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Public health challenges and opportunities after COVID-19

Pier Luigi Sacco® & Manlio De Domenico®

Abstract With hindsight, the main weakness behind the ineffective response to the coronavirus disease 2019 (COVID-19) pandemicin some
countries has been the failure to understand, and take account of, the multilayered systemic interdependencies that spread the effects of
the pandemic across social, technological, economic and health-care dimensions. For example, to respond to the COVID-19 pandemic, all
people were required to rapidly adjust to social distancing and travel restrictions. Such a complex behavioural response entails adaptation
to achieve a full recovery from the systemic shock. To capitalize on the positive effects of disruption to the status quo, much more complex
socioeconomic modelling needs to be considered when designing and evaluating possible public health interventions that have major
behavioural implications. We provide a simple example of how this reasoning may highlight generally unacknowledged connections and
interdependencies and guide the construction of scenarios that can inform policy decisions to enhance the resilience of society and tackle

existing societal challenges.

Abstracts in G H13Z, Frangais, Pycckuii and Espafiol at the end of each article.

Unexpected shocks

In October 1973, as a result of the sudden embargo called by
Arab Members of the Organization of the Petroleum Exporting
Countries in retaliation against countries supporting Israel
in the Yom Kippur War, oil prices increased greatly in a few
months, leading to an overall fourfold increase at the end of
the embargo 6 months later. The speed and size of the change
took the global economy by surprise and forced the public
to face unprecedented social conditions such as empty city
streets because of bans on using cars. Even if not apparent at
the time, this event was a turning point which had not only
short-term effects, but profound long-term ones,' such as con-
tributing to the emergence of the green economy? and to the
increasing economic and political relevance of concerns about
environmental sustainability.>* An unintended consequence
of the event was that it became a sort of natural experiment
because the public worldwide had a direct experience of what
a less fossil-fuel intensive economy and society would look
like - something that would have been impossible within
any business-as-usual policy agenda, however ambitious or
disruptive.’

The current coronavirus disease 2019 (COVID-19) pan-
demic can, to a large extent, be seen as a new example of a
large-scale unexpected shock, which is likely to have many
complex and long-term consequences on several areas of so-
ciety and the global economy.*” Even more than the car-free
weekends of the 1970s, we have faced an unprecedented situ-
ation in this pandemic with entire countries having prolonged
restrictions, such as curfews, school closures and gathering
and travel restrictions. Only a couple of years ago, this kind
of event would have been confined to the realms of science
fiction. And yet, such conditions have now become the status
quo and the starting point from which we have to design new
strategies and policies for development. The pandemic crisis
can therefore be seen as an important opportunity for large-
scale, deep-seated structural change, far beyond, in scale and
scope, what could have reasonably been possible through
conventional stakeholder negotiations on typical policy issues.

Moreover, the potential level of structural change that could
result from the pandemic is far more diverse and multifaceted
than the greening of the economy as a result of the 1970s
energy shock because the extent and complexity of current
technological development exceeds that of half a century ago.®

However, the very reason why this shock provides new
opportunities for societal development is also the reason for
its serious social and economic consequences: the fact that it
was unthinkable by pre-pandemic standards. Although many
experts in the past few decades repeatedly warned that the
occurrence of a global pandemic was a near certainty,”'’ these
calls were not taken seriously enough. Furthermore, with a
few exceptions, the COVID-19 pandemic found many public
health and social systems unprepared, including the systems
of most socioeconomically developed countries such as the
United States of America (USA)."" People seem unable to
consider major catastrophic changes as a real possibility before
they happen, and to take into account their knock-on effects.'
With hindsight, the main weakness behind the ineffective
response to the pandemic has been the failure to understand,
and take account of, the multilayered systemic interdepen-
dencies that spread the effects of the pandemic across social,
technological, economic and health-care dimensions. In other
words, policy failures in the context of the current pandemic
can be traced to the inability to think in terms of the emergent
behavioural responses that are typical of all kinds of complex
adaptive systems." This inability is a particularly serious flaw in
a world built around globalization which interlinks global and
local dimensions,'* whose effects simultaneously appear over
many different (and previously considered largely distinct)
layers of human activity.

