step translates each project objective into a measurable indicator, known as a Measure of 
Effectiveness (MOE).

❑ MOEs specify how performance will be evaluated, providing a direct link between objectives and the 
scoring process used later in the analysis.

❑ An appropriate MOE should:

• Clearly represent the intended objective

• Be measurable or assessable using available data

• Allow comparison among alternatives

• Have a clear direction of preference (higher or lower is better)

❑ Measures of effectiveness can be:

• Quantitative (numerical and directly measured), such as travel time, ridership, or cost

• Qualitative (descriptive or judgment-based), such as comfort, convenience, or visual impac

Step 3. Define an appropriate measure of effectiveness for each 
objective 

No. Objective

Measure of Effectiveness 
Relationship    

1
Net revenue generated by fares 

should be as large as possible with 

respect to the capital investment

Net annual revenue divided by 

annual capital cost 

Direct (Higher is better)

2
Ridership on the transit line should 

be maximized. 
Total daily ridership 

Direct (Higher is better)

3
Service on the system should be 

comfortable and convenient

Percent of riders seated during the 

peak hour 

Direct (Higher is better)

4
The transit line should extend as far 

as possible to promote development 

and accessibility

Length of line (mi)

Direct (Higher is better)

5
The transit line should divert as 

many auto users as possible during 

the peak hour in order to reduce 

highway congestion 

Number (or percent) of auto users 

diverted during peak hour

Direct (Higher is better)

52 
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Rating and Ranking method 
Step 4 . Develop the alternatives that will be tested. 

Step 4 . Develop the alternatives that will be tested. 

 The transit agency wishes to examine five alternative alignments, 

➢  I, II, III, IV, V

 Each of which has advantages and disadvantages in terms of cost, ridership, and service 
provided.

 The alternatives differ in 

➢Length of the line,

➢Location, types of vehicles used

➢Seating arrangements

➢  Operating speeds

➢Numbers of stops.

54 
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Rating and Ranking method 
Step 5. Determine the value of each measure of 
effectiveness for the selected alternatives 

Step 5: Determine the Value of Each Measure of Effectiveness (MOE)

❑ What does this step really do?

• After defining the MOEs (Step 3), we now determine how well each alternative performs for every MOE.

• However, MOEs are measured in different units:

• passengers/day,  miles, percentages emissions, noise, delay, etc.

• These raw values cannot be compared directly.

❑ Therefore, Step 5 does two things:

• Records the actual MOE values for each alternative

• Standardizes these values so they are: 

• Dimensionless, Comparable,  Consistent with “better” performance logic

❑ This standardization depends on whether the MOE has a direct or indirect relationship with 

performance.
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Direct Relationship (Higher Is Better)

❑ When is this used?  Use a direct relationship 

❑ when:  Larger values indicate better performance

❑ Common examples :  Total ridership, Capacity, Safety score, Revenue, Service quality indicators

❑ Standardization Formula (Direct)

❑ Normalized Value𝑖 =
Value of alternative 𝑖

Maximum value among all alternatives
× Weight

❑ How to interpret this

• The best alternative (maximum value) gets a score of 100% × weight

• Other alternatives receive a fraction of the best

• Scores range between 0 and the assigned weight

• This preserves the idea: More is better

Example 

❑ Measure of Effectiveness: Total Daily Ridership

❑ Relationship: Direct (Higher values indicate better performance)

❑ Assigned Weight: 0.40 (40%)

❑ Normalized Score𝑖 =
Value of alternative 𝑖

Maximum value among all alternatives
× Weight

57
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Indirect Relationship (Lower Is Better)

❑ When is this used?

• Use an indirect relationship when:

• Smaller values indicate better performance

❑ Common examples:  Pollution, Noise, Delay, Cost, Accidents

❑ Standardization Formula (Indirect)

• Normalized Value𝑖 =
Minimum value among all alternatives

Value of alternative 𝑖
× Weight

❑ How to interpret this

• The best alternative (minimum value) gets a score of 100% × weight

• Higher (worse) values produce smaller scores

• Scores again range between 0 and the assigned weight

•  This preserves the idea: Less is better.

Example 

❑ Measure of Effectiveness (MOE): Pollution Level

❑ Decision Rule: Lower pollution → better performance

❑ Assigned Weight: 0.30 (30%)

❑ Normalized Score𝑖 =
Minimum pollution value among all alternatives

Pollution value of alternative 𝑖
× Weight

59
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Step 5. Determine the value of each measure of effectiveness for the selected 
alternatives 

61 

No. Objective Measure of 

Effectiveness 
Alternatives 

I II III IV V

1

Net revenue generated by fares should be 

as large as possible with respect to the 

capital investment

Net annual revenue 

divided by annual capital 

cost 

(Annual return on 

investment (%))

13 14 11 13.5 15

2 Ridership on the transit line should be 

maximized. 

Total daily ridership 

(1000s )
25 23 20 18 17

3
Service on the system should be 

comfortable and convenient

Percent of riders seated 

during the peak hour 

(%)

25 35 40 50 50

4 The transit line should extend as far as 

possible to promote development and 

accessibility

Length of line

 (mi) 8 7 6 5 5

5 The transit line should divert as many auto 

users as possible during the peak hour in 

order to reduce highway congestion 

Auto drivers diverted 

(1000s) 3.5 3 2 1.5 1.5

Step 5. Determine the value of each measure of effectiveness for the selected 
alternatives 

62 

No. Weighting Factor 

(Kj) X 100

Measure of 

Effectiveness 

Relationship    Alternatives 

I II III IV V

1 30% Net annual revenue 

divided by annual 

capital cost 

(Annual return on 

investment (%))

Direct (Higher is better)

13 14 11 13.5 15

2 24% Total daily ridership 

(1000s )

Direct (Higher is better)
25 23 20 18 17

3 17% Percent of riders seated 

during the peak hour 

(%)

Direct (Higher is better)

25 35 40 50 50

4 17% Length of line

 (mi)

Direct (Higher is better)
8 7 6 5 5

5 12% Auto drivers diverted 

(1000s)

Direct (Higher is better)
3.5 3 2 1.5 1.5
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Step 5. Determine the value of each

 Measure of Effectiveness (MOE): Net annual revenue ÷ annual capital cost

 Relationship: Direct (Higher is better)

 Weight ( 𝐾1): 30% = 0.30

 The maximum MOE value among all alternatives is 15% (Alternative V).

 The normalized score for each alternative is calculated
 using: 

Normalized Score𝑖 =
MOE value of alternative 𝑖

15
× 0.30

 Results:

➢ Alternative I: 
13

15
× 0.30 = 0.26

➢ Alternative II: 
14

15
× 0.30 = 0.28

➢ Alternative III: 
11

15
× 0.30 = 0.22

➢ Alternative IV: 
13.5

15
× 0.30 = 0.27

➢ Alternative V: 
15

15
× 0.30 = 0.30

Objective #1:

Step 5. Determine the value of each

 Measure of Effectiveness (MOE): Total daily ridership (×1000 passengers)

 Relationship: Direct (Higher is better)

 Weight ( 𝐾2): 24% = 0.24

 The maximum ridership value among all alternatives is 25 (Alternative I).

 The normalized score for each alternative is calculated using:

 Normalized Score𝑖 =
Ridership of alternative 𝑖

25
× 0.24

 Results:

 Alternative I: 
25

25
× 0.24 = 0.24

 Alternative II: 
23

25
× 0.24 = 0.22

 Alternative III: 
20

25
× 0.24 = 0.19

 Alternative IV: 
18

25
× 0.24 = 0.17

 Alternative V: 
17

25
× 0.24 = 0.16

Objective #2:
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Step 5. Determine the value of each

Objective Weight Alt I Alt II Alt III Alt IV Alt V
1. Net 

annual 

revenue ÷ 

annual 

capital cost

0.30 0.26 0.28 0.22 0.27 0.30

2. Total daily 

ridership 

(1000s)

0.24 0.24 0.22 0.19 0.17 0.16

3. Percent of 

riders seated 

(peak hour)

0.17 0.09 0.12 0.14 0.17 0.17

4. Length of 

line (mi)
0.17 0.17 0.15 0.13 0.11 0.11

5. Auto 

drivers 

diverted 

(1000s)

0.12 0.12 0.10 0.07 0.05 0.05

Step 5. Determine the value of each

Objective Weight Alt I Alt II Alt III Alt IV Alt V

1. Net annual 

revenue ÷ 

annual capital 

cost

30 26 28 22 27 30

2. Total daily 

ridership 

(1000s)
24 24 22 19 17 16

3. Percent of 

riders seated 

(peak hour)
17 9 12 14 17 17

4. Length of line 

(mi)
17 17 15 13 11 11

5. Auto drivers 

diverted 

(1000s)
12 12 10 7 5 5
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Rating and Ranking method 
Step 6. Compute a score and ranking for each alternative 

Step 6. Compute a score and ranking for each alternative 

 The score for each alternative is computed by considering each measure of 
effectiveness and awarding the maximum score to the alternative with the 
highest value and a proportionate amount to the other alternatives. 

