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Enhanced urban heat island effect
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NPV

Net present value

PM

Particulate matter
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Abstract
The trend of people moving to urban areas leads to several environmental and spatial
planning problems such as higher population densities, more human pollution and the need
for urban expansion. The need for urban expansion can conflict with the need for green
areas within the city. Over population can decrease the quality of life of urban dwellers and
contribute to micro-climate related problems. Research has shown that ecosystem services
can contribute to city micro-climate regulation and improving the quality of life. However,
ecosystem services have until now been difficult to accurately quantify and value. The
demand for an accurate overview of urban ecosystem services increases in governmental
institutions, as they are needed for cost-benefit analyses that help urban planners with
deciding on integrating green areas in city development. In this thesis the urban ecosystem
services, provided by the Kralingse Bos, are assessed. The Kralingse Bos is located in
Rotterdam and is the second largest urban park in the Netherlands. The Kralingse Bos is
situated close to the busy city center and is surrounded by residential area. The ecosystem
services of the Kralingse Bos were classified according to the TEEB methodology. The
services included are air purification, carbon sequestration, water regulation, temperature
regulation, therapeutic and medical value, labor loss prevention and property value
increases. Quantification is mainly based on GIS data, provided by earlier research on
ecosystem services in Rotterdam. The methods used for valuation are based on avoided
damage costs and replacement costs. The ecosystem services of the Kralingse Bos amount
to 8.3 million euro per year of benefits against 1.9 million euro per year maintenance and
investment costs. The total monetary value accumulates to 228.9 million euro in 30 years for
the park after subtracting the net investment and taking into account discounting. The
resulting payback time is 8 years after initial investment for a similar sized park. Finally, a set
of two scenarios has been included to consider new planning options for the Nieuw-Kralingen
neighborhood adjacent to the park. Scenario 1 includes the planned neighborhood with 800
new households. In scenario 1 an additional 1440 new residents will benefit from the park’s
ecosystem services. In scenario 2 the Kralingse Bos will be expanded. The expansion of the
forest results in larger benefits of the existing ecosystem services . In the case of scenario 1,
the increase of ecosystem service benefits is approximately 0.3 million euro less per year
occurs compared to scenario 2. The difference in benefits between the scenarios could be
used as an incentive to green the new neighborhood to capture some of the ecosystem
services which would otherwise not be present there.
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1. Introduction
People moving from rural areas to urban areas is a trend seen all over the world (Kovacs et
al., 2011). Coupled with the effects of human-induced climate change, the rise in population
in urban areas creates serious challenges for city management (Bulkeley et al., 2005). These
challenges are for example the increase in temperature amplified through the enhanced
urban heat island effect (Tan et al., 2010), the increase of pollution exposure , noise pollution
and more impervious land resulting in floods during extreme rainfall events (Goonetilleke,
2005; Dorland et al., 1999). Studies have shown that urban parks can actively contribute to
mitigation of some of the main environmental challenges cities face (Bowler et al., 2011;
Oliveira, 2011; Kleerekoper, 2012). Furthermore, the capture and sequestration of
greenhouse gasses and pollution particles by vegetation can improve the quality of life in the
city and contribute to climate change mitigation. The services provided by green areas in a
city are called urban ecosystem services. Ecosystem services are natural processes that
deliver benefits to humans (MA, 2005). These benefits can be quantified and valued in
monetary terms. Monetary valuation is especially interesting because it gives policy makers
and city planners an indication of the value of green space and its effect on the public health
and micro-climate in cities. Giving green space a value helps to prevent the loss of large
green spaces in favor of urbanization.
In The Netherlands, urbanization is observed in the densely populated Randstad area. The
Randstad is an area in the western part of the Netherlands. The area is densely populated
and contains most of the big cities of the Netherlands, such as Amsterdam, Rotterdam and
The Hague. To accommodate the growth of its population, the municipalities of the large
cities in the Randstad engage in extensive building projects. However, the urban expansions
receive criticism for they claim the sparse natural green spaces surrounding the city limits.
The amount of green space around urban expansions has decreased rapidly over the years
and increasingly amounts of green space of ‘Het Groene Hart’, The Green Heart, of the
Randstad has been claimed for roads and buildings. The trend is observed in other
European cities as well (Nuissl, 2009). New building projects also include projects close to
large green spaces such as the Kralingse Bos, an urban forest park in Rotterdam. Urban
parks and forests are however important in mitigating some of the problems modern cities
face through benefits gained from their ecosystem services (Baró et al., 2014; Bulkeley et al.,
2005).
Green spaces in cities, like the Kralingse Bos, risk to be neglected when building areas
expansions due to economic factors and overlooked benefits of these urban ecosystems. In
general cost-benefits analysis concerning land use planning, green areas are currently

7

undervalued as not all benefits from the ecosystem are accounted for, which is coined as the
‘faulty economic compass’ (Sukhdev, 2010). Another explanation for the neglecting of urban
ecosystem services is their perceived insignificant value. Proper quantification analysis can
help contradict this presumption. Several theoretical frameworks have been developed in
order to quantify the services provided by nature and give them a monetary value that can be
used in cost benefit analyses. The most well-known frameworks are the Millennium
Ecosystem Assessment (MA, 2005) and The Economics of Ecosystems and Biodiversity
(TEEB, 2010). The frameworks divide the ecosystem services into provisioning, regulating,
cultural services and, depending on the framework, supporting (MA) or habitat services
(TEEB).
The thesis aims to assess the ecosystem services that are currently present in the Kralingse
Bos, classifying them and performing a qualitative assessment to estimate the monetary
value the benefits that these services provide using various methods and tools from literature
review and governmental institutions. The monetary values from the ecosystem service
assessment of this urban forest can potentially be used as a best practice for future urban
forest development. The values from the Kralingse Bos can act as an example practice for
future planning of Rotterdam and other cites dealing with expansion and ecosystem services.
To achieve the thesis aim the following research questions (RQs) have been made:
•

RQ1: What is the monetary value of the benefits that the assessed ecosystem
services of Het Kralingse Bos provide?

•

RQ2: What are possible future scenarios for expansion and the use of the ecosystem
services in the area around Kralingse Bos?

•

RQ3: How do the ecosystem service compare in different scenarios?
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2. Methodology
The methodology of the thesis is structured according to the TEEB methodology for
ecosystem service assessments. The research area characteristics are shortly introduced
and followed by the three main steps of the ecosystem service assessment, which are:
Classification, quantification and evaluation.

2.1. Research area
Het Kralingse Bos in one of the largest urban forests in the Netherlands and the second
largest overall urban green area in the Netherlands. The Kralingse Bos is divided in three
main land types consisting of woodland, grass and water. These types are based on
literature and data studies done for the Rotterdam area (Derkzen et al., 2015). The total area
is 283 ha of which 110 ha is water called Het Kralingse plas, about 118 ha is forest and 55
ha of the Kralingse Bos consists mainly of herbaceous vegetation types designated for
recreation (GIS data municipality Rotterdam)
The Kralingse Bos was opened by municipality of Rotterdam in 1953 as part of the green
corridor around the city, connecting the park to other green areas such as the Oude Plantage
and the Bergsche Bossen (Municipality of Rotterdam, personal communication). The forest
area contains a variety of different trees, although predominantly deciduous type trees and
bushes. The park and forest itself is managed by city maintenance, with a detached bureau
of forest conservers located in the middle of the park.
The plans to develop a new neighborhood northwest of the park called Nieuw-Kralingen by
the city planning department consist of 800 newly developed households (Gebiedsvisie
Nieuw Kralingen, 2017). The new neighborhood gives possibilities to research different
scenarios for city planning which will be included in calculations and further explained in the
scenarios chapter.

