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Abstract: Multifunctional agriculture (MFA) has attracted increased attention from academics and
policymakers in recent years. Academic researchers have utilised various approaches to assess
and measure the multifunctionality of agriculture and rural landscapes. This paper outlines the
nature of MFA and key supporting policies, before reviewing the applied research approaches,
drawing primarily from the European Union and China where specific policies on MFA have been
implemented to support rural development and promote sustainable rural communities. Four distinct
types of valuation of modern MFA are recognised: economic, biophysical, socio-cultural, and holistic.
Following a search of both the recent and older MFA literature, evaluations of the strengths and
weaknesses of quantitative, qualitative, and mixed methods applications are provided using examples
from a range of recent studies. The review illustrates the diversity of approaches to measure MFA.
While noting that many studies operate at a landscape scale, the challenge remains that the lack of
commonality in the research approaches applied means it is difficult to provide effective comparisons
between studies or to compare findings. A future research agenda will need to emphasise the need for
more consideration of the roles of MFA research to support decision-makers, especially policy makers,
but also farmers who largely make decisions for individual farms but, if considered collectively, can
transform production systems at a landscape scale.
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1. Introduction—Multifunctional Agriculture (MFA)

The explicit recognition that agriculture plays various roles in addition to the production of food
and fibre, and so contributes to the development of multifunctional landscapes, first appeared in
the academic literature in the 1970s [1-3]. For example, Smith and Raitz [4], in writing about rural
development in Kentucky’s Bluegrass region, refer to multifunctional agricultural estates producing
various commodities, especially Burley tobacco, thoroughbred racehorses and purebred beef cattle,
and contributing in numerous ways to rural life and economy. The concept has an extensive history,
with many landed estates in Europe and North America from medieval times and colonial farms in
Latin America, Africa and Asia not only representing centres of production of multiple agricultural
commodities but also of craft goods (e.g., leather, wood and wool), while supporting villages and
community life, as acknowledged by Carter [5], Chevalier [6], and Martins and Wade [7] among others.
Indeed, some would argue that agriculture has always been multifunctional, but what is new is that an
increasing public demand for alternative and non-commodity outputs can now be identified. Despite
the important links between multifunctional agriculture (MFA), socio-cultural evolution and landscape
development, the field has been a relatively neglected aspect of academic study until only recently,
and it is still developing conceptual and procedural norms.

That neglect has also applied to policy formulations where the potential of MFA to contribute to
multiple desirable modern rural development outcomes has only begun to be appreciated in the last

Land 2020, 9, 260; d0i:10.3390/1and9080260 www.mdpi.com/journal/land


http://www.mdpi.com/journal/land
http://www.mdpi.com
https://orcid.org/0000-0003-1652-6456
http://dx.doi.org/10.3390/land9080260
http://www.mdpi.com/journal/land
https://www.mdpi.com/2073-445X/9/8/260?type=check_update&version=3

Land 2020, 9, 260 2 of 30

three decades. However, there have been a growing number of theoretical (e.g., [8-10]) and case study
examinations (e.g., [11-14]) on the nature of MFA and its contributions to economy, society, agricultural
landscapes and the environment, and of direct relevance to this paper, on how it can be assessed and
measured. In this state-of-the-art review, we briefly summarise some of the key ideas and policies
pertaining to MFA and then present a structured critical review of the various approaches employed in
formally measuring MFA, endeavouring to develop understanding of its contribution to the multiple
roles played by agriculture in rural areas. Because of the well-developed and explicit policy focus on
MFA in both the European Union (EU) and China, the paper concentrates on providing examples from
work conducted in those two jurisdictions while acknowledging that MFA is present elsewhere, often
without targeted policy support.

2. The Nature of MFA

In the late 1980s, the Commission of the European Communities [15], in its publication the future
of rural society, emphasised that agriculture can generate a range of contributions to the character
of rural areas, including economic development, environmental management and the viability of
rural communities. This was the first formal official acknowledgement of MFA and it was followed
subsequently in The Earth Summit held by the United Nations in 1992, in which Article 14 of Agenda
21 recognised and highlighted the existence and importance of MFA, thereby propelling MFA onto the
international stage [16]. In 1993, the European Council for Agricultural Law officially introduced the
term ‘multifunctional agriculture’ to provide legislative support for the development of agricultural
sustainability ([10], p. 183). Despite these official statements regarding MFA, the notion of MFA has
given rise to different understandings by researchers and institutions in different contexts—and not all
jurisdictions have been supportive of the concept.

It is possible to recognise two distinct discourses. The first was summarised in 1997 in a ‘European
model of agriculture” proposed by a leading interest group for European farmers. This asserted,
“in addition to its production function, agriculture has more functions such as protecting the natural
environment, maintaining rural landscape and laying the foundation for rural development” [17].
This notion portrays a versatile agricultural system that responds to different social, ecological and
economic drivers—a concept that was given greater focus in a second interpretation made in the
Declaration of the Agricultural Ministers Committee of the Organisation of Economic Co-operation
and Development (OECD) [18], which defined MFA as: “Beyond its primary function of producing
food and fibre, agricultural activity can also shape the landscape, provide environmental benefits such
as land conservation, the sustainable management of renewable natural resources and the preservation
of biodiversity, and contribute to the socio-economic viability of many rural areas.” This definition
also recognised that MFA generates both private and public goods, stressing that some functions of
agriculture represent joint forms of production and require government intervention to protect or
enhance those activities [19]. This second interpretation provides a clear indication that agriculture is
capable of both drawing from and contributing to a ‘triple bottom line’ of sustainable rural development,
with economic, social, and environmental components [20]. Hence, agriculture is recognised as not just
an economic activity producing food and fibre, but also providing many goods and services, including
non-marketed, non-commodity, non-excludable and non-rival outputs [21].

In association with global initiatives, over the last two decades MFA has featured prominently
in policy discourse, most notably in EU rural development policy in which agriculture has been
encouraged to deliver various economic, social, and environmental outcomes. Since 2000, there has
been a pronounced shift in the focus of the EU’s Common Agricultural Policy (CAP) in favour of
MFA, especially emphasising farmers’ roles as landscape managers to maintain biodiversity and
landscape aesthetics [22,23]. Agriculture is increasingly viewed as a key tool for reducing the impacts
of climate change and for strengthening ‘green growth’ after the Global Financial Crisis [24]. Although
MFA has rarely featured prominently or explicitly in rural development policies in North America or
Australasia [25-28], it has also become a major element in policy initiatives in China since 2007, both as
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a means of contributing to rural poverty alleviation and delivering sustainable development. China’s
2018 Rural Revitalisation Strategy targets expansion of the ‘multiple functions of agriculture’ [29],
in part to generate more balanced development between the cities and the countryside [30].