68 
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Step 5. Determine the value of each

Objective Weight Alt I Alt II Alt III Alt IV Alt V
1. Net annual 

revenue ÷ 

annual capital 

cost

30 26 28 22 27 30

2. Total daily 

ridership 

(1000s)
24 24 22 19 17 16

3. Percent of 

riders seated 

(peak hour)
17 9 12 14 17 17

4. Length of line 

(mi) 17 17 15 13 11 11

5. Auto drivers 

diverted 

(1000s)
12 12 10 7 5 5

Total 100% 88% 87% 75% 77% 79%

Evaluation Based on Multiple Criteria 
Cost Effectiveness method 
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Cost-Effectiveness Analysis

❑ A form of economic evaluation that compares the relative costs and the levels of 
effectiveness of different project alternatives.

❑ Focuses simultaneously on:

• Cost (investment, operating, or social costs), and

• Effectiveness (the degree to which objectives are achieved)

❑ Unlike cost–benefit analysis, cost-effectiveness analysis:

• Does not require monetizing all benefits, and

• Does not yield a single “optimal” solution, but instead presents trade-offs among alternatives.

❑ Key Benefits

• Provides a deeper and more transparent understanding of how each alternative performs relative to 
its cost.

Example 13.3

 Five alternative system plans are being considered for a major 
metropolitan area. 

➢Plan A : Retains the status quo with no major improvements

➢Plan B :  An all-rail system

➢Plan C : All highways system

➢Plan D : A mix of rail transit and highways 

➢Plan E : A mix of express buses and highways

73 
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B. Evaluation Based on Multiple Criteria 

 Objective (Plans are intended to provide)

1. Added capacity

2. Improved levels of service

3. Reductions in travel time during peak hours.

 Measure of effectiveness 

1. Persons and Businesses displaced

2. Annual total fatal accidents and  personal injuries 

3. Annual transit passengers

4. Average door-to-door auto trip speed (mi/h)

5. Daily emissions of carbon monoxide (tons)

74 

Example 13.3

B. Evaluation Based on Multiple Criteria 

75 

Example 13.3 

- Solution

Adapted from Alternative 

Multimodal Passenger 

Transportation Systems, NCHRP 

Report 146,

Transportation Research Board, 

National Research Council, 

Washington, D.C., 1973 
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B. Evaluation Based on Multiple Criteria 

 B/C analysis 

76 

Example 13.3 - Solution

Example 13.3 - Solution

• Alternative A:

• Most cost-effective

• Delivers high benefit for the lowest 
cost

• Alternative B:

• Slight improvement in effectiveness, 
but with a much higher cost

• Alternatives C, D, and E:

• Offer increased effectiveness, but at 
disproportionately higher costs

• Diminishing returns: More money is 
spent for relatively smaller gains

77 

Key Insights:
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Example 13.3 - Solution

• Alternative B

• Delivers the highest number of passengers (~162 
million)

• Causes minimal business displacement (~20)

• Most favorable trade-off

• Alternative A

• Slightly fewer passengers than B

• Also has very low business displacement

• A strong, low-impact option

• Alternatives C, D, and E

• Carry only slightly more passengers than A or B

• Cause significantly more displacement (C: ~180, D: 
~160, E: ~200 businesses)

78 

Key Insights:

Example 13.3 - Solution

• Alternative A

• Lowest cost and highest emissions (~205 tons)

• Baseline option with minimal investment

• Alternative B

• Moderate cost (~$60M)

• Slight reduction in emissions compared to A (~200 tons)

•  Limited environmental benefit for added cost

• Alternative C

• Significant cost increase (~$105M)

• Noticeable reduction in emissions (~193 tons)

•  May be justified for pollution reduction goals

• Alternatives D & E

• Highest costs (over $120M)

• Minimal additional improvement over C

•  Exhibit diminishing returns

79 

Key Insights:
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Evaluation Based on Multiple Criteria 
Evaluation of Completed Projects

Post-Evaluation of Transportation Projects

• Conducted after project implementation to assess actual outcomes

Objectives:

• Evaluate how effective the project has been in achieving its objectives

• Identify lessons learned to guide future projects

• Recommend changes to improve ongoing outcomes

• Decide whether the project should be continued or abandoned

Relation to Experimental Design:

• Similar to medical trials:

• Compare a control group (no intervention) and an experimental group (with project intervention)

• Measure differences before and after for both groups

• The net difference is attributed to the impact of the project
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82 

Example 13.4 

Evaluation of Completed Projects

Evaluation of Completed Projects

83 

Example 13.4 

 A transit authority wishes to evaluate the 
effectiveness of new bus shelters on 
transit ridership as well as acceptance by 
the community. 

 A series of new shelters was built along 
one bus route but not on the other lines. 

 Do the shelters affect ridership?
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Evaluation of Completed Projects

84 

Example 13.4 – Solution 

Evaluation of Completed Projects

85 

Example 13.5 
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Evaluation of Completed Projects

 Compare the effectiveness of rail and bus based on the 
experience with

➢  A rail transit line serving downtown Philadelphia and a suburb of New Jersey 

❖ known as the Lindenwold Line, 

❖ Serves 12 stations with 24-hour service per day, 

➢ An express bus line connecting downtown Washington, D.C., with the Virginia 
suburbs.

❖ known as the Shirley Highway, 

❖ Extends for 11 miles, with no stations along the way and with bus service provided on 
exclusive lanes only during the peak hour. 

 Determine the relative effectiveness 

86 

Example 13.5 

Evaluation of Completed Projects

 A comparative analysis of each project was made after they had been in 
operation for several years was performed 

 Measures of effectiveness were considered from the viewpoint of

➢ The passenger

➢The operator 

➢The community 

 A detailed evaluation for each parameter was prepared that both

➢ Described how each system performed

➢Discussed its advantages and disadvantages.

87 

Example 13.5 – Solution 
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Evaluation of Completed Projects

 A summary of the comparative evaluations of the two systems is shown in Table 13.11 
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Example 13.5 – Solution 

Evaluation Based on Multiple Criteria 
Evaluating Effects of Transportation on Social and Natural 
Systems
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Evaluating Effects of Transportation on Social and Natural Systems

• Transportation projects impact both social systems (communities, lifestyles) and natural systems 

(environmental resources)

• Evaluation must go beyond cost and ridership metrics to consider broader implications

Key Areas of Evaluation:

• Social Impacts:

• Displacement of residents or businesses, Equity of access across different population groups, Changes in land use 

or neighborhood cohesion

• Natural System Impacts:

• Air and water pollution,  Habitat fragmentation or loss,  Noise and visual intrusion

❑ Purpose: To ensure that transportation decisions promote sustainable development, minimize negative 

impacts, and enhance community well-being

Steps for Evaluating Effects of Transportation on Social and Natural Systems

 Step 1: Assess the Need for the Project. 

➢Addresses the question:  Why do it at all?

❖ That is, how does the proposed project advance the stated goals and objectives 

❖ Does the project represent the best use of funds when compared with other options?

 Step 2: Conduct a Feasibility Analysis of the Alternatives. 

➢ Addresses the question : Why do it this way? 

❖ That is, has the project been demonstrated to be a feasible one from an engineering perspective?

❖  What are the costs involved in the project? 

❖ Are there other methods or approaches that could achieve a similar result at a lower cost in time and money? 
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Steps for Evaluating Effects of Transportation on Social and Natural Systems

Step 3: Analyze the Impact of the Project. 

➢ Addresses the question: If the project is feasible, what will be its impact on affected groups? 

 Affected groups include

1. The users of the transportation improvement

2.  The community

3. Other stakeholders who will be impacted by the construction of the project.

  These effects are categorized into three major effects.

A. Transportation system effects

B. Social and economic effects

C. Natural systems effects
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Steps for Evaluating Effects of Transportation on Social and Natural Systems

 Step 3 (a): Transportation System Effects. 

➢These are effects experienced by the travelers who use the transportation facility,

❖  such as motorists, transit riders, and commercial vehicles. 

➢They comprise the following elements.

❖ Changes in travel time

❖ Changes in safety

❖ Changes in vehicle operating costs
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Steps for Evaluating Effects of Transportation on Social and Natural Systems

 Step 3 (b): Social and Economic Effects. 

➢These are analyzed to determine the impact that a transportation project could have on the community and 
its residents.

➢  These studies are also conducted to meet federal and state requirements regarding environmental impact, 
civil rights, and environmental justice. 

➢They comprise the following elements:

❖ Accessibility

❖ Community cohesion

❖ Economic development

❖ Traffic noise

❖ Visual quality

❖ Property values
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Steps for Evaluating Effects of Transportation on Social and Natural Systems

 Step 3 (c): Natural Systems Effects. 

➢These refer to those impacts of transportation projects that are related to the environment within which the 
project will be located.

 Among the natural elements that may be affected are

➢Air and water quality

➢Endangered species

➢Wildlife

➢Greenhouse gas emissions

➢Archeological sites

➢Energy conservation

➢Areas of cultural or historic significance
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Is the Evaluation of Transportation 
Projects Important ? 
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Is the Evaluation of Transportation Projects Important?