2.2. Classification of ecosystem services
Different assessments exist for the classification of ecosystem services. The most common
used ones are the Millennium assessment (MA, 2005) and The Economics of Ecosystems
and Biodiversity (TEEB, 2010). The first three types of ecosystem services commonly
assessed are provisioning, regulating and cultural services. The fourth, depending on which
kind of assessment system you use, are supporting for the MA and Habitat services for
TEEB. For each classification, several ecosystem services are identified for assessment in
the Kralingse Bos if possible with the available current data and information.
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Provisioning services are services that are directly or indirectly provided by the ecosystem,
such as food, fresh water, timber, medicinal herbs or crops (TEEB, 2010). They are
quantified and valued through the direct market value of the good provided. Since the
Kralingse Bos is an urban forest, very little to none provisioning services are present. The
cutting of trees is for maintenance purposes only and the large water body is not a suitable
source for fresh water or large scale fishery. Therefore, it is assumed that the value of
provisioning services in the park are negligible. In this study the focus lies on the regulation
services of The Kralingse Bos.
Regulation services play an important role in helping in a municipality deal with climate
adaptibility. The services can increase resilience against a varied of environmental problems
common in urban areas. These problems include urban heat island effect, air pollution, water
floods and (micro-) climate regulation. The regulation services provide a variety of benefits
that can benefit the world globally. Regulation services can, for example, reduce costs
associated with human induced climate change. The services can also provide quality of life
benefits to inhabitants close to the ecosystem. Benefits such as avoided medical costs due
to cleaner air, less heat stress and less damage to residential property due to higher water
retention and cleaner air. Most of the regulative ecosystem services can be assessed
utilizing GIS data together with statistics acquired from the management of the Kralingse Bos
through the municipality of Rotterdam. The ecosystem services that will be assessed are
standard services that apply for general urban parks and are selected based on their
feasibility to be valued through literature and available data (Derkzen et al., 2015; GomezBaggethun et al., 2012). The regulation services that are identified in the Kralingse Bos
through example forests in literature include (Gomez-Baggethun et al., 2013; Chaparro and
Terradas, 2009):
•

Carbon sequestration;

•

Air filtering;

•

Water retention; and

•

Temperature regulation.

Cultural services are generally difficult to incorporate in an ecosystem service assessment,
since they lack a direct market value and are also difficult to accurately quantify due to
reliance on surveys and human behavior. However, in the case of recreational urban parks
these services may be the most important benefit acquired from the park. The services
increase with, and are largely dependent on a high population density surrounding the green
space, as ecosystem service benefits are valued based on demand of the service and not
only potential supply. Therefore in the case of a very large park, mainly used for recreational
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purposes, such as the Kralingse Bos the cultural services may be the biggest contributors to
the total economic value of the park. Generally used cultural ecosystem services for public
parks include recreation, aesthetic value, therapeutic value and social cohesion. Of these
mentioned serviced the cultural services that are assessed in this thesis are:
•

Therapeutic and medical value;

•

Work loss prevention value; and

•

Aesthetic value.

Therapeutic and medical services deliver the benefit of preventing medical costs and the
prevention of labor loss due to sickness. The aesthetic value is approximated through an
increase in housing prices surrounding the park, indicating the hedonic price people pay to
live close to green space (Jim and Chen, 2006, Luttik et al., 1997).

2.3. Quantification of ecosystem services
The overview of the assessed ecosystem services is shown in the methodology Table 1
together with the service indicators, the benefit to humans they provide and the type of data
with the data sources needed for quantification of the indicator. The services are each further
explained in their respective section of this chapter
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2.3.1. Methodology table
Table 1 Overview of the ecosystem services incorporated in this assessment.

Service Type

Service name

Indicators

Benefits

Quantification Data

Data sources

type of indicators
Regulation Ecosystem

Carbon sequestration

Service

Ton C per ha

Avoided damage cost:

(Gomez-Baggethun, 2013)

Lower costs associated with

Plot measurements

Van den Berg, 2018

GIS

PM10: CBS/WUR,

harmful climate change effects
(Tol et al., 2008)
Regulation Ecosystem

Air filtering

Service

PM10 (kg/ha)

Avoided damage cost:

(Gomez-Baggethun, 2013)

Avoided health damages

2018

(Escobedo and Nowak, 2009)
Regulation Ecosystem

Water regulation

Service

Cubic meter of storage

Replacement cost:

GIS

capacity (from L/m2)

Avoided costs for water

Soil percolation data

(Derkzen et al., 2015)

treatment plants

Derkzen et al., 2015

(Daily et al., 1997)
Replacement costs storage
(Rotterdam waterplan, 2007)
Regulation Ecosystem
Service

Temperature regulation

Cooling effect large urban

Avoided damage cost:

parks in % less energy use

Avoided Energy costs

(Kikegawa et al., 2006)

Statistics

Statline, 2017. CBS,
2012; Kikegawa et
al., 2006
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Cultural Ecosystem

Therapeutic value

Service

Accessibility of UGS to

Avoided damage cost:

Statistics

CBS, 2018; RIVM,

number of inhabitants within

Avoided costs associated with

GIS

2003

a 1 square kilometer radius

patient healthcare bills

(TEEB.stad; KPMG, 2012;
CBS 2017; RIVM 2003)
Cultural Ecosystem

Labor loss prevention

Service

Accessibility of UGS to

Avoided damage cost: Avoided

Statistics

CBS, 2018; KPMG,

number of inhabitants within

costs due to sick leave from

GIS

2012

a 1 square kilometer radius

work

Statistics

CBS, 2015

(TEEB.stad; Steenbreek et
al., 2010)
Cultural Ecosystem

Increase in property value

Percental increase in value

Hedonic pricing:

Service

(one time)

depending on proximity of

An onetime increase in value of

UGS (%)

properties benefitting investors

(Teeb.stad; Luttik et al.,

and building agencies

1997; Jim and Chen, 2006)
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2.3.2. Carbon sequestration

Carbon emissions are a significant environmental problem worldwide and especially in cities
where traffic congestions and industry, such as the Rotterdam Harbour, emit large amount of
the greenhouse gas. The carbon dioxide from these emissions is one of the driving forces of
anthropogenic climate change, resulting in a variety costs to society (Tol et al., 2008). The
costs are calculated from various external damages called externalities as they are currently
mostly not accounted for. These externalities include for instance crop failure due to heating
up and drying of land and water systems (Nordhaus et al., 2010), storm pattern change
resulting in more frequent damaging storms and extreme rainfall events that can cause large
amounts of damage to infrastructure and property in the city (Dorland et al., 1999).
Climate change results in a net increase in the global temperature, which exacerbates the
already existing urban heat island effect in urban areas, which can have large consequences
for city quality of life and energy use (Nordhaus et al., 2010). In addition to the before
mentioned local urban problems, the emission of greenhouse gases have a variety of effects
that transcend national border, such as sea level rise, air quality decrease, loss of
biodiversity and increasing climate induced conflict refugees (Reuveny et al., 2007; Bellard et
al., 2012; Jacob et al., 2009). All these environmental problems that are caused by climate
change incur large amount of costs that are difficult or impossible to account for. Its
transboundary nature calls for complicated international policies (Millennium Ecosystem
Assessment, 2005). One of the mitigation strategies proposed to limit the effects of the global
climate change problem is the removal of carbon from the atmosphere and sequester it in the
earth system through the natural carbon cycle. Carbon from the CO2 greenhouse gas is
sequestered trees and green vegetation through photosynthesis. Part of the emitted CO2 is
diffused into sea (Schimel et al., 1995). In the case of the Kralingse Bos, the effective yearly
storage of vegetation in urban green spaces has been quantified with plot measurements of
several hectares (Appendix III.b). Where samples of the vegetation and soil were collected
and dry weight and carbon content analyzed (Appendix III.b). The carbon content can then
be related to the age of the Kralingse Bos to get the average yearly sequestration in tons per
hectares. Multiplied by the total area of the Kralingse Bos the yearly amount is 20760 ton.
Coupled with the earlier mentioned social cost of carbon which is composed of the avoided
damage costs caused by the enhanced greenhouse effect. The valuation of the Carbon
sequestration service of the Kralingse Bos can be estimated (Nordhaus et al., 2010; Tol et
al., 2008).
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2.3.3. Air filtering

