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A B S T R A C T

System transformation is important for low-lying coastal cities to adapt to natural disasters re-
lated to climate change, but not all forms of transformation enable adaptation. An important
question is how an enduring system change undermines the enabling conditions for reducing vul-
nerability. This paper addresses the relationship between society-wide transformation and vul-
nerability reduction. A case study of Macao is used to explain structural vulnerabilities to storm
surges in the context of a historic social change process marked by the end of colonial rule. The
post-colonial regime seeks political legitimacy from extraordinary economic performance. The
capitalist growth model has created new and resilient urban spaces, but reproduced the vulnera-
bilities of the older ones. The transformation has resulted in a perverse social contract and in-
creased dependence on a shadow regime, undermining the social agency for change. We decon-
struct the perceived legitimacy of transformation and examine the social and political conse-
quences of performance legitimization. A society-wide transformation that seeks legitimacy from
an unsustainable practice is a recipe for maladaptation. Socio-political realities mediate the ef-
fects of transformative social change. Our conclusions highlight the importance of analyzing
transformation as an enduring system change. This requires framing the disruptive processes and
impacts of transformation as a determinant and explicitly accounting for their socio-temporal di-
mensions in conceptualizing the non-linear relationship between transformation and vulnerabil-
ity reduction.

1. Introduction
Transformation of human systems refers to a profound and deep-rooted change to system functioning that challenge existing struc-

tures to produce fundamentally novel ones [1–3]. The transformation discourse in climate change scholarship is predicated upon the
normative premise that fundamental system change is essential to the transition toward desirable futures [4]. Such a change will ad-
dress the structural drivers of climate change vulnerability, such as unequal power relationships and poor governance practices that
create or preserve a climate-sensitive development pathway [5,6]. In making a case for transformation, there is a tendency among
scholarship for taking climate change as a given.

However, system transformation is not commonly driven by climate change alone. Other social, political and economic impera-
tives often contribute to, if not being responsible for, processes of system transformation that have the scale, depth, and energy to shift
development paradigms and trigger an overhaul of entrenched institutions and socio-political relations. System transformation may
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be departed from a climate-resilient pathway, when it is influenced by a range of competing priorities, and climate change is only one
of them.

Economic growth is a key policy priority. Many fast-growing Asian cities have experienced various forms of system transformation
in the past decades, but whether these transformations have reduced people's vulnerability to climate change and disaster risks re-
mains inconclusive [7–11]. Although transformation changes the system “for the better” [12]; p.352), it does not naturally cohere
with the more specific concept of transformative adaptation. There is little empirical investigation into the tensions between these
two concepts.

This study draws a conceptual distinction between transformation and transformative adaptation. It explores how a societal trans-
formation determines a city's adaptive capacity by asking ‘how transformative changes in the wider political, economic and social systems
determine the conditions for reducing vulnerability to climate change’. Transformative adaptation aims to reduce climate change risks. The
presence of an adaptation intent makes many existing case studies a poor fit for examining whether a process of system transforma-
tion has created better institutional conditions for mitigating these risks. Our study concerns the extent to which a transformative
change provides impetus for vulnerability reduction. We therefore focus on a development regime and pathway that are not driven by
climate change considerations.

This study examines a planned transfer of governing power, the ensuing shift in development pathway, and their implications for
vulnerability reduction. We show how the transforming structures of political economy have created spatial and discursive con-
straints on an alternative, climate-resilient development pathway. The research responds to the calls for analyzing and practising
adaptation as a social change process that entails a transformation of systems and structures [3,13]. It makes conceptual contributions
by challenging the idealized relationship between transformation and adaptation, and characterizing the limiting effects of political
structures, which are undertheorized [14]. This research provides a realistic account of vulnerability reproduction in the wake of a
historic social change process, and insights into the risks and impediments to steering political, economic and social transformations.

The analysis involves a case study of Macao (or Macau). The end of colonial rule marked a drastic transformation of the city's polit-
ical-economic systems and social structures. Portugal established a permanent settlement in Macao in 1557. In December 1999, the
sovereignty of the city was returned to China, which granted the Macao Special Administrative Region (SAR) a unique governance
arrangement that enables the SAR to maintain its independent judiciary, legislative and administrative systems. Postcolonial Macao is
a prime tourist destination in Asia [15]. Centuries of colonial settlement have left a fine blend of Eurasian cultural legacies and a
wealth of exotic Portuguese-style architectures. Today, the city is well known for its lucrative casino tourism, once generating a gam-
ing revenue exceeding that of Las Vegas [16,17].

Macao presents a unique case study for system transformation research, because it was one of the few Western colonies in modern
China, its political structures are formally decolonized only recently, and is one of the highest-income economies in the world. Our
analysis focuses on the post-colonial changes in Macao, structural vulnerabilities to sea level rise and typhoons, and a fatal urban
flooding event in 2017. Despite its uniqueness, the case study can shed light on the contested role of system change in vulnerability
reduction in other high-income cities in Asia and beyond.

2. Transformation and climate change vulnerability
2.1. Transformative adaptation

Transformative adaptation is often understood as a desirable outcome of an intentional action. It involves fundamental changes in
social systems and structures, and leads to deep changes in broader aspects of development [18]. Such changes would contribute to
effective adaptation by addressing the structural drivers of vulnerability to climate change, such as altering established power rela-
tions, rebalancing rights and responsibilities, shifting governance or development paradigms, and questioning existing values and as-
sumptions [1,5,6,19–21]. Many scholarly interventions advance the notion of ‘transformation in adaptation’ [18], which involves a
deliberate or intentional change in a system for adapting to climate change [1,12,22–24].

