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Abstract Green infrastructure (GI) is a strategic

planning instrument to achieve sustainable develop-

ment. The main functions of GI are to protect

biodiversity and safeguard and enhance the provision

of ecosystem services (ES). In this paper we present

the development of a semi-quantitative place-based

method, aiming at assessing GI based on the provision

potential of all main ES. Our method combines a wide

spectrum of GIS data with expert assessments. Here

we focus especially on how interaction with experts

and local and regional actors impacted the method

development. Our results showed that involving

experts in dataset selection is very useful in compiling

the most relevant data for the assessment of ES. Expert

knowledge is also valuable in evaluating the actual

coverage and quality of datasets. By involving both

experts and local and regional actors in assessing ES

provision potential we can add local knowledge to the

general scientific understanding. Qualitative assess-

ments can be complemented with quantitative data in

our method. The resulting maps support land use

planning, as they assist in identifying the multifunc-

tional key areas of GI and in examining the provision

potential of various ES. The group discussions

involved in our method provided an additional benefit,

as the experts and local and regional actors felt that

this discussion platform enhanced their understanding

of both GI and ES.

Keywords GIS � Mapping � Method

development � Expert knowledge � Expert

assessment � Participatory assessment

Introduction

Green infrastructure (GI) and ecosystem services (ES)

are concepts currently proposed for land use planning

aiming at sustainable development and the green

economy (Pauleit and Breuste 2011; LaFortezza et al.

2012). Land use planners are gradually getting

acquainted with these concepts but need more knowl-

edge about the tools to operationalise them in plan-

ning. In many cases, land use planners acknowledge

the great potential brought about by the concept of ES

both in promoting discussion of the relevance of green

areas with decision-makers and in classifying green

areas according to what different beneficial functions

and services they produce (Ahern et al. 2014).

A customary way to assess GI has been to carry out

various types of core area, network, connectivity, and

fragmentation analyses based on structural and func-

tional features of habitats (e.g. Calabrese and Fagan
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2004; Girvetz et al. 2008; Jaeger et al. 2008; Minor and

Urban 2008; Vogt et al. 2009; Kuttner et al. 2012).

However, analyses of GI using the whole spectrum of

ES provision as a premise have not existed so far. ES

provision of a landscape or limited areas have been

mapped in several studies (e.g. Burkhard et al. 2012;

Egoh et al. 2012; Frank et al. 2012; Maes et al. 2012;

Söderman et al. 2012; Larondelle and Haase 2013),

but they have dealt with a single or a small group of

ES. Such mappings have usually been based on land

use and land cover data (e.g. CORINE in Europe),

some other type of spatial classification of the physical

environment (e.g. biotope data, Vihervaara et al.

2012), combination of landscape metrics coupled with

participatory assessments (Frank et al. 2013) or

locations of ES individually identified by the general

public (e.g. Raymond et al. 2009; Brown et al. 2011).

The focus has not been on identifying the GI from a

holistic ES point of view, although the potential of

areas to provide several different forms of ES has been

recognised. The capability of areas to provide a wide

variety of ES cannot be deduced based on the

provision of one or a couple of ES: a site providing a

certain ES might not be suitable for providing some

other ES. Assessing the importance of sites in

providing bundles of ES can be difficult (Egoh et al.

2008). In addition, it could be tempting to use rich

biodiversity as a proxy of ES provision but only a

weak correlation between species richness and ES

provision has been found (Naidoo et al. 2008). This is

especially true in urban areas where the significance of

green areas is based mostly on attributes other than

biodiversity.

In this paper we will present a new methodology

which seeks to address the challenge of assessing GI in

a holistic way using the ES approach. Our aim was to

develop an innovative, place-based method which

(a) helps to identify and spatially locate different

elements of GI (including blue infrastructure, i.e.

water areas) based on the provision potential of ES at

the landscape scale, (b) will illustrate the provision

potential of all ES according to selected classification,

(c) rests on a wide variety of best available GIS

datasets giving more detail and internal variance to

land use and land cover classes, (d) combines spatial

data with the knowledge of both experts and regional

and local actors, and (e) is relatively easy to carry out

for the needs of a rapidly developing land use planning

process.

We define the key concepts used in our approach as

follows:

• Of the many definitions used for GI the one

articulated by Naumann et al. (2011, p 14) reflects

our conception:

GI is the network of natural and semi-natural

areas, features and green spaces in rural and

urban, terrestrial, freshwater, coastal and marine

areas, which together enhance ecosystem health

and resilience, contribute to biodiversity conser-

vation and benefit human populations through

the maintenance and enhancement of ES.

It is important to note that according to this definition

GI is needed for the provision of ES.