In the Context of Jordan’s Infrastructure Development

• Limited national budget requires making well-informed investment decisions

• Evaluation ensures that projects like the BRT (Bus Rapid Transit) and Desert Highway 

upgrades deliver maximum public benefit

• Helps identify economic, social, and environmental trade-offs before construction
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Examples of Transportation Project Evaluation in Jordan

1. Amman BRT System

• Objective: Improve urban mobility and reduce congestion

• Estimated Cost: ~$166 million JOD

2. Desert Highway Rehabilitation (Amman–Aqaba)

• Objective: Enhance safety and regional trade flow

• Estimated Cost: ~$230 million JOD(funded with USAID and Gulf grants)

3. Queen Alia International Airport Access Road Upgrades

• Objective: Improve airport connectivity and reduce delays

• Estimated Cost: ~$60 million JOD

Is the Evaluation of Transportation Projects Important ? 

 Amman Bus Rapid Transit

➢ is a 166 million (JD) under-
construction bus rapid 
transit transportation system 
in Amman, Jordan
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آراء مغايرة ؟“
المختص في هندسة الطرق والمرور في جامعة العلوم التطبيقية، شاكر“

طول مسار . "همحادين، ينتقد الكلفة العالية للمشروع ومتطلباته، ويشكك في جدوا
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الزمني للرحلة طويل
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6.1 | Urban mass transit systems Definitions And 
Classification

Module | 6 | Urban Mass transit

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning

Major Topics To Be Covered

Topics
No. of 

Weeks
Contact hours*

1. Introduction to transportation systems 1/3 1

2. Transportation planning 1 3

3. Demand forecasting using 4 steps modeling 4 12

4. Engineering economy in transportation 3 9

5. Evaluation of transportation alternatives 2 6

6. Urban mass transit systems 3 2/3 11

7. Airports 1 3

Total 15 45
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Overview  

Introduction to Transport Systems
 Definition: 

❑An organized network that moves people and goods between locations using vehicles, 
infrastructure, and operations.

 Core Elements: 

❑Modes, infrastructure, control systems, and operational policies.

 Purpose:

❑ Enable safe, efficient, and reliable movement to meet economic, social, and 
environmental needs.

 Types: 

❑Passenger transport, freight transport, or combined systems.

 Jordan Example:

❑ National road network, Amman BRT, Aqaba Port, and Queen Alia International Airport.

4 
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Urban Transportation Modes
  Definition:

Various methods used to move people (and sometimes goods) efficiently 
within urban areas

  Key Characteristics:
Designed to provide mobility, accessibility, and connectivity within cities

  Role in Urban Systems:
Support daily travel needs, economic activities, and urban development

  Common Examples:
Buses, private cars, taxis, ride-hailing services, light rail, and metro 
systems

  Importance:
Influence traffic conditions, energy use, environmental impacts, and 
quality of life in cities

5 

Urban Transportation Modes classification  

 Urban transportation modes can be classified according to several bases:

❑By Type of Usage – Private, public, and for-hire (paratransit) services.

❑By Transit Modes – Right-of-way, technology, and service type.

❑By Generic Classes of Transit Modes – Street, semirapid, and rapid transit (most 
important).

 Purpose of Classification:

❑Improve Planning & Operations:
Structure and organize diverse transportation options efficiently

❑Enable Performance Comparison:
Evaluate modes based on cost, capacity, speed, and service quality

❑Support Decision-Making:
Guide policy formulation, infrastructure investment, and system design

6 
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Transport Systems and Classification 

7 

1.Classification by type of Usage 

Classification by Type of Usage — What is it?

 Classification by type of usage means grouping transportation 
modes based on who uses them and how they are accessed.

 In simple terms, it focuses on the user perspective rather than the 
technology or infrastructure.
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Primary Classification of Transport
 Private Transport

❑ Used by individuals or households

❑ Fully controlled by the owner

❑ Examples: cars, motorcycles, bicycles

 Public Transport ( Mass transit)

❑ Open to everyone

❑ Operates on fixed routes and schedules

❑ Shared by many passengers

❑ Examples: buses, metro, trains

 For-Hire / Paratransit

❑ Available on demand or flexible routes

❑ Paid per trip or service

❑More flexible than public transport

❑ Examples: taxis, ride-hailing (Uber), minibuses

9 

For-Hire Urban Passenger Transportation (Paratransit)

 Definition: 

➢ Flexible transport service provided by a driver or company, available 
to anyone who pays a fare, with routes and services adaptable to 
passenger needs

 Demand-Responsive Services:

➢ No fixed routes or schedules

➢ Operate based on passenger requests

➢ High flexibility (door-to-door or shared service)

➢ Examples: Uber, Careem, Dial-a-Ride

 Fixed-Route / Fixed-Schedule Services:

➢ Operate on predefined routes and timetables

➢ Shared, semi-formal transport

➢ Examples: Jitneys, shared minibuses

 Key Characteristics:

➢More flexible than public transport

➢ Intermediate between private and public modes

➢ Often informal or semi-regulated

10 
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Secondary Classification of Transport

 Definition:
Classification based on who shares the vehicle during the trip

 Individual Transport:

➢Vehicle serves one person or a pre-arranged group

➢Offers high privacy and exclusivity

➢Example: Private car

 Group Transport:

➢Vehicle carries multiple unrelated passengers

➢Focus on shared use and higher efficiency

➢Examples: Bus, metro, shared taxi

 Key Insight:

➢Individual transport prioritizes comfort and flexibility

➢Group transport prioritizes capacity and efficiency

12 

Transport Systems and Classification 

13 

Classification by Type of Usage 

12
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Transport Systems and Classification 

14 

Classification by Type of Usage 

Transport Systems and Classification 

15 

2. Classification by transit Modes

14

15



8

Transport Systems and Classification 

 Definition:
Classification of transportation systems based on their operational characteristics, including infrastructure, technology, 
and service type

 Key Idea: Transit modes are classified based on how they operate, not who uses them

Classification is based on three key aspects:

 Right-of-Way (ROW):

➢ The path or corridor where transit vehicles operate

➢ Determines the level of separation from other traffic

➢ Greater separation leads to higher speed, safety, and reliability

 System Technology:

➢ Refers to vehicle and infrastructure features

➢ Includes propulsion type (diesel, electric) and guidance system (road, rail)

➢ Affects system performance, capacity, and cost

 Type of Service:

➢ Describes how the system operates for passengers

➢ Includes service patterns such as local, express, and peak-only services

16 

Classification by Transit Modes 

Transport Systems and Classification 

17 

Classification by transit Modes

A. Right-of-way (ROW) category 

16
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Transit Mode Classification 

 Definition: The travel corridor or pathway (road, track, or lane) where transit 
vehicles operate

 What ROW Represents:

➢The degree of separation between transit vehicles and other traffic

➢A key factor that influences speed, safety, reliability, and system performance

18 

A. Right-of-way (ROW) 

Transit Mode Classification 

 Three ROW Categories:

➢Category C (Mixed Traffic):
Transit operates within general traffic with no separation

➢Category B (Partially Separated):
Transit has some priority or dedicated space, but still interacts with traffic

➢Category A (Fully Separated):
Transit operates on exclusive corridors with no interference

 As We Move from C → A:

➢Increasing separation from other traffic

➢Improved performance (higher speed, capacity, reliability)

➢Increased infrastructure and investment costs

 Key Insight: Greater separation leads to better service quality, but requires higher 
cost

19 

A. Right-of-way (ROW) category 

18
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A. Right-of-way (ROW) category 

 Definition:
Transit operates on surface streets 
shared with general traffic (no 
separation)

 Advantages:

➢ Lowest capital and operating cost

➢ Minimal infrastructure requirements

➢ Low environmental and urban disruption

 Limitations:

➢ Lowest service performance

➢ Travel speed and reliability depend on traffic 
conditions

➢ High susceptibility to congestion and delays

 Possible Improvements:

➢ Marked reserved lanes within roadway

➢ Transit signal priority at intersections

20 

Category C

A. Right-of-way (ROW) category 

 Definition: 

➢ ROW where transit is physically separated from general traffic along 
parts or all of its route

 Separation Methods:

➢ Curbs : Physical raised edges along the roadway.

➢ Barriers : Stronger physical divisions, such as concrete walls, guardrails.

➢ Grade separation : Different transport streams are placed at different 
vertical levels (e.g., overpasses, underpasses).

 Common Uses:

➢ Light Rail Transit (LRT) systems

➢ High Occupancy Vehicle (HOV) lanes

➢ Bus Rapid Transit (BRT) corridors (partially separated)

 Key Feature: Provides better traffic flow than general lanes but 
does not separate public from private vehicles.

21 

Category B

20
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A. Right-of-way (ROW) category 

22 

Category B

Tram in Rotterdam, Netherlands 

Tram in Portland, Oregon 

Bus in transit mall, Denver, Colorado 

A. Right-of-way (ROW) category 

 Also Known As:

➢HOV lane, carpool lane, 
diamond lane, 2+ lane

➢Transit lane (T2 or T3 lanes)

 Definition:

➢A restricted traffic lane 
reserved exclusively for 
vehicles with a driver and 
one or more passengers.