Transformation denotes a change for the better [12]. There is a tendency within adaptation scholarship for articulating transfor-
mation as a process that will produce positive outcomes for humanity [1,4,21,22]. For example, [23]; p.119) define transformation as
a process that results in change in the components of a system, “thereby enhancing the capacity for desired values to be achieved”.
The Intergovernmental Panel on Climate Change's (IPCC) Sixth Assessment Report has recognized that “changes to underlying values,
worldviews, ideologies, structures, and power relationships” are crucial for human society to adapt to climate change (Schipper et al.,
2022, p.2668). The same report suggests that transformative change “could generate benefits to human well-being and planetary
health” (Schipper et al., 2022, p. 2658).

Furthermore, transformation is articulated as an intentional, deliberate or directed action [3,22,24,25]. [5] embraces the notion
of ‘adaptation as transformation’, which envisions adapting to climate change as a mechanism for transformational change [18]. fo-
cus on ‘transformation in adaptation’ and understand transformation as a specific form of adaptation, whereas [20] suggest ‘adapta-
tion through transformation’ and consider system transformation as a means to an end [26]. ‘transformation is adaptation’ is clearly
an attempt to interpret one as the other. Therefore, the notion of transformative adaptation implies a good transformation, a targeted
and idealized form of system change.

2.2. Contested transformation
However, transformation is essentially a contested process. Critical adaptation scholars understand vulnerability accumulation

and reduction as political processes [13,27], but their critiques of the socio-politics of transformation are obscure. [13]; p.12) suggest
that interventions aimed at transformation are maladaptive if they are stuck within the same development paradigm that produces
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vulnerability. However, vulnerabilities can accumulate under new paradigms. Critiques, debates, and evidence as to whether trans-
formations are responsible for new vulnerabilities remain inadequate.

The history of societal transformation shows that departure from the original – typically good – intentions is common [28]. The
process of transformative change can be messy, fraught, and contested [4], risky [5], and inevitably encounters the politics of opposi-
tion, division, and othering [24]. Critical adaptation scholars argue that the fundamental shifts in paradigm would involve a negotia-
tion and contestation of values, assumptions, goals, knowledges, and norms ([3,13]. In such a politically and socially contentious
process, various interests and actors compete with each other and shape the agenda. The outcomes would not be bound to enhancing
adaptive capacity, even if the process is intended to be inclusive [29], empowering [30], and sustainable [9].

There are few successful examples of transformative adaptation [14,22]. Most adaptation initiatives result in an incremental
change. There is a lack of interest, mandate, or capacity for tackling inequitable power relations that limit people's access to resources
and their agency for change in the first place, resulting in the reproduction, redistribution or creation of vulnerabilities [13]. Some
adaptation actions are described as transformative, but most of the case studies are based on strategic, discrete interventions within a
community or sector [21,31–33]. The transformative events reported are limited to the specific actors involved and the processes of
these planned interventions, rather than the society at large across cycles of development. It is not clear whether the transformation
involved is episodic or structural, short-lived or enduring, and about a particular process or the entire system.

Breadth and desirability are different attributes of a system change. An enduring change in a system, such as decolonization and
migration, may consist of a bundle or series of interventions and events that occur in a long timeframe and collectively constitute a
shift toward a qualitatively different state. Such interventions and events include those that could contest existing norms, knowledge
systems, governance structures, and development pathways that produce vulnerability and pose barriers to adapting to climate
change. Although the wider social change that leads to these interventions and events constitutes a transformation, the adaptation ac-
tion may be incremental, ineffective and counterproductive.

Fundamental change in system functioning could be maladaptive, mitigating some risks while producing unintended conse-
quences and uncertainties [5,34]. If transformation is indeed ‘messier’ than incremental change, more of these consequences and un-
certainties might occur. The tensions are evident in many Global South case studies.

2.3. Mixed impacts of system change on vulnerability
Major shifts in development pathways create both positive and negative impacts on people's socio-economic vulnerabilities. Ten-

sions often arise from fundamental changes in models or patterns of economic and institutional development. For example, economic
stresses and marginalization contribute to climate change vulnerability in the Global South. Vietnam has experienced a state-wide
transition from central planning to a market economy since the 1980s. This resulted in rising incomes for households and communi-
ties and enhanced their economic capacity for coping with coastal hazards. Institutional decentralization in this Southeast Asian
country also raised prospects for vulnerability reduction by re-introducing informal social coping mechanisms [7]. In Indonesia's Se-
marang, regional-level decentralization has altered governance relationships between agencies and improved bottom-up integrated
metropolitan planning, which helps address climate change risks [8].

However, the same process of system change can reinforce other sources of vulnerability. In Vietnam, the processes of market lib-
eralization and decentralization have increased the concentration of resources and income inequality, and resulted in the decline of
formal communal institutions and collective action pivotal to coping with coastal hazards [7]. Decentralization of institutions with-
out devolving power is also a recipe for poor response to flooding, as a case study of Bangkok has shown [10].

Tourism development that shifts development pathway can be transformative. However, the ensuing changes often have different
implications for adaptation, such as increasing job security and local finance, while undermining the social conditions for reducing
vulnerability. In the Mexican Caribbean, decades of coastal mass tourism have allowed a coalition of government and tourism corpo-
rations to accumulate capital and power. This has provided support to some adaptation practices, such as increasing coastal vegeta-
tion and insurance coverage, but has weakened the oppositional civil society and reduced the diversity of development visions, which
could help the Mexican cities build social capacity for adapting to climate change impacts, notably hurricanes [35]. Similarly, a
coastal town of China has attracted resources for adapting to sea level rise, capitalizing on a transformative tourism intervention
[9,36]. The revitalized development pathway has maladaptive elements, such as a gradual decline in social capital and the increasing
opportunity cost of climate-resilient land use. Existing vulnerabilities are reduced at the expense of other ones.