• Provision potential of ES is understood as the

perceived potential of an area to produce ES which

differs from (a) the quantified actual used set of ES or

(b) the hypothetical maximum yield of selected ES

used by Burkhard et al. (2012) to define the (a) supply

and (b) potential supply of ES. Areas with high

provision potential have qualities that are seen as

good prerequisites for producing specified ES.

Although we exclude the demand side from our

concept of provision potential, we see it as an

important measure in identifying elements of GI and

in making future plans about land use based on that.

However, we acknowledge the term supply and

define it as actual provision which means that part of

ES provision potential which is or can be made use of.

• ES section is the main division level of ES.

According to CICES classification v.4 used in our

study there are three sections of ES: (1) provision-

ing services, (2) regulation and maintenance

services and (3) cultural ES.

• ES groups in our study are modified from the

CICES classification v.4 by integrating group and

class levels.

• GIS dataset is an acronym of Geographic Informa-

tion System dataset. It refers to a set of spatially refer-

enced data either in vector or raster form representing

a specified geographic feature or phenomenon.

• Theme is a combination of several GIS datasets

representing related geographic features or

phenomena.

• Experts are either researchers or other specialists

of various fields and themes (see above).
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• Local and regional actors are local and regional

level stakeholders coming from various authori-

ties, natural resource managers, non-governmental

organisations, or any other group having knowl-

edge of local and regional conditions.

With this background, our aims for this paper are to

(1) present development of a new methodology on

assessing GI based on the ES provision potential,

and

(2) examine how interaction with experts and local and

regional actors impacted method development.

Methods

Study area

The method development was carried out using a single

case study area in southern Finland (61�290N, 24�550E;

Fig. 1). It consists of three watersheds covering

9,900 km2. There are two major cities within the study

area: the city of Tampere has a population of 219,624

inhabitants which makes it Finland’s third biggest city,

while the city of Hämeenlinna is much smaller with a

population of 67,636 inhabitants (both figures from

August 2013). Both cities are surrounded by scattered

small towns, villages and countryside, i.e. the area forms

an urban–rural continuum. The natural environment is a

mosaic of land and water. Large lakes and boreal forests

make up a significant attraction but water bodies also

constitute natural barriers to movement. Agriculture is

important especially in the southern parts, while the

northern parts are relatively remote from major urban

centres and can be seen as almost forest-dominated

wilderness.

The case study area was selected due to its

representativeness in terms of the Finnish regional

administrative level, which is responsible of strategic

land use planning in Finland. At this stage of the

Fig. 1 Location of case study area
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method development we were targeting the regional

level, representing European NUTS 3. Our case study

area did not, however, coincide with exact regional

administrative borders because we also wanted to

work on a watershed basis, which allows better

consideration of the impacts caused by environmental

circumstances both in upper and lower reaches of

water systems. The method is transferable as it is not

dependent on specific regional characteristics. Thus, it

could be applied in any other region in Europe,

provided that enough suitable spatial datasets and

experts are available.

ES classification system

The ES classification system used in our research was

the newly developed Common International Classifi-

cation of ES (CICES) version 4 (Haines-Young and

Potschin 2013). We slightly modified the classification

to meet our needs and the circumstances of the case

study area: we did not consider the provision of sea

weed, which is not relevant in our inland study area,

for example. The original CICES classification has

four levels: three sections, ten divisions, twenty-two

groups and fifty classes. Because it would be too

complicated to apply our methodological approach of

scoring datasets according to the provision potential of

each ES using fifty classes, we modified the classifi-

cation. We used the group level as a starting point but

when necessary, we merged some groups and broke

some others into class levels to make the classification

apprehensible and workable for scoring. The final ES

classification used in our research is presented in

Table 1.

Selection and compilation of GIS datasets

GI has two main functions: (1) it should protect

valuable nature areas and therewith biodiversity, and

(2) it should safeguard and enhance ES provision for

the benefit of people. Therefore, our method is based

on using areas of high nature value (HNV) as core

areas around which other relevant parts of GI from

ES’s point of view are founded on. Land cover and

land use types support the provision of ES differently

(see e.g. Burkhard et al. 2009) but in order to get a

deeper insight into the ES provision potential of areas

knowledge about the general land cover and land use is

not sufficient. For instance, the class of ‘‘water

bodies’’ provides several ES but in reality various

qualities of water bodies determine the real ES

provision potential. To achieve our objective, we

combined GIS datasets on recognised valuable nature

areas with other spatially explicit data on environ-

mental features or phenomena which presumably

affect the capacity of land and water areas to produce

ES. A flowchart describing the phases in the applica-

tion of our method in detail is presented in Fig. 2.