Aside from CO2 sequestration, which has its benefits predominantly valued by the mitigation
of climate change effects, trees and shrubs in urban forests also have an important
functionas sinks of various air pollutants (TEEB, 2010). These pollution particles and gases
are also predominantly emitted from human activity such as industry and traffic. When
assessing air pollution in general, several pollution types are looked at specifically due to
their harmfulness: nitrogen dioxide (NO2), Ozone (O2), Sulphur dioxide (SO2) and particulate
matters (PM10 and PM2.5). Particulate matters have higher exposure rates than SO2 to the
general public through combustion of fossil fuels directly in traffic close to residential areas,
while SO2 is mainly emitted in industrial areas such as the Rotterdam Harbour (Akimoto et
al., 1994). NO2 differs from PM10 in that its main harm is being the source material for
nitrogen radicals, which then react with oxygen to form tropospheric ozone (Duan et al.,
2008). Furthermore, there is not a clear consensus in the ability of vegetation to reduce NO2
from the atmosphere (Næss et al., 2006). With some researches indicating even a net
increase in NO2 formation in air in areas close to parks and other green spaces in the city. As
there is no clear effect of vegetation on NO2 only PM10 filtration will be analyzed in this thesis.
PM10 is particulate matter with a size of >10 micrometers. Quantification of PM10 is important
because as an air pollutant its small size can be very harmful to humans (Anderson et al.,
2012). PM10’s effect on human health has been studied through lung exposure tests
(Kampman et al., 2001). The small particles can penetrate deep into the lungs resulting in
increase of respiratory diseases in areas of high PM10 concentrations (Kampman et al., 2001;
Anderson et al., 2012). The quantification of particulate matter is mainly done through the
combination of onsite background measurements and empirical formulas (CBS/WUR, 2018).
The formulas for this method are explained in Appendix III.c. A map can then be constructed
using GIS showing the relative areas of filtration within a park (Appendix I) and the total
amount of PM10 can be expressed in kg filtered by vegetation per m2, which is easy to value
according to several cost methods linking kg of PM10 exposure and human health problems
further explained in Air filtering value (Anderson et al., 2012; Kampman et al., 2001). The
total amount of PM10 filtrated is calculated by multiplying the PM10 filtration per ha per
vegetation type by the whole area covered by this type of vegetation in the Kralingse Bos.
From the GIS map 60kg/ha for forest and 10kg/ha for grass is derived resulting in a total of
5805 kg PM10.
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2.3.4. Water regulation
One of the important regulating services that an ecosystem can provide is water regulation.
Soil and vegetation can reduce the mixing of polluted and non-polluted water, provide
drinking water through filtering water and can act as an emergency retention basin during
heavy rainfall (Pataki et al., 2011; Veldhuis et al., 2010). Urban areas contain a lot of
impervious cover such as roads and pavement resulting in increased runoff during heavy
rainfall which will mix with polluted sewage water (Bonan, 2015; Veldhuis, 2010). Water
pollution can be an especially damaging factor of flooding when toxic materials from industry,
for example the Rotterdam harbor, or pathogens from sewers gets mixed in the floodwater
on the streets. The mixing of clean and polluted water creates a hazard for human health
(Veldhuis et al., 2010). The avoided costs associated with extra water storing capacity are
the extra treatment costs needed for the water to be safe again for general use. The avoided
treatment costs can be calculated with information about treatment plant costs. Other costs
are the replacement costs for artificial storage units, which tend to have a known lifetime and
high initial building cost. Both of these costs can be valued per cubic meter of stored water
which needs to be quantified first. To get the potential storing capacity of Kralingse Bos the
average speed of water percolation in soil during a theoretical rainfall event is calculated
(Derkzen et al., 2015). The result of this calculation gives the amount of liters L that can be
filtrated into the soil per square meter m2. In the case study of the Kralinge Bos an average
rainfall event of 10mm/h was taken (Derkzen et al., 2015). The values for the different land
types in the park are: 8.7 L per m2 for forest, 8 L/m2 for grass and 10 L/m2 for the water
surface. A conversion is then needed to convert the L/m2 to cubic meters of water (m3)
needed for the calculation using information of the Dutch water treatment installations. The
total amount of m3 is calculated through multiplying the values of each land use type with the
total amount of area of this land use type within Kralingse Bos. The total storage capacity
amounts to 27166 m3 for the Kralingse Bos.

2.3.5. Temperature regulation
Trees and other vegetation can cool their surrounding area in a variety of ways. Cooling can
be an important service especially for urban areas as climate change together with an
increase in traffic and city density can lead to an enhanced urban heat island effect (EUHIE)
which results in several degrees Celsius increase in temperature in concentrated in the city
center. The effect is self-reinforcing as cooling the city and buildings requires more
consumption of energy which then contributes to the increasing the amount of greenhouse
gas emissions enhancing the warming effect. GIS data can be used to show the enhanced
UHI effect and also the effect of green and water on the temperature decrease surrounding
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those (Bowler et al., 2010). Studies have shown that the cooling effect of a large park can
reach up the radius of 1000m around the park depending on the water availability of the
vegetation (Schmidt, 2006; Bowler et al., 2010). These maps are available from Atlas
Natuurkapitaal and with them the average decrease in temperature relative to the urban heat
island in the neighborhoods around the park can be calculated (RIVM, 2017). Heat stress
from the EUHIE can result in more premature deaths, increased energy use and loss of labor
hours due to a decrease in work efficiency coupled with medical costs for treatment
(McPherson et al., 1997; Chaparro and Terradas, 2009).
Vegetation cools the immediate air around it through the process of transpiration, the release
of water through the leaf stomata of the plant absorbing some energy as the latent heat flux
in Joules (Bowler et al., 2010). Natural processes like these prevent the trees from heating
up too much in the sun. Together with evaporation from the UGS’ soil the total amount of
water transferred into the atmosphere is called the evapotranspiration (Schmidt, 2006). The
water changes phases from liquid to gas in this process which absorbs some of the heat
energy of the air according to the energy balance. The process can be used to get the
amount of cooling released per tree expressed in the energy unit kJ.
Literature review related the total cooling and heating energy saved are largely dependent on
the tree type and existing climate (Akbari and Taha, 1992; McPherson et al., 1999). In
Rotterdam the amount of energy saved by cooling would be relatively low since it is not usual
in the Netherlands that cooling mechanisms such as air conditioners are used. In general 1%
of the total electricity use is used for cooling (Monitoring Warmte CBS Statline, 2015).
Nevertheless studies have shown that urban forest can decrease this electricity demand up
to 40% in a radius of 1 sq. kilometer around the park (Kikegawa et al., 2006) resulting in
decreases in energy costs even for The Netherlands (CBS, 2018).