Clearly, not all forms of transformation create enabling conditions for climate change vulnerability reduction. The key issue is
what mechanisms undermine these conditions. Conceptualizing such mechanisms requires a move away from the framing of transfor-
mation as a (desirable) outcome. The risks and unintended consequences of disruptive transformation warrant theoretical recogni-
tion.

2.4. Adaptation and performance legitimization
We use the Adaptive Cycle heuristic to help analyze how system transformation shapes a city's adaptive capacity. Advanced by

Ref. [37]; this heuristic describes the dynamic process in which climate change impacts are understood and experienced, institutions
and organizations respond to these impacts, and adaptation interventions occur. There are four phases in the adaptive cycle, namely,
institutionalized, scattered, mobilized, and polarized. The state of social systems in this process is understood in terms of the agency
of social capital and the structure of the society, which primarily involve action and behaviour, and discourse and institutions, respec-
tively (Table 1). This heuristic is used in this paper for unpacking the decade-long transformation process in Macao, highlighting the
power dynamics, and explaining how this process impeded a transition in the adaptive cycle.
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Table 1
The four phases of the adaptive cycle.

Adaptive cycle
phase

Agency of social capital (action and behavior) Social structure (discourse and institutions)

Institutionalized Agency reinforces and is aligned to dominant social
structures and institutions. Alternative behavior is
marginalized or excluded.

Cohesive structure legitimates prevalent social behavior. Alternative discourses
and associated institutions are marginalized or excluded.

Scattered Diffuse and diverse, social capital and behavior can
break away from normalized routines and positions. A
space for alternatives to emerge or be formed

Established institutions and discourse seen to have failed in providing security or
explaining risk. While these structures are still in place they are no longer
reinforced by social agency initiating a crisis in structural reproduction

Mobilized Social capital hardens around discrete value positions
and specific coalitions of interest emerge.

Contradictory and supportive discourses and institutions coexist in overlapping
emergent regimes.

Polarized Competition between alternative social groups is overt.
New hierarchies or non-hierarchies arise.

Fewer, but more forcefully argued differences

Source [37]:

Our research identifies a mechanism that undermines the conditions for adaptation. As [4] have indicated, the transformation dis-
course has failed to recognize the political processes underpinning transformation. One example is the power-laden process of system
change legitimization [38]. understand legitimization as a means to a desirable end by suggesting “how to expand legitimacy for deep
radical intervention” in climate-impacted systems as an analytical challenge to overcome. Such a normative conception fails to ques-
tion who legitimizes a system transformation that inevitably creates risks. Few studies have examined the social and political conse-
quences of legitimization.

We argue that a transforming system, primarily addressing climate change or not, constantly seeks legitimacy from its constituents
who share the risks of deliberate radical change. Critical adaptation studies should account for the tension between legitimization and
vulnerability reduction within the transforming system. The notion of performance legitimacy [39] is useful for reflecting on the nor-
mative framings of transformation in adaptation research.

Properly describing China, the notion of performance legitimacy refers to a practice of government that attempts to gain political
mandate and legitimize its rule by accomplishing practical goals, such as economic growth and social stability, rather than by institu-
tionalizing popular elections or liberal-democratic norms [39]. This constitutes a new social contract, which refers to an implicit or
explicit agreement among individuals in a society to cooperate for mutual benefits and establish a functioning community. Perfor-
mance legitimization is successful in China, where the public, especially the urban rich, has accumulated massive wealth from the ex-
traordinary economic growth since 1990s and has developed tolerance to the drawbacks of the regime's authoritarian rule. People's
political rights and agency are circumscribed to empower and enable the state to concentrate on economic growth and deliver mater-
ial benefits and stability. Performance legitimization can be seen as a means by which the state manages the expectations of its citi-
zens who are affected by a deliberate transformation process that reconfigures power relations and reinforces the state's authoritarian
control.

Macao is increasingly influenced by China's governance traditions and has achieved impressive macro-economic performance.
Our research, described below, suggests that the politics of performance legitimization has shaped the context for climate change
adaptation in Macao by influencing the agency of actors and social structures.

3. Study area
Macao is a high-income economy, with an outstanding GDP per capita (current prices) of US$86,197 in2019.1 The coastal city sits

on a tiny area of 32.9 km2 and has a population of 682,070 in 2020 [40]; 2022a). It comprises Macao Peninsula, Taipa, and Coloane.
Macao Peninsula, the historical urban centre, is home to the majority of Macao population (532,858, or 78 %) and has an extraordi-
narily high population density of 57,297 persons/km2 [41] (Fig. 1). Between Taipa and Coloane is a 6 km2 of newly reclaimed land
called Cotai. Many new, branded casinos and hotels are located in Cotai, such as ‘Venetian Macao’, a magnificent mega-resort owned
by the American Las Vegas Sands company.

Sea level rise is posing threats to Macao [42,43]. The sea levels around Macao could rise by 0.72 m by 2100 under the worst sce-
nario (Fox-Kemper et al., 2021). By the end of this century, the temperature will rise 1.4 °C–3.9 °C, and precipitation intensity will in-
crease by 14 % [44]; p.263). Storm surges and severe urban flooding can devastate the city in the event of a supertyphoon. The worst
of these was Typhoon Hato.

Typhoon Hato made landfall in Macao on August 23, 2017. The supertyphoon joined an astronomical high tide and raised the
maximum tide height to 5.58 m. Seawater intruded the compact city at an unprecedented speed and scale. Storm surges and heavy
precipitation caused a 2.5 m flood in the urban centre. The high-density, low-lying Inner Harbour Area at the western part of the
Macao Peninsula endured a flood level of 3.1 m (Takagi et al., 2018, [45]. The floods inundated 36.6 % of the land area of the Macao
Peninsula [46]; p.134). Typhoon Hato costed Macao MOP12.55 billion (3 % of GDP in 2017) and claimed 10 lives, making it the
deadliest natural disaster in the city's modern history [47]; b).

