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Summary
To sustainably develop and manage ecosystems, the United Nation published an
experimental System of Environmental Economic Accounting – Experimental Ecosystem
Accounting (SEEA-EEA). It is a straightforward way to express values of ecosystem services
and call for ecosystems’ protection and people’s awareness. All the data measurements in
SEEA-EEA should be in line with the System National Accounting (SNA), which is the
recommended standard, focuses on indicator calculations of economic activities and is
applied in all countries. Publication the SEEA-EEA shows that ecosystem services are as
important as economic activities as both of them directly generate value for people’s life. To
meet an EU call, Statistic Netherlands started a three-year project “Ecosystem Accounting
for the Netherlands” to test whether the SEEA-EEA can be implemented in the Netherlands.
My thesis study, which was part of this project, followed the present biophysical account.
The province of Zuid-Holland is chosen as the study area. It is one of the most economically
vital Dutch provinces and includes one fifth of the Dutch population. Some land- use changes
occurred due to the high population density and altered their ecosystem services and values.
Thus, this thesis aims to evaluate the ecosystem services of Zuid-Holland province in 2006
and 2013, and assess the impacts on ecosystem services’ value because of land-use changes
between 2006 and 2013.
To evaluate ecosystem services, he resource-rent, replacement and avoided damage
methods were used. The resource-rent method valued crop and timber production,
recreational hiking and nature tourism, since they all have clear revenues and costs. The
replacement method, which has strict implementation conditions, was only used for drinking
water production, since this production can fully be replaced by man-made infrastructures.
The avoided damage method was used for carbon sequestration and air filtration. These two
services do not have market prices or suitable substitutes that can totally replace the service
when the service no longer exists.
The estimated monetary value generated by the assessed ecosystem services were about
€930 million (€2300 per hectare) and €820 (€3000 per hectare) million in 2006 and 2013
respectively. Crop production, PM10 air filtration and natural tourism contributed most. The
supply tables showed that four land-use types (i.e. crop land, grass land, forests and
unpaved terrain) contributed a large share of the total monetary value. The use tables
showed that the section of household benefited most. This was about €700 million in 2006
and €640 million in 2013.
In assessing the impacts of land-use changes between 2006 and 2013, land-use maps were
compared. The built-up area increased most at the expense of agricultural land but less at
nature areas and forests. The total monetary value decreased by 19% between 2006 and
2013. Decreases in annual and perennial crop lands, grass lands, forests and unpaved terrain
contributed much.
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Despite some uncertainties by limited local data sets and the valuation methods, my study
provided a clear trend in ecosystem-services values’ changes. As most services are not
included in national accounts but benefit people’s daily life, SEEA-EEA shed a light on them.
The results provided insights on optimizing societal benefits of land use and could raise
people’s awareness of those services.
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1 Introduction
With the acceleration of urbanisation, environment and local climate are highly affected.
The impacts of climate changes are intensified due to the large emissions of greenhouse
gases (IPCC, 2014; Bazrkar, 2015). In 2015, under the increasing pressure of climate change,
the 21st meeting of the Conference of Parties (COP21) negotiated a new global agreement
to call for lower greenhouse gas emissions until the second half of the 21st century. The
agreement, which is also known as Paris Agreement, includes 17 sessions. Paris Agreement
concerning ecology puts the importance on ensuring the integrity of all ecosystems, the
protection of biodiversity and the concept of ‘Mother Earth’. Human existence cannot be
separated from the natural world. The processes of ecosystems in the world provide a series
of goods and services for human well-being; for example, forests generate timbers and
fruits, they also prevent floods after rainstorms. All the benefits that people gain from
ecosystems are called ecosystem services (De Groot, 1992; Daily, 1997; Nelson, 2009). The
Millennium Ecosystem Assessment divides all ecosystem services into four sections:
provisioning services that people can directly gain from ecosystems(e.g. crops, fish and
water); regulating services that benefit people’s living quality(e.g. air filtration, carbon
sequestration and disease regulation); cultural services that could enrich people’s mental
enjoyment(e.g. education and recreational activities); supporting services that indirectly
beneficial for people(e.g. nutrient cycling and genepool protection). To prevent possibilities
of overlapping and double counting, supporting services will be not taken into consideration
in this case.
Together with the 2010 Aichi Targets, the Paris Agreement shows that policy makers highly
prioritize importance of ecosystems protection and restoration. The European Union (EU),
which is a powerful party of these conventions, commits to all the agreements and also
supports the sustainable development goals to 2030. Sustainable use and management of
different ecosystems are considered as the key points to keep and raise life quality for not
only the current but also the future generations (European Commission, 2016). Since
ensuring an environmentally sustainable future for humanity is important, identifying
ecosystem services as a quantitative nature-based approach can support policy
development. Some EU policies also consider ecosystem services. For example, the EU
biodiversity strategy to 2020 aims to stop the loss of ecosystem services and biodiversity in
the EU (European Commission, 2011a). Furthermore, the investments to restore ecosystem
services likely are also effective strategies to stimulate economic development (European
Commission, 2011b).
A straightforward way to express ecosystem services is the economic benefits that people
can obtain from them (UN et al., 2017). Ecosystem services valuation not only can inspire
people of environmental protection directly but is also a helpful tool for decision making and
ecosystem management (Hein L et al., 2006). The recognition, division and valuation of
ecosystem services compose the ecosystem accounting, which is an integrated decision
6

making approach for a better measurement and monitoring of ecosystem services and
conditions over time steps. To meet the call from EU, Statistic Netherlands has been working
on the project “Ecosystem Accounting for the Netherlands” to test whether the System of
Environmental Economic Accounting – Experimental Ecosystem Accounting (SEEA EEA) can
be implemented in the Netherlands. SEEA EEA is an experimental measurement guide
published by United Nation to deal with the implementation of measurements of ecosystem
services in 2014. All the data measurements in it should be in line with System National
Accounting (SNA) which is a recommendation standard mainly focusing on indicators
calculations of economic activities and is applied in every country (UN, 2015).
Former studies on ecosystem services valuation focus on individual ecosystems or specific
landscapes (Hein L et al., 2006). Monetary valuation accounting of ecosystem services now is
getting more attentions among scientists. The number of studies that following SEEA EEA
framework, yet, is still small and their studies mainly concern about the basic valuation of
single or multiple ecosystem services (Remme, 2015; La Rotte, 2017). Besides, after the
publication of Millennium Ecosystem Assessment (MA, 2005), the relationship between land
use changes and ecosystem services value has drawn wide interests. Although to have an
integrated concept of ecosystem-service value and land use management still is challenging
and is strongly debated (de Groot et al., 2009), land-use changes affect the ecosystem
composition and lead to changes of ecosystem-services’ values. Building a monetary regional
account is worthy and apply such account to local land-use changes can give a new angle to
better understand the current environmental services situation and determine which landuse changes could lead to the largest ecosystem services benefits.

1.1 Case study
This study is a part of a three-year project called ‘Ecosystem accounting for the Netherlands’
to test and implement the monetary account following the present biophysical account.
Zuid-Holland province is chosen as the study area. It is located in the west of the
Netherlands and covers approximately 3403 km2 in which terrestrial area is about 2818 km2
(Figure 1). It is one of the most economically vital province in the Netherlands and is located
several metropolitan area such as Rotterdam and The Hague.

Figure 1. Location and city distribution of Zuid-Holland, the Netherlands
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In this study we focus on terrestrial ecosystems. The ecosystem services that will be valued
are crop production, timber production, drinking water production, carbon sequestration in
biomass, air filtration for PM10, recreation hiking and nature tourism.

1.2 Problem statement
The Netherlands is a high urbanised country. The majority of its population is living in the
western part of country and a large share (i.e. 21%) lives in Zuid-Holland (STATISTIC
NETHERLANDS, 2015). Some land-use changes occurred due to the high population density
and led to changes in ecosystem services and values. All regulating and cultural ecosystem
services are considered as public beneficiaries whom are non-rival and non-excludable.
People can equally enjoy these services. Therefore, a more crowded place would have higher
impacts of the ecosystem services changes. Hence, to study the extent of the changes and
their economic implications is worthy. This could also be helpful to develop better land-use
plans or give policy-relevant advice.

1.3 Objective and research questions
This study aims to provide ecosystem-services monetary accounts for the Dutch province
Zuid-Holland for 2006 and 2013. It analyses and evaluates the selected ecosystem-services
biophysical supply and use accounts. Furthermore, to investigate the impacts of land-use
change on ecosystem services value between 2006 and 2013, land cover maps and total
ecosystem service values are compared period.
This aim will be achieved by addressing the following research questions (RQs):
RQ1

What value do ecosystems contribute to the total monetary value of the selected
ecosystem services in 2006 and 2013?

RQ2

What are the effects of different valuation methods on RQ1’s results?

RQ3

What are the supplying monetary benefits of chosen ecosystem services in 2006
and 2013?

RQ4

Who benefits from the selected ecosystem services in 2006 and 2013?

RQ5

How do land use changes affect the monetary value in 2006 and 2013?

1.4 Thesis outline
The outline of the thesis is visualized in a flowchart (Figure 2). Chapter 2 includes three
valuation method descriptions and designs of monetary supply and use tables. Chapter 3
describes all the specific estimations of every ecosystem service in 2006 and 2013 and
answer the research question (RQ) 1 and 2. Chapter 4 summaries all the estimated value of
every ecosystem service from chapter 3 and provides monetary supply and use tables in
2006 and 2013, respectively. The results of this chapter answer RQ 3 and 4. Chapter 5 will
compare land use changes between 2006 and 2013 basing on land use maps and assess the
8

impacts on total monetary value that will answer RQ 5. Chapter 6 provides a discussion of
the findings and uncertainties in this study. The last chapter will give an answer of ‘How do
land use changes affect ecosystem services accounting in 2006 and 2013’ and some
highlights on main findings that answer all the research questions

Fig 2. Schematic diagram of the thesis report
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2 Methodology
The study will focus on the monetary valuation of ecosystem services and the impact of land
use change between 2006 and 2013. Different usages of land will have influences on
ecosystem biophysical structure and services providing, which will lead to different
economic value. Besides, all the values that people gain from ecosystem are not allocated
equally. Stakeholders (users) have various benefits. The conceptual and research framework
is shown as below (Figure 3).

