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Land use, transport, and population health: estimating the 
health benefi ts of compact cities
Mark Stevenson, Jason Thompson, Thiago Hérick de Sá, Reid Ewing, Dinesh Mohan, Rod McClure, Ian Roberts, Geetam Tiwari, Billie Giles-Corti, 
Xiaoduan Sun, Mark Wallace, James Woodcock

Using a health impact assessment framework, we estimated the population health eff ects arising from alternative 
land-use and transport policy initiatives in six cities. Land-use changes were modelled to refl ect a compact city in 
which land-use density and diversity were increased and distances to public transport were reduced to produce low 
motorised mobility, namely a modal shift from private motor vehicles to walking, cycling, and public transport. The 
modelled compact city scenario resulted in health gains for all cities (for diabetes, cardiovascular disease, and 
respiratory disease) with overall health gains of 420–826 disability-adjusted life-years (DALYs) per 100 000 population. 
However, for moderate to highly motorised cities, such as Melbourne, London, and Boston, the compact city scenario 
predicted a small increase in road trauma for cyclists and pedestrians (health loss of between 34 and 41 DALYs per 
100 000 population). The fi ndings suggest that government policies need to actively pursue land-use elements—
particularly a focus towards compact cities—that support a modal shift away from private motor vehicles towards 
walking, cycling, and low-emission public transport. At the same time, these policies need to ensure the provision of 
safe walking and cycling infrastructure. The fi ndings highlight the opportunities for policy makers to positively 
infl uence the overall health of city populations.

Introduction
Cities around the world are dealing with the consequences 
of changing population demographics and policies that 
have failed to eff ectively manage the associations between 
land use, mobility, and population health. Urban growth 
(the expansion of metropolitan areas) and the pressure it 
places on urban infrastructure is now a major 
international challenge. By 2050, the populations of 
Australia’s four largest cities are predicted to be similar 
to Australia’s current total population,1 and the USA, 
China, and India will see predicted increases in the 
populations of their large cities of 33%, 38%, and 96%, 
respectively.2

Continued population growth is associated with ever-
increasing demands on transport systems. Governments 
increasingly emphasise the need to integrate transport 
and land-use planning,3 acknowledging that land-use 
decisions substantially infl uence transport options and 
travel choices. Sprawling residential-only developments 
that dominate most suburban areas in North America, 
Australia, and New Zealand limit the ability of people to 
walk or cycle for their daily travel requirements.4 In these 
countries, low-density housing developments make public 
transport development cost prohibitive, producing a 
reliance on private motorised transport and increasing 
exposure to the risks associated with traffi  c speed, traffi  c 
volume, vehicle emissions, and physical inactivity.5 In 
response to economic growth, private car use is also 
dramatically increasing in many middle-income countries 
such as Brazil,6 China, and India.7 Resultant declines in 
physical activity and increases in air pollution, noise, and 
risk of motor vehicle crashes combine to produce 
increased rates of chronic disease and injury.8

City planners and policy makers—who have the power 
to infl uence the health of rapidly expanding cities and 
increasingly motorised populations—need to prioritise 
the minimisation of health risk exposures while 
maintaining or enhancing the mobility of city residents. 
Recent innovations in transportation have generated an 
expectation of a transportation revolution, in which road 
deaths, serious injury, and congestion are eliminated 
because of web connectivity, automated vehicles, and 
advanced software.  Like an engineering fi x for global 
warming, this vision is seductive and will eventually play 
a part in the resolution of current transportation 
challenges. However, serious obstacles including 
software viruses, security risks, and the need for fall-back 
options in the case of major connected system failures 
mean that technological solutions will be achieved, but 
only over the coming decades. Additionally, these 
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Key messages

• Considerable health gains are observed by city planning 
that encourages a compact city—namely, a city of short 
distances that promotes increased residential density, 
mixed land use, proximate and enhanced public transport, 
and an urban form that encourages cycling and walking.

• A compact city approach also results in reduced 
city-specifi c particulate emissions owing to reduced 
motor-vehicle emissions.

• Policies that incentivise walking, cycling, and public 
transport while reducing subsidies for private motor 
vehicle use will infl uence the health and sustainability of 
growing cities.