1 The World Bank: https://databank.worldbank.org/home.aspx Accessed 19 August 2022.

https://databank.worldbank.org/home.aspx
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Fig. 1. Map of study area.

4. The case study
We conducted interviews with those who are exposed to the escalating risks of urban inundation due to climate change. In Macao,

most residential units are found in multi-storey buildings at a safe vertical distance from floodwater. Ground-level properties are ex-
posed to flooding, and most of them are occupied by businesses. Small retail businesses in the Inner Harbour Area are particularly vul-
nerable, due to their low-lying location, high density, and limited coping capacities. The high floods triggered by Typhoon Hato dam-
aged hundreds of commercial properties and their assets.

In 2018, the research team organized semi-structured interviews with small business operators to understand the impacts of the
2017 flooding event, their coping and adaptation measures, and their views about government performance, local economy and soci-
ety. These interviewees were identified in another questionnaire survey undertaken by the research team in December 2017 (see [48,
49], for methodological details). With their consent, we recorded their business location and returned in March 2018 to conduct an
in-depth interview with 18 of them (Appendix 1). All of the interviewees operated a retail business in the Inner Harbour Area or an
adjacent flood-prone district.

This case study is also based on a review of publicly accessible official statistics and documents, and including statistics yearbooks,
population census, parliamentary reports, press releases, post-disaster reports, and government submissions to the United Nations.
We report information and statistics that are related to adaptive capacity, such as population density, income distribution, and the
area of greenspace. A smaller part of the analysis is informed by the results of a business survey conducted by Lo et al. [48,49].

5. Findings
5.1. The historical context

Before 1999, Macao was a backwater at the margins of Portugal and China [15]. The economy had stagnated for decades. Poor ur-
ban planning in colonial years resulted in high population densities in flood-prone areas. In 1991, 342,548 people, or 96 % of the to-
tal population, resided in Macao Peninsula. The Inner Harbour Area within Macao Peninsula was always a hotspot for flooding. It in-
cludes two densely developed parishes, namely, Santo António and São Lourenço, which had a total population of 154,468 sharing a
small continuous area of 1.9 km2. In contrast, Taipa and Coloane had an area of 10.9 km2, but a small population of 10,314 in 1991
[50]. There was little action to curtail developments around the Inner Harbour Area.

Portuguese settlers dominated Macao's urban governance [51–53]. The colonial political regime marginalized the local Chinese
people and lacked visions for long-term planning, as it was set to return Macao's sovereignty to China. After handover, prominent
leaders of the local Chinese community form the Macao SAR Government. However, political localization has created a new power hi-
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erarchy. Local business elites rise to power and receive a mandate to rule by Beijing's choice. They seek political legitimacy from fast
economic growth [53].

The political change in 1999 accelerated the demise of a deeply entrenched political-economic coalition that operated a gaming
monopoly for decades. Gaming liberalization in 2002 brought massive foreign investment to the linked gaming and hospitality indus-
tries, leading to over a decade of economic boom [53]. In 2019, gaming and junket activities dominated Macao's economy by con-
tributing to 51 % of the gross value added. Gross gaming revenues leapfrogged from MOP23,436 million in 2002 to MOP293,312 mil-
lion (approx. US$36,500 million) in 2019 [54]. Massive areas of land have been reclaimed, reproduced, and commodified to make
space for new casinos, hotels and resorts [15,17].

5.2. Structure of political economy and urban development
5.2.1. New urban configurations

Macao's economy is structurally skewed toward the gaming industry, resulting in an uneven urban development. The economic
boom has driven a dramatic transformation of urban space. Billions of foreign capitals entered Macao to build a settlement for Las Ve-
gas-style casinos, resulting in uneven spatial development. Many small local businesses in the flood-prone areas were left behind:
“tourists don't come to here [Horta e Costa near Inner Harbour] … the Venetian gets all money” (Interviewee #6). The Venetian Macao is
located in Cotai, an area of explosive growth.

New developments are concentrated in Taipa and Coloane. Massive new spaces were created in the two districts through large-
scale land reclamation from the sea, significantly increasing their total land area from 10.9 km2 in 1991 to 21.6 km2 in 2021, which
includes the Cotai Reclamation Zone created between Taipa and Coloane in the late 1990s. Official statistics presented in Table 2
show that, between 2001 (two years after handover) and 2021, Taipa and Coloane (including Cotai) have gained far more residents,
spaces, public roads, and commercial units than Macao Peninsula, indicating the formation of a new urban cluster. The interests of the
government and casino concessionaires in commodifying the land and building infrastructure for supporting casinos and resorts are
responsible for the fast reproduction of urban space [17].

The Cotai Strip could have been a refuge from flooding. The reclamation zone was initially planned for building a new town that
could accommodate over 150,000 residents, which could have absorbed the population growth in the flood-prone Macao Peninsula.
However, the SAR Government called off the housing plan and granted the majority of Cotai land to casino concessionaires to enable
the newly liberalized gaming industry to thrive [16]. The newly built grand casinos, luxury hotels, and shopping arcades benefit from
new taxpayer-funded infrastructure and modern building codes, which can protect them from flooding. In contrast, the waterfront
area of Inner Harbour remains poorly flood-proof [46]; p.133). In the 2017 typhoon event, retail trades and restaurants within the fa-
cilities of gaming enterprises, which are elevated and protected, recorded a direct economic loss of only MOP$5 million. The typhoon
costed those outside of these facilities, mostly located in Macao Peninsula, a total of MOP$4168 million, accounting for 46 % of all
sectors [47].

