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Cities have advanced in terms of economic and social status over the past
five decades, improving the living conditions of hundreds of millions

of people. However, population growth and urban expansion have put
pressure on social and environmental conditions. This study examines
urban policymakers’ perceptions about causal relationships in the urban
system asrevealed in urban planning reports. Here we analyzed 500 pages
from published urban plans of Greater Sydney between 1968 and 2018

and coded the text into causal maps. The findings show that policymakers
adopted adominant urban development strategy over the past 50 years to
pursue economic and public infrastructure growth. Over time, this growth
strategy resulted in anumber of social and environmental challenges that
negatively impacted societal well-being. Although policymakers eventually
recognized the seriousness of social and environmental challenges, they
never attempted to fundamentally change the dominant growth strategy.
Instead, policymakers sought to address the challenges (that is, symptoms)
by respondingto eachissue piecemeal.

Australian cities and many cities worldwide have grown rapidly in the
past five decades, increasing the pressure on environmental and social
conditions. While much progress hasbeen made inurban areasin edu-
cation, life expectancy, poverty levels, personalincome and access to
water, declining social and environmentalindicators present challenges
and risks for societies'. For example, population growthinurbanareas
has increased energy consumption?, waste generation?, loss of green
spaces’, housing costs* and time spent commuting>°.

Previous research highlights the need to shift urban planning from
primarily focusing on economic growth to sustainable development
policies with a broader conceptualization of societal well-being’™’.
For many decades, urban planners have promoted economic growth
and infrastructure investment through development plans driving an
urban growth agenda'®". These urban growth policies have negatively
impacted the environment™ and people’s quality of life'>"*'* and have
failed to achieve the objectives espoused in these urban development
plans®. Societal well-being depends not only on economic prosperity

butalso onthe quality of the environment and social capitalinour com-
munities'®”. Policymakers and scientists increasingly recognize the need
toadopt abroader perspective of societal well-being when developing
and evaluating public policies and strategies to advance society'".

The social and environmental challenges facing urban policymak-
ers involve interdependencies among social, economic and environ-
mental dimensions of well-being and also interdependencies between
urban planning strategies and these dimensions®***. Rather than focus-
ingontheindividual parts of the urban systeminisolation, continued
improvement of societal well-being requires analyzing how the dif-
ferent parts of an urban system interact and how policy action can be
coordinated*?*. While there have been advances in understanding
how urban growth creates social and environmental challenges'®***,
westill need to integrate the different parts to understand the overall
urban system and operationalize sustainability*°.

This study identifies the urban planning strategies of policymakers
in Greater Sydney over time by capturing policymakers’ perceptions
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of causal relationships at workin the complex urban system. We chose
Greater Sydney as a case study due to its worldwide status, well-known
quality oflife, the rapid urban growth of the area” *’ and the social and
environmental challenges facing the city. We elicited policymakers’
urban planning strategies from three published governmental urban
plansinGreater Sydney between 1968 and 2018, comprising 500 writ-
ten pages®* % The three reports were all published by the same state
government agency, though the agency name changed over time. We
codedthetext fromthese reportsinto causal maps showing policymak-
ers’ perceptions about causal relationships in the urban system. The
causal maps are a well-established research method for representing
decision-makers’ perceived causal relationships and have been used
extensively in urban planning®-*,

Although the urbanreports do not explicitly use the phrase ‘soci-
etal well-being’, policymakers emphasize anumber of indicators that
directly relate to societal well-being, including travel time, housing
affordability, greenareas, pollution,job opportunities, economic pros-
perity, water availability and heat island effects. Throughout this paper,
we discuss theimpacts of Greater Sydney’s urban planning strategy on
‘attractiveness of the city to residents’ as a proxy for societal well-being.
We adopt the WEALL objective definition of societal well-being as ‘what
we need to live well together as a society, now and into the future™.
This definition includes economic, social and environmental quality
of life dimensions (see Supplementary Information for additional
discussion about our and other definitions of societal well-being).
Societal well-being and sustainability represent different constructs.
Sustainability is often associated with protecting and maintaining the
health of the environment over time. On the other hand, societal well-
beingisabroader termthatrefers to the status of economic, social and
environmental capitals at any point in time®.

Emphasis on economic and public infrastructure
growth

Our analysis of the 1968, 2005 and 2018 urban plans shows that poli-
cymakers adopted a dominant urban planning strategy for the past
50 years in Greater Sydney to grow economic prosperity and public
infrastructure. In the 1968 urban plan, policymakers’ emphasized
the importance of ‘strong industrial growth fundamental to Sydney’s
expansion” to guarantee fullemployment. The 2005 plan established
anurbandevelopment strategy over 25 years, between 2005 and 2030,
‘to secure Sydney’s place in the global economy by promoting and
managing growth’. The 2018 plan outlined initiatives ‘to maximize
economic growthand cater for population growth™2. Prioritizing and
pursuing economic and publicinfrastructure growth defined the domi-
nant urban development strategy for Greater Sydney since 1968 (see
Supplementary Information for some description about the context
inwhich each report was written).

Figure 1 shows the dominant growth strategy underpinning the
1968, 2005 and 2018 urban development plans. The causal relation-
ships highlight the principal mechanisms policymakers adopted to
promote growth in the economy and public infrastructure to make
Greater Sydney more attractive to business firms and residents over
time. The ‘economic opportunities’ loop (labeled R1) in the center of
the causal map shows policymakers’ perceptions about the benefits
of economic growth. As the city becomes more attractive to firms,
more new business firms startup or move into the city, increasing the
number of business firms and leading to greater economic opportuni-
ties and prosperity. Increasing economic opportunities and prosper-
ity create more jobs, which in turnincreases the attractiveness of the
city to (current and potential future) residents and results in a higher
population growth rate. As the Greater Sydney populationincreases,
the demand for commercial goods and services alsoincreases, making
the city even more attractive to firms. These causal relationships form
areinforcing feedback loop, whereby an initial change compounds
in the same direction with each cycle around the loop. Quotations

from the planning reports were used to ground and support each of
the causal relationships in the ‘economic opportunities’ feedback
loop. For example, the 2005 report stated, ‘The economic strength
and quality of life of Sydney mean more people are attracted to live in
this city. While two-thirds of the net population growth derives from
naturalincrease (more births than deaths), the city is also amagnet for
migrants from elsewhere in Australia and overseas seeking economic
and life opportunities™.

An increase in economic opportunities and prosperity also
improves the attractiveness of the city to even more business firms and
leads to even further growthin the number of business firms locatingin
the city. Onthe right-hand side of Fig. 1, these causal relationships close
the “attracting business firms’ reinforcing loop (R2). Another quote
fromthe2005 urban planillustrates the grounding for the causal rela-
tionship between number of business firms and economic opportuni-
ties and prosperity, ‘akey driver foreconomic and employment growth
is the successful startup and establishment of small businesses™".

