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Chapter 2
Impacts of Climate Change on Urban Areas 
and Nature-Based Solutions for Adaptation

Tobias Emilsson and Åsa Ode Sang

Abstract This chapter outlines the general impacts and direct consequences cli-
mate change is likely to have on urban areas in Europe and how nature-based solu-
tions (NBS) could increase our adaptive capacity and reduce the negative effects of 
a changing climate. The focus is on urban temperatures while we will also include 
effects on hydrological, ecological and social factors. We also discuss challenges for 
planning and design of successful implementation of NBS for climate change adap-
tation within urban areas.

Keywords Urban design • Ecosystem services • Urban temperatures • Strategic 
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2.1  Introduction

With the current process of climate change, Europe is expected to face major chal-
lenges in order to adapt to and mitigate the consequences of severe weather condi-
tions (Kreibich et al. 2014). Year 2016 has seen new temperature records for each 
month, with July 2016 being the hottest month since temperature started to be 
recorded according to NASA measurements (NOAA 2016). An increase in tem-
perature can cause discomfort, economical loss, migration and increased mortality 
rates on a global level (Haines et al. 2006). In addition, there are predicted increases 
in extreme weather events (e.g. heat and cold waves, floods, droughts, wildfires and 
windstorms) with several parts of Europe predicted to be exposed to multiple cli-
mate hazards (Forzieri et al. 2016).

Next to a changing climate both in Europe and globally, there is an ongoing 
urbanisation process. In year 2007, half of the world’s population lived in urban 
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areas, and it is predicted that by 2050, 66% of the world’s population will live in 
urban areas (UN 2014). The urban climate often differs from the surrounding rural 
countryside as it is generally more polluted, warmer, rainier and less windy (Givoni 
1991). This suggests that the effect of climate change with the predicted increase in 
temperature and more extreme weather events will be experienced to a greater 
extent in urban areas compared to the surrounding landscape. The changing climate 
might also exaggerate the negative effects of urbanisation already experienced, such 
as increased urban temperatures and flooding (Semadeni-Davies et al. 2008).

Still, increasing urban densities are seen as a way forward towards sustainable 
urban development. Across Europe, there is presently a trend for densification as a 
planning approach for sustainable development to foster efficient use of resources, 
efficient transport systems and a vibrant urban life (e.g. Haaland and van den Bosch 
2015). Development often takes place on areas that are often viewed as  underutilised 
land (such as green space) or through redevelopment on previous industrial estates 
(van der Waals 2000). However, this approach has also been challenged for its threat 
to urban green spaces (Haaland and van den Bosch 2015) since together with urban 
brown fields they potentially have an important role for offering climate change 
adaptation solutions. The creation, re-establishment, improvement and upkeep of 
existing vegetation systems and the development of an integrated urban green 
infrastructure network could provide a valuable asset, in which to incorporate estab-
lishment of new nature-based solutions (NBS) to deal with local effects on climate 
change. The dual inner urban development could here be seen as a constructive way 
forward (BfN 2008). The approach combines a densification of existing built-up 
areas with a mixture of conservation actions, thereby boosting the presence, quality 
and usability of green spaces and enhancing other green infrastructure such as street 
trees, green walls and roofs (BfN 2008).

Within this chapter, we review (1) the general impacts and consequences of cli-
mate change for urban areas in Europe, (2) climate change adaptation possibilities 
using nature-based solutions (NBS) and (3) some challenges for planning and design 
for successful implementation of NBS within urban areas. The review focusses on 
urban temperatures and includes hydrological, ecological and social factors. The 
review is aimed at setting a baseline for future possible research on planning alterna-
tives for climate change adaptation and providing general guidelines and support for 
the professional planning community working with climate change adaptation.

2.2  General Impact and Consequences of Climate Change 
for Urban Areas in Europe

Climate change will have far-reaching impacts and consequences for urban Europe. 
The impact will range from direct impact of increasing temperatures and changed 
precipitation dynamics to indirect effects resulting from perturbations and climate 
change-linked events elsewhere.
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2.2.1  Effect on Urban Temperatures