The Inner Harbour Area is far from resilient. Santo António and São Lourenço Parishes, both adjacent to Inner Harbour, have
recorded a double-digit growth in population density. Floodwater can be extremely dangerous in a high-density environment. To cre-
ate more space in a tiny piece of land, property developers in Macao have created many small, tightly fitted carparks and storage ar-
eas under buildings. These underground spaces have aggravated the failure of the obsolete drainage systems by attracting floodwa-

Table 2
Distribution of population, land area, public roads and commercial units by district in 2001 and 2021.

Total Macao Peninsula Islands

Parish

Santo António São Lázaro São Lourenço Sé N.S. de Fátima Taipa Coloanea

Population (persons)
2001 435,235** 104,217 26,914 42,841 34,176 180,499 41,786 2904
2021 682,070** 133,920 33,442 53,840 55,275 256,381 112,051 36,384

% Change 56.7 28.5 24.3 25.7 61.7 42.0 168.2 1152.9
Land area (km2)

2001 25.8 1.1 0.6 0.9 2.9 3 6.2 11.1
2021 30.8 1.1 0.6 1.0 3.4 3.2 7.9 13.6

% Change 19.4 0.0 0.0 11.1 17.2 6.7 27.4 22.5
Lane length of public roads (km2)

2001 315.9 176.7# 139.2
2021 419.9 203.6# 216.3

% Change 32.9 15.2# 55.4
Total number of commercial units

2004b 41,795 39,496# 1984 315
2021 43,358 40,226# 2507 625

% Change 3.7 1.8# 26.4 98.4
a includes Cotai reclamation zone; ** includes marine areas but their population estimates are omitted from this table.
b No pre-2004 official data were found# for Macao Peninsula as a whole.

Source: Government of Macao SAR (2002, 2022a, 2022b)
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ters, which can quickly inundate assets and people below the ground level. The risk is proven real by Typhoon Hato. The floods killed
six people in underground spaces. Nine of the ten fatal events occurred in Macao Peninsula, and the remaining one in Taipa was
caused by strong winds and slippery [46]. Flood risks are unevenly distributed between the western part of Macao Peninsula and the
recently developed areas in Taipa, Coloane and Cotai. The change in the land development plan for the Cotai Strip was a missed op-
portunity for redressing the uneven distribution.

No systematic vulnerability assessment has been conducted for Macao. Nevertheless, there are signs showing that the spatially un-
even development strategies have changed the cityscape and demographics in a way that could reduce adaptive capacity.

People's income and assets are key indicators of their capacity for managing risks. We use occupation as a proxy to compare
changes in the 20-year period, because we cannot find a district-level breakdown of employment income for 2001. Fig. 2 shows a
clear trend of upward mobility during this period. In 2001, flood-prone areas, notably Santo António and São Lourenço, had about
59.7–62 % of their local populations in the lower-income occupation groups, which was close to the city-wide average (61.8 %). In
2021, however, they had a higher percentage of residents in lower-income occupation categories (53.4–53.7 %) than the city as a
whole (46.6 %). Taipa and Coloane recorded a marginal change of 0.2 % and a decrease of 18.7 %, respectively. This suggests that
there is a comparatively larger share of local residents in the flood-prone areas earning less than the city as a whole.

Vehicle ownership is another indicator. The Inner Harbour Area is extremely compact. Many vehicles are parked in an under-
ground carpark or on the street surrounded by closely packed buildings. In 2017, many of them were severely damaged by the intrud-
ing seawater trapped in tight alleys and underground spaces. About 24 % of all buses and over 800 cars and motorcycles were inun-
dated, and five (out of ten) people lost their lives in underground carparks [46]. Vehicle ownership has increased by 14.6 % in 20
years (Fig. 2). A significant part of this growth came from flood-prone areas, including Santo António and São Lourenço Parishes.

Moreover, the supply of green infrastructure is inadequate in the flood-prone areas of Macao. Green areas can reduce stormwater
runoff and enhance a city's adaptive capacity. Between 2001 and 2020, however, the amount of green area per land area in Cotai and
Taipa increased by 89.1 % and 59.9 % respectively, whereas that of Macao Peninsula was 10.7 % only [55,56].

Fig. 2. Distribution of occupations and vehicle ownership by district in 2001 and 2021. Source: Government of Macao SAR (2002, 2022a)Higher-income group
includes four occupation types, i.e. 'Directors and managers', 'Professionals', 'Technicians and associate professionals', and 'Clerks' (including croupiers and other casino
operational workers). Lower-income group includes four occupation types, i.e. 'Services and sales workers', 'Skilled agricultural and fishery workers', 'Machine
operators and drivers', and 'Unskilled workers'. In the lower-income group, median earnings from main employment ranged from MOP3,284 to MOP4,927, whereas in
the higher-income group, all median earnings exceeded the city-wide median value, which was MOP5,110 in 2001.* Coloane includes CoTai reclamation zone
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The political and economic transformation in Macao since 1999 has turned many resources and institutional attention to the city's
new urban spaces. The old ones have become denser and more vulnerable to flooding. Measures for managing flood risks are further
compromised by poor governance practice.

5.2.2. Flood risk management
Macao's political-economic structure rewards investment in economic capacity development, but not flood risk management. Ty-

phoon Hato exposed an enduring governance problem. The Macao SAR Government failed to issue early earnings to the public and
lacked institutional capacities for managing a meteorological crisis, resulting in delays in evacuation and emergency response, short-
age of lifeline supplies and food, and poor inter-departmental coordination [57]; Government of Macao SAR, 2018b; [45]. The poor
performance triggered enormous public outrage, forcing the head of Macao's Meteorological and Geophysical Bureau to resign. The
lack of accountability and administrative malfunctioning remain deep-seated issues in Macao, as clearly demonstrated by the cata-
strophe event [57].

