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The Technical University of Cartagena is an
institution with an unwavering commitment to
sustainability, the environment, urban studies and
proper land-use planning. Hosting the second
international conference on the challenges of the 21st-
century in urban planning and land management,
SUPTM 2024, is a privilege for us as a scientific and
academic institution.

As one of the four technical universities in Spain, our
students and researchers are deeply engaged in these
disciplines through various academic programmes and
research initiatives. City design, urban mobility,
environmental and territorial planning, and natural
disaster management, such as flood control and
preservation of coastal space, are areas where our
institution excels nationally and internationally.
Every year, we graduate numerous professionals who
bring their expertise to diverse fields.

Research in these critical areas is essential for the
future of the planet and must be prioritised by society,
supported by public administrations, and disseminated
to industries through knowledge transfer. I reaffirm
our institution’s unwavering commitment to
participating in international knowledge sharing
events, which empower our researchers and facilitate
collaboration with peers.

Iam confident that this conference marks the beginning
of a series of meetings that will drive progress towards
our planet’s sustainable development goals.

Beatriz Miguel
Rector of the Technical University of Cartagena




It is a pride for the city of Cartagena to host this second
international conference on challenges in urban
planning and land management SUPTM 2024. The
city of Cartagena, as the cradle of a three-thousand-
year-old civilization, is a historical reference in terms
of architecture and urban planning. However, we are
not resigned to living from our past, but rather we are
committed to a future in which innovation and research
are the spearhead to help move our society forward.

In this sense, our city is a reference in sustainable
urban  mobility, environmental planning and
innovative architecture, incorporating researchers and
professionals of the highest prestige into our projects.
These projects have placed our city in a vanguard
position in many of the topics that will be discussed
during these days in this congress. In this sense, I am
convinced that the results of this meeting will be very
useful and will help our cities and territories to advance
along the path of sustainable development.

I am confident that the success of this first call is only
the beginning of new meetings in the future that will
consolidate our city as a benchmark in terms of research
on urban planning and land-use planning. And I am
sure that in the near future, the more than 200
researchers from the five continents who will meet
electronically these days, will be able to come and see
our wonderful city in person at the next edition of the
congress, which we will be happy to invite you to.

Noelia Arroyo
Mayor of Cartagena




PREFACE

For many years now, the scientific community has warned of the need
to evolve the social and economic activities of our societies around the
world towards a situation of ecological balance with the ecosystems
that produce the environmental services that these activities consume.
And this, in addition, maintaining a fair distribution of wealth so that
the evolution towards that ecological balance does not generate greater
differences in economic development between the different countries
of the planet. This is the great challenge that humanity faces in the
coming decades.

Furthermore, every social or economic activity generates its own land
demand for associated uses in the city and territory, sometimes
competing with ecosystem uses that generate essential environmental
services or altering them and modifying the urban and territorial
morphology and landscape.

According to the United Nations, the urban population will
concentrate up to 70% in urban areas in the coming years, and this
means, as many authors highlight, that the economic and social
transformation towards a sustainable society, and the achievement the
United Nations SDG, it will only be managed if sustainable cities are
achieved in ecological balance with the territory that provides
essential environmental services.

In this context, the 2nd International Conference on Future
Challenges in  Sustainable Urban Planning &  Territorial
Management (SUPTM 2024), whose proceedings are published in
this book, wants to be a scientific contribution to the great challenge
of sustainability that humanity faces in the coming decades. A space
for thought, the exchange of experiences and action.

In the process towards an economic activity based on ecological
balance, urban and territorial planning is an essential and
irreplaceable instrument since, unlike other areas of the economy in
which errors in the production of goods and services can be corrected,
in the field of the location of uses and activities in the city and the
territory, mistakes in said decisions either cannot be corrected or their
correction is very economically expensive and requires a lot of time.
Therefore, it is, in any case, better to prevent through urban and
territorial planning to guarantee the maintenance of the production
of environmental services. The poor planning of activities, such as
developing industrial or a tourist areas in zones where essential




environmental services are produced, implies a territorial
transformation that is practically unaffordable or even impossible to
reverse, and consequently a production loss of environmental services.
A sustainable urban and territorial planning is only possible if there
is simultaneously an administrative organization able to enforcing it,
especially in its environmental dimensions, and particularly the
protection of areas with some environmental values, locating urban
developments in areas compatible with the maintenance of said
ecological assets.

