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Presenter Notes
Presentation Notes
People who deal with infrastructure are constantly trying to improve it. 
Constantly trying to ensure that our infrastructure meets out needs.
These modifications can be classified into two categories
Modifications that increase its resilience to potentially disruptive events, and
Modifications that increase its ability / resilience to changes in future needs are met
This presentation gives a brief overview of each type of modification and discusses the main components that need to be considered in the identification of the need for modification and their appraisals
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What is a transport asset?

Presenter Notes
Presentation Notes
Aeshertunnel
Beautiful
How do we know how well it will behave to a potentially disruptive event, e.g., heavy rains?
How do we know how well it will accommodate future needs?
Well if you just look at the asset, e.g., tunnel, or road, or both…..it will be hard
Resilience depends on more than the asset.



Transport asset resilience cannot be estimated without considering 
the system

• If you look at the asset without the 
organisation, how do you know how 
long it will take to fix the asset if it is 
damaged?

• If you look at the asset without the 
environment, how do you know the 
severity of flood that might happen? 
How do you know if money will be 
available to fix the asset?

https://www.facebook.com/envisioncircle/photos/a.1
608634512553545/2953261661424150/?type=3
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Presenter Notes
Presentation Notes
Be bold…
Compare calm organised organisation with chaotic organisation
Compare a road in flood zone with one outside
Compare a well-financed organisation in Bassersdorf with a well-financed organisation in Nurensdorf.



Infrastructure
• The physical assets 

that are required to 
provide service

Environment (1/2)
• The physical 

environment in which 
the infrastructure is 
embedded that might 
affect the provision of 
service

Environment (2/2)
• The organisational 

environment in which 
the infrastructure 
management 
organisation is 
embedded that might 
affect the provision of 
service

Organisation
• The organisation(s) 

responsible for 
ensuring that the 
infrastructure provides 
service

What is a transport system?
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Presenter Notes
Presentation Notes
So instead of speaking of an asset, we should speak of a system, and
The systems components should include….



What is expected from a transport system?

The service to be provided 
by a transport system is 
the safe and sustainable 
mobility of persons and 

goods.

This service can be operationalized, for example, as the ability to transport from A to B goods and 
persons 

- within a specific amount of time
- with emissions below a specified threshold, and 

- goods without being damaged and persons without being hurt or losing their lives. 

https://vignetteswitzerland.com/it/autostrade-svizzere/
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Presenter Notes
Presentation Notes
In addition to the components somethings else fundamental to estimating resilience either to a potentially disruptive event or a long-term trend is what we will count or what matters to us, i.e., what do we want or do not want from a transport system?
For example….
Use diagram to point out aspects
Point out difference between general and operational



Why modify transport systems?

Potentially disruptive events Long term trends

https://unece.org/transport/publications/stress-test-framework-evaluating-resilience-transport-systems https://www.spiegel.de/wirtschaft/unternehmen/dubiose-diesel-lieferanten-draengen-auf-den-deutschen-markt-verdacht-auf-
steuerbetrug-a-7cc97ff5-822d-4868-991d-2363add779eb
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Presenter Notes
Presentation Notes
Now we need to speak a bit about why we want to modify infrastructure.
Basically they are two reasons, which are both related to change
The first is how we are being affected or might be affected due to potentially disruptive events, e.g., floods.
The second is how our needs are changing, e.g., we wanted to enable 10’000 cars a day to travel from A to B within a specific time period and now we want to allow 20’000 vehicles per day.
Both would want us to modify the infratructure, e.g., increase the height of the tracks, add a culvert, or add additional lanes, or expand an adjacent railway line.



Why modify transport systems?

Potentially disruptive events Long term trends

https://www.nccs.admin.ch/nccs/en/home/climate-change-and-impacts/swiss-climate-change-
scenarios/order-the-ch2018-brochure.html

https://www.bfs.admin.ch/bfs/de/home/statistiken/querschnittsthemen/monitoring-legislaturplanung/alle-indikatoren/leitline-1-
wohlstand/staubelastung-nationalstrassennetz.html
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Presenter Notes
Presentation Notes
Both of these things have trends that will want lead us to modify our infrastructure in Switzerland…



What is transport system resilience?
To a potentially disruptive event

https://unece.org/transport/publications/stress-test-framework-evaluating-resilience-transport-systems
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Presenter Notes
Presentation Notes
Familiar
Resilience, using the measure of service travel time for a transport system enabling the transport of goods and persons from A to B for a scenario, where a single hazard event occurs, and the infrastructure is restored so that it provides that same level of service as it did before the hazard event.




