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The ongoing COVID-19 pandemic has exposed the fragility of current food

systems to feed populations around the world. Particularly in urban centers,

consumers have been confronted with this vulnerability, highlighting reliance

on just-in-time logistics, imports and distant primary production. Urban food

demand, regional food supply, land use change, and transport strategies are

considered key factors for reestablishing resilient landscapes as part of a

sustainable food system. Improving the sustainability of food systems in such

circumstances entails working on the interrelations between food supply and

demand, rural and urban food commodity production sites, and groups of

involved actors and consumers. Of special significance is the agricultural land

in close proximity to urban centers. Calling for more holistic approaches in

the sense of inclusiveness, food security, citizen involvement and ecological

principles, this article describes the use of a new decision support tool,

the Metropolitan Foodscape Planner (MFP). The MFP features up-to-date

European datasets to assess the potential of current agricultural land use to

provide food resources (with special attention to both plant- and animal-based

products) andmeet the demand of city dwellers, and help to empower citizens,

innovators, companies, public authorities and other stakeholders of regional

food systems to build a more regionalized food supply network. The tool

was tested in the context of the food system of the Copenhagen City Region

in two collaborative workshops, namely one workshop with stakeholders of

the Copenhagen City Region representing food consultancies, local planning

authorities and researchers, and one in-person workshop masterclass with

MSc students from the University of Copenhagen. Workshop participants used

the tool to learn about the impacts of the current food system at the regional

and international level with regard to the demand-supply paradigm of city-

regions. The ultimate goal was to develop a participatory mapping exercise
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and test three food system scenarios for a more regionalized and sustainable

food system and, therefore, with increased resilience to crises. Results from this

implementation also demonstrated the potential of the tool to identify food

production sites at local level that are potentially able to feed the city region in

a more sustainable, nutritious and way.

KEYWORDS

food systems, Metropolitan Foodscape Planner, Copenhagen, spatial decision

support, food supply and demand, collaborative workshops, living lab approach

Context: COVID-19 and the crisis of
food systems

The globalized, industrial agri-food system has unveiled
major inherent shortcomings with regard to sustainability
and resilience (IPCC, 2019), being responsible for one third
of the global anthropogenic GHG emissions (Crippa et al.,
2021) and the main driver of biodiversity loss (Benton
et al., 2021). Paradoxically, at the same time the trend
in increasing the logistical complexity and globalization
of the food system increases its vulnerability to negative
environmental feedback effects, such as shock propagation,
spillovers and simultaneous shock events (Davis et al., 2020).
During the COVID-19 crisis this vulnerability was drastically
exposed, highlighting the dependency of numerous countries
on complex and vulnerable international supply chains (Bailey
and Wellesley, 2017; Puma, 2019), with insufficient capacity
in domestic food supply (Garnett et al., 2020). Furthermore,
there have been several reports of countries having difficulties in
acquiring migrant labor for domestic agriculture, exacerbating
challenges in local food production. In Europe alone, it is
estimated that this shortage accounts for 1 million workers
(FAO, 2020).

Recently, some authors assessed the impact of the COVID-
19 on the food systems resilience for specific groups of countries
or from a specific viewpoint (e.g., soil management). For
example, Béné (2020) developed a review on food security in
local food systems and their resilience under the COVID-19
crisis in low- and middle-income countries. Nordhagen et al.
(2021) assessed the impact on small farmers in these countries
and implications for longer-term food system resilience. Other
examples of food system assessment across the world include:
Farrell et al. (2020), who assessed the food systems resilience
under the COVID-19 crisis in Pacific Island Countries and
Territories, Orden (2020) who assessed the resilience and
vulnerability of the North American food system during the
pandemic. In Asian countries, we have the study of Fan
et al. (2021), who assessed the case of Asian countries with
a special focus on a post-pandemic world and the possibility
of future international shocks and disruptions, or Woertz
(2020), who related the food self-sufficiency in Arab Gulf

Countries with the inequalities in food availability, especially
visible in the COVID-19 crisis. In the context of European
territories, the perspective paper by Vittuari et al. (2021)
reviewed the trends in production and consumption in several
European cities during the first wave of COVID-19 and
identified challenges and future strategies for research and
innovation toward the creation of resilient and sustainable city-
region food systems (CRFSs). Along similar lines, a study by
Meuwissen et al. (2021) assessed the impact of the COVID-
19 in 11 farming systems in Europe, observing that even
though they managed to cope with the special situation,
transformative measures in the face of future pandemics
are needed.

At the city-region level (i.e., city-region food systems,
CRFSs, or local food systems, LFSs), Blay-Palmer et al. (2021)
assessed how to increase the resilience of the food systems
by building CRFS and how we can learn from the pandemic
to foster them. Indeed, resilience is not a given and needs
to be purposely nurtured in order to facilitate the creation
of distributive food systems. In particular, these food systems
must be based on local needs and capacities that assure a fair
redistribution of value, knowledge and power across actors and
territories to deliver sustainable food for all (Moragues-Faus,
2020). Furthermore, authors like Vaarst et al. (2017) propose to
apply the agroecology framework in order to achieve resilience
at the agroecosystem scale in the city-region context. Other
examples include the assessment of whether urban agriculture

(UA) can offer a robust solution for feeding city populations. UA

has gained traction in recent years and has also been proposed

by diverse governments and institutions as a tool for improving
food security (Badami and Ramankutty, 2015). In some cases,
scenario analyses have been conducted for particular cities to

establish whether UA can make a significant contribution to
the local food supply, for example in Chicago, as conducted by
Costello et al. (2021). Other authors consider LFSs as socio-

ecological systems (SESs), since they are held by common

culture and identities, in order to create adaptive governance to

facilitate action in LFSs (Skog et al., 2018). In this of thought,
there is a call to also integrate the social reproduction when

designing new sustainable and resilient food systems (Picchioni
et al., 2021).
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These examples above show opportunities for alternative
approaches to the industrial, globalized agri-food system.
Indeed, they point at the need to better understand and foster
the connections between people, places and the environment.
The approaches contrast the often “blanket” procedures applied
in global food systems which have led to severe externalities
and vulnerabilities in the food system. The EU’s goals are to
reduce the environmental and climate footprint of the EU
food system, strengthen its resilience, ensure food security
in the face of climate change and biodiversity loss, and
to lead a global transition toward competitive sustainability
from farm to fork by tapping into new opportunities. This
is reflected by the HLPE (the High Level Panel of Experts
on Food Security and Nutrition of the Committee on World
Food Security) reports on sustainable agriculture (HLPE,
2016) and forests (HLPE, 2017a), which call for more diverse
and integrated production systems at different scales, from
farm, community, landscape and even broader levels, in
order to strengthen food system resilience to external shocks
(including climate variability, natural disasters or economic
shocks) and contribute to dietary quality and diversity through
a more diverse food supply. In other words, there is a
need for a radical transformation of the food systems. The
participation of different stakeholders in transdisciplinary
partnerships can play a key role in this transition, for
instance in the regional co-creation of solutions delivering
rapid transformational changes (Augustin et al., 2021). In
response to the COVID-19 crisis, the EU’s Farm to Fork
Strategy stresses the need for a “just transition” in which
environmental, health and social benefits of a more sustainable
food system become accessible for all parts of society, but
especially those being severely affected by the pandemic crisis,
and more recently, the cost of living crisis. Quoting from
the strategy, “ensuring a sustainable livelihood for primary
producers, who still lag behind in terms of income, is
essential for the success of the recovery and the transition”
(European Commission, 2020a). This article describes the use
of a new decision support tool, the Metropolitan Foodscape
Planner, which features up-to-date European datasets to
(1) assess the potential of current agricultural land use to
provide food resources with special attention to the share
of both plant- vs. animal-based products, and meet the
demand of city dwellers, and (2) enable stakeholders to
geographically allocate land use change decisions concerning
desirable food groups to move toward a sustainable city-region
food system.