The researchers who deal with urban and territorial sustainability in
any of its many facets is very aware of this, as is evident in the high
participation that has occurred in this conference as well as in the
great variety of topics discussed. It is therefore evident, on a global
scale, of the great concern that exists in humanity about these issues
and, at the same time, it shows the need to share knowledge,
experiences, analysis, proposals... In our scientific field, knowledge is
often generated locally as a way to generate universals rules. Local
analysis and experiences allow us to learn about similar situations in
societies that apparently are very different, and to generate global
knowledge.

Urban and territorial sustainability will be global, or it will not be.
The major environmental problems that exist on our only planet
require, in many cases, comprehensive global solutions. In this
framework, research in our field plays a fundamental role. As an
example, aspects such as the emission of greenhouse gases, which in a
significant part occur in the transportation sector, require a transition
towards widespread sustainable mobility. And of course, these
transformation processes should not produce an increase in wealth
differences between the different countries of the world.

A huge job to do, a huge task ahead, a great challenge that humanity
has never faced. Our collective, with the contributions of our research,
plays an essential role.

At the same time, many scholars and scientists who share their
research in this conference are academics who also fulfill the function
of transmitting the acquired knowledge to new generations. Again, in
this area we also face a great challenge. It is the challenge of global
learning  thorough systems such as Collaborative Online
International Learning, so that new generations learn to live and
share with students from any other university in the world, and to
address global challenges collaboratively, thus generating a New
Ecological Paradigm global.



We hope that humanity will be able to generate and apply the
knowledge that constitutes this New Ecological Paradigme to achieve
a balanced world in its economic development that must necessarily
be based on a local and global ecological balance.

Salvador Garcia-Ayllon & José Luis Miralles
Chairs of the SUPTM 2024 conference
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Abstract: This study aims to analyze the relationships between the provision of ecosystem services,
the various attributes of green spaces, and the characteristics of urban areas, by using the Italian city
of Cagliari as the primary focal point of investigation. Within the urban environment, a set of regu-
lating ecosystem services has been identified as particularly significant, and its interplay with the
spatial configuration of green spaces within urban environments is assessed in detail. These ecosys-
tem services encompass crucial facets such as heat regulation, carbon sequestration and storage, and
the effective management of surface runoff, of outmost importance to mitigate flood events.

Keywords: ecosystem services; urban vegetation; carbon capture and storage; urban runoff control;
urban heat mitigation.

1. Introduction

The increasing urban expansion trend generates radical transformations in city land-
scapes, which entail, for example, decrease in urban biodiversity that causes destruction
of habitats and widespread development of alien invasive species, loss of habitats and
addition of new habitats, increase in vegetated land cover fragmentation, decrease in ag-
riculture production, increase in air temperature, loss of carbon storage and capture po-
tential, and increase in flood risk due to the growing trend of soil sealing [1].

For this purpose, three regulating ecosystem services are identified in this study,
which are particularly important as regards city environments, such as carbon capture
and storage (CCS), runoff control (ROC) and heat mitigation (HEM).

The three above mentioned ecosystem services are generated through peculiar char-
acteristics of highly urbanized contexts and work as relevant factors related to the quality
of life in cities. The provision of CCS, ROC and HEM is associated with urban land cover,
and it basically depends on two intertwined aspects. First, the three ecosystem services
are supplied by unsealed soils, therefore the building density structure, which identifies
the urban taxonomy of sealed and unsealed soils, is a focal point to detect if, and to what
extent, urban environments can be providers of such ecosystem services. Second, the in-
trinsic characteristics of urban unsealed soils play a fundamental role in the effectiveness
of the provided ecosystem services. In other words, to detect the correlations between
provision of ecosystem services and urban land cover characteristics is highly important.
Such correlations can lead to relevant implications in terms of planning policies aimed at
increasing the provision of urban ecosystem services and at improving the living quality
of urban communities.