Stevenson, M., Thompson, J., Sá, T. H. D., Ewing, R., Mohan, D., Mcclure, R., Roberts, I., Tiwari, G., Giles-Corti, B., Sun, X., Wallace, M., and

Woodcock, J. (2016). Land use, transport, and population health: estimating the health benefits of compact cities.
The Lancet, 6736(16):1–11



Modelling health due to urban systems

Basic model
• Emerging from an existing ‘deterministic’, static 

model published in ‘The Lancet’, 2016
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Urban clusters

Five Main Land-Use Clusters

3/05/2023 34

1. High Density Inner City

2. Connected Inner Ring

3. Connected Pockets

4. Middle Suburbia, and

5. Urban Fringe



Urban clusters and health outcomes

Health Outcome Differences Between 
Clusters

3/05/2023 41

1. High Density Inner City

2. Connected Inner Ring

3. Connected Pockets

4. Middle Suburbia, and

5. Urban Fringe



City typology clustering
How to do global studies without global datasets? Use a neural network’s
confusion to identify cities by their maps (confusion = similar)

Each instance of confusion created a 
link between two cities, generating 

city ‘clusters’

Road networks, public transport, open space, 
density, water, topography

@agent_jase

Thompson et al. (2020)



City typology clustering

Confusion matrix SNA map
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Thompson et al. (2020)



City typology clustering

9 major city types

@agent_jase

City Type Name of City Type Representative City Sample Map Images  

1 Informal (INF) Hyderabad, India 

 

2 Irregular (IRR) Beijing, China 

 

3 Large block (LBL) Saint Petersburg, Russia 

 

4 Cul de sac (CUL) Jakarta, Indonesia 

 

5 High transit (HTR) Paris, France 

 

6 Motor city (MOT) Los Angeles, USA 

 

7 Chequerboard (CHQ) Mexico City, Mexico 

 

8 Intense (INT) Osaka, Japan 

 

9 Sparse (SPR) Dar Es Salaam, Tanzania 

 

 

Thompson et al. (2020)



City typology clustering

Geographic distribution

@agent_jase

Thompson et al. (2020)



City design relationship to road transport injury

Articles

www.thelancet.com/planetary-health   Vol 4   January 2020 e38

high motorcycle use,42 were located together on the 
network graph’s right-hand side. Taken together, these 
city types accounted for a mean 176 DALYs lost per 
100 000 population for motorcycle injury; 1·54-times 
greater than remaining city types. Sparse, irregular, large 
block, and cul de sac city types appearing in the lower 
right area of the graph had a combined mean of 
473 DALYs lost to pedestrian and cyclist injuries per 
100 000 population; 1·83-times greater than remaining 
city types. The RRs between various city types by road 
users relative to the high transit city type (city type with 
the overall lowest burden of road transport injury) are 
shown in table 1.

Table 2 uses the road transport injury RRs associated 
with the city types to estimate the total burden of road 
transport injury associated with specific city types, along 
with the estimated share of the total road transport injury 
burden attributable to city types that do not match the 
lowest risk, high transit, design. Based on 2015 world 
population estimates, the greatest total burden of road 
transport injury is associated with the informal, 
chequerboard, and sparse city types, followed by irregular 
and large block cities. The estimated global burden of 
road transport injury attributable to urban form that does 
not match the lowest risk example from high transit city 
types is estimated at more than 8·7 million DALYs per 
year.

Discussion
This analysis has identified nine global city types through 
visual classification techniques that capture the diversity 
of urban design related to land transport. It has shown 
the benefit of accessing and harnessing combined, 
global, standardised datasets for urban analysis alongside 
global health burden data. We have identified differences 
between city types that appear strongly associated with 
the magnitude and nature of road transport injury 
between transport modes. The study identifies city types 
in which the transport networks differ across multiple 
dimensions; from cities with intense, extensive, highly 
organised road and rail networks (eg, high transit, 
intense, and motor city types), to cities with limited, 
irregularly shaped road infrastructure and almost no 
railed public transport networks (eg, the sparse and 
informal city type). Further, the study has shown an 
ability to differentiate between city designs that cross 
globally accepted cultural and geopolitical boundaries 
and follow previously documented patterns of ethno-
graphic dispersion and colonial settlement through 
continental Europe to the Americas.43,44

