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Abstract
In this time of the pandemic, nothing is as it used to be. This change creates space for new narratives towards resilience. The
resilience perspective implies preparing for shocks as well as various futures that might evolve. Thus, more sustainable food
systems cannot only be built to be pandemic proof. This preparation can be facilitated by co-designing contrasting future
narratives, identifying means for developing capacity to adapt to those futures and developing tools to enhance that capacity,
such as demonstrated here. The capacity of food systems to adapt and transform is enhanced by dialogue, transparency and
collective learning in food value chains and networks, sovereignty over resources, and built-in diversity in response to change. In
market-led global food chains, supplier-buyer diversity is important, while in public-led regions with some market protection,
farm and crop diversity might matter more in response to variability in weather, price and policies. During, for example, an
international conflict, or the time of a pandemic, diverse food sourcing from local producer-consumer cooperatives to
community-supported and urban agriculture could secure food for citizens. Assessments of critical diversity in response to
shocks and volatility can help actors to tailor effective diversity to manage resilience while avoiding the long-feared trade-off
between diversity and resource-use efficiency. The interdependence of humanity deserves attention, as food systems are only as
resilient as their weakest actor. A truly resilient global food system implies not only preparedness for coming shocks and changes
but also a foundation that makes shocks less probable and critical.
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1 COVID-19 opens food systems
up for a change

In the time of the COVID-19 pandemic, nothing is as it used to
be, and so it may continue. This change creates space for new
narratives of the future and the demand for new tools to
achieve such narratives. Triggered by a crisis, the operational
environment or ‘regime’, opens up, creating windows of op-
portunity for novelty (Kuokkanen et al. 2018), and diversity
and variation of initiatives provide material for selection
(Geels 2002; Geels and Schot 2007). For food systems, the
crisis enabling such a regime shift could be, for example, a
food crisis with price peaks (Tadesse et al. 2016; Kahiluoto
et al. 2020), terrorism, conflict, climate change or an epidemic.

This pandemic has created both a demand and the momentum
to transform to more resilient food systems.

Resilience implies the capacity to maintain the core function
of a system when facing volatility or unpredictable change.
Thus, a resilient food system would provide food and nutrition
security to all in all plausible conditions. Resilience at all levels
is required because the future is uncertain, and the next, still
unknown, shock may be just around the corner. Therefore,
new, more sustainable food systems cannot only be built to
be pandemic proof. Much of the resilience literature has fo-
cused on developing theory or resilience ‘thinking’. Indeed,
adopting this systems-oriented viewpoint of sustainability, in
complement to resource-use efficiency (Goerner et al. 2009;
Korhonen and Seager 2008; Ulanowicz et al. 2009), is an im-
portant starting point for making food systems more robust to
disturbances and a step-by-step exercise to resilience thinking
has been shown to make a difference in actors’ perspectives
(Himanen et al. 2016). Fortunately, attempts to empirically
identify and test the determinants of resilience have also
emerged. Such determinants can help actors in food value
chains, as well as administrators and policymakers, to enhance
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resilience at various levels of food systems. In fact, if resilience
is not explicitly considered, a decline in resilience might take
place, as shown for European wheat (Kahiluoto et al. 2019a, b),
implying severe threats to food security.

2 Resilience is preparedness for many futures

The resilience perspective implies preparing for different plau-
sible situations in the future. Different contexts may appear
different times – like the pandemic now all over the globe – or
in different parts of the world – such as droughts and yield
failures year after year in Syria before the war. Yield failures,
expansion of dedicated energy crops on agricultural land and
speculation triggered the food crisis (Tadesse et al. 2016) and
finally the emigration of more than five million people to-
wards Europe in 2016. Even if the COVID-19 pandemic once
again revealed the global interdependence, it also triggered
local connectivity and attempts to national sovereignty led
by public actors. The strategy for achieving resilience is dif-
ferent between the contrasting futures. In the market-led food
value chain, trust may be based on contracts and brands,
whereas public leadership emphasizes rules and authority,
and civil society relies on social bonds and proximity
(Kumar 1996). Diversity not only provides material for learn-
ing and transformation but also buffers against disturbance. In
market-led global food systems, it is important to develop
supplier-buyer diversity (Kahiluoto et al. 2020), while in pub-
lic-led, partially protected regions such as the EU, encourag-
ing farm and crop diversity in response to weather, price and
policies might matter more. In local civil society, diverse mar-
ket channels from cooperatives to community-supported and
urban agriculture may provide security to citizens.