2.3.6. Therapeutic and medical value
Green areas have a generally positive impact on the mental and physical wellbeing of
humans (TEEB, 2010). Research has shown that walking in green areas or having higher
accessibility to green space can help with prevention of a variety of mental and physical
illnesses. Illnesses include Intestine diseases, migraine, diabetes, asthma & COPD, lung
diseases, back and neck injuries, depression, anxiety disorders and coronary heart diseases
(KPMG, 2012). Coronary heart disease is the most costly at ~17billion euro/year (KPG, 2012;
CBS, 2018). Currently approximately 9% of the Dutch population suffers from one of these
illness, which results in large treatments costs (KPMG, 2012; CBS, 2018). The Central
bureau of statistics have linked a general decrease in depression rates and a variety of other
sicknesses to an increase of available green space in that area (CBS, 2018; KPMG, 2012).
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The amount of residents that have regular access to the park can then be estimated using
average travel distances of residents. Studies have shown that people are willing to travel
regularly on foot if the park is within a 400m radius (Wolch et al., 2002). Using CBS data and
a buffer zone map the total amount of residents that have regular access to the park can
then be estimated (CBS Wijk- en Buurt Kaart, 2017, Appendix I). The number of households
in each of the neighborhoods together with the estimated amount of residents is shown in
Table 2. The residents are calculated assuming an average of 1.8 residents per household
which is the average in the neighborhoods around Kralingse Bos (Weetmeer.nl). With the
resident data can be calculated that approximately 55% of the people living in one of the
neighborhoods surrounding he Kralingse Bos have regular access to the green space
assuming a park area of 173 ha and a buffer zone of 1100m surrounding the forest, shown in
the buffer zones map in Appendix I. From a CBS study it can be concluded that the people
that have access to and are benefitted by the green effect is a 1:1 correlation (1% green
space access means 1% less patients). The amount of residents suffering from illness that
benefit from the therapeutic value can be calculated according with the 55% accessibility of
the park. Coupled with the prevalence of an average of 0.835 patients with one of the 9
illnesses per 1000 resident’s, results in a total of 1837 prevented patients in the research
area.

18
Table 2 Neighborhood household statistics. Data is within 1 km bufferzone around the park. (CBS)

Neighbourhood

Households in 1km

Residents

Oud Crooswijk

3600

6480

Nieuw Crooswijk

1480

2664

Rubroek

469

844

Kralingen West

5798

10436

Kralingen Oost

3384

6091

S’ Gravenlande

1760

3168

Prinsenland

2497

4494

Lage landen

2900

5220

Kralingse Bos

55

99

Total

21943

39497

2.3.7. Labor loss prevention
Aside from direct medical costs prevention of healthcare patients due to ecosystem services
another benefit is the prevention of lost working hours due to sickness. It has been estimated
that yearly companies and employers in the Netherlands lose 13 billion euros worth of labor
hours due to employees reporting sickness (KPMG, 2012). These values are estimated using
the average pay and average duration of sick leave from the central bureau of statistics
(CBS, 2018). Prevention of sickness due ecosystem services such as air pollution reduction
and therapeutic value has the added benefit of reducing lost work hours on top of the
reduced medical costs and lower efficiency in the workplace. The total lost amount of hours
result in a certain amount of opportunity costs that companies lose.
The quantification of the amount of patients benefitting from the ecosystem services is similar
to the calculation of those benefitting from the therapeutic value: using the total area of the
UGS to average out the fraction of residents that have regular access to the park close to
their homes (Appendix I). The result is a slightly lower amount of prevented patients than the
therapeutic value, but a much larger potential cost saved from the hours of labor lost. Due to
the extra factor of worker participation, the fraction of potential patients is multiplied again by
the working fraction of 67%. Using the methodology of the TEEB.stad tool, this leads to an
average of 1254 (67% of 1837) of prevented sick workers attributed to the service that the
Kralingse Bos provides.
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2.3.8. Green effects on property value
Several studies have been done on the subject of property value and vicinity to urban parks,
lakes and other open green spaces in the city (Littuk et al., 1994; Jim and Chen, 2006). The
studies show that people are willing to pay more for a property if it is reasonably close to
green space due to the perceived benefits of living near a park, such as an escape from the
city, aesthetic appreciation and cooler air (Jim and Chen, 2006). The value of these services
can be effectively expressed in the increase of value of the properties around it. The
TEEBtool estimates based on the research that 6-9% of the value of property within 400m of
an urban park, forest or lake is attributed to the ecosystem services that the UGS provides
(Jim and Chen, 2006; Luttik et al., 1994). This increases even more to an 8-12% fraction of
the total value if the property is directly next to the UGS (Luttik et al., 1994). For the
assessment a conservative value of 6 and 8% is used.
To estimate the total amount of households, a buffer zone of 400m surrounding Kralingse
Bos in ArcMap is created in the same CBS map used in the calculation of the amount of
residents for the therapeutic value in the bordering neighborhoods (Appendix I). Each Dutch
municipality also keeps a track record of the value of each property per neighborhood and
this data is openly available from Statistics Netherlands. The total value of all properties
combined is calculated as a one-time contribution of the urban ecosystem to the increase of
property value, indirectly representing the aesthetic appreciation and ‘escape from busy
urban life’ ecosystem services.
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2.4 Valuation of Ecosystem services (RQ1)
Next step after the classification of the services is the calculation of the economic benefit of
each service to get the total economic value of the Kralingse Bos. The economic benefit of
each service has to be discounted in order to get the realistic net present value over 30
years. Several standard methods can be used to value the services such as the avoided cost
method, willingness to pay, hedonic pricing or travel cost methods. The avoided cost method
is however most suitable for almost all of the regulation ecosystem services that are being
assessed in this research. The ecosystem services prevent a certain damage and the
theoretical loss of ecosystem service thus results in increased damages and costs. Therefore
the vegetation in parks can be approximately valued according to the avoided cost.
Most monetary values are obtained through review of studies in areas of similar to the
Kralingse Bos. Thus, the values for general avoided costs, replacement cost and hedonic
prices are assumed to be accurate for Rotterdam circumstances. Finally, the actual value,
after inflation correction, is calculated using the year of the research paper as reference year
to calculate the value of money in present times using the internet tool of the Dutch institute
of social history (IISG). After inflation correction, the TEV is discounted with a discount rate of
2.5% (Taken from Investopedia.com) to get the 30 year prospected NPV in 2048 according
to the 30 year NPV calculation utilized by the TEEB.stad tool

2.4.1. Carbon sequestration value
The valuation of carbon sequestration is done through the avoided costs and associated
global welfare increase as a result of carbon reduction policies (Nordhaus et al., 2010; Tol et
al., 2008). From a meta-analysis of 16 studies researching the linked benefit of carbon
reduction and the potential damages of global climate change average costs of carbon are
estimated to be around 165 US dollars per metric ton (Tol et al., 2006). Standard deviations
are, however, quite significant, also mentioned by some reports within the meta-analysis.
The standard deviation value of 443 $ is due to the inclusion of total amount of damage costs
done in the past by anthropogenic carbon emissions. For the interest of future development
of ecosystem services however, the marginal costs of carbon needs to be calculated. These
are the costs of each additional ton of emitted carbon. The marginal cost is averaged from
the meta-analysis to be approximately 44$ per ton C (tC) with an average discount rate of
3% (Tol et al., 2006). The time-equivalent of this value is approximately 44 euro per ton
according to the latest conversion and inflation rates of 2018 (Ruigrok et al., 2006). The
marginal social cost is then combined with the calculated yearly carbon sequestration into
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biomass of Kralingse Bos (20760 ton per year ● 44 euro) to get the yearly TEV of carbon
sequestration: 913440 euro per year.