The next Section Theoretical framework: The sustainability
of food systems and the resilience of food supply presents
the theoretical background to this article. First, it provides
a definition of sustainable food systems through the lens
of food supply resilience and a description of their main
elements, then it goes on to discuss current approaches
to assess the environmental, social and economic impacts

of food systems, and the role played by spatial decision
support tools in these assessments. Section Materials
and methods presents the tool we used (MFP) and the
methodology used, with a particular focus on components,
GIS software, hardware and processware, and the assessments
undertaken. Section MFP implementation describes the
application of the methodology to the Copenhagen city region
food system and Section Collaborative FAL Copenhagen
workshops presents the results of the use of the tool in
two collaborative workshops. Section Discussion discusses
the results in the context of food systems sustainability
and resilience. Finally, conclusions are provided in
Section Conclusions.

Theoretical framework: The
sustainability of food systems and
the resilience of food supply

Food systems

The HLPE on Food Security and Nutrition (HLPE,
2017b) defines food systems as “gathering all the elements
(environment, people, inputs, processes, infrastructures, and
institutions) and activities that relate to the production,
processing, distribution, preparation and consumption of food,
and the output of these activities, including socio-economic
and environmental outcomes.” The concept of food system
is gaining more attention amongst the scientific community
and policymakers (Béné et al., 2019) due to its increasing
impacts on sustainability, namely the three dimensions of
environment, society and economy (FAO, 2018). Therefore,
it requires comprehensive assessments to ensure informed
decision-making for a responsible and sustainable development
(Lal et al., 2020).

Food systems constitute a complex, multi-actor system
in which drivers influence their components and outcomes
(Brouwer et al., 2020). Drivers represent external trends
such as urbanization, climate change, energy prices and
technology development. The constituent elements of a
food system, according to the framework proposed by the
High-Level Panel of Experts on Food Security and Nutrition
of the Committee on World Food Security, include (1)
food supply chains, (2) food environments, (3) individual
factors, and (4) consumer behavior, and (5) diets (HLPE,
2017b). Food supply chains can be divided into stages
starting from production, through storage and distribution,
processing and packaging up to retail and markets. Food
environments focus on food availability and physical access,
affordability, promotion and information, as well as food
quality and safety. Individual factors include economic,
cognitive, aspirational and situational conditions. Consumer
behavior influences both food supply chains and food
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environments and therefore is crucial to understand in relation
to health.

The sustainability of food systems
through the lens of food supply resilience

The sustainability of the current food systems is questioned
as they do not provide food security and nutrition to
everybody without undermining the provision to future
generations (FAO, 2018). Modern food systems, compared
to the traditional ones as described in Ericksen (2008), are
more susceptible to system disruptions, due to their long
supply chains, international pricing and trade problems,
increasing amounts of processed food and animal products,
increased packaging and retail (Maxwell and Slater, 2003).
On the other hand, territorial markets and short supply
chains are often a key component of agro-ecological systems,
and can enhance access to fresh food, ensure greater value
goes to the farmer, and reduce vulnerability to disruptions
on international markets (IPES-Food, 2020). Therefore,
supporting local short food supply chains, as well as
strengthening participatory approaches in creating healthy
food environments are key challenges in future-oriented
food systems, especially in the context of global crises such
as COVID-19.

One of the major barriers to the assessment of the
current state of regional food production capacity, food
flows, and regional food stocks is the fragmentation of
landscape issues, which according to Lal et al. (2020) can be
categorized into three types of fragmentation: (i) multiscale
fragmentation of land policies, (ii) separate management
of land for environmental and agricultural issues, and (iii)
incomplete and fragmented geospatial knowledge about land
and soil processes and properties. It is in this context spatial
decision support tools can be of great value for assessing
food systems and supporting decision making aimed at the
development of place-based strategies for the implementation
of resilient food systems that are tailored to the region in
question. Spatial assessments can facilitate the quantification
of environmental state, efficient resource management (water,
soil, land), or improvement of environmental quality as a
base for formulation of planning and policy recommendations
(González et al., 2013). Decision makers require effective
management tools for policy making that provide cognitive
results in consideration of dynamic changes in underlying
assumptions (Kersten et al., 1999). These capabilities are
provided by decision support systems (Yang et al., 2010). Lal
et al. (2020) highlights the linkages between soil management
and the COVID-19 crisis, as well as the importance of
geospatial decision support systems for land use planning
and management.

Decision support systems for assessing
food systems sustainability

Decision support systems (DSSs) process the data describing
our surroundings into information and knowledge necessary for
more suitable decision-making. DSSs have been used since the
1960s and were first described in the 1970s by Morton (Kazak
and van Hoof, 2018). “DSSs are computer-based systems designed

for managers to help them to choose one of several options, by

analyzing large amounts of data in a relatively short period of

time” (Kazak and van Hoof, 2018). Therefore, the DSSs are seen
asmulticriteria analyses. It guarantees the prediction of potential
effects of planned development strategies, as well as creation
of alternative scenarios to avoid negative impact of intended
actions of decisionmakers (Kazak and vanHoof, 2018). DSSs are
user-friendly solutions, which improve communication between
decision makers, boost their satisfaction, increase organizational
control, and as a result enhance effectiveness of decision-making
(Alshibly, 2015).

DSSs can combine non-spatial (statistical) data and/or
spatial data together with indexes, factors, algorithms, and
assumptions necessary to assess the potential of the area or
the impact of the implementation of the proposed strategy
(Kersten et al., 1999). Therefore, one of the advantages of
DSSs is perceived in this ability to combine multiple variables
within a single system without having to perform calculations in
external software (Kazak and Szewrański, 2013; Alshibly, 2015).
The relevance of DSSs allows one to optimize the decision-
making process by taking into account various factors, weight
these criteria, express them in one denominator and thereby
reduce potential failures (Kazak and Szewrański, 2013; Kazak
and van Hoof, 2018). Despite the adequacy of DSSs, there
is still a need for critical validation of obtained results, as
well as integration into participatory processes. DSSs allow

processing the data and provide output information. However,

it is the decision-maker who is responsible for obtaining

this information, understanding the results (knowledge) and

making the final decision (wisdom) (Kazak and van Hoof,

2018).
We can distinguish spatial decision support systems (SDSSs)

referring to geospatial futures (Kazak and van Hoof, 2018)

or even Web-based spatial decision support systems (Web-

based SDSSs) based on cyber-infrastructure platforms (Yang

et al., 2010). These SDSSs allow us to describe potential future

developments according to scenario analysis. Scenario methods

belong to the strategic management concept and are a part

of so-called macro-analysis groups. Scenario analyses consider

the object and purpose of the scenario, its spatio-temporal

scale, the type of indicators used to evaluate it (Kazak, 2018),

as well as different spatial data as land use or soil (Terribile

et al., 2015). The SDSSs could be implemented for validation of
different spatial issues starting with adaptation to climate change
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(Kazak et al., 2018) through land development (Stula and Kazak,
2019; Broza et al., 2020) to food system assessments (Heinemann
et al., 2010).