The left side of Fig. 1 shows policymakers’ perceptions about the
benefits of publicinfrastructure growth. Asthe population of Greater
Sydney grows, the demand for more public city services and facilities
increases. In response, the government increases public investment
to expand the infrastructure for city services and facilities, including
expansionand improvementsin the public transport network, health
facilities, the education system and the utilities network. The intent is
forincreasing publicinvestment to provide city services and facilities
that the growing population needs in close proximity to where resi-
dents live, making the city more attractive to residents and leading to
even further population growth. These causal relationships close the
publicservices and infrastructure reinforcing loop (R3). Policymakers
stated in the 1968 urban report “...to ensure that the scale of public
investment in expanding public utilities, communications, and social
services is adequate to meet the needs of economic growth and a liv-
ing environment of high quality”*° and in the 2018 urban report that
‘...infrastructure will be sequenced to support growth and delivered
concurrently with new homes and jobs™.

Importantly, few city governmentsinvest to keep ahead of popula-
tion growth, and there can be very long-time delays in perceiving the
need toinvest, allocating resources to fund such investments, getting
approvals toexpand infrastructure in specific locations and construct-
ing buildings, utilities, subway lines or light rail once construction
begins. Inagrowing city, these time delays often result in demand for
infrastructure growing much more rapidly than supply.

These three reinforcing loops capture policymakers’ dominant
strategy to pursue economic and public infrastructure growth for
Greater Sydney over the past five decades (see Supplementary Infor-
mation for more evidence of the perceived causal relationships that
compose these reinforcing loops and the overall urban growth strat-
egy).Inthe absence of other feedback effects and without considering
other indicators of progress, this boundedly rational strategy would
lead to a growing, vibrant city. However, there have been numerous
social and environmental challenges that stem, at least partly, from
this urban growth strategy that have somewhat diminished Greater
Sydney’s societal well-being. Policymakers did not recognize these
socialand environmental impacts as unintended consequences of the
urban growth strategy. Instead, at different pointsin time, policymak-
ers highlighted these issues as challenges to overcome in the urban
development planning process.

Socioenvironmental consequences of urban
growth strategies

Figures 2-4 show the social and environmental consequences of the
strategy to pursue economic and public infrastructure growth over
along time period. The impacts of these consequences emerged as
challenges or problems in our analysis of the 1968, 2005 and 2018
urban developmentreports. We present these challenges sequentially,
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Fig.1| Causal map of economic and infrastructure growth strategy of urban
policymakers. This causal map shows the principal strategy themes
policymakers adopted in the 1968, 2005 and 2018 urban development plans to
promote growth in the economy and publicinfrastructure and improve the
attractiveness of the city to people and business firms. The arrows indicate the
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paribus (and a decrease causes a decrease). A ‘=" denotes that anincrease in the
independent variable causes the dependent variable to decrease beyond what it
would have been. Formally, ‘+'is defined as X > +Y < 0Y/0X > 0, and -’ is defined
asX > -Y & 0Y/0X<0.Theloop label ‘R’ indicates reinforcing (positive)
feedback®. The rectangles represent stocks, and the arrows with valves represent
flows. Formally, the Greater Sydney population (GSP) is represented as

GSP(y = GSP() + f;o [population growth rate]dt.

focusing on the new causal pathways that emerge from one urban
report to another. This enables examination of how policymakers’
perceptions evolved over time.

Figure2illustrates the ‘social congestion’loop (B1) and the ‘environ-
mental urban sprawl’loop (B2) from the 1968 urban plan. Inthe ‘conges-
tion’ loop, as attractiveness of the city to residents increases (because
of growing economic opportunities and prosperity and increasing city
services and facilities), the population growthrateincreases, the Greater
Sydney population increases and the demand for transport rises. This
leadstoanincreaseinthe number of motor vehicles on theroad and the
average travel time within the city. Increasing average travel time reduces
the attractiveness of the city to residents relative to what it would have
beenifall conditions had remained the same. These causal relationships
close the ‘congestion’ balancing loop (B1). In the 1968 urban plan, poli-
cymakers recognized that population growth led to an increase in the
number of motor vehicles:...notwithstanding a substantial population
increase, there has been a decline in the use of public transport and at
the same time a growthin motor vehicle registrations™.

The ‘urban sprawl’ loop (B2) shows that as attractiveness of the
city to residents increases, the population growth rate increases, the
Greater Sydney population increases, and the demand for dwellings
andlandincreases, whichincreases the land released for urban develop-
ment. As more land gets designated for housing development, fewer
green spaces (that is, undeveloped bush or forest areas) reduce the
attractiveness of the city to residents relative to what it would have
beenif all conditions had remained the same. These causal relation-
ships close the ‘urban sprawl’ balancing loop (B2). In the 1968 urban
plan, policymakers anticipated that population growth would increase

demand for land, as ‘Sydney’s expected population growth of about
2,750,000 will require the zoning of an additional 250,000 acres”™.

Analysis of the 2005 plan identifies four additional social and
environmental challenges, shown in Fig. 3, that emerged by adhering
tothe dominant growth strategy. Inthe ‘pollution’ loop, as attractive-
ness of the city to residents increases, the population growth rate
increases, the Greater Sydney population increases, the demand for
transport rises and the number of motor vehicles on the road rises.
Theincreasing number of motor vehicles onthe road increases pollu-
tion and waste, decreasing the attractiveness of the city to residents
relative to what it would have been if all conditions had remained the
same. These causal relationships close the ‘pollution’ balancing loop
(B3). Policymakers were concernedinthe 2005 urban planthat..there
isincreasing awareness of the healthimpacts of air pollutants and noise
emissions from transport™.,

The‘too expensivetolive’balancing loop (B4) shows thatincreas-
ing attractiveness of the city to residents increases the population
growthrate and, therefore, increases the Greater Sydney population.
The growing population increases the demand for dwellings, which
erodes housing affordability due to increasing housing prices and
rents. Declining housing affordability (thatis, rising house prices and
rent) reduces the attractiveness of the city toresidents relative to what
it would have been if all conditions had remained the same. These
relationships close the ‘too expensive to live’ balancing loop (B4). In
the 2005 urban plan, policymakers recognized that the growth of the
citywasleading toincreased pressure on housing supply:*...as the city
has grown, so too has pressure on roads, on housing supply and on

infrastructure and services™.
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Fig.2| Causal map of social and environmental challenges identified in1968 urban plan. The label ‘B’ indicates negative (balancing) feedback. GSP, Greater Sydney

population.