MFA contributes to all three dimensions of sustainability, but to be considered systematically,
it must facilitate the reconfiguration of resources in rural areas beyond an individual farm ([31], p. 423).
In other words, while restructuring may be implemented by individual farmers, in a process termed
agricultural or farm diversification [32-35], changes occurring on a single farm would have to
impact beyond the individual farm business and influence other rural stakeholders if they are to be
considered part of the process of multifunctionality. While land management is performed at the
farm scale [36], outcomes should create mutually reinforcing synergies and networks to generate
multifunctionality across rural landscapes [37-39]. MFA is not solely dependent on government
policies for its promotion. Rather, much MFA is developed ‘organically’ by farmers, for example,
undertaking actions to enhance agri-biodiversity [40] or diversify into on-farm processing activities
that generate additional employment, build on cultural understandings and add to the strength of the
rural economy [41,42].

In the last two decades, researchers from different disciplines have been clarifying that MFA
‘regimes’ have purposes apart from food and fibre production, including commoditisation of the
countryside, management of renewable natural resources, and landscape and biodiversity conservation,
which together should contribute to the cultural integrity and socio-economic viability of rural
areas [43,44]. Hence, numerous studies have acknowledged that agricultural activities are a combination
of both nature and society [45], capable of generating multiple outputs and amenities (e.g., food;
food processing; nature, water and energy services; recreation; and scenery) from individual farms
or across agricultural landscapes [46,47]. Thus, in many cases, the production of multiple outputs
from agricultural systems, which constitutes multi-functionality, often involves a reconnection of
agriculture’s often-dominant economic function to its ecological and social roots.

3. Assessing and Measuring Multifunctionality

3.1. The Literature Search

Since the concept of MFA was first proposed and researched, different disciplines including
economics, geography, political economy, ecology, environmental science and sociology have worked
to conceptualise the topic, concentrating on their different foci and contexts. Within this work,
some researchers have attempted to assess and/or measure MFA in order to not only provide a
better understanding of agriculture, rural economies, cultures and landscapes, but also to support
decision-making processes and improve ways of managing the environment sustainably [48,49].
Therefore, while the assessment of MFA in terms of its functions, goods and services has been studied
in different ways [50], focusing on different scales from the global to micro-scale plots [51], they
have largely concentrated on specific functions related to specific disciplines, rather than aiming
to develop multi-faceted or holistic analyses of multifunctionality. Four different perspectives
can be identified in this body of work on MFA: three focusing primarily on single functions
(i.e., the economy, the agri-environment and the socio-cultural), and one that is adopting a more
comprehensive perspective.

The papers discussed below were selected using the Google Scholar and Scopus search engines to
search for the literature related to the measurement and assessment of MFA. This search also enabled
us to examine previous reviews, meta-analyses, and well-cited studies on this topic. The procedure
employed is set out in Table 1, showing the keywords searched for relating to each of the four topics
(economic, biophysical, socio-cultural, and holistic valuations). In the case of economic and biophysical
valuations a two-stage process was employed to enable the literature relating to particular methods
and models to be investigated. The search enabled an inclusion of papers in which measurements
were applied to a range of different functions and others where the focus was primarily on measuring
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a single non-productivist function of agriculture. In total 195 publications published since 2015 were
generated by the search, in addition to just over 70 older, key publications. In the following analysis
we focus on the former as we feel these provide the best indication of the direction of contemporary
research approaches to measure MFA.

Table 1. Searches for the literature on measuring/assessing multifunctional agriculture (MFA).

Topic Step 1 Keywords Step 2 Keywords
Economic multifunctional agriculture Contingent Valuation Method agriculture
Valuation economic quantifying Willingness to Pay agriculture

Choice experiment approach agriculture
Stated preference approach agriculture

Biophysical ecological evaluations + HSI model agriculture
Valuation agriculture InVEST agriculture
biodiversity evaluation + SoLVES agriculture
agriculture MaxEnt agriculture

ecosystem services + multi-
functional agriculture

Socio-cultural quantify social functions + agriculture
Valuation qualify social functions + agriculture
quantify cultural functions + agriculture
qualify cultural functions + agriculture
assess socio-cultural agriculture
valuate social functions + agriculture
valuate cultural functions + agriculture

Holistic quantify holistic multifunctional agriculture
Valuation qualify holistic multifunctional agriculture
assess holistic multifunctional agriculture

3.2. Previous Surveys

Our survey of the literature on approaches used to measure MFA revealed several previous
overviews or meta-analyses of MFA that have been produced since the 2000s. For example, Randall
et al. [52,53] conducted a meta-analysis estimating economic value functions for the impacts of US
agricultural conservation programs on water quality, wetlands, and upland habitat and open space.
The research reviewed had largely used willingness to pay (WTP) and environmental valuation
databases, but the authors noted that lack of consistency in methodologies and inadequate specification
of environmental descriptors made generalisations difficult (see also [19,54]). A more holistic
consideration of MFA was undertaken by Sal and Garcia [55], who reviewed a large volume of
research, examining the link between the agri-ecosystem and sustainability for production, economic,
biophysical, and socio-cultural functions of agriculture in Spain. The value of each dimension
of sustainability was assessed using a semi-quantitative procedure as part of what they termed
“a multi-dimensional evaluative model.” Maduereira et al. [56] focused on economic valuations of
non-commodity outputs from MFA, identifying two approaches. One comprised pricing outputs
according to their provision costs, through cost-side methods, which included costs of replacement,
restoration, relocation, and government payments. These approaches fail to provide information
about individual demand regarding the goods and services available. Hence, demand-side economic
valuation methods (i.e., the estimation of individual demand for non-market goods) were deemed
preferable, notably those reliant upon estimates of the WTP or the consumer surplus related to a change
in the provision level of a given output. These methods are based on two alternative approaches:
revealed preference methods and stated preference methods, which are discussed further below in
Section 3.3.1.

More recent overviews include that by Ahtiainen et al. [57], who examined 34 studies addressing
the relative importance of agricultural policy objectives for different stakeholder groups. They
considered the preferences of citizens, farmers, and experts for economic, social, and environmental
dimensions of MFA, paying special attention to agri-environmental objectives. In their broad study,
they noted that the general public emphasised social values, whereas experts and farmers placed more
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weight on economic objectives (see also [58]). Huber and Finger [59] performed a meta-analysis of the
WTP for cultural services from grasslands in Europe based on 32 research papers. A proposed switch
from cropland to grassland reduced WTP, while an increase in less-intensive land use in mountain
regions raised WTP but by a smaller amount than the reduction.

Lee etal. [60] examined the impact of conservation farming practices (e.g., conservation agriculture)
on the provisioning of Mediterranean agri-ecosystem services via a meta-analysis of 155 published
case studies. They quantified the effect of various management options on four provisioning and four
regulating ecosystem services (ESS), rather than directly examining the impacts on MFA. The relationship
between ESS and MFA is discussed further in Section 3.3.2. Overall, alternative agriculture management
practices led to more positive than negative effects on ESS across the region. Van Zanten et al. [61] also
focused on ESS, at the landscape scale in the EU, assessing the benefits delivered by ESS by means
of a monetary or social valuation via a survey of the relevant literature. They comment on the lack
of suitable methods available for studying the connections between the different components of the
ecosystem. Wittering et al. [62] continue this argument, noting that there are often terminological
issues that affect multi-component evaluations of the agri-ecosystem.