2.4.2. Air filtering value
The medical costs of PM10 are derived from the variety of respiratory illnesses related to
areas in which large peaks of PM10 concentrations are present (Escobedo and Nowak, 2009;
McPherson et al., 1997). The total amount of PM10 is expressed in kg PM10. Exposure to a
certain amount of kg PM10 results in respiratory illnesses with associated medical care costs.
Using the information of the CBS/WUR GIS map with the total potential amount of PM10
filtrated by vegetation, the valuation can be done using the healthcare cost value. The value
is derived from dose-response models calculating the effects of certain amount of particulate
matter on human health and then calculating the potential medical costs (Kampman et al.,
2001). The study’s conclusion was a value of 300 euro potential damage per kg PM10, which
is the 405 euro per kg used by the TEEB.tool after inflation-correction. The valuation results
in 2.3 million euro per year for this service alone, 1.88 million per year after discounting

2.4.3. Water regulation value
The total water retention capacity of green space in Kralingse Bos is calculated using the
amount of liters that can be stored in the soil of the park during an average Dutch rainfall
event . Storing water in the soil has a double benefit of filtering rainwater preventing it from
mixing with polluted sewage (Daily et al., 2009). The average costs of treatment through a
RWZI (Dutch sewer treatment installation) is estimated to be around 0.7 euro per m3 and
averaged by TEEB.stad to around 1 euro when adjusted to current inflation rates. The costs
for the actual storage itself is obtained from the average cost effectiveness for water
retention of green space compared to artificial storage basins (McPherson et al, 1999). The
storage basins of Kruisplein used for emergency storage during floods have an average cost
effectiveness of 420 euro per m3 for a return period of T = 100 years (Rotterdam Waterplan,
2018). Using the data from Rotterdam Waterplan a total cost of 4.2 euro per m3 is calculated,
which is spent annually to protect infrastructure from flood damage (Rotterdam
waterplanning). Since these costs are separate from each other (treatment versus storage)
due to the basin water still needing to be filtered. The avoided and replacement costs can be
added resulting in a total of 5.2 euro per m3. 27166 m3 is the total storage capacity quantified
for the Kralingse Bos. Thus, the value of this ecosystem service can be calculated with these
replacements cost and capacity resulting in 141263 euro per year as is shown in Table 3.
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2.4.4. Temperature regulation value
The total energy saved through temperature regulation to be largely dependent on the tree
type and existing climate (Akbari and Taha, 1992). In the case of Rotterdam the amount of
energy saved by cooling would be relatively low since it is not usual in the Netherlands that
cooling mechanisms such as air conditioners are used (Statline, 2017). The values from
literature range the cooling potential from approximately 12 to 60 euro/tree depending on
either cold or hot climates (McPherson et al., 1999; Akbari and Taha, 1992). According to a
study in done for Tokyo, Japan, the effect of urban forest cooling can be felt in a 1000m
radius around the forest, resulting in 40% reduction in cooling needs (Kikegawa et al., 2006).
The 40% reduction can be applied to the average cooling energy usage of households in the
Netherlands and the price of electricity from statistics data (CBS, 2018). These are 36 kWh
per household per year and 0.2 euro per kWh respectively, resulting in 2.5 euro per
household per year avoided energy costs. Approximately 55,000 euro per year is saved in
the case of the number of households (21,943) in the radius affected by the cooling of the
Kralingse Bos (RIVM kaarten, 2017).

2.4.5. Therapeutic, medical and labor loss values
The combined medical costs of the 9 prevented diseases is calculated through data available
from the institute of health and environment (RIVM) and presented in the TEEB NL KPMG
report. The total costs are estimated around 868 euros per patient per year. From this source
the fraction of his cost that is caused by lung diseases is subtracted as to avoid double
counting the benefit that the air purification service provides, which also uses the method of
avoided medical costs for quantification and valuation. With consideration of double counting
the average medical costs decreases to 678 euro per patient per year according to the RIVM
values for lung disease medical costs per patient. The medical cost value is then multiplied
by the 1873 patients living in the buffer zone. The results are a TEV 1.3 million euro per year,
1.0 million euro per year after 30 year discounting.
The total labor costs are also calculated by adding efficiency losses, sickness leave and
replacement costs with the following labor loss data from CBS (CBS, 2016):
Payments:

153 euro

Replacement cost:

146 euro

Loss of production:

43 euro

Loss of services:

60 euro

Totals:

410 euro per day
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The total is 2788 euro per patient per year when multiplied by the average sickness days per
worker of 6.8 per year, significantly more than the estimation of medical costs for the
therapeutic value. Multiplied by the 1254 patients found in the quantification method results
in the biggest contributor to the overall yearly TEV of the Kralingse Bos with 3.5 million euros
annually, 2.8 million per year after discounting 30 years.

2.4.6. Property values
The average household value according to the WOZ-loket (Waarde Ontroerende Zaken
(WOZ)) of the governmental institute is 387829. The TEEB.stad tool uses an average of 6%
increase in house as supported by literature (Jim and Chen, 2006; Littuk et al., 1994). The
total amount of households within the 400m buffer zone that indicate an effect on household
price increases is 9074. Results are a one-time total increase of 193 million euros, 155
million euro after 30 year discounting.

2.4.7. Valuation and quantification table
All the final monetary values are listed in the Total Economic Value (TEV) column of the
ecosystem service valuation Table 3 below, next to the 30 year NPV and values both are
given in million euros per year. The main source methods used for each service benefit is
listed in the valuation column together with the quantified unit.
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Table 3 Valuation of the ecosystem services after value correction according to year of research and inflation. The Total Economic Value (TEV) is calculated and from it the 30year Net Present Value
(NPV).

Ecosystem

Benefits

Valuation

service

Quantification

TEValue

30 year discounted NPV

(unit)

(M.euro/year)

(M.euro/year)

0.9

0.8

2.4

1.9

0.1

0.08

0.06

0.04

1.3

1.0

(source)
Carbon

Lower social costs associated

44 euro/ton C

20,760 (ton per

sequestration

with harmful climate change

(Tol et al., 2008)

year)

effects

(Van den Berg,
2018)

Air filtering

Avoided health damages

405 euro/kg PM10

5,805 (kg per

(TEEB.stad; Kampman et al., 2001)

year)
(CBS/WUR, 2018)

Water

Avoided costs for water treatment

1 euro/m3/year treatment

27,166 (m3)

regulation

plants

(RWZI)

(Derkzen et al.,

4.2 euro/m3/year storage costs (Rotterdam

2015)

Replacement costs for storage

waterplan, 2007)

basins
Temperature

Avoided energy costs

regulation

21,934
3 euro/household

(households)

(Kikegawa et al., 2006)

(CBS wijk en buurt
kaart, 2017)

Therapeutic

Avoided costs associated with

678 euro/patient/year

1,873 (patients)

and medical

patient therapy and less efficient

(RIVM, 2003; KPMG, 2012)

(TEEB.stad)

value

labor
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1,254 (patients)

3.5

2.8

6% per property

8,273 (households

193

155

(Luttik et al., 1997)

with average

Labor loss

Avoided costs due to sick leave

2788 euro/patient/year

prevention

from work by affected residents

(KPMG, 2012; Steenbreek et al., 2010)