Biophysical phase

Monetary phase

Benefit
s

Figure 3. Conceptual & Research Framework (Adaption based on TEEB 2010; Maes et al., 2012)

2.1 Valuation methods
Ecosystem services valuation is a hot topic since the concept of ecosystem services was
raised and is receiving more attention. Based on long-term developed environmental
economics study, two main valuation categories are frequently used, one is welfare–based
methods, such as monetary metric of revealed preference and stated preference, the other
one is environmental economic accounting (Liu et al., 2010; Edens and Hein, 2013; Remme,
2015). Welfare-based methods derive valuation from observations of human preferences or
behaviours, which is very useful in cost-benefits analysis for decision makers (Liu et al.,
2010). Contrarily, environmental accounting mainly focuses on measures of economic
activities, that is to say, only takes objective valuing transaction into consideration and
excludes consumer surplus (UN et al., 2009; Edens and Hein, 2013). Following the SNA
valuation principles, all the data in the ecosystem accounting, which is a part of national
accounts, should be comparable between countries and be able to apply integrated analysis.
Two main methods qualified and technically recommended by SEEA EEA to be implemented
in monetary valuation: resource rent method and replacement cost method (UN, 2017). In
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addition, some revealed preference methods with initial exchange value such as travel cost,
hedonic cost and avoided damage cost can also be applied in accounting valuation.
2.1.1 Resource rent method
According to the concept of resource rent method, ecosystem service value is seen as the
residual of the total avenue from which all the costs of initiate, operating, labour and fixed
capital have been excluded. Note that the total avenue is expressed as the basic selling price
without subsidies and taxes. Hence, this method is applied when market price is available.
In this study, the resource rent method is used for the valuation of crop production, timber
production, recreational hiking and nature tourism since they all have clear revenue and
costs. For the recreational hiking, its value can be analysed as the costs for hiking clothes,
shoes and equipment, etc. which means the actual costs that people pay for the enjoyment
of hiking. It is a simplified valuation method due to the variation of hiking distance choice
(from short walking in surrounding neighbourhood to day long long-distance hiking) and free
access of most of the hiking spots. It is always hard to estimate value of leisure fulfilled by
ecosystem services. Some researchers also implemented resources rent method on the
value estimation of cultural services such as recreational hunting (Remme, 2015).
2.1.2 Replacement method
Some ecosystem services have insufficient market data and can be replaced by man-made
infrastructures. To value ecosystem services with the replacement, three conditions need to
be met when implementing it: 1)replacement infrastructure has the same quality and
quantity as the service provides; 2)replacement method is the lowest cost alternatives;
3)this infrastructure can totally replace and function well if the service has no longer existed
(Bockstael et al., 2000; Remme, 2015).
The value of drinking water production in the form of natural filtration (groundwater) and air
filtration for PM10 could be estimated using the replacement method. For the replacement
equipment of air filtration service, a company announced that the largest outdoor air filter
has already placed in Rotterdam in 2015 (Voon, 2015), but the efficiency has not been
experimented and confirmed in practice.
2.1.3 Avoided damage method
Most of the regulating services do not have market price and nor have suitable replacement
methods that can totally replace the function if the service no longer exists. Hence, their
value should be measured with avoided damage method. It estimates the value of one
ecosystem service based on the costs that people need to pay for a happened disaster if it is
absent (Liu et al., 2010). The absence of these carbon sequestration and air filtration services
could lead to a large negative impact on human health and social economic loss. Therefore,
services of carbon sequestration in biomass and air filtration for PM10 were valued using the
avoided damage method. With the available data of average costs of one unit, the total
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ecosystem service value was presented after combined with total quantities in biophysical
accounts.

2.2 Biophysical quantitative methods
All the quantitative biophysical data in 2013 of chosen ecosystem services in this study based
on previous study within Ecosystem Accounting project in the Netherlands and land cover
maps from STATISTIC NETHERLANDS with resolution 10m x 10m in 2006 and 2013 (Remme
et al., 2018). Some biophysical data in 2006 were not produced within the Ecosystem
Accounting project such as drinking water production and carbon sequestration in biomass
and soils. Therefore, these biophysical quantities will be calculated using the same methods
and models as in 2013 as described as follow.
For the biophysical quantities of water production, three types of water sources were
identified for the usage as drinking water: infiltrated surface water, river bank groundwater
and phreatic groundwater. The infiltrated surface water is used dunes to implement
infiltration after artificial injection, the other two are both using natural ground to take the
responsibility of infiltration but phreatic groundwater stays longer time in the ground and is
mainly produced inland. The combination of geographic data of water extraction places and
extracted water volume of each well was as input of the analysis.
For the estimation of the amount of carbon sequestrated in biomass and soils in 2006, the
same look-up table (LUT) approach as for 2013 was used but updated for forest and
ecosystem types with trees (based on Coenen et al, 2016). This LUT was built mainly based
on the greenhouse gas reporting of the LULUCF (Land use, Land use change and forests)
sector in the Netherlands (Arets et al., 2015; Lof, 2017). The look-up table is shown in
Appendix 1 (Table 23). The carbon sequestration ability of forest land in 2006 and 2013 are
1.45 ton C/ha/year and 1.84 ton C/ha/year, respectively. Most of carbon sequestration
ability of each category per hectare per year in the LUT is invariant proposed by scientific
literatures such as meadow, hedgerows and fresh water wetlands. Some depends on the
forest area such as perennial plants, dunes with permanent vegetation and public green
space. Hence the amount of carbon sequestration in biomass in 2006 and 2013 could be
deducted by application of the LUT and land cover map of 2006 and 2013.

2.3 Design of supply and use table
The supply table will show the monetary value provided by ecosystem units and the use
table, on the other hand, will present the application conditions of economic and human
activities units such as agriculture and manufacturing. These tables are the core part of
ecosystem accounting (UN et al., 2014; UN et al., 2017). These supply and use accounts
record the actual flows of the benefits provided by different types of ecosystem services and
employed by economic and human activity units which are clarified by SNA within chosen
accounting period. Following the SNA accounting standards, the supply and use of
ecosystem services should always be equal, which means if there is no user of one service,
then the supply of it will not be counted.
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The design of the supply account table will follow the standard of SEEA EEA guidelines and is
shown in Table 1. The columns of the supply tables are the different types of ecosystem
units and are aligned with former biophysical supply accounts, the rows are the chosen
ecosystem services. The value of the ecosystem biophysical supply will be gained directly
from former study (Remme et al., 2018).
Table 1. Sample of monetary supply table

Area
Crop production
Wood production
Drinking water
production
Carbon
sequestration
Air filtration for
PM10
Recreational hiking
Natural tourism

Total supply

Etc.

floodplains

Public
green space

wetlands

Mixed
forest

Beach, sand
and dunes

unit

Ecosystem
service

Agriculturegrass land

Ecosystem types

ha
€/yr
€/yr
€/yr
€/yr
€/yr
€/yr
€/yr
Table 2. Sample of monetary use table

Crop production
Drinking water production

€/yr
€/yr
€/yr

Carbon sequestration

€/yr

Air filtration for PM10

€/yr

Recreational hiking

€/yr

Natural tourism

€/yr

Wood production

Total use

Etc.

Accumulations

unit

Other
industries
Households

Ecosystem services

Agriculture
,forestry and
Electricity
fisheriesand
gas supply
Water supply

Economic unit types

Yet, the monetary use table will be designed differently (Table 2). The columns of monetary
use table are the users from ISIC (International Standard Industry Classification of All
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Economic Activities) and rows are ecosystem services. Although there is a guide from ISIC,
none of the economic users clearly defined for the chosen ecosystem services. All the
economic users, thus, will define basing on their physical and monetary model
characteristics (Remme, 2015).
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3 Monetary results per ecosystem service
Seven ecosystem services will be valued in this chapter: resource rent method will be
conducted on crop production, wood production, recreational hiking and nature tourism
services; replacement method will be used for drinking water production and air filtration
for PM10 services; avoided damage method will be implemented on carbon sequestration
and air filtration for PM 10 services. The final valuation results of every ecosystem service in
2006 and 2013 will be used to calculate the total value.

3.1 Crop production
Crop production service as a provisioning service is an initial benefit that people can gain
from ecosystems. As described above, the crop production service can be valued through
resource rent method. Following the categories of biophysical data present, crop production
service is divided into three categories: cereals, potatoes and other crops. Based on the
classification of Dutch Farm Accountancy Data Network (FADN), Cereals comprise of wheat
and barley; Potatoes comprise of seed potatoes, ware potatoes and starch potatoes; Other
crops includes open field vegetables which mainly consists fruits, cabbages and lettuces. For
the calculation of crop production monetary value, all the data were gained from Dutch
FADN and relative STATISTIC NETHERLANDS databases. Detailed description of resource rent
calculation for arable crops in 2006 is given below and is repeated for the other crops in
2006 and all the crops in 2013.
Based on the concept of resource rent method, data of total revenue, operating cost, labour
cost and user costs of fixed capital were needed. For an easy merging with biophysical
account, the unit of all elements should be deducted as euros per ton of crops. Available
input data of total revenues per ton of cereals and potatoes were collected and deducted
from producer basic price in which VAT was excluded (FADN, 2006a). Available operating
costs include seeding and planting costs, fertilizer costs, energy costs and machine
maintenance costs (FADN, 2006a; FADN, 2006b). The energy cost includes the electricity and
gas cost of running an arable farm and the fuel cost of running machines. These data were
expressed for an average arable farm; therefore they should be deducted into five arable
crops per ton separately basing on the ratio of planting area and crop yield of normal arable
farms. Planting area ration of five arable crops were calculated basing on the average area
which were 0.24 for wheats, 0.11 for barleys, 0.16 for seed potatoes, 0.17 for ware potatoes
and 0.32 for starch potatoes. The labour cost of planting crops were deducted from the
expenditures of contract workers for each type of crops (FADN, 2006a,c). Machines,
greenhouses and lands are considered as fixed capital and their value were deducted with
the depreciation of fixed capital (FADN, 2006b,c). Since the costs of fixed capital are
expressed in per arable farm, it is estimated that the crop with higher total revenue would
take up more fixed resource (Remme, 2015). The fixed capital cost, hence, were distributed
among five arable crops according to their revenue ratio. Besides, for the other crops, data
of revenue, operating costs, labour costs and fixed capital were also gained from Dutch
15

FADN (FADN, 2006d). All the initial costs mentioned before are shown in Appendix 2 (Tables
24 and 25).
The total yield and planting area were obtained from vegetables yield and cultivated area
table (STATISTIC NETHERLANDS, 2006). All the initial data of crops unit value in 2006 and
2013 were collected, calculated and shown in Tables 3 and 4.
Table 3. Initial unit revenue and costs of each type of crop in 2006 (based on Dutch FADN and
STATISTIC NETHERLANDS)
Category

Cereals
Potatoes

Wheat
Barley
Seed
Ware
Starch

Other
crops

Average Total
area (ha) yield
(ton)

Revenue
(€/ton)

Specific Energy
cost
cost
(€/ton) (€/ton)

Maintenance
cost (€/ton)

Labour
cost
(€/ton)

Fixed
capital
cost
(€/ton)

21
10
15
15
28

182
62
501
668
1076

157
157
288
163
40

51
50
76
39
23

15
21
4
3
3

17
24
4
3
4

8
20
2
3
3

33
69
88
49
6

26

1209

225

69

10

12

41

28

Table 4. Initial unit revenue and costs of each type of crop in 2013 (based on Dutch FADN and
STATISTIC NETHERLANDS)
Category

Cereals
Potatoes

Wheat
Barley
Seed
Ware
Starch

Other
crops

Average
area (ha)

Total
yield
(ton)

Revenue
(€/ton)

Specific Energy Maintenance
cost
cost
cost (€/ton)
(€/ton) (€/ton)

Labour
cost
(€/ton)