 Common Users:

➢Carpools

➢Vanpools

➢Transit buses

23 

High occupancy vehicle (HOV) lanes

https://en.wikipedia.org/wiki/High-occupancy_vehicle_lane

22

23

https://en.wikipedia.org/wiki/High-occupancy_vehicle_lane
https://en.wikipedia.org/wiki/High-occupancy_vehicle_lane
https://en.wikipedia.org/wiki/High-occupancy_vehicle_lane
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A. Right-of-way (ROW) category 

 Definition:
A fully access-controlled and physically separated ROW, with 
no intersections or interference from other vehicles or 
pedestrians

 Also Referred To As:

➢ Grade-separated ROW ,  Exclusive ROW ,  Private ROW

 Key Characteristics:

➢ Complete separation from all other traffic

➢ Uninterrupted flow (no signals or crossings)

➢ Highest levels of speed, capacity, and reliability

 Typical Forms:

➢ Underground tunnels, Elevated (aerial) structures ,  At-grade exclusive 
corridors (fully protected)

 Key Idea: Category A provides the highest performance and 
service quality, but requires the highest investment cost

24 

Category A 

Transit tunnel in Seattle 

Automated transit in Dubai 

A. Right-of-way (ROW) category 

25 

Category A 
Light rail transit in Los Angeles

Monorail in Seattle 

24
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Feature Category C Category B Category A

Separation from 

Other Traffic

Mixed with general 

traffic

Physically 

separated by 

curbs, barriers, or 

grade separation

Fully access-

controlled, no 

intersections or 

external access

Investment 

Requirement
Low Medium High

Cost Lowest Moderate Highest

Service 

Performance

Lowest (depends 

on general traffic 

flow)

Moderate

Highest 

(independent from 

traffic)

Preferential 

Treatment

Reserved lanes or 

signals possible

Separation plus 

priority for transit

Exclusive use for 

transit

Impact on General 

Traffic

High (competes for 

space)
Medium

Low (separate 

facility)

26 

A. Right-of-way (ROW) category 

27 

What do you think ? 

26
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A. Right-of-way (ROW) category 

28 

What do you think ? 

Transport Systems and Classification 

29 

2. Classification by transit Modes

B. System technology 

28
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Transit Mode Classification 

 Definition: Refers to the mechanical and operational characteristics of transit vehicles and their 
infrastructure

 Four Key Features:

 Support:

➢Method by which the vehicle is physically supported and carried

➢ Examples: wheels on rails, rubber tires on pavement, magnetic levitation

 Guidance:

➢Means of directing vehicle movement along a defined path

➢ Examples: rails, guided busways, automated steering systems

 Propulsion:

➢ Type of power source and traction method

➢ Examples: electric motors, internal combustion engines, cable-driven systems

 Control:

➢ System used to manage and regulate vehicle movement

➢ Examples: signaling systems, automated train control, driver operation

30 

B. System technology 

B. System technology 

 Definition:

➢The physical interface between the vehicle and the surface that supports and carries it

➢Transfers vehicle weight and traction forces

➢Determines how the vehicle is physically sustained and stabilized

 Support Types:

➢Common Systems:

❖ Rubber tires on pavement (e.g., buses, cars)

❖ Steel wheels on steel rails (e.g., trains, trams)

➢Alternative Systems:

❖ Water support (boats, hydrofoils)

❖ Air cushion systems (hovercraft)

❖ Magnetic levitation (maglev trains)

31 

Support

30
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32 

Rubber tire

https://en.wikipedia.org/wiki/Maglev

https://www.jett.com.jo/en

Steel wheel on steel rail

https://www.youtube.com/watch?v=lrZFN9zBi8U

Magnetic levitation

Hovercraft

https://en.wikipedia.org/wiki/Maglev

https://www.bbc.co.uk/news/magazine-34658386

Transport Systems and Classification 

33 

2. Classification by transit Modes

C. Types of Service 

32

33

https://en.wikipedia.org/wiki/Maglev
https://www.jett.com.jo/en
https://www.youtube.com/watch?v=lrZFN9zBi8U
https://www.youtube.com/watch?v=lrZFN9zBi8U
https://www.youtube.com/watch?v=lrZFN9zBi8U
https://www.youtube.com/watch?v=lrZFN9zBi8U
https://www.youtube.com/watch?v=lrZFN9zBi8U
https://en.wikipedia.org/wiki/Maglev
https://www.bbc.co.uk/news/magazine-34658386
https://www.bbc.co.uk/news/magazine-34658386
https://www.bbc.co.uk/news/magazine-34658386
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2. Classification by transit Modes

 Definition:

➢Describes how transit services are operated and provided to passengers

 Classification is based on three main characteristics:

➢Type of Routes and Trips Served:
Defines the pattern of movement (e.g., local, express, regional routes)

➢Stopping Pattern / Operation Type:
Determines how frequently vehicles stop
(e.g., all stops, limited-stop, express service)

➢Time of Operation:
Specifies when the service runs
(e.g., peak hours, off-peak, all-day service)

34 

Types of Service

C. Types of Service Classification 

 Classified into:

 A. Short-Haul Transit:

➢Low- to medium-speed services operating within small, high-density areas

➢Serves locations such as, campuses, airports areas

 B. City Transit (Most Common):

➢Covers entire urban areas with multiple transit lines

➢Operates on any ROW category (C, B, or A)

➢Designed for daily urban travel

 C. Regional Transit:

➢Provides long-distance, high-speed services with fewer stops

➢Connects areas within a metropolitan or regional scale

➢Examples include regional rail and express bus services

35 

1. Types of routes and trips served 

34
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C. Types of Service Classification 

 Classified into:

 A. Local Service:

➢All transit units stop at every station or stop

➢May also stop on demand (as requested by passengers)

➢Provides maximum accessibility but lower speed

 B. Accelerated Service (Skip-Stop):

➢Transit units stop at selected stations only

➢Different vehicles serve different sets of stops

➢Operates on a predefined schedule

➢ Improves travel time while maintaining reasonable coverage

 C. Express Service:

➢Transit units stop only at widely spaced major stations

➢Often runs parallel to local service

➢Serves fewer stops for faster travel over longer distances

36 

2. Stopping schedule or type of operation 

C. Types of Service Classification 

 A. Regular (All-Day) Service:

➢ Operates during most hours of the day

➢ Forms the core public transit network

➢ Provides continuous, reliable service for daily travel

➢ Example: City bus services from early morning to late evening

 B. Commuter (Peak-Hour) Service:

➢ Operates mainly during rush hours (morning and evening)

➢ Designed for work trips to and from major activity centers

➢ Complements regular service but does not replace it

➢ Example: Express buses connecting residential areas to downtown

 C. Special or Irregular Service:

➢ Operates only during specific events or exceptional conditions

➢ Not part of the regular daily schedule

➢ Used to manage temporary or unusual travel demand

➢ Example: Shuttle services for events, festivals, or emergencies

37 

3. by time of operation Classified into: 

36

37
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C. Types of Service Classification (Summary Table)

38 

Basis of Classification Type of Service Definition Examples

1. By Routes / Trips 

Served
Short-haul transit

Low/medium speed service in small 

high-density areas (CBDs, campuses, 

airports)

Campus shuttle, airport people-mover

City transit
Transit serving entire city, may operate 

on any ROW (C, B, A)
Regular city bus, tram

Regional transit
High-speed, long lines with few stops, 

serving regional trips
Regional rail, express buses

2. By Stopping Schedule 

/ Operation
Local service All vehicles stop at all stops as required Local city bus

Accelerated service
Skip-stop operation; successive 

vehicles skip different stops
Some subway lines (e.g., NYC skip-stop trains)

Express service
Stops only at major or widely spaced 

stations; parallels local service
Express buses, commuter rail

3. By Time of Operation Regular / All-day service
Runs during most daily hours; 

backbone service
City buses, metro lines

Commuter (Peak-hour) 

service

Runs only at rush hours; radial to CBD; 

work-oriented
Commuter trains, peak-only express buses

Special / Irregular service
Runs only during special events or 

emergencies
Event shuttles, emergency evacuation buses

Transport Systems and Classification 

39 

4. Classification by generic Classes of Transit 
Modes 

38

39
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Transport Systems and Classification 

 Urban transportation modes and operational concepts can be 
classified according to several different bases include 

➢Classification by type of Usage 

➢Classification by transit Modes

➢Classification by generic Classes of Transit Modes (Most important) 

40 

Classification by Generic Classes of Transit Modes — 
What Is It?