Unintended consequences

In the case of the COVID-19 crisis, acknowledging how the
epidemic dimension coevolved with an infodemic dimension,
that is, an excess of not necessarily reliable information, is
easy.”” These dimensions created complex feedback loops be-
tween the dynamics of infection on social behaviour and the
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dynamics of media content production,
dissemination and news consumption.
Exposure to alarge amount of informa-
tion, often contradictory, about the pan-
demic and its many effects on almost all
aspects of human existence has deeply
influenced individual and social behav-
iours and, through them, the economic
and financial systems, education, the
retail industry, logistics and entertain-
ment, and even religion, to mention a
few obvious examples. Travel restric-
tions are forcing work and education
to be restructured and decentralized
through ad hoc digital platforms, while
global travel bans are forcing business
and science to move from physical to
digital meetings. This situation has led
to a rethinking of communication and
organizational methods, and probably
business models themselves, while ac-
celerating the development of digital
technologies that will remodel eco-
nomic, learning, professional and social
systems and environments.

However, we argue whether such
structural changes will facilitate the
achievement of environmental and
social sustainability goals or make their
attainment harder, with consequent
effects on the related socioeconomic
inequalities. Possible advantages of such
changes might include an improvement
in the work-life balance from new
mixed or integral forms of teleworking,
which, by reducing work-related move-
ment, might reduce the human impact
on climate, thus saving human lives and
contributing to lower the risk of future
pandemics.'® For instance, in China'
and northern Italy,' the extensive re-
strictions which saw a sudden stop to
most industrial activity and private mo-
torized transportation brought about an
immediate improvement in air quality.
The pandemic has also had a noticeable
effect on sociopolitical trends. In Italy
again, the crisis abruptly disrupted the
previous populist, xenophobic orienta-
tion of the public discourse, making
space for a new dialogue that has shifted
to a recovered sense of human solidarity
and cohesion.”” Other observed effects
concern the rebuilding of national
pride on the basis of cultural excellence,
generosity and the selfless dedication
of health professionals,” as an example
of the deep roots of Italy’s social and
cultural values. Furthermore, a regained
sense of respect for the authority of ex-
perts, not only in the health professions,
has been observed. At the same time,
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fringe but very vocal social circles such
as groups opposed to vaccination and
more generally believers in conspiracy
theories have lost momentum in the
broader public opinion.?’ However,
not all changes have been for the good.
Some other countries have witnessed a
substantial escalation of conspiratorial
thinking? and a strong politicization of
the pandemic crisis, which have greatly
affected viral transmission and the con-
sequent death rate.”

Moreover, any reported positive
effects, however encouraging, only high-
light specific aspects of the impact of the
crisis. Other, concurrent aspects might
have serious negative effects, to the point
that they more than counteract desirable
changes. These effects include for ex-
ample increasing social isolation, mental
health illness, redundancies, financial
difficulties and permanent closure of
many businesses. The people more likely
to be affected by such adverse outcomes
are the ones who were already experi-
encing social, financial and educational
deprivation before the pandemic crisis
struck. Furthermore, such negative
effects are likely to have more impact
the less effective a country’s response
has been overall. Therefore, we need a
systemic approach in both assessing the
consequences of the pandemic crisis and
in designing adequate response policies,
while taking into account social sustain-
ability goals. A good illustration of this
point comes from considering the social
distancing measures that are necessary
to mitigate the impact of the pandemic
and to limit infections to levels that the
health system has the capacity to man-
age. Claiming that social distancing is
necessary and even inevitable does not
imply that it is also socially sustainable.
In fact, the social sustainability of social
distancing ultimately depends on seem-
ingly unrelated cultural variables, such
as widespread perceptions of economic
fairness and social privilege. As social
distancing prevents many people from
earning an income and confines them
in their homes, factors such as the avail-
ability of savings, quality of living space
and family relations inevitably become
serious problems, not only politically,
but also in terms of effectiveness of
public health measures.”* If people in
disadvantaged positions refuse to com-
ply with social distancing instructions
because they perceive them as an unfair
toll on their social condition, the effects
of an objectively useful and important
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public health measure could be partly
or totally jeopardized.

Despite the wide differences in
socioeconomic and cultural characteris-
tics, and the tone and topics of the public
discourse across countries, such major
crises will probably have a considerable
impact on sociocultural orientations and
the evolution of the public discourse
itself. On the other hand, the late and
often contradictory and ill-organized re-
action to the crisis by most governments
illustrates how many political decision-
makers are unprepared to react effective-
ly and promptly to shocks characterized
by the functional interdependencies of
the social, economic and public health
systems. To capitalize on the positive
effects of disruption to the status quo,
much more complex socioeconomic
modelling needs to be considered when
designing and evaluating possible public
health interventions which have major
behavioural implications.