Garcia-Martin et al. [63] explicitly focused on multifunctional landscapes in their survey of integrated
landscape initiatives in Europe. Rather than attempting to measure MFA, they focused on management
approaches, acknowledging that the most relevant characteristics of such initiatives are a holistic approach,
emphasising the involvement and coordination of different sectors and stakeholders at many levels,
especially their roles as agents of awareness raising and learning about MFA. Land management was also
at the heart of van Vliet et al.’s [64] survey of 137 studies of agricultural land use change in Europe, which
focused on whether intensification or disintensification was occurring. MFA was not a specific target
of this research, but elements of multifunctionality were related to the two poles of change, such that
intensification involved specialisation and a decrease in landscape elements, whereas disintensification
generally meant more landscape elements and farm diversification. Meanwhile, Kizos et al. [65] focused
on the cultural functions of multifunctionality in Europe, reviewing three sets of literature on the driving
forces of landscape change, on rates of landscape change and on landscape actors. This was linked
to another review of cultural ESS by Plieninger et al. [66]. None of these reviews sought to measure
MFA themselves, but they charted the spatial dynamics of landscape change, illustrating where different
processes (e.g., intensification, land abandonment) were most dominant and considering what policies
could be developed to best protect and manage multifunctional systems and landscapes.

3.3. Measuring MFA

In producing the review detailed below, we grouped individual studies into four categories using
interpretations based on the reading of the abstract, introduction and conclusion. We fully acknowledge
that this is not a definitive process of classification and that there are some studies in which there may
be some blurring between different categories, such as an assessment that primarily examines cultural
functions but includes some broader economic considerations. In selecting exemplar references we
have tried to use illustrations where the allocation of the study to a given category is clear-cut, but we
accept that there is a degree of subjectivity in this process. The result is an initial review that highlights
the principal means of measurement and assessment of MFA associated with four dominant valuation
categories. We also include a short Section 3.4 after these valuation categories that discusses relational
values, as these represent work on multifunctional landscapes that sits in the space between ecological
and economic values.

Table 2 shows the results of the keywords search. These results are now examined in turn to
illustrate the different research interests and concerns that have been associated with MFA, focusing
primarily on how to assess and measure multifunctionality.
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Table 2. Summary of approaches and methods used in assessing and measuring MFA.

Approach Methods Exemplar References
Alcon et al. [67]; Bernués et al. [68]; Chen et al. [69];
. Dupras et al. [70]; Jung [71]; Kubi¢kova [72]; Mazzocchi and
Statgd—preference.methc?d.(usmg Sali [73]; Nambuge et al. [74]; Novikova et al. [75]; Ohe [76];
contingent valuation, willingness K d Theodoridi ! . 1 .
to pay, choice experiments Ragkos and Theodoridis [77]; Sangkapitux et al. [78];
COI’I:'Oii’It analysis) ’ Tagliafierro et al. [79]; Torres-Miralles et al. [80] 2017;
Economic ) Y van Zanten et al. [81]; Vivithkeyoonvong and Jourdain [82]
2017; Sejati et al. [83]; Zabala et al. [84]; Zhao and Huang. [85]
g{eyealidgreferech metht(? d ted Baum and Kozer-Kowalska [86]; Dong et al. [87]; Huang and
using hedonic pricing, estimate Wang. [88]; Miinch et al. [89]
travel costs)
Ecological footprint Blasi et al. [90]
Ecosystems services Ketema et al. [91]; Yu et al. [92]
Experiment based model Aneva et al. [93]
Generalised linear mixed model Lecina-Diaz et al. [94]; Lefcheck et al. [95]; Liu et al. [96];
Biophysical (GLMM) Puig-Montserrat et al. [97]; Rollin et al. [98]

InVEST model

Bhagabati et al. [99]; Dai et al. [100]; Du and Rong [101];
Goldstein et al. [102]; Ma et al. [103]; Pham et al. [104];
Polasky et al. [105]

Models based on biophysical
character

Belem and Sagqalli. [106]; Ma et al. [107]; Mattsson et al. [108];
Peng et al. [109]; Peng et al. [110]; Peng et al. [45];
Rallings et al. [28]

Socio-cultural

Assessment of aesthetics/scenery

Tenerelli et al. [111]; Williams [112]

Choice experiment method

Rewitzer et al. [113]

Cultural ecosystem services

Bullock et al. [114]

Landscape indicators

Vlami et al. [115]; Willemen et al. [116]

MaxEnt model

Heetal. [117]

Monetisation

Chen et al. [118]

Multi-criteria assessment

Bonenberg [119]

Participatory approach/Interviews

Bernués et al. [120]; Darvill and Lindo [121]; Gosal et al. [122];
Hahn et al. [123]; Junge et al. [124]; Kvakkestad et al. [125];
Plieninger et al. [126]; Plieninger et al. [127]; Schmidt et al. [128];
Schirpke et al. [129]; Schirpke et al. [130];

Soy-Massoni et al. [131]; Tulla et al. [132];

Villegas-Palacio et al. [133]; Wlodarczyk-Marciniak et al. [134];
Yang et al. [135]; Zoderer et al. [136]

SolVES model

Bogdan et al. [137]; Qin et al. [138]; Semmens et al. [139];
Sherrouse et al. [140]; Wang et al. [141]

Visualisation methods

Bachi et al. [142]; Oteros-Rozas et al. [143]

Holistic

Analytic hierarchy process (AHP)

Carmona-Torres et al. [144]; Gu et al. [145]; Johansen et al. [146];
Rovai and Andreoli [147]; Sajadian et al. [148]; Sousa et al. [149]

Delphi method

Shipley et al. [150]

Ecosystems services (ESS)

Song et al. [151]

Emergy valuation

Dai et al. [152]

Indicators Zhang et al. [153]
Damani [154]; Fagioli et al. [155]; Fleskens et al. [156]; Hrabak
. and Koneény [157]; Marques-Perez and del Rio et al. [158];
Monetisation

Modernel et al. [159]; Nguyen et al. [160];
Stiirck and Verburg [39]; Troiano et al. [161]; Zhang et al. [162]

Multi-criteria assessment

Li et al. [163]; Marques-Perez and Segura., [164];
Schaller et al. [165]

Participatory approach (PPGIS)

Fagerholm et al. [166,167]; Garcia-Nieto et al. [168];
Kivinen et al. [169]; Verbrugge et al. [170]
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3.3.1. Economic Valuation

Evaluating the economic functions of agriculture in the context of MFA generally means that the
economics of the production of food and fibre are de-emphasised. These ‘standard’ outputs, which
appear in a farmer’s balance sheet, are largely superseded in the MFA literature by demand-side,
non-market valuations of public goods, derived from neo-classical economics, which are goods
and services insufficiently provided in commercial markets and/or goods, services and attributes
valued as beneficial to the public (e.g., biodiversity, landscape, rural economic vitality, food security,
cultural heritage). Consequent on the “drive to increase the production of food, feed, timber, energy
and other marketed commodities from land over the past half century” these public goods may be
under-supplied ([171], p. 6). In various parts of the world, but especially the EU, this lack of supply
has been used as a justification for moving farm support policies away from the production of food
and towards the provision of a range of environmental and social benefits from agriculture.