The application of DSS for food and agriculture have been
introduced in many journals and books presenting various
applications from crop production, through water management,
ending with machinery management (Heinemann et al., 2010).
The DSSs allow for evaluation of suitability of land to produce
quantity and/or quality of any commodity. The implementation
of land suitability assessment using DSSs allows to maximize
obtaining food, feed, fiber or energy on one hand, and safeguard
the sustainable production on the other. Moreover, it supports
the use of land according to its functions and provided services,
as well as within the carrying capacity of the land (Wijffels et al.,
2010). A recent example addressed Danish agricultural land
use and associated GHG emissions from a more international
perspective (Prag and Henriksen, 2020). In this study, the effects
of a global adoption of the EAT-Lancet Planetary Health Diet
on Danish agricultural GHG emissions were estimated through
a calculation of the potential changes in land use in Denmark
associated with a reduced animal production. It was evident that
these changes enabled an increased local production of protein
crops for animal feed to replace imported soy, restoration of
drained wetlands as well as afforestation, all of which contribute
to lowering agricultural GHG emissions (Prag and Henriksen,
2020).

Notably, one of the main approaches currently applied for
such purposes are quantitative foodshed assessments. According
to Schreiber et al. (2021), they can be classified in three types: (a)
agricultural production capacity, (b) food flow and (c) hybrid
analyses. The majority of the assessments are based on assessing
the potential agricultural production capacity in order to feed
the specific population of the city-region (i.e., foodshed) (Joseph
et al., 2019; Zasada et al., 2019; Kurtz et al., 2020; Vicente-
Vicente et al., 2021b); or to assess more specific issues as part
of sustainability impact and ecosystem services assessments
of regional food systems and land uses (Swiader et al., 2018;
Tavakoli-Hashjini et al., 2020). The food flow assessments map
consumers and producers, being thus useful when studying
distribution networks (Karg et al., 2016; Wegerif and Wiskerke,
2017; Moschitz and Frick, 2020). Finally, hybrid foodshed
analyses combine agricultural capacity and current food flow
analyses (Porter et al., 2014; Mouléry, Sanz Sanz, Debolini,
Napoleone, Josselin, Mabire et al., 2021; Vicente-Vicente et al.,
2021a) and, therefore, are able to assess the dependencies on
foreign food sources, vulnerabilities of the food system, and
the environmental impacts of the food system re-localization
(Schreiber et al., 2021).

In this context, a spatial-functional assessment tool
“Metropolitan Foodscape Planner” (MFP) at the level of
metropolitan regions was developed as part of the EU project
FoodMetres (2012–2015). Drawing largely on European data
sets, MFP allows the identification of the land footprint in the

form of “local hectares” of agricultural productive land needed
to feed urban populations according to the typical diets that
are recognized for specific countries or regions. The assessment
results in a spatial allocation model of food landscapes,
differentiating between (1) an urban core, (2) a recreational-
natural buffer zone around this core, (3) a plant-based food
production zone including vegetables, fruit, cereals etc. for
human consumption, and (4) a meat-based food production
zone mainly covering fodder and grounds for livestock rearing.
MFP can be operated on a digital MapTable allowing for
participatory processes involving stakeholders to make concrete
propositions for land use change in order to decrease the land
footprint by increasing plant-based food production (Wascher
et al., 2015). Figure 1 illustrates the model of Von Thünen
(1826) which dictates the development of MFP2.0, and is based
on distance from the city, preservation of food and amount of
space. The main principle is that agricultural products that have
intensive land use, have high transportation costs and are in
great demand, would be located closer to urban markets.

Materials and methods

The method on which MFP is based includes a number
of interconnected components, namely a dynamic Geographic
Information System (GIS) and its map/data library, an
interactive platform for stakeholder interaction: a touch-enabled
screen (the MapTable) for face-to-face workshops, or a digital
platform for online workshop interaction, and a series of
interconnected workshops. In a nutshell: during a collaborative
workshop, stakeholders use MFP to get informed about the
status quo of the city region’s food system as well as potential
food system scenarios, discuss these scenarios, and utilize
this information to propose changes in the foodscape on the
MapTable that will improve the status quo of the food system.
Section Collaborative FAL Copenhagen workshops describes
such a workshop in the context of the food system in the
Copenhagen city region.

Dynamic GIS with map library

The GIS included in the MFP (Figure 2) is an interactive
layered digital map that (1) stores and communicates the
map layers used in the assessments, (2) enables stakeholders
to propose changes in the spatial patterns of the foodscape
around the city region, and (3) provides real-time feedback
on the impacts of these changes via dynamic charts. As soon
as new food classes are assigned on the MapTable, the system
recalculates food commodity shares and the supply/demand
effects of the new spatial foodscape configuration (see
Figure 3C).
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FIGURE 1

Concentric rings model for locational theory of Von Thünen (1826).

FIGURE 2

Main interface of the MFP Tool featured by a dynamic GIS, which contains three main frames: (A) the map library, (B) the interactive map area,
and (C) two dynamic charts showing supply and demand figures for the food system of the Copenhagen city region.

Map library and available datasets

The dynamic GIS of the MFP2.0 is built within the
environment of the software combination Esri

R©
ArcMap 10.6

and CommunityViz Scenario 360TM 5.2. ArcMap provides the
layered mapping environment while Scenario 360, acting as
an extension to ArcMap, provides the interactive foodscape
allocator and the dynamic charts that react to foodscape changes
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TABLE 1 Datasets utilized in MFP.

Name of dataset Description Source

CORINE Land Cover 2018 European land cover map https://land.copernicus.eu/pan-european/corine-land-cover

Natura2000 2020 European ecological network of protected areas https://natura2000.eea.europa.eu/

Homogenous soil mapping

units FSU 2019

European map of predicted crop areas on farm structure units.

3rd-generation Homogenous Soil Mapping Units (HSMU) as

modeled by CAPRI (Kempen et al., 2005) and Eurostat crop area

data disaggregated to FSU’s by CAPRI for 33 crops.

https://ec.europa.eu/jrc/en/research-topic/crop-yield-forecasting

LANMAP2 European landscape map https://www.wur.nl/en/show/The-European-landscape-map.htm

Multi-ring buffer around

city start point

Concentric rings around city center based on Von Thünen model

(1823) representing the urban ecological footprint of a food

system

GIS data processing by the authors

Food Consumption

literature

Figures on food and agriculture data (crops and livestock

products) both at European and local level

Available food (FAO, 2018) (kg/capita/year) plus local data on food

consumption

FIGURE 3

Determining the footprint of urban food consumption. (A) Steps to generate a map of growth locations for 13 food crop groups. (B) A food
group is an aggregation of specific crops based on the table of food groups and crops. (C) Steps to generate a map of available zones for
agriculture. (D) Determining the amount of land needed for animal- and plant-based food production.
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made by stakeholders. The “table of contents” frame contains the
map layers available in theMFP tool. Table 1 shows both themap
layers and datasets included in the tool.

