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Climate change will impact cities’ infrastructure and urban dwellers, who often show
differentiated capacity to cope with climate-related hazards. The Shared Socioeconomic
Pathways (SSPs) are part of an emerging research field which uses global socioeconomic
and climate scenarios, developed by the climate change research community, to explore
how different socioeconomic pathways will influence future society’s ability to cope with
climate change. While the SSPs have been extensively used at the global scale, their use at
the local and urban scale has remained rare, as they first need to be contextualized and
extended for the particular place of interest. In this study, we present and apply a method to
develop multi-scale extended SSPs at the city and neighborhood scale. Using Boston,
Massachusetts, as a case study, we combined scenario matching, experts’ elicitation, and
participatory processes to contextualize and make the global SSPs relevant at the urban
scale. We subsequently employed the extended SSPs to explore future neighborhood-level
vulnerability to extreme heat under multiple plausible socioeconomic trajectories,
highlighting the usefulness of extended SSPs in informing future vulnerability assessments.
The large differences in outcomes hint at the enormous potential of risk reduction that
social and urban planning policies could trigger in the next decades.
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1. Introduction

Global climate change will affect cities worldwide (Romero Lankao and
Qin 2011), with a wide range of impacts on cities’ infrastructure and urban
dwellers (Revi et al. 2014). Ways in which climate-related hazards — such as
flooding, droughts, and heat waves (Guerreiro et al. 2018) — will affect urban
areas has been well-documented by the climate Impacts, Adaptation, and Vul-
nerability (IAV) research community over the past decades. A substantial part of
the existing literature has also been dedicated to understanding the differential
vulnerability of urban population to climate-related hazards (Cooley et al. 2012;
Garschagen and Romero-Lankao 2013; de Sherbinin and Bardy 2016; Kashem
et al. 2016). However, very little is known about ways in which socioeconomic
development and demographic change will influence future vulnerability to cli-
mate-related hazards (Rohat 2018; de Sherbinin et al. 2019). Up until recently,
most assessments of future urban climate risks typically projected the effects
of various climate change scenarios under current socioeconomic conditions
(Birkmann et al. 2013). Neglecting the role of socioeconomic development in
shaping future vulnerability and climate risks is problematic because it creates a
systematic bias in climate adaptation decision-making. This bias results in the
overestimation of the impacts of climate change and the underestimation of the role
of socioeconomic development for future vulnerability and climate related risks
(Ebi et al. 2016).

Partly to address this issue, the climate change research community developed a
new scenario framework, made of climate change scenarios (RCPs — Represen-
tative Concentration Pathways; Van Vuuren et al. 2011) and socioeconomic sce-
narios (SSPs — Shared Socioeconomic Pathways; O’Neill et al. 2017) developed
in parallel. While RCPs depict potential trends in atmospheric concentrations of
greenhouse gases (Van Vuuren et al. 2011), SSPs are a set of five global socio-
economic development narratives, organized along different combinations of
challenges to adaptation and mitigation, as shown in Figure 1 (see O’Neill
et al. 2017). SSPs and RCPs are combined to produce integrated climatic and
socioeconomic scenarios, which allows the analysis of a range of potential out-
comes having different implications for vulnerability, risk, adaptation, and miti-
gation (Van Vuuren et al. 2014). Consequently, SSPs have the potential to foster
the integration of socioeconomic projections in IAV research (Kriegler et al. 2012).
The global narratives, detailed in O’Neill et al. (2017), have been complemented
with country-level quantifications for key indicators such as population, education
(KC and Lutz 2014), urbanization (Jiang and O’Neill 2017), rate of technological
development, and economic growth (Crespo Cuaresma 2017). Since the SSPs are
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designed as global development trends, they need to be contextualized (or “ex-
tended”) to be used in sectoral (e.g., health or urbanization) or local research (Van
Ruijven et al. 2014) as in the below examples. Sectoral extensions and quantifi-
cations of the global SSP narratives (O’Neill et al. 2017) have flourished, e.g.,
extended SSPs for health (Ebi 2013; Sellers and Ebi 2017), food security world-
wide (Hasegawa et al. 2015), the water sector (Wada et al. 2016; Yao et al. 2017),
fisheries (Maury et al. 2017), forestry (Kemp-Benedict et al. 2014), population
distribution (Jones and O’Neill 2016), and urbanization (Li et al. 2019). However,
there have been only a few regional extensions, including extended SSPs for
the Barents Region (Nilsson et al. 2017), the South-East US (Absar and
Preston 2015), West-Africa (Palazzo et al. 2017), New Zealand (Frame
et al. 2018), the Mediterranean coast (Reimann et al. 2018), the Baltic Sea
(Zandersen et al. 2019), Europe (Kok et al. 2019; Rohat et al. 2018), Tokyo
(Kamei et al. 2016), and Houston (Rohat et al. 2019b). The latter extended
SSPs — which are the only existing urban extended SSPs to our knowledge —
have been developed based on the review of historical trends, and subsequently
refined through an interactive process with key local experts using individual
interviews and/or questionnaires.