Increase in

A onetime increase in value of

property value

properties benefitting investors

(one time)

and building agencies

value 390,000,euro)
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2.5. Costs
Besides the monetary valuation of the ecosystem services it is necessary to incorporate the
immediate costs of the urban green space in order to properly assess the magnitude of the
ecosystems value compared to the general investment and upkeep costs that are associated
with similar urban park management. The department of finances of the municipality of
Rotterdam and the department of planning have general calculations available indicating the
cost of new green spaces and the general maintenance costs of urban forests. These include
one-time investments such as park infrastructure and developing and making it suitable for
plantation and structural costs, like general maintenance done by the forest workers in
service of the municipality. Park development cost in the Netherlands vary per municipality
with the most expensive being the municipality of Amsterdam due to the extremely high price
per m2 that must be developed (KPMG, 2012). The planning bureau of Rotterdam estimates
general costs to make land suitable through detoxification, soil restoration and clearing
existing infrastructure to about 20 euro per m2 (GREX Raming, Gemeente Rotterdam 2017).
Other urban forest projects such as Bos en Lommer Park have calculated an investment cost
of approximately 30 euro per m2 and will be used for the Kralingse Bos case (KPMG, 2012).
Multiplication of 30 euro per m2 with the total land area of Kralingse Bos of 173,0000m2 is
done to get the total investment estimation for a park this size. The results are a theoretical
modern investment cost of 51.9 million euros for an urban forest of the area size of Kralingse
Bos. The maintenance or replacement costs for Kralingse Bos happens irregularly with the
last investment being carried out in 2017 (Rotterdam Jaarplanning, 2017). Therefore the
KPMG study uses a general maintenance and upkeep cost of parks of 1.2 euro per m2
resulting in approximately 1.9 million euros per year in order to replace and maintain
infrastructure and the trees of Kralingse Bos (Rotterdam Jaarplanning, 2017; KPMG, 2012).
The totals of these identified recurring and one-time costs are shown in the table 4 with their
discounted total NPV.
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Table 4 General costs overview of the Kralingse Bos

Type of Cost in euros

Recurring

One time

30 year tNPV

(million

(million euro)

(million euro)

euro/year)
General Maintenance

-1.9

-

-1.5

-

-51.9

-42

-1.9

-51.9

-43.5

Investment costs
Totals

2.6. Scenarios (RQ2)
The planning bureau of the municipality of Rotterdam has an active policy to include as much
green space in new building projects as possible. Ecosystem service assessments can help
build support for these alternative plans, which are often more expensive than traditional city
and street planning. Being more expensive can result in current political actors to view the
green alternatives as economically undesirable. Comparing the monetary value of ecosystem
services provided by urban forests to a traditional neighborhood with paved streets and
sidewalks can give information on the potential of incorporating as much green space as
possible in the project. The higher development costs for a green alternative scenario can be
weighed against the potential avoided costs for health and environmental damages and thus
create an incentive for green alternatives. With information acquired from the city planning
and development department of the municipality of Rotterdam a small case study can be
made using a planned expansion of a neighborhood next to the Kralingse Bos in a set of
future scenarios. The comparison of ecosystem service benefits in these scenarios will be
done through the same methods as explained in the methodology if they are applicable. The
department of city planning of municipality of Rotterdam, Stadsplanning, has plans for the
renewing and expanding of a neighborhood called Nieuw-Kralingen north of the Kralingse
Bos in an area of 12 ha (figure 5 and 6). The residential area will consist of 800 new housing
blocks with an estimated of 1440 new residents, as a result more people will benefit from
certain ecosystem services of the park. For example, more people will experience the
therapeutic value due to more potential patients living adjacent to green areas.
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Figure 1 Nieuw Kralingen development plan map. The area of interested is highlighted in either green or orange
depending on the scenario

The map above shows the current plans of the new neighborhood Nieuw Kralingen of the
spatial planning bureau (RPB). The neighborhood will consist of new housing blocks for
residents as indicated in the layout of figure 6. Average house value is estimated according
to the averages of the other Kralingen neighbourhoods is 390,000 euro. The total estimated
costs for the project are 58 million euros (from GREX Raming, Municipality of Rotterdam,
2018). In the assessment of ecosystem services this scenario will be called scenario 1.

Figure 2 Detailed layout of the planned new neighborhoods (GREX Raming, Gemeente Rotterdam 2017)
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An alternative, scenario 2, to the new neighborhood is the development of an expansion of
woodland connected to the Kralingse Bos. The new woodland of 12 ha (roughly 10% more
new urban forest (Nieuw Bos) than the existing situation) will result in a general increase of
7% higher ecosystem services for the whole average park including the non-forest areas (12
ha added to 118 ha forest in a 173 ha park).
The main differences for ecosystem services are illustrated in Figure 7. The results for each
of these scenarios is shown in the scenario result section of the results chapter 4.2. Note that
the increase in labor and medical cost prevention in scenario 2 is 14% increase on the
adjacent neighborhood. According to a CBS study (CBS, 2017), the effectiveness of these
services increases with people of low social classes. Since Nieuw-Kralingen is situated next
to Oud-Crooswijk a low social class area the effect of these services is estimated to be
doubled in this case study (CBS, 2017). The cause for this effect are the higher prevalence
of the 9 assessed illnesses used by the TEEB.stad tool in areas of lower social class. The
study shows double (average of 11% opposed to 5% national average) prevalence’s of
diabetes coronary heart diseases and depression, the most significant contributors to the
total cost of all illnesses (KPMG, 2012; CBS, 2018; Bloedsuiker.nl; TEEB.stad)

Figure 3 Main differences of each scenario
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3. Results
3.1. Total Net Present benefits and costs
Table 5 shows the accumulated cash flows for each service, including the house prices for
30 years, until the year 2048. Compared to the other values, the cooling service and
especially the water retention capacity service are rather small. Still over a period of 30 years
they together amount to approximately 8.3 million euro.
Table 5 Total Economic Value and total Net Present Value after 30 years. *note: one time values do not add up
over time but rather decrease as discounted years increase.

Service

TEV one time

TEV yearly

Total 30 years tNPV

(Million euro)

(Million

(Million euro)

euro/year)
Air filtering

(-)

2.4

65.3

Carbon sequestration

(-)

0.9

25.4

Water retention

(-)

0.1

3.1

Medical value

(-)

1.3

35.3

Labor loss value

(-)

3.5

97.1

Cooling

(-)

0.06

1.8

193*

(-)

155.5*

(-)

-1.9

-51.3

Investment costs*

-51.9*

(-)

-42.1*

Totals

141.1

6.4

228.9

Property value*
Maintenance costs

The results show a yearly TEV of 6.4 million euro per year provided by the ecosystem
services in the form of avoided damage and replacement costs. The end result is a total of
228.9 million euros of benefits accumulated in 30 years.
Figure 8 shows the time scale of benefits minus the perceived costs discounted over the
future for 30 years. The initial investment for the construction of a forest similar in size of
Kralingse Bos will be 51.9 million euros (KPMG, 2012). It will then take approximately 8
years (in 2024) in order to ‘pay back’ this investment with the ecosystem service benefits’
total economic value when leaving out housing prices due to uncertainty of future real estate
markets.
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Figure 4 NPV development over 30 years. Break-even point is around end of 2026

The distribution of each service is shown in Figure 8 and in percentages in Table 6 to
illustrate the relative difference in value of each service. It can be seen that the labor loss
value comprises 42% of the total monetary value.
Table 6 percentage distribution of the ecosystem services assessed in this study

Service
Air filtering
Carbon sequestration
Water retention
Medical value
Labor loss value
Cooling
TOTAL

TEV (million euro /year)

2.4
0.9
0.1
1.3
3.5
0.06
8.2

Percentage (%)

