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SUMMARY 

The dynamic pricing of roadways and parking spaces is the practise of varying the price of a toll or fee that 

reflects the changing demand on that infrastructure. During a period of heightened demand, the price to use 

the relevant infrastructure would be higher. Prices are usually fixed based on time of day, with higher prices 

applying during peak travel periods, but can also be fully dynamic, fluctuating in real time with demand. Similar 

examples of time-based utilities pricing are in place across the energy and water sectors. With the rise of “Smart” 

and Internet of Things (IoT) devices, dynamic pricing may go as far as influencing when we perform household 

chores, like using the dishwasher, to align with higher supplies of wind and solar power, when prices are at their 

lowest1.    

There are four common road pricing models: location specific, corridor specific, partial network schemes and 

whole of network schemes. For location specific schemes, a fee is applied when a vehicle enters a specific zone 

(e.g. cordon zone in the urban centre). For corridor specific schemes, a fee is applied when a vehicle enters a 

specific corridor (e.g. toll roads/bridges or designated lanes such as express lanes, high occupancy vehicle (HOV) 

lanes and high occupancy toll (HOT) lanes). Partial network schemes apply across portions of the network where 

acute congestion occurs, and whole of network schemes apply across the entire road network.  

For parking, dynamic pricing balances the demand for parking during a period, and the proximity of the parking 

to a given area such as an urban centre.  

With urban areas becoming increasingly congested, city planners are seeking solutions that can address demand 

in a way that does not require the expansion of road and parking infrastructure. Dynamic pricing is a tool for 

traffic planners to manage traffic demand through pricing.  

When parking fees and road tolls are static, they have a limited influence on peoples’ travel decisions. This 

inevitably leads to congestion, as citizens continue to drive during peak hours and to park as close to their 

destination as possible.  

By implementing a variable price, value varies throughout the day in line with demand. This motivates users to 

shift from using their privately-owned vehicles to other transport options, as tolls and fees during peak periods 

may no longer be cost effective for them. Conversely, outside of peak times when utilisation is low tolls and fees 

can drop to cost effective levels, encouraging use. The benefits are a better management of congestion and road 

 
1 “Run your dishwasher when the sun shines: dynamic power pricing grows”, Reuters, Accessed 6 May 2020. 

https://www.reuters.com/article/us-europe-electricity-prices-insight/run-your-dishwasher-when-the-sun-shines-dynamic-power-pricing-grows-idUSKBN1KN0L7


 
 

 

capacity, and improved travel time reliability. With less congestion, those who must travel by road (e.g. 

emergency services, freight and delivery, tradespeople) have shorter and more reliable travel times. 

The most recent examples of dynamic pricing systems utilize technology to maintain free-flow travel speeds and 

minimum traffic density. A dynamic tolling algorithm considers local factors and recalibrates toll rates based on 

traffic congestion every few minutes; with the toll rate locked in from the time a user enters the corridor until 

they exit the corridor. Users can utilize electronic payment systems through either an In-Vehicle Unit, or “tag”, 

provided by toll service providers (e.g. TollTag, TxTag, EZ TAG), to facilitate the use of the corridors and make 

payment, or simply through post-pay billing achieved using automatic license plate reading technology. 

The technologies required include a multitude of roadside equipment including, cameras, toll tag readers, 

dynamic message signs, roadway weather stations, air quality monitoring, over height detection systems and 

vehicle categorization technology.  In addition, there is also a significant back-office system which is composed 

of a data warehouse, a business intelligence processor and a toll setting module with the algorithm. Connecting 

the back office and field equipment is a network communication system. 

When applied at scale, dynamic pricing can also become a revenue generation mechanism for governments. 

This is particularly important given the forecast rise in electric vehicles (see also the Electric Vehicles use case) 

which is expected to impact tax revenue from fuel.  

Dynamic pricing is designed as a demand management tool to encourage a change in travel behaviour of citizens, 

which can result in a mode shift towards public or active transport or may prompt changes in behaviours such 

as working from home or travelling outside of peak hours. It is therefore a strategic tool to modify the behaviour 

of citizens and should be implemented in parallel with investment in public transport (e.g. light rail) and active 

transport infrastructure (e.g. bike lanes and walking paths), and be integrated with real-time traffic 

management, to ensure citizens have an alternate, cost effective, and reliable means of travelling.  

Additional charges are also being introduced for non-green or high emission vehicles and/or limits are being 

placed on the extent to which fees are discounted for these vehicles during off-peak times. 