Using the City of Boston, Massachusetts as a case study, we build upon these
efforts and present an approach to develop extended SSPs at both the city and
neighborhood-scale that are locally relevant while connected to the global SSPs
framework. Additionally, we demonstrate how extended urban SSPs can be useful
tools to explore future vulnerability in cities and inform future urban climate risk
assessments by using our extended SSPs to assess future vulnerability to extreme
heat in two Boston neighborhoods. This paper is structured as follows. We first
introduce the case study and detail the methods employed to extend the global

Figure 1. The Five SSPs and their Challenges for Adaptation and Mitigation (O’Neill et al. 2017)

Extending the Shared Socioeconomic Pathways at the City Scale
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SSPs. We then present the citywide and neighborhood-focused extended SSPs and
provide an overview of a qualitative assessment of future vulnerability to extreme
heat under each extended SSP. We conclude with a reflection on the suitability of
the SSPs framework for climate risk assessments at the urban scale and provide
suggestions for further research.

2. Study Area

The City of Boston, located on the East coast of the US, is the capital of the
Commonwealth of Massachusetts and hosts �700’000 inhabitants (U.S. Census
Bureau 2018). Boston has a strong economy — with major industries in health
care and professional, scientific, and technical services — and one of the lowest
unemployment rates in the country (BPDA 2017). The city’s workforce relies on
international immigration, with 28% of its total employment being foreign-born,
making its economy susceptible to federal immigration policies (BPDA 2019).
Boston is also characterized by important and increasing socioeconomic and racial
inequalities, with 18% of its residents living below the poverty level. While among
Whites the poverty rate is around 12%, it is at 21% among Black/African–
American residents, 25% for Asian residents, and 28% for Hispanic/Latino resi-
dents (U.S. Census Bureau 2018). Inequalities, ageing infrastructure, and rising
costs of real estate pose significant challenges to Bostonians’ capacity to adapt to
stresses and shocks, such as climate-related hazards (BRC 2016).

Extreme heat is one of the main climatic threats in Boston, with climate change
leading to more frequent, more intense, and longer heat waves (Douglas et al.
2016), which are exacerbated by the urban heat island (UHI) effect. The presence
of green infrastructure, such as green spaces and trees, in urban areas can help
mitigate the UHI effect, making its presence and distribution a key factor influ-
encing residents’ vulnerability to extreme heat (Street et al. 2013; Coutts et al.
2015; Melaas et al. 2016). The City of Boston’s climate change vulnerability
assessment (City of Boston 2016) predicts climate change will triple the annual
heat-related deaths by 2050 and will potentially lead to failures of critical infra-
structure, such as transportation and energy systems. The city-wide vulnerability
assessment also recognizes differentiated vulnerability within its population, with
older adults, children, people with health conditions, people of color, people with
low- to no-income, and people with limited English proficiency considered to be
particularly vulnerable (City of Boston 2016).

In this study, we focus on two adjacent neighborhoods, namely, Jamaica Plain
and Roxbury (Figure 2). Jamaica Plain and Roxbury have considerably different
demographics. In Jamaica Plain, approximately 56% of the population is White,
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25% is Hispanic, and 10% is Black/African–American. In Roxbury, approximately
53% of the population is Black/African–American, 29% is Hispanic, and 11% is
White. In Jamaica Plain, the poverty rate is approximately 16%, while in Roxbury,
it is 36% (BPDA 2018). These adjacent neighborhoods house low-income and
high-income communities in close proximity to each other and together, represent
racially/ethnically diverse populations. These characteristics render it particularly
relevant to explore the differentiated vulnerability of populations exposed to
similar local environments and climate-related hazards.

3. Methods

We developed and applied a three-step workflow (Figure 3) to extend the global
SSPs at both the city- and neighborhood-level. We first matched the global SSPs
with existing local scenarios, then used experts’ elicitation to define city-wide
extended SSPs, and finally used participatory processes to contextualize and ex-
tend the city-wide SSPs at the neighborhood-level. The participatory processes
were also instrumental in identifying local drivers of vulnerability, which were
used to assess future vulnerability to extreme heat under the neighborhood-level
extended SSPs. Given the importance of socioeconomic inequalities at the local
scale and its relevance for assessing vulnerability to extreme heat, we chose to

Figure 2. Case Study Neighborhoods and Green Spaces in the City of Boston (Eastern United

States)

Extending the Shared Socioeconomic Pathways at the City Scale
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focus on three SSPs that predict contrasted outcomes for socioeconomic inequal-
ities and adaptation capacities, namely SSP1 (Sustainability), SSP2 (Middle-
of-the-Road), and SSP4 (Inequality). SSP1 is defined as a scenario favoring
sustainability and increased adaptation capacities, with decreased socioeconomic
inequalities and increased investments in health and education, while SSP4
describes a future with increased inequalities and stratification, with differentiated
access to health care and education, and depicts high challenges to adaptation.
SSP2 represents the middle-of-the-road with a continuation of current trends,
persistence of existing socioeconomic inequalities, and moderate challenges to
adaption. Although SSP3 (Regional Rivalry) and SSP5 (Fossil-fueled Develop-
ment) also have important implications for socioeconomic inequalities and adap-
tation capacities, they both narrate high challenges to mitigation. Instead, we chose
to focus on SSPs that present varying levels of challenges to adaptation in order to
assess vulnerability. Moreover, extending the five SSPs at the local level would
likely result in redundancies and would complicate participatory processes. While
the SSPs also present varying levels of challenges to mitigation, we focus on
challenges to adaptation and their implications for vulnerability, and more spe-
cifically, vulnerability to extreme heat.