Determining the land footprint of an
urban food system

Figure 3 shows a scheme illustrating the four steps within
MFP to determine the land footprint (i.e., resulting area demand
from a consumption pattern) of a metropolitan area. The first
step to estimate the land footprint of human food consumption
using the aforementioned datasets is to map food crop patterns
and to estimate aggregated food supply figures. European FSU
datasets are used for this purpose.

The FSU datasets contain growth projections for 33 CAPRI
crops at the European level (Figure 3A), mapped on top of
HSMUunits (European Commission, 2020b). Out of this dataset
it is possible to generate a map of dominant crops, which in
turn can be aggregated into a European map of food groups.
MFP utilizes the aggregation crop scheme shown in the table
of step b in Figure 3B. For example, crop group “Oil seeds”
consists of crops rape, pulses, other seeds for the oil industry,
and sunflowers. Out of this European cropmap, country-specific
cropmaps are cropped out (see Figure 4 for a Danish food group

map). A cropped country-specific map of crop projections is
used to determine aggregate supply food group values. Food
demand values are calculated using available country-specific
FAO food data (kg/capita/year) (Figure 3D). If local datasets
for a particular city region are available, FAO food figures can
be disaggregated, and then converted into required hectares
per capita. The next step is to determine the zones suitable
for agriculture, which form the input for determining the
amount of land required to feed an urban population, i.e., the
land footprint.

Within this implementation of the MFP tool, we chose
the principle of the “local footprint” as the amount of land
required to grow the food consumed by the population of
a city differentiating between the land needed for animal-
based food consumption and the land needed for non-animal
(plant-based) consumption. Thus, for the remainder of this
paper and for the sake of simplicity, animal-based food
production will denote cow, chicken and pig meat production,
excluding eggs and dairy products; while plant-based will
cover plants for human consumption. In this MFP version,
animal-based food production is represented by food groups
Fodder and Grasslands, while plant-based is represented by
the remaining food groups: Wheat, Potatoes, Sugar beet,
Maize, Other cereals, Oil seeds, Fallow land, Fruits, Vegetables,
Other crops, Flowers. Section Assessing the land footprint

FIGURE 4

Map of Danish food group production for 2019 as extracted from FSU data, at a 1-km resolution (A) and agricultural zones around Copenhagen
as extracted from CORINE (B).
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of food consumption in Copenhagen explains how this was
done for the Copenhagen case. Building upon von Thünen’s
economic theory, the resulting zonation of an inner plant-
based supply ring and an adjacently located external animal-
based supply ring is mainly meant as input to the policy
debate on the principle impact of meat consumption on
regional food supply patterns. Determining a map of available
zones for agriculture requires a map overlay process involving
several spatial datasets (Figure 3C). The European CORINE
land cover map is used to extract areas suitable for agriculture
production (areas allocated land cover classes: “Non-irrigated
arable land,” “Fruit trees and berry plantations,” “Pastures,”
“Complex cultivation patterns,” and “Land principally occupied
by agriculture, with significant areas of natural vegetation,”)
and to filter out unsuitable areas (urban areas, water areas,
forest). Protected habitat areas are also filtered out using
the European Natura2000 map. The LANMAP2 map is also
used to include landscape-related suitable areas for agriculture
and to exclude unsuitable landscapes. This overlay process
produces a European map of available zones for agriculture,
out of which country-specific maps can be generated (see
Figure 4B). City-specific food demand values are used to
determine the total amount of hectares required for meat and
non-meat consumption.

The next step is to generate two concentric rings around
the urban core, namely the plant-based ring and animal-
based ring. The width of each ring depends on the available
productive agricultural land in hectares and is estimated
via an iterative spatial analysis process in which one ring
buffer is first drawn around the city and then overlaid on
with the available agriculture zones. The width of the buffer
is then incrementally adjusted until the total demand food
value in hectares matches the total area of agriculture zones
fitted inside the ring. For plant-based diets, the total demand
relates to all crops used for human consumption, whereas for
animal-based diets the total demand relates to those crops
used for animal feed, and thereby cow, pig and chicken
meat production, hence excluding dairy and egg production.
The result is two concentric rings, whose area sizes portray

the amount of land factually required to feed a city on
a plant-based consumption diet, and an animal-based food
consumption diet, assuming that all available productive land
would be used for covering the current food consumption of the
urban core.

MFP implementation

This section describes the implementation of the MFP
method using datasets from Denmark, and the Copenhagen
city region. First, it describes the steps to determine the
land footprint of Copenhagen in the context of the 13
food groups. Second, it shows how to map the aggregated

land footprints for both the status quo and a projected
diet consumption scenario. Third, it compares both
footprint maps.

Assessing the land footprint of food
consumption in Copenhagen

The method illustrated by Figure 3 was applied to assess
the land footprint of (1) the current consumption situation
(status quo) of the Copenhagen City Region Food System, and
(2) a food system scenario based on the EAT-Lancet dietary
advice. This dietary advice is available in The EAT-Lancet
Commission Summary Report (EAT-Lancet Commission, 2019)
and proposes a varied plant-rich diet that encourages an
increased consumption of vegetables, fruits, whole grain foods,
vegetable oils, legumes, as well as low-fat dairy products, fish and
a decreased consumption of meat. Figure 4 shows the map of the
13 aggregated food groups for Denmark and the available zones
for agricultural production as extracted from public European
datasets (based on Figures 3A,B).

The assessment of crop-based food consumption in
Copenhagen was based on food supply data (annual
consumption per capita) for Denmark (FAOSTAT, 2021),
using 2018 as reference year (Figures 3C,D). This data was
adjusted with a factor accounting for variation in consumption
patterns between the country as a whole and the Copenhagen
city region, based on a study of Danish dietary habits (Pedersen
et al., 2015). The resulting estimate of food supply per capita
in Copenhagen was translated into land footprint (or area
demand) using yield data from Statistics Denmark, averaged
over 5 years (Danmarks Statistik, 2021d). An exception includes
nuts, of which the Danish production is so small that it is
not tracked in the national statistics. Data on nut yield was
obtained from FAO, where data for 3 years was available (FAO
crops). Area demand for animal-based foods was estimated
directly through national statistics on fodder use, combined
with yield averages (Danmarks Statistik, 2021b,c). Because
Denmark has a significant net export of pork and dairy (∼85
and 10% of production is exported, respectively), and a small
net import of beef, poultry and eggs, the resulting area was
subsequently adjusted to represent only area demand related
to national consumption. This was done using a factor derived
from data on production, export and import of relevant product
groups (FAOSTAT, n.d.) and an estimate for how the use
of different general groups of fodder is distributed among
individual animal species in Denmark (Hermansen et al., 2017).
Finally, national area demand per capita was calculated and
adjusted with the factor accounting for variations in dietary
habits between Copenhagen and Denmark. Table 2 compiles the
resulting values for food supply and demand for both plant- and
animal-based status quo production in Copenhagen.
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Land footprint—Status quo in
Copenhagen

Following the same method of Figure 3, we determined
the land footprint of food consumption in Copenhagen for
2018. Maps in Figures 5A,C show two concentric rings, whose
sizes were calculated by matching food supply and demand
on top of the available agricultural land. Figure 5B compares
the total footprint values of animal- and plant-based food
consumption. Figure 5D shows aggregated food group supply
values in hectares within each ring.