To ensure smooth application of the method and the

consistency of the analysis results, we decided on the

following criteria for the GIS datasets: (1) data covers

the whole study area (preferably nationwide coverage

Table 1 ES classification used in the research based on the

Common International Classification of Ecosystem Services

(CICES) version 4, modified by Kopperoinen and Itkonen

ES section ES

group

code

ES group

P: provisioning P1 Produced terrestrial plants and

animals for food

P2 Wild terrestrial plants and

animals for food

P3 Wild edible fish

P4 Aquaculture products

P5 Water for human consumption

and agricultural use

P6 Water for industrial and energy

uses

P7 Biotic materials

P8 Biomass based energy

RM: regulation

and maintenance

RM1 Air flow regulation

RM2 Water flow regulation

RM3 Mass flow regulation

RM4 Carbon sequestration

RM5 Local and regional climate

regulation

RM6 Water quality regulation

RM7 Pedogenesis and soil quality

regulation

RM8 Pollination

RM9 Habitat and gene pool protection

C: cultural C1 Aesthetics and heritage

C2 Prey for hunting, fishing or

collecting (enabling recreation)

C3 Landscape character for

recreational opportunities

C4 Scientific and educational

information and knowledge
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to allow for the comparison of different areas at a later

stage), (2) data is available for research purposes

either for free or at a reasonable cost, and (3) data is up

to date (i.e. it represents the current situation). The

Finnish Environment Institute’s database includes an

extensive supply of data on the environment and

nature, which we searched systematically. We com-

piled a preliminary list of GIS datasets which we

identified as relating to the provision potential of ES

and meeting the above-mentioned criteria. The list

was completed with the help of an invited focus group

consisting of researchers and experts working on ES-

related issues (Focus group 1 in Fig. 2). Of the thirteen

experts invited, six participated in the Focus group 1.

They represented following fields of expertise: water

quality issues, water infiltration and storm water

retention, agriculture and biodiversity, habitats, polli-

nation, and nutrient retention.

At the beginning of the Focus group 1 we presented

our methodological approach on assessing GI on the

basis of ES provision potential, clarified the concept of

ES and the ES classification used, as well as the

criteria for selecting GIS datasets. The focus group

discussed the required datasets freely for half an hour

after which they were asked to agree on the most

important missing datasets. The resulting comple-

mented list consisted of 40 GIS datasets. After we had

made a final check of the list according to our criteria,

we selected 30 datasets which we considered to be

representative in describing different aspects of ES

provision potential. To avoid double-counting some of

the distinct but similar types of datasets were

combined under a common theme, e.g. the theme

‘‘conservation areas’’ consists of multiple datasets,

such as Natura 2000 sites and nature reserves. As a

result, we ended up with 23 themes. The themes and

selected datasets are presented in Table 2.

We also consulted the experts on the appropriate

pre-processing and data reclassification methods,

because some data needed to undergo reclassification

in order to be applicable to our approach. For example,

the data on the surface water formations of the Water

Framework Directive was divided into two themes

based on the ecological status (high or good ecological

status/moderately poor or bad ecological status).

Some of the datasets had to be generalised due to

confidentiality or in order to give the data a spatial

extent in case of point and polyline data. In case of

confidential data, simply applying a distance buffer is

not a sufficient way of generalisation because the

centre of the resulting feature can be easily detected in

the resulting maps. Therefore, the data on observed

sites of endangered species and important forest

habitats on private land were generalised to polygons

varying in shape, derived from the Finnish national

CORINE Land Cover raster. In addition, the features

of individual datasets become obscured in our ana-

lysis, which involves overlaying several datasets.

Point or polyline-shaped data had to be processed to

polygons by applying suitable buffers or aggregating

the observations into appropriate spatial units. Point

data on fish passages was aggregated into the upper

reaches of the water system, data on algae blooms into

lakes and data on HNV farmlands into field plots they

fall within. A 15 m buffer zone was applied to the

streams, since they were digitised as polylines in the

surface waters data. One dataset left out from the

analysis due to difficulties in assessing the areal extent

was the point data on mineral extraction sites.

Scoring of themes by experts and regional

and local actors

Experts and regional and local actors scored the

selected themes according to how favourable or

harmful the areas represented by them are in poten-

tially providing each ES (see below for the used

scores). Experts also scored the land cover classes

(Finnish national CORINE Land Cover raster 2006)

based on their capacity to provide the three ES

sections: provisioning, regulation and maintenance,

and cultural ES.

