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Urban green infrastructure provides a number of cultural ecosystem services that are greatly appreciated
by the public. In order to benefit from these services, actual contact with the respective ecosystem is
often required. Furthermore, the type of services offered depend on the physical characteristics of the
ecosystem. We conducted a review of publications dealing with demand or social factors such as user
needs, preferences and values as well as spatially explicit supply or physical factors such as amount
of green space, (bio)diversity, recreational infrastructure, etc. and linking demand and supply factors
together. The aim was to provide an overview of this highly interdisciplinary research, to describe how
these linkages are being made and to identify which factors significantly influence dependent variables
such as levels of use, activities or health and well-being benefits. Commonly used methods were the
combination of questionnaires with either on-site visual recording of elements or GIS data. Links between
social and physical data were usually established either by using statistical tools or by overlaying different
thematic maps. Compared to the large number of variables assessed in most studies, the significant effects
in the end were relatively few, not consistent across the studies and largely dependent on the context
they were seen in. Studies focused on aesthetic and recreational services, while spiritual, educational and
inspirational services were not considered when creating links to spatially explicit ecological structures.
We conclude that an improvement and harmonization of methodologies, cross-country studies and an
expansion of this line of research to a wider range of services and more user groups could help clarify
relationships and thereby increase applicability for urban management and planning.

© 2016 Elsevier GmbH. All rights reserved.
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1. Introduction

Over the last 30 and especially over the last 10-15 years, urban
green space has become an important research topic (Kabisch et al.,

7 This paper is a result of the European COST Action “Green Infrastructure
Approach: linking environmental with social aspects in studying and managing
urban forests” (GreenInUrbs). COST stands for Cooperation in Sciences and Tech-
nology. More information on GreenInUrbs can be found at www.greeninurbs.com.
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2015). With increasing urban populations, concerns about qual-
ity of life and human health and well-being have increased. With
this, the interest in the potential and actual benefits of urban
green spaces of all kinds — now widely referred to as urban green
infrastructure - has grown (Benedict and McMahon, 2006). The
Millenium Ecosystem Assessment defines four types of ecosys-
tem services (ES): provisioning, regulating, supporting, and cultural
(MEA, 2005). In this paper we focus on cultural ecosystem services
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Fig. 1. The Confluence model showing how supply and demand factors determine the use of cultural ecosystem services.

(CES) associated with different types of public urban green space,
including recreational, aesthetic, and spiritual experiences (Daniel
et al., 2012). According to Daniel et al. (2012), these types are rec-
ognized but not yet adequately defined or integrated into the ES
framework, being characterised as “intangible”, “subjective” and
“difficult to quantify”. Despite this, Milcu et al. (2013) argue that
capitalizing on the societal relevance of CES helps to address real-
world problems. For example, they might serve as a useful gateway
for addressing and managing nature in cities (Andersson et al.,
2015). CES differ to some extent from other categories of ES because
they normally require actual contact with the ecosystem by the
individual for the benefits to materialize; the service has to be
consumed or experienced on site. According to Haines-Young and
Potschin (2013), they are — amongst other ES - mostly final ecosys-
tem services which influence human well-being directly. This type
has a strong link to the ecosystem function, process and/or struc-
ture that produces them and also suggests that attention should be
paid to the location of both the supply of and the demand for these
services. The widely used Cascade model (de Groot et al., 2010)
reflects the origin of the ES concept in the natural sciences, sug-
gesting a natural supply of benefits to humans from the ecosystem
while paying relatively little attention to the demand for ES (see
also Spangenberg et al. (2014)). Therefore, we propose a somewhat
different model, the Confluence model (see Fig. 1) that is described
as follows.

Clearly, not all urban green areas offer the same types, qual-
ities and quantities of CES - factors such as green space size
and physical composition, its design and layout, as well as any
facilities form the basis for their supply. Not everyone has the
same demands concerning urban green spaces (Schmithiisen and
Wild-Eck, 2000; Arnberger, 2006). The characteristics determining
demand for CES will be referred to as social or demand factors. They
are the socio-demographic and socio-economic characteristics of
the population, as well as their general preferences and value orien-
tations (Plieninger et al., 2013). These factors determine the match
between the supply offered and the services demanded. Actual use
results from a spatial match between demand and supply. Knowl-
edge about the combination of these factors helps in predicting
the extent and range of possible benefits from different configu-
rations of green infrastructure planned, designed and managed at

a city or site scale. The model can be seen as a further develop-
ment of the outdoor recreation decision process by Pigram 1983
(Pigram and Jenkins, 1999) in which characteristics of individuals
and households form the demand and perception of resource char-
acteristics and accessibility form the supply for outdoor recreation,
resulting in decisions for the participation in outdoor recreation.
The confluence model expresses these relationships in the context
of ecosystem services and explicitly includes the benefits generated
by the use of CES. Please note that the term “confluence model” has
nothing to do with the confluence model explaining birth-order dif-
ferences in intellectual performance (Zajonic and Sulloway, 2007),
nor with the confluence model of sexual aggression by Malamuth
et al. (2008).

According to the confluence model we can group research in
this field into three categories:

e Studies mainly examining demand factors, e.g. preferences for
green spaces, urban forests and parks or surveys of recreational
use and activities, but paying little attention to green space phys-
ical aspects or only dealing with them in spatially non-explicit
ways, e.g. using photos of landscape types. Examples include
Arnberger and Eder (2015), Carvalho-Ribeiro and Lovett (2011),
Conedera et al. (2015) or Eriksson et al. (2012).

Studies primarily concerned with supply factors, e.g. physical or
ecological characteristics of urban forests, but paying no atten-
tion to social aspects or only including them in minor ways, e.g.
national forest inventories or interviews with foresters or policy
makers about recreational aspects (Tomppo et al., 2010).
Studies which establish links between demand factors such as
user preferences, etc. and supply factors, such as the physi-
cal characteristics of specific locations (Burkhard et al., 2012;
Plieninger et al., 2013).

While previous reviews have looked at associations between
green space and human measures (Jorgensen and Gobster, 2010),
we go further and quantify (a) how these linkages are made and (b)
which factors are identified as significantly influencing (levels of)
use and health and well-being benefits. We link social factors (the
demand side) to spatially explicit physical factors (the supply side)
in urban green infrastructure. Benefits arise as a match between
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