 

VALUE CREATED 

Improving efficiency and reducing costs: 

• Optimise the use of the entire transport network (public and private), encourage modal shift to public 

and active transport, increase occupancy per vehicle (car-sharing, ridesharing), minimise the need for 

additional road and parking infrastructure 

• Opportunity for public authorities to reinvest funds raised into public and active transport expansion 

• Potential revenue generation mechanism when applied at scale. For example, in Stockholm net 

revenues have increased since the variable fares were introduced in 2016. The net revenue from the 

system used to be around 500 million krona/year (USD $51 million/year); after January 2016, the net 

revenue is now around 1.3 billion krona/year (USD $155 million/year)2 

Enhancing economic, social and environmental value: 

• Free up road space for those who must travel by road (e.g. emergency services, freight and delivery, 

tradespeople) and for public transportation (e.g. buses) 

• Optimise road usage by incentivising trips in periods of lower utilisation, which can reduce emissions 

by reducing the fumes from vehicles idling in congestion 

• Improve travel time reliability. This can be guaranteed for corridors through use of HOT and HOV lanes  

• Potential to encourage low emission electric vehicles 

 

 
2 “Road Pricing in London, Stockholm and Singapore: A Way Forward for New York City”, Tri-State Transportation 
Campaign, Accessed 4th May 2020. 

http://www.tstc.org/reports/A-WAY-FORWARD-FOR-NEW-YORK-CITY-2017.pdf


 
 

 

 

POLICY TOOLS AND LEVERS 

Legislation and regulation: Political will is key to implementing dynamic pricing schemes. In New York in 2007, 

a lack of political support for the introduction of congestion pricing (location based Dynamic Pricing) meant the 

scheme was abandoned. Conversely, while 80% of Sweden’s residents were in opposition to introducing a similar 

scheme, the Swedish Parliament opted to conduct a congestion pricing pilot program which proved the 

economic, social and environmental benefits of the technology, so much so that Stockholm residents voted in a 

referendum to make the system permanent, and later to upgrade it to a dynamic pricing system (which increased 

the highest fee). 

Effective institutions: Each city’s or region’s scheme must be tailored to and evolve based on localised transport 

policies and desired outcomes. Where the city aims to optimise the entire transport network, a network wide 

charge should be implemented. Conversely, a location-based congestion charge would be more suitable if the 

aim is to reduce congestion in a specific area, such as the city centre. The governing body should lead the review 

and update of the price banding on a regular basis, utilizing predictive pricing rather than reactive. Pricing levels 

should reflect the changes in traffic flows and citizen behaviours based on time of day and year (e.g. during 

major holiday periods). A mature system will respond in real-time to traffic conditions. 

Transition of workforce capabilities: From an authority point of view, specialised ITS and price/fare structure 

specialists should prepare the scheme’s main characteristics in line with policies. From an operational point of 

view, traffic operating centres should train their staff to monitor and track the dynamic pricing tools over time.  

Funding and financing: These pricing schemes can be publicly or privately funded but are usually piloted in the 

first instance by government so the local authorities can gather relevant data on a smaller scale to understand 

user behaviours in response to the scheme before rolling the scheme out to a larger geographical area and user 

base. In Stockholm, London and Singapore, the upfront costs of implementing the system, and the associated 

public transit improvements, were recouped in less than 5 years and many private road operators have also 

implemented dynamic pricing mechanisms as part of their concessions.   

Procurement and contract management: While it is possible to develop a pricing scheme in house, public 

authorities can contract out some services to vendors whilst keeping the day-to-day management activities in-

house. It is also possible to contract the entire development and management of such a system out to a 

contracting entity. This will depend on how and where the dynamic pricing scheme is implemented and the 

objectives of the public authority. Existing and future road corridor concessions to private sector participants 

can include dynamic pricing where tolls are to be collected. 

 

  



 
 

 

IMPLEMENTATION 

Ease of Implementation 

 

The rapid advancements in sensor and related technologies mean that 
implementation is becoming increasingly easy. One key element required to 
effectively manage pricing, is up-to-date integrated data from various input 
sources. This enables the data to be analysed in order to drive decisions, 
provide real-time information to the public and monitor the performance and 
utilization of infrastructure. In San Francisco, SFpark in consultation with 
Oracle developed a ‘Data Warehouse’ that pulled together data from 
different parking vendors and on-street parking spaces. It also standardized 
that data by addressing inconsistencies and translating it to an easily usable 
format.3  

Cost 

 

In Stockholm, London and Singapore, the upfront costs of implementing the 
system, and the associated public transit improvements, were recouped in 
less than 5 years. It was estimated that alternatives to the system (e.g., ring 
roads to divert traffic away from the urban centre) would require far greater 
investment to achieve comparable traffic reduction goals. The capital 
investment required to implement the latest virtual GPS-tolling systems is 
significantly less, as the requirement for physical infrastructure (overhead 
gantries and cameras) is minimised.  