The valuation of public goods derived from MFA has proved problematic. First, public goods
cannot be exchanged in a market unless exchangeable property rights are defined for them, and second,
how various assets are valued may differ according to circumstance and whether they can be owned
and traded. Public goods also exhibit ‘jointness’ in that they are a by-product of farming’s production
of marketed goods, which may complicate efficient policy design.

Assessing the economic value that consumers assign to non-commodity outputs has been tackled
by employing demand-side valuation methods, which provide estimates of the WTP or the consumer
surplus associated with a change in the provision level of a given output, based on either a revealed
preference or a stated preference method. The former uses hedonic pricing (estimating the demand
for a good) or travel costs as a proxy. Stated preferences are investigated using contingent valuation
methods (CVM), choice experiments and conjoint analysis if there is a variety of goods and services
under consideration.

Classical valuation studies often involve CVM and WTP. In this approach, values are assigned by
constructing demand curves reflecting survey respondents’ reactions in choice experiments. Scenarios
can reflect the provision or withdrawal of specific benefits. An alternative is the use of hedonic pricing
approaches, in which values are inferred from indirect expenditure choices (such as travel costs used as
a proxy for valuation of specific sites or locations by a surveyed group, or house prices used to reflect a
perceived higher or lower quality of a certain locale). A major criticism of such economic valuations
relates to inherent difficulties in applying these techniques, the high sensitivity of results to underlying
assumptions, their subjectivity and the design and conduct of choice experiments ([171], p. 13, [172]).

Many economic approaches to MFA utilise the notions of joint products (multiple products
generated simultaneously by a single production process), private and public goods, and the positive
and negative externalities that are produced and derived from the rural economy [173,174]. These
approaches have been widely used in Europe in the last decade [155,175,176], especially to assess the
economic aspects of the implementation and operation of the CAP. Within this context, CVM is often
applied (e.g.,[71,75,77]) as a survey-based economic technique for the valuation of non-market resources,
such as biodiversity conservation or the control of soil and water contamination [177,178]. For example,
Kallas et al. [179] integrated this method and the analytical hierarchy process (a structured technique for
organising and analysing complex decisions, based on mathematics and psychology) to demonstrate
the importance of the various functions of agriculture in Spain based on farmers’ socio-economic
characteristics. Similarly, Howley et al. [180] explored WTP for protection of agricultural activities in
the United Kingdom (UK), demonstrating wide public support for the protection of traditional farm
landscapes, and hence also for the second pillar of the CAP that supports sustainable agricultural
responses to the economic, environmental and societal challenges of the 21st century.

CVM provides quantitative information about the demand for agricultural landscape services,
which can then be used to improve agri-environmental policy. Novikova et al. [75] conducted an
empirical study in Lithuania using CVM, highlighting that local residents primarily valued the
maintenance and preservation of the agricultural landscape, indicating that the externalities of
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agriculture should be regarded as crucial in evaluating farmers’ performance. A more nuanced
evaluation of the agricultural landscape was presented by Ragkos and Theodoridis [77], employing
a choice experiment approach to probe non-traded functions provided by Cypriot agriculture. This
showed that environmental protection, cultural heritage, and stability of agricultural trade were most
important to farmers on the island, with MFA presenting complicated positive and negative influences
on the local natural environment and social provision. Similar complexity appears in the work of
Bernués et al. [68], who combined qualitative methods and a survey-based stated-preference method
to determine the value of key market and non-market functions of agri-ecosystems in the Norwegian
fijords and mountains, calculating a total economic value to reveal that the public attached great
importance to the production and supply of quality food.

Some studies focusing on the assessment of MFA in Australia have also used economic methods,
for example the work of Bennett et al. [181], showing that MFA does not only occur in developed
countries with high population densities but can also be identified in situations with less population
pressure on resource use. Various studies using economic valuation in the United States have focused on
state- or county-level non-market functions, such as farmland amenity, environmental preservation, and
aesthetic value [174]. These studies have included use of non-market evaluation techniques to measure
amenity values generated by farmland [182] and public preferences for amenity and agricultural
functions [183,184], applying WTP and CVM [185,186], and WTP for ecosystem services [187].

Similarly, researchers in Asia have exploited economic methods to quantify MFA. This has
frequently involved using choice experiment models where a finite number of alternatives comprise
hypothetical choice situations, called choice sets; each respondent chooses the preferred alternative for
each choice set. Latent class choice models have also been popular in which the choice probability is
calculated, where an individual in a particular group chooses an alternative from a particular set of
alternatives. For example, Sangkapitux et al. [78] used both choice experiment and latent class models
to estimate the needs of Thai society for environmental services from agriculture and the WTP for
various agricultural functions. Gao et al. [188] employed non-use WTP based on residents’ ecological
cognition in the Sanjiang Plain in China and indicated that distance from a specified feature, and
recognition of and willingness to support certain environmental functions are closely related.

In general, economic methods have been widely used in the evaluation of multifunctionality,
and research has gradually extended from a focus solely on quantitative assessments (see the review
by Holting [49]). Researchers have especially favoured methods such as CVM, WTP and choice
experimental methods to reveal individuals’ subjective feelings towards non-commodity outputs of
agriculture (e.g., maintenance of rural landscape) to shed light on the values of public goods and
externalities. In recent years, some scholars have also attempted to evaluate the cultural functions of
agriculture using economic methods. For example, Rewitzer et al. [113], adopted a choice experiment
method to evaluate cultural ecosystem services at a landscape scale in the Swiss Alps, showing that
cultural landscape conservation was supported strongly by local citizens. Clearly, however, some
functions of agriculture, such as food security or social cohesion, are difficult to analyse through
economic valuations [43].

3.3.2. Biophysical Valuation

Biophysical valuation primarily focuses on ecology-related functions of agriculture and the
analysis of ecosystem services (ESS). The focus has often been explicitly on the measurement and
assessment of the ecological components of agri-ecosystems. Researchers have attempted to construct
and employ various methods and models, including developing habitat suitability indices (HSI),
integrated valuation of ESS and trade-offs (InVEST) models, assessing social values of ESS (SolVES),
and using maximum entropy (MaxEnt) to extrapolate where data are absent [100]. Those methods
used most frequently, such as HSI and InVEST, have been applied primarily to quantify habitat quality
(Table 3), and the ecological contributions of MFA rather than broader holistic functions. Similarly,
several researchers have applied the generalised linear mixed model (GLMM) to study biological
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diversity of agri-ecosystems [95,97,98]. However, in the last decade, the IN'VEST model has been
widely applied because of its ability to incorporate quantified and spatially explicit measures of social
values into ESS assessments using geographic information systems (GIS) [99,102,105]. It has also been
combined with use of factor analysis [189], to broaden the scope of the research further.

Table 3. Habitat quality assessment models.