Projected EAT-Lancet diet consumption
scenario

Food consumption in the EAT-Lancet scenario was based
on a dietary scenario calculated by Lassen et al. (2020) in the
development process for the new Danish dietary guidelines,
based on the EAT-Lancet Planetary Health Diet. This diet
differs slightly from the global diet developed by the EAT-
Lancet Commission (Willett et al., 2019), because it was adapted
to match Danish commodities. As the recommended amounts
in the diet are only valid for adult consumption (Lassen
et al., 2020), the diet was adjusted with the assumption that
children (aged 0–14) consume on average 86.5% of the calories
consumed by adults, based on a study of Danish consumption
patterns (Pedersen et al., 2015), and data on the current age
demographics showing that at present 16.2% of the Danish
population are in the relevant age bracket (Danmarks Statistik,
2021a). Subsequently, the average per capita consumption was
adjusted with an estimate for food waste, to be comparable with

the baseline consumption data, representing food supply. The
estimate used is that on a European level approximately 20% of
food is wasted, most of it at the household, food service and retail
stages (Stenmarck et al., 2016). Calculations of area demand
for plant-based products were done according to the same
method applied in the assessment of area demand of the current
food consumption. For animal-based products, area demand
results from the baseline assessment were adjusted using the
relationship between the supply of animal foods needed for the
Danish EAT-Lancet diet and the current supply, again using
estimates from Hermansen et al. (2017) to allocate production
of feed crops to individual animal species. The resulting values
for food supply and demand for both plant- and animal-based
food production for the EAT-Lancet scenario in Copenhagen are
found in Table 3.

Figure 6 shows a map of the food groups (1-km resolution)
overlaid with the resulting two concentric rings for the EAT-
Lance diet scenario, whose sizes were calculated in a similar
manner as done for the status quo: by matching food supply and
demand on top of the available agricultural land.

Comparing land footprints of status quo
and EAT-Lancet diet

Figure 7 shows the land footprint of the status quo overlaid
with that of the EAT-Lancet scenario. By visual inspection, we
see that the EAT-Lancet diet scenario requires a lot less land for
meat production, while it does requiremore land for plant-based
consumption.

This section presented the MFP implementation with
Danish datasets. Next section presents the interactive

TABLE 2 Food demand and supply for Copenhagen: status quo (in hectares).

Food group Demand plant-based Supply plant-based Demand animal-based Supply animal-based Area demand

(ha/capita)

Wheat 8,603 110,100 0 94,300 0.0108

Potatoes 1,416 0 0 0 0.0018

Sugar beet 2,804 600 0 100 0.0035

Fodder 0 30,700 141,302 11,800 0.1766

Maize 0 0 0 800 0

Other cereals 2,906 106,800 0 93,200 0.0036

Oil seeds 794 13,600 3,800 0.0010

Fallow land 0 1,000 0 0 0

Fruit 7,747 0 0 100 0.0097

Grasslands 0 26,600 52,581 1,100 0.0657

Vegetables 3,189 0 0 0 0.0040

Other crops 0 0 0 0 0

Flowers 0 0 0 0 0

TOTAL 27,459 289,400 193,883 205,200 0.2767
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FIGURE 5

Land footprint food consumption in Copenhagen: (A) overlaid with map of food groups, and (B) as aggregated total food demand values in
hectares. (C) Overlaid with a map of agriculture production zones. (D) Chart showing aggregated food group supply values in hectares within
each ring.

part of this study, which deals with the co-creation of
food system scenarios for the Copenhagen city region in
a collaborative workshop setting as part of an ongoing

H2020 EU-funded research project called FoodSHIFT2030.
FoodSHIFT2030 aims to launch an ambitious citizen-
driven transition of the European food system toward a
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TABLE 3 Food demand and supply for Copenhagen: EAT-Lancet scenario (in hectares).

Food group Demand plant-based Supply plant-based Demand animal-based Supply animal-based Area demand

(ha/capita)

Wheat 7,551 13,400 0 25,000 0.0094

Potatoes 469 0 0 0 0.0006

Sugar beet 606 0 0 0 0.0008

Fodder 0 2,300 44,250 4,700 0.0553

Maize 0 0 0 0 0

Other cereals 2,551 5,200 0 28,900 0.0032

Oil seeds 8,700 2,800 0 500 0.0109

Fallow land 0 200 0 0 0

Fruit 26,946 0 0 0 0.0337

Grasslands 0 4,400 25,779 0 0.0322

Vegetables 10,969 0 0 0 0.0137

Other crops 0 0 0 0 0

Flowers 0 0 0 0 0

TOTAL 57,792 28,300 70,029 59,100 0.1598

FIGURE 6

Land footprint EAT-Lancet food consumption in Copenhagen: (A) overlaid with map of food groups. (B) Chart showing the aggregated food
group supply values in hectares within each ring for this scenario.

low carbon circular future, including a shift to less meat
and more plant-based diets. FoodSHIFT2030 establishes
FoodSHIFT Accelerator Labs for maturing, combining,

upscaling and multiplying existing food system innovations
across nine city regions, of which Copenhagen is one of the
pilot cities.

Frontiers in Sustainable FoodSystems 12 frontiersin.org

https://doi.org/10.3389/fsufs.2022.846869
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Arciniegas et al. 10.3389/fsufs.2022.846869

FIGURE 7

Land footprints of status quo and EAT-Lancet diet scenario: (A) overlaid with map of food groups. (B) Charts showing aggregated food group
supply values in hectares within each ring for the status quo. (C) Chart showing aggregated food group supply values in hectares within the
plant-based ring for the EAT-Lancet scenario.

Collaborative FAL Copenhagen
workshops

We tested the MFP tool in the context of the food
system of the Copenhagen City Region. Two interconnected
collaborative workshops were held with participating members
of the FoodSHIFT Accelerator Lab of the Copenhagen City
Region representing food consultancies, local authorities, MSc
students, and researchers. The first exploratory workshop was
held digitally using the Zoom R© online meeting platform. The
second workshop was held in person as a workshop masterclass
with MSc students from the University of Copenhagen. The
format of the workshops follow the structure proposed in the
MapTable-basedmethodology by Arciniegas and Janssen (2012),
which features and tests collaborative SDSSs.

Workshop 1. Status quo of the CPH food
system

The first digital collaborative workshop was held with
members of the FoodSHIFT Accelerator Lab of the Copenhagen
City Region representing food consultancies, local planning

FIGURE 8

(A) Participants of one group propose scenarios on printed
maps as an online participant co-discusses this scenario, and (B)

participant applies the proposed scenario on the MapTable.

authorities, and researchers. The main purposes of the
workshop were:

• Get a better understanding of current agricultural land use
of the wider Copenhagen city region in the light of food
demand vs. supply

• Highlight the impact of meat-based food consumption on
land demand

• Discuss potential scenarios food system around
Copenhagen that are more regionalized and sustainable
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• Contrast the impact of current food demand with (future)
alternative diets.