Changing urban temperatures are driven both by large-scale climatic changes and 
ongoing urbanisation (Fujibe 2009). There is agreement that the current changing 
climate has to be kept well below an average global increase of 2 °C (EC 2007; 
UNFCCC 2015) to avoid major future climate-driven catastrophes (Lenton et  al. 
2008). The urban temperature is dependent on global development but is in general 
highly influenced by, e.g. the urban heat island (UHI) effect which is seen as a major 
problem of urbanisation (e.g. Gago et al. 2013; Taha 1997). There are three param-
eters of urbanisation that have direct bearing on UHI according to Taha (1997), 
namely, (1) increasing amount of dark surfaces such as asphalt and roofing material 
with low albedo and high admittance, (2) decreasing vegetation surfaces and open 
permeable surfaces such as gravel or soil that contribute to shading and evapotrans-
piration and (3) release of heat generated through human activity (such as cars, air-
condition, etc.). These factors are not equally distributed across the city, and hence, 
certain areas will experience the UHI to a higher degree. The effect will, for example, 
be higher for areas with a high degree of built-up land and little green space than for 
leafy suburbs and hence will affect the population differently within an urban area.

The urban climate itself is suggested to increase the heat stress experienced by 
people during periods of high temperature, particularly during the night, when the 
UHI is largest (Pascal et al. 2005). Studies suggest that there is an adaptation factor 
in relation to heat and that early season heat waves or heat waves in regions where 
hot weather is infrequent have more negative consequences (Anderson and Bell 
2011). This suggests that for parts of Europe that previously have not experienced 
periods with dangerously high temperature people are less adapted to deal with the 
increase in temperature.

2.2.2  Effect on Urban Hydrology

With a changing climate, the frequency of flood peaks is predicted to increase. 
Estimations point towards an average doubling of severe flood peaks with a return 
period of 100 year within Europe by 2045 (Alfieri et al. 2015). In addition, this is 
matched by a rise in sea level that, together with a predicted increase in windstorm 
frequency, will lead to an increase in coastal flooding (Nicholls 2004). As most of 
the urban areas within Europe are situated either on floodplains or along the coast, 
these two types of flooding will have a major impact across European cities. Climate 
driven increasing sea levels in certain areas of Europe will also translate into more 
frequent basement flooding (Arnbjerg-Nielsen et al. 2013).

The impact of a changing climate will differ across the continent whereby 
Northern Europe is expected to experience more annual mean precipitation as com-
pared to Southern and Central European countries that are projected to experience a 
reduction in rainfall (Stagl et al. 2014; Olsson et al. 2009). Several models have 
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pointed in a direction of decreasing total summer precipitation and increasing intensity 
of storms interspersed with drought. Increasing high-precipitation events will mean 
that the current urban drainage system will exceed its capacity more frequently, 
causing economic loss, increased discomfort and even loss of lives (Semadeni-
Davies et al. 2008). Increasing urban temperatures will also have a strong influence 
on evapotranspiration that is largely limited by precipitation. Thus, there might be 
increased evapotranspiration in areas with more precipitation but also increased 
durations of drought in areas with reduced precipitation. In northern regions there is 
also an expected seasonal change in precipitation with more winter precipitation 
falling as rain and higher spring temperatures, leading to increased winter runoff 
and a reduction in late season snowmelt (Madsen et al. 2014).

2.2.3  Indirect Effects on Urban Habitats and Biodiversity

Climate change will influence several factors of importance to habitat quality and 
development of urban biodiversity. The projected change in temperatures, rainfall, 
extreme events and enhanced CO2 concentrations will influence a range of factors 
related to single species (e.g. physiology), population dynamics, species distribution 
patterns, species interactions and ecosystem services, as a result of spatial or tempo-
ral reorganisation (Bellard et al. 2012). Increasing urban temperatures and changed 
precipitation dynamics will influence species community development through lim-
iting water availability during the growing season as well as changing the nutrient 
dynamics. Especially northern or alpine regions will be severely impacted due to 
enhanced temperature changes, e.g. as more common species will be able to colonise 
niches that were otherwise restricted to specialised species (Dirnböck et al. 2011).

Urban areas already have in many cases a higher plant richness compared to their 
natural counterparts (Faeth et al. 2011) due to influx of alien plant material, more 
nutrient-rich systems, a larger habitat heterogeneity and more continuous land use 
or directed management (Kowarik 2011). With a change in the urban climate, there 
is likely to be a change in invasiveness of alien species (Crossman et al. 2011) as 
well as an increase in the spread of disease and pests (Wilby and Perry 2006).