The findings highlight that urban design is strongly 
associated with road transport injury burden. 
Controlling for the influence of economic activity, a 
two-times difference was observed in the total estimated 
burden of road transport injury between the best 
performing city type (high transit) and the poorest 
performing types (cul de sac, informal, and sparse 

followed by chequerboard, irregular, and large block 
types). Together, these poorly performing city types 
contained close to 1·7 billion people located in areas 
across western China, India and Asia, South America, 
the former Soviet Union, and Africa. Many of the cities 
that fall within the specific city types are in low-income 
regions and are transitioning through a period of rapid 
development. Importantly, they are often located within 
countries targeted by multi lateral development bank 
infrastructure programmes promoting road safety 
initiatives that do not emphasise reducing motor 
vehicle use through changes to urban design or land 
use planning.18 Furthermore, seldom do these projects 
advocate investment in safer public or active transport 
alternatives beyond the car.45 The limitations of tackling 
transport injury through a restricted lens of road safety, 
which places the car at the centre of transport policy 
while discounting investment in safer alternative 
transport options, are emphasised by the results 
presented here. Efforts to promote urban design, which 
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Figure 5: Association between city types dedicated to road (A) and rail (B) networks and DALYs lost to road 
transport injury per 100 000 population
HTR=high transit. MOT=motor cities. INT=intense. CUL=cul de sac. CHQ=Chequerboard. INF=informal. 
IRR=irregular. LBL=large block. SPR=sparse. DALYs=disability-adjusted life-years.

Thompson, J., Stevenson, M., Wijnands, J. S., Nice, K. A., Aschwanden, G. D. P. A., Silver, J., Nieuwenhuijsen, M., Rayner, P., Schofield, R., Hariharan,

R., and Morrison, C. N. (2020). A global analysis of urban design types and road transport injury: an image processing study.
Lancet Planetary Health, 4:32–42



Agent-based modelling

Agent-based modelling



Modelling of SARS-CoV-2

Thompson, J., McClure, R., Blakely, T., Wilson, N., Baker, M. G., Wijnands, J. S., de Sa, T. H., Nice, K., Cruz, C., and Stevenson, M. (2022a). Modelling
SARS-CoV-2 disease progression in Australia and New Zealand: an account of an agent-based approach to support public health decision-making.
Australian and New Zealand Journal of Public Health



Modelling SARS-CoV-2

Thompson et al. (2022a)



Using computer vision to assess public health impacts of
urban design

Hunter, R. F., Garcia, L., Stevenson, M., Nice, K., Wijnands, J. S., Kee, F., Ellis, G., Anderson, N., Seneviratne, S., Moeinaddini, M., Godic, B., Akaraci,

S., and Thompson, J. (2023). Computer vision, causal inference and public health modelling approaches to generate evidence on the impacts of urban
planning in non-communicable disease and health inequalities in UK and Australian cities: A proposed collaborative approach.
medRxiv



GANs for healthy, safe urban design

Wijnands, J. S., Nice, K. A., Thompson, J., Zhao, H., and Stevenson, M. (2019a). Streetscape augmentation using generative adversarial networks:
insights related to health and wellbeing.
Sustainable Cities and Society



Using GANs to examine health impact of urban design

New Images

1

Zhao, H. et al, forthcoming



Using GANs to examine health impact of urban design

t-SNE

6

Zhao, H. et al, forthcoming



Identifying safe intersection design through satellite
imagery and a deep autoencoder

Wijnands, J. S., Scully, K., Zhao, H., Nice, K. A., Guo, J., Stevenson, M., and Thompson, J. (2020). Identifying safe intersection design through
unsupervised feature extraction from satellite imagery.
Computer-Aided Civil and Infrastructure Engineering



Identifying safe intersection design

Wijnands et al. (2020)



Identifying safe intersection design

Wijnands et al. (2020)



Driver drowsiness detection

Wijnands, J. S., Thompson, J., Nice, K. A., Aschwanden, G. D. P. A., and Stevenson, M. (2019b). Real-time monitoring of driver drowsiness on mobile
platforms using 3D neural networks.
Neural Computing and Applications



Climate Infomatics: New sources of urban climate
modelling data

Lipson, M. J., Nazarian, N., Hart, M. A., Nice, K. A., and Conroy, B. (2022). A Transformation in City-Descriptive Input Data for Urban Climate Models.
Frontiers in Enviromental Science, 10:866398



Detection of urban features for climate modelling

Nice et al. (2020b)



Impact of urban design on urban heat

Nice, K. A., Nazarian, N., Lipson, M. J., Hart, M. A., Seneviratne, S., Thompson, J., Naserikia, M., Godic, B., and Stevenson, M. (2022). Isolating the
impacts of urban form and fabric from geography on urban heat and human thermal comfort.
Building and Environment



The impact of COVID-19 on global pollution
Combining ERA5 weather data with ground level pollution data, creating pollutant and city specific XGBoost model for 700 cities. Calculation of 2020
pollution anomalies in the absence of the COVID-19 pandemic.

a) NO2 in Chongqing

b) PM10 in Antwerpen, Belgium

c) PM2.5 in Ulaanbaatar, Mongolia

Actual (black) and forecasted (blue)
pollution levels

• Large February NO2 reductions in
China resulting from lockdowns.

