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H I G H L I G H T S

• Underpinned guidelines for climate resistant planning do not exist.
• The benefits of greenery are difficult to express in averages.
• Finding communal interests will generate support for climate adaptation.
• Goals regarding water storage can be linked with goals for cooling and well-being.
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One of the effects of climate change expected to take place in urban areas in the Netherlands is an increase in pe-
riods of extreme heat and drought. How the soil can contribute to making cities more climate proof is often
neglected. Unsealed soil and green spaces increase water storage capacity and can consequently prevent
flooding. The planning of public or private green spaces can have a cooling effect and, in general, have a positive
effect on how people perceive their health. This paper reviews existing guidelines from Dutch policy documents
regarding unsealed soil and green spaces in the Netherlands; do they support climate adaptation policies? Scien-
tific literature was used to quantify the positive effects of green spaces on water storage capacity, cooling and
public health. Finally we present a case study of a model town where different policy areas are linked together.
Maps were made to provide insight into the ratio of unsealed soil and the number of green spaces in relation
to existing guidelines using Geographical Information Systems (GIS). Maps marking the age and social-
economic status of the population were also made. The benefits of green spaces are difficult to express in aver-
ages because they depend on many different factors such as soil properties, type of green spaces, population
characteristics and spatial planning. Moreover, it is not possible to provide quantifications of the benefits of
green spaces because of a lack of scientific evidence at the moment. Based on the maps, however, policy assess-
ments can be made, for example, in which site a neighborhood will most benefit from investment in parks and
public gardens. Neighborhoods where people have a low social-economic status have for example fewer green
spaces than others. This offers opportunities for efficient adaptation policies linking goals of several policy fields.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Over the coming decades climate change is expected to result in
greater periods of heat and drought in The Netherlands as well as in
more intensive rainfall and flood risks. In urban areas this may have
negative effects on people's living environment and health. It is precise-
ly in urban areas, where a large part of the land is sealed by buildings
and asphalt, that extreme weather conditions have a greater impact
(EEA, 2012). In extreme weather events the water is not able to pene-
trate into the soil and has to be eliminated through the sewage system

and surface waters. Eight percent of land in The Netherlands is sealed,
making it the country with the most sealed land in the EU after Malta
(Prokop et al., 2011).

Until now, measures to mitigate the effects of e.g. climate change in
cities, focus mainly on infrastructural- and technical solutions without
concern for the natural soil–water system. However, sustainable use
of soil-ecosystems offers a variety of opportunities to contribute to solu-
tions for societal challenges. In practice, these opportunities are still un-
derexploited. A recent study by the EEA recommends a combination of
different measures – ‘gray’ measures such as technological and engi-
neering projects, ‘green’ ecosystem-based approaches using nature,
and so-called ‘soft’measures such as policies to change governance ap-
proaches (EEA, 2013). The capacity of the soil as a carrier of greenery
plays thus an important role in climate-resistant planning.
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Green infrastructure has a large number of environmental, economic
and social benefits (EPA, 2010; Wong et al., 2012). These benefits vary
from improvement of air quality, flood protection, improvement of
human health, encouragement of economic development, education
and urban heat island mitigation. Water storage, cooling and health ef-
fects are the benefits we focus on in this study (Figs. 1 and 2). Greenery
provides cooling (Döpp, 2011), as a result of which the so-called urban
heat island (UHI) effect is possibly reduced in towns and the quality of
life improved (EEA, 2012). In addition, greenery increaseswater storage
capacity (EEA, 2012) and several positive health effects have been de-
scribed (e.g. de Vries and Verheij, 2003; Maas et al., 2009b; Mitchell
and Popham, 2007; Lee and Maheswaran, 2011). However, evidence-
based quantifications of the positive effects of greenery are – to our
knowledge – lacking.

The aim of this article is to demonstrate and discuss the potential
benefits of green space and the natural soil–water system for contribut-
ing to major societal challenges in urban environment with regard to
water storage, cooling and health effects (Figs. 1 and 2). It is generally
believed that climate change, among others, will undeniably affect the
quality of urban life. The question is not only the scale and seriousness
of the effects but also how society will anticipate and which measures
can be taken now. Finding communal interests between the different
benefits of greenery is an important aspect of successful adaptation
policy.

Dutch policy makers expressed the need for a quantification of the
positive effects of green space to underpin their climate adaptation pol-
icies. Commissioned by the DutchMinistry of Infrastructure and the En-
vironment we (first) explored existing guidelines regarding unsealed
soil, green spaces andwater storage in theNetherlands; do they support
climate adaptation policies? Secondlywe quantified the benefits of a so-
phisticated green space soil policy with regard to water storage, cooling
and health. Finally (three) we determined the availability of urban

green, a key factor for the quality of urban life, for a Dutch model city.
In this case study different policy areas are linked together. The results
of this study are also presented in a Dutch report by Claessens et al.
(2012).

2. Material and methods

2.1. The benefits of greenery and guidelines

Scientific literature was reviewed to describe the benefits of green-
ery and a natural soil–water system for the quality of life in urban
areas. We focused at effects on water storage capacity, cooling and
health. For health effects, we used 2 existing reviews: one by the
Dutch Health Council and Advisory Council of Environmental Planning
(2004) and an update by Maas et al. (2009a) (both in Dutch). Some
more recent, international references have been added as the evidence
for health effects is rapidly emerging. In addition, a search was done in
Dutch policy documents to find guidelines for soil and greenery in
urban areas.

2.2. Case study Hilversum

Using Geographical Information System (GIS) analyses for a model
town, this study looked at the percentage of unsealed land, the location
of open green spaces and access to the green spaces at district level. This
was then linked to the age distribution in the various districts and
the mean monthly income (as an indicator of social-economic status).
The differences between districts were investigated, and statistical
tests were done to see whether the differences were significant. The
Pearson's correlation coefficients between the surface of green space
and the age structure/socioeconomic status were calculated, using IBM

Fig. 1.Water storage capacity and cooling effects of green spaces in urban environments.
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