While the global SSPs are meant to reach the end of the century, future so-
cioeconomic development is characterized by high uncertainty and such a time-
frame would likely be difficult to integrate into local policy perspectives.
Additionally, during participatory processes, it may be easier for actors,

Figure 3. Workflow for Extending the Global SSPs at the City- and Neighborhood-levels. Existing

Scenarios Shown in Rhomboids, Methods are Shown in Rectangles, and Outputs are Shown in

Rounded Rectangles
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stakeholders, and experts, to project forward one or two decades rather than to the
end of the century. Therefore, the extended SSPs were developed up to 2040,
following global and local narratives up to that point.

3.1. Scenario matching

The use of existing scenarios, that have been previously developed for a
similar research sector and/or scale, as a starting point to develop new scenario
narratives — instead of starting from scratch — is a common practice in scenario
development. A few studies extending the global SSPs have used this approach
(Kemp-Benedict et al. 2014; Absar and Preston 2015; Kok et al. 2019; Rohat
et al. 2018). Methods to match scenarios from different sets of scenarios (e.g.,
matching the global SSPs to local socioeconomic scenarios) include the classifi-
cation around two axes (Busch 2006; Kok et al. 2013), the classification by
archetypes (Hunt et al. 2012; Van Vuuren and Carter 2013), and the comprehen-
sive matching of each narratives’ assumptions (Kok et al. 2019; Palazzo et al.
2017; Rohat et al. 2018). In this study, we used the latter to match the global SSPs
to local scenarios developed by the Metropolitan Area Planning Council (MAPC),
the local planning agency for Metropolitan Boston. The MAPC developed these
scenarios along with academic experts, regional planning authorities, local mu-
nicipalities, and state agencies, with the objective to predict demographic growth
and housing demand in Boston’s Metropolitan area (MAPC 2014). While these
scenarios were not designed to predict future trends in climate change adaptation
capacities or socioeconomic inequalities, they address broader socioeconomic
development trends relevant to the SSPs. The MAPC developed two different
scenarios, namely Status Quo and Stronger Region, which depict future socio-
economic and urban development in Boston up to 2040. Each of the MAPC
scenarios was matched to an SSP who shared similar narratives and projections,
particularly regarding population growth, economic development, and socioeco-
nomic inequalities. For example, SSP1 and Stronger Region share similar pro-
jections, such as depicting higher levels of population and economic growth (in
comparison to Status Quo or SSP2). By comprehensively matching narratives from
the MAPC scenarios to the SSPs, “intermediate scenarios” were developed (see
Figure 3). These “intermediate scenarios” serve as a local interpretation of the
global SSPs and provides a frame of reference to guide the experts’ elicitation
process and the development of more detailed socioeconomic scenarios for the
City of Boston.

As it is often the case at the city-scale, contrasted socioeconomic development
scenarios are scarce. To our knowledge, the MAPC scenarios are the only

Extending the Shared Socioeconomic Pathways at the City Scale
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comprehensive socioeconomic and urban development scenarios available for the
City of Boston. The MAPC scenarios and the SSPs have been quantified for key
socioeconomic variables (e.g., population growth and economic growth). How-
ever, we relied on qualitative aspects of the scenarios, such as narratives predicting
higher/lower economic growth, for their matching. Narratives can cover a larger
range of domains than quantified projections, especially at finer spatial scales
where quantified projections can be more difficult to obtain. For example, SSP1
depicts a pathway with decreasing inequalities, but quantified projections of this
trend are difficult to obtain at a city or neighborhood scale.

3.2. Experts’ elicitation

We followed the stepwise approach described in Knol et al. (2010) and conducted
in-person semi-structured interviews (ranging from one to two hours) with eight
selected experts with a deep understanding of the local context and dynamics. The
interviews included two experts working on scenario development at the MAPC,
three socioeconomic, housing, and demographic experts working at the Boston
Planning and Development Agency, two public health experts with academic
backgrounds, and one public health expert working for the Boston Public Health
Commission. Experts were presented with a synthesis of the global SSPs and the
intermediate scenarios, and were then asked to identify important drivers (and
uncertainties) of local socioeconomic and urban development. They were asked to
provide qualitative assumptions for each driver under each extended SSP, for 2040.
Combining experts’ opinions and assumptions with the intermediate scenarios, we
constructed the city-wide extended SSPs. Although it could have been beneficial to
include more experts in this process, it was chosen to conduct in-depth interviews
with a small number of experts. This ensured they had an in-depth understanding
of the process and created space for discussion and feedback on the “intermediate
scenarios”. Further, involving a larger group of experts with diverse backgrounds
in this manner would have been time-consuming and may have resulted in con-
tradicting narratives.

3.3. Participatory processes

Participatory processes are a common approach to design socioeconomic and
environmental scenarios at the regional and local scale (Kok et al. 2014; Nilsson
et al. 2017; Palazzo et al. 2017) as well as to identify local drivers of vulnerability
to climate-related hazards (Reckien 2014; Maharjan et al. 2017). In this study, the
participatory processes were conducted as group discussions during seven
community meetings, held in between June and September 2018, across the

J. Lino et al.
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neighborhoods of Jamaica Plain and Roxbury (see Figure 2). Local nonprofits,
including neighborhood associations, low-income housing organizations, and en-
vironmental and civic engagement nonprofits, created space in their regular
meetings to allow group discussions (of about 30–45min) around future socio-
economic development in their neighborhood and drivers of vulnerability to ex-
treme heat. In addition to these group discussions, two longer interviews (of about
2 h) were held with a total of five residents living in low-income housing who
expressed interest in sharing their perspectives. Participants were asked to identify:
(1) key aspects of socioeconomic and urban development that are important to
local communities, (2) neighborhood-level implications of the city-wide socio-
economic scenarios for the identified drivers of local development, and (3) local
drivers of vulnerability to extreme heat and their evolution under the local so-
cioeconomic scenarios.

