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Abstract

The urban environment represents a dynamic ecosystem. Most of the economic production for majority of countries is concentrated in the
urban areas. The future development is bound to the urban areas capacity to adapt to climate change and social and economic pressures. In the
last period more and more scientific and technical papers, projects and committees address the issue of urban climatic resilience and sustainable
development. In many cities the demand of space poses significant challenges, as the space needed for developing new functions or relocating
and improving existing ones is often not readily available. The understanding of the urban underground represents an ongoing challenge for the
scientific community. The Urban Subsurface Atlas it is a new and innovative concept. The innovative aspect of this new atlas comes from the fact
that will create a better understanding of the engineering and planning issues under the city. It will be a bridge between the policy makers and the
specialists, as it will use the power tools of mapping and 3D visualization.
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Introduction

In September 2015, the UN General Assembly adopted the
2030 Agenda for Sustainable Development that included 17 Sus-
tainable Development Goals (SDGs). The SDG list cover all the three
dimensions of sustainable development [the economic, social and
environmental] from no poverty [G1] to clean water and sanitation
[G6], and from quality education|[G4] to climate action [G13] [1].
The agenda emphasis a holistic approach to achieve a sustainable
development for our future world. The urban environment is the
most dynamic ecosystem and the sustainability of the future city is
central to achieving all 17 SDG, because if current trends continue,
by 2050 cities will contain approximately 70 per cent of the world’s

population and produce 85 per cent of global economic output [2].

Most of the economic production for majority of countries is
concentrated in the urban areas. It is clear, just in terms of the pop-
ulation, economic activities, assets, and climate risk they increas-

ingly concentrate, adapting urban areas to climate change requires
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serious attention [3]. The future development is bound to the urban
areas capacity to adapt to climate change and social and economic
pressures. Even if is generally accepted that urban climatic resil-
ience represents a critical aspect, in general there is a lack of at-
tention to urban adaptation [3]. Other ecosystems and domains are
more notable, like agriculture and forestry. The answer is in many
cases easy to be identified: when we speak about climate change,
we speak at country level, at ministry level, and therefore there is
no ministry for cities. This administrative gap between certain ad-
ministration levels can create major difficulties in addressing the

urban resilience in future projects.

Materials and Methods

Nevertheless, in the last 10 years more and more scientific and
technical papers, projects and committees address the issue of ur-
ban climatic resilience and sustainable development. In 2013 the
Rockefeller Foundation created the 100 Resilient Cities framework.
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The network is dedicated to helping cities around the world become
more resilient to the physical, social and economic challenges that
are a growing part of the 21% century [4]. In Europe the URBACT
program is aiming to foster sustainable integrated urban develop-
ment in cities across Europe for more than 15 years [5,6]. More and
more innovations and research projects address the urban pattern,
the urban physiognomy. From sustainable urban drainage systems
(SuDS) to natural based solutions (NBS) and Smart Cities, resources
are spent to increase quality of life in our cities. In order to address
the global urban challenges of the future, the JPI Urban Europe was
created in 2010. This network acts like a research and innovation

hub on urban matters [7].

Seen from above, the challenges in a city are easy to be identi-
fied: more green and blue surfaces, more space for living areas, less
traffic, a functional traffic network, a landscape with an adequate
skyline. Lowering the perspective to street view, more issues are
reveled: the climatic stress, the pollution, the noise, urban traffic
and jams, the smell, the proximity to a park, to a public facility, etc.
All these issues are visible or felt, and for that we tend to invest to
find answers and solutions to our visible problem. At the end, all
these issues came up to one fundamental question: how and where
we can expand our city and where do we use our resources more en-
ergy efficient? In many cities the demand of space poses significant
challenges, as the space needed for developing new functions or re-
locating and improving existing ones is often not readily available
[8]. Urban areas can function more efficiently using multipurpose
underground space to alleviate the pressure on the surface [6].

The main challenge when we refer to the underground space in
an urban environment comes from the extreme complexity of nat-
ural components (soil, rock, groundwater) and anthropogenic ele-
ments (tunnels, foundations, water, and wastewater infrastructure,
etc.). Like a puzzle, the subsurface of our cities is difficult to assess
and, in many cases, to model in such a manner that can be easily

used as an urban planning resource.

From the scientific point of view, the understanding of the ur-
ban underground represents an ongoing challenge for the scientific
community. At international level, the scientific community gath-
ered around important projects and professional organizations
involved in the urban underground research. One of the most dy-
namic organization is the ACUUS (Associated research Centres for
Urban Underground Space) a non-governmental organization ded-
icated to partnerships amongst experts who design, analyse and
decide upon the use of our cities underground spaces [9]. Even if in
the international scientific community, the issue is more and more
interesting and tempting [10-13] there are still gaps between the

planners, the engineers and the local authorities.

The European COST Action TU1206 SUB-URBAN - A European
network to improve understanding and use of the ground beneath
our cities, gathered scientists and underground specialists from

31 countries in order to find practical solutions to bridge the gap
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between the engineers, scientist, urban planners and stakeholders.
Romania was represented by CCIAS-UTCB in this framework. The
outcomes of this project underlined the clear necessity and the con-
tinuous challenge pose by the underground environment in the ur-
ban areas. Urban underground planning issues and challenges are
the focus of the papers respectively by Besner [14], and Gonzalez
et al. [15]. Good practice in other disciplines is identified in papers
addressing: 3D urban geochemistry for contamination studies etc.,
as opposed to prevailing 2D urban surveys and strategies; and the
impacts caused by the plethora of urban subsurface development
on cultural heritage, varying from individual projects to cumulative
and city-scales [16]. One of the most advanced research in the field
of urban subsurface science, engineering and planning is carried
out by the Geological Survey of Finland together with Helsinki Mu-
nicipality. Since 2010, Helsinki City Council approved the under-
ground master plan [17].