The operating costs of dynamic pricing systems will decrease over time: in 
Stockholm annual operating costs of their system have decreased over ten 
years of operation from USD $29.7 million/year to USD $11.8 million/year4. 

Country Readiness 

 

Dynamic pricing is one piece of a holistic transport strategy. In order to realise 
the benefits of dynamic, affordable, accessible public and active 
transportation, alternatives to the private vehicle are necessary. Expansion of 
park-and-ride facilities, pedestrian and cycle networks and public transit 
services etc. are key to maximising the benefits for the transport network.  

Technological Maturity 

 

The technology associated with dynamic pricing is mature, and variations of 
the systems are already in place in multiple cities including Stockholm and 
Singapore. Vehicles using the infrastructure can be registered automatically 
by Automatic License Plate Recognition technology. Overhead gantries and 
cameras may need to be installed at all entrance or toll points, and dynamic 
street signage is required to ensure drivers are aware of current pricing and 
the applicable lanes. For some systems, like in Singapore, vehicles are 
required to have an In-vehicle Unit on the dashboard and a smart card with 
fare stored on it. The ERP gateways have sensors to detect the type of vehicle 
and the congestion of the route at specific times; they then deduct the 
variable fee from the smart card. Combined with real-time traffic 
management and priority systems, it can enable better incident management. 
The latest versions of these systems do not require physical infrastructure or 
In-vehicle Units, instead creating virtual toll points that rely on geo-fencing 
technology. GPS technology built into user’s smartphones track when they 
pass through these points and payment can be made on a pay as you go basis 
via an application (e.g. LinktGO). 

 

 
3 “SFpark Technical Manual”, SFMTA, Accessed 6 May 2020. 
4 “Road Pricing in London, Stockholm and Singapore: A Way Forward for New York City”, Tri-State Transportation 
Campaign, Accessed 4th May 2020. 

https://linktgo.com.au/
http://sfpark.org/resources/docs_techmanual/
http://www.tstc.org/reports/A-WAY-FORWARD-FOR-NEW-YORK-CITY-2017.pdf


 
 

 

RISKS AND MITIGATIONS 

Implementation risk 

Risk: To encourage mode shift, the fee must be significant enough to change driver behaviour. However, 

implementing the wrong fare structure or increasing applicable fees rapidly may place too much pressure on an 

unprepared public transport infrastructure, which might not be mature enough to cope with demand. 

Mitigation: Appropriate infrastructure planning and development should be undertaken to ensure the public 

transport infrastructure and services offered are sufficient to provide an alternative to driving. It is important 

for governments to consider their transport network holistically. 

Social risk 

Risk: Public opposition to the implementation of such a system is a real risk, particularly if it is perceived that 

revenue gathered from the system is simply another tax that the community does not see any benefit from. 

Where the public transport infrastructure is not widely developed to offer alternatives to driving, such taxation 

models should consider these elements and be designed to provide adequate public value to all. 

Mitigation: Dynamic pricing must offer a direct value to drivers such as ease of use; predictability; faster journey 

times; cost savings. Furthermore, there should be perceivable benefits to the community at large. In Sweden, a 

publicized trial resulted in a significant change in public attitude towards the system as environmental 

improvements were immediately realized. In Singapore and London, public consultations and education 

programs were conducted to build commuter awareness and explain the benefits the system would have on the 

community. Furthermore, a key aspect of London’s strategy was to ensure, by law, that all revenue raised was 

reinvested into London’s transport infrastructure. This, therefore, demonstrated that the fees paid by drivers 

had a tangible impact on the community, and ensured citizens across socioeconomic levels would benefit from 

the scheme. 

Safety and (Cyber)security risk 

Risk: In some regions, Automatic License Plate Recognition technology is increasingly being considered as a risk 

to data privacy, with multiple jurisdictions enforcing restrictions on the use of data collected by these 

technologies (including its use and the length of time it can be stored for). Without the use of such technology, 

the dynamic pricing system would be less automated and reliable. 

