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1. Overview of Nature-Based Solutions and Green Infrastructure
The International Union for the Conservation of Nature (IUCN) definition of a nature-based
solution is ‘an action to protect, sustainably use, manage, and restore nature or modified
ecosystems, which addresses societal challenges, effectively and adaptively, providing human
well-being and biodiversity benefits’1. Nature-based solutions (NBS) broadly aim to address
the challenges associated with ecosystem resilience, climate change, human health, and wellbeing. Nature-based solutions do this through integrating established ecosystem-based
approaches such as biodiversity conservation, ecosystem service protection and green
infrastructure. By integrating these approaches NBS can be used to holistically tackle social,
economic, and environmental issues as well as build resilience to future threats.
Green infrastructure (GI) can make a significant contribution to the effective implementation
of all policies whose objectives can be achieved at least partly by nature-based solutions. This
is because green infrastructure has been tested successfully as a method of providing ecological,
economic, and social benefits through natural solutions. Green infrastructure is defined by the
European Commission as a ‘strategically planned network of natural and semi-natural areas
with other environmental features designed and managed to deliver a wide range of ecosystem
services’2. Therefore, green infrastructure strategies can help societies understand the value of
the benefits nature provides and in response, organise the investment necessary to sustain and
enhance those benefits.

1.1. Outline of Nature-Based Solutions
The IUCN has developed a global standard on nature-based solutions to ensure that all projects
purporting to be an NBS project, are credible. This global standard aims to be a robust yet
flexible framework for designing and verifying that an NBS project will yield the desired
outcomes. Thus, the framework is a crucial step in realising the potential of NBS projects more
broadly, to improve the sustainability of people’s livelihoods.
The criteria of an IUCN-recognised NBS broadly encompass the following principles;






The Nature-Based Solution is of adequate size and scope to be successful in addressing its
goal. For instance, a project to restore a floodplain to help combat flash floods has to be of
sufficient size that it is probable it will prevent such an event.
The NBS has to be socially equitable, economically viable and environmentally sustainable.
The NBS has to be adaptively managed and there must be continuous monitoring of the
effects of an NBS that in turn must influence how the NBS is managed.
The NBS must be embedded into regulatory frameworks and linked to a state’s international
commitments and national targets in areas such as emissions reductions or biodiversity
conservation.

A study by the Department of Geography at Durham University showed tens of European cities
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are already implementing nature-based solutions that entail quantified, measurable actions for
biodiversity conservation3. The majority of NBS projects across Europe are ecosystem focused,
emphasising the integrity, functionality, and connectivity of ecosystems. NBS projects in urban
parks and community gardens focus primarily on the contribution of nature to people’s welfare.
Meanwhile, those focused on rivers, streams and estuaries predominantly focus on ecosystem
restoration.
The four key steps to the successful implementation of Nature-based Solutions in urban areas
are as follows;
1. A multi-criteria exploratory visualisation to determine the characteristics of the city and
the specific problems a nature-based solution may solve e.g. flash floods or urban heat
island.
2. Stakeholder and citizen involvement in a participatory planning process enabling them
to co-design the nature-based solution. This is pivotal to the NBS being accepted and
engaged with by the broader society.
3. The continual assessment of the NBS performance, assessing its positive and negative
impacts and in response adjusting how the NBS is managed. Citizens can be considered
as ‘sensors’ for monitoring the performance of an NBS with regards to societal
engagement.
4. Communication and the dissemination of information to citizens.
Furthermore, the successful implementation of nature-based solutions requires crossadministration cooperation, suitable long-term financial incentives, and a supportive legal
framework.