The research question that this study aims at addressing is, therefore, identified as
follows: how and to what extent is the endowment of sealed and unsealed areas related
to the supply of ecosystem services in intensively urbanized urban areas?

SUPTM conference proceedings 2024 https://doi.org/10.31428/10317/13631

http://hdl.handle.net/10317/13631
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The study develops as follows. The second section provides synthetic references con-
cerning the study area, that is, the city of Cagliari, the regional capital city of Sardinia,
Italy, which is taken as the urban context for the implementation of this study. In the third
section, the spatial data used to identify urban land cover characteristics and building
structure are presented, and the methodological approach to identify their correlations
with the provision of CCS, ROC and HEM is described, with reference to the city of Ca-
gliari. The following section assesses the outcomes of the estimates of the regression mod-
els. The concluding section remarks the value added of the study, with particular refer-
ence to exportability and future research opportunities.

2. Area of study

The area chosen for this study is Cagliari, the regional capital of Sardinia, an Italian
region, and a Mediterranean island. The outer, and most recent, districts are characterized
by a larger share of green areas, and host, for instance, scattered houses or multi-story
residential buildings with private gardens and courtyards, as well as public green areas.
This reflects on the uneven spatial pattern of the residential density: as of December 2022,
Cagliari’s resident population was around 150,000 people and the population density was
1,751, with peaks of nearly 19,000 residents/km? in the most central districts [2]. Therefore,
the complex and variegated urban morphology and uneven endowment of green areas
make the city of Cagliari a good case study to investigate the relationship between
sealed/unsealed areas and the supply of ecosystem services in an urban context.

3. Methodology

3.1. Spatial data

Factors concerning the urban settlement that might influence the provision of the se-
lected urban ecosystem services can be grouped into three main classes: land cover types;
aspects related to the built environment; socio-economic characteristics of the resident
population.

Spatial references for each factor are the 1,285 census tracts in which the municipality
of Cagliari is divided for statistical purposes. Census tracts are highly homogeneous in
terms of urban fabric characteristics, and represent subdivisions of the 31 districts that
make up the city. While all the factors were mapped across the whole municipality of
Cagliari, the regression models next described in section 3.2. were implemented by look-
ing only at the 1,114 census tracts inhabited at least by ten residents.

The indicators for the three selected urban ecosystem services are listed in Table 1,
together with their definition and data sources.

Table 1. Selected urban ecosystem services: list, definition, and data sources.

Variable Definition and unit of Data sources
measurement
C_Stor Average density of carbon cap-  Regional land cover map [3]
ture and storage in a census tract
[Mg/hectare]
LST_Cmax Maximum land surface tempera- 2005 National Inventory of Ital-
ture in a census tract [°C] ian Forests [4]
Dens_Ret Density of runoff retentionina Regional pilot project on land
census tract [m%/m?] units and soil capacity in Sar-
dinia [5]

3.2. Regression Model

Three regression models operationalize as follows:
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{C_Stor | Dens_Ret | LST_Cmax} = o + 31 Perc_Tree + (32 Perc_Bush + 33 Sup_Nvp + 4 Perc_Degr +fs
{C_Stor_lag | Dens_Ret_lag | LST_Cmax_lag},

where labels are associated with dependent and explanatory variables as follows:

C_Stor is for density of CCS in a census tract;

¢ Dens_Ret is for density of runoff retention in a census tract;

e LST_Cmax is for maximum land surface temperature in a census tract;

e Perc_Tree is for percentage share of area covered with tall plants in a census tract;

e Perc_Bush is for percentage share of area covered with medium-height shrubs in a
census tract;

e Sup_Nvp is for percentage share of sealed area in a census tract;

e Perc_Degr is for percentage share of residents holding a college degree in a census
tract;

e C_Stor_lag, Dens_Ret_lag and LST_Cmax_lag are the spatially lagged dependent
variables that control for spatial autocorrelation of C_Stor, Dens_Ret and LST_Cmax.

