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Our two core pillars of research and development

Emerging Technologies 
Automation Connectivity
Applied AI Infrastructure Digitisation
Blockchain Digital Twin

Evolving Social Consciousness

Result in new behaviour , tools and solutions

We need models and simulations that can represent 

all of these changes to inform future planning and

management of transport solutions for mobility

Today: Background/State of the Art , Automated Planning

and Digitising Social Values ( ethical metrics )

Theoretical, but also practical

Thanks to 40+ industry/government sponsors (incl.):

Australia Research Council ($2.3m+) incl.
Ω¼ƍþŚƉľĵƧľŚĶ FƉĻľęƁ-Related Metrics for Transport 
zģƉơšŽŏƁ ÁƧƁƉģŘƁΪ
ΩËŚğģŽƁƉþŚğľŚĶ aŘźþęƉ šĵ !ƍƉšŚšŘšƍƁ ÞģĻľęŒģƁ šŚ 
;ģĻþƠľšƍŽ þŚğ aŚƉģŽþęƉľšŚƁΪ

U.S. National Science Foundation ($1m+) incl.
Industry -University Cooperative Research Center
ΩÇŽþŚƁźšŽƉþƉľšŚ þŚğ FŒģęƉŽľęľƉƧ <šŚƠģŽĶģŚęģΪ

U.S. Federal Highway Administration($1.8m) incl.
ΩaŚƉģŽƁģęƉľšŚ <šŚƉŽšŒ ĵšŽ !ƍƉšŚšŘšƍƁ ÞģĻľęŒģƁ 
ÇŽþŚƁźšŽƉ ĵšŽ zÁßΩ

Transport for New South Wales ($1.5m) incl.
Ω! ºþŽƉŚģŽƁĻľź Ɖš BģƠģŒšź þŚğ BģźŒšƧ zšƠģŒ  
Integrated Network Techniques to Enhance the 
zÁß ÇŽþŚƁźšŽƉ ÁƧƁƉģŘΪ
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Background and Earlier Work

On Faculty at UT -Austin until 2011
ǒ From Assistant Professor to Full Professor

Relocated to UNSW in 2011
ǒ Took up the Evans & Peck Chair of Transport Innovation 
ǒ Founding Director of Research Centre for Transport Innovation (rCITI)
ǒ Head of School of Civil and Environmental Engineering
ǒ Deputy -Dean of Faculty of Engineering

Relocated to the Technische Universität Dresden in 2022
ǒ Lighthouse Professor and Chair of Transport Modeling and Simulation
ǒ Simultaneous Professorship at the Australian National university

When I arrived to Sydney in 2011, I provided the first of 
many talks and collaborations with Evans & Peck/Advisian

My very first talk in 2011, covered the subsequent topics
ƺ Displaying the actual slides used back in 2011
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1. Electric Vehicles

Very early research in the area of

Studying the future behavior of travelers with the emerging 
reality of electric vehicles

Our work began on this topic in 2007

Collaborative with Prof. Mladen Kezunovic (Chair in 
Electrical Engineering, NAE Member)

The NSF Center continued following my relocation

Additional projects and research contributions made 
over the subsequent years

2011 
Slide

2011 
Slide
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One of the early quantifications of EJ for Transport 
Network Planning in the literature (2008)

With my former PhD student, Dr. Jen Duthie (now 
head of Innovation for Cintra)

The primary research paper on the work won the 
U.S. Transportation Research Board Fred Burggraf
Award 

TRB is a division of the US National Academy of Science, 
Engineering and Medicine

While the work was mathematical in nature, it 
was also highly practical for usage

2. Environmental Justice Across 
Protected Groups

2011 
Slide

2011 
Slide
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3. Study of Disease Spreading in Transport Networks

We began studying the spread of 
disease through transport networks 
very early (2005 onward )

PhD (2011) thesis topic of Prof. Lauren 
Gardner (former PhD student at UT 
Austin and colleague at rCITI , UNSW) 

Prof. Gardner would go on to create the well -
known COVID19 Dashboard after her relocation 
to Johns Hopkins University 2011 

Slide
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4. Automated/Autonomous Vehicles

Jointly conducted first large (over 
$1.8m) project globally to study

How AVs would function in a transport system

Comparison with traditional traffic 
management

Travel behavior changes

This project was collaborative work 
with Computer Science Professor 
Peter Stone (beginning in 2006 )