Decreasing housing affordability, in and close to the central busi-
ness district in the city center, also pushes some residents to move to
housing further from the center and, thereby, increasing the average
distance fromthe central business district to access affordable housing.
Greater distance increases the average travel time to and from work
andreduces the attractiveness of the city toresidentsrelative to what it
would have beenifall conditions had remained the same. These causal
relationships close the ‘far from work’ balancing loop (B5). The 2005
urban plan highlighted declining housing affordability asanimportant
problem for Greater Sydney and suggested boosting publicinvestment
to increase the number of dwellings. However, as shown inloop B2 of
Fig.2, building additional housing to supply the demand for dwellings
requires developing additional land, resulting ‘in continual clearing and
fragmentation of native vegetation and habitatsin Sydney™, increasing
‘the demand on infrastructure and services across the region’”, and
increasing the urban footprint of the city.

As shown in Fig. 4, analysis of the 2018 plan identifies a further
five socialand environmental challenges. In the ‘waste’ balancing loop
(B6), as attractiveness of the city to residents increases, the population
growth rate increases and the Greater Sydney population increases,
leading to more waste generation in the city. As waste generation in
Greater Sydneyincreases, the pollution levelincreases, reducing attrac-
tiveness of the city to residents relative to what it would have been if
all conditions had remained the same. Policymakers recognized that
‘Greater Sydney currently consumes energy and water resources and
creates waste well beyond what can be managed withinitsboundaries™
and that ‘Greater Sydney faces challenges providing and managing
waste services as the population grows”2.

The‘heatingthe city’ loop (B7) shows that as attractiveness of the
city to residents increases, the population growth rate increases, the
Greater Sydney population increases and the demand for dwellings
increases. As aresult, the demand for land rises, the land released for
urban development increases and the amount of undeveloped green
spaces (that is, open spaces and bushland) decreases throughout the

city and surrounding areas. Less green space leads to intensifying the
heatisland effects throughout the city and decreases the attractiveness
of the city to residents relative to what it would have been if all condi-
tions had remained the same. These relationships close the ‘heating the
city’ balancing loop (B7). Policymakers highlighted in the 2018 urban
report that “...heatwaves and extreme heat have a significant impact
onhuman health* and that"...extreme heat makesitless attractive for
people towalk and cycle and spend time outdoors™.

Inaddition, as attractiveness of the city to residentsincreases, the
population growthrateincreases, and the Greater Sydney population
increases and leads toincreasing consumption of energy and increas-
ing consumption of fossil fuels (for example, electricity generation
to power homes and office buildings). Increasing the consumption of
fossil fuelsincreases the pollution level, reducing the attractiveness of
the city toresidents relative to what it would have been if all conditions
had remained the same. These relationships close the ‘pollution from
energy use’ balancing loop (B8). Policymakers estimated in the 2018
urban plan that “...the combined emissions from electricity and gas
used in buildings, transport and waste in Greater Sydney contributed
50 million tonnes of greenhouse gases into the atmosphere™®.

Higher levels of pollution also increase the probability and fre-
quency of climate events, such as heat island effects (and also other
climate events not displayed in Fig. 4, such as floods and bushfires),
reducing the attractiveness of the city to residents relative to what it
would have been if all conditions had remained the same. These rela-
tionships close the ‘climate hazard’ balancing loop (B9). Policymakers
noted in the 2018 urban report that ‘urban hazards such as air pollu-
tion, noise and soil contamination need to be managed to protect the
region’s liveability and sustainability”.

Finally, as attractiveness of the city to residents increases, the
population growth rate increases and the Greater Sydney population
increases and leads to increasing consumption of water. Higher water
demand and usage reduces the amount of reliable and affordable water
supply in dams and reservoirs for the city. When water supply levels
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Fig.3| Causal map of social and environmental challenges identified in2005
urban plan. Top: anincrease in the number of business firms also increases the
number of motor vehicles on theroad and, therefore, the pollution level. Also, the
two loops in Fig. 2 were also understood in the 2005 urban plan, but for clarity,

we do not show those same causal relationships here. Instead, we only included
new causal relationships and feedback loops identified in the 2005 report (see
Supplementary Information for quotes from the 2005 urban plan grounding the
causalrelationships in Fig. 2 and here). GSP, Greater Sydney population; CBD,
central business district.

fall enough, water usage restrictions become active and reduce the
attractiveness of the city to residents relative to what it would have
beenifall conditions had remained the same. Policymakers projected
in the 2018 plan that “...population growth, drought, climate change
and changing community expectations present challenges and can
increase demand for water®?. These relationships close the ‘water
supply’ balancing loop (B10).

Table 1 lists the feedback loops identified in Figs. 1-4 catego-
rized as part of (1) the dominant urban growth strategy, (2) a social
consequence of the urban growth strategy or (3) an environmental
consequence of the urban growth strategy. Policymakers highlighted
these social and environmental impacts in the city as challenges to
overcomeinthe urban planning process but did not recognize them
as unintended consequences of their urban growth strategy. The
dominanturban growth strategy consists of three reinforcing loops.
Three balancing feedback loops represent the social challenges, and
seven balancing loops capture the environmental challenges. Figure
5shows the full set of causal relationships combined from Figs. 1-4.
Itisimportant to note that much urban development happensinde-
pendently of the formal planning processes and that the urban plans
published as part of institutionalized planning processes often do
not come to fruition®. As such, the causal relationships shownin Fig.
5 do not include elements from overarching sociocultural change,

sociotechnicalinnovationand other areas outside of the formal poli-
cymakers’ remit, unless these elements feature in one or more of the
formalurban planning reports. Inaddition, the content of the urban
planning reports, including the overall strategy themes described
in each report, reflects the collective knowledge and discourse of
Greater Sydney planners involved in developing each report. This
knowledge was not held within one person or shared as a consensus
mental model across the urban planning team, but instead, each
planner involved probably held a partial mental model of the urban
planning system.

Discussion

This research finds that policymakers in Greater Sydney adopted a
dominant urban development strategy promoting economic, popu-
lation and publicinfrastructure growth that has successfully achieved
the growth aspirations. However, this urban growth strategy has also
compromised societal well-being by leading to numerous negative
social and environmental consequences over the past 50 years. These
consequences emerged as unintentional outcomes stemming from
earlyurbanplanning and natural urban development. Urban policymak-
ers—once they recognized the seriousness of these problems—sought
ways to address and mitigate these challenges. However, we find no
evidencethat policymakers either identified these challenges as unin-
tended consequences of their urban growth strategy or attempted to
fundamentally change the strategy to address these issues. Instead,
the Greater Sydney growth strategy has changed little during the past
50 years. The mental models about the virtues of continuously pursuing
growth are strongly held in many modern societies, including among
urban planners and policymakers. Our findings provide evidence of
the formalurban planning process as serving to perpetuate this growth
mental model’™.