Workshop participants used the tool in “online mode” via
the online platform Zoom to learn about the status quo of
over-usage of resources in the city region, and to brainstorm
and propose visions for food system scenarios for a more
regionalized food system with increased resilience and less
vulnerability to crises. The workshop was facilitated by the hosts,
who acted as “chauffeurs” of the tool, and asked the participants
to indicate orally or via the chat function which map layers to
be turned on or off, where to zoom in or out, and on particular
sports of interest in the study area. The workshop agenda
included the following parts: (1) Introduction to workshop and
project, (2) Introduction to theMFP tool and itsmap layers/data,
(3) Current land footprint of CPH and food landscape, (4)
Comparison with EAT-Lancet diet, (5) Discussion on scenarios,
(6) Recap and prospects/Post-workshop survey.

Despite the limitations of holding a tool-centered workshop
over Zoom (e.g., limited facilitation, lack of hands-on
experience, less dynamic discussion), the workshop was
considered to be a success. All nine participants found the MFP
to be a useful addition to the strategic planning inventory when
considering a city region’s food system. The workshop was held
in collaboration with the Copenhagen FoodSHIFT Accelerator
Lab (FAL) and aligned with the FAL’s innovation focus of
reconnecting the city with its hinterlands. The workshop was
attended by nine people representing the Lejre Municipality,
local food consultancy firms, the University of Copenhagen
and SUSMETRO. The workshop allowed for direct feedback
from a diverse group on potential use cases for the tool and
certain needs of stakeholders that would be required. As such,
the workshop served as a practical application to co-develop
the tool with key stakeholders, and to brainstorm on potential
pathways for new foodscape strategies in Copenhagen.

As the main outcome of this workshop, three food system
visions were discussed and proposed for further analysis in
the MFP tool, based on the presented analysis rings, namely
(1) a plant-based food & recreation vision (in the plant-based
ring), (2) a meat-based food and nature vision (in the animal-
based ring), and (3) agroparks as islands of plant-based food
production (across both rings and the urban core). These three
visions were discussed in the following face-to-face masterclass
workshop held with students at the University of Copenhagen.

Workshop 2. Masterclass at the University
of Copenhagen

The second MFP workshop was held as a masterclass
called ’Future Foodscapes in the Copenhagen Region—New
tools for political decision-making processes—TheMetropolitan

Foodscape Planner MFP Copenhagen’. The workshop lecture
was attended by 20 students from University of Copenhagen
MSc programs in Agriculture, Animal Science, Agricultural
Economics and Climate Change. While the majority of the
participants were physically present, a couple of students also
joined the workshop via the Zoom online platform. The
students used the MapTable-MFP combination to co-develop,
draw, and discuss the impacts of the three diet scenarios
which were proposed in the previous online workshop. The
2-h masterclass contained the following agenda points: (1)
Welcome, (2) Introduction to the MFP tool: status quo in
Copenhagen, (3) Results of the EAT-Lancet Scenario,(4) Work
sessions, (5) Presentation and application to the MapTable, and
(6) Discussion.

The workshop started with an intro lecture to the tool and
its underlying models and philosophy, followed by a description
of the status quo in Copenhagen, resulting in concentric rings
that portray the land footprint. Next, the 20 class attendees were
divided into three groups. Each group worked on a specific
food strategy vision and was asked to draw their food strategy
scenario proposals on A4-format papermaps (see Figures 8A, 9).

The three food strategy visions were: (1) Strengthening
plant-based food and recreational qualities (inner ring), (2)
Allocating land reserved for meat-based food and nature (outer
ring), and (3) Agroparks as islands of plant-based food (across
all rings). Figure 9 shows the three scenarios sketched on paper
by the students. Once each group had drawn out their proposals
onto paper, they were then asked to digitize their scenario
by relocating food group classes of a reference situation on
the MapTable by allocating new food groups to 1-km cells on
the map (Figure 8B). Figure 10 shows these new digital food
strategies as proposed by the groups, next to the reference
situation for comparison purposes.

Results group 1: Plant-based food and
recreation

Participants of this group proposed to allocate three food
groups within the plant-based ring, namely Fruits, Grasslands,
and Vegetables in order to increase plant-based food and
recreation (see Figure 10, top-right map). The recreational
dimension of these land use types will require adequate planning
to allow easy access, education values and space for experiencing
the new foodscapes. Figure 11 shows the impact of the scenario
proposed by group 1 relative to the reference situation (status
quo, Figure 11A) for both plant- and animal-based production.
Within the animal-production ring (the outer ring) the situation
did not change as no classes were allocated within it. Within
the inner plant-based ring, there is a visible increase in the
number of hectares for food groups Fruit and Grasslands, and
a decrease in food groups Wheat and Other cereals, which
aligns with the recommendation of the EAT-Lancet dietary.
Consequently, the position of the blue lines on these bars
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FIGURE 9

Scenarios sketched on paper by the three groups. (A) Plant-based food and recreation (inner ring), (B) Meat-based food and nature (outer ring),
and (C) Agroparks as islands of plant-based food (across all rings).

in the chart got closer to zero (for Wheat it decreased by
around 700 ha, for Other cereals by 700 ha), which means
the supply for these food groups were farther from meeting
the demand. For Fruits, however, the supply-demand difference
got closer to zero by adding around 2,000 hectares, yet still
lacked a substantial number of hectares needed to balance supply
and demand.

Results group 2: Meat-based food and nature
Participants of group 2 proposed to allocate three food group

classes within the outer animal-based ring, namely Fodder,
Nature, and Grassland in order to represent food and nature
areas in the outskirts of Copenhagen (see Figure 9B bottom-left
map). Figure 12 shows the impact of this scenario relative to the
reference situation (Figure 10) for both plant- and animal-based
food production. Within the animal-based ring, there is a visible
increase in the number of hectares for food groups Fodder and
Grasslands and class Nature, which were mostly allocated to
areas where food groups Wheat, Other cereals and Oil seeds
were present. Concerning supply-demand, the position of the
blue line for Fodder got farther from zero by some 10,000 ha,
which implies that fodder supply got farther from meeting the
demand. This results from a substantial increase in Nature areas,
which does not have an effect on supply-demand difference,
but does reduce the amount of animal-based food producing
land, again in alignment with the EAT-Lancet diet, which feature
less meat-demand and consumption, and thereby more non-

agricultural lands. Within the plant-based food production ring
(the outer ring) the situation did not change significantly.

Results group 3: Agroparks as islands of
planted-based food

Participants of group 3 proposed to allocate Agroparks,
Community gardens, and Family Parks across all rings in the
Copenhagen city region (see Figure 9C bottom-right map).
Family parks were drawn mostly near the edges of the outer
animal-ring far from the city center. Agroparks were allocated
for the most part within the plant-based ring in areas where
Wheat and Other Cereals were present. Community gardens
were drawn in open green areas inside the Copenhagen urban
core and their areas are much smaller in comparison to
Agroparks and Family parks. Figure 13 shows the impact of
this scenario relative to the reference situation (Figure 10) for
both plant- and animal-based food production. Changes can be
seen across both rings. Within the animal-based ring, there is a
visible increase in the number of hectares for Family parks and a
slight increase in Agroparks. Most allocations were made at the
cost of food groups Wheat, Other cereals and Oil seeds. Within
the plant-based ring, an increase can be seen in Community
gardens (CG), which is portrayed by class Agroparks - CG.
Regarding supply-demand, the position of the blue line for
Wheat and Other cereals got closer to zero by some 10,000
hectares. For class Agroparks (which is equivalent to Vegetables
in the reference situation) there was also an increase in the
supply-demand difference by a couple thousand hectares, which
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FIGURE 10

Reference situation and results from three groups as applied to Copenhagen on the MapTable. Black circles represent the land footprint of
current consumption (outer: animal-based, inner: plant-based), while the purple circles represent the land footprint of the EAT-Lancet scenario.

implies the new supply for vegetables in this ring is getting close
to meeting the demand.