24
10
18
15
34

211
71
662
709
1473

209
198
288
130
71

65
62
93
48
27

21
25
5
4
4

25
30
6
5
5

14
16
4
5
4

Fixed
capital
cost
(€/ton)
40
91
73
40
10

27

1478

252

90

16

18

63

40

After all the initial unit revenue and costs of different crops for resource rent calculation
were obtained, they should be allocated into the three recognised categories: Cereals,
Potatoes and Other crops based upon the relative share of their total yield within the same
category. For example, wheats and barleys took up 68% and 32% of the total cereal yield in
2006, respectively. For the other crops, the planting hectares and crop yields data were
gained from Statistic Netherlands (STATISTIC NETHERLANDS, 2006a). The final resource rent
results of three kinds of crops in 2006 and 2013 in Zuid-Holland are shown in table 5 and 6.
Table 5. Resource rent table of three kinds crops in 2006 (data based on Dutch FADN and STATISTIC
NETHERLANDS)
Revenue (€/ton)

Cereals
157

Potatoes
135

Other crops
225

16

Operating cost (€/ton)
Labour cost (€/ton)
Fixed capital cost (€/ton)
Resource rent (€/ton)

86
12
32
26

48
3
28
57

91
41
28
66

Table 6. Resource rent table of three kinds crops in 2013 (data based on Dutch FADN and STATISTIC
NETHERLANDS)
Cereals
206
113
15
58
21

Revenue (€/ton)
Operating cost (€/ton)
Labour cost (€/ton)
Fixed capital cost (€/ton)
Resource rent (€/ton)

Potatoes
143
59
4
35
44

Other crops
252
124
63
40
26

For the total ecosystem service value, crop yield data of three kinds of crops were applied.
The total yield data were from crops production table of STATISTIC NETHERLANDS in 2006
and 2013 and shown in Table 7 (STATISTIC NETHERLANDS, 2006&2013a). Note that due to
the unavailability of the fields of open field vegetables in regional scale, they were deducted
from total national yield with the portion of open field vegetable planting area in ZuidHolland province in 2010, which is about 10% of the total national planting area of open field
vegetables (LEI & Statistic Netherlands, 2011). According to this report, national cultivated
areas of open field vegetables were relatively stable from 2000 to 2010 (vegetable planting
area in the open were all about 24000 ha). Therefore, it was assumed that the ratio was also
stable and can be applied to the open field yields between regional and national scale in
both 2006 and 2013.
Table 7. Crops yields in 2006 and 2013 of Zuid-Holland province (data based on STATISTIC
NETHERLANDS)
Cereals (ton)

Potatoes (ton)

Other crops (ton)

2006

137763

424857

385470

2013

147015

493390

436040

Full valuation results are displayed in Table 8. It shows that the total value of crop
production in 2006 and 2013 were €53 million and €36 million, respectively.
Table 8. Valuation results of crop production

Revenue
Operating costs
Labour costs
Fixed capital costs
Resource rent

Cereals
22
12
2
4

2006 (in million €)
Potatoes
Other crops
57
87
20
35
1
16
12
11
53

2013 (in million €)
Cereals
Potatoes
Other crops
30
71
110
17
29
54
2
2
27
8
17
17
36
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3.2 Wood production
Wood production is one of the most important services that forests provide; nevertheless
the wood production and tree cutting are given a negative perception by Dutch general
public. The wood production of forests in the Netherlands contributes approximately 6% in
wood manufactory (PHN, 2006; VVHN, 2013). Timber production service of forests can
mainly contribute as raw material inputs of manufactories and energy generation. Although
solid biomass is also used in sustainable energy production together with wind and sun, the
main inputs are imported wooden pellets mainly from Indonesia (UNECE, 2017). Therefore,
the valuation of timber production is based on the wooden raw materials.
As for crop production, wood production is also calculated with resource rent method.
Available data were mainly gained from Dutch FADN. Revenue that was based on the total
revenue of an average private forestry created per hectare which was €258 in 2006 (FADN,
2006e) and €305 in 2013 (FADN, 2013a). The immediate costs include forest regeneration
and general management costs, trees felling down costs and machine maintenance costs.
Costs of labours were also taken into consideration in the immediate costs, in particular
forest surveillance, planting and harvest. Infrastructures such as roads, waterways and the
other facilities together with land are seen as fixed capitals. All the data of immediate costs
and fixed capital costs of one hectare are €249 in 2006 and €281 in 2013 based on an
average forest (FADN, 2006f; FADN, 2013b). Wood harvest volume in 2006 and 2013 were
both 3.8 m3 per hectare. The combination of revenue, immediate costs, fixed capital costs
and total harvest volume of an average forest was €2/m3 (FADN, 2006g). Following the same
procedures, the value of wood production in 2013 was €6/m3. Resource rent results of wood
production are shown in Table 9.
Table 9. Resource rent table of wood production in 2006 and 2013 (data based on Dutch FADN)
Revenue (€/ha)
Immediate cost & Fixed capital cost
(€/ha)
Resource rent (€/ha)
Resource rent (€/m3)

2006
258
249

2013
305
281

9
2

24
6

Based on the biophysical account (Remme et al., 2018), the production yield of timber in
Zuid-Holland province were 18800 m3 per year and 18300 m3 per year in 2006 and 2013.
Hence, the total value in 2006 and 2013 were €38,000 and €110,000 respectively. Full wood
production service valuation results are shown as Table 10.
Table 10. Valuation results of wood production
Revenue
Intermediate costs
Resource rent

2006 (€)
1,282,000
1,244,000
38,000

2013 (€)
1,464,000
1,354,000
110,000
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3.3 Drinking water production
Three types of drinking water are extracted: surface water, river-bank groundwater and
phreatic groundwater. Among them, drinking water that is extracted from natural filtration
groundwater was considered as an ecosystem service. Water companies in the Netherlands
strictly follow national regulation. I observed that the drinking water price is often lower
than its production costs or it has no relation with its production volume. In this case, the
resource-rent method is unappropriated. This is backed up by several studies that proved
that the value of water production was resulted in negative or zero after applying resource
rent method (e.g. Comisari et al., 2011; Eden, 2014). According to the three conditions of
replacement cost method, the least-cost option is using nearby surface water to produce
drinking water (in this case it is water from Maas river), the value of drinking water
production could be implemented by this method.
The drinking water in Zuid-Holland is provided by three different water companies (Evides,
Dunea and Oaseo) and 7% of it is extracted from groundwater(Vewin, 2006 & 2015).
Compared to groundwater, drinking water produced from surface water and river bank
ground water takes more steps of (artificial) infiltration and has higher costs in operating
processes. Furthermore, Dunea use dunes to conduct infiltration. There is a higher cost
involved because this method consumes more energy in extracting and pumping water
(Vewin, 2013). In this case of water companies in Zuid-Holland province, the ecosystem
service value can be calculated from the difference between drinking water production costs
of groundwater and surface water. According to the definition of water companies,
companies where at least 85% of production water inputs from groundwater, are
groundwater-based company and vice versa. The water companies in Zuid-Holland province
are considered as surface water companies. However, for the about 7% of the drinking water
that is extracted from groundwater we can calculate value of this service with the
replacement costs. The service value of drinking water production per ton is the difference
between production costs of groundwater-based companies and surface water-based
companies. Three parts of costs are included in the calculation: costs of capital, depreciation
and operational costs. All the data were obtained from Association of Dutch water
companies. Although taxes have large impacts on the difference due to abolition of Dutch
groundwater tax in 2012, the costs of taxes are not seen as a part of ecosystem service
value.
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The average costs of groundwater and surface water companies in 2006 was €1.04 and
€1.44 per cubic metre, respectively (Table 11). Repeating the same procedures on the data
in 2013, the results were €1.11 per m3 for groundwater companies and €1.52 per m3 for
surface water companies. In total, the average costs of surface water based drinking water
production were €0.4/m3 higher both in 2006 and 2013 (Vewin, 2013). Hence, the value of
drinking water production per m3 was €0.4 in both years.
Table 11. Results table of drinking water production in 2006 and 2013 (data based on Vewin)
3

Groundwater companies (€/m )
Surface water companies (€/m3)
Result (€/m3)

2006
1.04
1.44
0.4

2013
1.11
1.52
0.4

Drinking water production in 2013 was 75 million m3 of Zuid-Holland province (Remme et al.,
2018). After combined it with the unit value of drinking water production service and the
percentage of actual groundwater extraction rate in Zuid-Holland province which was 7%
(Vewin, 2016 & 2015), the total service value was resulted in €2 million.

3.4 Carbon sequestration in biomass and soil
Biomass growth and soil could store carbon from the atmosphere and provide a stable
climate. Therefore, the monetary value of this service could be measured through the
welfare loss of the whole society of carbon emission such as climate change, environmental
disasters and human health impacts. Based on the avoided damage cost method, the price
of marginal carbon emission could be estimated. Although EU emission trading system (EU
ETS) provides the most famous and widely used carbon price in the carbon trading theme,
biomass and soil that are not in the target scope cannot be applied. To cover the non-trade
sector, the UK Department of Energy and Climate Change published a value of CO2 appraisal
guidance in 2011. All the values, however, are based on the carbon emission targets of UK
and focus on the amount of reduced emission, which cannot be applied in this case. In
addition, several studies have been conducted to estimate the marginal carbon price. A large
variation exists in these estimations of carbon unit value, but there seems to have a
consensus that the marginal damage cost should not be higher than US$14/t CO2 (Tol, 2005;
Hein, 2011). For the carbon is reduced through natural reforestation processes, its price
ranges from US$2 to US$4 per ton (World Bank, 2008).
Social costs of carbon (SSC) is used to conduct valuation, which is published by United States
government to analyse the social benefits of reducing CO2 emission and it is based on the
changes of net ecosystem productivity, human health and property damage because of
climate changes (U.S. Government, 2013). Three discount rates were taken into account
namely 2.5%, 3% and 5%, among which 5% was chosen for it should represent government
long term investment (Hein, 2011). All the monetary numbers shown in SSC were based on
the dollar value in 2007. Average exchange rate, therefore, between euros and U.S. dollars
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in 2007 was used, which was 0.73 (Statista, 2017). Therefore, the unit value of carbon
sequestration was calculated using following equation:
𝑉𝑎𝑙𝑢𝑒 = 𝑅𝑉 ∗ 1.05𝑡−2010 ∗ 0.73

(EQ.1)

In which, RV represents the revised social cost value, t represents the year. According to the
SSC table (Table 12), values of carbon sequestration services were assumed to be €7 and €8
per ton of CO2 in 2006 and 2013, respectively.
Table 12. Revised Social Cost of CO2, 2010-2015 (in 2007 dollar per metric ton of CO2) and the
average annual growth rates between 2010 and 2020
2010 ($/ton)
2015 ($/ton)
Average annual growth rate (%)

5% Avg.
11
11
1.2

3% Avg.
32
37
3.3

These SSC data were multiplied with biophysical supply data to calculate the value of
sequestrated carbon in biomass and soil. According to biophysical accounts, carbon
sequestration by vegetation in Zuid-Holland province was 37,000 tonnes in 2006 and 41,000
tonnes in 2013 (Remme et al., 2018). Hence, the values of this service were proven to be
about €258,000 in 2006 and €328,000 in 2013.