29
11
2
15
42
1
100

36
4000000
3500000

euro / year

3000000
2500000
2000000
1500000
1000000
500000
0

Air filtering

Carbon
sequestration

Water
retention

Therapeutic
value

Labour loss Temperature
prevention
regulation

Figure 5 showing the relative size of the monetary benefit each service provides relative to the other services

3.2. Scenario comparison results (RQ3)
The monetary results for each scenario are shown in Table 7. Scenario 1 the new
neighborhood will increase the amount of residents within 1 kilometer radius of the Kralingse
Bos only has. Thus resulting in increases in medical value and labor loss value. Scenario 2
the same ecosystem services are provided compared to the existing urban forest and
therefore the same methods could be used. Only adjusting the size of the new forest space
and leaving out the herbaceous and water services is required.
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Table 7 Differences in ecosystem service monetary values between Scenario 1 (Neighborhood) and Scenario 2
(Urban forest)

Scenarios

scenario 1

scenario 2

Euro per year

Euro per year

Air filtering

-

130,000

Carbon sequestration

-

55,000

Water retention

-

5,400

45,000

79,000

120,000

220,000

4,300

4,700

170,000

480,000

Medical value
Labor loss value
Cooling
Totals

Distribution graphs of ecosystem services for each scenario are shown in figure 10 and 11.
Note the large contribution of the cultural services in each scenario. Scenario 1 adds
ecosystem value to the labor loss prevention and therapeutic value because those rely more
on the number of people benefitting from ecosystem services. Scenario 2 adds forest and
green area close to low income neighborhoods such as Oud-Crooswijk. The labor loss
prevention and therapeutic value are based on the number of average patients suffering from
the 9 illnesses used for the calculations in the methodology. Both these services provide
double benefits due to their increasing effectiveness with residents of lower social classes as
the prevalence of illness in this group is found to be roughly double than national average.
The results show a difference in ecosystem service yearly benefits of 0.32 million euro per
year.
0.14

Million euro / year

0.12
0.1
0.08
0.06
0.04
0.02
0

Therapeutic value

Labour loss prevention Temperature regulation

Figure 6 Distribution of ecosystem services assessed in scenario 1
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Figure 7 Distribution of ecosystem services assessed in the expansion of urban forest scenario 2

The payback time for each scenarios differs depending on the initial investment cost. The
total investment cost for scenario 1 is 58 million euro according to the financial papers from
the municipality department of planning (GREX Raming, Anne Mollema). Compared to the
estimated forest construction costs of 3.6 million this is a large difference. However with large
differences in land uses these values can hardly be compared in economic analysis.
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4. Discussion
Even though public attention for ecosystem services rises and an increasing amount of policy
makers in the municipalities of the Netherlands are interested in the concept, accurate
valuation of all possible ecosystem services remains difficult. A definitive valuation strategy
for all ecosystem services does not exist yet.
This report found a payback time of 8 years, which is similar to another urban forest case by
KPMG. The report concerns the development of a new urban forest Bos en Lommer in
Amsterdam and estimated similar payoff times (KPMG, 2012). This report only utilized the
benefit of the cultural services into calculating this payoff time and concluded it to be around
8 years (KPMG, 2012). Due to the cultural services being by far the highest valued service
type in this research.
The methodology used in this thesis contains several uncertainties. The source of
uncertainty in the quantification is different from the source of uncertainty in the valuation.
The valuation data is based mostly on average Dutch data acquired from statistics. The
water retention service valuation data is even specific for Rotterdam as it is acquired from the
municipality. It can be therefore assumed that it is accurate. The only exception is the social
cost of carbon used for the valuation of carbon sequestration. This service is valued through
meta-analysis results.
The quantification is based on national averages for each ecosystem type, while there may
be local differences within a specific ecosystem type in the actual services provided. Higher
accuracy for the quantification data needs specific on site-measurements (such as air, soil
and water pollution measurements) in addition to the GIS analysis. The quantification
uncertainties are mainly limited to the following services: air purification, therapeutic and
labor loss prevention, as for these services a maximum potential of the forest and park is
calculated rather than the actual use. Actual benefit received from these services may
therefore be lower depending on the actual exposure to humans. This could be further
quantified by on site-measurements. Comparison between the potential filtration values
obtained for PM10 through the CBS/WUR maps and studies done specifically for Rotterdam
(Derkzen et al., 2015), however show similar results. The quantification uncertainty for the
medical and labor loss services is the amount of patient prevention used. The methods used
by TEEB.stad use a CBS study that indicates 1% of green space within a certain radius
results in 1% less potential patients. This method is based on national averages, however
specific circumstances could prevent residents from using UGS effectively. To accurately
calculate the amount of residents benefitting from UGS in an area, further participation
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surveys and exposure research needs to be conducted. The estimations are however done
on the basis of large scale surveys from literature, thus it can be assumed that the
quantification data is suitable for large scaled researches. Furthermore, the specific
measurement of quantification data can be a very time consuming and costly process, which
might not be interesting for institutions such as the municipality.
The cooling regulating service uses data from other urban forests applied to the Kralingse
Bos. To minimize these uncertainties calculation adjustments were made to make the data
more suitable for calculation in a Dutch climate. The cooling service uses results from studies
in Japan and the United States where more energy is consumed for cooling in households
(Kikegawa et al., 2006; Wilhite et al., 1996). The study in Japan showed a percent decrease
in cooling demand in a 1 kilometer radius around an urban forest due to a decrease of
temperature of 1-2 degrees Celsius. The Atlas Natuurlijk kapitaal maps show a similar
cooling effect for the Kralingse Bos in Rotterdam. In the calculations, average values for the
cooling energy per household in Rotterdam assumed, as most households in the
Netherlands do not use any system of indoor cooling. Since cooling is not an important
energy use in the Netherlands and the exact received amount of cooling benefit is difficult to
quantify, but as the benefit is relatively low as compared to for instance the cultural services,
uncertainty in results will not greatly affect the overall outcome for the Kralingse Bos.
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5. Conclusions
After discounting and accounting for maintenance and investment costs, the Kralingse Bos
provides substantial amounts of net benefits to the surrounding neighborhoods in a large
variety of ways. Regarding RQ1: The total amount of the monetary values of ecosystem
services in Kralingse Bos are 228.9 million euro after 30 year discounting. Depending on the
investment cost per municipality the payback time of an urban forest similar in size of the
Kralingse Bos is approximately 7-8 years. With more information coming available on the
topic of ecosystem services as knowledge about this subject increases, the valuation of the
Kralingse Bos can increase further by incorporating more services. More services included in
the assessment could possibly lower the payback time even further, but will need more
research on accurate calculations to get a realistic and shorter payback time. Incorporating
increase in property values the addition of green space close to residential areas can even
pay off itself instantly through the 6 to 8% increase in real estate value.
Answering RQ2: The scenario study pointed out that both scenarios, a new residential areas
and expansion of forest, can increase existing ecosystem services. In scenario 1, building a
new urban area, ecosystem services are enlarged through increasing exposure to residents.
In scenario 2 more ecosystem services are provided as a result of the expanded forest.
There is however, a difference in size of the monetary values calculated for each scenario
with the expansion of the forest supplying higher benefit of 0.3 million euro per year,
answering RQ3. This conclusion can create incentives for future investors and development
planners to incorporate as much ecosystem services in new neighborhood plans. The
incorporation of ecosystem services can capture some of the value of UGS and help prevent
it from being replaced with traditional infrastructure.
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Appendix I GIS maps
The following maps have been made using the ArcMap program. The attribute tables
associated with the PM10 map and Cseq are used to quantify their respective service