Applied Model Advantages Disadvantages Exemplar References

This model is suitable for Duflot et al. [192]
expressing simple and easily It is quite subjective and lacks Latifiana et al. [193]

Habitat Suitability pnderstopd impacts of ynwersghty; it does not gonmder Lew1§ (?t al. [194]

Index (HSI) model 1nteryent1.0ns. on .targeted interactions e'md correlations Martinig [195]
species’ distribution and between habitat Steenweg et al. [196]
abundance, particularly variables [190,191]. Tadesse et al. [197]
suitable for fish habitat. Zubizarreta-Gerendiain et al. [198]
The model is based on Aneseyee et al. [199]

Integrated ecological processes, flexible  Scope of application and Kija et al. [200]

Valuation of . parameter adjustment, spatial  scalability are limited, and few Liu et al. [201]

Ecosystem Services  expression of evaluation sub-modules are designed for Sallustio et al. [202]

and Tradeoffs results, time, space, cultural services [141,191]. Zhang et al. [203]

(InVEST) model multi-service, and multi-target Zhong and Wang [204]
trade-offs.

Alfaya et al. [209]
Almasieh et al. [210]
Healy et al. [211]
Khosravi et al. [212]

Developed originally to model  Estimations of the amount of
geographical distributions of  error in its predictions are
species [205], it uses limited. Extra care is needed

Maximum Entropy presence-only data, performs ~ when extrapolating to another

(MaxEnt) model well with incomplete data (via ~study area. MaxEnt is not Liu etal. [213]
extrapolation), and requires available in standard statistical ~ Mammola etal. [214]
only small sample sizes. packages [206-208].

Biophysical valuation has supported research concentrating on relatively large scales, including
counties, physical regions such as upland areas and river basins to quantitatively assess multiple
biophysical functions of agriculture. A typical example is the research by Ma et al. [103], who combined
an integrated cellular automata (CA)-Markov model and an InVEST model of habitat quality to discuss
and explore the evolution of land cover and the values of biodiversity across an entire Chinese province
from 1995 to 2015. They showed that biodiversity was being transformed from a degraded towards a
hypothesised optimal state, with further gradual improvement predicted. A more typical Chinese
example applying InVEST is the work of Dai et al. [100] who combined this model with the valuation
of ESS and trade-offs to evaluate habitat quality based on watershed subdivisions in Northeast China
from 1990-2010.

The term ‘ecosystems services” (ESS) has become prominent in political discourse and academic
research post-2000, especially with the publication of the Millennium Ecosystem Assessment (MEA) in
2005, which defined ESS as “the benefits people directly or indirectly obtain from the environment” [215].
Thus, ESS subsumes the multifunctional roles played by components of ecological systems, including
agri-ecological systems, and comprises provisioning, regulating, supporting and cultural services [216].
There are ongoing problems with assessing ESS, as the concept itself conflates functions, services, and
benefits [217]. However, usually a chain is conceptualised whereby natural assets generate functions
that provide beneficial services to society, and which society may or may not explicitly value in various
ways. The assets and the services may be valued using ‘natural capital” social accounting [218], but
there are numerous valuation methods. Moreover, the complexity of ESS makes it difficult to portray
a simple relationship between single or multiple ESS and MFA, though it is possible to argue that
agri-ecosystems (as an asset or product/function of agriculture) deliver various ecological services
to beneficiaries.

Huang et al. ([219], p. 138), propose combining MFA with ESS in a common approach, arguing
that “MFA considers functions as agricultural activity outputs and prefers farm-centred approaches,
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whereas ESS considers ecosystem functions in the provision of services and prefers service-centred
approaches.” Nevertheless, there have been several ESS studies relevant to MFA, especially those
focusing on environmental benefits derived from agriculture and the socio-cultural aspects and values
associated with agriculture that have drawn upon ESS in their assessments. A good example is that
of Plieninger et al. [127], which examined the positive and negative associations of multiple ESS
within farmland in Europe of high environmental value, but essentially focusing on cultural ESS.
They concluded that the socio-cultural mapping of ESS is useful for understanding the perceived
multifunctionality of a landscape.

A common means of valuing ESS is to employ payment for ecosystem services (PES), which can
operate as a mechanism to translate external, non-market values into financial incentives for provision
of services (e.g., carbon sequestration, cultural services, biodiversity), to public or private purchasers
who can benefit from this provision [220]. Typically, PES focuses on one service or function to the
exclusion of the system as a whole and multiple interactions between services [221]. Some valuations
have been embedded in broader participatory planning processes. However, many have employed
valuation techniques mirroring those used for public goods, notably hedonic and contingent valuation
methods, whereby proxy measures consider the actual monetary cost of provision of a specific service
via a non-ecosystem route. Alternatives for assessing cultural ESS have been developed more widely
in recent years and mirror those for the cultural functions of MFA depicted in Table 2.

ESS analytical methods of the ecological functions of MFA have frequently been applied at the
landscape level. For example, Yu et al. [92] combined data from a digital elevation model, vegetation
data and remote sensing data using GIS-based AHP methods, to evaluate agricultural land suitability
and ecological functions in the upper reaches of the Yangtze River. Analysis of agricultural landscapes
via ESS similarly enabled Zhou et al. [222] to develop the concept of an ‘agricultural functional
spectrum’, applying it to the study of trade-offs in ESS, using integrating methods including value
assessment, diversity and structural measurement approaches to decipher trade-offs in agri-ESS in the
rural hinterland of Xi’an.

Most large-scale studies solely evaluating biophysical functions of agriculture have ignored explicit
considerations of human impacts and viewpoints. However, stakeholder involvement, especially
that of farmers, is vital for comprehensive assessments of MFA. Hence, Ketema et al. [91] quantified
ecological values of land use types with 90 criteria-based farmers’ assessments and empirically analysed
soil properties in Southern Ethiopia. The inclusion of active farmers’ perceptions can validate results
because the intangible ecological values of land use are considered by farmers in their day-to-day
farm management. More examples of this approach are discussed under the ‘holistic’ category in
Section 3.3.4 below.

There has been no unifying method to quantify MFA using a biophysical valuation approach [223].
In general, biophysical quantitative assessments of MFA are relatively mature in terms of their
application to agri-forestry and grassland/pasture systems, while assessments of cultivated land and
inland fisheries are under-developed. Moreover, the choices of specific methods, especially which
models to use or the scale to which they are applied, have been quite eclectic. Often, different methods
lead to quite different results, which raises questions about their accuracy or comparability [109]. Those
limitations can hinder the effective application of MFA policy, especially when current methods do not
enable accurate assessments of programs that involve public investment.

3.3.3. Social-Cultural Valuations

The agricultural landscape has been shaped by complex human-nature interactions, including
many social and cultural functions that exist alongside the frequently more dominant economic
functions. The assessments of such socio-cultural functions are often more complicated than
economic dimensions, because of the dynamic interrelationships between farmers and societal actors,
in association with the economic and physical environments [224,225]. Social and cultural functions
refer to the value that society places on, and the services derived from MFA [77]. Agriculture often
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contributes to cultural heritage by framing the major social activities within rural areas, including
the behaviours of farming families and communities and the generation of employment. It also
often delivers social functions that maintain farming systems that generate landscape distinctiveness.
However, due to the limitations and challenges of assessment methods, socio-cultural functions have
often not been fully considered in the valuation of MFA [122].