3.5 Air filtration of PM10
Air filtration service could be valued by two methods: avoided damage method and
replacement method. On one hand, for the avoided damage method, air filtration service of
vegetation could decrease and control the PM10 concentration in the ambient air. It leads to
a decrease of people health damage risks and societal economic impacts. The value of this
ecosystem service could be expressed as the prevented damages value such as hospital
treatments. Besides, it is also a common valuation method of air filtration service. On the
other hand, air filtration service is provided by deposition process of vegetation leaves and
barks, thus the most straightforward way to value the service is to measure the costs of
man-made systems which could simulate the same processes. Therefore, we tried to
implement these two methods to value air filtration service in this study and check the
validation of application.
3.5.1 Avoided damage method
The particulate matters which aerodynamic diameters are less than 10µm are called PM10.
These small particles can easily get into lungs and causes respiratory sickness even mortality
(Hall et al., 1992). Studies show that trees and other vegetation play an important role in air
pollutants reduction and leaf surfaces are effective on capturing PM10 through dry
deposition (Beckett et al., 2000; Powe and Willis, 2004). This progress could generate social
benefits and decrease the risk of human health damage. Therefore, the value of air filtration
service can be measured through the avoided costs due to health damage.
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Former researches on the value of air filtration implemented with avoided damage method
often only took marginal avoided damage treatment cost associated with one unit of
particles removal from atmosphere into consideration such as the hospital treatment cost
and costs of working days loss due to incomplete data (Hein, 2011; Remme, 2015). These
costs, however, only lead to a high-level conservative estimation of the cost of health impact
at the level of society. In practice, these costs only represent a part of morbidity costs. Hunt
and Ferguson (2010) argued that in addition to the direct medical and non-medical costs
because of hospital treatment, costs due to productivity loss, leisure time loss and illness
suffering are also need to be included. A new economic cost calculation method which
includes a wide range of value sacrifice has been introduced by WHO regional office for
Europe. Value of a statistical life (VSL) as a new standard measurement of cost of mortality
was presented and it was derived from the marginal willingness to pay for the reduction of
premature death risk (WHO and OECD, 2015).
For the calculation of value of the service, the total economic costs due to PM10 pollution
and the total amount of PM10 pollutants should be known in which national emission and
transboundary PM10 should be included. All the available data were estimated for the
national scale; therefore, it was assumed that they are also valid for Zuid-Holland province.
The total economic cost of ambient PM10 pollution in the Netherlands in 2005 was
estimated at US$26.6 billion and 7,828 premature deaths from PM10 air pollution (WHO and
OECD, 2015). The cost was calculated mainly basing on the cost of mortality for which
contributes up to 91.9% in the total societal economic cost (WHO and OECD, 2015). Average
exchange rate between US dollars and euros in 2005 was used, which was 1.24 (European
Parliament, 2007). Total national PM10 emission in 2005 was 41,780 tons (STATISTIC
NETHERLANDS, 2018). Since there is strong southwest wind and Dutch PM10 concentration
is also influenced by neighbour countries, a correlation of the total PM10 concentration
should be made. Dutch National Institute for Public Health and Environment (RIVM)
estimated that the PM10 source from national anthropogenic emission takes up to 38% of
the total concentration (RIVM, 2001). The value of air filtration service was calculated basing
on the following equation:
𝑉𝑎𝑙𝑢𝑒 =

𝑇𝑜𝑡𝑎𝑙 𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑣𝑎𝑙𝑢𝑒∗0.38
𝑇𝑜𝑡𝑎𝑙 𝑒𝑚𝑚𝑖𝑠𝑖𝑜𝑛

∗ 𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒

(EQ.2)

Hence, the avoided health damage cost in 2005 of one ton PM10 was €195,000. After
conducting inflation correlation (2%), it was €199,000 per ton PM10 in 2006.
It was witnessed a large reduction of nation PM10 emission between 2005 and 2010, the
amount of PM10 national emission has dropped to 35,190 tonnes (STATISTIC NETHERLANDS,
2018). Besides, the economic costs of health impact have decreased to US$24.6 billion and
6,553 premature deaths (WHO and OECD, 2015). All the monetary data are based on the
value of US dollars in 2005 (European Parliament, 2007). Hence, after correlated with 2%
inflation interest, the avoided cost in 2013 of captured PM10 was €227,000 per ton.
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Although both the economic costs and PM10 emission decreased between 2005 and 2010,
the unit value of one tonne of PM10 increased. It is because the economic costs estimation
of health impacts is based on the growing national income and inflation. Therefore,
compared with the PM10 emissions, economic costs have a slighter decrease. This increases
the unit health impact value of PM10.
Above numbers are the national average values of air filtration service for PM10. Comparing
to the national average, Zuid-Holland province has a high population density. The monetary
value calculation of this service was based on the national economic costs due to life, leisure,
health and consumption loss. A place with higher density which means more people would
have higher chance of suffering from the PM10 pollution should have higher economic costs.
National population density in 2006 and 2013 were 483 and 497 per square kilometre,
respectively. When it comes to Zuid-Holland province, the numbers were 1226 and 1269 per
square metre (STATISTIC NETHERLANDS, 2006&2013c). Hence a correlation (which were
both 2.5) of average national monetary value was made basing on the ratio of population
density between Zuid-Holland province and the whole country. As a result, the avoided
damage cost in 2006 and 2013 of one ton of PM10 were €497,000 and €567,000
respectively.
Given the total estimated PM10 captured volume was 1330 tonnes in 2006 and 950 tonnes
in 2013 (Remme et al., 2018), the value of air filtration service based on the avoided damage
method were €661 million and €539 million in 2006 and 2013, respectively.
3.5.2 Replacement cost method
The ideal replacement structure of air filtration service can help PM 10 deposition processes
and keep a low PM10 concentration in the ambient air. In practice, compared with mature
industrialized indoor air filters, ambient air filters are in a fledging period. Recent studies
examined effects of positive ionization technology in adsorption of particulate matters and
some preliminary case studies were conducted in semi-enclosed space such as parking
garage and layer house (Winkel et al., 2012; Blocken et al., 2016). These experiments show
that the removal efficiency of PM10 is more than 50% in ambient space.
Based on this technology, the world first ambient air filter “Smog free tower” has been
produced. According to the statements of implementing replacement cost method, if it
functions well, it can be seen as a proper replacement machine for air filtration service. It
was stated by the creator that Smog free tower can clean 30,000 m3 air per hour in calm
weather in which PM10 reduction is up to 45% in a 20-meter diameter circle and the
operating cost is relatively low, which only cost electricity 1170 watts per hour (Studio
Roosegaarde, 2017). During practical running in Beijing, however, it did not perform as well
as it was described. Some informal testing by the media showed the tower has unstable
effect of air filtration and the degree of effect largely depends on the immediate
surroundings (CFEJ, 2016). Based on the fact of the low usefulness at current stage, the
creator defined that the main purpose of this tower is to raise people’s awareness and spur
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government rather than to solve the air pollution problem. Moreover, with incomplete data
the costs of capital and depreciation are unknown. Hence, it was not possible to implement
replacement cost method.

3.6 Recreational hiking
Hiking is the most popular sport in the Netherlands, for about two out thirds Dutch people
enjoy the pleasure of it in their daily life (Stichting Wandelnet, 2016). It is a healthy way for
people to have a close connection and fun with beautiful nature and landscapes. Besides, it
is accessible for everyone so it also offers an opportunity for people to have social contacts
with each other.
As a cultural service, in addition of the value of hikers’ mental satisfaction and health,
recreational hiking also creates a great amount of economic value. The value of this service
could be expressed as the costs people pay for to enjoy the leisure; therefore the resource
rent method was chosen to be conducted. Since it is incredibly popular in the Netherlands,
people are willing to spend money on the hiking clothes, shoes and subscriptions for routes
magazines and applications. Therefore, costs that hikers spent on the hiking relative aspects
such as clothes, shoes, membership for hiking association, professional hiking materials,
maps and guides were all taken into consideration. Traveling costs was excluded from the
calculation, for hiking is treated as a weekly exercise and it can be provided by all kind of
ecosystems. In addition, the total value of traveling costs represents the consumer
preferences for instance the choices of destinations and it should not be include in the
accounting. Besides, travelling cost method is another valuation method. Including travelling
costs could potentially create double counting which should be avoided. Data of 2010 and
2015 were used, because they were the closest available statistics. All the data of costs on
different hiking relative aspects of the whole Netherlands were collected and calculated by
Stichting Wandelnet based on the NBTC-NIPO database. The value of hiking service in the
whole Netherlands which is the total costs of hiking clothes, membership for hiking
associations, professional hiking materials and maps, was €524.1 million in 2015 and €226.6
million in 2010 (Stichting Wandelnet, 2010&2016). Together with the outdoor statistics from
NTBC-NIPO, the total hiking frequency for every province was known. Due to the high
population density, the total hiking frequency in Zuid-Holland province took up 18% in 2010
and 18.7% in 2015 of the total national hiking frequency, which also took up the greatest
portion of it (Stichting Wandelnet, 2010 & 2016). Therefore, the value of recreational hiking
in Zuid-Holland province was €40.8 million in 2006 and €98 million in 2013.

3.7 Nature tourism
Nature tourism service is provided by several environmental systems. It is an essential
service of the Netherlands, as nature situation has a large influence on the choices of holiday
destination of Dutch travellers (Visit Scotland, 2011). To calculate the value of this service, it
was implemented with resource rent method. All the available data in 2006 were calculated
as an example and the procedures were repeated for 2013.
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Economic revenues of the Netherlands are contributed by two parts: one is from foreign
travellers (25% for 2006 and 28% for 2013) and the other is from the domestic travellers
(75% for 2006 and 72% for 2013) (STATISTIC NETHERLANDS, 2017). About 26% of the foreign
travellers come to the Netherlands for business reasons, on the other hand, domestic
business travelling created about 1.3 billion economic revenues in 2013 representing about
3% of the whole domestic economic revenue (OECD, 2016; STATISTIC NETHERLANDS and
NBTC, 2016; STATISTIC NETHERLANDS, 2017). This part of revenue should not be included in
the total revenue, for they are only related to the potential travelling opportunities provided
in Zuid-Holland province and most of the business travellers do not have enough time to
enjoy nature tourism service (Remme, 2015). Moreover, economic revenues that made by
city tours should also be excluded since they are not provided by the natural ecosystems.
Basing on the survey conducted by NBTC Holland Marketing, about 20% of the total
spending by foreign travellers could be allocated to nature or forests tours (STATISTIC
NETHERLANDS and NBTC, 2016). For the domestic travellers, this portion was 31%
(STATISTIC NETHERLANDS and NBTC, 2016). Therefore, the equation of natural tourism
revenue should be:

Revenue = TR*F*(1-0.26)*0.2+ TR*D*(1-0.03)*0.31

(EQ.3)

In which, TR represents the total revenue made by tourism in Zuid-Holland province, F
represents the percentages of foreign travellers and D represents the percentages of
domestic travellers.
Taking the year of 2006 as an example. Total revenue of accommodation and food service in
tourism sector in 2006 was €3.2 billion (STATISTIC NETHERLANDS, 2006&2013e). The total
avenue of nature tourism, therefore, was €840 million. Costs such as immediate costs,
labour costs and costs of fixed capital were all calculated based on the accommodation and
food service sector of regional account (STATISTIC NETHERLANDS, 2006&2013e). Operating
costs which include all goods and services used in the production process was €420 million.
Labour costs and costs of fixed capital were €216 million and €27 million, respectively.
Following the same equation, revenues and costs nature-based tourism in 2013 was also
calculated. The results of resource rent in 2006 and 2013 are shown in Table 13.
Table 13. Resource rent table of nature tourism in 2006 and 2013 (based on STATISTIC NETHERLANDS
database)
Revenue
Operating costs
Labour cost
Costs of fixed capital
Resource rent

2006 (in million euro)
840
420
216
27
177

2013 (in million euro)
786
385
228
24
149

25

4 Monetary ecosystem service supply-use account
Total monetary evaluation results both in 2006 and 2013 will be presented in this chapter
basing on the estimates of every ecosystem service in Chapter 3. Moreover, supply accounts
of total value per ecosystem type and mean value per ecosystem type per hector will also be
presented after combining ecosystem service value estimates and ecosystem area.
Ecosystem types that have higher contributions can be identified according to the supply
accounts. To clearly illustrate the beneficiaries of different ecosystem service, use accounts
will also be presented in this chapter. All the beneficiaries are classified basing on
International Standard of Industry Classification of all economic activities (ISIC). The total
value of supply and use accounts in same year should be the same.