 Definition:
Classification of transit systems into broad functional groups based on their 
overall level of performance, speed, and degree of separation from traffic

 Main Idea:
It groups transport modes into general categories rather than focusing on 
detailed technical features

 Key Idea:
This classification shows the progression from low-performance to high-
performance systems

 Important Note:
It is based mainly (but not only) on Right-of-Way (ROW) and operational 
efficiency

41 

40

41
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Transport Systems and Classification 

 The most important classification of transit modes is into three generic classes 
include

➢A. Street transit (or surface transit) 

➢B. Semirapid transit 

➢C. Rapid transit 

➢D. Specialized Transit 

42 

3. Generic Classes of Transit Modes 

4. Generic Classes of Transit Modes 

 Definition:
Operates on urban streets in mixed traffic (ROW 
Category C) with no physical separation

 Common Modes:

➢Buses: Conventional city buses operating in traffic

➢Trolleybuses: Electric buses powered by overhead wires

➢Streetcars / Trams: Rail vehicles running on city streets

43 

A. Street transit (surface transit) 

42

43
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4. Generic Classes of Transit Modes 

 Key Characteristics:

➢Reliability: Strongly affected by traffic conditions 
(congestion, signals, accidents)

➢Speed: Generally low and variable due to frequent stops 
and traffic interference

➢Flexibility: High route flexibility and easy network 
coverage

➢Capacity: Relatively low compared to higher transit 
classes

 Key Idea:
Street transit offers high accessibility and flexibility, but 
lower speed and efficiency due to operation in mixed 
traffic

44 

A. Street transit (surface transit) 

4. Generic Classes of Transit Modes 

 Definition:
Operates exclusively on fully separated ROW 
(Category A) with no interaction with other traffic

 Examples:

➢Metro / Subway systems

➢High-capacity urban rail (e.g., Dubai Metro)

 Key Features:

➢Very high speed, capacity, and reliability

➢Fully independent of road traffic conditions

➢Uses guided systems (rail or automated rubber-tire)

➢Equipped with advanced signaling and control systems

 Performance:

➢Enables high passenger throughput

➢Provides continuous, uninterrupted service

➢Suitable for major urban corridors with high demand

45 

B. Rapid transit

44

45
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4. Generic Classes of Transit Modes 

 Definition: Transit systems operating mainly on partially separated 
ROW (Category B), with some sections on mixed traffic (C) or fully 
separated ROW (A)

 Examples:

➢ Low-end: Buses or Light Rail Transit (LRT) sharing space with street traffic

➢ High-end: LRT systems with grade separation (tunnels or elevated sections)

 Key Characteristics:

➢ Moderate speed and capacity compared to other classes

➢ Operates with partial priority or dedicated lanes

➢ Reduced interaction with traffic compared to street transit

 Performance Factors:

➢ ROW Separation: Greater separation → higher speed and 
reliability

 Key Advantage:

➢ Provides a balance between flexibility and performance

➢ Combines accessibility of street transit with speed and reliability 
of rapid transit

46 

C. Semirapid transit 

Clarification — Rapid vs. Semirapid Transit

 Misuse of Term:

➢“Rapid transit” is often incorrectly used to 
describe semirapid systems

➢Examples of misuse: some BRT and Light Rail 
(LRT) systems

 Correct Definition:

➢True rapid transit operates with complete 
grade separation (ROW Category A)

➢No interaction with road traffic

 Key Distinction:

➢Semirapid (B): Partial separation → 
moderate speed and reliability

➢Rapid (A): Full separation → highest speed, 
capacity, and reliability

47 

46
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D. Specialized Transit 

 Definition:
A group of transit modes that do not fit into the main street, semirapid, or rapid transit categories, 
and are designed for special operating conditions, technologies, or environments

 Examples (from the table):

➢Cable car,  Cog railway,  Funicular , Aerial tramway (cable lift),  Ferryboat , Hydrofoil

 Key Characteristics:

➢Operate in specific environments (mountains, water, steep slopes, tourist areas)

➢Use special technologies (cables, water propulsion, inclined tracks)

➢Often limited in network coverage

➢ Typically serve specific functions (tourism, crossing barriers, special routes)

 Key Difference from Other Classes:

➢Not classified based on ROW (A, B, C) like other transit

➢ Instead classified by unique operating method or environment

48 

49 

Aerial tramway (cable lift),

https://en.wikipedia.org/wiki/Maglev

Funicular

Cog railway

Cable Car

https://en.wikipedia.org/wiki/Automated_guideway_transit
https://en.wikipedia.org/wiki/Trolleybus https://en.wikipedia.org/wiki/Cable_Car_(cocktail) https://en.wikipedia.org/wiki/Rack_railway

48

49

https://en.wikipedia.org/wiki/Maglev
https://en.wikipedia.org/wiki/Automated_guideway_transit
https://en.wikipedia.org/wiki/Trolleybus
https://en.wikipedia.org/wiki/Cable_Car_(cocktail)
https://en.wikipedia.org/wiki/Rack_railway
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50 

Ferry Automated guideway transit  AGT)

Hydrofoil

https://en.wikipedia.org/wiki/Funicular https://en.wikipedia.org/wiki/Ferry
https://en.wikipedia.org/wiki/Ferry

https://en.wikipedia.org/wiki/Hydrofoil

51 

❑ An overview of transit mode definition, classification, and characteristics 

Comprehensive classification framework for transit modes,

50

51

https://en.wikipedia.org/wiki/Funicular
https://en.wikipedia.org/wiki/Ferry
https://en.wikipedia.org/wiki/Ferry
https://en.wikipedia.org/wiki/Hydrofoil
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Transit System Components 

52 

Transit System Components 

1. Vehicles or Cars

2. Ways, travel ways, or rights-of-way, which may be 

3. Locations and facilities

4. Bus garages or depots and rail yards

5. Control systems

6. Intelligent Transportation System (ITS) 

7. Power supply systems on electrically powered modes 

8. Transit route or transit line 

53 

Physical components of the transit systems are generally classified into the 
following items: 

52

53
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Transit System Components 

 Definition:
Vehicles used to transport passengers, collectively called the fleet (or 
rolling stock in rail systems)

 Key Concepts:

➢Fleet: All vehicles operating in the system

➢Rolling stock: Rail vehicles (trains, metro cars)

 Transit Unit (TU):

➢A group of vehicles operating together

➢Can be: 

❖ Single unit (one bus or rail car)

❖ Multiple coupled vehicles (train set)

54 

1. Vehicles (Cars)

Transit System Components 

 Definition:
The physical paths or corridors on which transit vehicles operate

 Types of ROW:

➢Common streets and roads: Shared with general traffic

➢Reserved lanes: Dedicated lanes (marked but not physically separated)

➢Exclusive lanes: Fully separated from other traffic

➢Transit streets: Priority given mainly to transit vehicles

➢Busways: Fully separated roadways for buses only

55 

2. Ways / Travel Ways / Right-of-Way (ROW)

54

55
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Transit System Components 

 Definition: Locations where transit vehicles stop to pick up and drop 
off passengers, including supporting passenger facilities

Includes:

 1. Stops

➢ Simple points along streets

➢ Basic facilities such as signs, shelters, and benches

➢ Used mainly for bus and street transit systems

 2. Stations

➢ More developed facilities than stops

➢ Intermediate or regular points along a transit line

➢ Used for boarding and alighting passengers during the trip

➢ Located between the origin and destination

➢ Include platforms, ticketing, and passenger services

 3. Terminals

➢ End points of transit routes or lines

➢ Handle large passenger volumes and vehicle turnaround

➢ May include transfer facilities for connecting multiple routes

56 

3. Locations and Facilities

3. Locations and Facilities (Example )

 Terminals (End Points): 

➢Makkah (Haram) Station → starting/ending point of the line

➢Madinah Station → starting/ending point of the line

Stations (Intermediate Stops): 

➢ Jeddah Station

➢King Abdulaziz Airport Station (KAIA)

➢King Abdullah Economic City (KAEC) Station

57 

Haramain Railway – Jeddah)

56
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Transit System Components 

 Definition:
Facilities used for vehicle storage, maintenance, 
and operations support

 Functions:

➢Parking and storage of vehicles when not in service

➢Maintenance and repair (workshops/shops)

➢ Inspection and cleaning before deployment

➢Dispatching vehicles into service

 Types:

➢Bus garages / depots → for buses and road vehicles

➢Rail yards → for trains, metro, and rail vehicles

 Key Idea:
These facilities ensure the availability, reliability, 
and readiness of the fleet

58 

4. Bus Garages / Depots and Rail Yards

Transit System Components 

 Definition:
Systems that monitor, manage, and control transit operations

 Main Functions:

➢Vehicle detection and tracking

➢Communication and signaling between vehicles and control center

➢Traffic management and coordination

➢Safety control and incident response

 Components:

➢Central control centers

➢Communication networks

➢Signaling systems (especially for rail)

 Examples:

➢Metro control rooms

➢Bus fleet monitoring systems (GPS)

59 

5. Control Systems

58
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Transit System Components 

➢Provide energy required for vehicle operation

➢Example: Catenary systems (overhead wires)

➢Mainly used for electric transit modes such as metro, tram, and electric trains

60 

7. Power Supply Systems (Electric Modes):

Transit System Components 

➢A designated path or corridor regularly used by transit vehicles

➢Can follow streets (for buses) or exclusive ROW (for rail systems)

 Terminology:

➢Route: Commonly used for bus systems

➢Line: Commonly used for rail systems or shared corridors

➢Both terms may sometimes be used interchangeably

 Additional Concept:

➢The combination of all routes/lines in a city forms the transit network

61 

8. Transit Route / Transit Line:

60

61
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Transit System Operations, Service , 
and Characteristics 

62 

Transit System Characteristics 

 Definition:
Transit systems are evaluated based on how effectively they serve passengers and 
society, not only by their physical components

Key Characteristics:

 1. System Performance:

➢Measures how well the system operates overall

➢Includes speed, capacity, reliability, and efficiency

➢Indicates the ability to handle passenger demand

 2. Level of Service (LOS):

➢Describes the quality of service experienced by passengers

➢Includes factors such as:   Comfort

❖ Waiting time

❖ Accessibility

❖ Convenience

63 

62

63
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Transit System Characteristics 

 Definition: Transit systems are evaluated based on how effectively they serve passengers and society, not only by their physical components

 Key Characteristics:

 1. System Performance:

➢ Measures how well the system operates overall

➢ Includes speed, capacity, reliability, and efficiency

➢ Indicates the ability to handle passenger demand

 2. Level of Service (LOS):

➢ Describes the quality of service experienced by passengers

➢ Includes factors such as: , Comfort , Waiting time,  Accessibility, Convenience

 3. Impacts:

➢ Effects of the transit system on society and the environment

➢ Includes: Traffic congestion reduction,, Environmental impact (emissions, noise) , Urban development and land use

 4. Costs:

➢ Financial aspects of the system

➢ Includes: Capital cost (infrastructure, vehicles),  Operating and maintenance cost

➢ Important for evaluating economic feasibility

64 

1. System performance 

 A. Service Frequency (f): 

➢Number of transit units (TU) departures per hour

➢Higher frequency → shorter waiting time

➢Improves passenger convenience and accessibility

➢Example:

❖ If f = 6 buses/hour → one bus every 10 minutes

❖ If f = 12 buses/hour → one bus every 5 minutes

❖  Increasing frequency from 6 to 12 → waiting time reduced by 50%

65 

Main Indicators:

64
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1. System performance 

 B. Operating Speed (Vo): 

➢Average speed experienced by passengers along the route

➢Influenced by:

❖ Number of stops

❖ Traffic conditions

❖ Type of Right-of-Way (ROW)

➢Higher speed → shorter travel time

➢Example:

❖ Trip distance = 15 km

❖ Case 1: Speed = 20 km/h → time = 15 ÷ 20 = 45 minutes

❖ Case 2: Speed = 30 km/h → time = 15 ÷ 30 = 30 minutes

❖  Increasing speed saves 15 minutes per trip

66 

Main Indicators:

1. System performance 

 C. Reliability: 

➢Consistency of service relative to the schedule

➢Measured by on-time performance

➢Higher reliability → predictable service

➢Example:

❖ 100 scheduled trips

❖ 90 arrive within ±4 minutes → 90% reliability

❖ Another system: 70/100 on time → 70% reliability

 First system is more dependable for passengers

67 

Main Indicators:

66
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1. System performance 

 D. Safety: 

➢Degree of protection for passengers and property

➢Measured by accidents, injuries, and damage per passenger-km

➢Lower accident rate → higher safety level

➢Example:

❖ System A: 2 accidents per 100 million passenger-km

❖ System B: 0.5 accidents per 100 million passenger-km

❖  System B is 4× safer than System A

68 

Main Indicators:

1. System performance 

 F. Line Capacity (C): 

➢Maximum number of passengers or spaces that transit units (TUs) can carry 
past a point per hour

➢Depends on vehicle size + frequency

➢Example:

❖ Bus capacity = 80 passengers

❖ Frequency = 20 buses/hour

❖ Capacity = 80 × 20 = 1,600 passengers/hour

 Increasing frequency or vehicle size increases total capacity

69 

Main Indicators:

68
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1. System performance 

 G. Productive Capacity (Pc): 

➢Combines speed (Vo) and capacity (C)

➢Formula: Pc = Vo × C

➢Reflects overall system effectiveness (how much it moves and how fast)

➢Example:

❖ System A: 

– Vo = 30 km/h, C = 1,500 passengers/hour

– Pc = 30 × 1,500 = 45,000 passenger-km/hour

❖ System B: 

– Vo = 20 km/h, C = 2,000 passengers/hour

– Pc = 20 × 2,000 = 40,000 passenger-km/hour

❖  System A is more effective despite lower capacity

70 

Main Indicators:

1. System performance 

 H. Productivity: 

➢Output produced per unit of resource

➢Productivity = Output ÷ Input

❖ Output = service provided (e.g., vehicle-km, trips, passengers carried)

❖ Input = resources used (e.g., cost, fuel, labor)

➢Measures system efficiency from the operator perspective

➢Example:

❖ System A: 1,000 trip/day at cost $10,000 → 0.1 trips  per $

❖ System B: 1,500 trip /day at cost $12,000 → 0.125 trips  per $

❖  System B is more productive (more output per cost)

71 

Main Indicators:

70
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1. System performance 

 I. Utilization: 

➢Ratio of used capacity to offered capacity

➢Indicates how efficiently vehicles are filled

➢Example:

❖ Bus capacity = 100 seats

❖ Average passengers = 60 passengers

❖ Utilization = 60 ÷ 100 = 60%

❖ Higher utilization → better use of resources (but too high may reduce comfort)

72 

Main Indicators:

2. Level of Service (LOS)

 Definition:
LOS is the overall measure of service quality experienced by 
passengers

Meaning:
 How good and attractive the transit service is to users

 Key Idea:
Higher LOS → more users choose transit 

Major factors comprising LOS : 

➢Performance elements

➢Service quality (SQ) 

➢Price

73 

Main Indicators:
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2. Level of Service (LOS)

 Includes basic system performance:

➢Operating speed

➢Reliability

➢Safety

 Effect:
Better performance → shorter travel time & more dependable service

 Example:

➢Trip time = 30 min vs. 50 min

➢ Passengers prefer the faster service

74 

Performance Elements

2. Level of Service (LOS)

 Focuses on passenger experience

 Includes:

➢Convenience

➢Ease of use

➢Comfort

 Effect:
Better experience → higher satisfaction

 Example:

➢Direct route + clean, air-conditioned vehicle

➢ More comfortable and attractive service

75 

Service Quality (SQ)

74
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2. Level of Service (LOS)

 Cost paid by passengers (fare)

 Effect:
Lower or reasonable price → more ridership

 Example:

➢Fare = $1 vs. $3
Cheaper option attracts more users

76 

Price

3. Impacts 

 Definition: Impacts are the effects of transit systems on the surrounding area and society

 Key Idea: Impacts can be positive or negative

 Types of Impacts:

 1. Short-Run Impacts (Immediate Effects): 

➢Reduced traffic congestion

➢Changes in air pollution and noise levels

➢Changes in visual quality (aesthetics) along the route

➢Example: New metro line reduces road traffic → less congestion and emissions

 2. Long-Run Impacts (Long-Term Changes): 

➢Changes in land values (increase near stations)

➢Changes in economic activity (more businesses and jobs)

➢Changes in urban form and social environment

➢Example: Areas near stations become commercial centers with higher land prices

77 
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Transit system characteristics

 Definition: Costs represent the money required to build and operate a transit 
system

 Main Categories:

 1. Investment (Capital) Costs

➢Costs for building the system or major upgrades

➢Includes: infrastructure, vehicles, stations, tracks

➢One-time or long-term costs
❖ Example: Construction of a metro line = $2 billion

 2. Operating Costs 

➢Costs for daily operation of the system

➢Includes: fuel, salaries, maintenance, electricity

➢Recurring (paid continuously)

 Example: Daily operation cost = $50,000 per 
78 

4. Costs 

79 

Performance values for generic classes of modes  and for several typical systems
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6.2| Highway Transit 

Module | 6 | Urban Mass transit

Dr. Hamza Mohammad Alkuime 

Transportation Engineering  and Planning

Major Topics To Be Covered

Topics
No. of 

Weeks
Contact hours*

1. Introduction to transportation systems 1/3 1

2. Transportation planning 1 3

3. Demand forecasting using 4 steps modeling 4 12

4. Engineering economy in transportation 3 9

5. Evaluation of transportation alternatives 2 6

6. Urban mass transit systems 3 2/3 11

7. Airports 1 3

Total 15 45

1

2
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Family of Highway Transit Modes

 Highway transit consists of buses operating mostly on urban streets with general traffic

 Buses are rubber-tired, steered vehicles that can have a variety of technical and operational characteristics. 

 Buses are used for virtually all types of services, 

➢ Short-haul to regional

➢ Local to express

➢ All-day or peak-period only

➢ Irregular service 

 Numerous improvements of bus services have been introduced in recent decades

➢  To provide higher performance 

➢  Offer more attractive transit services that can be competitive with autos and reduce street congestion, 

3 

Definitions 

Bus, the vehicle 

4 

3

4
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Bus, the vehicle 

 The bus may be classified based on : 

➢Propulsion Systems                                      OR                               Body Type 

5 
Image source: https://gettozero.com/series-e.php

Image Source: https://info.japanusedbuses.com/content-item/1717-body-types-of-buses

Classification by Propulsion System 

 The majority of buses in are powered by diesel engines.