In Romania, the scientific domain it is still in the early stages.
Beside the sustained efforts of CCIAS during the last 9 years, efforts
accomplished by hosting the Cost SUB-Urban final conference in
Bucharest and publishing a special issue of Procedia Engineering
for the outcomes of this project, and also the GEO-Atlas of Bucha-
rest [18], there is no clear scientific path for this research areas.
Most of the urban scientist (urban planning, urban geography,
urban geology, urban hydrogeology, cultural heritage, urban engi-
neers, geotechnical engineers) are focusing on their domain with-
out considering the bigger picture.

There is no magical recipe addressing the urban subsurface
management and planning, all the involved actors, specialists and
researchers are in many cases limited by their own experience and
know-how and tend to exaggerate and to point out certain aspects
(geothermal potential, groundwater infrastructure interaction,
water and ground pollution, geotechnical zoning, etc) and this rep-
resents the major limitation and drawback. Overpassing this limita-
tion represents the main challenge of HORUS project.

Results and Discussion

The HORUS project is based on the experience of previous
projects, were pieces of our urban underground space were anal-
ysed and assessed. An important role for the development of this
project is represented by the Bucharest experience (since 2010 -
www.simpa.utcb.ro, [16,19-21]), COST TU1206 (http://sub-urban.
squarespace.com/) and INXCES (https://inxces.eu/). The project
implementation will start from the findings of all the previous proj-
ects and will try to assemble all the research results in a new ho-
listic manner that can be easily translated to the urban planners
and stakeholders. Nevertheless, the approach is focused on the new

scientific paradigm of multidisciplinary and applied innovation.

The main objective [MO] is represented by the development of
a new holistic method to map the underground Space for a future
Urban climatic Resilience. Reaching this objective is translated by
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the Urban Subsurface Atlas. All the secondary objectives, activities,
deliverables, and milestones will contribute step by step in achiev-
ing the main goal of the project. Beside the main objective a series
of secondary objectives arose from HORUS proposal. These second-
ary objectives can be summarized as follows: [SO1] Development of
an integrated and holistic urban subsurface database; [SO2] Iden-
tifying the gaps between the policy makers, urban planners, engi-
neers and scientist regarding the urban underground space plan-

ning; [SO3] Increase the know-how of the underground space for
3 major cities in Romania; [SO4] Develop an interactive web-based
urban subsurface atlas to address the local community, scientists,

urban planners and engineers (Figure 1).

The project will target 3 cities in Romania: Bucuresti, Brasov

and Ramnicu Valcea (Figures 1 & 2).
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Figure 1: Location of the project study sites.
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Figure 2: Urban underground patterns impact upon the urban planning and development.
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Bucharest is the capital of Romania and the biggest city (1.94
mil inhabitants) in Romania. Located in the south part of Ro-
mania, close to the river Danube (around 64 km), the city ex-
pands on 228 km? and it is divided into 6 districts [22]. The
geology and hydrogeology are typical to a plain city, located
on recent deposits (Quaternary) and a complex aquifer system
(3 major aquifer systems). The urban pattern is complex, with
constructed surfaces, an underground maze of infrastructure
(water, wastewater, subway, tunnels, foundations, etc.) and im-

portant surface water bodies and parks.

Brasov is one of the biggest cities in Transilvania, with a pop-
ulation over 250.000 inhabitants. Even if the administrative
limits of Brasov also include the surrounding communities
(and the Poiana Brasov sky resort), we will try to address to

the typical urban area. From the point of view of geology, the
bedrock is near the surface in many of the urban areas, the rest
of the city lays on a torrential alluvial cone (Quaternary). Bra-
sov is a very interesting city due to its unique cultural heritage
buildings.

Rm.Valcea is the capital of Valcea county situated on the Olt
riverbanks south of the Carpathians. Comparing with Bu-
charest and Brasov is a small city with a population around
100.000 inhabitants. The geological settings are represented
by recent alluvial deposits (the city is located on the flood plain
and terrenes of Olt river). In the last years even if the industry
has declined the city expansion is more and more visible (a
new a shopping centre and a new neighborhood located in the
flood plain of Olt river) (Figure 2).
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Conclusion

The general workflow of the project follows a step by step
procedure, from the conceptual data framework of the urban un-
derground space, to data acquisition of supplementary data, to
methodology development and case study examples with direct
calibration and validation.

The Urban Subsurface Atlas it is a new and innovative concept.
In the science world the concept of an urban atlas it is not new
(Urban Atlas - Copernicus EU framework [23]), and also the un-
derground space atlas has already been in place since 2014 - The
Underground Atlas Project [24]. Also, several efforts regarding ur-
ban planning, natural based solutions and climatic adaptation were
developed in the last years [25], in one of this project the project
leader and the mentor have been involved (www.inxces.eu). At na-
tional level, the Geoatlasul Bucuresti [18] and the Atlas de la Rou-
manie [26] represents a good starting point for the development of
a new holistic method to map the urban underground space. The
innovative aspect of this new atlas comes from the fact that will cre-
ate a better understanding of the engineering and planning issues
under the city. It will be a bridge between the policy makers and
the specialists, as it will use the power tools of mapping and 3D
visualization. All the efforts mentioned before stopped somehow at
a general level, only discrete information, or only addressing the

surface and visible aspects.
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