1.2. Importance of Green Infrastructure
Green infrastructure has the potential to bring multiple benefits to urban areas as a vital naturebased solution to the challenges posed by climate change and environmental degradation.
Firstly, Green infrastructure features in cities can help deliver a plethora of health-related
benefits. These include clean air and improved water quality. Green infrastructure can also
contribute to improved mental health outcomes by helping to strengthen communities and
combat social exclusion and isolation. Therefore, Green infrastructure provides the opportunity
to design an urban-rural matrix that can make urban areas more attractive places to live with
higher quality of life4.
Green infrastructure can also take the form of urban food production through initiatives such as
community gardens. These initiatives help address the disconnect between the production and
consumption of food and may also help contribute to developing stronger, more interconnected
urban communities with better mental and physical health outcomes. Finally, green
infrastructure solutions are key to boosting disaster resilience. Green infrastructure solutions
can reduce the impacts of natural disasters such as floods and forest fires4. GI presents an
3

Xie, L. and Bulkeley, H. (2020). Nature-based solutions for urban biodiversity governance. Environmental Science & Policy, 110, pp.77–

87.
4

European Commission (2013). Green Infrastructure (GI) — Enhancing Europe’s Natural Capital COMMUNICATION FROM THE

COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND
THE COMMITTEE OF THE REGIONS.

opportunity to invest in innovative risk management that enables adaptation to climate-change
related risks and the development of sustainable livelihoods. This highlights the importance of
systematically including GI considerations in planning and decision-making processes.

2. Climate Change and Urban Areas
The 2020 Siberian Wildfires are, according to a group of scientists lead by the UK Met Office,
unequivocal evidence that man-made climate change is occurring5. The extent and scope of the
wildfires would be impossible without human-emitted greenhouse gas emissions rapidly
accelerating climate change. Furthermore, the well below 2⁰C warming target at the heart of the
2015 Paris Agreement, emerged as a result of political consensus on the basis of scientific
assessment that warming beyond 2⁰C above pre-industrial levels would have catastrophic and
wide-ranging effects on human society6.

2.1. The challenge climate change poses for urban areas in the Central-Eastern
European Region
Romania and Croatia are the most vulnerable countries in the Central-Eastern European region
to the effects of climate change. In both of these countries over half of the population live in
urban areas7. Furthermore, in some countries in the region, such as Hungary, over 70% of the
population live in cities. This means it is imperative that urban planners across the region
understand the threat climate change poses to the long-term sustainability and livelihoods of
people living in their cities.
There are two major challenges climate change poses for urban areas in the Central-Eastern
European region. These are flooding and urban-heat-island effect. The highest levels of sea
level rise in Europe can be found on the coast of Croatia, with a 4mm+ rise since 19938. There
are projections suggesting sea levels could rise 65mm by 21008. This is a major threat to
Croatia’s coastal cities such as Zadar and Split, emphasising the need to manage the increased
risk of coastal flooding so as to reduce economic losses incurred. Indeed, river flooding has
affected cities across the region in the summer of 2020, including Sofia, Vaslui and Veszprém.
Floods will increase with frequency and size under climate change meaning urban areas must
consider new techniques of mitigating their impact in order to reduce their social and economic
cost.
Finally, the urban heat island effect is where inner city areas of cities are several degrees warmer
than the surrounding region. This occurs because of an absence of vegetation in these areas and
the abundance of dark asphalted surfaces that increase the absorption of the sun’s energy9.
Urban heat island effect can be deadly during heatwaves and increases the risk of people dying
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from conditions such as heat exhaustion. For example, during the 2003 heatwave in the
midlands, Urban-heat island effect was found to contribute to around 50% of the deaths9.
Heatwaves will increase in frequency under climate change and so it is pivotal city authorities
prepare for this to avoid preventable deaths.