Engaging residents in scenario development is challenging, as participants can
have difficulty adapting to the scenario framework (as reported by Nilsson
et al. 2017). However, these participatory processes are meant to analyze local
socioeconomic trends and dynamics and develop scenarios relevant to assess
context specific trends in vulnerability. This approach allows to highlight the in-
teraction in between city- and neighborhood-level dynamics, as well as residents’
concerns and perspectives regarding future development in their neighborhood. In
this case, participants were unfamiliar with scenario development and did not
engage when presented with scenario sets, but were interested in talking about
current urban and socioeconomic development trends. Moreover, many of the
participatory processes took place during or shortly after heat waves, meaning
participants were able to recollect and current/recent events and were engaged in
the discussion. The participatory processes were thus adapted to engage partici-
pants on current urban and socioeconomic development trends and vulnerability to
extreme heat. Using this as a baseline, participants were then asked to project
future development trends in their neighborhood and the future evolution of drivers
of vulnerability to extreme heat, according to assumptions informed by the city-
wide scenarios.

Combining residents’ perspectives with the city-wide extended SSPs, we cre-
ated local narratives for our neighborhood-level extended SSPs. These scenarios
were therefore built by condensing participants’ identified drivers of local socio-
economic development and their evolution under each of the city-wide SSPs.
Similarly, participants identified a number of factors driving their vulnerability to
extreme heat. We particularly focused this part of the participatory processes on the
identification of contextual drivers of vulnerability related to the socioeconomic
and urban context (i.e., related to adaptation capacities and the built environment),

Extending the Shared Socioeconomic Pathways at the City Scale
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rather than personal drivers of vulnerability (i.e., related to individual character-
istics, such as age, disability, or health conditions) (a distinction adapted from
Kovats and Hajat 2008). These drivers of vulnerability were then summarized and
their evolution was predicted under each local scenario.

Altogether, �60 residents of the two neighborhoods took part in the partici-
patory processes by voluntarily contributing to group discussions or participating
in the longer interviews. Out of the 60 participants, about half (28) identified as
being White and either middle- or high-income and for the most part lived in
Jamaica Plain. The other half of participants were ethnically diverse (including
African–American/Black, Hispanic/Latino, and White residents), in large part low-
income, living in affordable housing developments across Jamaica Plan and
Roxbury. Most participants were over 40, as relatively few people under 40
attended these community meetings. Although we do not have a detailed demo-
graphic profile of our participants, we can note that these proportions roughly
match the demographic profiles of these two neighborhoods presented in
Section 2, with an over-representation of White residents from Jamaica Plain. This
is in part due to two meetings that were conducted in more affluent areas, which
had high attendance and participation. Other meetings were held in smaller groups
and allowed for longer, more in-depth conversations.

4. Results

4.1. City-wide scenarios

4.1.1. Intermediate scenarios resulting from the matching

Results from the scenario matching exercise (Table 1) show that the Stronger
Region scenario of the MAPC (MAPC 2014) depicts trends that are comparable to
that of SSP1, while the Status Quo scenario can be matched with SSP2. The
Stronger Region scenario’s main narrative revolves around the economic strength
of the city, which attracts a more diverse and young workforce, resulting in high
population growth, a trend towards urban living, more compact housing types, and
an overall trend towards sustainable urban development. With economic devel-
opment focused on human well-being, moderately high population growth, and
compact and sustainable urban development, SSP1 is indeed a good match to the
Stronger Region scenario. The Status Quo scenario’s narrative describes an overall
perpetuation of historical trends. This consists for instance of moderate population
growth and persisting inequalities. In Boston, this scenario describes an ageing
population, the continuous decline of household sizes, and overall preferences for
single-family homes. With a middle-of-the-road socioeconomic development,
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SSP2 is indeed a good match to the Status Quo scenario. SSP4 depicts lower
population and economic growth (compared to SSP1 and SSP2), high increase in
inequalities, and highly unequal access to public health services. While some of
these dynamics and narratives are comparable to the MAPC’s Status Quo scenario,
they nonetheless show a deviation from current trends. Therefore, SSP4 was not
matched to one of the MAPC scenarios.

4.1.2. Main trends of extended scenarios

Experts identified important drivers of urban and socioeconomic development for
Boston with regard to the global SSPs and the intermediate scenarios. These
drivers are socioeconomic and racial equality, racial/ethnic diversity, housing
affordability, institutional coordination and response capacity (particularly in
regards to public health), housing affordability, urban development (particularly in
regards to access to parks and green spaces), and international immigration (as
shown in Table 2). Provided with the intermediate scenarios resulting from the
match of SSP1 with Stronger Region scenario and of SSP2 with Status Quo
scenario — and with global SSP4 scenario, which could not be matched with any
of the MAPC scenario — experts interpreted and contextualized the main trends
for these drivers for the city of Boston. This allowed the construction of three
contrasted scenarios at the city-scale (Table 2). SSP1 (Sustainability and Equality)
and SSP4 (Increased Inequalities) are presented in comparison to SSP2 (Status
Quo).