What is transport system resilience?
To a long-term trend

Expected travel 
time at 

beginning of 
moment of 

unacceptability

Expected travel time before the 
moment of unacceptability /

if nothing changed / 
after acceptability 

restored

Expected 
travel time 

after 
acceptability 

restored

Expected travel 
time at after the 

moment of 
unacceptability 
before remedial 

actions taken

Expected travel time while remedial 
actions taken

Expected travel time at the start of remedial 
actions
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Presenter Notes
Presentation Notes
Resilience, using the measure of service travel time for a transport system enabling the transport of goods and persons from A to B for a scenario, where a long-term trend leads to an unacceptable level of service occurs, and the infrastructure is restored so that it provides that same level of service as it did before




What are the best areas for improvement?
Run stress tests

A stress test is a set of one or more 
hypothetical scenarios designed to help 

determine if a transport system can continue 
to provide an acceptable level of service when 

- subjected to one or more potentially 
disruptive events / one or more potentially 

disruptive long-term trends

Example potentially disruptive event: 
1/500 year

• Damage?
• Time to restoration?
• Cost of restoration?

• Additional travel time? 
• Economic impact? 

• Fatalities? 
https://www.swissinfo.ch/eng/politics/harnessing-nature_politicians-give-chf1-billion-to-prevent-
future-rh%C3%B4ne-flooding/45414070
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Presenter Notes
Presentation Notes
To provide an understanding of how transport systems are likely to perform with respect to a set of potentially disruptive events / a set of potentially disruptive long-term trends

Example potentially disruptive event: 
Assuming the last 1/500 year rainfall experienced in the region occurred next year, demonstrate
how much damage would be expected on the road infrastructure?
how long would it take to ensure the road infrastructure once again functioned as intended?
how much would it cost to restore the infrastructure?
to what extent would users be affected, e.g. additional travel time, economic impact, fatalities? 




What are the best areas for improvement?
Run stress tests

A stress test is a set of one or more 
hypothetical scenarios designed to help 

determine if a transport system can continue 
to provide an acceptable level of service when 

- subjected to one or more potentially 
disruptive events / one or more potentially 

disruptive long-term trends

Example long term event: 
doubling of traffic

• Increase in traffic jams?
• Costs to modify infrastructure? 

• Additional travel time?
• Economic impact?

• Fatalities?

https://www.spiegel.de/wirtschaft/unternehmen/dubiose-diesel-lieferanten-draengen-auf-den-deutschen-markt-verdacht-auf-steuerbetrug-a-
7cc97ff5-822d-4868-991d-2363add779eb
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Presenter Notes
Presentation Notes
To provide an understanding of how transport systems are likely to perform with respect to a set of potentially disruptive events / a set of potentially disruptive long-term trends

Example potentially disruptive event: 
Assuming the last 1/500 year rainfall experienced in the region occurred next year, demonstrate
how much damage would be expected on the road infrastructure?
how long would it take to ensure the road infrastructure once again functioned as intended?
how much would it cost to restore the infrastructure?
to what extent would users be affected, e.g. additional travel time, economic impact, fatalities? 