3 The determinants of resilience provide
means to management

Preparation to uncertainty can be aided by co-designing con-
trasting narratives of possible futures and the means to adapt
to each. We engaged food system actors in an iterative, three-
step co-creation exercise to identify means for building more
resilient food systems. First, key actors of the Finnish food
value chain were in a workshop in 2011 familiarized with
imaginary shocks ranging from soaring energy prices to the
vast immigration of people with very different diets, as well as
with contrasting future food system scenarios varying the
leading societal actor and values (Himanen et al. 2016;
Kumar 1996). Thereafter, in a two-stage Delphi study, the
actors considered what kinds of features and means would
make the food system perform well in all these different, rap-
idly emerging conditions. The following major determinants
of resilience were identified: (1) fair dialogue and collective

learning across the food value chain, (2) sovereignty regarding
key resources and (3) different kinds of diversity.

Dialogue, market transparency and symmetric information
for all actors allow trust and commitment and thus the capacity
to rapidly adapt the entire food chain to changes (Himanen et al.
2016). Collective learning requires innovativeness and experi-
mentation. The importance of resource sovereignty to protect
against price volatility and supply interruptions was particularly
identified by the Finnish food system actors to concern energy
sources and nutrient inputs. The availability and price of land is
also increasingly faced as a bottleneck, not only in Finland but
also, for example, in Russia and Africa, and the critical role of
access to labour has been revealed by the COVID-19 pandemic.

4 Assessments of response diversity as a tool
to manage resilience

Diversity represents material for robustness, but also for collec-
tive learning and transformation. Polycentric governance pro-
vides experimentation to learn for new challenges, not least for
climate change (Ostrom 2010). Sovereignty depends on diver-
sity, for example, in terms of different options for replacing an
abruptly unavailable resource, buyer or supplier (Kahiluoto et al.
2020). Diversity is indeed an important determinant of resilience
in various parts of food system: diversity in protein sources
including, e.g., legumes, insects, algae and microbes to prepare
for land scarcity or climate change, diversity in income sources
or land-use types on farms to protect against price volatility
(Abson et al. 2013; Kahiluoto and Kaseva 2016), diversity of
crop species and cultivars to address weather anomalies
(Kahiluoto et al. 2014a, 2019a, b; Mäkinen et al. 2015), or
genetic diversity of production animals in response to epi-
demics. Diversity per se (Page 2010) does not, however, neces-
sarily enhance resilience, whereas diversity in response to
shocks and change, i.e., response diversity, can maintain the
system function in turbulent times (Elmqvist et al. 2003; Leslie
and McCabe 2013; Kahiluoto et al. 2014a). If the key compo-
nents of diversity that foster resilience are identified, more resil-
ience can be achieved. A five-step generic approach to identify
and manage the effective diversity can guide in building resil-
ience from the field to the food chain, and beyond (Fig. 1).

The supplying of food is the core function of food systems,
and stability during disruptions and volatility as well as adapt-
ability are of primary importance to supply chain actors and
societies (Stone and Rahimifard 2018). Supply disruptions
can be local or domestic such as due to weather extremes or
strikes, or they can be global, caused by global market price
anomalies, conflicts in trade policies, abrupt immigration af-
fecting food demand, or by pandemics.What kind of suppliers
and buyers respond different ways to the most critical disrup-
tions and thus stabilize supply and demand, can be empirically
assessed. The generic approach to managing resilience
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through response diversity in food chains was demonstrated
by considering the maintenance of retail store sales when fac-
ing a strike in the food industry and price anomalies in the
global food market (Kahiluoto et al. 2020) (Fig. 1).

In the above-mentioned study, the following research ques-
tion was posed: Is the response diversity of suppliers more pos-
itively associated with supply chain resilience than mere supplier
diversity? Resilience was operationalized as maintaining sales of
two food products in 27 southern Finnish retail stores during the
two types of disruptions. Response diversity was operationalized
as 1) diversity in the number of employees at the slaughterhouse
suppliers of pork under a domestic strike and as 2) balance in the
proportion of imports and domestic supply of food oil under
global price volatility. As the result of the five-step quantitative
assessment, response diversity was found to be more positively
related to themaintenance of sales than the diversity of individual
suppliers. Empirical assessments of the response diversity of
suppliers provide buyer companies with an effective means to
enhance their supply basemanagement for resilience, and admin-
istrators with an option to enhance social security. The applica-
bility of the assessment has rapidly increased along with the
expansion of access to big data.