6 

Diesel Bus

5

6
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Classification by Propulsion System 

 An electrically powered highway 
vehicle

 Receives power through trolley poles 
connected to two overhead wires (+ 
and −)

 Operates using a continuous external 
electric power supply

 The only rubber-tired highway vehicle 
without a self-contained power source 
for regular operation

 Runs on standard roads while drawing 
electricity from overhead lines

 Produces zero local emissions and 
operates quietly

 Requires dedicated overhead wire 
infrastructure, which limits route 
flexibility

7 

Trolleybus 

Trolleybus

8 https://www.youtube.com/watch?v=___JBMR3wT4

7

8

https://www.youtube.com/watch?v=___JBMR3wT4
https://www.youtube.com/watch?v=___JBMR3wT4
https://www.youtube.com/watch?v=___JBMR3wT4
https://www.youtube.com/watch?v=___JBMR3wT4
https://www.youtube.com/watch?v=___JBMR3wT4
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Buses 

 Advantages of Trolleybus

➢Faster and smoother acceleration and deceleration, especially on gradients

➢Produces very low noise and no exhaust emissions

➢More durable and less mechanical wear compared to diesel buses

 Disadvantages of Trolleybus

➢Requires high initial investment and ongoing maintenance (overhead wires)

➢Limited flexibility, restricted to routes with overhead wiring

9 

Trolleybus Vs Diesel bus 

Classification by Propulsion System 

 A bus equipped with both diesel and 
electric traction systems

 Operates as a trolleybus in areas 
with overhead wires (e.g., urban 
corridors or tunnels)

 Switches to diesel mode on routes 
without overhead wiring

 Provides operational flexibility, 
allowing continuous service across 
both electrified and non-electrified 
routes

 Combines the environmental 
benefits of electric power with the 
range and independence of diesel 
operation

10 

Dual-Mode Bus 

A guided dual-mode 

9
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11 

Dual-Mode Bus 

https://www.youtube.com/watch?v=D4mc1WfVf-o

Classification by Propulsion System 

 A bus powered by a combination of an internal combustion 
engine (diesel or gasoline) and electric propulsion

 Includes key components such as an engine, electric 
motor/generator, energy storage system (battery), and 
control/switching system

 Can operate in engine mode, electric mode, or combined 
mode depending on driving conditions

 Reduces fuel consumption and emissions compared to 
conventional diesel buses

 Capable of electric-only operation in urban or 
environmentally sensitive areas

 Provides improved acceleration efficiency through energy 
recovery (regenerative braking)

 Has a higher initial cost than conventional buses

 Requires specialized maintenance due to hybrid system 
complexity

12 

Hybrid Bus

11

12

https://www.youtube.com/watch?v=D4mc1WfVf-o
https://www.youtube.com/watch?v=D4mc1WfVf-o
https://www.youtube.com/watch?v=D4mc1WfVf-o
https://www.youtube.com/watch?v=D4mc1WfVf-o
https://www.youtube.com/watch?v=D4mc1WfVf-o
https://www.youtube.com/watch?v=D4mc1WfVf-o
https://www.youtube.com/watch?v=D4mc1WfVf-o
https://www.youtube.com/watch?v=D4mc1WfVf-o
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Volvo's first Electric Hybrid bus in commercial service

13 https://www.youtube.com/watch?v=Oxwxql5zzOM

Bus, the vehicle 

14 

Classification by Body Type

13

14

https://www.youtube.com/watch?v=Oxwxql5zzOM
https://www.youtube.com/watch?v=Oxwxql5zzOM
https://www.youtube.com/watch?v=Oxwxql5zzOM
https://www.youtube.com/watch?v=Oxwxql5zzOM
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Classification by Body Type

15 

Classification by Body Type – 

 Length: 10–12 m

 Capacity: 35–55 seated passengers (up to 
~85 total)

 The most common bus type for urban and 
regional transport

 Forms the backbone of public bus fleets 
worldwide

 Used on high-demand city routes and main 
corridors

 Suitable for a wide range of urban and 
suburban operations

 Reliable, cost-effective, and highly versatile 
for daily transit service

16 

Standard Bus

15

16
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Classification by Body Type

 Length: 6–7 m

 Capacity: 12–20 seated passengers (up to ~30 
total)

 Primarily used to connect local 
neighborhoods with main transit routes

 Suitable for low-demand areas and narrow 
street operations

 Compact size allows easy maneuverability in 
congested urban environments

 Offers flexibility and cost-effective operation 
for small communities

17 

Minibus

Classification by Body Type – Midibus

 Length: 8–10 m

 Capacity: 16–30 seated passengers 
(up to ~50 total)

 Used on medium-demand urban 
routes

 Serves as an effective alternative to 
standard buses in smaller cities

 Offers a balanced combination of 
capacity and maneuverability

 Suitable for routes where full-size 
buses are not efficient or practical

18 

Midibus

17

18
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Classification by Body Type

 Length: 16–18 m (with one articulated joint 
“bendy bus”)

 Capacity: 40–75 seated passengers (up to 
~130 total)

 Commonly used on high-demand urban 
corridors

 Widely deployed in Bus Rapid Transit (BRT) 
systems

 Designed with a flexible joint to improve 
maneuverability on city streets

 Provides high passenger capacity while 
maintaining reasonable turning ability

 Suitable for routes where standard buses 
cannot meet demand

19 

Articulated Bus

Classification by Body Type

20 

Bending ability 

of articulated 

bus 

19

20
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Articulated Bus From California At Mississauga City Hall

21 https://www.youtube.com/watch?v=Oxwxql5zzOM

Amman Rapid Bus 

22 https://www.youtube.com/watch?v=3q_66Ec5db4

21

22

https://www.youtube.com/watch?v=Oxwxql5zzOM
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Classification by Body Type

 Length: 22–24 m (with two articulated 
joints)

 Capacity: 40–80 seated passengers (up to 
~140 total)

 Designed for very high-capacity urban 
transport corridors

 Commonly used in Bus Rapid Transit (BRT) 
systems and dedicated busways

 Ideal for routes with extremely high 
passenger demand

 Provides maximum passenger capacity in a 
single vehicle

 Enhances system efficiency by reducing the 
number of buses required

23 

Double Articulated Bus

Double Articulated Buses in Hamburg, Germany

24 https://www.youtube.com/watch?v=7SQs15X0BVQ&t=50s

23

24
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Classification by Body Type

 Length: 10–12 m

 Capacity: 60–95 seated passengers (up to 
~125 total)

 Used on high-capacity routes where road 
space is limited

 Commonly operated in major cities and 
tourist services (e.g., London, Hong Kong)

 Maximizes passenger capacity by utilizing 
vertical space (two levels)

 Suitable for dense urban areas with high 
ridership demand

 Provides high capacity without increasing 
vehicle length

25 

Double-Decker Bus

Classification by Body Type

 A bus that operates on a specially designed 
guideway, using physical or electronic guidance 
systems

 Travels with higher precision than conventional buses

 Operates partly on dedicated tracks/lanes and partly 
on regular roads

 Can achieve higher speed, safety, and reliability in 
controlled corridors

 Improves passenger comfort and ride stability

 Enables efficient use of road space through accurate 
lane alignment

 Commonly integrated into Bus Rapid Transit (BRT) 
systems

 Requires high infrastructure investment due to 
specialized guideways

 Less flexible compared to conventional buses

26 

Guided Bus

25

26
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Classification by Body Type

27 

Guided bus 

https://www.youtube.com/watch?v=10UY3WC4nDY

Bus Travel Ways 

31 

27

31
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Bus Travel Ways 

 Most buses operate on urban streets with basic passenger facilities such as stops, shelters, 
and signage

 The level of service mainly depends on the type of right-of-way (ROW) provided

 This has led to the development of bus lanes and busways, especially in systems like Bus 
Rapid Transit (BRT)

 Types of Bus Travel Ways

➢Shared Travel Way

➢Regular Bus Lane (RBL)

➢Contraflow Bus Lane (CBL)

➢Exclusive Bus Lane (EBL)

32 

Bus Travel Ways 

 Definition:

➢ Operates on regular urban streets and arterial roads alongside general traffic

➢ Requires only basic facilities such as bus stops and signage (no dedicated 
infrastructure)

 Advantages:

➢ High routing flexibility → buses can serve a wide range of streets and areas

➢ Low capital cost → no need for special lanes or major construction

➢ Quick and easy implementation within existing road networks

 Disadvantages:

➢ Highly susceptible to congestion → frequent delays and unreliable schedules

➢ Lower operating speeds compared to private vehicles

➢ Frequent stopping reduces overall travel efficiency

➢ Limited competitiveness with private cars in terms of travel time

 Summary:

➢ Provides maximum flexibility at minimum cost, but with lower performance and 
reliability

➢ Best suited for low-demand routes or areas without priority infrastructure

33 

A. Shared travel-way ( operation mixed traffic)

32

33
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Bus Lanes on Streets

 Definition:

➢ A curbside lane reserved for buses, typically located along the edge of the roadway

➢ Can operate as exclusive or time-based (e.g., peak-hour only) lanes

 Key Features:

➢ Requires strict control of parking and stopping to keep the lane clear

➢ Turning movements at intersections must be carefully managed to avoid conflicts

➢ Provides convenient passenger access, enabling easy boarding and alighting

➢ Improves bus visibility and priority within mixed urban traffic

 Limitations:

➢ Often affected by “marginal friction” from nearby curbs, pedestrians, and roadside 
activity

➢ May be slower than central lanes due to frequent disturbances

➢ Performance depends heavily on: 

❖ Effective enforcement of traffic and parking regulations

❖ Proper management of driveways, deliveries, and access points

➢ Can be ineffective in congested or poorly regulated urban environments

36 

Regular Bus Lane (RBL)

Downtown DC’s dedicated bus-only lanes will be made permanent next week - 

Curbed DC

Regular bus lane on a street 

37 

Regular bus lane 

(RBL) usually curb 

lanes, are the 

most common type 

of bus lanes on 

streets 

36

37
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Bus Travel Ways 

39 

Curbed Regular Bus Lane 

Bus travel ways 

 Definition:

➢ A bus-only lane operating in the opposite 
direction of general traffic on the same street