How are transport system stressed? 
with respect to potentially disruptive events? 
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Nasrazadani, H., Adey, B.T., Dooren, L., (2024), Simulation-based Stress Tests: Integrated Simulation Approach for Assessing Resilience of 
Transport Systems under Multiple Stressors, Infrastructure Systems, 30(3), 04024010-1, DOI: 10.1061/JITSE4.ISENG-2417B.T.Adey 25.09.2024 12

Presenter Notes
Presentation Notes
Describe the 5 parts of the model
Describe the 5 types of stressors



What knowledge is gained?
Insight into if, how, and when our transport system should be modified

0

20

40

60

80

100

120

140

160

0 200 400 600 800 1000

Co
sts

 [C
HF

]
M

illi
on

s

Recurrence Period

Total costs per return period

base
RCP 2.6
RCP 4.5
RCP 8.5

Bar charts pro indicatorCumulatively

Martani, C., Adey, B.T., Robles, I., di Gennarod F., Pardi, L., Beltran-Hernando, I., Concepcion Toribio Diaz, I., Jimenez Redondo, N., Antonio 
Moli Díaz, A.,  (2021), Estimating the resilience of, and targets for, a transport system using expert opinion, Special Issue: Resilient 
infrastructure for improved disaster management, Infrastructure Asset Management, 8(4), 191-208, DOI: 10.1680/jinam.20.00029
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Presenter Notes
Presentation Notes
Whether or not it is okay
For different scenarios across all things that matter, like interventions costs, travel time, safety, and socio-economics
Which part of the system could be improved to yield the most benefit in terms of resilience

https://doi.org/10.1680/jinam.20.00029


Hackl, J., Lam, J.C., Heitzler, M., Adey, B.T., Hurni, L., (2018), Estimating network related risks: a methodology and an application for roads, 
Natural Hazards and Earth System Sciences, 18, 2273–2293 DOI: 10.5194/nhess-18-2273-2018

What knowledge is gained?
Insight into if, how, and when our transport system should be modified
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Presenter Notes
Presentation Notes
Which spatially distributed parts of the system could be modified



How are transport systems stressed?
with respect to a long-term trend? 

https://www.researchgate.net/profile/Kay-Axhausen/publication/226715988/figure/fig2/AS:669219091910659@1536565673118/Snapshot-of-
Switzerland-at-800-AM-From-the-queue-micro-simulation-iteration-50.png

Hackl, J., Adey, B.T., (2019), Estimation of traffic flow changes using networks in networks approaches, Applied Network Science, 4:28, DOI: 
10.1007/s41109-019-0139-y, 26 pages.
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Presenter Notes
Presentation Notes
Describe the using network in network dynamics to approximate the traffic behaviour on the network
Describe the modelling using agent based simuations




What knowledge can be gained from such a stress test?
Insight into if, how and when our transport system should be modified

https://www.newsd.admin.ch/newsd/message/attachments/88178.pdfB.T.Adey 25.09.2024 16

Presenter Notes
Presentation Notes
This allows to generate maps like this for the future.
Here is a map of the traffic jam areas in Switzerland in 2023



How is it best to modify the transport system?
Adaptive plans addressing long-term trends

https://www.sun-sentinel.com/tn-blr-photo-gallery-sudden-storm-catches-some-without-umbrellas-in-burbank-20170218-
photogallery.html

https://www.dreamstime.com/man-enjoying-picturesque-view-mountain-landscape-sunny-day-man-
enjoying-picturesque-view-mountain-landscape-sunny-day-image231354122

• Generate random access points
• Filter points based on land use and land cover
• Connect generated access point to closest existing 

highway access (Euclidean distance)
• From beeline connection to possible highway routing 

considering landcover and land use
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Presenter Notes
Presentation Notes
Now if you now change is happening but you don’t know exactly when you need develop a plan for adaptation or modification that is conditional on future developments

As there are an infintie number of combinations it is useful to have a way to scan many many possible modifications.

Here is an example done by Arnor Elvarsson and Fabrice Marggi at the ETH, where they developed a scanning algorithm to scour the country side from the A15 to see where and which triggers would make it beneficial to add a new highway extension.

This algorithm used the costs and benefits of all stakeholders including the travel and CO2 emissions caused by travel. It also include the costs of construction. And the system modelling considered the topgraphy.