5 Resilience and efficiency – Is there
a trade-off?

While actors of the Finnish food system identified diversity as an
important aspect of facilitating a successful response to various
changes, many also mentioned the concern that diversity could
make the supply chain and farms inefficient (Himanen et al.
2016). Until recently, this concern has been shared by a vast
majority of decision-makers in agrifood systems across the globe.
In recent decades, food supply chain efficiency has been stream-
lined for expected conditions, which inmany cases has led to less

diversity. In particular, such a paradigm has been dominant in
industrial countries, where failures and uncertainty have not been
part of daily life on the farm and at the dinner table for more than
half of the century. Streamlining the supply chain enhances effi-
ciency in stable conditions but might reduce the efficiency or
even disable the function of a supply chain when facing the
unexpected, such as demonstrated by supply disruptions in some
lines of business relying solely on Chinese suppliers at initial
stages of the COVID-19 pandemic.

Diversity is known to increase the stability of production in
agricultural environments (Tilman et al. 2006), and land-use di-
versity appears to increase farm resilience in terms of economic
returns (Abson et al. 2013). Empirical evidence for the depen-
dence between resource-use (or economic) efficiency and the
diversity of production, however, ranges from scarce to non-ex-
istent. The assumed trade-off between diversity and efficiency in
real life appears to most often be avoided by managing a system
such as a farm so that, for example, diversity in income sources
does not cause labour peaks but rather temporally distributes the
workload. This was concluded by a quantitative assessment of
the dependence of resource-use efficiency and land-use diversity
of Finnish farms where no indication of a trade-off was found
(Kahiluoto and Kaseva 2016). Applying diversity in response to
plausible changes, rather than diversity for its own sake, further
increases the efficiency of diversity. The assumed knowledge
that a trade-off exists between economic efficiency and diversity
still informs agricultural policies and supply chain actors, and
more research on this topic may be needed.

6 Bringing food system resilience to the next
level

Finally, the interdependence of humanity on a globe charac-
terized by increasing scarcity deserves attention; food systems

STAGE I

Determining the response diversity to disruptions

STAGE II

Validating the value added by response diversity

Step 3: Constructing response diversity of suppliers
Grouping suppliers and calculating Shannon diversity index

a) By personnel size: small, moderate, large

b) By origin: domestic vs import

Step 5: Assessing the value added by response diversity
Comparing supplier response and type diversity indices by 

information criteria and determination coefficient R2

Step 1: Selecting the critical disruptions and sensitive products 
Identifying the food market disruptions and sensitive products

a) Domestic strike: pork

b) Global market price spikes: food oil

Step 2: Estimating supplier responses to the disruptions
Calculating supplier sales’ responses to the disruptions

a) Supplier sales before strike vs under strike

b) Supplier sales under price spikes vs other periods

Step 4: Relating sales to supplier diversity under disruption
Comparing the dependence of sales on response diversity under 

the disruption vs other periods using analysis of covariance

Fig. 1 The proposed response diversity assessment for the management
of the supply chain resilience (Kahiluoto et al. 2020). The generic
approach can be applied at any other part of a food system as well from

a field (cultivar or crop diversity, Kahiluoto et al. 2014a, Kahiluoto
et al. 2019a, b; Mäkinen et al. 2015) to farm (land use or income source
diversity, Kahiluoto and Kaseva 2016) and beyond
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are only as resilient as their weakest actor (Adger et al. 2009;
O'Brien et al. 2009). A truly resilient global food system im-
plies not only preparedness for coming shocks and changes
but also a foundation that makes shocks less probable and less
critical. This requires food and nutrition to be provided to all,
and within the carrying capacity of the planet. Loss and frag-
mentation of natural ecosystems was a driver of COVID-19
pandemic. Also dietary changes, waste reduction, circular
technologies and redistribution of global resources need to
be adopted (Kahiluoto et al. 2014b; Kahiluoto et al. 2015;
Springmann et al. 2018), incentivized by new rules of the
game. Fairness is not solely distributional, but just procedures
and a culture with dignity are important pillars. The fear of
being seen of less value creates violence (Wilkinson and
Pickett 2011), and hunger represents extreme humiliation.