Two focus groups for scoring were arranged: the first

one (Focus group 2 in Fig. 2) for experts in Helsinki in

October 2012 and the second (Focus group 3 in Fig. 2) for

local and regional actors of the case study area in

Tampere in November 2012. The Focus group 2 was the

same that was used in forming the list of the most

important GIS datasets (see above). From the local and

regional level we wanted to target major actors involved

in natural resource and environmental management, land

use planning, and non-governmental nature conservation

organisations. The major organisations carrying out these

tasks comprise regional councils, municipalities, regional

Centres for Economic Development, Transport and the

Environment, the Forest Service, and nature conservation

and environmental associations. Altogether, twenty-four

local and regional individuals were invited to the Focus
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Fig. 2 A flowchart presenting the phases of method application

1366 Landscape Ecol (2014) 29:1361–1375

123



Table 2 List of GIS datasets grouped into themes

Theme Dataset Type Year

1. Conservation areas 1.1 Natura 2000 areas Polygon vector 2012a

1.2 Nature reserves on public and private land,

founded based on Nature Conservation Act

Polygon vector 2012a

1.3 Nature conservation program areas Polygon vector 2010

1.4 Forest Service’s property reserved for

conservation purposes

Polygon vector 2012a

1.5 Conservation areas of regional plans Polygon vector 2012a

2. Observed sites of endangered

species

2. TAXON database on endangered species Point vector 2012a

3. Important bird areas (IBA) 3. Important bird areas (IBA) Polygon vector 2010

4. Valuable landscapes 4.1 Nationally significant landscapes Polygon vector 2010

4.2 Regionally significant landscapes: National

database on regional plans

Polygon vector 2012a

5. Valuable geological features 5.1 Nationally significant bedrock outcrops Polygon vector 2012

5.2 Nationally significant moraine landforms Polygon vector 2008

5.3 Nationally significant windblown and shore

deposits

Polygon vector 2012

6. Old forests (age C120 years) 6. Multi-source National Forest Inventory Raster 2012

7. Important forest habitats 7. Habitats of special importance according to

Forest Act

Polygon vector 2012a

8. Undrained peatlands 8. Draining status of peatlands Raster 2011

9. National hiking areas 9. VIRGIS database on outdoor recreation

opportunities

Polygon vector 2009

10. Regional recreation areas 10. National database on regional plans Polygon vector 2012a

11. National urban parks 11. National urban parks Polygon vector 2012a

12. Urban green areas 12. Corine Land Cover 2006 (Finnish National

Raster)

Raster 2008

13. Discontinuous urban fabric 13. Corine Land Cover 2006 (Finnish National

Raster)

Raster 2008

14. HNV farmlands 14. HNV farmlands Point vector 2008

15. Traditional agricultural

biotopes

15. Traditional agricultural biotopes Polygon vector 2005–2012

16. Surface waters of high or good

ecological status

16. Surface water formations of the Water

Framework Directive, first planning term

(2010–2015)

Polygon vector 2010

17. Groundwater areas 17. Groundwater areas Polygon vector 2012a

18. Fish passages 18. Database on hydraulic engineering Point vector 2012a

19. Peat extraction sites 19. Draining status of peatlands Raster 2011

20. Sealed surfaces 20. Urban Layer Raster 2007

21. Surface waters of moderate,

poor or bad ecological status

21. Surface water formations of the Water

Framework Directive, first planning term

(2010–2015)

Polygon vector 2010

22. Sites of frequent algae bloom

observations

22. National algal bloom monitoring database Table 2012a

23. Groundwater areas at risk 23. Groundwater areas Polygon vector 2012a

a Data is updated regularly
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group 3, seven of which participated in it. Each invited

organisational level, although not every organisation, was

represented in the workshop. Municipalities were repre-

sented by the cities of Tampere (Sustainable Community

Unit and City Planning Services) and Valkeakoski

(Green Areas Division of Public Space Construction

and Maintenance). Not all the invited individuals were

able to attend due to other commitments.

The Focus groups 2 and 3 started their work with a

presentation in which the concepts of GI and ES were

explained. In the case of ES, the combination of

presenting ES cascade (a model presenting the relation-

ship between biodiversity, ecosystem function and

human wellbeing; Haines-Young 2011) together with

our modified CICES classification with concrete exam-

ples was appropriate because it clarified the connection

between ecosystem structures and processes with the

actual service. This is important when assessing the

spatial units providing various ES. After presenting the

task, the respondents performed the scoring individually

without discussing with each other.

The available scores for assessing the effect of each

theme on the prerequisites for the provision

potential of each ES group were:

3 = Very favourable

2 = Favourable

1 = Slightly favourable

0 = No effect or neutral effect

-1 = Slightly harmful

-2 = Harmful

-3 = Very harmful

Respondents were advised to give a score of 0 if

they saw no connection between the theme and the

provision potential of the ES group in question, and to

draw a line if they could not conclude the relationship

between the two.