Mitigation: As with many other technologies, the system and user data recorded must be captured and stored 

in a secure and reliable way to ensure the data protection of individuals. A public education campaign that 

outlines the regulations around data handling and storage would assist in mitigating the public’s reservations.  

 

EXAMPLES 

Example Implementation Cost Timeframe 

Dallas-Fort 
Worth LBJ 
Texpress 

The Dallas-Fort Worth region 
utilises managed lanes (e.g. 
HOV lanes) to manage 
highway demand and to fund 
the expansion of the 
transportation network. 

The managed lane corridor 
has seen 20% more traffic 
(after installation) and the 
general-purpose lanes have 
seen a 70% reduction in 
congestion due to improved 
design of the roadway and 
traffic that has shifted to the 
express lanes. 

The first managed lanes in 
the region were introduced 
in 2013 in line with the new 
LBJ express road. In 2014 
additional managed lanes 
were introduced. The project 
was completed in late 2015. 

Stockholm 
Dynamic 

Congestion 
Zone and 

The cordon scheme uses 
automatic number plate 
recognition, in a 35 km2 zone. 
The scheme was launched in 
2007 after a successful trial 

Initial investment of 2 billion 
krona (USD $236.7 million). 
Annual operating cost of 100 
million krona (USD $11.8 
million). Annual net revenue 

Scheme launched in 2007. 
Ancillary public transport 
also implemented to provide 
alternate travel options to 
previous road users. 

https://www.lbjtexpress.com/
https://www.lbjtexpress.com/
https://www.lbjtexpress.com/
https://nyc.streetsblog.org/2017/11/28/congestion-pricing-was-unpopular-in-stockholm-until-people-saw-it-in-action/
https://nyc.streetsblog.org/2017/11/28/congestion-pricing-was-unpopular-in-stockholm-until-people-saw-it-in-action/
https://nyc.streetsblog.org/2017/11/28/congestion-pricing-was-unpopular-in-stockholm-until-people-saw-it-in-action/
https://nyc.streetsblog.org/2017/11/28/congestion-pricing-was-unpopular-in-stockholm-until-people-saw-it-in-action/


 
 

 

Bridge 
Tolls 

in 2006. In 2016 the scheme 
was updated to a dynamic 
pricing system based on time 
of day. 

(for reinvestment in roadway 
improvements) of 1.3 billion 
krona/year (USD $155 
million).  

Singapore 
Electronic 

Road 
Pricing 
(ERP) 

System 

The ERP scheme is fully 
automatic on specific routes, 
times of day, and directions, 
with variable pricing 
designed to respond to 
congestion in real-time. 
Vehicles are required to have 
an in-vehicle unit on the 
dashboard and a smart card 
with fare stored on it. 
Overhead gantries detect the 
type of vehicle, the 
congestion of the route at 
specific times, and deduct 
the variable fee from the 
smart card. The scheme was 
launched in 1998, replacing a 
cordon pricing scheme that 
was first implemented in 
1975. 

Initial investment of S$200 
million (USD $110 million). 
Annual operating cost S$25 
million (USD $18.5 million). 
Annual net revenue of S$150 
million/year (USD $100 
million). 

Scheme launched in 1998. 
Ancillary public transport 
also implemented to provide 
alternate travel options to 
previous road users. 

SFpark 

Example of a smart parking 
initiative combined with 
dynamic parking pricing in 
San Francisco. Began as a 
trial and subsequently rolled 
out city wide.  

SFpark was funded primarily 
from a USD $19.8 million 
grant from the U.S. 
Department of 
Transportation’s Urban 
Partnership Program. 

The trial took place in 2010, 
with permanent 
implementation of the 
scheme going into effect in 
April 2011.  
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https://nyc.streetsblog.org/2017/11/28/congestion-pricing-was-unpopular-in-stockholm-until-people-saw-it-in-action/
https://nyc.streetsblog.org/2017/11/28/congestion-pricing-was-unpopular-in-stockholm-until-people-saw-it-in-action/
https://development.asia/case-study/case-electronic-road-pricing
https://development.asia/case-study/case-electronic-road-pricing
https://development.asia/case-study/case-electronic-road-pricing
https://development.asia/case-study/case-electronic-road-pricing
https://development.asia/case-study/case-electronic-road-pricing
https://development.asia/case-study/case-electronic-road-pricing
http://sfpark.org/