Shortly after Typhoon Hato, the Government managed to propose a set of coping and adaptation strategies. Short-term strategies
include incremental, soft measures, such as improved rescue operations, early warning systems, and evacuation drills (People's Re-
public of China, 2018; [45]. Longer-term adaptation would rely on coastal defence infrastructure. The SAR Government proposed a
540 m long tidal gate system to be installed at the mouth of the Wan Chai waterway to protect the Inner Harbour Area from storm
surges, which is designed to cope with tidal levels above 3.85 Mean Sea Level and ‘1-in-200-year’ storm surge events [46]. However,
the proposed tidal gate system does not constitute a transformative adaptation [43]. contend that the tidal gate, designed according to
the maximum water level during Typhoon Hato, would be poorly equipped for adapting to climate change, which can result in higher
tides and stronger winds than those observed in 2017.

Since 2017, the SAR Government has been seeking higher-level approvals from the Chinese Central Government and conducting
engineering assessments [58], only to find the tidal gate project at risk of significant delay and even abandonment [59]. High costs
and rare use were cited as reasons [60]. As the prolonged process of consulting Mainland Chinese authorities continues, the SAR Gov-
ernment has expressed an interest in reinforcing existing engineering measures instead [58].

5.2.3. The social contract
The lack of institutional competence is an outcome of the post-colonial political-economic structure. To legitimize its leadership,

the SAR Government has invested considerable monetary and institutional resources in promoting economic growth. The post-
colonial Macao pursues capital accumulation by substantially expanding the gaming economy, and governs through informal engage-
ments with major pro-Beijing community groups and tycoons (Lo, 2009; [52]. The SAR Government garners support from these par-
ties by offering them direct economic benefits and other privileges, sometimes at the expense of public interests [61]. The cycle of
capitalistic growth is closed by distributing economic dividends derived from the prospering economy to settle public discontent. As a
signature policy for managing public expectations, the SAR Government gives away a fixed amount of cash directly to every Macao
resident every year since 2008, which has reached MOP$10,000 (approx. US$1237) per person in 2022.

Consequently, the state has little incentive for improving governance. It has strategies for regulating political relationships and
consolidating support by delivering material benefits, but has limited motivation to enhance accountability and transparency (Lo,
2009, [53]. Development visions are reduced to the advancement of short-term economic interests, whereas the imperative of ad-
dressing climate change risks is loosely attached to the cycle of growth in Macao. One of our interviewees succinctly indicated why vi-
sions for adaptation have gone missing, when asked if government officials would help them cope with future supertyphoons: “no, the
government won't help. They are opportunistic and only care about money” (Interviewee #4).

The post-colonial state of Macao has entered into a new social contract with the public. The state rejuvenates the economy by
strategically engaging and granting franchises to foreign capitalists to develop newly reclaimed lands into lucrative casinos and re-
sorts. The sweeteners are soaring individual incomes and billions of tax revenues, which are recycled and used to reward pro-
government organizations and mitigate public pressures [52,53]; Lo, 2009). In return, the public tolerates institutional incompetence,
distributive injustice, and the attenuation of the civil society. The new social contract has perverse incentives for prioritizing short-
term material benefits over long-term planning and wider sustainability considerations [15,61,62]. The resulting uneven urban devel-
opment and economy-first planning principles have contributed to the accumulation of climate change vulnerabilities and a luke-
warm response to longer-term adaptation.

5.3. Agency for action and alternative visions
5.3.1. Social change and individuals

The growing materialism and dependence on China threaten to erode the agency of individuals for social action. Macao's post-
colonial development pathway is increasingly reliant on the gaming industry. People's incomes have increased, but income inequali-
ties have intensified, and fewer people have trust in the government (Fig. 3).

The gaming industry offers remarkably attractive remuneration for unskilled labours with little work experience. The combination
of low entry requirements and high returns has driven young people away from tertiary education and resulted in high dropout rates
at schools [17,62]. Materialism is widespread among the younger generations and within the society generally. As an interviewee
(#1) lamented with a cynical tone: “Macao [people] doesn't care, as long as there is money for them”, or “realistic, money first” in the
words of Interviewee #2. Once a charming city of history and heritage [15,17], Macao has been reduced to a place for personal eco-
nomic advancement and consumption.
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Fig. 3. Selected indicators of social and economic change in Macao. GDP per capita (constant 2015 US$). Source: The World Bank (https://data.worldbank.org).
Gross value added of 'Gaming & Junket Activities' as a percentage of GDP. Source: Government of Macao SAR (2022b) Both GDP per capita and gross value added
show a sharp decline in 2020 and 2021, due to the impact of COVID-19 on inbound tourism. Gini coefficient. Source: World Inequality Database (https://wid.world/
country/macao/). Public trust. Source: Public Opinion Program's Macau Annual Survey, The University of Hong Kong (https://www.hkupop.hku.hk/chinese/
popexpress/macau/index.html). Accessed August 15, 2022. Survey statement: ‘On the whole, do you trust the Macau SAR Government?’ Response options: ‘Very
trust’, ‘Quite trust’, ‘Half-half’, ‘Quite distrust’, and ‘Very distrust’. In the graph above, ‘Trust’ includes ‘Very trust’ and ‘Quite trust’, and ‘Distrust’ includes ‘Quite
distrust’ and ‘Very distrust’. ‘Half-half’ is omitted.