4.1 Monetary evaluation results
The summery of the monetary value of all the listed ecosystem services in Zuid-Hollands on
2006 and 2013 are provided in Table 14. The total estimated monetary value of listed
ecosystem services in Zuid-Holland province were €934 million and €824 million for the
whole year of 2006 and 2013. This was translated to one hectare of natural ecosystems were
€2,279 and €2,983 in 2006 and 2013, respectively. The increase of average value per hectare
was caused by the decrease of total natural ecosystems area, which dropped from 278,196
ha to 276,227 ha basing on the land use maps.
Table 14. Ecosystem services supplied in 2006 and 2013
Ecosystem service
Crop production
Timber production
Drinking water production
Carbon sequestration
Air filtration for PM10
Recreational hiking
Natural tourism
Total

2006 (in million €)
53
0.04
2
0.26
661
40.8
177
934

2013 (in million €)
36
0.11
2
0.33
539
98
149
824

For the value of crop production, they were €53 million and €36 million in 2006 and 2013.
The reason of total value decrease is the increase extend of operating costs, labor costs and
fixed capital cost larger than the increase extend of revenue, as shown in Table 5 and 6. For
the wood production, the yields were approximately the same in 2006 and 2013, so the
difference between total values were due to a higher increase in revenue from 2006 to 2013
than the increase in all costs (€2/m3 for 2006 and €6/m3 for 2013). For the drinking water
production, the unit values in 2006 and 2013 of one ton drinking water provided by surface
water were €0.4 higher than groundwater. Total drinking water production volume also was
not observed a big change during this study period; therefore it was assumed that the
monetary value of drinking water production in 2006 was the same as 2013 which would not
have a large impact on the total value (Vewin, 2006 & 2015). The estimated value of carbon
sequestration is a conservative value since a higher discounting rate (5%) was chosen for the
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estimation of unit carbon sequestration value. The results of them were €7/ton for 2006 and
€8/ton for 2013. A higher discounting rate means both present and future generations
should take responsibility for carbon concentration decrease. Air filtration is an important
service, it consisted both over 65% of the total value in both years. Compared with former
research of ecosystem service valuation in the Netherlands, they were higher valuated. It is
because not only the hospital treatment and working day loss were taken into consideration,
the costs of leisure, health and consumption loss due to air pollution were also included.
Besides, Zuid-Holland province has the greatest population per square meter in the
Netherlands which increases the costs of people who suffer from air pollution. Given the
importance of ecosystems of ensuring people’s health and living standard, the value of them
should be significant. Values of recreational hiking and natural tourism were all based on the
actual costs. Preferences of paying were not included in this calculation.

4.2 Monetary supply account
Beside of the total monetary value of every ecosystem service, the values created by every
ecosystem type are also essential. Based on the all the unit value estimated in former
chapter and biophysical data of Zuid-Holland province, the monetary supply accounts were
presented. The supply tables summarized the monetary value of every ecosystem type for
2006 and 2013 respectively (Table 15 and 16). Supply tables showed it clearly that which
type of ecosystem provides the most benefits and has the highest value. Value supplied by
four ecosystem services were allocated among all the land use types in the supply tables
namely crop production, wood production, carbon sequestration and air filtration for PM10.
Recreational hiking and natural tourism were only shown the total value in these tables
because they were not linked with specific ecosystems in this study. Note that due to the
lack of the biophysical crop data in 2006, the data of agricultural crop land and perennial
crop land were from the regional agricultural land use survey conducted by STATISTIC
NETHERLANDS (STATISTIC NETHERLANDS, 2006 & 2013d). Data was shown in hectares. Here,
the area data of “specialist field crop” in the table was considered as annual crop land and
area data of “specialist permanent crop” was considered as perennial crop land.
Supply table showed that some ecosystems created a large amount of benefits for people’s
living such as annual crop land, agricultural grassland, forests and other unpaved terrain
both in 2006 and 2013. Take the data in 2013 as an example. The value of annual crop land
took up 21% of the total value of all ecosystem services. When it comes to agricultural
grassland, forests and other unpaved terrain were 26%, 20% and 12% of the total value
respectively (Table 16). Annual crop land not only could deliver the value in the aspect of
crop production, but also is important in air filtration for PM10. Vegetation in crop land
could help with the ambient PM10 decrease. Moreover, agricultural grassland is also
important for the air filtration and carbon sequestration. Forests area not only could provide
timber, they also contribute to air filtration and carbon sequestration. Other unpaved terrain
was also mainly valued in air filtration and carbon sequestration. In this research, the values
of aquatic ecosystem services were not taken into account.
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Wetlands

Sand

Heath

Mixed forest

Coniferous forest

Broad leafed
forest

Dunes with
permanent
vegetation
Beach, sand and
active dunes

Agriculture
-built-up

Agriculture
-grassland

Agriculture
-glass house

Ecosystem services
Area

ha

46,938

Crop production

1000€/yr

53,163

Wood production

1000€/yr

Carbon sequestration in biomass

1000€/yr

Air filtration for PM10

1000€/yr

Drinking water production

1000€/yr -

-

-

-

-

-

-

-

-

-

-

-

-

-

Recreational hiking

1000€/yr -

-

-

-

-

-

-

-

-

-

-

-

-

-

Natural tourism
Total

1000€/yr 1000€/yr
170,138 14,706

-

188,440 2,215

0

0

0

9

10

116,966

14,620

0

875 4,157

1,876

7,126

5,216

26

99

0

211

1,257

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

11

0
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0.2

0.6

0

0

0

0

88

1

0

18

6

44

0.3

1

0

0

2

0 43,251

0

139,620 1,099 3,366

0.5

0

3,237

0 43,280

6

2,373 11,166

1000€/yr

0

0

0

0

0

0

0

0

0

Wood production

1000€/yr

0

0

0

0

0

0

0

0

Carbon sequestration in biomass

1000€/yr

4

18

37

14

0

0

0

Air filtration for PM10

1000€/yr

88,115 24,634

0

0

0

Drinking water production

1000€/yr 1000€/yr -

Recreational hiking

Salt marshes

Floodplains

Public green
space

Residential area
Office and
companies
-industry
Office and
companies
-services

ha

Crop production

types

Other unpaved
terrain

Ecosystem services
Area

Non-agricultural
grassland

0

188,353 2,214

34,032 10,357 36 31,391 10,208 12,694

6,050 29,506

139,691 1,099 3,367 0.5

0

Office companies
-government
Roads, parking
lots and other
paced areas
Offices and
companies
-forestry
Offices and
companies
-fisheries
Offices and
companies
-non-commercial

77

72,988

Unit

Ecosystem

5,882 4,463

49 12,936

3,239

Total

Agriculture
-annual crops

Unit

types

Agriculture
-perennial crops

Ecosystem

Agriculture
-buffer strips

Table 15 Monetary ecosystem services supply account 2006 for Zuid-Holland province, with total monetary supply per ecosystem type

8

15

1,818

278,196

0

0

0

0

53,240

0

0

0

0

0

38

0

0

0

0

0

0

0
0

257

0

0

661,030

-

-

-

-

-

-

-

-

-

-

-

-

2,100

-

-

-

-

-

-

-

-

-

-

-

-

40,800
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Natural tourism
Total

1000€/yr 1000€/yr 6,054 29,524 88,152 24,648 0

-

-

0

-

0

-

0

-

0

-

0

0

-

177,000

0

0

714,565

0

0

0

0

0

0

0

Carbon sequestration in biomass

1000€/yr

0

17

0

100

Air filtration for PM10

1000€/yr

Drinking water production

1000€/yr -

-

-

-

149,663 5,148
-

Recreational hiking

1000€/yr -

-

-

-

-

-

-

Natural tourism

1000€/yr -

-

-

-

-

-

-

Total

1000€/yr

0

Carbon sequestration in biomass

1000€/yr

5

5,130

24

100

0

44

1,446

0

0

0

0

0

0

0

0

0

0

0

40

0

68

0.5

2

0

0

0

3

0

35

0

78

0.4

2

0

0

3

149,763 5,151

32,228

10,079

0

0

0

0

0

0

0

0

24

46

16

0

Salt marshes

3,131 11,074

0 41,782
-

3 29,452

0

112,153

797 2,764
-

-

-

-

-

-

-

-

-

-

-

0 41,857

0

112,298

798 2,767

0

0

3,061

-

-

-

-

-

-

-

-

0

0

3,064

Total

1000€/yr

6,739

Office companies
-government
Roads, parking
lots and other
paced areas
Offices and
companies
-forestry
Offices and
companies
-fisheries
Offices and
companies
-non-commercial

0

Wood production

0

2,290

Residential area
Office and
companies
-industry
Office and
companies
-services

1000€/yr

11,501

Floodplains

Crop production

0

Other unpaved
terrain

ha

types

11,461

Public green
space

Ecosystem services
Area

Non-agricultural
grassland

128,323

Unit

Ecosystem

92,213

Wetlands

23

1000€/yr

69,376 2,427 4,990

Sand

36,110

Wood production

5,581 5,925

Heath

44,934

1000€/yr

Mixed forest

ha

Crop production

Coniferous forest

Ecosystem services
Area

Broad leafed
forest

Dunes with
permanent
vegetation
Beach, sand and
active dunes

Agriculture
-built-up

Agriculture
-buffer strips

Agriculture
-grassland

Agriculture
-glass house

Agriculture
-annual crops

Unit

Ecosystem
types

Agriculture
-perennial crops

Table 16 Monetary ecosystem services supply account 2013 for Zuid-Holland province, with total monetary supply per ecosystem type

11,320

13,932

203

12,781

2

14

3,004

276,227

0

0

0

0

0

0

0

0

36,134

0

0

0

0

0

0

0

0

110

0

0

0

0

0

0

0

0
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Air filtration for PM10

1000€/yr

Drinking water production

1000€/yr -

Recreational hiking

1000€/yr 1000€/yr -

Natural tourism
Total

6,629 23,928 69,179 20,690 0
-

-

1000€/yr 6,634 23,952 69,226

0
-

0
-

0
-

0
-

0
-

0
-

0
-

0

539,469
2,100

-

-

-

-

-

-

-

-

-

-

98,000

-

-

-

-

-

-

-

-

-

-

149,000

20,706

0

0

0

0

0

0

0

0

0

576,040
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Air filtration for PM10