• Aug 2020 Belgium heatwave
accurately reflected through
increased PM10 levels.

• Temperature influence on pollution:
seasonal trends of PM2.5 in
Mongolia from winter heating.

Wijnands, J. S., Nice, K. A., Seneviratne, S., Thompson, J., and Stevenson, M. (2022). The impact of the COVID-19 pandemic on air pollution: A global
assessment using machine learning techniques.
Atmospheric Pollution Research, 13(6):101438



Unexplained NO2, PM2.5, and O3 across cities, stringency
of COVID-19 restrictions, and mobility patterns from
Google mobility data.

Large reductions in NO2 in most places across the first few months of 2020, largely returning to normal levels afterwards.
PM2.5 reductions in many places across 2020. O3 increases in the first half of 2020 (due to NO2 reductions) but below normal
levels mid-year.



Global anomalies: PM2.5 on 9 February 2020

Reductions of PM2.5 in China in early February 2020.



Global anomalies: NO2 on 4 April 2020

Reductions of NO2 in Europe in early April. China had rebounded to
normal levels.





Urban infrastructure identification through computer vision
and neural networks

Seneviratne, S., Wijnands, J. S., Nice, K., Zhao, H., Godic, B., Mavoa, S., Vidanaarachchi, R., Stevenson, M., Garcia, L., Hunter, R. F., and Thompson,

J. (2022b). Urban feature analysis from aerial remote sensing imagery using self-supervised and semi-supervised computer vision.
arXiv

Seneviratne, S., Nice, K. A., Wijnands, J. S., Stevenson, M., and Thompson, J. (2021). Self-Supervision. Remote Sensing and Abstraction: Representation
Learning Across 3 Million Locations.
2021 Digital Image Computing: Techniques and Applications (DICTA)



Models for urban infrastructure detection

Seneviratne, S., Wijnands, J. S., Nice, K., Zhao, H., Godic, B., Mavoa, S., Vidanaarachchi, R., Stevenson, M., Garcia, L., Hunter, R. F., and Thompson,

J. (2022b). Urban feature analysis from aerial remote sensing imagery using self-supervised and semi-supervised computer vision.
arXiv



Detection of cycling infrastructure in aerial imagery

Seneviratne, S., Wijnands, J. S., Nice, K., Zhao, H., Godic, B., Mavoa, S., Vidanaarachchi, R., Stevenson, M., Garcia, L., Hunter, R. F., and Thompson,

J. (2022b). Urban feature analysis from aerial remote sensing imagery using self-supervised and semi-supervised computer vision.
arXiv



Urban typologies through maps, satellite and street view
images

Nice, K. A., Thompson, J., Wijnands, J. S., Aschwanden, G. D. P. A., and Stevenson, M. (2020a). The ”Paris-end” of Town? Deriving Urban Typologies
Using Three Imagery Types.
Urban Science, 4:27



Inter and intra-city typologies

Nice et al. (2020a)



Urban typologies through maps and street view

Nice et al. (2020a)



Text-to-image: ‘A street which is ideal for walking in’



Text-to-image generation: Reimagining urban design

Remembering and interpreting Parkville through artificial eyes 

A/Prof Jason Thompson, Dr Sachith Seneviratne, Dr Kerry Nice, Dr Rajith Vidanaarachchi 
Transport, Health and Urban Design Research Laboratory – School of Design, The University of Melbourne 

Could we conjure up an accurate vision of a time or a place if we had never been there? Could we then envisage such a 
place through another’s eyes? What if we could delve into entire world’s collective understanding of a place or perspective 
and extract an example of that representation? Would such a vision be robust, believable, or an any way meaningful? 
What effect might extracting such a scene have on our own understanding of empathy, creativity, imagination, possibility, 
or design practice? 