Small businesses outside gaming facilities suffered significant losses in the 2017 typhoon event. Many business operators have
taken preventive individual action and become concerned about the escalating risks of flooding and typhoons in the next 20 years.
However, their sense of place was weaker than other tourist destinations we studied, and they were the least likely to believe that the
government and lawmakers would help residents cope with future typhoon events (Appendix 2). This reflects a widespread decline in
local people's trust in the Macao SAR Government (Fig. 3).

The twenty years of development have made Macao more dependent on Mainland China. Most migrants originally come from the
Mainland. The massive gaming revenues, jobs, and other business opportunities are derived from the spendings of transboundary
tourists, predominantly from the Mainland. Macao's economic success is therefore inseparable from the discretionary policy decisions
of the Chinese Central Government, which acts as a shadow regime, such as the number of travel permits granted to Mainland Chinese
residents for visiting Macao. Moreover, China plays an important role in Macao's recovery from, and adaptation to, natural hazards.
For example, in the 2017 typhoon event, the Central Government was given credits for deploying armies to help remove debris and
offering lifeline supplies, whereas the interventions by the Macao SAR Government were sluggish. Power outage in a typhoon event
requires Chinese authorities to help restore, because Macao imports most of its electricity from Mainland China. Permission by the
Central Government is essential for the construction of the Inner Harbour tidal gate. The externalization of development opportuni-
ties and responsibilities has turned the agents of change away from Macao.

The rise of materialism, weak sense of place, lack of institutional trust, and dependence on China alienate individuals from debates
on issues of low economic and political urgency, such as climate change. Public discussions on climate change are patchy, and even
flood victims are not engaging: “climate change is an ‘out of touch’ issue. How can individuals offer any opinion?” (Interviewee #18).

5.3.2. The civil society and climate policy
The limited agency for change of the civil society is aggregated by the demise of oppositional green politics. A new power hierar-

chy has emerged in Macao, although the governing power has returned to the Chinese community since 1999. Pro-Beijing community
leaders and business elites are privileged, whereas the civil society has not come to challenge the Government's incremental approach
to adaptation.

Macao's residents directly elect less than half of the seats in the legislature and have little influence on the leadership choices made
by the Chinese Central Government. Formal policy-making processes are overshadowed by a consensus politics characterized by in-
formal interactions among powerful political and economic interest groups [52,53]. People's frustration at the lack of transparency
has accumulated since the handover. In 2014, the civil society organized mass protests and forced the government to withdraw un-
popular bills. In the 2017 general election, people turned their votes to oppositional democratic candidates, leading to their unprece-
dented electoral success. However, these democrats were barred from the 2021 election. Pressure groups and mass mobilization are
discouraged by tighter restrictions. Political pluralism has come to a demise in its infancy.

https://data.worldbank.org/
https://wid.world/country/macao/
https://wid.world/country/macao/
https://www.hkupop.hku.hk/chinese/popexpress/macau/index.html
https://www.hkupop.hku.hk/chinese/popexpress/macau/index.html
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Consequently, there is little space for climate change advocacy and activism to grow. Younger left-wing activists, including those
elected in 2017, are broadly concerned about sustainability issues and could have advocated for changes that recognize climate
change risks, as in the neighbouring city of Hong Kong [9]. However, the Chinese elites who govern the city politically depend on
Mainland China and resist alternative, liberal visions that could post challenges to its legitimacy, such as deepening democratization.
Conservative forces and business interest groups continue to have asymmetric influences on politics and policy. Liberal-minded ac-
tivists and NGOs have limited ability to lobby for integrating anticipatory approaches of climate change adaptation into politics and
policy.

Liberal environmental discourses struggle to influence the government's policy agenda under the exclusive and pro-growth poli-
tics. The SAR Government's environmental protection plans do not explicitly address climate change adaptation [63,64]. Macao is in-
cluded in China's National Communication on Climate Change submitted to the UNFCCC. Both the 2012 and 2018 submissions indi-
cate that Macao's adaptation strategies remain initial and incomplete [65]; p.198; 2018, p.265). The core measures for dealing with
sea level rise involved flood-proofing electric power facilities, improving early warning systems, and building a tidal gate. Only the
tidal gate can be seen as a medium-to-long-term solution. There are pressures from within the legislature for accelerating the con-
struction work, but the agency for change rests upon the administration and the shadow regime, i.e., China [58].

6. Discussion
The above analysis focuses on political and development trajectories to understand a high-income city's vulnerability to climate

change. Planned political decolonization and localization resulted in a new regime that succeeded in accelerating economic growth.
The political and economic transformation have shaped social structures and agency in a way that has led to a reduction of some vul-
nerabilities, but an increase in others.

The social structures of Macao are maladaptive to climate change. Political decolonization resulted in a new power hierarchy en-
dorsed by a higher governing authority. By formally liberalizing the gaming market and allowing the gaming industry to dominate
the economy, the post-colonial regime has institutionalized a development pathway that builds casino-based tourism deep into the
city's economic structure. The concentration of investments and revenues in tourism establishments and clusters has drawn institu-
tional attention to the new casino town of Cotai and away from the older urban areas that have higher densities and vulnerabilities to
storm surges. The failure of existing governing institutions in reducing vulnerability exacerbated the consequences of the catastrophic
flooding event in 2017.

The agency for change has been undermined. Activists challenged the prevailing systems and created pressures for change. The
oppositional civil society proposed alternative development visions and gained a public mandate. However, the main area of conflict
has been social issues, rather than the environment. The public has engaged in a perverse social contract that prioritizes short-term
economic gains, and has developed tolerance to institutional failures. The political-economic transformation has reproduced a hege-
monic structure that perpetuates this state-society relationship and is resilient to public outrage. The ability to re-negotiate this per-
verse social contract is constrained by a superior constitutional authority.