Workshop evaluation

After the workshops, a survey was distributed. This
survey was completed by the workshop participants, whose

backgrounds and expertise include Sustainability consulting,
Agronomist and Program manager, Scientific Project Manager,
Innovation Support Officer for FoodSHIFT2030, background
in sustainable agri-food systems, PhD Agroecology/geography,
Sustainability Consultant at City of Aarhus (Mayors dept.),
Director, FOOD, Food Policy Director, Research Assistant,
University of Copenhagen Postdoc. The post-workshop surveys
contained questions on their experience and specific aspects of
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FIGURE 11

Assessment of scenario proposed by Group 1. (A) Reference, (B) Group 1’s scenario. Charts show the supply-demand values for each food
group within a particular ring. Bar charts show total supply hectares for each food group. Blue lines on bars portray the supply-demand
di�erence, i.e., how much the supply is meeting the demand. Demand is met when the blue line is at ZERO point.

FIGURE 12

Assessment of scenario proposed by Group 2. (A) Reference, (B) Group 2’s scenario.

workshop effectiveness. Participants were also asked to rate the
MFP tool on the basis of several features. Tables 4, 5 summarize
these responses. This table reveals that participants rated the
interactive maps, the assessment module, and the portrayal of
the status quo with the highest scores, whereas the portrayal of
the EAT-Lancet diet was rated with the lowest scores.

Finally, participants were also asked about the workshop
experience. Sixty-seven percentage of all participants indicated
that the workshop fulfilled their expectations. Particularly,
89% of all participants considered the workshop to make a
crucial contribution for developing a food system scenario for
Copenhagen. When asked about the effectiveness of delivering
a food strategy, 56% of all participants thought the workshop
might do this to a marginal extent, while 34% to some extent.
Regarding their opinion on Copenhagen’s food system situation,

11% of all participants thought the workshop changed their
opinion to a great extent, while 56% to a marginal extent,
and 22% to some extent. Eleven percentage of all participants
considered MFP a tool to support to a great extent the process
of achieving consensus regarding possible locations of food
strategies in Copenhagen, while 56% to some extent and 22%
to a marginal extent.

Discussion

The impact of humans on the environment has been
researched for years (Collins et al., 2020). As early as 1969,
during a session of the General Assembly, a report by U
Thant discussing problems of the human environment was
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FIGURE 13

Assessment of scenario proposed by Group 3. (A) Reference, (B) Group 3’s scenario.

TABLE 4 MFP workshop ratings: 1 denotes low and 10 high.

Workshop feature Average rate

Content 7.6

Design 7.4

Support tools and aids 6.5

Facilitation and pace 7.8

Objectives 7.3

presented, pointing out the need to reverse unsustainable socio-
economic trends affecting the environment. More than 50 years
after that report, we are still consuming more resources and
generating more pollution than the environment can withstand
and regenerate. We are living in a time when humans are
called the planet’s largest ecological footprint, and the level of
environmental and planetary overshoot is alarming (Swiader
et al., 2020). Achieving cross-cutting goals, such as sustainable
development, and addressing large-scale global challenges, such
as climate change, should be served by evidence-based policy
as an instrument for rationalizing the policy-making process

(Weiland, 2016). MFP can become such a tool for knowledge-
based decision-making by tool providing land footprint maps
and data on food demand vs. supply for developing sustainable
foodscapes in metropolitan regions.

Reducing land footprint by shifting diets
in the CPH city-region

Previous research focused on using MFP to quantitatively
determine the land footprint of human food consumption in
metropolitan areas. Wascher and Jeurissen (2017) utilized an
earlier version of MFP to determine the land footprint of
the Antwerp-Rotterdam-Düsseldorf region, demonstrating that
regional food supply does not depend on existing agricultural
land use. Wascher et al. (2015) compared the land footprints of
Berlin, London, Milano and Rotterdam by means of a demand-
supply analysis. Both studies showed meat-based land footprints
larger than plant-based. Table 2 shows that the land footprint
for animal-based food production is larger than that of plant-
based production for the status quo, whereas the EAT-Lancet
scenario shows a larger plant-based land footprint (see Table 3,
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TABLE 5 MFP tool ratings: 1 denotes poor and 5 excellent.

Tool feature Average rate Rate

Maps 3.6 Good

Interactive charts 3 Good

Interactive food allocator 3 Good

Clarity of support information 2.9 Moderate

Assessment 3.4 Good

Portray status quo 3.4 Good

Portray EAT-Lance diet 2.7 Moderate

Define key regions 2.9 Moderate

Co-develop food system scenario 3.3 Good

Figure 7). The obtained MFP results for the Copenhagen case
showed that the current state of food habits requires ensuring
0.2767 ha per capita. However, the change into EAT-Lancet
diet will connect with a land footprint of 0.1598 ha per capita
(decrease of 42% in comparison to status quo). Results obtained
for status quo are higher than those for cities such as Rotterdam
(1.2 million inhabitants)−0.21 hectares per capita or Milano
(1.2 million inhabitants)−0.20 hectares per capita (Wascher
and Jeurissen, 2015). The results obtained based on EAT-
Lancet scenario are close to data quantified for: Berlin (3.5
million inhabitants)−0.18 ha per capita or Antwerp (1.4 million
inhabitants)−0.134 ha per capita (Wascher and Jeurissen, 2017).
Such a high footprint obtained for the status quo can be
associated with the significantly high human development in
Copenhagen and Denmark overall (Human Development Index
of 0.948 in 2021; United Nations Development Programme,
2022). As research shows, most countries with high HDI (above
0.7) have high land footprint and exceed biocapacity (Hickel,
2020).

MFP guarantees a few possibilities: (a) it allows the
assessment of the current state; (b) it allows the creation
of alternative scenarios based on certain assumptions from
reports or studies—such as the scenario based on the EAT-
Lancet diet for Copenhagen; and (c) it allows the creation
of hypothetical scenarios based on changes to population or
food consumption (Kazak and Szewrański, 2014). Therefore,
the hypothetical scenarios are created on a “what if ” basis
(Pettit et al., 2015), i.e., verifying what the impact on the
environment (in this case, the land footprint) will be, e.g.,
changing meat consumption by 30% vs. increasing potato
consumption by 25%. Such assumptions can be created on
the fly, e.g., during workshops, and thanks to pre-prepared
calculation functions—automatically calculated. Moreover, the
MFP does not represent a finite solution. It could be adapted
to emerging new data and the assumptions chosen by the
stakeholders for whom research is conducted. Therefore, in
other cases, new assumptions could be made regarding the
assignment of the land footprint differentiated between meat

and livestock products. This assumption can be made based on
research conducted, i.e., by Poore and Nemecek (2018), which
indicates the land footprint per kg of product including such
division, i.e., land footprint of beef: beef herd (369.81 m2 per
kg) vs. dairy herd (43.24 m2 per kg). We plan to explore such
assumptions in future studies.