Table 2. Assumptions of the Extended SSPs for Boston (SSPsBoston) for a Few Selected Main
Drivers

SSP1Boston SSP2Boston SSP4Boston

Name Sustainability and Equality Status Quo Increased Inequalities

Socioeconomic and racial
equality

Increase Decrease Strong decrease

Economic growth Highest High Slower growth,
characterized
by uncertainty

Population growth Highest High Low
Racial/Ethnic Diversity Highest High Low
Housing affordability Increase Decrease Strong decrease
Institutional coordination

and response capacity
Highest Low Lowest

Access to parks and green
spaces

Increase (equitable) Maintained Unequitable

International immigration Increase Follows historical
trends

Decrease

J. Lino et al.
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4.1.3. City-wide extended SSPs narratives

In addition to contextualizing the main trends of the intermediate scenarios — and
of global SSP4 — for Boston area, the experts’ elicitation process proved useful in
developing full detailed narratives of each extended SSP for Boston (hereafter
SSPBoston).

SSP1Boston — Sustainability and Equality: Boston’s development and policies
focus on reducing poverty and socioeconomic and racial inequalities. Equitable
access to infrastructure and services, such as health care, education, and affordable
housing, as well as job opportunities are the foundation of this development
pathway. This scenario depicts increased international immigration flows and in-
creased federal funds for social and affordable housing programs. High economic
growth benefits low- and middle-income households and job growth arises mainly
from the education and health care sectors. This prosperity attracts more people to
the city, thus resulting in high population growth. Boston’s economy benefits from
a larger, younger, and more diverse workforce. Urban development focuses on
human well-being and equitable access to quality infrastructure and services.
Boston follows a trend towards urban living and compact growth as multifamily
housing increases. Existing green spaces and street trees are maintained and im-
proved while new spaces are developed and the prevalence of street trees increases
throughout the city. At the same time, trust in local government institutions
increases, facilitating access to services and care for particularly vulnerable
populations. Coordination between local institutions increases, making them more
effective and responsive to deal with public health crises and emergencies.

SSP2Boston — Status Quo: Boston’s development trends remain similar to what
has been observed over the past few years. Efforts to address socioeconomic and
racial inequality persist, but are overshadowed by national dynamics and the city’s
overall fast-paced economic development, creating mostly high-wage and low-
wage jobs. International immigration follows historical trends. High-end housing is
developed throughout the city and the increasing demand for affordable housing is
not met by new developments, as funds to develop new affordable housing units
lack, resulting in poor housing quality outcomes for low-income people and people
of color. Inequalities persist and worsen in some areas. Lower-income residents are
increasingly priced out of areas with higher income residents, and segregation
increases as low-income and high-income areas become increasingly defined
throughout Boston and its neighborhoods. While some improvements and reno-
vations are made to energy and transportation infrastructure as the city grows,
overall infrastructure continues to degrade. Existing parks and green spaces are

Extending the Shared Socioeconomic Pathways at the City Scale
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preserved, but street trees remain more prevalent in higher income areas and few
new public green spaces are created. Efforts are made to improve coordination
between institutions, although resources lack, offering limited results and making it
difficult for them to respond effectively in instances of public health crises and
emergencies. Public health officials increase their outreach efforts, particularly for
vulnerable population groups, such as undocumented immigrants, people of color,
low-income people, and people with limited English proficiency, although trust in
government is low.

SSP4Boston — Increased Inequalities: Boston’s development trends are highly
influenced by a privatization trend that further affects public funding and programs,
leading to a sharp decrease in federal funding for social programs and affordable
housing as well as more restrictive immigration policies that limit population
growth and economic development. The resulting impacts are widespread. So-
cioeconomic, racial, and income inequalities significantly worsen as the city grows
around high-wage industries (finance, education, and health care) and low-wage
industries (food preparation and hospitality). The city is increasingly segregated,
with high-income and low-income areas. Increasing value of land and high-end
developments push for a compact form of growth, although this is not favorable for
low-income communities as quality of life, and access to services and infrastruc-
ture is increasingly defined by a neighborhood’s income level. Housing costs in the
city are increasingly high and federal funds lack to develop any new affordable
housing units. There is a large gap in between the city’s rising poverty rate and
existing affordable housing units. Some low-income communities are even pushed
out of the city and segregation significantly worsens, restricting access to infra-
structure and services to low-income households and people of color. Newly de-
veloped green spaces and parks are likely private, and existing green spaces and
public areas are not well maintained. The prevalence of chronic diseases increases,
disproportionately impacting low-income communities. Investments in health care
are uneven, making access to care more difficult for low-income communities and
people of color. Public funds lack, affecting coordination in between institutions as
well as their individual ability to function.