And core work of PhD student Kurt Dresner
2011 
Slide
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The Present and Future: Evolution and Progress

From these emerging topics (all pre -2010):

1. Electric Vehicles

2. Environmental Justice Including Impact Across Protected Groups

3. Pandemics in Transport Networks

4. Automated/Autonomous Vehicles

Also, my own PhD thesis topic(2000) and NSF CAREER Award which led to  

1. Adaptive Network Equilibrium Under Information Provision (due to emerging data )

Now and onward

ǒ Trying to better understand emerging technology on mobility systematically

ƺ In particular, automating transport planning (much of my current work)

ǒ ÁģþŽęĻľŚĶ ĵšŽ þ ƍŚľĵƧľŚĶ ĵŽþŘģơšŽŏ ĵšŽ ΩFƉĻľęþŒ xģƉŽľęƁΪ ΜŘƧ ęƍŽŽģŚƉ !½< BºΝ

ƺ e.g., road traffic carbon, equity, environmental justice, etc.

ǒ ËŚğģŽƁƉþŚğľŚĶ ΩxšĘľŒľƉƧ þƁ þ ½ģƁšƍŽęģΪ
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Modelling Transport Network Behaviour to Inform 
Strategic Decisions

City Layouts IIby Luis Dilgerlicensed and modified under CC BY-NC 4.0

We need approaches 
that work up to scales 
at least this large or 

even much larger 
(multi -national)

We must capture 
network re -routing 

behavior

https://www.behance.net/gallery/29790343/City-Layouts-II
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ÇŽþğľƉľšŚþŒ ΩƁƉþƉľęΪ ÇŽþĵĵľę !ƁƁľĶŚŘģŚƉ

Formulation (Beckman, 1956)
min äñ

a

x

a

a

dc
0

)( ww        

s.t. 

ä =
k

rs

rs

k qh    " r, s 

0²rs

kh    " k, r, s 

äää=
r s k

rs

ka

rs

ka hx ,d   " a 

This formulation (and the resulting 
algorithms & software) are what 
permit transport planners to analyze large networks
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Increasing realities for Network Behaviour

Lin et al. (2007)
Integration of ABM and DTA

Numerous advances over the past 60+ years

Stochasticity

Dynamics

Multiple classes of travel behaviour

Pricing

Network design

Signal design

Connectivity and Information

Demand/Supply integration 

Automated Vehicles

Many others

Lin et al. (2007)
Integration of ABM and DTA

Regardless, some concept of equilibrium remains vital



Slide 13

Electric Vehicles: Traveller Behavior

and Infrastructure Funding

Automated Vehicles

Mobility as a Service

Congestion management

All impact

Behavior

How mobility is priced

Model Representation - Disruptions
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Congestion pricing is an old problem

Example: A.C. Pigou (1920)

ΩΈ þ ŽľĶĻƉŒƧ ęĻšƁģŚ ŘģþƁƍŽģ šĵ ğľĵĵģŽģŚƉľþŒ ƉþƦþƉľšŚ 
against road B would 

ęŽģþƉģ þŚ ΫþŽƉľĵľęľþŒέ ƁľƉƍþƉľšŚ ƁƍźģŽľšŽ Ɖš ƉĻģ ΫŚþƉƍŽþŒέ šŚģΏ 

But the measure of differentiation must be rightly 
ęĻšƁģŚΏΩ
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Google/Telecommunications/Apps
ÅUbiquitous
ÅPotentially multi -modal
ÅOperational/statistical challenges for some 

applications

Social Media
ÅUnderstanding human text

Financial
ÅAlso ubiquitous 
ÅReveals economic drivers

Destination choice

Socio demographic and 

economic attributes

Travel attributes: 

location, time

Travel attributes: 

location, time 

duration, purpose, 

mode of transport.

Disruption : Networked Information

TH Rashidi;A Abbasi;M Maghrebi;S Hasan;ST Waller (2017) 
'Exploring the capacity of social media data for 
modelling travel behaviour: Opportunities and 
challenges ', Transportation Research Part C: Emerging 
Technologies, vol. 75, pp. 197 - 211.
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Networked Mobility Information
Google Map Outreach Grant

While at rCITI@UNSW we were the first non -US group to have the Google Maps Outreach Grant

Multiple recent and ongoing initiatives

Introducing and validating new planning methodologies that account for adaptive traveller behaviour

Explored novel traffic management strategies with TfNSW, RMS, & US FHWA

Worked in India and elsewhere to leapfrog with digital infrastructure
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Google/Telecommunications/Apps
ÅUbiquitous
ÅPotentially multi -modal
ÅOperational/statistical challenges for some 

applications

Social Media
ÅUnderstanding human text

Financial
ÅAlso ubiquitous 
ÅReveals economic drivers

Destination choice

Socio demographic and 

economic attributes

Travel attributes: 

location, time

Travel attributes: 

location, time 

duration, purpose, 

mode of transport.