2.2. What role Nature-Based Solutions and Green Infrastructure could play in adapting
urban areas to climate change
Ecosystem-based solutions and green infrastructure are recognised as relevant approaches to
addressing climate change in the EU Strategy on Adaptation to Climate Change. The integration
of green infrastructure into urban areas can help combat the urban heat island effect. Green
roofs and walls help provide direct and ambient cooling effects, as do urban forests and parks.
Furthermore, under the 2013 Green Infrastructure Strategy the directive on energy performance
of buildings promoted development and use of materials that would reduce the level of
greenhouse gas emissions from the construction sector10. Green Infrastructure solutions are
available to do this, such as green roofs and walls. These reduce greenhouse gas emissions as
buildings with them require less energy for heating and cooling. Furthermore, such greening
confers benefits of biodiversity enrichment and air purification.
Finally, the EU Action Plan on the Sendai Framework for Disaster Risk Reduction 2015-2030
makes explicit recognition of the potential of green infrastructure to make a highly beneficial
contribution to disaster risk reduction and management. According to the 2019 review of the
2013 EU Green Infrastructure Strategy, this is yet to be translated into specific actions on the
ground. Whilst NBS ecosystem-based adaptation and disaster-risk reduction schemes are costefficient policy tools, they are not used to their full extent. Thus, there is still more to be done
by member states to use NBS and GI to help mitigate the natural disasters, particularly flooding,
that will be made worse and more frequent by climate change11.
One example of a successful nature-based solution to combatting coastal flooding can be found
in the Alkborough flats managed realignment scheme in the Humber Estuary of North-east
England. The scheme delivers annual flood protection benefits of 465,000euros as well as
numerous benefits for biodiversity12. The scheme costs11.8million euros, a one-off cost, and
resulted in the restoration of 440ha of tidal habitat. Such a scheme shows how initiatives to
prevent flooding can bring significant economic benefits in prevented flood damage as well as
biodiversity benefits.
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3. How Urban Green Infrastructure and Nature-Based Solutions
contribute to the sustainability strategies of the European Union
Both the EU Green Infrastructure and EU Biodiversity strategies talk at length about how green
infrastructure and nature-based solutions can be used to improve the sustainability of the
European Union.
One of the key elements of a successful nature-based solution programme is a well-managed
participatory governance structure. Equal participation amongst relevant stakeholders
contributes to effective decision-making by making the programme more legitimate in the eyes
of residents13. This will build support for the decisions that are made by those in governance
positions improving their likelihood of success. Further, encouraging the exchange of ideas and
collaboration will likely lead to the production of better policies and an increased satisfaction
of citizens.

3.1 EU Green Infrastructure Strategy
One of the main aims of the EU Green Infrastructure Strategy, which launched in 2013, was to
foster EU-wide interconnected and inter-dependent green infrastructure. As of 2020 there are
only a handful of successful, transnational green infrastructure initiatives, for example the
European Green Belt. Existing financing and policy instruments are primarily oriented towards
within member-state initiatives.
A 2019 review of the EU Green Infrastructure Strategy found that increased effort is required
by member states to develop and implement national GI strategies given only Germany so far
has done so. Furthermore, member states also need to develop prioritisation frameworks for the
restoration of degraded ecosystems. Green infrastructure still needs to be mainstreamed into
broader EU policy and legislation.
Green infrastructure is promoted in European urban policy through the Urban Innovative
Actions (UIA). This is an EU initiative to provide EU urban areas the resources to test unproven
and new solutions to address urban challenges. The UIA can provide up to 5million euros to
co-finance urban green infrastructure schemes. In the Central and Eastern European region
these have included phytoremediation projects in Baia Mare, Romania to combat heavy metal
contamination14, urban afforestation in Ostrava, Czech Republic15 to combat air pollution and
soil degradation in Maribor, Slovenia16.
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3.2. EU Biodiversity Strategy
The EU Biodiversity Strategy calls for the promotion of healthy ecosystems, green
infrastructure, and nature-based solutions to be systematically integrated into urban planning.
For instance, this includes such solutions to be integrated in public spaces, infrastructure, and
the design of buildings and their surroundings. The key aim is to reverse the trend of green
spaces being lost in urban areas as their populations increase.
The European Commission is calling on European cities with at least 20,000 inhabitants to
develop ambitious Urban Greening Plans (UGPs) by the end of 202117. These UGPs are to
include measures that create accessible urban forests, parks and gardens that have high
biodiversity, alongside green roofs/walls, and tree-lined streets. The aim of UGPs is to improve
the connections between green spaces as well as reduce practices harmful to biodiversity such
as use of pesticides and excessive mowing. Indeed, the European Commission will support
member states in implementing their UGPs by providing technical guidance and helping to
mobilise funding and capacity building.
The EU will introduce the new EU legal framework for nature restoration from 2021 with the
aim of, among others, increasing the EU’s resilience to climate change and to encourage the
use of nature-based solutions. The framework will entail legally binding EU nature restoration
targets to restore degraded ecosystems, especially those with the most potential either to capture
and store carbon or to prevent and reduce natural disasters. Additionally, the Commission will
facilitate partnerships to build connections between science, policy, and practice with the aim
of making nature-based solutions and on-the-ground reality.
The European Commission is as part of the Biodiversity Strategy for 2030, to build the
European Business for Biodiversity movement. Pivotal to this will be the introduction of
financial measures to incentivise and eliminate the barriers preventing, the take-up of naturebased solutions. Furthermore, the Commission plans to unlock 20billion euros/a year of funding
for spending on nature with funding priorities being Natura 2000 and green infrastructure.