4.2. Neighborhood-level scenarios

Following the participatory processes, the city-wide extended SSPs were further
downscaled and contextualized to the two adjacent neighborhoods of Jamaica
Plain and Roxbury. Noticeably, most participants — who mainly originated from
low-income communities or ethnic minorities — had difficulty imagining more
optimistic pathways (such as the one described under SSP1) and were more

J. Lino et al.
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convinced that their neighborhood would follow the pathway described in SSP2 or
SSP4. Nevertheless, the three city-wide narratives were still extended to the
neighborhood scale and led to the development of extended SSPs for the two
neighborhoods (hereafter SSPJP-R, standing for “SSPs Jamaica Plain —
Roxbury”). These neighborhoods have significantly different demographics (as
detailed in Section 2), although they both have higher income and lower income
pockets and are geographically close. Their dynamics are analyzed as a whole —
with a focus on perspectives coming from lower-income residents and higher-
income residents from both neighborhoods. However, some contrasts are offered
for each neighborhood.

SSP1JP-R — Sustainability and Equality: Socioeconomic and racial inequalities
are significantly reduced in these neighborhoods, due to widespread policy and
urban development efforts to reduce poverty and ensure equity in access to quality
housing, infrastructure, and services. Trust in government increases, as assistance
is made accessible for lower-income families, people of color, and immigrants. As
population growth in the city increases, neighborhoods densify, but affordable and
quality housing is ensured for lower-income families. Old industrial areas and
abandoned buildings are re-purposed to allow both compact and efficient growth
and an increase in the prevalence of green spaces and vegetation across the
neighborhoods. Access to public transportation increases, as buses and trains run
more frequently, and large investments in infrastructure render them more reliable
and comfortable. This allows a more widespread use of public transportation and
reduces congestion.

SSP2JP-R — Status Quo: Socioeconomic and racial inequalities keep increasing
in these neighborhoods. Existing affordable housing units remain, but real estate
costs keep on rising as the neighborhoods’ population becomes increasingly white
and high-income. Low-income people are priced-out of their neighborhood, while
homeless people have to move to other areas. However, low-income pockets re-
main, especially in Roxbury, along with subsidized housing units. Low-income
communities, immigrant communities, and communities of color still struggle to
get access to affordable, quality housing and to welfare programs, further in-
creasing inequalities. Trust in government from these communities remains low.
New apartment buildings are built on old industrial sites and lack vegetation.
Although existing green spaces are maintained, there is an overall decrease in the
presence of street trees and vegetated areas in these neighborhoods. Although some
investments are made in public transportation, they are not sufficient to keep up
with degrading infrastructure, thus further affecting reliability and efficiency for
passengers, as well as overall comfort.

Extending the Shared Socioeconomic Pathways at the City Scale
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SSP4JP-R — Increased Inequalities: Socioeconomic and racial inequalities rise
rapidly due to high-wage and low-wage job growth and a lack of effort by local and
federal government to fight them. Access to affordable housing and assistance
programs for low-income people and people of color is increasingly difficult and
restricted, while trust in government is extremely low. The impacts of these trends
are magnified in comparison to the Status Quo scenario. These neighborhoods
become increasingly gentrified and segregated, displacing many low-income and
homeless people. Few low-income pockets remain, mainly in Roxbury, where
quality of life and access to services is compromised. This pathway favors a
compact form of growth, with new high-end developments throughout the
neighborhood. New green spaces are privatized and the overall prevalence of trees
decreases, as new high-income apartment buildings leave little room for vegetation
and trees are cut down so they will not fall on new buildings. Higher-income
residents increasingly use individual motorized transportation and ride-sharing
services, increasing congestion. Public transportation infrastructure degrades,
further compromising accessibility and reliability. This particularly affects low-
income residents and those with health conditions and physical disabilities who
rely on public transportation.

4.3. Future vulnerability

4.3.1. Local drivers of vulnerability

The participatory processes were not only useful to design the neighborhood-level
extended SSPs, but also used to identify the local drivers of vulnerability to
extreme heat. Six key drivers of local vulnerability were identified, namely
(1) socioeconomic and racial inequalities, (2) access to air conditioning (AC), (3)
social isolation, (4) access to transportation, (5) the prevalence of green spaces and
trees, and (6) infrastructure and the built environment. These identified local dri-
vers of vulnerability to extreme heat are similar to those identified in existing
literature (e.g., Coutts et al. 2015; Curriero et al. 2002; Harlan et al. 2006; O’Neill
et al. 2005; Reid et al. 2009; Wilhelmi and Hayden 2010). However, the partici-
patory methods employed provide locally-informed, detailed narratives which
allow to highlight aspects of socioeconomic development and vulnerability that are
considered important by local residents.

(1) Inequalities — Low-income residents and residents of color identified so-
cioeconomic and racial inequalities as being a core aspect of their vulnera-
bility, as they exacerbate the effects of other drivers, such as their ability to
afford air conditioning and quality housing as well as their access to green
spaces and trees, transportation, and quality health care.

J. Lino et al.
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(2) Access to AC — A large proportion of residents rely on window AC units, as
many older buildings and homes do not have central AC. In higher-income
areas, residents reported to have at least a few units for their homes, but often
chose to stay in just one or two rooms, thus significantly affecting their daily
routine. While most people have access to AC in higher income areas, many
residents in lower-income areas reported not being able to afford AC units and/
or the high utility bills related to their use. In some housing developments,
residents had access to an air conditioned community room during periods of
extreme heat, although they reported it was often not used by residents as there
was nothing for them to do there. Residents, both in higher- and lower-income
areas, were concerned about the lack of AC in public schools — concerned
both for the children’s health and their ability to learn during extreme heat
events (Figure 4(a)).