Our study also demonstrates how policymakers’ perceptions
about causalrelationshipsin the urban system can be explicitly repre-
sented through causal mapping. The Greater Sydney causalmaps reveal
the interconnections among urban policies and strategies discussed
separatelyinliterature®**° and among the societal well-being dimen-
sions and highlight theimportance of shifting from primarily pursuing
economicgrowth tourbanstrategies emphasizing sustainable develop-
ment with a broader conceptualization of societal well-being’. These
causal relationships may be generalizable to other cities that focused
oneconomicandinfrastructure growth for many decades and are now
dealing with social and environmental challenges.

Unintended impacts on social and environmental dimensions

The social consequences of the Greater Sydney urban growth strat-
egy contribute to our understanding about the impact of population
growth on housing affordability®’; the impact of urban area size on
housing affordability because of the concentration of high-income
and high housing costs®®; the socioeconomic implications of conges-
tionbased on the area of a city, population size and planning®; urban
transport challenges facing transportation network companies*’

and urban planning and commuting time*°. Our findings integrate
these different social aspects of well-being that are typically examined
piecemeal.

The environmental consequences of the Greater Sydney urban
growth strategy include declining undeveloped green spaces and
bushlands, increasing energy consumption, more frequent andintense
climate events (for example, heatisland events, bushfires and floods)*,
decreasing water storage and supply** and rising pollution and waste
levels®. Our analysis shows the interconnections among economic
growth, environmental degradation and societal well-being**, the loss
of natural areas in the city due to urban expansion®, the loss of food
production near the city as a consequence of urban growth”, water
stress*, the impact of vehicle emissions on pollution levels in urban
areas*® and climate policies and urban planning®*. Importantly, the
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Fig. 4| Causal map of social and environmental challenges identified in 2018
urban plan. Top: anincrease in the number of business firms also increases the
waste generation and consumption of energy. Also, the two loops in Fig. 2 and
the three loops in Fig. 3 were also understood in the 2018 urban plan. For clarity,

we do not show those same causal relationships here. Instead, we only included
new causal relationships and feedback loops identified in the 2018 report (see
Supplementary Information for quotes from the 2018 urban plan grounding the
causal relationships in Figs. 2-4). GSP, Greater Sydney population.

Table 1| Feedback loops in policymakers’ economic and population growth strategy

Growth strategy Loop Social consequences Loop Environmental consequences Loop
Economic opportunities R1 Congestion B1 Urban sprawl B2
Attracting firms R2 Too expensive to live B4 Pollution B3
Public services and infrastructure R3 Far from work B5 Waste B6
Heating the city B7
Pollution from energy use B8
Climate hazard B9
Water supply B10

This table lists the reinforcing and balancing loops identified in the Greater Sydney Urban Plans of 1968, 2005 and 2018, as displayed in Figs. 1-4 and integrated in Fig. 5. The loop label ‘R’
indicates reinforcing (positive) feedback and the label ‘B’ indicates negative (balancing) feedback*’.

results show that continuing to pursue the dominant urban growth
strategy negatively impacts the livability and sustainability of Greater
Sydney for future generations.

Policymakers did notintend to contribute to these negative social
and environmental consequences, but misperceptions about the
feedback structure of the system*® enabled these urban challenges to
become larger and more pressing over time''. Policymakers became
increasingly aware of these social and environmental problems but,
nevertheless, continued prioritizing and pursuing growthin the econ-
omy and publicinfrastructure. Even though the urban plans discussed
the causal relationships linking this urban growth strategy to creating

moresocial and environmental pressures, policymakers did not expand
their mental models to recognize the social and environmental prob-
lems as consequences (at least partially) of the strategy.

Evolution of policymakers’ perceptions

The causal maps from the 1968, 2005 and 2018 urban development
plans show similarities in aims, variables and causal relationships. In
all three reports, the focus on growth aims to make the city attractive
tocurrentand prospective residents and business firms and to prosper
economically. In all three reports, policymakers were aware of some
social and environmental challenges. As the environmental and social
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challenges emerge over time in policymakers’ discourse, these differ-
ences also appear in the causal maps.

Thissequential appearance and evolution of policymakers’ percep-
tions about social and environmental challenges captured in the causal
maps bears attention. In the 1968 plan, policymakers’ primary social
concern was the concentration of activities and population and how to
reduce congestioninthe Business Commercial Center of Sydney.In2005
and 2018, policymakers’ were mainly concerned about decreasing hous-
ing affordability, increasing commuting time and the need to distribute
jobsandservicesthroughout Greater Sydney to reduce traffic congestion
in the city center. The results show a similar pattern for environmental
challenges. Inthe 1968 plan, policymakers were concerned primarily with
land use and local spaces togrow.Inthe 2005 plan, the key concerns were
air and noise pollution levels from traffic congestion. In the 2018 urban
plan, the key concernwas the consumption of natural resources (thatis,
energy and water), increasing waste generation, loss of green areas, the
need for more renewable energy and increasing pollution (thatis, water,
airand noise) and climate hazards, such as heatisland effects and floods.

Methods

Data collection

We use written archival data to capture, analyze and compare policy-
makers’ perceptions about the causal relationships operating in the
complex urban system of Greater Sydney. Written archival data were
collected from governmental urban plans. The written documents are
rich information sources for identifying policymakers’ perceptions
about causal relationships using text coding analysis and develop-
ing causal map diagrams**~2, Policymakers generate written docu-
ments periodically to communicate perceptions about cause-effect
relationships, policies and strategies to apply in the immediate or
upcoming future®***, Written data are more widely available than ver-
bal interview data and provide ‘a recording of information from the
mental store’ that ‘contains concepts and abstractions that interpret
otherinformation sources™. Each urban development plan offersrich
information about how policymakers understand and think about
urban areas. We chose Greater Sydney as a case study because it is rec-
ognized for having a high quality of life (www.eiu.com/n/campaigns/
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global-liveability-index-2023/), participates in multiple sustainability
networks of global cities (www.c40.org/cities/sydney), develops many
sustainability initiatives (www.arcadis.com/en-au/knowledge-hub/
perspectives/global/sustainable-cities-index) and leadsinintroducing
numerous urban development innovations (www.innovation-cities.
com/worlds-most-innovative-cities-2022-2023-city-rankings/26453/).
However, similar to many other cities around the world, rapid urban
growth in Greater Sydney over the past five decades has negatively
impacted food production?, urban heat stress®, cost of living (ipsos.
com/en-au/lifeinsydney), housing affordability®’, traffic conges-
tion (https://www.bitre.gov.au) and other social and environmental
indicators.