Processing and analysis of GIS datasets and given

scores

The given scores were compiled into a matrix of

themes and ES groups. If a respondent differed in his

or her scoring considerably from the others, he or she

was contacted afterwards and we checked if the task

was understood correctly; if it was not, the respondent

had an opportunity to do the scoring anew. One local

stakeholder took the opportunity to rescore. The

median number of given scores was used as a measure

of relevance for the ES provision potential. The

resulting medians were applied as coefficients in

weighted raster overlay analysis carried out in ESRI�

ArcGIS 9.3.1 software using the Raster calculator

tool. Thus, if a given theme was deemed having a

neutral effect or no effect at all on the provision

potential of a given ES group (i.e. it obtained zero as

its median value), it was not included in the analysis.

First each individual ES group was analysed, resulting

in 21 output raster surfaces depicting their provision

potential. The cell values of the raster surfaces were

normalised between 0 and 1 and aggregated into three

ES section raster layers. The normalisation was carried

out in order to treat each ES group as equally

important when aggregating them into ES section

provision potential raster layers. Without the normal-

isation, some ES groups would be weighted more than

others due to the greater number of themes deemed

favourable for their provision potential. Before aggre-

gating the three ES section raster layers into the total

ES provision potential raster layers, they were also

normalised in order to give them equal importance.

Assessment of the contribution of experts

and regional and local actors

The three focus groups were arranged to get input to

dataset selection and to make use of both expert and

local actor knowledge related to ES provision

potential of different areas. The discussions in focus

groups were systematically recorded and subsequently

transcribed. The transcripts were qualitatively ana-

lysed to find out how interaction with experts and local

and regional actors impacted method development.

The following aspects were analysed:

• Was integration of expert knowledge into the

selection of datasets beneficial?

• What did we learn from involving experts and

local and regional actors in the scoring exercise?

Results

Integration of expert knowledge into dataset

selection

Involving experts in the data selection phase supported

the identification of the most appropriate data for our
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purpose. To begin with, there are many datasets which

are not yet available in any public database, but which

can be obtained from their authors. Such data is

usually produced in specific research projects, often in

cooperation with other organisations and is updated

more or less regularly. Among these were the data on

HNV farmlands and the data on the traditional

agricultural biotopes, which complements the HNV

data.

Experts also pointed out publicly available com-

plementary datasets important for assessing ES pro-

vision potential, such as the hydraulic engineering

database which includes data on both harmful and

beneficial structures to fish movement and on the

restoration of waterways, thus improving their condi-

tion. The experts also gave valuable advice and

information on who to contact and where to acquire

the data they recognised as relevant but which is not

freely available. An example of such datasets was

habitats of special importance, as set out in the Forest

Act, located in privately-owned forests.

Experts’ views were especially valuable in assessing

the credibility and quality of available datasets. This is

indispensable ‘‘silent’’ information, which is not neces-

sarily included in the metadata of the datasets. Experts

know how the datasets are updated, what is their real

coverage, what problems and deficiencies there are in

the data, which datasets are overlapping and which one

of the overlapping datasets is the best for each purpose

(e.g. IBA areas versus national protection areas of

birds), what issues have to be taken into account when

using the datasets (e.g. the implementation level of

conservation areas), and what is the proper interpreta-

tion of specific terminology in the datasets.

When identifying the best areas for provisioning ES

purely from the production point of view, quantitative

data on the actual or potential production is useful.

From the sustainable ES provision potential point of

view, quantitative data should be complemented by

datasets that represent better management practices of

economically used land, for example on farming

practices that enhance safeguarding farmland-related

biodiversity. Expert knowledge helped us to sort out

the best datasets for that purpose, as not all informa-

tion on the management practices is equally useful.

For example, the data on the certification status of

commercial forests was excluded from the analysis, as

nearly all commercial forests in Finland have been

certified. Therefore, using the data would not have

provided any added value in our analysis.

Participatory assessment of ES provision potential

Participants of Focus groups 2 and 3 saw the task of

scoring themes based on provision potential of the

whole spectrum of ES groups very interesting, but at

the same time rather demanding because no one is an

expert in everything. They took the task seriously and

our challenge was to guide them to avoid thinking

about overly complicated interrelationships and far-

reaching indirect consequences. In cases of concurrent

good potential for e.g. provisioning services and

sensitive natural values represented by specific

themes, our methodological approach visualises over-

lapping contradictory high potentials, which makes a

basis for discussion in a real-world planning situation.

After the Focus group 1, we dropped three ES

groups due to difficulties in defining which areas can

act as service providing units for them. These groups

were (1) bioremediation, (2) biogeochemical pro-

cesses, filtration, sequestration, and (3) biological

regulation. Filtration was seen as a notable ES, and

therefore the difficulty in assessing the potential

capacity of different areas to provide for filtration

was a surprise even to the experts. Including these ES

groups in our methodological approach needs further

study.