(3) Social isolation —Residents generally reported that extreme heat affected their
desire to go outside and engage in their usual social activities (Figure 4(b)).

Fig. 4. Selection of Quotes (a, b, c, d) from Residents Involved in the Participatory Processes and

Pictures (d, e) to Emphasize Certain Drivers of Heat-related Vulnerability Raised by the Residents

Extending the Shared Socioeconomic Pathways at the City Scale
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Residents in higher-income areas reported everyone remained indoors during
periods of extreme heat, as they generally had access to AC. In lower-income
areas, although residents without AC (or with too few units) had a tendency to
go outdoors, residents who were particularly sensitive to the heat, such as
elderly people and people with health conditions, tended to remain indoors.
Participants were overall concerned of social isolation, particularly among the
elderly and people with health conditions, as they were forced to stay indoors.
Residents were concerned extreme heat further isolated the elderly and people
especially sensitive to the heat, and rendered them unable to go to work, to the
pharmacy, to medical appointments, to get groceries, or attend social gather-
ings. Participants particularly sensitive to the heat reported it affected their
ability to get assistance when they needed it.

(4) Access to transportation — During periods of extreme heat, most residents
reported they avoid moving around as they felt the use of public transportation
resulted in high exposure to the heat. Although many buses and trains are air
conditioned, it is not always very effective (for instance during rush hour) and
transit stops are particularly hot. Underground train stops are expected to be
hot and uncomfortable, and numerous bus stops do not have sufficient shade
nearby (Figure 4(d)). Many residents also reported the use of AC in buses and
trains often renders it too cold, causing them to be exposed to large temper-
ature differences, particularly when required to change buses or trains. For
these reasons, many avoided using public transportation as much as possible.
Residents in higher-income areas reported that during periods of extreme heat,
they were much more likely to use ride-sharing services rather than use public
transportation, walk, or bike.

(5) Prevalence of green spaces and trees — Residents perceived there is an
overall lack of vegetation, green spaces, and trees in their neighborhoods.
While existing parks are maintained, residents noticed there has been a de-
crease in the overall prevalence of trees and vegetation in their streets, as old
trees are cut down and new developments often lack any kind of vegetation.
Residents recognized the importance of having trees and green spaces in their
neighborhoods as they provide a significant source of cooling. Participants
considered the prevalence of street trees as particularly important when trying
to get around, as trees can provide shade in the street to people who are
walking, getting to transit stops, or waiting for the bus. Residents in lower-
income areas noticed that the prevalence of trees and green spaces is much
scarcer in their neighborhood (Figure 4(e)) than in higher-income areas.
However, in lower-income areas, participants reported more people spent
time outside during periods of extreme heat, mostly in streets, parks, and in

J. Lino et al.
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the free water parks and pools made available by the city (Figure 4(c)). Some
residents in lower-income areas expressed their desire to have more green
spaces to be able to stay outside in the heat and have social gatherings in the
summer.

(6) Infrastructure and built environment — Residents were generally con-
cerned with ageing infrastructure, specifically the electric grid and trans-
portation infrastructure, which have been subject to failure during extreme
weather events (including extreme heat) in the region. Increasing population
density, combined with an ageing infrastructure, increased their concerns
about power outages, which would compromise access to AC, fridges, fans,
and other necessary devices. Residents were concerned about how this would
affect already vulnerable populations, for instance the elderly or non-English
speakers, who may not have access to information related to power outages,
maintenance, and assistance. Participants also witnessed the use of AC
causing several power outages in older buildings in their neighborhood,
resulting in several hours without access to power during extreme heat
events.

4.3.2. Future vulnerability assessment

The identification of local drivers of vulnerability — through participatory
processes — and their combination with neighborhood-level socioeconomic sce-
narios (that is, the extended SSPs) allows to determine the influence of different
socioeconomic pathways for future vulnerability to extreme heat and challenges to
adaptation at the neighborhood-scale. Challenges to adaptation are defined as
environmental and socioeconomic conditions that make adaptation more difficult
and therefore increase future climate risks (O’Neill et al. 2014). Our locally ex-
tended SSPs detail challenges to adaptation (rather than mitigation), which allows a
vulnerability assessment focused on vulnerability arising from socioeconomic and
urban conditions (or “contextual” vulnerability). Detailed trends for key drivers of
vulnerability under each extended SSP — and the resulting potential impacts on
society — are presented in Table 3. Figure 5 summarizes relative levels of chal-
lenges to adaptation for each driver of vulnerability according to the narratives
presented in Table 3. Overall, SSP1JP-R, being a sustainable development and
social equality pathway, depicts a neighborhood where challenges to adaptation to
extreme heat are low, due to efforts made at all levels to reduce inequalities and
poverty as well as to promote sustainable urban development and investments in
critical infrastructure. In contrast, SSP4JP-R depicts a neighborhood with high
challenges to adaptation to extreme heat for the increasing number of low-income
people, who often ends up in poor quality housing. This results in uncertain access
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to AC and low access to reliable and comfortable transportation. On the other
hand, the increasingly white and high-income population in the neighborhood has
sufficient access to resources to cope efficiently with extreme heat. Finally,
SSP2JP-R, being a middle-of-the-road pathway, depicts medium to high challenges
to adaptation, in large part due to increasing socioeconomic and racial inequalities,
restraining access to sufficient resources for low-income people to cope with and
adapt to extreme heat, as well as to a lack of sufficient investments in critical and
transport infrastructure.