Valuation of socio-cultural functions is typically based on cultural ESS, with most research
methods comparable with those associated with calculating ESS at landscape and regional scales.
In addition, some quantitative methods have been derived from environmental economics, dealing with
market prices, travel costs and hedonic pricing, while observation, social media-based interviews, and
participatory GIS can be recognised as common qualitative methods utilised [226]. Some researchers
have examined the consumption of cultural functions by tourists, measuring this via money spent or
charges levied for tourist attractions and enterprises [227]. Others have used assessments of landscape
aesthetics and scenery by tourists to help evaluate cultural functions [111,112] or assessments by local
residents as part of policy formulation [114].

There are many case studies from Europe that assess MFA's socio-cultural functions, because
both the CAP and the EU Biodiversity Strategy to 2020 recognise the importance of cultural and
social components in landscape evolution. Relevant studies have grown in recent years, with many
focusing on the landscape or catchment scale [121,228,229]. For example, Willemen et al. [116]
classified the agricultural landscape into seven functions (residential, intensive livestock, cultural
heritage, tourism, plant habitat, arable production, leisure cycling) in Dutch rural areas, and employed
landscape indicators to quantify and identify these functions (see also [146]). They observed the
interrelationships among the functions and the impact of multifunctionality on individual functions.
Similarly, Gosal et al. [122] attempted to use comparative analyses of three approaches (structured
survey, participatory GIS, and GPS tracking) for valuation of cultural functions in New Forest National
Park in the UK to evaluate the aesthetic appeal of different habitats, including agricultural landscapes.
Using distance-based assessment, Vlami et al. [115] identified cultural landscapes in protected areas in
Greece, scoring and analysing twelve cultural attributes to evaluate cultural values. They claim that
even in data-poor regions, this assessment method of cultural attributes in protected areas could be
widely applicable.

Many of the methods applied to assessing social and cultural functions have been primarily
qualitative. For example, Schmidt et al. [128] used two interactive visualisation methods for rating
and weighting to evaluate selected social and cultural functions based on a common classification of
ESS [230] of Pentland Hills Regional Park, Scotland, exploring their impacts on land-use preferences
from visitors’ perspectives. Wlodarczyk-Marciniak et al. [134] conducted face-to-face interviews with
540 farmers from Central Poland, investigating the social and cultural values of the local agricultural
landscape. They noted that due to the impact of the CAP, globalisation and liberalisation of markets,
the leisure and recreational functions of agriculture were often neglected by farmers, so that this
function was underestimated in results. Partly in response to such criticism, Bonenberg [119] illustrated
the importance of cultural heritage and its valuation in rural areas and proposed a multi-criteria
comparative assessment method encompassing historical, aesthetic, scientific and social significance for
rural areas in Poland. Yang et al. [135] similarly used interviews combined with principal components
analysis and confirmatory factor analysis to assess various agricultural functions, suggesting that for
both urban and rural residents in China, cultural values were vital.

Information utilised in assessing social and cultural values are often supplied by farmers or other
key rural stakeholders. For example, Plieninger et al. [126] used GIS-based techniques and structured
interviews with 93 individuals in Eastern Germany to assess different cultural services including
aesthetic, social relations, and educational values at multiple sites. They showed that respondents
from a range of socio-demographic backgrounds associated closely with cultural services at different
local sites, thus analysing social valuation at a community scale.
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In addition to research in developed countries, several recent studies focus on developing
countries. Bachi et al. [142] used a photo-questionnaire and a spatial multi-criteria analysis in Monta
Verde, south-eastern Brazil, to assess and map non-material functions, which they disaggregated into
aesthetics, recreation, cultural heritage, and inspiration. They revealed that recreational landscape
users preferred a variety of different types of land cover within a rural landscape. In China, researchers
have focused on the evaluation of non-market values via a monetisation approach. For example,
Chen et al. [118] used a monetisation quantification method involving decomposition sums, shadow
prices and cost substitution in Liulin County, Shanxi Province. They divided the social functions
of cultivated land into social security (basic living security, old-age security and unemployment
protection) and social stability (food security, curbing the loss of agricultural labour), observing that
the social security values were generally underestimated.

Many researchers have used a combination of qualitative and quantitative methods in socio-cultural
valuations. While some researchers, such as Chen et al. [118] discussed above, have preferred to
employ only quantitative models to describe social and cultural functions, it appears difficult to
fully describe the complex cultural functions of MFA without introducing some qualitative material.
For example, measuring cultural functions in the peri-urban fringe of Hangzhou, Zhejiang province
in eastern China, with the Maxent model, He et al. [117] used what they termed ‘agricultural big
data’, namely geotagged photos acquired from social networks (e.g., Flickr) (see also [231,232]) and
data on frequency of visitors to key points of interest (from digital mobile maps). They found
that natural variables played the overriding aesthetic roles, but farmland with high contiguity and
regularity at elevations below 200 m provided attractive scenery. Farmland that attracted recreationists
was dependent on good infrastructure and the presence of on-farm activities. In a similar vein,
Oteros-Rozas et al. [143] developed a method of displaying geo-tagged photos on social networks and
evaluating the cultural functions of agriculture in five European countries based on feedback from
netizens (habitual internet users), observing that the diversity of landscapes and multiple cultural
functions were positively correlated.

Some scholars have studied the social and cultural functions of agriculture based on the SolVES
model. This can be used to assess, map, and quantify social values such as aesthetics, landscape
appreciation, and recreation by deriving social-value maps rendered as a value index, e.g., from
a combination of spatial and nonspatial responses to public value and preference surveys [233].
The model has often been used in combination with maximum entropy (MaxEnt) modelling software
to generate social-value maps [234], and to offer statistical models describing the relationship between
the value index and other variables. For example, Bogdan et al. [137], Semmens et al. [139] and
Sherrouse et al. [140] used SolVES to assess cultural ESS, Qin et al. [138] to assess conservation
priorities, and Wang et al. [141] to analyse social ESS. Once again, although there are many common
methods used in evaluating the social and cultural functions of MFA, a unified method of evaluation is
still lacking, which has led to a low comparability of research results.

One possibility is that greater comparability might be generated using new technologies. In recent
years new tools and techniques in geomatics have made it easier to provide spatial representation
“of the complex interactions between all the relevant variables, in order to understand the landscape
changes, the active change dynamics and their main driving forces” ([235], p. 4) [236]. For example,
Loures et al. [237] indicate that there are both direct and indirect methods with which to perform
aesthetic and economic evaluations of a landscape. For historic agricultural landscapes, such as those
in Europe’s Mediterranean countries, the framework suggested by Wood and Handley [238] is an
appropriate means of categorisation for determining strategic options in landscape planning and
management [239]. Their prime focus was on landscape enhancement potential with respect to four
dimensions: character, condition, obsolescence, and dysfunction to determine the focus of future
plans ([235], p. 16).

Lanucara et al. [240] champion the role of data sharing via the internet to enhance the application
of participatory planning processes for landscape characterisation and monitoring, e.g., using spatial
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data infrastructures (SDI) and Open Geospatial Consortium (OGC) standards. However, data
harmonisation is problematic via OGC, which hinders comparisons when searching and analysing
data from different sources, though guidelines have been established by the European Commission
(Directive 2007/2/EC). Data are typically available at a large scale and can include satellite remotely
sensed imagery and various opensource data layers, such as land cover. Della Spina [241] combined
public participation techniques with integrated assessment techniques to develop future planning
strategies in the Tyrrhenian cultural landscape of southern Italy covering 43 municipalities. Various
stakeholders were identified who input subjective views via in-depth interviews, which were combined
with qualitative and quantitative indicators, cognitive maps, and multi-criteria analysis. This enabled
scenario alternatives to be established to feed into the planning process for sustainable multifunctional
landscape development [242].