The city of Macao is situated between the first two phases of adaptive cycle, namely, ‘institutionalized’ and ‘scattered’ [37]. The
structure of the political economy is cohesive, and the prevailing development discourse remains dominant. Capitalist development
has generated a flow of economic dividends that enable the state to manage public expectations and limit people's agency for promot-
ing alternative agendas. Major institutional failures resulted in counter-hegemonic development visions that could have led to a de-
parture from the established norms and structures. However, the transition towards scattered is incomplete. The power relations be-
tween the state and civil society remain highly unequal, and the social agents for influencing policy practice are marginalized. Medi-
ated by this power dynamics, the re-negotiation of development visions and political futures remains departed from climate change
goals.

This case study shows how a re-routing of a development pathway has created an ambivalent impact on climate change vulnera-
bility. Transformation of wider political, economic and social systems changes everything, but not every change falls within a desir-
able range [66]. The formation of a market economy can help alleviate poverty and the rolling back of the state may encourage collec-
tive social response to coastal hazards, but it can also increase vulnerability by concentrating resources in a handful of people [7].
Tourism development attracts investments and makes a strong economic case for implementing managerial and technological mea-
sures for coping with coastal hazards, but a shift towards mass tourism can undermine the influence of civil society in advancing a re-
silient development pathway [35]. Our findings suggest that structural changes to the political economy can increase vulnerability by
perpetuating the uneven distribution of resources and benefits. Without addressing unequal power relations, fundamental shifts may
reproduce, rather than eliminate, deep-seated patterns of uneven distribution that create vulnerability [13].

This study makes a conceptual contribution by deconstructing the perceived legitimacy of a transforming system in addressing the
relationship between transformation and vulnerability reduction. The findings contribute to the transformation discourse by ques-
tioning who legitimizes a system transformation and examining how legitimization influences the conditions for vulnerability reduc-
tion. We suggest that new or altered system components can reproduce vulnerability in the process of performance legitimatization.
In doing so, we also critically reflect on the contested role of social contract in climate change adaptation. Political decolonization has
removed the colonial power hierarchy, but created a new power hierarchy privileging pro-Beijing elites. These governing elites seek
political legitimacy primarily from extraordinary economic performance [39].

Performance legitimatization entails a social contract. Macao's citizens benefit from fast economic growth, but conform to the
rules that constrain their ability to hold the administration accountable and select their preferred leaders (Lo, 2009; [53]. This effec-
tively legitimizes both a pro-growth development model and a reduced form of democracy, which can lock the social structures and
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social agents in a pathway that is poorly set for enabling vulnerability reduction. The aftermath of the supertyphoon could trigger a
re-negotiation of the perverse social contract. There are strong theoretical justifications for promoting such a negotiation as a trans-
formative process for addressing climate change challenges [67,68]. However, re-negotiation requires that citizens or their represen-
tatives possess the means of negotiation, such as the ability to remove elected officials, the rule of law, and a mandate to govern,
which are shrinking in Macao [69]. The historic social change has perpetuated the imbalance of power between citizens and the state.

Demonstrating advantages over its predecessors is essential for a system's fundamental restructuring to occur and sustain. New or
altered system components that are legitimatized by an unsustainable practice risk undermining the capacity of social structures and
social agents for redressing institutional failures and pursuing alternative development strategies. The relationship between transfor-
mation and vulnerability reduction is non-linear. The effects of transformative social change are conditioned upon socio-political re-
alities. The process of legitimizing a deliberate radical change, the state-society negotiation, and the power relations involved influ-
ence the capacity of a transforming system for adapting to climate change.

7. Conclusions
This article answers the broad question of ‘what mechanisms of a system transformation increase people's vulnerability to climate

change?’ The study of post-colonial Macao has shown how political-economic transformation has affected the capacity of a high-
income city for managing storm surges. This unique case study helps understand the relationship between system transformation and
climate change vulnerability reduction.

We conclude that a transformation that seeks legitimacy from an unsustainable practice is a recipe for maladaptation. Transforma-
tion is differentiated from transformative adaptation. Transformative adaptation requires a social change process that is deliberately
driven toward desirable ends and entails transforming systems and structures. Climate change is understood as “the drive for transfor-
mation” [18]; p.7).

System transformation is more often driven by competing socio-economic priorities than climate change goals. Some adaptation
actions are described as transformative, but it is not clear whether the transformations reported constitute enduring changes in the
entire system over a long timeframe. There is little emphasis on the scale and duration of transformative action (Nalau and Hander,
2015). Enduring system changes, such as a change of sovereignty and economic transition, can shift development pathways and radi-
cally alter social structures, institutions, and power relations, but those that have the scale, depth, and energy to do so are rarely dri-
ven by climate change goals alone. This leaves us with little empirical evidence on system-level transformative adaptation that de-
mands greater depth and breadth of change.

Analyzing the broader and disruptive processes of transformation as a determinant offers an alternative framing for adaptation
studies, which tend to conceptualize transformation as an ideal outcome, e.g., transformative adaptation. Such a systemic analysis
will examine the enduring processes and pervasive impacts of political, economic and social transformation over a longer timeframe
to identify factors that influence the conditions for adaptation. These processes and impacts determine general or ‘starting-point’ vul-
nerability (O'Brien et al., 2007) and may occur at the society level beyond functionally delimited systems, such as a single community
and industry [22]. There are lessons from Refs. [5,7,35]; and Goulden et al. (2013). Acknowledging the socio-temporal dimension of
these processes and impacts, which includes their history, timing, and longevity, is crucial for understanding the non-linear relation-
ship between transformation and vulnerability reduction.
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