Wetlands

Sand

Heath

Mixed forest

Coniferous forest

Broad leafed
forest

Beach, sand and
active dunes

1257

€/ha/yr

1133

13

0

0

0

0

0

0

0

0

0

0

0

0

€/ha/yr

0

0

0

0

0

0

6

0

5

6

6

0

0

0

€/ha/yr

0

2

0

1

1

0

9

1

9

10

10

8

0

2

€/ha/yr

2,492 2,485

0

2,581

2,532

0

23,057

0

26,767

41,846

34,145

2,506

0

2,575

€/ha/yr

3,625 2,500

0

2,582

2,533

0

23,073

1

26,781

41,862

34,161

2,514

0

2,577

ha

2373

11166

34032

10357

36 31391

10208

12694

49

12936

8

15

1818

Crop production

€/ha/yr

0

0

0

0

0

0

0

0

0

0

0

0

0

€/ha/yr
Carbon sequestration in biomass €/ha/yr
Air filtration for PM10
€/ha/yr
Total
€/ha/yr

0

0

0

0

0

0

0

0

0

0

0

0

0

1

2

1

1

1

0

0

0

0

0

0

0

0

2,550

2,642

2,589

2,379

0

0

0

0

0

0

0

0

0

2,551

2,644

2,590

2,380

1

0

0

0

0

0

0

0

0

Ecosystem

types

Wood production

Salt marshes

Ecosystem services
Area

Offices and
companies
-non-commercial

0 211

Offices and
companies
-fisheries

99

Offices and
companies
-forestry

26

Roads, parking
lots and other
paced areas

5216

Office and
companies
-government

6594

Office and
companies
-services

1876

Office and
companies
-industry

4157

Residential area

875

Floodplains

72988

Other unpaved
terrain

4463

Public green
space

5882

Non-agricultural
grassland

46938

Unit

Total

Dunes with
permanent
vegetation

Carbon sequestration in biomass

Agriculture
-built-up

Wood production

Agriculture
-buffer strips

ha

Crop production

Agriculture
-grassland

Ecosystem services
Area

Agriculture
-annual crops

Unit

types

Agriculture
-perennial crops

Ecosystem

Agriculture
-glass house

Table 17. Monetary ecosystem services supply account 2006 for Zuid-Holland province with mean monetary supply per ha per ecosystem type
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Wetlands

Sand

Heath
100

0

44

1446

€/ha/yr

804

4

0

0

0

0

0

0

0

0

0

0

0

0

€/ha/yr

0

0

0

0

0

0

17

0

13

22

17

0

0

0

€/ha/yr

0

3

0

1

1

0

15

0

15

15

15

2

0

2

2,052 2,053
2,856 2,061

0
0

2,157
2,159

2,121
2,122

0
0

18,247
18,280

0
0

21,863
21,892

33,420
33,457

27,779
27,812

2,083
2,085

0
0

2,118
2,119

Non-agricultural
grassland

Public green
space

Other unpaved
terrain

Floodplains

11074

32228

10079

€/ha/yr

0

0

0

0

€/ha/yr
Carbon sequestration in biomass €/ha/yr
Air filtration for PM10
€/ha/yr

0

0

0

2

2

1

2,117

2,161

2,119

2,163

Wood production

€/ha/yr

3 29452

11320

13932

203

12781

2

14

3004

Salt marshes

Unit

3131

Offices and
companies
-non-commercial

24

Offices and
companies
-fisheries

5130

ha

Total

Mixed forest

6739

Offices and
companies
-forestry

2290

types

Crop production

Coniferous forest

4990

Roads, parking
lots and other
paced areas

2427

Office and
companies
-government

69376

Office and
companies
-services

5925

Office and
companies
-industry

5581

Residential area

44934

Ecosystem

Ecosystem services
Area

Broad leafed
forest

€/ha/yr
€/ha/yr

Total

Beach, sand and
active dunes

Air filtration for PM10

Dunes with
permanent
vegetation

Carbon sequestration in biomass

Agriculture
-built-up

Wood production

Agriculture
-buffer strips

ha

Crop production

Agriculture
-grassland

Ecosystem services
Area

Agriculture
-annual crops

Unit

types

Agriculture
-perennial crops

Ecosystem

Agriculture
-glass house

Table 18 Monetary ecosystem services supply account 2013 for Zuid-Holland province, with mean monetary supply per ha per ecosystem type

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2
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0

0

0

0

0

0

0

0

2,147

2,053

0

0

0

0

0

0

0

0

0

2,148

2,054

32

0

0

0

0

0

0

0

0
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Supply tables also showed that the value of provisioning service such as crop production and
wood production were from limited or single ecosystem type (agricultural crop land and
forests), whereas the value of regulating services especially air filtration have wider source,
even nearly all ecosystem types.
Table 17 and 18 showed the value provided by every ecosystem type per hectare per year in
2006 and 2013. The areas of every ecosystem type in the Zuid-Holland province were
applied. It is clear that due to the large area of agricultural annual crop land and grassland,
they created higher value in total supply, but the average contributions are relatively low
both in 2006 and 2013. When it comes to mean creation of ecosystem service monetary
value, forests and dunes with permanent vegetation took the leading position. They were all
very effective in air filtration service and contribute a large amount of value.

4.3 Monetary use account
All the ecosystem services provided by different ecosystem types were used in various
economic sectors. Tables 19 and 20 showed the monetary use account in 2006 and 2013,
respectively.

Crop production

1000€/yr

53,240

Wood production

1000€/yr

38

Government
Investments
Inventories
Environment (Global goods)

Export
Households

Other sectors

I,R- Accommodation and food
service, culture, sports and
recreation

F-H - Construction, wholesale
and transportation

B,C- Mining and manufacturing
D- Electricity
E- Water supply

Ecosystem
services

unit

Economic user
(ISIC)
Ecosystem
service

A- Agriculture ,forestry and
fisheries

Table 19. Monetary ecosystem service use account 2006 for Zuid-Holland province

Drinking water production 1000€/yr
2,100
Carbon sequestration

1000€/yr

Air filtration for PM10

1000€/yr

661,030

Recreational hiking

1000€/yr

40,800

Natural tourism

1000€/yr

258

177,000

The total use of each year should equal to the total supply of that year. Ecosystem services
were allocated to different economic activity sectors. Based on the definition of Agriculture,
forestry and fisheries sector (ISIC sector A), the value that created by crop production and
wood production were used by it. Carbon sequestration is good for the entire world and
creates transboundary benefits not only located in the Zuid-Holland province. Therefore, use
of its value was allocated in a separate environment column. All the value supplied by air
filtration was allocated in household sector, as inhabitants in the Zuid-Holland province are
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all beneficial from it. Moreover, recreational hiking as a people’s enjoyment was also
allocated in household sector. The value created by this service was also calculated from the
payments on relative goods. Use of natural tourism was entirely allocated to
Accommodation and food service sector (ISIC sector I and R), as the overnight staying in
hotels and meals in restaurants benefit the most from this service.

Crop production

1000€/yr

36,134

Wood production

1000€/yr

110

Drinking water production 1000€/yr

Government
Investments
Inventories
Environment (Global goods)

Export
Households

Other sectors

I,R- Accommodation and food
service, culture, sports and
recreation

F-H - Construction, wholesale
and transportation

B,C- Mining and manufacturing
D- Electricity
E- Water supply

Ecosystem
services

unit

Economic user
(ISIC)
Ecosystem
service

A- Agriculture ,forestry and
fisheries

Table 20. Monetary ecosystem service use account 2013 for Zuid-Holland province

2,100

Carbon sequestration

1000€/yr

Air filtration for PM10

1000€/yr

539,469

Recreational hiking

1000€/yr

98,000

Natural tourism

1000€/yr

328

149,000
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5 Impacts of land use changes
Changes of land use and related monetary value will be assessed in this chapter basing on
land use maps of Zuid-Holland province in 2006 and 2013 and total monetary value
estimated in Chapter 4.

5.1 Changes of land use
An overview of land use changes of Zuid-Holland province between 2006 and 2013 was
shown in Table 21. Six land use types were chosen basing on their relatively large land use
changes or importance of environment: agricultural annual crops, perennial crops, grassland,
forests, unpaved terrain and built-up area. Note that forests is the combination of different
types of forests; unpaved terrain includes heath, sand, wetlands, non-agricultural grassland,
public green space and other unpaved terrain; built-up area includes all man-made built-up
area such as residential area, roads and commercial area. The full table of land use changes
of all land use types is in Appendix 3(Table 26). Changes in positive or negative numbers
stand for an increase or decrease of land use, respectively.
Table 21. Changes of land use between 2006 and 2013
2006
Land use type

2013

Change (2006-2013)

Area (ha) % of the territory Area (ha) % of the territory Area (ha)

% of changes

Agriculture
-annual crops

46,937

17

44,934

16

-2,004

-4

Agriculture
-perennial crops

5,882

2

5,581

2

-301

-4

Agriculture
-grassland

72,988

26

69,376

25

-3,612

-5

Forests

5,341

2

5,253

2

-88

-2

Unpaved terrain

49,039

18

47,923

17

-1,116

-2

Built-up area

69,119

25

70,706

26

1,587

2

Table 21 showed that agricultural grassland and construction area took large portions in land
use both in 2006 and 2013. The percentages of these types of land use were both above
20%. During the study period, it was witnessed that the land use of annual crops, perennial
crops, grassland, forests and unpaved terrain decreased while the land use of built-up area
increased. Comparing five decreased elements, agricultural grassland had the largest land
use change which declined about 5%. At the meaning time, forests only declined about 1.6%.
The actual area change of forests, which was 88 ha, was also much lower than agricultural
annual crops, grassland and unpaved terrain. On the other hand, urban sprawl and
population growth also led an increase of construction area, which was about 2%. From the
comparison of changes of land use, the increase in built-up area has been mostly realised at
the expense of agricultural land and less at the expense of nature and forest.

35

5.2 Changes of ecosystem services monetary value
Based on the monetary supply accounts, changes of ecosystem service monetary value of all
land use types were calculated. Some land use types were chosen to have the comparison of
monetary value due to their significant declines and importance to environment (Table 22).
Negative changes mean decreases.
Table 22. Changes of ecosystem services monetary value
Ecosystem service monetary value
(1000 €/yr)
land use type
Agriculture -annual crops
Agricultural -perennial crops
Agriculture -grassland
Forests
Unpaved terrain
Built-up area

Changes

2006

2013

1000 €/yr

%

170,138
14,706
188,440
144,157
126,969

128,323
11,501
149,763
115,864
102,875

-41,815
-3,204
-38,677
-28,293
-24,094

-25
-22
-21
-20
-19

0

0

0

0

The total ecosystem service monetary value of Zuid-Holland province decreased
approximately 19% in 2006-2013 time period (Appendix 3 Table 27). It was primarily because
the dramatically decrease of agricultural annual crop land, grassland, forests and unpaved
terrain. Although the other land use types had some increase in monetary value such as
agricultural buffer strips and non-agricultural grasslands, this increase was not strong
enough to offset the decrease.
From Table 21 and 22, the value of four land use types decreased along with their area in the
study period. Forests however had a relatively small land use change (about 1.6%) whereas
its value still experienced a large decline (about 20%). This was mainly caused by decrease in
benefits of the air filtration service. The value of wood production and carbon sequestration
services in 2013 increased for forest but this increase was not strong enough to offset the
value decrease caused by air filtration service (Tables 15 and 16). It is shown prominently in
forests, as forests have a higher efficient than the other land use types in cleaning PM10
from the air.
As mentioned in Chapter 4, agricultural crop lands, grasslands, forests and unpaved terrain
all contributed much in the total ecosystem service value both in 2006 and 2013. Because
they all covered a large area (Tables 15 and 16) and acted actively in air filtration service,
which has extremely high unit value both in 2006 and 2013 due to wide social economic
impacts. Therefore, area decreases of these four land use types led a substantial decline in
monetary value.
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6 Discussion
The calculated results shows that total ecosystem-services monetary values were estimated
to be €934 million in 2006 and €824 million in 2013 for the whole Zuid-Holland province. Air
filtration service contributed the most among all the ecosystem services. The decrease of
total value was mainly triggered by the agricultural land decline, which was more than 4%,
whereas land of built-up area increased about 2%. This information could provide some
insights for provincial governments in land use and nature conservation policies. Comparing
with former ecosystem services studies, which mainly focus on a specific type of ecosystem
services or in a fine scale, integrated monetary results have more strength on providing a
larger and comprehensive picture which includes more factors and aspects. On the other
hand, ecosystem services valuation results increasingly draw awareness and they also lead
to strong influences on decision making. Therefore, knowing the uncertainties behind the
numbers is important.