Information is Bi -directional:
Analytics is half the problem/opportunity. Information 

also transfers out, changing behaviour .

Disruption : Networked Information

TH Rashidi;A Abbasi;M Maghrebi;S Hasan;ST Waller (2017) 
'Exploring the capacity of social media data for 
modelling travel behaviour: Opportunities and 
challenges ', Transportation Research Part C: Emerging 
Technologies, vol. 75, pp. 197 - 211.
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C

A

B

D

Å If we have information at point B
Å We now have 5 Hyperpaths

Å A ΟC ΟD

Å A ΟB/1 ΟC ΟD

Å A ΟB/1 ΟD

Å A ΟB/2 ΟC ΟD

Å A ΟB/2 ΟD

Shortest Path with Information
From Waller and Ziliaskoupolos (2002)

Å Optimal strategy
Å A ΟB/1 ΟD = 2 (with probability .5)
Å A ΟB/2 ΟC ΟD = 3 (with probability .5)
Å Expected cost = 2(.5) + 3(.5) = 2.5

Å Information and adaptivity 
reduced the expected cost

Å from 3 to 2.5
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Step 1. 

E[d|i,s]=0    " iÍ G-1(d),  sÍSi,t   

E[n|i,s]= ¤  " nÍN/d,     iÍG-1(n), sÍSi,n  

SE:= d 

 

Step 2. 

while SȨ  Å 

 Remove an element, n, from the SE 

 for each iÍG-1(n), sÍSi,n, jÍG(n) 

  If p[n|i,s]< E[n|i,s],  then E[n|i,s]:= p [n|i,s] 

 SE:=SE Ç{jÍG-1(i)}  
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Algorithms are presented for 
variants of spatial, temporal and 

combined dependency

Online Shortest Path Algorithm: 1 of 3
Waller and Ziliaskopoulos (2002)

Issue
Only works for fixed costs

But, costs are a function (change 
with flow)
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User Equilibrium with Recourse: Model A
Unnikrishnan and Waller (2009)
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EQUILIBRIUM
CONDITION

INSIGHTS

ÅAll used hyperpaths will have equal (and minimum) expected cost.

ÅThis implies that those network users who follow a UER solution without options, still 
receive precisely the same benefit as those users who actually experience the options.
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Adaptive Equilibrium

C

A

B

D

No information: 12 Travellers from A - D

3 Paths
Path 1: A ΟC ΟD

Path 2: A ΟB ΟD

Path 3: A ΟB ΟC ΟD
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Adaptive Equilibrium

C

A

B

D

No information: 12 Travellers from A - D

3 Paths
Path 1: A ΟC ΟD

Path 2: A ΟB ΟD

Path 3: A ΟB ΟC ΟD

Without information
Take average cost of link B ΟC
Expected Cost of TBC = 16.2

Equilibrium solution
Path 1 Flow = Path 2 Flow
No one uses link B -C
Cost = X + 10 = 6 + 10 = 16

Everyone in the system has a cost of 16
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Adaptive Equilibrium

C

A

B

D

With information: 12 Travellers from A - D

There are 5 Hyperpaths
H1: A-C-D

H2: A-B/1-C-D & A-B/2-C-D

H3: A-B/1-C-D &  A-B/2-D

H4: A-B/1-D & A-B/2-D

H5: A-B/1-D & A-B/2-C-D
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Adaptive Equilibrium

C

A

B

D

With information: 12 Travellers from A - D

There are 5 Hyperpaths
H1: A-C-D

H2: A-B/1-C-D & A-B/2-C-D

H3: A-B/1-C-D &  A-B/2-D

H4: A-B/1-D & A-B/2-D

H5: A-B/1-D & A-B/2-C-D

Equilibrium solution

Everyone in the system has a cost of 18!

Tragedy of the commons again!

HYPERPATH FLOW EXP COST

H1 4 18

H2 0 20.8

H3 0 20.8

H4 3 18

H5 5 18
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Experimental 
Economics

How do real people play this 
game?