To date, a limiting feature of artificial intelligence (AI) in applications ranging from those used in financial markets to 
health, object detection, and design has been their reliance on vast historical datasets from which they build perceptions 
and projections of the world before to relaying this information back to humans. This reliance has so far left scant room 
for apparent understanding, interpretation, or imagination of the sort truly recognised as ‘intelligence’ by humans. Such 
limitations, however, are perhaps drawing to a close with the advent of text-to-image generators(1). Text-to-image 
generators are opening the door for AI applications to reach human levels of conceptual creativity resembling considered 
integration, interpretation, and genuine imagination – with the capacity to even build memories of their own. 

Contemporary text-to image generators are now enabling designers to combine and re-imagine features, objects, 
locations, times, scenes, and styles that can generate unique visions spanning anywhere from reality to impressionism to 
bizarre fiction. In doing so, they can lead us on an exploration of an alternate and at times fascinating potential world of 
how others might have seen or interpreted a place like Parkville.  

In this presentation we demonstrate a re-imagining of Parkville and surrounds through capturing the collective hive-mind 
of the world-wide web using modern text-to image generators. We demonstrate an interpretation of Parkville under 
conditions where the features we desire and the lens we peer through are selected, combined, and balanced. We ask for 
consideration of what the model really understands, what the images convey, and leave open a discussion of the 
aesthetics, ethics, and meaning of artificially generated design to the audience. We show how artificial design resembling 
imagination, will be a feature of our future and perhaps eventually, even our history.  

 

 

 

 

 

 

Figure 1. Four scenes from Parkville, Melbourne understood through a combination different styles and mediums, generated using both MidJourney 
and DALLE-2 text to image generators. 

References 

1. Fitzgerald M, Boddy A, Baum SD. 2020 survey of artificial general intelligence projects for ethics, risk, and policy. 2020. 

 Thompson, J., Seneviratne, S., Nice, K., and Vidanaarachchi, R. (2022b). Remembering and interpreting Parkville through artificial eyes.
In Australian Centre for Architectural History, Urban and Cultural Heritage (ACAHUCH) Inaugural Symposium : Park Life 2022, 04 November 2022



DALLE-URBAN

DALLE-URBAN: Capturing the urban design
expertise of large text to image transformers

Sachith Seneviratne∗, Damith Senanayake†, Sanka Rasnayaka‡, Rajith Vidanaarachchi∗†, Jason Thompson∗
∗Transport, Health, and Urban Design Research Lab, Melbourne School of Design, University of Melbourne, Australia

†Department of Mechanical Engineering, Faculty of Engineering and Information Technology, University of Melbourne, Australia
‡Department of Computer Science, National University of Singapore, Singapore

{sachith.seneviratne, damith.senanayaka, rajith.vidanaarachchi, jason.thompson}@unimelb.edu.au, ‡sanka@nus.edu.sg

Abstract—Automatically converting text descriptions into im-
ages using transformer architectures has recently received con-
siderable attention. Such advances have implications for many
applied design disciplines across fashion, art, architecture, urban
planning, landscape design and the future tools available to such
disciplines. However, a detailed analysis capturing the capabilities
of such models, specifically with a focus on the built environment,
has not been performed to date. In this work, we investigate the
capabilities and biases of such text-to-image methods as it applies
to the built environment in detail. We use a systematic grammar
to generate queries related to the built environment and evaluate
resulting generated images. We generate over 12000 different
images from 2 text to image models and find that text to image
transformers are robust at generating realistic images across dif-
ferent domains for this use-case. Generated imagery can be found
at the github: https://github.com/sachith500/DALLEURBAN

Index Terms—image generation, computer vision, deep learn-
ing, natural language processing, built environment, urban plan-
ning, urban design, dataset

I. INTRODUCTION

The recent advent of deep learning methods that use large
text-image datasets, combined using contrastive learning and
transformer architectures has led to the possibility of gener-
ating realistic images of natural and artificial scenes, such
as the image in Fig. 1. These methods have the potential
to aid or automate considerable parts of the visual and built
environment design disciplines. However, due to the inherent
complexity of such generated scenes, current evaluations of
their utility in the literature only capture limited aspects of
the potential of such generative methods to disrupt - and
potentially aid - applied design disciplines.

An advantage in many neural network-based methods arises
in the possibility to reuse the trained networks to instantiate
a representation for new tasks. This is frequently exploited
in the transfer learning paradigm, which uses a pre-trained
model and allows for fine-tuning of the learned weights for a
similar (yet potentially more specialized task). For example,
ImageNet training is used as the basis for transfer learning for
many classification tasks. BERT pre-training is often used as
the initialization for many Natural Language Processing (NLP)
tasks. In particular, self-supervised learning has been shown
to provide many benefits including better label-efficiency,
the potential for weaker forms of supervision, and better

Fig. 1: DALL-E 2 generated image for the prompt: ’A painting
of a public open space which is ideal for walking’

performance on fine-grained visual tasks (including in the built
environment domain [33]).