4. Urban Biodiversity Project Case Studies in the Central-Eastern
European Region
In the Central and Eastern European region, there are still many barriers preventing the
widespread uptake of nature-based solutions and green infrastructure. Firstly, NBS is often
overlooked by policy-makers as they tend to focus much more on the immediate costs of such
an initiative rather than the multifunctionality of its benefits18. Common trust and understanding
between relevant stakeholders are often lacking. Furthermore, there is limited awareness of the
potential for green infrastructure to replace grey infrastructure. Finally, economic growth has
continued to place pressure on green areas of cities.
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4.1. Győr, Hungary19
70% of Hungary’s largest factory, the Audi
Hungaria factory in Győr, is green space, a
mixture of meadows and forests. This is a
result of Audi’s policy of investing in projects
that are ‘innovative and proactive thus
generate societal value’. Thus, this project is
a private green infrastructure project not
designed in response to a particular EU policy
or strategy. The project does, however,
receive funding from the EU Horizon 2020
Research Innovation Fund.
The Audi Hungaria project is novel because it
integrates beekeeping into landscape management and broader community engagement. The
project has an extensive beekeeping programme as part of a collaborative project with the
University of Sopron to investigate the biomonitoring potential of bees. The bees also produce
up to 240kg of honey a year although this is mostly to raise awareness about importance of bees
amongst the local community rather than to meaningfully supplement the project’s income.
Finally, alongside the biomonitoring scheme, there is an afforestation project, rainwater
reservoir protection and an education program collaborating with local schools to educate on
the importance of pollinators.

4.2. Bucharest, Romania20
In 1986 the then communist administration of Romania initiated a grand hydrotechnical
infrastructure project in Bucharest. The Vacaresti pit was to be an integral part of this project
but a technical defect and a loss of funding following the 1989 Romanian Revolution meant the
site was abandoned. This allowed for the emergence of a unique ecosystem that would in 2012
be described by the Ramsar Senior Advisor for Europe as ‘one of the most innovative wetland
restoration projects on Earth’.
In 2016 following years of lobbying by
environmental NGOs and local activists,
the Vacaresti Natural Park was established.
The protected area would be managed for
nature conservation, recreation and
education as opposed to being used for its
ecosystem services. The stated aims of the
management authority are 1) to protect
biodiversity, 2) promote healthy recreation
3) develop, deliver, and support
educational
activities
for
nature
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observation, interpretation, and scientific research.
Indeed, in response to the third aim, in 2017 Vacaresti opened its first urban biodiversity trail
where naturalists guide visitors around a series of observatories to learn about the wetland birds’
biology. Vacaresti wetland supports 96 species of bird, hundreds of plant species and even has
a several otters and turtles despite management authorities being unclear as to how the otters
managed to get to the wetland site