We learned from the focus groups that although most

of the themes were familiar and understandable, some

themes had to be explained even more clearly. Such

themes were groundwater areas at risk and sealed

surfaces. For example, sealed surfaces are areas where

water cannot penetrate into the soil but some partici-

pants thought they were areas where no vegetation can

grow. Sometimes customary management practices

make it difficult to interpret which are natural and

which are cultivated products. For example, when

assessing the provision potential of aquaculture pro-

ducts, some participants contemplated whether stocked

fish should be regarded as produced or wild. Here we

made a distinction between freely moving fish and those

growing up in fish hatchery. Fish are often stocked to

compensate for lost opportunities of spawning. Only

one theme, the water construction sites, had to be

removed because of substantial inconsistencies in scores

given to it.
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ES provision potential according to scored themes

Median scores were used in order to obtain a plausible

measure of central tendency as the scores were given

on a relative scale, the sample was relatively limited

(n = 14) and the distributions of the scores were

occasionally skewed.

Based on the median scores given by the respon-

dents, the used themes were considered to have most

relevance in assessing the provision potential of

cultural ES (Table 3). In 8.7 % of the matrix cells

dealing with cultural ES the median score was zero.

The themes were least relevant in assessing provi-

sioning services (64.1 % of the cells obtained zero as

the median value). For regulation and maintenance

services, the median was zero in 23.7 % of the cells.

Habitat and gene pool protection was the only ES

group to obtain a non-zero score for all 23 themes, i.e.

all themes were perceived to have an impact on the

provision potential of the ES group in question. The 23

selected themes proved to be most insufficient in

assessing the provision potential of the provisioning

service groups of aquaculture products and biomass

based energy, as only 17.4 % of the cells considering

them obtained a score other than zero.

Some themes were found to be more suitable in

assessing the ES provision potential than others. Peat

extraction sites were perceived to have an impact on the

provision potential of almost all ES groups (95.2 %). On

the other hand, ground water areas at risk were deemed

to have an impact on only 23.8 % of the ES groups.

ES provision potential maps were produced based

on the matrix. Synthesis maps of provisioning, regu-

lation and maintenance, and cultural ES, as well as all

ES sections together are presented in Fig. 3.

Discussion

The results of this study indicated that our approach

can provide a useful tool for assessing ES provision

potential over a landscape. By involving expert

knowledge, the assessment has a robust foundation.

It yields a holistic view on all ES groups taking into

account the local and regional actors’ perspectives.

Because it is a transparent method in a way that all

score matrices and map layers based on them can be

examined both together and separately, the assess-

ments behind the results can always be tracked back.

One of the major benefits of our approach comes as

a by-product of applying focus groups: they offer a

platform for discussion and a sharing of understanding

of GI and ES. Both experts and local and regional

actors regarded the exercise as very fruitful and

widening their conceptions of the functions and

services provided by GI. Land use planning in practice

is about resolving conflicting targets and our method

provides one solution to help that process.

However, the results also highlighted issues that

have to be taken into account in further applications

and development of our method. These will be

discussed next.

The first challenge relates to ES. The variety of ES

is so wide that no one can be an expert in all of them.

Therefore, the applied classification of ES has to be

explained thoroughly to the focus groups to avoid

differing interpretations. We got valuable information

from our focus group participants for further refine-

ment of the classification.

Secondly, the use of a wide range of datasets needs

attention. The expert focus group should represent

diverse knowledge on all ES sections, including also

‘‘non-ecological’’ experts familiar with other prereq-

uisites than purely ecological conditions for ES

provision potential. This helps in identifying all

relevant datasets. Dataset selection is also reliant on

scale. National datasets are an important starting point

but when applying the methodology at a finer scale,

the applied datasets also need to be more detailed. In a

real-world planning situation, local and regional

authorities, such as regional councils, municipal

planners and environmental experts, have a crucial

role in the data selection phase, owing to their wide

knowledge on the availability and quality of local and

regional data.

We wanted to cover both land and water areas in

our approach. The results showed that there are fewer

themes and datasets covering aquatic habitats than

terrestrial ones. This data therefore tends to be

overemphasised in our analysis, as in the case of the

ecological status of the surface waters and observa-

tions of algae blooms. Analysing terrestrial and

aquatic areas separately could yield more reliable

results.

Another issue that requires attention when using a

large number of datasets is the possibly long period

needed to gather them. Retrieving confidential data

might require formal procedures and signed contracts,
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and it can sometimes last long before the data actually

is in use. We retrieved one of the datasets in our case

study only after several months of negotiations.