Could a new social contract (O'Brien et al. 2009) emerge
after this most recent shocking reminder of the deep interre-
latedness across humanity – similar to that emerging after
World War II – and between the humanity and the nature?
The COVID-19 pandemic has brought us to a crossroads in a
story with an open end. Today, humanity once again has the
opportunity to choose routes to various futures. Could an
awareness of global interdependence now emerge to enable
us to build a more sustainable, fair and resilient world?

Funding information Open access funding provided by LUT University.

Compliance with ethical standards

Conflict of interest The authors declared that they have no conflict of
interest.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abson, D. J., Fraser, E. D. G., & Benton, T. G. (2013). Landscape diver-
sity and the resilience of agricultural returns: A portfolio analysis of
land-use patterns and economic returns from lowland agriculture.
Agriculture & Food Security, 2(2). https://doi.org/10.1186/2048-
7010-2-2.

Adger,W.N., Dessai, S., Goulden,M., Hulme,M., Lorenzoni, I., Nelson,
D. R., Naess, L. O., Wolf, J., &Wreford, A. (2009). Are there social
limits to adaptation to climate change? Climatic Change, 93, 335–
354. https://doi.org/10.1007/s10584-008-9520-.

Elmqvist, T., Folke, C., Nyström, M., Peterson, G., Bengtsson, J.,
Walker, B., & Norberg, J. (2003). Response diversity, ecosystem
change, and resilience response diversity and ecosystem resilience.
Frontiers in Ecology and the Environment, 1, 488–494.

Geels, F. W. (2002). Technological transitions as evolutionary reconfig-
uration processes: A multi-level perspective and a case-study.
Research Policy, 31, 1257–1274.

Geels, F. W., & Schot, J. (2007). Typology of sociotechnical transition
pathways. Research Policy, 36, 399–417.

Goerner, S. J., Lietaer, B., & Ulanowicz, R. E. (2009). Quantifying eco-
nomic sustainability: Implications for free enterprise theory, policy
and practice. Ecological Economics, 69, 76–81.

Himanen, S. J., Rikkonen, P., & Kahiluoto, H. (2016). Codesigning a
resilient food system. Ecology and Society, 21(4), 41. https://doi.
org/10.5751/ES-08878-210441 [online] URL: http://www.
ecologyandsociety.org/vol21/iss4/art41/.

Kahiluoto, H., & Kaseva, J. (2016). No evidence of trade-off between
farm efficiency and resilience - dependence of resource-use efficien-
cy on land-use diversity. PLoS One, 11(9), e0162736.

Kahiluoto, H., Kaseva, J., Hakala, K., Himanen, S. J., Jauhiainen, L.,
Rötter, R. P., Salo, T., & Trnka, M. (2014a). Cultivating resilience
by empirically revealing response diversity. Global Environmental
Change – Human and Policy Dimensions, 25, 186–193. https://doi.
org/10.1016/j.gloenvcha.2014.02.002.

Kahiluoto, H., Kuisma, M., Kuokkanen, A., Mikkilä, M., & Linnanen, L.
(2014b). Taking planetary nutrient boundaries seriously: Can we
feed the people? Global Food Security, 3, 16–21.

Kahiluoto, H., Kuisma, M., Kuokkanen, A., Mikkilä, M., & Linnanen, L.
(2015). Local and social facets of planetary boundaries: Right to
nutrients. Environmental Research Letters, 10, 104013. https://doi.
org/10.1088/1748-9326/10/10/104013.

Kahiluoto, H., et al. (2019a). Decline in climate-resilience of European
wheat. Proceedings of the National Association of Sciences of the
United States of America, 116(1), 123–128. https://doi.org/10.1073/
pnas.1804387115.

Kahiluoto, H., et al. (2019b). Reply to Snowdon et al. and Piepho:
Genetic response diversity to provide yield stability of cultivar
groups deserves attention. Proceedings of the National Association
of Sciences of the United States of America, 116(22), 10627–10629.
https://doi.org/10.1073/pnas.1903594116.

Kahiluoto, H., Mäkinen, H. & Kaseva, J. (2020). Supplying resilience
through assessing diversity of responses to disruption. International
Journal of Operations and Production Management. Emerald
Publishing Limited 0144-3577. https://doi.org/10.1108/IJOPM-01-
2019-0006 https://www.emerald.com/insight/0144-3577.htm

Korhonen, J., & Seager, T. (2008). Beyond eco-efficiency: A resilience
perspective. Business Strategy and the Environment, 17, 411–419.

Kumar, N. (1996). The power of trust in manufacturer-retailer relation-
ships. Harvard Business Review, 74(6), 92.