2.3  Climate Change Adaptation Possibilities Using Green 
Infrastructure and Nature-Based Solutions

Adaptation to actual or expected climate change effects involves a range of mea-
sures or actions that can be taken to reduce the vulnerability of society and to 
improve the resilience capacity against expected changing climate. Possible adapta-
tion measures to handle climate change can take many forms and be effective at a 
range of spatial and temporal scales, proactively planned or as a results of socio 
 political drivers such as new planning regulations, market demand or even social 
pressure (Metz et al. 2007).
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2.3.1  Urban Green Infrastructure (UGI) and Nature-Based 
Solutions (NBS)

Vegetation can indeed play an important role in moving the urban climate closer to 
a pre-development state. Urban green infrastructure (UGI) and nature-based solu-
tions (NBS) are fundamental concepts in this work with emphasis on the role that 
nature can play in providing multiple services to the urban population (Pauleit et al. 
this volume). UGI is a concept that stems from planning, and hence the focus is on 
the strategic role for integrating green spaces and their associated ecosystem ser-
vices within urban planning at multiple scales (Benedict and McMahon 2006). NBS 
is according to Pauleit et al. (this volume) broad in its definition and scope, with a 
broad view on ‘nature’, and an emphasis on participatory processes in creation and 
management. The European Commission and Directorate-General for Research and 
Innovation (EC DG 2015) defines NBS as ‘living solutions inspired by, continu-
ously supported by and using nature, which are designed to address various societal 
challenges in a resource-efficient and adaptable manner and to provide simultane-
ously economic, social, and environmental benefits’. NBS is by Pauleit et al. (this 
volume) proposed to be seen as an umbrella term that incorporates UGI as well as 
ecosystem-based adaption and ecosystem services.

2.3.2  Reducing Urban Temperature Through Green or Blue 
Infrastructure and NBS

Urban temperatures can be strategically handled through a network of planned 
urban green space. This includes the selection of appropriate surfaces, their spatial 
organisation and management.

Studies have shown that urban parks have a cooling effect in the range of 1 °C 
during the daytime, with indications that larger parks have a larger effect as well as 
systems including trees (Bowler et al. 2010). The surface type will also influence the 
cooling effect of the blue or green infrastructure. For instance, surface temperatures 
of water is lower compared to vegetated areas which in turn are markedly cooler 
than streets and roofs (Leuzinger et al. 2010). This means that there is a larger cool-
ing effect per unit surface water as compared to a vegetated park system (Žuvela- 
Aloise et al. 2016). This effect varies with time of the day, with largest differences 
between park and water bodies during daytime. Several studies therefore suggest 
that in order to maximise the use of space for urban cooling more focus should be 
placed on inclusion of water bodies as well as concentrating these surfaces in the 
city centres as compared to an alternative approach with smaller parks distributed 
over the city in general (Žuvela-Aloise et al. 2016; Skoulika et al. 2014). There is 
also a substantial seasonality in the effect of urban vegetation, with stronger effects 
in summer than early spring. While these broad differences in cooling occur, there 
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is also variation found linked to the level of soil sealing and amount of vegetation, 
which could explain microclimatic effects (Lehmann et al. 2014).

The effect and importance of vegetation systems are also dependent on the 
organisation of the urban fabric such as structure and type of building (Lehmann 
et al. 2014). The potential for temperature reduction through the use of vegetation 
has been shown to be larger in densely built-up area as compared to more sparse 
developments, with variation due to prevailing wind direction and time of day. The 
model follows a saturation model where the first installations are of greatest impor-
tance with each additional surface area contributing to a lesser extent (Žuvela- 
Aloise et al. 2016).

Individual urban trees can have an effect on urban temperatures by contributing 
to reducing UHI. The climatic performance is dependent on the tree characteristics 
such as leaf organisation and canopy shape, where sparse crowns with large leaves 
have higher cooling capacity (Leuzinger et  al. 2010). Novel types of vegetation 
systems such as green roofs and green walls can also alter the energy balance of 
urban areas something that is discussed in more depth by Enzi et al. (this volume). 
The direct advantage of these systems is that they can be added as a complement to 
existing blue and green infrastructure and that they make it possible to utilise spaces 
that normally are not green (see Enzi et al., this volume). Green walls have indeed 
been shown to reduce wall temperatures (Cameron et al. 2014) and street canyon 
temperatures with close to 10 °C during the day in hot and dry climates (Alexandri 
and Jones 2008). The performance of the vegetation depends on species composi-
tion with different species having varied cooling capacity and different modes of 
cooling, i.e. evaporative or shade cooling (Cameron et al. 2014), as well as manage-
ment variables such as irrigation and water levels in the substrate (Song and Wang 
2015; Hunter et al. 2014).