The third challenge is how to deal with a large

variation in given scores. We inferred from the results

that in cases of great variation there is usually a lack of

Table 3 Median scores matrix representing the relevance of the themes to the provision potential of ES groups. See Table 1 for the

ES group codes. The scores presented here were used as coefficients in weighted raster overlay analysis (map algebra) in order to

produce provision potential rasters for each ES group

ES GROUP CODE 

THEME 

P
1 

P
2 

P
3 

P
4 

P
5 

P
6 

P
7 

P
8 

R
M

1 

R
M

2 

R
M

3 

R
M

4 

R
M

5 

R
M

6 

R
M

7 

R
M

8 

R
M

9 

C
1 

C
2 

C
3 

C
4 

1. CONSERVATION AREAS 0 1 1 0 1 0 0 0 1 1 1 3 2 1 1 2 3 3 2 3 3 

2. OBSERVED SITES OF 
ENDANGERED SPECIES 0 0 0 0 0 0 0 0 0 0 0 1 0 0.5 0.5 1 3 1 1 2 3 

3. IMPORTANT BIRD 
AREAS (IBA) 0 1 1 0 0 0 0 0 0 1 0.5 1 1 2 1 1 3 2 2 2 3 

4. VALUABLE LANDSCAPES 2 1 0 0 0 0 0 1 0.5 1 1 1 0.5 1 1 2 2 3 1 2 2 

5. VALUABLE GEOLOGICAL 
FEATURES 0 1 0 0 2 0 0 0 1 1 1 0.5 0.5 1 1 0 3 3 2 3 3 

6. OLD FORESTS (AGE ≥
120 YEARS) 0 2 0 0 0 0 0 0 2 1 1 3 2 1 2.5 1 3 3 3 3 3 

7. IMPORTANT FOREST 
HABITATS 0 2 0 0 0 0 0.5 0 1.5 2 1 2 2 1.5 1 2 3 2 2.5 2 2.5

8. UNDRAINED PEATLANDS 0 2.5 0 0 0 0 0.5 0 0 3 0 3 2 3 2.5 2 3 3 3 3 3 

9. NATIONAL HIKING 
AREAS 0 3 2 0 0 0 1 0 1 1 1 2 1 1 1 1 1.5 2 3 3 2 

10. RECREATION AREAS 
OF REGIONAL PLANS 0 1 1 0 0 0 0 0 1 1 1 2 1 1 1 1 1 2 2 3 1 

11. NATIONAL URBAN 
PARKS 0 1 1 0 0 0 0 0 1 1 1 2 2 1 1 2 1.5 3 1 2 2 

12. URBAN GREEN AREAS 0 1 0 0 0 0 0 0 1.5 1 1 2 2 1 1 1 1 2 1 2 1 

13. DISCONTINUOUS 
URBAN FABRIC 1 0 0 0 0 0 0 0 1.5 1 1 1 1 1 0.5 2 1 1 0 0.5 0 

14. HIGH NATURE VALUE 
FARMLANDS 3 1 0 0 0 0 1 1 1 0 1 1 1 1 2 3 3 3 1 1.5 2 

15. TRADITIONAL 
AGRICULTURAL BIOTOPES 2 1 0 0 0 0 1 0 1 0 1 1 1 0.5 2 3 3 3 1 2 3 

16. SURFACE WATERS OF 
HIGH OR GOOD 
ECOLOGICAL STATUS 

0 0 3 2 3 2 0 0 0 0 0 0 0 0 0 0 2 2 3 2 2 

17. GROUNDWATER 
AREAS 0 0 0 0 3 3 0 0 0 2 0.5 0.5 0 1 1.5 0 1 0 0 1 2 

18. FISH PASSAGES 0 0 3 1 0 0.5 0 0 0 2 0.5 0 0 1 0 0 2 2 3 3 2 

19. PEAT EXTRACTION 
SITES -1 -3 -2.5 0 -1.5 -1 -2 -2 -1 -3 -1 -3 -2 -3 -3 -1.5 -3 -3 -3 -3 -2 

20. SEALED SURFACES -2 -3 0 0 -1 -1 -2 -2 -2 -2 -1 -2 -2 -2 -2.5 -2 -3 -2 -2 -3 0 

21. SURFACE WATERS OF 
MODERATE, POOR OR BAD 
ECOLOGICAL STATUS 

-1 -1.5 -3 -3 -3 -2 0 0 0 0 0 0 0 -2 0 0 -2 -1 -2.5 -3 -1 

22. SITES OF FREQUENT 
ALGAE BLOOM 
OBSERVATIONS 

0 0 -3 -2 -3 -2 0 0 0 0 0 0 0 0 0 0 -2 -3 -3 -3 -1 

23. GROUNDWATER 
AREAS AT RISK 0 -1 0 0 -3 -2 0 0 0 0 0 0 0 0 0 0 -1 -1 0 0 0 
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knowledge in the background, as well as differences in