Examined with polling and 
incentivized games

Driving lab experiments

Also exploring global  
pervasive data

Transport 
Tools

DIXIT, V. V., ORTMANN, A., RUTSTROM, E. & 
UKKUSURI, S. 2015. Understanding 
Transportation Systems Through the Lenses 
of Experimental Economics: A Review. 
Available at SSRN.

DIXIT, V. V. & DENANT-BOEMONT, L. 2014. Is 
equilibrium in transport pure Nash, mixed 
or Stochastic? Transportation Research Part 
C: Emerging Technologies, 48, 301 -310

RAPOPORT, A., KUGLER, T., DUGAR, S. & 
GISCHES, E. J. 2009. Choice of routes in 
congested traffic networks: Experimental 
tests of the Braess Paradox. Games and 
Economic Behavior , 65, 538-57

LU, X., GAO, S., BEN-ELIA, E. & POTHERING, 
R. Information impacts on ƉŽþƠģŒģŽƁέroute 
choice behavior in a congested risky 
network.  Transportation Research Board 
91st Annual Meeting, 2012

Experiment focusing 
on Transport 
Equilibrium

Review of 
Experimental 
Economics

Experiment focusing 
on Transport 
Paradoxes

Focus on information, 
but not equilibrium
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Experimental Economic Analysis of Adaptive Equilibrium

K.  Wijayaratna , V. Dixit, L. Denant -Boemont , and S.T. Waller

An experimental study of the Online Information Paradox: Does en-route information 
improve road network performance?

Plos Vol 12 Issue 9, 2017

Å144 participants

ÅGroups of six players

Å20 iterative periods
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Results : Learning to Equilibrate 

No information case compared to information case

Individual traffic states shown below

6 travellers

0 travellers
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Treatment 1:

No Information

Treatment 2:

Information Provided at Node B

State E(S1,S2) S1 S2

Cost of A-B-D 16.871 14.438 19.115

Cost of A-C-B-D 18.588 32.146 17.828

Cost of A-C-D 16.917 17.708 17.714

Observed TSTC 210.629 219.163

Experimental results support the presence of the Online Information Paradox

Results: Online Information Paradox
Wijayaratna et al (2017)
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Results: Online Information Paradox
Wijayaratna et al (2017)

Treatment 1:

No Information

Treatment 2:

Information Provided at Node B

State E(S1,S2) S1 S2

Cost of A-B-D 16.871 14.438 19.115

Cost of A-C-B-D 18.588 32.146 17.828

Cost of A-C-D 16.917 17.708 17.714

Observed TSTC 210.629 219.163

Experimental results support the presence of the Online Information Paradox

So, what does this all mean?
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* Consequence of Unnikrishnan & Waller (2009)

In the absence of deception, inducement or pricing,

the power of information is that it makes us more 
efficient at being selfish.

For mobility, this can lead us to the classic 

ΩƉŽþĶģğƧ of ƉĻģ ęšŘŘšŚƁΪ outcome.
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Automated Modeling for Rapid Planning

Given the importance of network equilibrium

How can we cut the time to deploy such models?

By doing so, we create space to grow their use and usefulness

Standardize across regions

Increase transparency and engagement

Incorporate novel metrics

ð Equity

ð Sustainability

ð Environmental impact/justice

ð Resilience

ð Έ

Critical Note:

aŚ ğšľŚĶ þŒŒ šĵ ƉĻľƁ· ơģ ŘƍƁƉ ŚšƉ ŒšƁģ ƉĻģ ęþźþęľƉƧ Ɖš þźźŽšźŽľþƉģŒƧ ŘšğģŒ ΩơĻþƉ-ľĵΪ ƁęģŚþŽľšƁΏ

If we lose this, we lose our purpose in the planning process.

To plan is not simply to analyse. It is not just data analytics.