We elicited policymakers urban planning strategies from 500 pages
ofthree published governmental urban plansin Greater Sydney between
1968 and 2018: (1) Sydney Region: Outline Plan, 1970-2000 AD—A Strat-
egy for Development*° published by the New South Wales (NSW) State
Planning Authority, (2) City of Cities. A Plan for Sydney’s Future® pub-
lished by the NSW Department of Planning and (3) A Metropolis of Three
Cities—Connecting People® published by Greater Sydney Commission,
an independent organization funded by the NSW state government,
which later merged with the NSW Department of Planning, Housing and
Infrastructure. All of these agencies were essentially the same organiza-
tion under different names. The NSW Department of Planning, Housing
and Infrastructure and its predecessor agencies were in charge of pro-
ducing and publishing the urban reports in 1988 (NSW Department of
Planning),1995 (NSW Department of Planning), 1998 (NSW Department
of Urban Affairs and Planning), 2010 (NSW Department of Planning)
and 2014 (NSW Department of Planning and Infrastructure). Having the
same Governmentagency in charge of planning Greater Sydney enables
examination of how policymakers’ perceptions evolved over time.

We started with the 1968 urban plan because the previous plan,
the County of Cumberland plan in 1948, was published by a different
government agency using a different method to define the bounda-
ries and population of Greater Sydney. The 2018 report represented
the latest urban plan published when the research project began, so
we chose the most recent report as the end date. Between 1968 and
2018, the Department of Planning, Housing and Infrastructure and its
predecessor agencies published six urban plans in 1988, 1995, 1998,
2005,2010 and 2014. The urban plans published in1995 and 1998 both
focused primarily on preparing the city to host the Olympic Games in
2000, sothese two plans were very similar to each other and we thought
ofthemas one combined urban plan. We selected the 2005 urban plan
forour analysis becauseit served as the halfway pointbetween the 1968
and 2018 urban plansin terms of the number of urban plans published.

Text coding and causal mapping

We use a systematic and iterative coding process to convert text data
into causal map diagrams to analyze each urban development plan
by capturing policymakers’ perceptions about causal relationships.
Causal maps focus researchers’ attention on eliciting the causal struc-
ture of theinformation feedback system of interest™. Agents operating
inasystemhave agreat deal of knowledge about the system, and elicit-
ing their perceptions about causal relationships helps explain how the
system operates***>>%,

We use a coding process adapted from Kim and Andersen® and
Eker and Zimmermann®’. The Kim and Andersen*' coding process
includes (1) discovering themes in the data, (2) identifying variables
and their causal relationships, (3) transforming text into words-and-
arrow diagrams, (4) generalizing structural representations and (5)
linking maps to the data source. The Eker and Zimmermann® coding
process includes (1) identifying concepts and discovering themes in
the data, (2) categorizing and aggregating themes into variables, (3)
identifying causal relationships between aggregated variables and (4)
transforming the coding dictionary into causal diagrams. We adapted
steps1and2fromKimand Andersen® and Eker and Zimmermann®’ into

asingle step toidentify the aggregated variables directly from the data
and implement Eker and Zimmermann* and steps 3 and 4 to identify
andrecord the causal relationships between aggregated variables and
develop the causal map. This iterative coding process increases reli-
ability by constantly reviewing the raw data as the analysis advances.
Checking the raw data at each step reduces the likelihood of omitting
importantinformation and allows evaluation of the relevance of each
quotation extracted from the text of the urban planning reports. The
iterative process also helps define the system boundary by selecting
relevant causal arguments®. The coding process identifies variables
and causal relationships between variables*® and enables mapping the
relationships using causal maps®.

Each causal relationship is recorded following the procedure
proposed by Kim and Andersen® and Eker and Zimmermann® and
using computer-aided qualitative data analysis software. Each causal
relationship is supported by at least one quotation extracted from
the urban reports®*’. The causal relationships are used to develop
the causal map**°°, revealing the causal perceptions of policymakers’
embedded in each urban report®. Sentences and paragraphs in each
report are analyzed to identify the causal relationships between vari-
ables™*%’, We use sentences as the minimum unit of analysis to identify
variables and causal beliefs. After coding the first urban report, we used
thevariables identified from that report as the starting point for cod-
ing subsequentreports. The variables displayed in Figs. 1-5 represent
aggregate variables to improve readability. For instance, population
growthrate serves as anaggregate variable to represent births, deaths,
immigrationrate and emigrationrate. The number of city services and
facilities, as shown in Fig. 1, aggregates different types of service and
facility discussed in each report. Similarly, pollution level is an aggre-
gate variable to represent water, noise and air pollution.

Whenever possible, we maintained the variable names as they
appearedintheurbanreports. However, insomeinstances, werevised
variable names using more operational terminology*’ to improve the
clarity and logic of the causal maps. Once we identified the variables,
we next identified the causal relationships among the variables. We use
keywords in the raw text data, such as boost, improve, decrease, rise
andincrease, to identify and define causal relationships between two
variables. In the absence of keywords, the context of the discussion is
crucial to identify relationships between variables®.

We build the causal map using the variables and causal relation-
ships identified from coding the text. The raw data grounding each
causalrelationship identified between two variablesis recorded using
acomputer-aided qualitative data analysis software*”*®, Importantly,
each relationship comes from separate fragments of text within each
urban report rather than the analysis of a continuous paragraph. In
addition, the causal relationships included in the causal diagrams do
not contain a full picture of Greater Sydney s urban development.
Areas outside the formal policymakers’ remit, such as overarching
sociocultural change and sociotechnical innovation, are also not
included in our analysis unless these elements are featured in one or
more formalurban planning reports. Inaddition, we have omitted some
ofthe‘supply’ constructsin the causal diagrams discussed inthe urban
planning reports, such as housing supply, transport infrastructure
capacity, water supply, supply of land and the supply of other public
infrastructure to keep the causal diagrams as parsimonious as possible.

The feedback loops result from combining causal relationships
coded from different text fragments found throughout the reports.
Thus, the feedback loop structure of each report did notemerge directly
fromone or more consecutive text paragraphs but instead from linking
multiple causal relationships identified at different points throughout
thereports. The resulting causal maps reveal cause-effect chains con-
tained within the text, including anumber of reinforcing and balancing
feedback loops. A reinforcing loop amplifies the dynamic behavior in
the system. A balancing loop produces goal-seeking, self-correcting
dynamicbehavior. Toidentify the social and environmental challenges,
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we focused on the deleterious causal relationships between variables
identified inthe text (see Supplementary Information for more details).

To follow the causal logic in a feedback loop, we must read each
relationship between two variables independently. For example, the
causal relationship between demand for dwellings and housing afford-
ability isa negative polarity causallink. The causal relationship between
housing affordability and attractiveness of the city to peopleis a posi-
tive polarity causal link. If the demand for dwellings goes up, hous-
ing affordability goes down, all other things being equal. The ‘=’ sign
polarity between these two variables indicates these variables move
in the opposite direction. To continue with the causal logic, we move
to the next set of two variables. As housing affordability goes down,
attractiveness of the city to people goes down, all other things being
equal. The‘+ sign polarity between these variables indicates these two
variables move in the same direction. In other words, if housing afford-
ability goes up, attractiveness of the city to people goes up. If housing
affordability goes down, attractiveness of the city to people goes down.