Kuokkanen, A., Nurmi, A., Mikkilä, M., Kuisma, M., Kahiluoto, H., &
Linnanen, L. (2018). Agency in regime destabilization through the
selection environment: The Finnish food system’s sustainability
transition. Research Policy, 47 (8, 1513–1522.

Leslie, P., & McCabe, J. T. (2013). Response diversity and resilience in
social-ecological systems. Current Anthropology, 54(2), 114–143.
https://doi.org/10.1086/669563.

Mäkinen, H., Kaseva, J., Virkajärvi, P., & Kahiluoto, H. (2015).
Managing resilience of forage crops to climate change through re-
sponse diversity. Field Crops Research, 183, 23–30. https://doi.org/
10.1016/j.fcr.2015.07.006.

O'Brien, K., B. Hayward & F. Berkes. (2009). Rethinking social con-
tracts: Building resilience in a changing climate. Ecology and
Society 14(2), 12. [online] URL: http://www.ecologyandsociety.
org/vol14/iss2/art12/

856 Kahiluoto H.

https://doi.org/
https://doi.org/10.1186/2048-7010-2-2
https://doi.org/10.1186/2048-7010-2-2
https://doi.org/10.1007/s10584-008-9520-
https://doi.org/10.5751/ES-08878-210441
https://doi.org/10.5751/ES-08878-210441
https://doi.org/10.5751/ES-210441
https://doi.org/10.5751/ES-210441
https://doi.org/10.1016/j.gloenvcha.2014.02.002
https://doi.org/10.1016/j.gloenvcha.2014.02.002
https://doi.org/10.1088/1748-9326/10/10/104013
https://doi.org/10.1088/1748-9326/10/10/104013
https://doi.org/10.1073/pnas.1804387115
https://doi.org/10.1073/pnas.1804387115
https://doi.org/10.1073/pnas.1903594116
https://doi.org/10.1086/669563
https://doi.org/10.1016/j.fcr.2015.07.006
https://doi.org/10.1016/j.fcr.2015.07.006
http://www.ecologyandsociety.org/vol14/iss2/art12/
http://www.ecologyandsociety.org/vol14/iss2/art12/


Ostrom, E. (2010). Polycentric systems for coping with collective action
and global environmental change. Global Environmental Change –
Human and Policy Dimensions, 20, 550–557.

Page, S.E. (2010). Diversity and Complexity. (296 pp.) Princeton
University Press, Princeton.

Springmann, M., et al. (2018). Options for keeping the food system with-
in environmental limits. Nature, 562(7728), 519–525.

Stone, J., & Rahimifard, S. (2018). Resilience in Agri-food supply chains:
A critical analysis of the literature and synthesis of the novel frame-
work. Supply Chain Management: International Journal, 23(3),
207–238.

Tadesse, G., Algieri, B., Kalkuhl, M. & von Braun, J. (2016). Drivers and
triggers of international food price spikes and volatility. In Food
Price Volatility and Its Implications for Food Security and Policy
(pp. 59–82). Springer.

Tilman, D., Reich, P. B., & Knops, J. M. H. (2006). Biodiversity and
ecosystem stability in a decade-long grassland experiment. Nature,
441, 629–632 16738658.

Ulanowicz, R. E., Goerner, S. J., Lietaer, B., & Gomez, R. (2009).
Quantifying sustainability: Resilience, efficiency and the return of
information theory. Ecological Complexity, 6, 27–36.

Wilkinson, R. G. & Pickett, K. E. (2009). Income inequality and social
dysfunction. Annual Review of Sociology, 35, 493–511.

Helena Kahiluoto is professor in
sustainability science in LUT
University and adjunct professor
of agroecology in the University
of Helsinki, Finland. She acts as
a program leader of the strategic
research programs on sustainable,
healthy and just food systems, and
on new roles of public gover-
nance, in the Academy of
Finland. She works with sustain-
ability transformation, resilience
and fairness of food systems in
Europe and Africa.

857Resilient food systems


	This link is 10.1108/IJOPM-2019-,",
	This link is 10.1108/IJOPM-2019-,",
	Food systems for resilient futures
	Abstract
	COVID-19 opens food systems up for a change
	Resilience is preparedness for many futures
	The determinants of resilience provide means to management
	Assessments of response diversity as a tool to manage resilience
	Resilience and efficiency – Is there a trade-off?
	Bringing food system resilience to the next level
	References