5. Discussion and conclusion

In this study, we applied a three-step approach — made of scenario matching,
experts’ elicitation, and participatory processes — to extend the global SSPs to the
City of Boston and two adjacent neighborhoods. Both the city-wide and neigh-
borhood-level extended SSPs are consistent with the global SSPs, while being
contextualized and relevant at the local scale. Taking advantage of the participatory
processes used to develop the neighborhood-level scenarios, we also identified key
local drivers of vulnerability to extreme heat and qualitatively assessed future heat
vulnerability in the neighborhoods of Jamaica Plain and Roxbury under the
three contrasted extended SSPs. Overall, SSP1JP-R, narrates low challenges to
adaptation to extreme heat, due to efforts made to reduce inequalities and to
promote sustainable urban development in these neighborhoods. On the other
hand, SSP4JP-R depicts high challenges to adaptation to extreme heat for the

Figure 5. Challenges to Adaptation (Low, Medium, or High) under the Three Neighborhood-level

Extended SSPs, for Each Drivers of Vulnerability to Extreme Heat
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increasingly low-income population, while higher income residents have access to
more resources to cope with extreme heat. SSP2JP-R, a middle-of-the-road
pathway, depicts medium to high challenges to adaptation, in large part due to
increasing socioeconomic and racial inequalities. Such an application of the ex-
tended SSPs sheds light on their usefulness at the local scale to inform vulnera-
bility assessments, as it allows to highlight locally-determined drivers of
vulnerability to extreme heat and their evolution under contrasted socioeconomic
development trends. Given the contextual nature of vulnerability, taking local
socioeconomic development trends into account allow a locally informed analysis
of future trends in vulnerability. Further, at a local level, the combination of cli-
matic and socioeconomic scenarios, representing a range of possible futures,
intends to inform “no regret” policies and highlight adaptation and mitigation
options (as described by Van Vuuren et al. 2014).

Nevertheless, this research is associated with a number of caveats. First,
matching the global SSPs with local scenarios — as a basis of their extension —
requires the existence of scenario sets at the city-scale, which may be challenging.
In the case of the City of Boston, we were able to retrieve only two different city-
wide scenarios (MAPC 2014), which highly restricted the matching with the
global SSPs. While the number of socioeconomic and environmental scenarios is
increasing (Hunt et al. 2012; Aerts et al. 2013), most of them are global or re-
gional and not city-specific. Second, the scenario matching that we performed was
purely qualitative and did not rely on structured methods such as pairwise com-
parisons (Rohat et al. 2018) or cross-impact balances (Schweizer and
Kurniawan 2016). Third, we were not able to quantify the extended SSPs. While
the expert’s elicitation allowed to develop detailed narratives of the city-wide
SSPs, experts had difficulty providing quantified estimations simply based on
narratives, demonstrating the difficulty of quantifying scenarios using participatory
approaches (Birkmann et al. 2013). Moreover, as we focused on a relatively small
group of experts (as detailed in Section 3.2), approaches to quantify experts’
views — e.g., the fuzzy set theory (Rohat 2018) — were not applicable. Fourth, it
proved difficult to engage residents in discussing future trends, as the over-
whelming majority of residents involved in the participatory processes were
uninterested in and unfamiliar with the scenario building process and were much
more interested in current issues. Similar difficulties are often reported in scenario
building studies, including studies extending the SSPs (Nilsson et al. 2017). Based
on these difficulties, participatory processes were adapted to engage participants on
issues more relevant and interesting to their community (as described in
Section 3.3). With these adaptations, participants appeared generally engaged and
willing to share their perspective. However, this limited our ability to gather
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feedback from participants on the neighborhood-level extended SSPs and vul-
nerability assessment.

Overall, while we — and the experts — faced challenges in applying the global
SSPs’ narratives at the city-scale, we found the global SSPs to provide internally
consistent sets of boundary conditions, which guide the development of local
narratives and allow the articulation of global and local dynamics when building
scenarios. Framing local scenario development within the SSP framework also
allows for cross-case study comparison of the influence of socioeconomic path-
ways on future climate-related adaptation and mitigation challenges, rendering
local research more accessible and relevant to research across sectors or scales.
While there are currently only a few extended SSPs at the city scale, we believe
that the easy-to-implement extension approach that we presented in this research
could be taken on board by the IAV community to develop extended SSPs in other
cities, thus allowing for cross-case studies comparison in the near future. Framing
local scenarios within the SSP framework also enables their subsequent combi-
nation with climate change scenarios (RCPs) to explore future climate risks under
socioeconomic and climatic uncertainty (Rohat et al. 2019a). For example, if our
local SSPs were to be combined with downscaled RCPs (such as intended by the
scenario matrix architecture, described by Van Vuuren et al. 2014), this would
provide a wide range of possible socioeconomic and climatic futures having dif-
ferent implications for heat stress risk in our Boston neighborhoods. The increasing
quantification of the global SSPs at the sub-national scale, e.g., Hauer (2019),
opens the door to urban scale assessments of future climate risks based on the
SSP*RCP framework. Such assessments would ultimately provide local stake-
holders, such as policy makers and decision makers within local governments, with
better estimates of future climate risks and a better understanding of the ways in
which both socioeconomic development and climate change shape future climate
risks in urban areas.
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