We would like to 
acknowledge 

collaboration with 
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Rapid Planning Methodology

A network supply model is automatically built from OSM

The trip estimation combines evolutionary algorithms with embedded network User 
Equilibrium (UE)

Each fitness function evaluation requires UE to be solved

Google POI and other demographic data (e.g., WorldPop ) help to devise initial 
solutions

*ST Waller, S Chand, A Zlojutro, D Nair, C Niu, J Wang, X Zhang, and VV Dixit  Μ͎͐͐͏Ν Ω½þźľğģƦΆ ! ŚšƠģŒ ƉššŒ Ɖš ģƁƉľŘþƉģ šŽľĶľŚΟğģƁƉľŚþƉľšŚ ƉŽľźƁ ƍƁľŚĶ źģŽƠþƁľƠģ ƉŽþĵĵľę ğþƉþΪSustainability 

(Switzerland), vol. 13, pp. 11171 Ο11171. https://doi.org/10.3390/su132011171

D Ashmore, ST Waller, K Wijayaratna, and A Tessler Μ͎͐͐͐Ν Ω!ƍƉšŘþƉģğ ºŒþŚŚľŚĶ XšŽ ÇĻģ ÁƉŽþƉģĶľę xþŚþĶģŘģŚƉ šĵ ÇŽþŚƁźšŽƉ ÁƧƁƉģŘƁ aŚ BģƠģŒšźľŚĶ <šƍŚƉŽľģƁΪAustralasian Transport Research 

Forum Proceedings 28 -30 September, Adelaide, Australia. https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4191661

S Chand, ST Waller, and D Ashmore Μ͎͐͐͐Ν Ω;ƍľŒğľŚĶ þŚğ ;ģŚęĻŘþŽŏľŚĶ FżƍľƉþĘŒģ aŚĵŽþƁƉŽƍęƉƍŽģ ÁƧƁƉģŘƁ ľŚ ƉĻģ ßþŏģ šĵ ½þźľğ ËŽĘþŚľƁþƉľšŚΪPolicy Brief for Task Force 8: Inclusive, Resilient, and 

Greener Infrastructure Investment and Financing, T20 Summit, Indonesia. https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4203715

* ST Waller, M Qurashi, A Sotnikova, L Karva, S Chand Μ͎͐͐͑Ν Ω!ŚþŒƧƯľŚĶ þŚğ ŘšğģŒľŚĶ ŚģƉơšŽŏ ƉŽþƠģŒ źþƉƉģŽŚƁ ğƍŽľŚĶ ƉĻģ ËŏŽþľŚģ ľŚƠþƁľšŚ ƍƁľŚĶ ęŽšơğ-ƁšƍŽęģğ źģŽƠþƁľƠģ ƉŽþĵĵľę ğþƉþΪ

Transportation Research Record, Volume 2677, Issue 10 , https://doi.org/10.1177/03611981231161622

R Amrutsamanvar, S Chand, M Qurashi, and ST Waller (2023) "Rapid Planning: Opportunities with Pervasive Data for Sustainable Mobility" IEEE Smart Cities Symposium, Prague.

https://doi.org/10.3390/su132011171
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4191661
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4203715
https://doi.org/10.1177/03611981231161622
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33

Å Use crowd sourced and 
pervasive data

Å Network inference tools to 
automatically develop planning 
network from OSM and historic 
data on transport capacities.

Å A Machine Learning, 
Evolutionary Algorithm, 
implemented to infer 
aggregate origin -destination 
travel demand forecast from 
observed data.

Rapid Transport Planning : Methodological Framework
Waller et al. (2021)
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Traffic Signal Optimization

Sun D; BenekohalRF; Waller ST(2003) 'Multi -objective traffic signal timing optimization using non-dominated 

sorting genetic algorithm II', Lecture Notes in Computer Science, vol. 2724, pp. 2420 - 2421, 

http://dx.doi.org/10.1007/3-540-45110-2_143

Sun D; BenekohalRF; Waller ST, 2006, 'Bi-level programming formulation and heuristic solution approach for 

dynamic traffic signal optimization', Computer-Aided Civil and Infrastructure Engineering, vol. 21, pp. 321 - 333, 

http://dx.doi.org/10.1111/j.1467-8667.2006.00439.x

Vending Machine Allocation

GrzybowskaH; Kerferd B; GrettonC; Travis Waller S(2020) 'A simulation-optimisation genetic 

algorithm approach to product allocation in vending machine systems', Expert Systems with 

Applications, vol. 145, http://dx.doi.org/10.1016/j.eswa.2019.113110

Rapid Transport Modelling (including network and trip estimation)

Waller ST; Chand S; Zlojutro A; Nair D; Niu C; Wang J; Zhang X; Dixit VV, 2021, 'Rapidex: A novel tool to estimate originïdestination trips using pervasive traffic 

data', Sustainability (Switzerland), vol. 13, pp. 11171 - 11171, http://dx.doi.org/10.3390/su132011171