2.3.3  Selection and Management of Urban Vegetation 
Under Changing Climatic Conditions

It is important to remember that a changing climate will have positive and negative 
effects on the existing plant material, but in many cases, it will experience increas-
ing stress and consequently lower survival and performance rates. The selection of 
the right tree is important to achieve high temperature efficiency at the same time as 
having limited maintenance needs and fulfilling other ecosystem services such as 
habitat creation and delivering aesthetical values (Rahman et al. 2015). The current 
selection of plant material as well as planting design has to be adjusted to accom-
modate a changing climate. A moderate planting design, for example, with tree 
distances of 7.5 m in combination with permeable pavement or bare soil extending 
to the canopy extension can achieve good cooling and low water stress (Vico et al. 
2014). Changed rainfall patterns might exaggerate the need for irrigation during 
extended drought periods, something that will be stressed when using higher 
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planting densities or surfaces with low permeability. Xeric trees will have higher 
performance in relation to cooling and survival under water-limited situations and 
can also contribute to urban cooling through shading but does not have the same 
effect as other vegetation types such as perennial plantations and in particular lawns 
when it comes to increasing humidity (Song and Wang 2015).

Stressed, unhealthy or declining vegetation cover will also cause reduced ecosys-
tem function. Speak et al. (2013) showed that green roofs can lower the air tempera-
ture above the system with approximately 1 °C. The effect was increased at night by 
50% coinciding with the time when UHI is the strongest. Sections where vegetation 
cover had declined were warmer during the daytime, highlighting the importance of 
maintenance and upkeep and the design and installation of quality green systems 
(Speak et al. 2013; Klein and Coffman 2015). Yaghoobian and Srebric (2015) came 
to similar conclusions showing that the green roof performance, i.e. surface tem-
perature decreases, is connected with increasing plant coverage. A high plant cover 
will lead to reduced solar radiation uptake due to high albedo, shading and vegeta-
tion system evapotranspiration. In a declining vegetation system, the albedo will be 
worse, especially if a dark-coloured substrate is used and the efficiency of the green 
roof is only dependent on evaporation. Thus, it is fundamental that these nature- 
based solutions are designed in a way that maintain a good plant cover over time, 
installed and maintained to actually deliver the ecosystem services that they are 
supposed to deliver. There is also some evidence that the vegetation composition 
and species or functional diversity can impact on the level of evapotranspiration and 
reduction of urban stormwater (Lundholm et al. 2010). Some of the most common 
succulent species can have high survival rates on green roofs and commonly make 
up for a substantial part of the total cover, but due to their water-preserving physi-
ological adaptations, they have rather low evapotranspiration rates and consequently 
a lower cooling capacity. Using plant traits to select plants from natural dryland 
habitats that have optimised water-use strategies for evaporation during wet periods 
at the same time as being drought tolerant could be a way to optimise green roof 
cooling capacity (Farrell et al. 2013).

Vegetation can also be used to change the energy balance of buildings directly 
(see also Enzi et al., this volume). Modelling results show high reduction in energy 
use as well as reduced maximum temperatures in buildings close to the vegetation 
as compared to a traditional sunblocking material such as blinds and panels (Stec 
et al. 2005). The maximum temperature reduction deduced from green roof vegeta-
tion has been shown to be close to 20 °C lower as compared to using blinds or physi-
cal shading panels. In modern buildings, the insulation is generally much thicker 
making the surface characteristics of the outer layer less important (Castleton et al. 
2010). However, roofs retrofitted with green roofs can have a substantial positive 
effect on winter energy cost if installed on poorly insulated buildings and if thicker 
substrate depths are used (Berardi 2016).
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2.3.4  Green Infrastructure, NBS and Urban Hydrology

Green infrastructure and nature-based solutions such as green roofs, rain gardens 
and bioswales have been shown to reduce local flooding, economical loss and dis-
comfort at storm events with medium or frequent return periods. Still, it is important 
to remember that these small-scale installations have little impact on the large-scale 
catastrophic rain events such as river flooding, seaside flooding or very intense 
cloud bursts that pose the greatest danger to urban infrastructure and communities. 
Thus, there is a need to work on multiple spatial scales to adapt to changing precipi-
tation dynamics focussing both on the installation of local solutions and developing 
zoning regulations for housing developments as well as planning for safer proac-
tively planned flooding areas forming an integrated and multifunctional urban 
drainage system (Fletcher et al. 2015; Burns et al. 2012).