6.1 Uncertainties in value calculations
Two aspects uncertainties exist in the value calculations of this research. One is mappingbased biophysical quantities used as inputs of calculations, the other is data collections and
calculations of ecosystem service unit values.
6.1.1 Uncertainties in biophysical inputs
All the biophysical data used in this research are from a former report of biophysical
accounts of the Netherlands. These data probably is not applicable locally. However all the
inputs in running the biophysical quantitative models were based on provincial or regional
data. This means these biophysical results were suitable and applicable in this research.
Models implemented in it were equipped with 10m X 10m resolution. Compared with pilot
research in Limburg province (Remme, 2015), which used 1km X 1km, this research has a
more detailed resolution. Different resolutions in models could have impacts on the
sensitivity of results and lead to different extent of uncertainties in ecosystem service value.
Some researches demonstrated that valuations with a finer resolution in land cover datasets
has greater final results and the difference between two resolutions towards the same study
area may be substantial: the final valuation results increased 200% (Konarska, 2002). While
some studies found the opposite relation (e.g. Remme, 2015). He explained that
overestimates in finer resolutions are smaller due to upscaling models may magnify errors in
initial data and large resolutions may be more rough in data collection.
On the other hand, applying maps to identify biophysical quantities decreases the
uncertainty. For example, PM10 deposition amount could be estimated of all locations in the
Netherlands. Previously, PM10 deposition only analysed for parks and forests whose data is
hard to be applied in nearby areas. A research shows that health benefits provided by the air
filtration service of a forest can only cover a small circle which radius is less than 1km (Willis
et al., 2003). In practical, however, the spread distance of PM10 is about several hundred
kilometres from the emission spot and PM10 deposition effect should be considered in a
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larger scale (European Commission, 2005). The PM10 deposition quantities used in this study
was estimated by combine ecosystem types’ map (in 10m spatial grain) with yearly average
ambient PM10 concentration map (data was gathered basing on 24 hour average).
Therefore, the total yearly reduction is relatively accurate.
Moreover, data unavailability also increases uncertainty of the total ecosystem service value.
For the drinking water production service, it is only available of water production map in
2013. Due to biophysical data lacking in 2006, it is impossible to compare and affect the total
value. I assumed that the total water production was equal in 2006 and 2013 in Zuid-Holland
province based on the fact that total water production in the three water companies did not
show a large change between 2006 and 2013 (Vewin, 2006 & 2015).
In general, implementing maps with finer resolution could provide more information in local
scale could help in increasing accuracy in spite of data limits exist in some aspects.
Therefore, the uncertainty in biophysical quantities was low.
6.1.2 Uncertainties in monetary unit value
The degree of uncertainty varies strongly for each service. Some services implemented with
resource rent method such as crop production, wood production and recreational hiking
service were calculated with national average data due to the lack of provincial or regional
data. In addition, for crop production, some crops, such as sugar beets, were excluded from
this study to be aligned with biophysical categories. It would lead to a lower monetary value
in crop production service. Despite of this, the important main crops were chosen as
indicators, and they still can ensure the accuracy of results to a large extent.
For wood production, required monetary values of all kinds of forests were not available
therefore revenues and costs of private forests were conducted in the resource rent
calculation. One third forests are owned by private owners, the others are owned by states,
nature conservation organisations and local authorities (Mohren & Vodde, 2006). These
forests managed by private owners are mainly for financial rewards while the other owners
are mainly taking the responsibility of maintaining forest area and nature conservation
(Mohren & Vodde, 2006). Therefore, revenues and costs of private forests are considered
suitable to reflect wood production service. Moreover only 6% of timber is produced in the
Netherlands, let alone Zuid-Holland province (VVHN, 2013). Hence the value generated by
forests as wood production service are estimated really small and does not have large
impacts on the total value.
Unlike three above listed services, unit values of drinking water production service have a
low uncertainty. Not only all costs were gathered by each company basing on daily actual
managements, but the three water companies all have clear definitions, such as surface
water company or groundwater company according to water company association.
Moreover, using replacement cost method is appropriate. It did not only consider the costs
of treating surface water but the difference of costs between groundwater and surface
38

water filtration which is the actual value provided by ecosystems. Additionally, the final unit
value results are the same as other researches of the different study areas in the
Netherlands (Hein, 2011; Remme, 2015).
The unit value of carbon sequestration service was estimated based on the social marginal
damage costs of one ton of carbon increased called social costs of carbon. Three different
discounting rates were shown. Therefore, the different choice of discounting rate will lead to
a different ecosystem service value. 5% was chosen in this study because solutions of
environment problem should be considered as government long-term investments. It cannot
be solved immediately and the future generation still should pay for it. However, the
sensitivity of discounting rate choice should be verified. Take data of 2006 as an example.
The unit value of carbon sequestration basing on different discounting rate ranges from €7
to €34 per ton, which increased about by 500%.
Another substantial uncertainty is the air filtration service value. It takes more than 65% of
the total ecosystem service value in both 2006 and 2013 and it always attracts a large
amount of attention because air quality concerns to people’s life. The unit value is equal to
the marginal economic impacts of air pollution due to PM10. To have a low uncertainty on
data reliability, data of economic costs of health impact in air pollution from studies by OECD
(2015) was used. Compared with former conservative estimations, it provides a higher total
economic value of air pollution. It mainly because it includes a broader economic impacts
scale. Four parts of loss are included in value estimation: consumption, leisure, health and
life, unlike only hospital treatments and loss working day are accounted for. Moreover, it has
estimated the share of mortality costs basing on data from the Netherlands. Hence,
mortality costs were also included in this study. In addition, considering population density
of Zuid-Holland province is as three times as the national density, so a correlation was added
to the unit value estimations Therefore, the calculated unit value led to a higher value of the
total air filtration service value which stands for an upper bound. If statistical mortality costs
are excluded from calculations (which means 91.9% of value was cut off), the unit value of
PM10 deposition are €40,000 and €45,000 in 2006 and 2013, respectively. Compared with
the other studies on monetary value of air filtration service, this estimation reflects the
upper limits (Gómez-Baggethun and Barton, 2013).
To have accurate estimates of cultural services is always difficult. Both recreational hiking
and natural tourism mainly generate consumer surplus. To be aligned with methodology in
SEEA EEA (UN et al., 2014), resource rent method was chosen. In fact the revenues that
generated by consumptions do not cannot represent the total welfare. Take nature tourism
as an example. It cannot be modelled and estimated that the revenue created by ecosystems
for local residents living in natural tourism zone, which benefits are also not included in SNA
(Remme, 2015). Some valuation methods were also proposed such as empirical estimation
of visitors number and using supply-demand curve to find the exchange value of nature
basing on people’s willingness-to-pay (Campos and Caparrós, 2006; Oviedo et al., 2010).
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They, however, have not been tested in a wide range and are inconsistent with estimation
concepts SNA.
In general, despite some dataset shortages in some aspects such as revenues and costs of
woods in local scale and some valuation methods not the most appropriate such as the
resource rent method was applied in natural tourism valuation, valuation results still
specified a clear trend. Although efforts on increasing local availability in datasets and
implementing more research on valuation methods would enhance precision in ecosystem
services valuation, results in this study are still reliable.

6.2 Contribution for policy-making
With the monetary quantities, ecosystem services accounts could raise people’s awareness
of those services that have not been included in national accounts but provide benefits for
people’s daily life such as carbon sequestration and air filtration service. On the other hand,
some exchange value of services cannot represent their importance to society. For example,
drinking water production is essential for people’s and animals’ living. In addition to its
importance on society, ecosystem service accounts also contribute in policy evaluation and
policy making foundation.
The initial aim for government to implement ecosystem services accounting is to help
monitoring changes of ecosystem services and visualize the contributions to the society
especially to economic activities (UN, 2014). Some researchers argue that the development
of ecosystem service accounts is an information system for recognising, demonstrating,
monitoring and valuating ecosystem situation and can be implemented in different policy
contexts rather than for a specific policy goal (Obst and Vardon, 2014; Schröter et al., 2015).
After combining with spatially land use maps, it can be determined explicitly that the
impacts of land use changes and which type of ecosystem could provide highest value.
Hence, policies of optimizing benefits of land use to society could be formulated. It is still
notable, however, challenges exist of optimizing the land use basing on ecosystem service
accounts, which play a role of information tool (de Groot et al., 2010). Besides, as a part of
ecosystem service accounts, assessments of ecosystems could be applied as an early
warning of ecosystem changes. Comparisons between years could provide a clear variation
trend and be used for decision making. Nevertheless, ecosystem service accounts are just at
the starting point. The biggest problem of yearly comparison is the lack of tracking records.
Without data availability, it is not sufficient to draw conclusions and support sustainable
development policies (Bartelmus, 2013).
Another contribution of ecosystem service accounts is the comparability between nations or
regions in the same year or period. With the same valuation system and type of results (in
monetary quantities), it is possible to conduct comparisons of ecosystem services situation
and their contributions.
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7 Conclusions
This study showed ecosystem services accountings of Zuid-Holland province in 2006 and
2013 following the SEEA EEA framework concepts. All the valuation methods were in line
with SNA. The monetary results showed high economic contributions of ecosystem services
in the populated densely province of the Netherlands.
The estimates of monetary value generated by chosen ecosystem services were about €934
million and €824 million in 2006 and 2013 respectively, which were €2279 per hectare for
2006 and €2983 per hectare for 2013. They were mostly contributed by three ecosystem
services: crop production, air filtration for PM10 and natural tourism.
During the valuation calculation, this study failed to estimate air filtration for PM10 with
replacement method which is possible in concept. It was mainly brought about the data
unavailability of inefficient and unsuitable replacement infrastructure in practical.
Moreover, this study also provided explicit supply and use tables both for 2006 and 2013.
Supply tables showed that four types of land use made large contributions of total monetary
value namely agricultural annual crop land, grassland, forests and unpaved terrain. When it
comes to the mean land use contribution, forests and dunes with permanent vegetation
provided higher benefits. In the use tables which were clarified basing on International
Standard of Industry Classification of all economic activities (ISIC), the section of household
benefited the most that were about €702 million in 2006 and €637 million in 2013. It was
because values of air filtration and recreational hiking were both allocated in this section
since they all directly increased people’s life quality.
Impacts of land use changes on ecosystem services value were also discussed in this
research. By comparing changes in agricultural area, forests and built-up area, it is found
that increase in built-up area has mostly relied on the expense of agricultural lands and less
at the nature and forests. The total monetary value was witnessed a decrease of 19%
between 2006 and 2013. Decreases in agricultural crop lands, perennial crop land,
grasslands, forests and unpaved terrain areas made high contributions for it even though
some ecosystem services unit value increased.
The total monetary results was a upper bound estimation of ecosystem service value in ZuidHolland province mainly because broader economic impacts were taken into consideration
in value estimation of air filtration service. Compared with the other estimation in which
only hospital treatment and loss working day were included, four aspects of economic
impacts on society were accounted for in this study namely consumption, leisure, health and
life. A wider scale of economic impacts led to a higher unit value of air filtration service. This
study also demonstrated some challenges in monetary ecosystem service accounts
41