Post-pandemic scenarios

The speed and size of change caused by
large systemic shocks such as the COV-
ID-19 pandemic require a clearly differ-
ent policy approach to complexity. How
can we anticipate and, to some extent,
drive such changes if we have no pre-
existing experience of the new situation?
To what extent are existing theories able
to guide our understanding? A suitably
designed system-thinking that is able
to deal with uncertainty about both the
obvious and latent interdependencies
of our society might be of help here, if
it enables us to analyse and classify the
entanglement of its subsystems or lay-
ers,”* and to predict their evolution.
This task is so challenging that it should
only be tackled through computational
approaches and not top-down reason-
ing. What could therefore be seen as
an exceptional approach to science to
address major, unexpected changes
would thus become the so-called new
normal, namely, the most appropriate
way to do science in an era of hyper-
connectedness.

Developing a full model of the
inter-relatedness of the various kinds of
systems in a pandemic crisis is beyond
the scope of this article. However, we
provide a simple example of how this
line of thinking may highlight generally
unacknowledged connections and guide
the construction of possible scenarios
that can inform policy evaluations and
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Fig. 1. Effects of travel restrictions and social distancing on human movement during the COVID-19 pandemic, Italy, March to early

1
December

December 2020
200
100 —
2
=3
£
X
Baseline 0 L ok l II' :
aseline R ‘ 3
| i
-mi
-100
T T T T T T T T T
March April May June July August September October November
2020
Month, year

mm Grocery and pharmacy
mm Parks

Residential

Retail and recreation
mm Transit stations

Workplaces

COVID-19: coronavirus disease 2019.

Note: We used Google to measure the effects of travel restrictions and social distancing on human movement through the location history of its users.””

decisions. Based on Google mobility
data from March to early December
2020, we report the impact of pandemic-
related movement restrictions and social
distancing on various dimensions of
socioeconomic activity in Italy and a
few countries representative of different
continents (Fig. 1 and Fig. 2). We see a
substantial shift in mobility behaviour
compared with the pre-pandemic base-
line, with a collapse of work-, retail- and
recreation-related movement in favour
of residential- and nature-related move-
ment. Moreover, in various countries,
such changes in movement seem to have
stabilized considerably under baseline
levels, especially in socioeconomically
advanced countries such as the United
Kingdom of Great Britain and Northern
Ireland and the USA (Fig. 2). On the
other hand, in less socioeconomically
developed countries, such as Brazil and
India, where most people have much

smaller savings buffers and less pos-
sibility to make use of technology to
reorganize their business in the context
of low levels of movement of people, the
level of movement tends to return to
the baseline even though the pandemic
crisis is far from over. In fact, movement
is increasing, as in the case of Brazil and
India (Fig. 2).2%%

We built this example using a single
data source. However, it shows how,
by only considering movement, much
can be understood about the complex
dynamic of behavioural change that is
triggered by a large, unexpected crisis,
the persistence of its effects and the pos-
sible important determinants.

What these examples show is that,
after the initial shock and the systemic
failures from policy unpreparedness
(e.g. in public health, finance, politics
and society), there is a crucial phase of
adaptation and innovation, the manage-
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ment of which determines the recovery
scenario that is likely to emerge. Several
scenarios are plausible, depending on
initial resilience and, overall, on the
ability to adapt to changes (Fig. 3). If a
prompt, effective redesign of the whole
system of socioeconomic interdepen-
dencies has been done and mapped
by an appropriate multilayered model,
there is an opportunity to capitalize
on the disruption of the status quo and
put in place structural changes that
would not have been feasible through
business-as-usual policy negotiation,
which is generally much more limited
in scope and with a relatively narrow
focus. Clearly, the best recovery scenario
requires a speedy and targeted response
that minimizes damage. Given that so-
cioeconomic inequality has a negative
effect on people’s behavioural responses
to policy measures, the best scenario will
be facilitated by low levels of inequality.*’
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A high level of social coordination and
governance is required to enable best-re-
sponse scenarios. This coordination and
governance must be carefully pursued as
a precondition for effective public health
interventions and not only regarded as
an exit strategy from the current crisis;
indeed, it is even more important in the
post-pandemic context. The less system-
atic the redesign of the system, then: the
slower and more ineffective the response
will be; the deeper the socioeconomic
inequalities will become; the more the
structural adjustment will be limited;
and the more the recovery will fall into
less and less effective scenarios. We
briefly outline three possible recovery
scenarios after COVID-19 in Box 1.

USA
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Integrative approach

From the perspective of systems sci-
ence, we are probably in the middle of a
critical phase of transition, where small
differences in choices may accumulate
into very different long-term trajecto-
ries. Pandemics have often been turning
points, for better or for worse. Whereas
the end of the Roman Empire was greatly
accelerated by the effects of the perhaps
first historically recorded pandemic, the
so-called plague of Justinian, historians
point out how the Black Death pandem-
ics of the late Middle Ages not only
paved the way to the human flourishing
of the Renaissance period,” but are at
the origin of public health as a scientific
discipline.”