The combined set of causal relationships identified ineach urban
reportresultedinahighly complex map. Incoding the text for the 1968
urban plan, which was 112 pagesin length, weinitially identified a total
of 38 variables and 85 relationships, with 71 positive causal link polar-
ity relationships and 14 negative causal link polarity relationships. In
codingthe 2005 urban plan, whichwas 280 pagesin length, weinitially
identified a total of 41 variables and 96 relationships, with 80 positive
causal link polarity relationships and 16 negative causal link polarity
relationships. In coding the 2018 urban plan, which was 194 pages in
length, we initially identified 56 variables and 167 relationships, with
131 positive causal link polarity relationships and 36 negative causal link
polarity relationships. We subsequently simplified the causal maps by
focusing on policymakers’ perceived causal relationships underpin-
ning urban strategy themes and also focusing on the perceived causal
relationships for the social and environmental challenges policymakers
identified ineachreports.

Limitations

Our study has several limitations. Due to the length of the urban
reports, only three reports were analyzed. Across all three urban plan-
ningreports, over 500 pages of written text were examined to capture
policymakers’ perceptions about causal relationships. However, the
analysis of more data from additional urban planning reports could
be useful to understand more subtle changes in urban development
strategy over time. Another limitation involves the coding procedure
and analysis being conducted by a single coder because of the labor-
intensive and time-consuming process. However, the results were
discussed among several researchers multiple times to reduce this
potential bias. Inaddition, the procedureimplemented to analyze the
urban plans opens the code for explicit review.

Another limitation is that this study includes only urban devel-
opment plans by the Greater Cities Commission and its predecessor
agencies. Although the urban development plans were discussed with
different stakeholders, this study did not include other urban area
stakeholders such asbusinesses, inhabitants, nongovernmental organi-
zations or other public institutions. Including the perceptions about
causal relationships of other stakeholders would potentially increase
the understanding of how urban planning strategies shape societal
well-being over time and represents a potential path for future research.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

All source data for this research are available in the publicly available
urban planningreports with links provided in the supplementary infor-
mation. Also, the NVivo file created in the coding process is available

viaZenodo at https://doi.org/10.5281/zenod0.13750800 (ref. 64). The
NVivo files contain all variables and causal relationships among the
variables supported by quotations coded from each urban planning
report. In addition, we provide some data in sections 3 and 4 of the
Supplementary Information as examples of evidence supporting the
causalrelationships. Please contact the corresponding author for any
questions about the data or analysis.

References

1. Wiedmann, T., Lenzen, M., KeyBer, L. T. & Steinberger, J. K.
Scientists’ warning on affluence. Nat. Commun. 11, 3107 (2020).

2. Eker, S., Zimmermann, N., Carnohan, S. & Davies, M. Participatory
system dynamics modelling for housing, energy and wellbeing
interactions. Building Res. Inf. 46, 738-754 (2018).

3. Kabisch, N. & Haase, D. Green spaces of European cities revisited
for 1990-2006. Landsc. Urban Plan. 110, 113-122 (2013).

4. Alves, S. Divergence in planning for affordable housing: a
comparative analysis of England and Portugal. Prog. Plan. 156,
100536 (2022).

5. Bassolas, A. et al. Hierarchical organization of urban mobility and
its connection with city livability. Nat. Commun. 10, 4817 (2019).

6. Lu,J., Li, B., Li, H. & Al-Barakani, A. Expansion of city scale, traffic
modes, traffic congestion, and air pollution. Cities 108, 102974
(2021).

7. Stiglitz, J. E., Sen, A. & Fitoussi, J. -P. Mis-Measuring Our Lives Why
the GDP Doesn’t Add Up (The New Press, 2010).

8. Fioramonti, L. et al. Wellbeing economy: an effective paradigm to
mainstream post-growth policies? Ecol. Econ. 192, 107261 (2022).

9. Savini, F., Ferreira, A. & von Schonfeld, K. Post-Growth Planning:
Cities Beyond the Market Economy (Routledge, 2022).

10. Sager, T. Neo-liberal urban planning policies: a literature
survey 1990-2010. Prog. Plan. https://doi.org/10.1016/j.
progress.2011.09.001 (2011).

1. Searle, G. H. Population growth and development: an outcome of
Sydney’s metropolitan governance. Aust. Plan. 56, 65-72 (2020).

12. Shukla, V. & Parikh, K. The environmental consequences of urban
growth: cross-national perspectives on economic development,
air pollution, and city size. Urban Geogr. 13, 422-449 (1992).

13. Haase, D., Kabisch, N. & Haase, A. Endless urban growth? On the
mismatch of population, household and urban land area growth
and its effects on the urban debate. PLoS ONE 8, e66531(2013).

14. Zandiatashbar, A. & Kayanan, C. M. Negative consequences of
innovation-igniting urban developments: empirical evidence
from three US cities. Urban Plan. 5, 378-391 (2020).

15. Kolson, K. L. Big Plans: The Allure and Folly of Urban Design (JHU
Press, 2003).

16. Boyce, C., Coscieme, L., Sommer, C. & Wallace, J. Understanding
Wellbeing (WellBeing Economy Alliance, 2020).

17. Berdejo-Espinola, V., Fuller, R. A. & Zahnow, R. Well-being from
nature exposure depends on socio-environmental contexts in
Paraguay. Nat. Cities 1, 335-345 (2024).

18. Nguyen, L.-K.-N., Kumar, C., Jiang, B. & Zimmermann, N.
Implementation of systems thinking in public policy: a systematic
review. Systems 1, 64 (2023).

19. Malbon, E. & Parkhurst, J. System dynamics modelling and the
use of evidence to inform policymaking. Policy Stud. 44, 454-472
(2023).

20. Costanza, R. et al. Modelling and measuring sustainable
wellbeing in connection with the UN Sustainable Development
Goals. Ecol. Econ. 130, 350-355 (2016).

21. Stiglitz, J. E., Sen, A. & Fitoussi, J. -P. For Good Measure. Advancing
Research on Well-being Metrics Beyond GDP (OECD Publishing,
2018).

22. Sachs, J. D. et al. Six transformations to achieve the Sustainable
Development Goals. Nat. Sustain. 2, 805-814 (2019).

Nature Cities | Volume 2 | March 2025 | 223-233

231


http://www.nature.com/natcities
https://doi.org/10.5281/zenodo.13750800
https://doi.org/10.1016/j.progress.2011.09.001
https://doi.org/10.1016/j.progress.2011.09.001

Article

https://doi.org/10.1038/s44284-024-00187-6

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

30.