4.3. Poznan, Poland21
27% of the city of Poznan is green space, Poznan
having a city-wide system of green infrastructure
for hundreds of years. The municipality
government aims to complement the existing
system of green areas by developing small scale
‘NBS stepping-stones’ across the dense urban core
of the city. The aim is to maximise
‘multifunctionality’ by obtaining the biodiversity,
air pollution and urban-heat-island combatting
benefits of green infrastructure alongside cultural
and recreational benefits of having natural playgrounds and urban beaches.
Because of the city’s extensive efforts to develop its green infrastructure, Poznan is one of the
18 European cities competing for the award ‘European Green Capital 2022’. The European
Green Capital award is part of the Urban Greening Plans scheme developed under the 2030 EU
Biodiversity Strategy. Nevertheless, there is still evidence that Poznan experiences a significant
urban heat island effect suggesting that more may need to be done to maximise the benefits of
green infrastructure for human wellbeing. For instance, green roofs and walls remain
underused.
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4.4. Bratislava, Slovakia22
Bratislava Forest Park is an exemplary
example of urban forestry, that covers
27.3km2 and is managed by the non-profit
organisation Bratislava City Forests. The
forest has multifunctional benefits for
recreation and for biodiversity protection,
offering refuge for wild boar, Eurasian
Otter, pine martin, among others. Urban
forests increase the attractiveness of a
community by increasing the citizen’s
liveability and well-being. The park is an
example of how green infrastructure can
provide a multiplicity of benefits for local
communities and wildlife.

4.5. Baia Mare, Romania23
Baia Mare is an Urban Innovative Action city,
a scheme developed under the EU Green
Infrastructure Strategy, where cities receive
funding from the EU for implementing novel
and untested nature-based solutions. Baia Mare
aims to undertake a ‘revolutionary approach of
re-using heavily contaminated land through
phytoremediation, to create a new urban
ecosystem for sustainable development’23. Baia
Mare will receive 26million Euros from the
European Rural Development Fund for the
NBS project.
The core of the NBS is the phytoremediation of 7.5ha of land severely contaminated with heavy
metals following decades of heavy industry. If the phytoremediation, where plants are used to
removed heavy metals from the soil, is successful in the pilot plot, the project will expand into
the remaining 620ha of contaminated land. Pivotal to the phytoremediation will be the GIS
Dynamic Atlas and Remediation toolkit developed to support the implementation of the
phytoremediation.
Furthermore, a digital token system will be developed to reward ‘civic environmental
behaviour’ and eco-entrepreneurship. The Baia Mare NBS aims not just to recover
contaminated land so that it no longer poses a human health hazard but also so that biomass
from that land can be used to enhance the sustainability of the city. Biomass yielded from renaturalisation will be used to produce energy for buildings, reducing fossil fuel consumption.
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Additionally, funding will be directed to bio-based start-ups using the biomass for the
development of carbon-neutral experimental materials to be used to construction, the aim being
that the scheme will improve the long-term sustainability of the construction industry.

5. Conclusion
As the effects of man-made climate change take hold it is imperative urban areas in the CEE
region adapt so that they are prepared for an increased frequency of natural disasters and
severity of urban heat island effect. Nature-based solutions are an extremely effective method
of addressing the societal challenges posed by climate change because of the integration of
biodiversity conservation, ecosystem protection and green infrastructure. Indeed, there are
multiple methods with which nature-based solutions can be conceived. They can be entirely
private-led initiatives such as Audi Hungaria, state-led initiatives such as the urban forests of
Slovakia or designed through cooperation with EU strategies such as the Green Infrastructure
Strategy and the European Green Capital Award.