GIS
Buffer map used to estimate households and residents within 1000 and 400m from the park
(OpenStreetMap)

43

GIS map of the total carbon sequestration averaged over the whole park area (Van den Berg, 2018)
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PM10 filtration GIS map. (RIVM)
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Temperature decrease due to vegetation and open water. Map from Atlas Natuurkapitaal (RIVM,
2017)
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Figure 8 Neighbourhood GIS map. (Wijk- en Buurtkaart, CBS 2017)
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Appendix II Additional information quantification
The area quantification done in this thesis is mainly based on public GIS files and literature reviews.
The Review of Ecosystem services in the Rotterdam paper of Derkzen et al., 2015 compiled a lot of
indicators for climate change using findings of other urban ecosystem service researches. The
indicators are listed in the table below taken from the report “REVIEW: Quantifying urban ecosystem
services based on high‐resolution data of urban green space: an assessment for Rotterdam, the
Netherlands” by Derkzen et al., 2015. (Note: Not all indicators in the report are used in this thesis).
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Appendix III Source formulas
III.a NPV
The following is the formula for calculating NPV:

In this equation:
Ct = net cash inflow during the period t
Co = total initial investment costs
r = discount rate, and
t = number of time periods
A positive net present value indicates that the projected earnings generated by a project or
investment (in present dollars) exceeds the anticipated costs (also in present dollars).
Generally, an investment with a positive NPV will be profitable, and an investment with a
negative NPV will result in a net loss. This concept is the basis for the Net Present Value
Rule, which dictates that the only investments that should be made are those with positive
NPV values.

Net Present Value (NPV) Definition | Investopedia https://www.investopedia.com

III.b Carbon stock
The following from the report of Wouter van den Berg (2018):
In the plot centre a soil profile of 0-50cm beneath the surface is taken. From 0 to 15cm
beneath the surface a sample is taken to measure carbon content. This is sampling depth
which is recommended by DEFRA (2012). The soil sample is brought to the laboratory
(Omegam) where the percentage of soil organic material (SOM) is measured. To calculate
the soil organic carbon (SOC) the results of Omegan are multiplied by 0,58 as SOC content
is 58% of the organic matter (FAO, 2017).
SOC stock is calculated by the formula SOC (kg/ha) = SOC (%) x BD (g/cm3) x SD x 1000
Where: BD; Bulk density, SD; Sampling depth (cm)
Due to a limitation in assets the bulk density values per sample were not measured.
Therefore the average bulk density of 1,3 g/cm3 is used (Pribyl, 2010).
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The soil profiles are used as additional information for the Municipality.
The total carbon storage per plot is calculated by total aboveground carbon storage + total
soil carbon storage. To calculate C and CW per hectare the plot results will be multiplied with
25.

III.c PM10
From the CBS/WUR report (2018):
Input data
Name dataset
Ecosystem Unit map
Yearly average PM10 2013
PM10 capture parameters
Tree phenology
Rain days

Data type
Spatial data
Spatial data
Reference values
Observations
Statistics

Source
Statistics Netherlands
RIVM
Powe and Willis (2014)
Nature Today
Environmental Data
Compendium

Method description
Particulate matter is captured through deposition on leaf and bark surfaces. The process of
deposition depends on tree type and meteorological conditions (Powe and Willis, 2004).
Deposition varies depending on density of the foliage and leaf form (the leaf area index, LAI).
For the calculation of PM10 capture by vegetated ecosystems (e.g. forests, natural
grasslands, cropland, heath) we combined the Ecosystem Units map with a 10m spatial grain
with a map of yearly average PM10 in µg m3 (based on 24 hour daily averages) for 2013 on a
1000 m spatial grain (RIVM, 2013).
PM10 capture was estimated using the following equation (as in Powe and Willis, 2004):
ABSORPTION = SURFACE ● PERIOD ● FLUX
where:
ABSORBTION = dry pollution deposition on vegetation cover (PM10 capture in µg m-2)
SURFACE = area of land considered (A in m2) ● surface area index (S in m2 per m2 of
ground area)
PERIOD = period of analysis (t in s (i.e. 31536000 s)) ● proportion of dry days per year (pdry)
● proportion of in-leaf days per year (pon-leaf)
FLUX = deposition velocity (vd in m s-1) ● ambient PM10 concentration (CPM10 in µg m-3)
Or,
PM10 captureon-leaf (in kg ha-1) = A ● Son-leaf ● t ● pdry ● pon-leaf ● vd ● (10-9/10-4) ● CPM10
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PM10 captureoff-leaf (in kg ha-1) = A ● Soff-leaf ● t ● pdry ● (1 - pon-leaf ) ● vd ● (10-9/10-4) ● CPM10
We take,
Mon-leaf = A ● Son-leaf ● t ● pdry ● pon-leaf ● vd * (10-9/10-4) ●0.5
And,
Moff-leaf = A ● Soff-leaf ● t ● pdry ● (1 - pon-leaf ) ● vd ● (10-9/10-4)*0.5.
where the factor 0.5 denotes the resuspension rate of particles coming back to the
atmosphere (Zinke, 1967).
For each vegetated ecosystem unit we add these multiplication factors Myear = Mon-leaf + Moff-1
leaf to calculate PM10 capture in kg ha based on ambient PM10 concentration, CPM10 in µg m
3
. The deposition velocities, the surface area index and multiplication factors per ecosystem
unit with vegetation cover are summarized in table A2.10.1. Values for deposition velocity are
based on Powe and Willis (2004), however, for coniferous forest, we used a similar LAI as for
in-leaf deciduous forest based on a meta-analysis by Asner et al. (2003).
Data on phenology of emergence of leaves until the end of leaf fall of trees in the
Netherlands (Nature Today, 2017) was used to estimate the proportion of in-leaf days for
deciduous forests, on average deciduous trees were on-leaf from mid-April to mid-November
(i.e. pon-eaf = 7/12). Data on average number of rain days with ≥ 1.0 mm precipitation
(Environmental Data Compendium, 2017) was used to calculate the proportion of dry days.
The average number of rain days in the Netherlands in the period between 1981 and 2010
was 131 (i.e. pdry=234/365).
Table A2.10.1 Deposition velocities (m s-1), the surface area index (m2 m-2) and
yearly multiplication factors per ecosystem unit with vegetation cover.
Deposition velocity
On-leaf
Off-leaf
0.0010
0.0010
0.0010
0.0010
0.0010
0.0010
0.0010
0.0010

Surface area
On-leaf
Off-leaf
2
1.5
2
1.5
2
1.5
2
1.5

Myear

Ecosystem unit
Annual crops
0.18
Perennial crops
0.18
Meadow
0.18
Hedgerows
0.18
Dunes with permanent
1.691
vegetation
Deciduous forest
0.0050
0.0014
6
1.7
1.87
Coniferous forest
0.0050
0.0050
6
6
3.03
Mixed forest
2.452
Heath land
0.0010
0.0010
2
1.5
0.18
Fresh water wetlands
0.0010
0.0010
2
1.5
0.18
Natural grassland
0.0010
0.0010
2
1.5
0.18
Public green space
0.0010
0.0010
2
1.5
0.18
Other unpaved terrain
0.0010
0.0010
2
1.5
0.18
River flood basin
0.0010
0.0010
2
1.5
0.18
1
Dunes with permanent vegetation is calculated as the average of the factors for coniferous
forest, deciduous forest and other vegetation.
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Mixed forest is calculated as the average of the factors for coniferous forest and deciduous
forest.
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