40.

a1.

42.

43.

44,

45,

Webb, R. et al. Sustainable urban systems: co-design and framing
for transformation. Ambio 47, 57-77 (2018).

Davidson, K. M. & Venning, J. Sustainability decision-making
frameworks and the application of systems thinking: an urban
context. Local Environ. 16, 213-228 (2011).

Keith, M. et al. A new urban narrative for sustainable
development. Nat. Sustain. 6, 115-117 (2023).

Viguié, V. & Hallegatte, S. Trade-offs and synergies in urban
climate policies. Nat. Clim. Change 2, 334-337 (2012).

Lawton, A. & Morrison, N. The loss of peri-urban agricultural land
and the state-local tensions in managing its demise: the case

of Greater Western Sydney, Australia. Land Use Policy
https://doi.org/10.1016/j.landusepol.2022.106265 (2022).
Bubathi, V. et al. Impact of accelerated climate change on
maximum temperature differences between western and coastal
Sydney. Climate 11, 76 (2023).

Bangura, M. & Lee, C. L. The differential geography of housing
affordability in Sydney: a disaggregated approach. Aust. Geogr.
50, 295-313 (2019).

State Planning Authority of NSW. Sydney Region: Outline Plan,
1970-2000 A.D.—A Strategy for Development (Sydney, 1968).
Department of Planning. Metropolitan Strategy: City of Cities—A
Plan for Sydney’s Future (Department of Planning, 2005).

Greater Sydney Commission. A Metropolis of Three Cities—
Connecting People (Greater Sydney Commission, 2018).

Salvia, G., Pluchinotta, I., Tsoulou, I., Moore, G. & Zimmermann,
N. Understanding urban green space usage through systems
thinking: a case study in Thamesmead, London. Sustainability 14,
2575 (2022).

Rich, K. M., Rich, M. & Dizyee, K. Participatory systems approaches
for urban and peri-urban agriculture planning: the role of system
dynamics and spatial group model building. Agric. Syst. 160,
110-123 (2018).

Costanza, R., Erickson, J. D., Farley, J. & Kubiszewski, |. Sustainable
Wellbeing Futures: A Research and Action Agenda for Ecological
Economics (Edward Elgar, 2020).

Camagni, R., Capello, R. & Caragliu, A. One or infinite optimal city
sizes? In search of an equilibrium size for cities. Ann. Reg. Sci. 51,
309-341(2013).

Vij, A., Connor, J. D. & Beer, A. The negative effects of urban
agglomeration on housing affordability in Australia. The Austr. J.
Reg. Stud. 27, 26-46 (2021).

Sarkar, S. Urban scaling and the geographic concentration of
inequalities by city size. Environ. Plan. B 46, 1627-1644 (2018).
Louf, R. & Barthelemy, M. How congestion shapes cities: from
mobility patterns to scaling. Sci. Rep. https://doi.org/10.1038/
srep05561(2014).

Diao, M., Kong, H. & Zhao, J. Impacts of transportation network
companies on urban mobility. Nat. Sustain. 4, 494-500 (2021).
Georgescu, M., Broadbent, A. M. & Krayenhoff, E. S. Quantifying
the decrease in heat exposure through adaptation and mitigation
in twenty-first-century US cities. Nat. Cities 1, 42-50 (2024).
Savelli, E., Mazzoleni, M., Di Baldassarre, G., Cloke, H. & Rusca, M.
Urban water crises driven by elites’ unsustainable consumption.
Nat. Sustain. https://doi.org/10.1038/s41893-023-01100-0
(2023).

Lu, M., Zhou, C., Wang, C., Jackson, R. B. & Kempes, C. P.
Worldwide scaling of waste generation in urban systems. Nat.
Cities 1,126-135 (2024).

Khan, A., Chenggang, Y., Bano, S. & Hussain, J. The empirical
relationship between environmental degradation, economic
growth, and social well-being in Belt and Road Initiative countries.
Environ. Sci. Pollut. Res. 27, 30800-30814 (2020).

van Vliet, J. Direct and indirect loss of natural area from urban
expansion. Nat. Sustain. 2, 755-763 (2019).

46. Bohm, M., Nanni, M. & Pappalardo, L. Gross polluters and vehicle
emissions reduction. Nat. Sustain. 5, 699-707 (2022).

47. Adilkhanova, I., Santamouris, M. & Yun, G. Y. Green roofs save
energy in cities and fight regional climate change. Nat. Cities 1,
238-249 (2024).

48. Sterman, J. D. Misperceptions of feedback in dynamic decision
making. Organ. Behav. Hum. Decis. Process 43, 301-335
(1989).

49. Sterman, J. D. Business Dynamics: Systems Thinking and Modeling
for a Complex World (McGraw Hill Education, 2000).

50. Luna-Reyes, L. F. & Andersen, D. L. Collecting and analyzing
qualitative data for system dynamics: methods and models. Syst.
Dynam. Rev. 19, 271-296 (2003).

51. Kim, H. & Andersen, D. F. Building confidence in causal maps
generated from purposive text data: mapping transcripts of the
Federal Reserve. Syst. Dynam. Rev. 28, 311-328 (2012).

52. Stave, K. A. & Kopainsky, B. A system dynamics approach
for examining mechanisms and pathways of food supply
vulnerability. J. Environ. Stud. Sci. 5, 321-336 (2015).

53. Forrester, J. Information sources for modeling the national
economy. J. Am. Stat. Assoc. 75, 555-566 (1980).

54. Barr, P, Stimpert, J. & Huff, A. Cognitive change, strategic action
and organizational renewal. Strateg. Manag. J. 13, 15-36 (1992).

55. Groesser, S. N. & Schaffernicht, M. Mental models of dynamic
systems: taking stock and looking ahead. Syst. Dynam. Rev. 28,
46-68 (2012).

56. Lane, D. C. Should system dynamics be described as a ‘hard’ or
‘deterministic’ systems approach? Syst. Res. Behav. Sci.: Offic. J.
Int. Fed. Syst. Res. 17, 3-22 (2000).

57. Eker, S. & Zimmermann, N. Using textual data in system dynamics
model conceptualization. Systems 4, 28 (2016).

58. Yearworth, M. & White, L. The uses of qualitative data in
multimethodology: developing causal loop diagrams during the
coding process. Eur. J. Oper. Res. 231, 151-161 (2013).

59. Tomoaia-Cotisel, A., Allen, S. D., Kim, H., Andersen, D. & Chalabi,
Z. Rigorously interpreted quotation analysis for evaluating causal
loop diagrams in late-stage conceptualization. Syst. Dynam. Rev.
38, 41-80 (2022).

