Lecture 4.30

4.1 Principles and Objectives of Traffic Management
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Advanced Transportation Demand Management

(TDM) Strategies

Advanced TDM integrates economic incentives, policy mandates, and digital
technologies to fundamentally shift urban mobility away from private
automobile dependency.

By managing peak demand rather than endlessly expanding physical road
supply, municipalities achieve sustainable urban mobility outcomes.

o Mobility as a Service (MaaS): Integrating multimodal travel platforms
into unified subscriptions

o Telecommuting & Staggered Hours: Spreading peak directional surges
across wider time windows

o Commute Trip Reduction (CTR) Programs: Employer-mandated transit
subsidies and carpool incentives

@ Active Transportation Integration: Expanding dedicated protected bicycle
networks and pedestrian zones
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Congestion Pricing and Electronic Road Pricing

(ERP)

Congestion pricing internalizes the social costs of traffic delays by charging
motorists a fee to drive in heavily congested urban centers during peak hours.

Electronic Road Pricing (ERP) utilizes overhead gantries, RFID transponders,
and ANPR cameras to automatically deduct distance and time-variable tolls.

Pricing Strategy | Mechanism Examples

Cordon Pricing Fixed fee for vehicles crossing des- | London, Stockholm
ignated boundaries
Distance Pricing Variable tolls adjusting automati- | Singapore ERP
cally to traffic speeds

@ Economic Principle: Equating marginal private cost with marginal social
cost
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Tidal Flow Operations and Reversible Lanes

Tidal flow occurs when peak hour traffic exhibits extreme directional

imbalance, with heavy flow toward central areas in the morning and outbound
in the evening.

Reversible lane systems dynamically change the directional orientation of
central lanes to match peak demand imbalances.

@ Operational Mechanism: Reallocating underutilized off-peak lanes to the
heavy directional flow

@ Lane Control Signals (LCS): Overhead green arrow / red cross LED
gantries indicating lane status

@ Moveable Concrete Barriers: Mechanical 'zipper trucks' shifting physical
barriers twice daily

@ Safety Requirements: Strict interlock timing to prevent head-on collisions
during direction shifts

July 23, 2026 4/12



Transit Priority Systems and Bus Rapid Transit

(BRT) Lanes

Transit priority management elevates the person-throughput of road corridors
by giving high-capacity buses dedicated right-of-way and signal priority.

Bus Rapid Transit (BRT) systems combine dedicated median busways with
off-board fare collection to deliver rail-like speed and capacity at a fraction of
rail construction costs.

@ Dedicated Right-of-Way: Physical median separation isolating buses from
mixed traffic congestion

@ Transit Signal Priority (TSP): Extending green light phases or
abbreviating red phases upon bus detection

@ Level Boarding Stations: Elevated platforms facilitating rapid wheelchair
and passenger boarding

@ Person-Throughput Optimization: Prioritizing space allocation based on
passenger volume rather than vehicle count
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High-Occupancy Vehicle (HOV) and High-Occupancy

Toll (HOT) Lanes

HOV lanes reserve exclusive highway lanes for vehicles carrying multiple
occupants, encouraging carpooling.

HOT lanes convert underutilized HOV lanes into managed toll lanes for solo
drivers.

Lane Type | Access Requirements Primary Benefit

HOV Lane | Minimum occupancy (e.g., | Encourages carpooling, re-
2+ or 3+ persons) duces total vehicles

HOT Lane | Minimum occupancy OR | Utilizes spare capacity,
variable toll payment maintains free-flow speed

o Enforcement & Pricing: Camera-based occupancy verification and
dynamic toll rates

@ Revenue Recycling: Reinvesting HOT toll revenues into local transit
operations
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Parking Demand Management and Dynamic Pricing

Parking management uses pricing, supply caps, and smart guidance to
eliminate unnecessary cruising for parking spaces, which accounts for up to
30% of downtown traffic.

Dynamic performance-based parking rates adjust according to real-time
occupancy to ensure 15% open space availability on every block.

@ Performance-Based Pricing: Raising rates during high demand to
maintain 1-2 open spaces per block

@ Smart Parking Sensors: In-ground geomagnetic sensors detecting vehicle
occupancy in real time

@ Variable Message Guidance: Displaying live parking space availability on
digital street signs

@ Parking Caps: Capping maximum parking spaces in new commercial
developments to discourage car ownership
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Traffic Calming and Neighborhood Traffic

Management

Traffic calming uses physical road design modifications to reduce motor vehicle
speeds and cut through-traffic in residential neighborhoods.

Traffic Calming Measures

P BN

Vertical Horizontal Volume Control

Speed humps, Chicanes, Diagonal diverters,
raised crosswalks bulb-outs dead-ends

@ Prioritizes neighborhood livability and 30 km/h zones for safety
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Real-Time Traffic Information & Dynamic Message

Signs (DMS)

Providing drivers with dynamic, real-time traffic information allows them to
adjust travel decisions, divert around incidents, and select optimal routes.

Information is disseminated via roadside Dynamic Message Signs (DMS),
mobile navigation apps, radio broadcasts, and roadside beacons.

@ Dynamic Message Signs (DMS): Overhead electronic LED boards
displaying travel times and hazard warnings

@ Incident Diversion Guidance: Informing motorists of downstream
accidents and suggesting alternative bypass routes

o Connected Vehicle Feeds: Feeding GPS floating car data into centralized
traffic management platforms

@ Driver Compliance: Timely, accurate information reduces stress and
smooths network bottleneck spikes
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Low Emission Zones (LEZ) and Environmental

Traffic Management

Environmental traffic management imposes operational restrictions based on
vehicle emissions to protect air quality and public health in urban areas.

Low Emission Zones (LEZ) restrict or tax older, highly polluting diesel and
petrol vehicles entering sensitive urban areas.

@ Emission Standards Enforcement: Restricting non-BS IV / non-BS VI
vehicles via ANPR cameras

@ Ultra Low Emission Zones (ULEZ): Operating 24/7 with strict financial
penalties for non-compliant vehicles

@ Zero Emission Zones (ZEZ): Restricting central shopping districts
exclusively to electric vehicles and pedestrians

@ Air Quality Index (AQI) Linkage: Triggering emergency truck bans during
severe smog alerts
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Case Studies of Urban Traffic Management

Implementations

Analyzing real-world case studies demonstrates the measurable impacts of
integrated traffic management strategies in major metropolitan areas.

Successful implementations combine physical infrastructure upgrades,
intelligent signal control, TDM policy, and public transit investment.

@ Ahmedabad Janmarg BRTS: Dedicated median corridor achieving high
transit modal share and reduced arterial delays

@ London Congestion Charging & ULEZ: Reduced central city vehicle
volumes by 20% and NO, emissions by 35%

@ Tokyo Traffic Control Center: Comprehensive signal coordination and
real-time incident response network

o Key Lessons: Political commitment, public communication, and
enforcement technology are critical to success
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Summary of Advanced Traffic Management Principles

Advanced traffic management moves beyond physical road expansion by
utilizing congestion pricing, transit priority, reversible lanes, and real-time
traveler information.

Integrated management balances mobility, environmental health, economic
vitality, and safety across urban transportation networks.

@ TDM and congestion pricing alter commuter behavior and shift demand
to off-peak hours and public transit

@ Reversible lanes and tidal flow systems maximize lane capacity during
severe directional peak surges

@ BRT lanes and Transit Signal Priority (TSP) optimize person-throughput
across urban arterial corridors

@ Traffic calming and Low Emission Zones safeguard neighborhood livability
and urban air quality
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