estimation. The lack of regional data, choices of discounting rate and different resolutions in
maps all led to an increase of uncertainty. More efforts are needed to raise the data
availability in local scale which could lead to a more precise valuation result. Moreover,
exchange value was applied as total revenue in this study. Some actual welfare, however,
are greater than exchange value such as mental satisfaction during recreational hiking and
natural tourism. Further researches and tests are necessary to improve the current valuation
methods and be aligned with SNA.
Ecosystem service accounts shed a light on the contributions to society and account for
some services which do not included in SNA such as regulating services. Results of ecosystem
service accounts could be acted as the policy evaluation and foundation for policy making on
land use changes.
In general, land use changes between 2006 and 2013 mainly happened in agricultural area,
forests and built-up area namely agricultural annual crop area decreased 25%, perennial
crop area decreased 22%, grassland decreased 21%, forests decreased 20% and unpaved
terrain decreased 19%. These decreases led to ecosystem type changes and biophysical
quantities of every ecosystem service were further influenced. In spite of that some unit
value of ecosystem services increased, such as wood production, carbon sequestration and
air filtration services, they cannot offset the decrease of biophysical quantities. In total,
monetary value still experienced a decrease of 19% between 2006 and 2013.
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Appendix 1 Carbon sequestration look-up table
The table shown below was adapted basing on Netherlands Environmental Assessment
Agency and SEEA EEA carbon account (Lof, 2017).
Table 23. Look-up table for carbon sequestration in biomass and soils in the Netherlands
Ecosystem types

Non-perennial plants
Perennial plants
Greenhouses
Meadow
Hedgerows
Farmyards and barns
Dunes with permanent
vegetation
Active coastal dunes
Beaches
Deciduous forest

2006
0
0.29
0
0.18
0.17
0
1.45

Carbon sequestration
(ton C/ha/yr)
2013
0
0.37
0
0.18
0.17
0
1.84

Resource

0
0
1.45

0
0
1.84

Coniferous forest

1.45

1.84

Mixed forest

1.45

1.84

Heath land
Inland dunes
Fresh water wetlands
Natural grassland
Public green space

0.19
0
0.22
0.19
0.25

0.19
0
0.22
0.19
0.26

Other unpaved terrain
River flood basin
Tidal salt marshes

0.18
0.20
4.00

0.18
0.20
4.00

Paved surfaces (urban area,
infrastructure)
Sea
Lakes and ponds
Rivers and streams

0

0

Kuikman et al. (2003)
0.2*forest, Schulp et al. (2008)
Schulp et al. (2008)
Janssens et al. (2005)
Janssens et al. (2005)
Schulp et al. (2008)
Mostly forest, therefore same value as
for forest1
Schulp et al. (2008)
Schulp et al. (2008)
Van de Maas et al (2007); Coenen et al.
(2016)
Van de Maas et al (2007); Coenen et al.
(2016)
Van de Maas et al (2007); Coenen et al.
(2016)
Janssens et al. (2005)
Schulp et al. (2008)
Janssens et al. (2005)
Janssens et al. (2005)
0.05*forest + 0.95*other unpaved
terrain
Janssens et al. (2005)
Janssens et al. (2005)
Callaway et al. (1996), Oenema and De
Laune (1988)
Schulp et al. (2008)

0
0
0

0
0
0

Coenen et al. (2016)
Coenen et al. (2016)
Coenen et al. (2016)
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Appendix 2 Initial costs of all crops
Table 24 and 25 shows that the initial costs of all chosen crops. Data from FAND (2006 a,b,c).
Table 24. Initial costs data of all crops in 2006
Cereals
Wheat
Specific costs
(€/ha/yr)

Potatoes

Barley

431

Seed

303

Ware

2594

Other (€/yr)
Starch

1730

885

83400

Energy costs (€/yr)

11200

11500

Maintenance costs
(€/yr)

13000

14700

Labour costs
(€/ha/yr)

71

120

Fixed capital costs
(€/yr)

60

134

106

49300

93300

33700

Table 25. Initial costs data of all crops in 2013
Cereals
Wheat
Specific costs (€/ha/yr)
Energy costs (€/yr)

577

Potatoes

Barley

Seed
444

Maintenance costs
(€/yr)
Labour costs (€/ha/yr)
Fixed capital costs
(€/yr)

Ware

3430
18300

2266

Other (€/yr)
Starch
1156

21900
125

117

157
105000

132700
23900
26100

253

116

93100
58500
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Appendix 3 Land use changes and monetary value changes
between 2006 and 2013
Table 26 and 27 shows the land use changes and relative monetary value changes in ZuidHolland province between 2006 and 2013.
Table 26. Land use changes full table
Land use type

2006
Area (ha)

null
Agriculture
-annual crops
Agriculture
-perennial crops

2013

%

Area (ha)

Change (2006-2013)

%

Area (ha)

%

23.81

0.008559

21.43

0.007758

-2.38

-9.354259032

46937.58

16.87212

44933.7

16.26694

-2003.88

-3.586885012

5882.25

2.114426

5581.37

2.020572

-300.88

-4.438718953

Agriculture
-glass house

4463.25

1.604354

5925.17

2.145035

1461.92

33.7008688

Agriculture
-grassland

72988.03

26.23618

69375.8

25.11549

-3612.23

-4.271558153

874.55

0.314365

2427.24

0.878712

1552.69

179.5198819

4157.06

1.494291

4990.17

1.806546

833.11

20.89648548

1875.81

0.674276

2289.8

0.828955

413.99

22.94003488

7126.21
5216.1
26.26
98.57
0.21
211.14

2.561578
1.874972
0.009439
0.035432
7.55E-05
0.075896

6739.46
5129.72
23.86
99.5
0.07
43.99

2.439825
1.857066
0.008638
0.036021
2.53E-05
0.015925

-386.75
-86.38
-2.4
0.93
-0.14
-167.15

-4.753042563
-0.955040398
-8.491729914
1.663007181
-66.42906996
-79.01697623

Agriculture
-buffer strips
Agriculture
-built-up
Dunes with
permanent
vegetation
Beach, sand and
active dunes
Broad leafed forest
Coniferous forest
Mixed forest
Heath
Sand
Wetlands
Non-agricultural
grassland
Public green space
Other unpaved
terrain

1256.93

0.451814

1445.69

0.52337

188.76

15.83737643

2373.02
11165.97

0.853003
4.013705

3131.4
11073.95

1.133632
4.009001

758.38
-92.02

32.8990194
-0.11719517

34031.65

12.23297

32228.18

11.66727

-1803.47

-4.624373824

Floodplains
Salt marshes
Residential area

10356.93
35.75
31391.1

3.722888
0.012851
11.2838

10078.97
2.97
29451.59

3.648797
0.001075
10.66209

-277.96
-32.78
-1939.51

-1.990146663
-91.63309128
-5.509784537

10208.3

3.669462

11319.55

4.097913

1111.25

11.67613251

12693.92

4.56294

13932.2

5.043747

1238.28

10.53722842

49.2

0.017685

203.08

0.073519

153.88

315.7063703

Office and
companies
-industry
Office and
companies
-services
Office and
companies
-government

50

Roads, parking lots
and other paced
areas
Offices and
companies
-forestry
Offices and
companies
-fisheries
Offices and
companies
-non-commercial

12935.51

4.649781

12780.54

4.626822

-154.97

-0.493769264

7.55

0.002714

2.08

0.000753

-5.47

-72.25395981

14.79

0.005316

13.57

0.004913

-1.22

-7.594823391

1818.45

0.653658

3003.55

1.087348

1185.1

66.34820907
-83.78383222

Sea
Lakes, ponds and
other inland water
bodies

514.8

0.185049

82.89

0.030008

-431.91

15146.76

5.444634

18701.18

6.770217

3554.42

24.34659402

Rivers

11541.59

4.148725

10356.49

3.749266

-1185.1

-9.628482398

82.72

0.029734

117.65

0.042592

34.93

43.24056768

Unknown
Total

305505.8

305506.8

Table 27. Monetary value changes between 2006 and 2013
Ecosystem service monetary value

Changes

2006

2013

€/yr

%

170138044.7

128322947.9

-41,815,097

-24.58

14705966.74

11501047.11

-3,204,920

-21.79

471.3625183

0

-471

-100.00

188440159.2

149762783.7

-38,677,375

-20.53

2215240.138

5151277.969

2,936,038

132.54

547.5470123

63.05402632

-484

-88.48

43279932.63

41856583.3

-1,423,349

-3.29

5668.612782

0

-5,669

-100.00

Broad leafed forest

139690540.5

112298193.3

-27,392,347

-19.61

Coniferous forest

1099289.538

798280.1746

-301,009

-27.38

Mixed forest

3367266.275

2767295.233

-599,971

-17.82

Heath

527.8507299

145.9393558

-382

-72.35

Sand

113.8046032

0

-114

-100.00

Wetlands
Non-agricultural
grassland

3238748.677

3063907.992

-174,841

-5.40

6053699.806

6633876.018

580,176

9.58

Public green space
Other unpaved
terrain

29524115.49

23951651.07

-5,572,464

-18.87

88151706.27

69225675.62

-18,926,031

-21.47

24647739.7

20706259.7

-3,941,480

-15.99

Agriculture
-annual crops
Agriculture
-perennial crops
Agriculture
-glass house
Agriculture
-grassland
Agriculture
-buffer strips
Agriculture
-built-up
Dunes with
permanent
vegetation
Beach, sand and
active dunes

Floodplains

51

Salt marshes

51.25960032

95.04

44

85.41

Residential area

1933.290151

22.15716899

-1,911

-98.85

Office and companies
-industry

593.6714207

22.12637964

-572

-96.27

Office and companies
-services

879.4086176

41.36894186

-838

-95.30

3.4195001

0

-3

-100.00

1610.353552

88.70051104

-1,522

-94.49

1.236900047

0

-1

-100.00

0.268799994

0

0

-100.00

181.3385043

0

-181

-100.00

837,973,169,885

680,320,665,658

-157,652,504,227

-18.81

Office and companies
-government
Roads, parking lots
and other paced
areas
Offices and
companies
-forestry
Offices and
companies
-fisheries
Offices and
companies
-non-commercial
Total

52