However, advances in artificial intelligence frequently have
downstream, indirect effects on other disciplines that should be
considered. Of these, advances in computer vision, particularly
those related to image generation, may have major implica-
tions on the visual design disciplines which use drawings,
artistic models, prototypes, and even natural scenes. However,
previously, design disciplines have been somewhat shielded by
a lack of flexibility, creativity and ‘imagination’ demonstrated
by AI techniques in combining concepts and where humans
have had a clear advantage, these barriers are now possibly
beginning to break down.

Some disciplines create visual artefacts which are more
artistic or focused on the aesthetic than the utility - for example
art, fashion and jewellery. Alternatively, the built environment
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Bias and capabilities of text-to-image generation related to
built environments

TABLE V: In-painting as a means of validating the findings from text conditioned generation.

Healthy (a) → Unhealthy (b-d) (trees inpainted) Unsafe (e) → Safe (f-h) (upper half inpainted)

(a) (b) (e) (f)

(c) (d) (g) (h)

TABLE VI: High air pollution (Top) vs clean air (bottom)

(a) (b) (c)

(d) (e) (f)

Futher observations are as follows:
• The prompt ‘A painting of G’ often captures complex

relationships in a more interpretable form and more
consistently than realistic scenes of most built environ-
ments, where G forms the grammar for a natural built
environment scene. We hypothesize that this is because
the painting domain inherently contains more variation
(and is thus more forgiving) of variation within the image
than real scenes (which tend to be more coherent and
consistent). Prompts like ‘a cartoon of G’ or ‘a poster of
G’ also produced coherent content, with the complexity

of the content following the descending order of painting,
cartoon, poster.

• Text generated within an image appeared to be nonsen-
sical, but consistent. For example, the word ‘neighbor-
hood’ as a prompt was often associated with terms such
as ‘neyehrood’ or ‘neothrood’ appearing as text in the
generated image. This nonsensical text appears to refer
to the word ’neighborhood’ and such effects have been
observed elsewhere [6]. In our work, we ignore all text
generated within an image.

• Specialist terms from the built environment literature
are often poorly understood by the model. Examples
include terms such as ‘walkability’ or ‘walkable’ as an
adjective. This can be attributed to the rarity of such terms
appearing as captions in standard datasets.

• Prompts with the potential to generate disturbing im-
agery were completely avoided, where such imagery was
unintentionally generated they were immediately filtered
from the collected dataset along with the prompt which
produced them. This included terms related to fire, overt
references to violence, and generally any prompts which
could lead to content unsuitable or irrelevant for analysis
of the built environment.

We additionally generated 11000 images using Stable Diffu-
sion [29]. While these were not analysed using the in-painting
workflow nor qualitatively by inspection, they are included as
part of the text-image pair data-set released as part of this
work.

Seneviratne et al. (2022a)



Computer vision applications to derive a spatial index of
access to social services

Public transport availability and frequency
Services per week (lighter colors=higher frequency) 
in Perth and Melbourne.



Computer vision applications to derive a spatial index of
access to social services

Spatial access index creation

Aggregate services and 
features into classes using 
different weights to create 
indexes

Use different mixes for 
different outcomes (i.e. young 
families, elderly, etc.) 

Doctors within 2000m

Supermarkets within 2000m



COVID-19 over 2020: Global cities and responses
constrained by urban design

Nice, Thompson, et al, in preparation



City network graphs to predict pollution outcomes

Clustering of cities using network graphs: transport nodes/edges, 
road types (primary, secondary, residential, etc) to predict 2020 
pollution levels (NO2, PM2.5)
Melbourne (right), Houston TX, Cape Coral FL and Sanhe China 
(bottom row)
As well as other city characteristics (COVID cases, COVID 
stringency, etc across 2020.

Nice, Thompson, et al, in preparation



Global response to COVID-19 over 2020

Clusters of cities by criteria of 
network graphs, stringencies during 
COVID and pollution outcomes.

Nice, Thompson, et al, in preparation



Global response to COVID-19 over 2020

Health-related outcomes at day 250

Nice, Thompson, et al, in preparation
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