There has been a rapidly increasing body of research on the efficiency and func-
tion of individual installations (see also Davies and Naumann, this volume; Enzi 
et al., this volume). Green roofs have been shown to have large effects on annual 
stormwater runoff but also on peak flows (Bengtsson 2005; Stovin et  al. 2013; 
Stovin 2010). Thin green roofs have a limited storage capacity meaning that these 
systems have reduced efficiency on very long or intense rain events (Bengtsson 
2005). Green roofs and other vegetated systems might influence the water quality  
of runoff water negatively if conventional fertilisers are used or if they contain  
nutrient-rich compost without addition of substances such as biochar (Beecham and 
Razzaghmanesh 2015; Gong et al. 2014; Beck et al. 2011). Bioswales, biofilters or 
rainbeds or other types of planted retention beds are alternative solutions to handle 
stormwater on ground if space is available. Ground-based systems can be built with 
thicker substrates as compared to roofs, which simplifies the use of large perennials, 
shrubs and small trees. Functionally, these systems also have a potential for infiltra-
tion and evapotranspiration (Daly et al. 2012; Muthanna et al. 2008).

2.4  Planning and Design Aspects of Green Infrastructure 
and Nature-Based Solutions for Adapting to Climate 
Change

The introduction and enhancement of UGI often provide a local effect for the micro-
climate both by providing a ‘cool island’ effect (Oliveira et al. 2011) and contribut-
ing to an overall global climate effect through the binding of CO2 (Nowak and 
Crane 2002).

From a planning perspective, it is interesting to pose the question on where and 
which NBS to implement when prioritising resources. In the previous section, we 
have shown that qualities such as vegetation type as well as amount and level of soil 
sealing have important bearing on the effect of climate regulations and adaptation 
measurement. When planning and implementing NBS, these are important consid-
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erations to take into account together with existing local conditions. Several studies 
have further shown that urban morphology plays an important role for explaining 
climatic effects (Oliviera et al. 2011; Jamei et al. 2016).

When it comes to the allocation of where to invest in NBS for climate change 
adaptation, it is important to look at the urban area on a strategic level, taking into 
account the character of the urban morphology as well as information on population 
details. The following questions are important in order to ensure the most cost-
effective, highest gain and to take into account environmental justice (see also  
A. Haase, this volume) with regard to mitigating the negative effects of climate 
change: (1) Where does the UHI have the largest impact? (2) Where do vulnerable 
population groups live (e.g. old people as well as high density of population)? (3) Where 
is a current lack of green and blue infrastructure? Here, strategic documents such as 
green infrastructure plans could provide a valuable tool for working with NBS on a 
strategic level. Norton et al. (2015) present a novel approach through using a hierar-
chial process for how to prioritise and strategically select NBS (in this case green 
open spaces, shade trees, green roofs and vertical greening systems) to mitigate high 
temperature, taking into account the relationship between urban morphology, UGI 
and temperature mitigation.

There is an abundance of different modelling techniques available, differing in 
complexity and accuracy that could aid a strategic planning and design of NBS for 
climate change adaptation (Deak-Sjöman and Sang 2015). However, to ensure envi-
ronmental justice, there are also strong calls for involving the local population in 
different processes of co-planning, co-design and co-management. Pauleit et  al. 
(this volume) identify this as a key component of the NBS concept as it also has the 
potential to ensure the viability of the different solutions and to provide processes to 
site adaptation. Through the inclusion of scenario and impact modelling techniques 
in a collaborative process, it is possible to implement NBS that are both climate 
effective and ensuring environmental justice (see Fig. 2.1).

Fig. 2.1 Process for 
implementing NBS in a 
collaborative process with 
integration of modelling 
techniques
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However, while the modelling techniques are available, the skills needed might 
not be present within local authorities, as shown in a recent survey of Swedish 
municipalities (Sang and Ode Sang 2015). This hinders the use of modelling tech-
niques for analysing potential climate effects in more iterative and strategic pro-
cesses through exploring alternative solutions as well as accumulative climate 
effects by introducing different green space interventions across the urban area.

2.5  Conclusion

Nature-based solutions have a key role to play in achieving a future compact city 
that is liveable and sustainable. Vegetation in different forms can contribute to vari-
ous degrees to climate adaptation, depending on NBS type and quality as well as 
climatic and socio-ecological contexts. Through integrating modelling techniques 
with collaborative processes, we could ensure a strategic planning of green space 
interventions that are climate effective and ensure environmental justice.
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