4. Results

The estimates of the coefficients of the Perc_Degr control variable are not significant
in terms of p-values in two out of three cases. The share of the graduates is identified as a
proxy for the income level, and public goods such as the CCS, ROC and HEM ecosystem
services are likely to work as luxury goods in urban contexts and eventually as drivers of
gentrification phenomena [6,7]. According to the estimates of the regression models, this
only happens in the case of the HEM ecosystem service, represented by the LST_Cmax
dependent variable, since the estimated coefficient of Perc_Degr shows a very low and
significant p-value and a negative sign. This implies that an increase in land surface tem-
perature, which identifies a decrease in the supply of the HEM ecosystem service, is neg-
atively correlated with the share of graduates (a proxy for the income level), consistently
with the expectations. On the other hand, changes in Perc_Degr do not show any influence
on the supply of the CCS and ROC ecosystem services, which entails that there is no evi-
dence of an income effect as regards the supply of these ecosystem services.

As for Perc_Tree, the results show no evidence of a significant impact of the covariate
associated with the share of wooded and tree areas on the supply of the CCS ecosystem
service. Perc_Tree shows a negative and significant influence on LST_Cmax, which im-
plies that the impact of the size of the shading tree canopies play a decisive role in miti-
gating heating waves, which is particularly important in the hottest days of the year [8].

With reference to Perc_Bush, the estimated coefficients are positive and significant in
terms of p-values, which implies that an increase in medium-height shrubby land cover
areas is associated with an increase in the supply of the CCS and ROC ecosystem services,
which is consistent with expectations, since such land cover entails large room for soil and
subsoil carbon storage [9,10], and for drainage capacity, especially in case of relevant me-
teorological events [11].

Finally, the impacts of Sup_Nvp on the supply of the CCS, ROC and HEM ecosystem
services are always negative, meaning that the higher the share of sealed soil, the lower
the provision of CCS, ROC and HEM. This is consistent with the results related to the
SRCCs, which show significant negative values as for C_Stor and Dens_Ret, and a positive
value with reference to LST_Cmax.

5. Conclusions

This study focuses on the impacts of intensive urbanization on the supply of ecosys-
tem services. The city of Cagliari, a medium-sized Italian regional capital city, is targeted
as the urban environment to analyze such impacts, on the basis of the assessment of the
relationships between the provision of ecosystem services and the spatial framework of
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the urban fabric, characterized by land covers identified by unsealed and sealed soils. Un-
sealed soils are classed as wooded and tree areas, medium-height shrubby land cover, and
ground cover featured by low-height vegetation and sparsely vegetated or bare soils.
Moreover, four characteristics of sealed soils are targeted, which are highly correlated
with each other, such as population density, built volume density, density of housing
units, and unsealed area. The supply of three ecosystem services is assessed, identified
with CCS, ROC, and HEM, with reference to spatial distributions which target census
tracts as reference areal units.

The value added of the methodology here implemented is identified by the fact that
it is readily exportable to other urban contexts of different demographic sizes, and physi-
cal and social conditions, since it develops through databases whose structure is easy to
build and whose data are straightforward to retrieve and collect, across cities located in
different regions and countries. Moreover, not only is the methodological approach easy
to export, but also the results of its implementation as regards cities located in different
national and international urban contexts can be readily and effectively compared.

Finally, this study leaves plenty of room for future research concerning other ecosys-
tem services supplied in and by urban environments, such as food production, recrea-
tional services, natural and cultural heritage, and so on, whose analysis can build on the
identification and assessment of their relations with urban land covers and uses, whose
specification can be different and possibly more detailed than the characteristics consid-
ered in this article.
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