How is it best to modify the transport system?
Adaptive plans addressing long-term trends

Marggi, F., Elvarsson, A., Adey, B.T., (2024) Implementing 
early-stage highway planning support in Dübendorf-Hinwil
considering uncertain land-use and mobility demand, Swiss 
Transport Research Conference, May 15-17, Ascona, 
Switzerland.
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Presenter Notes
Presentation Notes
Here you can see an illustration of the aggregated net benefit.
What is important to planners? What can the tool provide?
Spatial representation of the expected benefits


Explain why?
Point net benefit
Interpolation in between – no interpolation outside
White = protected area

Blue:
High access time benefits with comparably low construction costs
As to expect, benefit closer to existing highway is low or mostly negative



How is it best to modify the transport system?
Adaptive plans addressing long-term trends

Example: The Swiss A53 highway extension

• Convert the highway into 3 separate-traffic lanes per direction 

• triggered when the number of human driven vehicles is higher than 10’000 per hour 

Martani, C., Eberle, S., Adey, B.T., (2022), Evaluating 
highway designs considering uncertain mobility 
patterns and flexibility using real options, 
Infrastructure Asset Management, 9(3), pp. 135–155, 
DOI: 10.1680/jinam.21.00018
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Presenter Notes
Presentation Notes
The adaptive plan then can show
It is clear that no investment is currently required
It is also indicates that the first intervention will likely be 2a, 
The next intervention will likely be intervention 3 if one is required, 
In both cases though it is clear that these decisions will need to be made at some point of time in the future, when there is more clarity on the new and evolving situation. 	
The probability of requiring intervention 3 is relatively small because……
Intervention 2a is much more likely and earlier because it is likely …….. 

https://doi.org/10.1680/jinam.21.00018


Can infrastructure be designed to make changes easy?
Flexible infrastructure addressing long-term trends
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Flexible Infrastructure

• two lanes in each direction, for the use of both human-driven vehicles and autonomous vehicles (mixed traffic)

• the bridges are designed with the load bearing capacity to enable an extension of a third lane per direction, and 
the tunnels are excavated from the beginning with the width required to accommodate a third lane per direction 

• the on and off ramps are designed as bridges to allow a third lane to pass underneath 

B.T.Adey

Example: The Swiss A53 highway extension
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Presenter Notes
Presentation Notes
Develop the possible infrastructure modifications and adaptive plans. 
They should include at least one:
A flexible asset, i.e., one that will likely require further changes and is relatively inexpensive to modify. 
Developing the flexible infrastructure implies the ability to identify possible future changes (i.e., the option that can be triggered) so that it can be adapted to provide new services. 




Is it worth it?

Martani, C., Eberle, S., Adey, B.T., (2022), 
Evaluating highway designs considering 
uncertain mobility patterns and flexibility 
using real options, Infrastructure Asset 
Management, 9(3), pp. 135–155, DOI: 
10.1680/jinam.21.00018
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Presenter Notes
Presentation Notes
Stakeholders would normally like to know how certain we are with respect to the numbers we have just put in that  table.
This is shown here as the cumulative distribution of the total costs over the next 60 years.
One sees on the x axis the total costs expected over the next 60 years, and
On the y axis one sees the probability of having costs of this amount.
To help understand, I would like to draw your attention to the blue curve marked 0, which represents the costs that are expected if the base strategy, or business as usual is followed.
In this case you can see that there is a small probability that the costs related to this strategy are very very low. Indeed, it could be the best strategy, but
There is also a probability that it will be the most expensive strategy
It can also be seen that the strategy 2f (i.e. raise the water availability by 40ML/d at year 10, and then by 10ML/d in year 15 and then again in year 30) is the optimal strategy, i.e. yields the lowest average total costs/effects on service (i.e. 132 m£).
If one is concerned about having the least uncertainty, than one might want to choose strategy 3, which has the least uncertainty as indicated by the very steep line. This of course means more or less that if you agree to pay a lot now, you will have little uncertainty because the consequences of having supply interruptions in the future will be very low.



Aerial view of the north portal of the motorway tunnel 
Aeschertunnel and parts of the ramps of the A3/A4 exit 
"Birmensdorf".

Conclusions

Potentially disruptive events and long-term trends 
may require modifications to transport systems

Where and how is hard to determine

Stress tests help

They can lead to the development of adaptive 
plans

Flexible infrastructure can help the implementation 
of adaptive plans

It has to be worth it though
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