3.3.4. Holistic Valuations

In terms of assessments of MFA, the focus of studies has gradually shifted from the single
valuation of economic, biophysical, or cultural functions to the measurement of combined holistic
functions [219]. This acknowledges that single function assessment cannot reflect the full nature and
impacts of MFA [243]. Often based partly on the quantitative evaluation of multiple single functions
of agriculture, the holistic valuation approach can integrate results based on the analysis of multiple
single functions. The most common approach for holistic evaluation is use of an analytic hierarchy
process (AHP) (a technique for decision-making in complex environments), usually combined with
an indicator-based approach [225]. For example, Johansen et al. [146] used this method, including
25 indices to demonstrate MFA in a pilot project in Denmark. This showed the potential for sustainable
rural development from five different perspectives (farm economics, outdoor recreation, biodiversity
conservation, rural community development and environmental protection). In another example,
Rovai and Andreoli [147] proposed an AHP-GIS model to evaluate productive, protective, and cultural
and social services provided by agriculture in four case studies in Italy, in which weights were provided
by a participatory approach. They argued that the use of this method did not require complex
mathematical models and made it easier for the non-professional to understand because of its spatially
interactive features.

The indicators utilised in these holistic assessments can vary widely between studies. For example,
Stiirck and Verburg [39] tested multifunctionality indicators at different scales in the EU, employing
twelve ESS and biodiversity indicators. They found that the choice of indicator and scale of analysis
strongly determined interpretation of landscape multifunctionality. At the landscape level, they
could not confirm links between land use diversity and multifunctionality, but at the EU scale,
multifunctionality increased in their various future scenarios. On the other hand, agricultural
intensification and peri-urban growth posed large threats to the retention or development of
multifunctional landscapes.

Most research on holistic MFA evaluation works at a large landscape scale, with only a few studies
focusing on the micro scale (e.g., individual farms). However, the farm level may be regarded as an
appropriate ‘on the ground’ way to analyse MFA [10]. This has been recognised in some studies looking
at both landscape and farm level. For example, Fleskens et al. [156] divided MFA into five groups of
functions including ecological, productive, economic, social and cultural functions at both regional
level and farm level, selecting indicators to evaluate MFA in olive growing areas on the mountain slopes
of north-eastern Portugal. They showed that the value of ecological functions provided by agriculture
was low, though agriculture had made great contributions to the local economy, created employment
opportunities, and played a role in maintaining the cultural landscape and its characteristics.

Focusing on farm-based decision making, Song et al. [151] employed a combination of qualitative
methods (e.g., field surveys, interviews with stakeholders) and quantitative methods (e.g., cost
substitution) to evaluate functions such as environmental health, atmospheric regulation, climate
regulation, leisure and tourism, and the agricultural production function, in a sample village in the
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hinterland of Xi’an, north-west China. This showed that production remained the most important
agricultural function, though grain had been replaced by high-value horticulture, while the importance
of leisure and tourism had grown considerably in recent years.

Another example from China, but at a larger scale, is work by Zhang et al. [162] who used an
evaluation index system for farmland to assess MFA’s economic, social and ecological functions in the
Huang-Huai-Hai plain, taking counties as the basic analytic unit. Liu et al. [243] also constructed a
functional evaluation index system and associated analytic model to grade food production, social
security, ecological conservation and comprehensive functions in the economic region surrounding
Beijing and Tianjin from 1990 and 2008, showing the holistic values of multifunctionality had been
strengthened, with improvements in both economic development and social security. This outcome is
consistent with current policy initiatives in China, which are promoting the spread of MFA to raise
rural incomes while also maintaining biodiversity and cultural heritage.

Most of the studies discussed above have dealt with landscapes dominated by agriculture.
However, research has also dealt with areas where agriculture and urban development interact,
such as in the peri-urban fringe or within the outer suburbs of cities [109,244]. Such studies can
be particularly valuable where rapid industrialisation is consuming agricultural land or restricting
ecological functions—a trend recorded in many parts of the world [199,245,246]. A good example is
the work of Gu et al. [145], who used an AHP combined with weightings from 18 experienced experts
to measure multifunctionality for five functions (ecological safety and ecosystem services, landscape
ecology, industry development and income, infrastructure and public services, and accessibility and
rural tourism) in 160 villages on the fringes of Shanghai, showing a high degree of functional variability
across their study area.

Another popular and common method to holistically assess MFA is an environmental economics
approach, which involves using monetisation to evaluate various functions provided by agriculture.
Li et al. [163], drawing on methods from resource economics (e.g., market value, alternative costs),
discussed the various values of functions of cultivated land in Qingdao, China. Their study
reconstructed the cultivated land value system and evaluated various service function values of
cultivated land. They used the added value of crop farming to replace the economic production
value of cultivated land, evaluating the ecological value via calculations of carbon tax, afforestation
costs and market prices, and for the social value by using government subsidies on social security.
The results revealed that the social value was roughly equal to the sum of the combined economic
and ecological values. Many researchers in China have also been working to evaluate and simulate
the non-agricultural values of cultivated land resources at a large scale (e.g., provincial, municipal)
to assess significant social values, but when expropriation of cultivated land for urban development
occurs, the compensation provided by government is often relatively low, neglecting a range of higher
alternative values [247-249].

Qualitative methods have also featured in some holistic approaches. For example, Shipley et al. [150]
used Delphi and focus group methods to organise stakeholders to identify and evaluate various
agricultural service functions in the Kaskaskia River Watershed, Illinois. This qualitative interactive
method enabled them to generate a typology of agricultural services, including various cultural services.
Fagerholm et al. [224] recognised and assessed agricultural ESS in 13 multifunctional (deep rural to
peri-urban) landscapes across ten countries in Europe with deliberative and public participation GIS
methods (PPGIS). Comparable with Shipley et al.’s study, they found that cultural services including
outdoor recreation, aesthetic values and social interactions had received wide recognition as these
were the key ESS benefits at local scales. Settlement areas were benefit ‘hotspots” but many values were
attributed to forest, water and mosaic landscapes. Some benefits (e.g., culture and heritage values)
were spatially clustered, while many others (e.g., aesthetic values) were dispersed. This research also
enabled well-being to be linked to landscape values, with five distinct clusters: access to services;
tranquillity and social capital; health and nature; cultural landscapes; and place attachment. Each
cluster was related to specific study sites and explained by certain social-ecological properties [250].
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Additional work by Fagerholm et al. [166,251] in Africa combined PPGIS with interviews, producing
similar results. For an additional overview of the use of PPGIS in conjunction with assessment of the
place-based perception of landscape values in Europe, see the survey by Garcia-Martin [252].