60. Schaffernicht, M. Causal attributions of vineyard executives—a
mental model study of vineyard management. Wine Econ. Policy
6, 107-135 (2017).

61. Mohammed, S., Ferzandi, L. & Hamilton, K. Metaphor no more: a
15-year review of the team mental model construct. J. Manag. 36,
876-910 (2010).

62. Black, L., Carlile, P. & Repenning, N. A dynamic theory of expertise
and occupational boundaries in new technology implementation:
building on Barley's study of CT scanning. Adm. Sci. Q. 49,
572-607 (2004).

63. Strauss, A. & Corbin, J. Basics of Qualitative Research Techniques
(Citeseer, 1998).

64. Rios-Ocampo, J. & Gary, M. S. Urban growth strategy in
Greater Sydney leads to unintended social and environmental
challenges—supporting data. Zenodo https://doi.org/10.5281/
zenodo.13750800 (2024).

Acknowledgements
J.P.R.O. thanks the UNSW Scientia PhD Scholarship program. We
received no specific funding for this work.

Author contributions

J.P.R.O. and M.S.G. developed the overall research design. J.P.R.O.
compiled and analyzed the data and produced the causal maps.
J.P.R.O. and M.S.G. contributed to the discussion of the results. J.P.R.O.
wrote the first draft of the paper, and both authors contributed to
revisions.

Nature Cities | Volume 2 | March 2025 | 223-233

232


http://www.nature.com/natcities
https://doi.org/10.1016/j.landusepol.2022.106265
https://doi.org/10.1038/srep05561
https://doi.org/10.1038/srep05561
https://doi.org/10.1038/s41893-023-01100-0
https://doi.org/10.5281/zenodo.13750800
https://doi.org/10.5281/zenodo.13750800

Article

https://doi.org/10.1038/s44284-024-00187-6

Competinginterests
The authors declare no competing interests.

Additional information

Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s44284-024-00187-6.

Correspondence and requests for materials should be addressed to
Juan Pablo Rios-Ocampo.

Peer review information Nature Cities thanks

Glen Searle, Ke Zhou and the other, anonymous, reviewer(s)
for their contribution to the peer review of

this work.

Reprints and permissions informationis available at
www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2025

Nature Cities | Volume 2 | March 2025 | 223-233

233


http://www.nature.com/natcities
https://doi.org/10.1038/s44284-024-00187-6
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

nature portfolio

Corresponding author(s): Juan Pablo Rios-Ocampo

Last updated by author(s): Nov 20, 2024

Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

>
Q
Q
(e
=
)
§o;
o)
=
o
=
_
D)
§o)
o)
=
S
Q
wv
(e
=
S}
QD
<L

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed

>
~
Q

|:| The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|:| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

|:| The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

XXX X X XX X XX

Ood o oo

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  No software was used to collect data for this research.

Data analysis We use a systematic and iterative coding process to convert text data into causal map diagrams to analyze each urban development plan by
capturing the policymakers’ beliefs about causal relationships. Each causal relationship is recorded following the procedure proposed by Kim
and Andersen (2012), Eker and Zimmermann (2016) and Tomoaia-Cotisel et al. (2022) and using computer-aided qualitative data analysis
software (CAQDAS), Nvivo, version 12. Each causal relationship is supported by at least one quotation extracted from the urban reports.
Whenever possible, we maintained the variable names as they appeared in the urban reports. However, in some instances, we revised
variable names using more operational terminology to improve the clarity and logic of the causal maps. Once we identified the variables, we
next identified the causal relationships among the variables. We use keywords in the raw text data, such as boost, improve, decrease, rise,
and increase, to identify and define causal relationships between two variables. In the absence of keywords, the context of the discussion is
crucial to identify relationships between variables. To identify the unintended social and environmental consequences, we focused on the
deleterious causal relationships between variables identified in the text.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.




Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All source data for this research are available in the publicly available urban planning reports with links provided in the supplementary information. Also, the NVivo
file created in the coding process is available via Zenodo at https://doi.org/10.5281/zenodo.13750800 (ref. 64). The NVivo files contain all variables and causal
relationships among the variables supported by quotations coded from each urban planning report. In addition, we provide some data in sections 3 and 4 of the
supplementary information as examples of evidence supporting the causal relationships. Please contact the corresponding author for any questions about the data
or analysis.

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender This research did not include human participants.

Population characteristics See above
Recruitment See above
Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
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Behavioural & social sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description This study examines the relationship between urban development and societal well-being over time. This is a qualitative research
that used causal maps to analyze urban development plans by capturing the policymakers’ beliefs about causal relationships. This
study identifies the urban planning strategies of policymakers in Greater Sydney over time and the consequences of those strategies
for the economic, social, and environmental conditions that determine societal well-being.

Research sample We elicited policymakers urban planning strategies from 500 pages from three published governmental urban plans in Greater
Sydney between 1968 and 2018: (1) Sydney Region: Outline Plan, 1970-2000 A.D. A Strategy for Development; (2) Metropolitan
Strategy: City of Cities - A Plan for Sydney's Future; and (3) Greater Sydney Regional Plan. A Metropolis of Three Cities - Connecting
people.

Sampling strategy The research team selected the three urban plans in Greater Sydney between 1968 and 2018, considering the policymakers' vision of
the city development established in each urban plan. We We started with the 1968 urban plan because the previous plan, the County
of Cumberland plan in 1948, was published by a different government agency using a different method to define the boundaries and
population of Greater Sydney. The 2018 report represented the latest urban plan published when the research project began, so we
chose the most recent report as the end date. Between 1968 and 2018, the Department of Planning, Housing and Infrastructure and
its predecessor agencies published six urban plans in 1988, 1995, 1998, 2005, 2010 and 2014. The urban plans published in 1995 and
1998 both focused primarily on preparing the city to host the Olympic Games in 2000, so these two plans were very similar to each
other and we thought of them as one combined urban plan. We selected the 2005 urban plan for our analysis because it served as
the halfway point between the 1968 and 2018 urban plans in terms of the number of urban plans published. Data saturation was not
considered because these three urban development plans enables examination of how policymakers’ perceptions evolved over time.

Data collection Data collection focused on accessing the digital or physical version of the urban reports. We downloaded and prepared for the
analysis of the 2005 and 2018 urban reports available online. The 1968 urban report was not available in a digital version. The
research team got access to the physical version through the University of New South Wales library. The physical version was
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digitized and processed using optical character recognition to access all information and analyzed using computer-aided qualitative
data analysis software. The researcher was not blinder to the hypotheses of the study.

Timing The overall the data collection was conducted between May 2021 and Agust 2021.

Data exclusions No data were excluded from the analysis.

Non-participation No participants dropped out or declined participation.

Randomization There was no individual participation, sampling or assignment of treatment required in our study.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies [ ] chip-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging

Animals and other organisms

Clinical data
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