(Preprint) Waller, Travis and Qurashi, Moeid and Sotnikova, Anna and Karva, Lavinaand Chand, Sai, óAnalyzing and modelingnetwork travel patterns during the 

Ukraine invasion using crowd-sourced pervasive traffic dataô(August, 2022). SSRN:https://ssrn.com/abstract=4185753

Sample of Our Past & Ongoing Evolutionary Algorithm Applications in Mobility

Ready-Mixed Concrete Delivery

Maghrebi, M., Periaraj, V., Waller, S. T., & SammutΣ /Φ όнлмпύ άSolving Ready-Mixed Concrete 

Delivery Problems: Evolutionary Comparison between Column Generation and Robust Genetic 

AlgorithmΦέ Lƴ wΦ Lǎǎŀ ό9ŘΦύΣ !{/9 - Computing in Civil and Building Engineering. Orlando, USA, 23-25 

Jun 2014.  https://doi.org/10.1061/9780784413616.176

Maghrebi M; Waller ST; SammutC(2014) 'Sequential Meta-Heuristic Approach for Solving Large-

Scale Ready-Mixed ConcreteςDispatching Problems', Journal of Computing in Civil Engineering, vol. 

30, pp. 04014117 - 04014117, http://dx.doi.org/10.1061/(ASCE)CP.1943-5487.0000453

Transport Network Design

Jeon, K., J.S. Lee, S. Ukkusuri, and S.T. Waller(2009ύ  ΨNew approach for relaxing computational complexity of 

discrete network design problem using selectorecombinativegenetic algorithmΩJournal of the Transportation 

Research Board, Vol 1964, Issue 1, pp. 91-103, 2006. https://doi.org/10.1177/0361198106196400111

Lin DY; Unnikrishnan A; Waller ST(2009) 'A genetic algorithm for bi-level linear programming dynamic network 

design problem', Transportation Letters, vol. 1, pp. 281 - 294, http://dx.doi.org/10.3328/TL.2009.01.04.281-294

Lin DY; Waller ST(2009) 'A quantum-inspired genetic algorithm for dynamic continuous network design 

problemΩΣ Tr. Letters, v. 1, pp. 81 - 93, http://dx.doi.org/10.3328/TL.2009.01.01.81-93

http://dx.doi.org/10.1007/3-540-45110-2_143
http://dx.doi.org/10.1111/j.1467-8667.2006.00439.x
http://dx.doi.org/10.1016/j.eswa.2019.113110
http://dx.doi.org/10.3390/su132011171
https://ssrn.com/abstract=4185753
https://doi.org/10.1061/9780784413616.176
http://dx.doi.org/10.1061/(ASCE)CP.1943-5487.0000453
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Travel Origin -Destination Demand Estimation
Waller et al. (202 1)

35

Fitness Functions

Initial Solutions



Slide 36

Comparison with

ÅObserved Data

ÅHousehold Travel Survey

ÅMore refined (time -
intensive) strategic 
planning model
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Travel Origin -Destination Demand Estimation
Waller et al. (202 1)
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Case Study 1: Sydney Region Generations Attractions

Travel time to CBDCongestion Index to CBDVolume V/C Ratio
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Case Study 2: HiTechCity, Hyderabad (India)
Project: needed to establish a model, with no data from agency, to evaluate traffic operational changes related to construction of new metro

Trip Generations Trip Attractions

Volume V/C Ratio Congestion Index



Slide 39

Models in Ukraine
Waller et al. (202 3)

Kyiv 
ð Links: 4069
ð Nodes: 2224

Kharkiv
ð Links: 2453
ð Nodes: 1017

Odesa
ð Links: 1765
ð Nodes: 800
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Analysis for 26 February 2022 to 12 April 2022

Focusing on Coefficient of Variance (Std/Mean)

Waller, Travis and Qurashi, Moeid and Sotnikova, Anna and Karva, Lavina and Chand, Sai, ñAnalyzing and modeling network travel patterns during the 

Ukraine invasion using crowd-sourced pervasive traffic dataòTransportation Research Record: Journal of the Transportation Research Board, Vol 2677, Issue 

10, pp. 491-507, 2023.

First known paper on travel behavior during human conflict. 

Focuses on those who remain in place rather than evacuation/refugee movements.

Applications being explored include:
Rapid estimation of reconstruction needs
Designing cities that are more resilient to human -conflict