➢ Typically located along the left side (curbside 
opposite main flow) to optimize street use

 Key Features:

➢ Naturally discourages entry of private vehicles, 
reducing the need for strict enforcement

➢ Requires clear and highly visible markings (signs, 
arrows, colored pavement, signals)

➢ Improves route directness by allowing buses to 
avoid detours caused by one-way streets

➢ Enhances operational efficiency in constrained 
urban layouts

40 

Contraflow Bus Lane (CBL) 

39

40
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Bus travel ways 

 Definition:

➢ A bus-only lane operating in the opposite direction of 
general traffic on the same street

➢ Typically located along the left side (curbside opposite 
main flow) to optimize street use

 Key Features:

➢ Naturally discourages entry of private vehicles, reducing 
the need for strict enforcement

➢ Requires clear and highly visible markings (signs, 
arrows, colored pavement, signals)

 Safety Considerations:

➢ Pedestrians may not expect buses approaching from the 
opposite direction

➢ Risk of head-on conflicts if signage and markings are unclear

➢ Requires careful design at intersections, crossings, and access 
points

➢ Needs strong driver awareness and guidance systems

41 

Contraflow Bus Lane (CBL) 

Bus travel ways 

42 

Contraflow bus 
lane (CBL) 

Contraflow bus lane in London 

41

42
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Bus travel ways 

43 

Contraflow bus lane (CBL) 

Bus travel ways 

44 

Contraflow bus lane (CBL) 

Bus Priority Measures: Contraflow bus lanes in London - YouTube

43

44

https://www.youtube.com/watch?v=jY0VeiJ1fz8
https://www.youtube.com/watch?v=jY0VeiJ1fz8
https://www.youtube.com/watch?v=jY0VeiJ1fz8
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Exclusive bus lanes or busway (EBL) 

 Definition:

➢ A fully separated facility dedicated to bus operations in both directions

➢ Typically located in the center median, separated by curbs or physical barriers

 Advantages:

➢ Provides higher speeds and improved safety compared to curbside bus lanes

➢ Ensures reliable and uninterrupted bus operations

➢Minimizes interference from general traffic, parking, and roadside activities

➢ Ideal for high-demand corridors and BRT systems

 Requirements:

➢ Pedestrian islands at stops for safe and convenient boarding

➢ Proper station design to support efficient passenger flow

➢ Traffic management at intersections, including: 

❖ Restriction or elimination of left turns, or

❖ Signalized control (multi-phase signals) to separate bus and turning movements

➢ Clear access control and physical separation to maintain lane exclusivity

45 

Center lanes or curbed medians 

Bus travel ways 

46 

Center lanes or curbed medians 

MBTA, city of Boston cut ribbon on New England’s first center-running bus lane on Columbus Avenue | Mass Transit (masstransitmag.com)

45

46
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Bus travel ways 

47 

Center lanes or curbed medians 

Bus travel ways 

48 

Center lanes or curbed medians 

47

48
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Bus Transit Modes 

51 

Family of Highway Transit Modes

 Public bus systems can be broadly classified into three main transit modes, based on their 
level of infrastructure, priority, and service quality

➢Regular / Conventional Bus (RB):

➢Bus Transit Systems (BTS):

➢Bus Rapid Transit (BRT):

 The three modes represent a progressive improvement in performance, moving from 
flexibility (RB) to efficiency and high capacity (BRT)

52 

Bus Transit modes 

51

52
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Bus Transit Modes

 Definition:

➢A fixed-route, fixed-schedule system operating in mixed 
traffic (ROW Category C)

➢ Shares roadway space with general traffic, without priority 
or dedicated lanes

 Basic Features:

➢Uses curbside stops with simple facilities such as signs, 
benches, and occasional shelters

➢Operates with minimal infrastructure and integrates easily 
into existing street networks

53 

1. Regular or conventional bus (RB)

Bus Transit Modes

 Operational Characteristics:

➢ Frequent stops (often at short intervals), reducing travel speed

➢ Delays at traffic signals and congestion, affecting schedule reliability

➢ Service performance is highly dependent on road traffic conditions

 Service Limitations:

➢ Limited travel speed and reliability compared to priority-based systems

➢ Often provides basic or insufficient passenger comforts

➢ Generally less attractive and less competitive than private car travel

 Cost & Applicability:

➢ Requires low capital investment and is easy to implement

➢ Suitable for wide coverage and low-to-moderate demand areas

➢ Best used where cost and flexibility are more important than speed and performance

54 

1. Regular or conventional bus (RB)

53

54
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Bus Transit Modes

 Definition:

➢ A coordinated bus system designed with targeted improvements to
 achieve higher speed, reliability, and operational efficiency

➢ Represents an intermediate level between conventional bus service
 and full Bus Rapid Transit

 Key Features:

➢ Dedicated or priority bus lanes → reduce delays caused by mixed traffic

➢Wider stop spacing → decreases travel time and improves service speed

➢ Off-board / self-service fare collection (SSFC) → minimizes boarding delays

➢Multi-door buses → allow faster and simultaneous boarding and alighting

 Performance Benefits:

➢ Reduced travel time compared to regular bus systems

➢ Improved reliability and schedule adherence

➢ Enhanced passenger convenience and comfort

55 

2. Bus transit system (BTS) 

Bus Transit Modes

 Definition:

➢An integrated bus-based system using distinct vehicles and fully dedicated 
infrastructure

➢Operates with high independence from mixed traffic, enabling higher 
speed, reliability, and safety than BTS

 Key Concept:

➢BRT is not defined by a single feature → it is a combination of coordinated 
components

➢The exact form can vary between cities depending on design and operation



56 

3. Bus Rapid Transit (BRT) 

55

56
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BRT Essential Elements

1. Dedicated Right-of-Way (ROW):

➢Operates mainly on exclusive or semi-exclusive lanes (Category A or B)

➢Minimizes interaction with mixed traffic (very limited Category C use)

➢Ensures high speed, reliability, and consistent operations

2. Distinctive Bus Services:

➢Provides frequent and reliable service throughout the day

➢Maintains regular headways (consistent time gaps between buses)

➢Designed for high passenger demand corridors

3. Modern Stations:

➢Equipped with shelters, passenger information systems, and ticketing facilities

➢Includes off-board fare collection to reduce delays

➢Typically spaced 300–600 m in urban areas (longer in suburban zones)

➢Designed for safe, comfortable, and efficient passenger access

57 

To qualify as a true BRT system, the following must be present:

BRT Essential Elements

 Specially Designed Vehicles:

➢High-capacity buses (articulated or bi-articulated)

➢Low-floor or level boarding design for fast and accessible entry

➢Multiple wide doors for quick boarding and alighting

 Intersection Priority:

➢Uses signal priority systems at intersections

➢Reduces stopping time and maintains continuous bus movement

 Intelligent Transport Systems (ITS):

➢ Includes real-time vehicle tracking and monitoring

➢Provides passenger information (arrival times, updates)

➢Supports efficient fare collection and system management

 Key Idea:

➢A system is considered true BRT only when these elements are combined together, ensuring high 
performance similar to rail transit

58 

To qualify as a true BRT system, the following must be present:

57

58
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Bus Transit Modes

 BRT lines are usually served by 
articulated or double-articulated 
buses.

59 

Bus Transit Modes – Vehicles

Two all-electric articulated bus prototypes tested in Gothenburg, Sweden (automotivetestingtechnologyinternational.com)

Bus Transit Modes

 BTS Lanes (Bus Transit System):

➢ Typically located along the curbside of urban 
streets

 BRT Lanes (Bus Rapid Transit):

➢ Operate on exclusive, dedicated lanes, 
usually positioned in the median (center) of 
the roadway

➢ Require specialized station design and signal 
priority at intersections

60 

Infrastructure: Lanes 

59

60
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Bus Transit Modes

 Automatic Vehicle Location (AVL):

➢ Uses GPS-based tracking to monitor bus locations in real time

➢ Supports fleet management, dispatching, and delay control

 Real-Time Passenger Information:

➢ Provides live bus arrival and departure times

➢ Displayed through station screens, onboard displays, and mobile apps

➢ Improves passenger convenience and trip planning

 Traffic Signal Priority:

➢ Gives buses priority at signalized intersections

➢ Reduces stopping time and minimizes delays

➢ Improves overall travel speed and reliability

 Safety and Security Systems:

➢ Includes on-board surveillance systems and driver alert tools

➢ Enables emergency communication and monitoring

➢ Enhances passenger and driver safet

63 

Operations and Intelligent Transportation Systems (ITS) Applications 

ITS Applications

)عماّن باص|تستحقلأنك  64 ammanbus.jo)

63

64
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ITS Applications

)عماّن باص|تستحقلأنك  65 ammanbus.jo)

Bus signal preemption

66 https://www.youtube.com/watch?v=oT80Y18oAH8

65
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Exclusive bus lanes or busway (EBL) 

67 

Center lanes or curbed medians 

https://www.youtube.com/watch?v=gasAoFqlkxg

Bus Transit Modes

68 

Costs for U.S. Bus Rapid Transit Projects

67

68
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Amman BRT

69 

Case study 

Amman BRT

https://www.youtube.com/watch?v=DT0lUoptqVw&t=33s

70 

69

70
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