Because different researchers have used different classification systems based on a variety of
conceptual understandings of MFA, not to mention regional geographical differentiation, a complete
and universally unified holistic evaluation of MFA has not been developed, even via the widespread
use of common methods such as AHP or environmental economics approaches. While the AHP
method has been widely used in evaluating the comprehensive values of MFA, because the weighting
of indicators is subject to human influence (e.g., differing research perspectives and objectives of
different researchers), the data and evaluation of results remain highly variable.

3.4. Relational Values

Multifunctional agricultural landscapes make essential contributions to rural life and nature,
though their complexity can make maintenance and promotion difficult, involving various agents,
knowledge, and engagement with different types of farming [253]. There is growing recognition
that using traditional intrinsic or instrumental values cannot ensure the retention or production of
multifunctional landscapes that fully recognise the social-ecological relationships between people and
landscapes. In other words, how people connect with nature for their sustenance and wellbeing needs
to be considered in the generation of multifunctional landscapes [250]. To achieve that goal, better
understanding of the relational values between stakeholders and landscapes needs to be generated.

Traditionally, biodiversity conservation, environmental and cultural values of landscapes have
been examined via intrinsic or instrumental perspectives [254]. The intrinsic perspective often aims to
minimise human interventions and uses standardised policy tools to generate desirable environmental
stewardship outcomes [255,256]. However, this can ignore the complexity of human values and
actions, along with the potential for negative impacts of constrained or inappropriate environmental
governance [257]. Advocates for an instrumental approach argue that using market-based mechanisms
such as taxes, subsidies and direct payments can positively shape human behaviours [258,259].
Those tools can generate important economic signals to help facilitate farmers’ engagement in
environmental stewardship, but there are factors underpinning human decision making that can
prejudice pro-environmental behaviour, such as farmers’ knowledge, identity and attitudes to
production systems and the environment [253,254]. Additionally, the intangible nature of cultural
values embodied in agricultural landscapes makes appropriate instrumental tools difficult to apply,
which in turn can compromise governance goals [260]. Therefore, in order to develop support
mechanisms for multifunctional agricultural landscapes, it is important to identify the relational values
of all stakeholders and understand how those values alter land management outcomes [261].

Relational values are conceived as ‘preferences, principles, and virtues associated with
relationships, both interpersonal and as articulated by policies and social norms’ ([262], p. 1462).
Currently, relational values are applied within formal policy settings to ensure environmental and
cultural heritage protection as analysed across the disciplines of anthropology, biology, geography,
and psychology [260,263]. For example, if farmers claim that they are connected closely with
nature, or possess positive attitudes towards conservation, they may be more likely to take practical
pro-environmental actions [264,265]. Another example is landholders” active participation in river
management, which not only promotes relationships between people and their rivers, but also helps to
optimise environmental outcomes [266]. These are just two examples indicating the range of potential
positive contributions to multifunctional agriculture from an improved knowledge of the interactions
between farmers’ relational values and their connections with landscapes.

4. Conclusions

There are a wide range of different research concepts, frameworks and fields addressing MFA.
In recent years, four dominant measurement approaches have increased the understanding of MFA
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and the varied contributions of agriculture’s multiple functions to rural development and sustainability.
However, as illustrated throughout this review, the concepts of MFA recognised and measured by
researchers, institutions and governments are varied and often unclear. Due to reasons such as different
disciplinary applications; the range of developmental backgrounds; specific or complex research
purposes; the diverse range of study areas; and the different academic foci of individuals undertaking
the research, opportunities for comparing or highlighting results are often limited. Further consensus
is required to facilitate norms of research and data that will support arguments to stand up against
commonly represented economic measures of the financial benefits of agricultural production. It may
only be through such data clarity that governments who wish to recognise and invest in MFA will be
able to form or shape policy that protects or enhances the multiple values of agriculture.

Nevertheless, some preliminary conclusions emerge from our review. First, few attempts have been
made to make direct comparisons between different countries subject to similar or contrasting policy
initiatives. Such comparative work also needs to extend to countries where MFA is occurring organically
without direct material support from targeted policies, including developing countries [267,268].
Policy-related research is also required to examine the extent to which policies promoting specific
agricultural functions deliver benefits to different stakeholders, including how policy can best integrate
advantages conferred by natural and social resources in an area to develop different functions.
In addition, more research could consider trade-offs between different functions and how these can
be measured [30]. The roles of the various stakeholders and their contributions to the multiple
functions of agriculture also merit further investigation, emphasising both actors at the micro-scale (e.g.,
individual farmers) and those who work across large scales (e.g., resource management groups, regional
development agencies) [269]. The issue of scale is central to the measurement of multifunctionality,
which merits both more theoretical consideration and empirical case studies. Finally, research is
needed on the extent to which it is possible to develop a more unified method for evaluation of MFA,
perhaps combining different methods and models to better understand the development of MFA in
different contexts.

It is also important to consider just how MFA contributes to sustainable development. If the
economic, environmental, and socio-cultural dimensions of MFA are in accord, opportunities will
be generated for each function to reinforce the others to advance sustainable agriculture and rural
development. This is essentially what Leakey and Prabhu [268] propose in terms of specific measures
to enhance sustainable intensification of African farming systems. They see multi-cropping systems as
the basis for enhancing sustainability but only when allied to energy security, the creation of new local
business and employment opportunities off-farm, and diversification of farming systems. Similar ideals
are espoused by Bretagnolle et al. [11], who champion innovative landscape scale farming systems
in France that can account for changing economic and environmental targets, but which maintain
economic performance and preserve natural resources. Different combinations and components may
be postulated in other contexts, but with the caveat that over-reliance on any one function may not
yield positive outcomes or feedbacks in the others, with the result that sustainability is not enhanced
or may even be compromised, e.g., in China, increased farm-based tourism may draw both capital
and labour away from agriculture, thereby adversely affecting food production and possibly the
agri-ecology. Therefore, while farm household incomes may rise, this could be at the expense of
broader considerations of sustainable development.

There are also global concerns that may impinge on the future promotion of MFA by potentially
influencing preferences for one agricultural function at the expense of others. The most obvious
of these is the growing emphasis on food security and the over-riding need for governments to
ensure adequate food supplies to citizens [270,271]. While this is a longstanding issue, the continuing
growth of the world’s population towards nine billion and the increased pressure of population on
resources drives demands for agriculture to increase production. This may signal moves away from
MFA in favour of neo- or super-productivist modes of production as already seen in some European,
North American and Australasian farming landscapes via the growth of ‘industrial” agriculture and the
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adoption of new technologies to enhance production [22,272]. This gives rise to the notions of ‘weak’
multifunctionality in industrialised agriculture as opposed to ‘strong’ multifunctionality associated
with farm diversification and landscapes where socio-cultural and biophysical functions are valued
alongside the economic and production functions of agriculture [273]. Agricultural production could be
threatened by climate change, which may also prompt the adoption of policies that favour production
over multifunctionality [274]. Alternatively, growing concerns over the need to reduce environmental
harm associated with industrial farming and to maintain both ecological and cultural diversity may see
further adoption of policies promoting MFA. Either way, the need for more consistency in how MFA
is assessed and measured is vital if associated policies are to deliver benefits across all the functions
of agriculture.
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