viewpoint and appreciation. The most striking differ-

ence in given scores was between experts working

with built environment issues, e.g. having a back-

ground in landscape architecture, and those working to

safeguard biodiversity, having a background in natural

sciences. While it is important to acknowledge the

different viewpoints it is also a problem for research-

ers applying the method to deduce whose scores to rely

on when great variation occurs. On the basis of our

experience, there seems to be a need for specialised

expertise especially in the case of understanding ES in

urban settings.

Fourthly, when applying focus groups it is often

difficult to get all the invited people to participate. In

our case study, the biggest problem was the current

hectic pace of work which inhibited about half of the

invited people from participating, regardless of several

reminders. The composition of the actual focus group

has to be kept in mind when analysing the results.

The fifth observation is about the relationship

between the ES group and the themes. In some cases

it is very difficult to perceive the actual spatial extent

of the impact of the theme on specific ES provision

potential. For example, assessing the extent of the area

which is affected by structures both prohibiting

movement of fish (e.g. dams) and easing the move-

ment (e.g. fish ladders) was problematic. How far

upstream or downstream does the area of influence

stretch? Another example was peat extraction, which

may have adverse effects on the quality of surface

waters downstream, thus reducing their capacity to

provide many ES.

As the sixth discussion point, we bring out the

normalisation of ES groups inside the ES sections as

well as ES sections themselves. In our case study it

was the appropriate way to process the scores because

we wanted to give equal importance to all ES.

However, depending on the premises of the analysis

there are also other solutions, if more weight is given

to some ES groups due to place-specific planning

targets, for example. This needs further study.

Conclusion

The method applied here allows for the relatively rapid

acquisition of an overall picture of the multifunctional

key areas of GI having the highest provision potential

of multiple ES within a study area. The analysed ES

groups can be examined either individually or in

desired combinations in order to support decision-

making and land use planning. Like Burkhard et al.

(2012), we acknowledge that results based on expert

evaluations can be complemented with quantitative

assessments of ES, if available. Complementary

quantitative analyses on provisioning services would

undoubtedly benefit the result. Although there is

spatial data on various provisioning services, such as

the estimated timber volume, the data on many

provisioning services is scarce or its spatial resolution

is too coarse for regional assessments. When it comes

to assessing intangible regulation and maintenance,

and cultural services, suitable quantitative data is even

more difficult to find. Carrying out detailed quantita-

tive assessments of all the individual ES is a time-

consuming and expensive task and therefore usually

unfeasible in a tightly scheduled land use planning

process. Thus, in our opinion, more easily adoptable

semi-quantitative expert evaluation-based methods

can bring added value to decision-making and land

use planning.

This paper only covers the very first steps in

developing an easily accessible tool utilising expert

scores and a host of GIS data in assessing GI based

on ES provision potential. We acknowledge that

there is plenty of room for improvements and further

refinements in the proposed methodology. In the

current stage, our method helps in framing areas

based on ES provision potential, hence the name

GreenFrame. Other necessary aspects to be exam-

ined, and also to be included in our GreenFrame

method in the future, entail firstly the actual ES

provision, i.e. the portion of ES provision potential

actually consumed or possible to consume, taking

into account the flow of ES between areas (c.f.

fruition used in relation to recreational ES in Maes

et al. 2012). Secondly, both the potential and the

actual demand for ES require attention. The potential

Fig. 3 Aggregated ES provision potential maps of the study

area depicting the spatial variation in the provision potential,

based on expert scores and GIS data. Top left an aggregate of

three normalised ES section layers (P provisioning services, RM

regulation and maintenance services, C cultural services). Top

right an aggregate of eight normalised provisioning service

layers. Bottom left an aggregate of nine normalised regulation

and maintenance service layers. Bottom right an aggregate of

four normalised cultural service layers

b
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demand for ES can be defined by the number and

location of potential users or beneficiaries of ES in

the research area. This relates to potential pressure

of use as well. Actual demand for ES can be

assessed only through user surveys (use of such data

see e.g. Lankia et al. 2012), interviews, or by using

participatory data collection methods (Raymond

et al. 2009; Brown et al. 2011; Kyttä and Kahila

2011; Kyttä et al. 2013). The integration of all of

these aspects into GI-focused land use planning is a

vast challenge. In order to tackle the challenge, more

close cooperation is required – not only with the

land use planners and other practitioners, but also

with researchers from various disciplines.
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