MFP as a pedagogical tool for academic
programs in the world

The University students found the MFP tool easy to use
and using the MapTable allowed for learning by doing. This
is backed by the high ratings on the tool given by the
students in the post-workshop survey. After a lecture and
short demonstrations, the students were able to perform the
foodscape allocation tasks with further support. The awareness
of the current young generation is significant enough to
introduce this kind of cognitive workshop in various types
of classes ranging from geography and spatial management
to social economics. Classes using such methods and tools
as MFP can be conducted equally well in universities and
high schools. In particular, it was representatives from these
schools who launched the climate strikes (e.g., Fridays for
Future, Extinction Rebellion). Therefore, there could be no
better time to push socio-economic and cultural change toward
more sustainable development.

Land use conflicts with projected
sustainable food landscapes

There are a number of conflicts connected to power,
legal, and real estate speculation issues The role of private
sector is crucial in projected sustainable food landscapes,
along with the reality of power relations, such as in land
use, finance, expertise, political lobbies. Participatory processes
should pay attention to giving a voice to both private and
public stakeholders, in order to have a good picture of the
dynamics and power relations shaping regional food system
to emerge. Methodologies like that of MFP provide platforms
for bottom-up collaboration where the focus is on informed
decision making by means of a transparent communication of
impacts of human actions, which in turn inform the planning
of interventions.

Conclusions

This article described the use of a spatial decision support
tool in two workshops as part of the living lab activities
aimed at improving the sustainability of the food system in the
Copenhagen city region.
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MFP to improve food system
sustainability

MFP is a spatial decision support system, designed to be
used in a workshop setting using a MapTable as the main
interface between spatial and food-related datasets, scenarios,
and users. This article investigated the applicability of such a
system to assess the footprint of food consumption and to allow
for the co-development of food system scenarios that reduce
this footprint and might address resilience in times of food-
related crisis. Recent work on assessing resilience considers
diet regionalization and crop diversification as factors that
positively influence the resilience of a food system (Vicente-
Vicente et al., 2021a). Results from this study indicate that
there is potential for MFP to support decision-making processes
that aim to design more regionalized food systems. MFP
proved effective to communicate the impacts of human food
consumption by means of combining geographical layers on
land use, agricultural production, and spatial constraints and
presenting them on the MapTable. MFP can seemingly make
a good fit for gathering input and/or ideation, especially at the
beginning of such decision-making processes, where visions are
developed and discussed. As reported in the post-workshop
surveys, city officials, planners, and the students gave positive
feedback on the tool. MFP can be particularly relevant to
scenario co-development methodologies, which makes MFP
useful as a tool of persuasion and opportunities for change. As
it is based on public European datasets, MFP can be applied in
other city regions in a relatively straightforward process. The
tool is flexible enough to consider other diet scenarios depending
on cultural and/or local factors if EAT-Lancet is not applicable.
The exchange of scenarios and lessons learned from different
city regions could offer a wealth of inspiration and knowledge
across Europe in these times of crisis. It can be argued that the
use of MFP can contribute to fostering the regionalization of the
food system, which in turn can contribute to the sustainability
and potentially the resilience of the food system amidst
the effects of COVID-19 restrictions. For example, despite
restrictions, the tool can be implemented online without losing
the participatory element. As previously noted, participatory
processes are essential for informed decision-making, for which
hybrid tools are key in providing flexible options for continued
progress, despite external circumstances such as COVID-19.
The methodology could be helpful for assessing other CRFS
and to meet goals, such as, e.g., Farm to Fork strategy, net-
zero CO2 emissions by 2050. New versions of the tool might
include new indicators that take the assessment beyond land
footprint measurement, which can engage more stakeholders.
Indicators, such as reduction of GHG emissions for livestock
as a result of the implementation of new plant-based diets,
food waste reduction or a quantification of the regionalization
of food systems by means of measuring spatial patterns (e.g.,

clustering) of new foodscapes, and overlaying these results with
transportation infrastructure datasets can constitute compelling
additions for future MFP implementations.

Collaborative workshops

Similar workshop approaches have been effective in
supporting collaborative land use relocation processes
(Arciniegas and Janssen, 2012). Workshop participants found
the MFP-MapTable approach innovative and potentially useful;
particularly, its capability to visually inform about the land
footprint impacts of current food consumption, and how
new, healthier and sustainable diets can diminish this impact
while meeting the food demand. Participants indicated that
the approach offers concrete opportunity and objectives for
stakeholder cooperation, and a good starting point for opening
discussions. The tool played a central role in facilitating two
crucial tasks for improving the resilience of the food system of
the Copenhagen city region, namely (1) the co-development of
three vision pathways with concrete spatial scopes that relate
to respectively animal-based and plant-based food production
(and their combination), and (2) the co-development of
three new food system scenarios that took this vision as the
departure point. Results showed that the interactive element
was well received and could open doors for much more
participatory-oriented strategy development, which could
be part of a wider participatory trajectory on a city-region
basis. Workshop participants indicated that the MFP results
contributed marginally to delivering a food system scenario.
Future studies could expand the methodology to include
recommended follow-up steps for a more detailed food system
scenario, addressing the question of how to use the MFP results
to help forming a concrete scenario.

Lessons and limitations

The MFP-MapTable approach has several limitations
connected to its scope. Firstly, the ongoing COVID-19 global
pandemic hindered the organization of face-to-face workshops.
Consequently, the first workshop was held online via Zoom, and
the second workshop was held using a combination of in-person
(keeping a 1.5-m distance) and online, i.e., a hybrid workshop.
Organizing such a hybrid policy workshop requires more effort
than organizing a face-to-face workshop, and this also plays
a role in reducing the proven capabilities of the MapTable
to support communication and interaction between workshop
participants, and the information provided by the tool. It
is recommended to expand workshop-based methodologies
for foodscape planning to include online methodologies, and
to combine online and in-person. Secondly, the MFP only
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considers animal- and plant-based food production on land and
in the city region, ignoring other sources, such as seafood and
food imports, and excluding other food products such as dairy
and chicken eggs. Future studies can address these weaknesses
by means of targeted data measurement and collection. Thirdly,
administrative boundaries were used to define the CRFS
boundaries (e.g., Swedish administrative areas are not part of
the study), which is also connected to the issue of overlapping
analysis rings from other city regions. The case of Copenhagen
is quite particular, as the city is located near the coast and
close to the Swedish border, which would imply that its analysis
rings might cover areas in Sweden. However, eventual food
supply from Sweden was not considered. Fourthly, distinct
production systems are not considered (e.g., conventional
vs. organic), and the footprint assessment did not include
transportation and logistics impacts. Fifthly, MFP allows for
the allocation of food groups to cells of 1-km resolution.
This resolution can be quite suitable for an entire city region
around a city the size of Copenhagen or larger, but perhaps
less suitable for smaller city regions or urban areas, such as
neighborhoods. For example, allocating large-scale Agroparks
proved straightforward to do in this configuration, but allocating
small-scale scenario targets, such as community gardens within
the urban core of Copenhagen proved challenging due to
the size of the potential target areas. It is recommended to
investigate the optimal ratio between city size, population, and
scenario targets. Finally, the European datasets used in the tool
allows the creation of food group maps for any city in Europe.
However, local data on food supply (i.e., existing crops) as
well as demand and consumption is needed for more accurate
and realistic assessments, reliable enough to be used in food
policy workshops.
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