If policy preparedness is key to
resilience against large systemic shocks,
how should we move forward now?
Over-simplifying the lessons learnt by
a straightforward application of linear
thinking must be avoided. For instance,
while it is still to be understood why the
response to the pandemic in European
and North American countries was
slower than in Asia, one could speculate
that the quick response of Asian coun-
tries was due to command-and-control
mechanisms that are only available to
authoritarian governments. The impli-
cation would then be that democracies
are less capable of implementing the
quick targeted policy responses that
are needed after a large, unexpected
crisis. This assumption would be a
naive interpretation built on the char-
acteristics of a single-system layer and
linear cause-effect relationships, and the
available evidence does not support this
opinion.” The responses of Hong Kong
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Fig. 2. Effects of travel restrictions and social distancing on human movement during the COVID-19 pandemicin selected countries, March to early December 2020
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COVID-19: coronavirus disease 2019.
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Fig. 3. Schematicillustration of plausible scenarios of the effects of shocks due to

COVID-19 on society functioning and subsequent recovery
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quo to achieve important sustainability
goals, which otherwise may have been
unreachable. To achieve an integrative

Box 1.Plausible recovery scenarios after COVID-19

Scenario 1: suboptimal

The aftermath. The global economic system fails to coordinate for a successful economic
recovery. Long periods of economic stagnation occur with mounting social unrest. Populist
political narratives increase locally, threatening the global architecture of free trade and division
of labour. Socioeconomic inequalities are exacerbated and concern for environmental challenges

is played down.
Scenario 2: optimal

The so-called new normal. A substantial economic recovery package is successfully deployed on
aglobal scale and pre-crisis levels of economic activity gradually return. New guidelines for public

approach requires a new dialogue and
alliance between many different fields
such as public health, medicine, social
sciences, applied physics, economics
and possibly more. Computational
social science may offer the appropri-
ate transdisciplinary platform to bring
about this dialogue to flourish and allow
us to tackle, in the public interest, the
formidable social challenges ahead of us
with a new spirit and renewed energy. ll

life in a post-pandemic scenario are developed and successfully implemented. The organization of

social and economic life adapts to the new challenges with no major organizational breakdowns.

Scenario 3: above optimal

A coordinated, multilayered innovation push. A great wave of social and technological innovation
with strong public support starts a new growth cycle. Innovations in working, education and
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Résumé

Défis et opportunités de santé publique de I'ere post-COVID-19
Avec le recul, le principal motif d'inefficacité dans la lutte contre la
pandémie de maladie a coronavirus 2019 (COVID-19) dans certains pays
trouve son origine dans l'incapacité a comprendre les interdépendances
systémiques a de multiples niveaux et a en tenir compte. Ces dernieres
répercutent les effets de la pandémie sur plusieurs dimensions: sociale,
technologique, économique et sanitaire. Pour tenter de contenir la
pandémie de COVID-19, la population a notamment été contrainte de
se conformer rapidement aux mesures de distanciation physique et aux
restrictions de voyage. Un changement de comportement aussi abrupt
requiert un temps d'adaptation afin de se remettre totalement d'un tel

choc structurel. Sil'on souhaite profiter de l'impact positif qu'exerce ce
bouleversement de situation, des modeles socio-économiques bien plus
complexes doivent étre envisagés au moment de concevoir et d'évaluer
lesinterventions de santé publique potentielles ayant des conséquences
majeures sur le comportement. Dans le présent document, nous citons
un exemple simple qui montre comment ce raisonnement pourrait
mettre en lumiére des connexions et interdépendances souvent
méconnues, mais aussi guider I'élaboration de scénarios qui serviront
a étayer les décisions politiques, accroitre la résilience de la société et
aborder les enjeux sociétaux actuels.

Peslome

Mpo6nembl 1 BO3MOXXHOCTU 06LLECTBEHHOTO 3paBooxpaHeHus nocne COVID-19

OrnAgblBanch Hasaf, MOXHO OTMETUTL, YTO PeakLMA Ha NaHaeMuio
KOpoHaBwvpycHon nHdekumn 2019 roga (COVID-19) B HekoTOpbIX
CTpaHax okasanacb He3hGeKTUBHOW, N OCHOBHOW MPUYNHOMN
3TOro CTafna HeCcnoCobHOCTb MOHATL U MPUHATL BO BHUMaHWe
MHOTOC/IOMHbIE CUCTEMHbIE B3aMMO3aBUCUMOCTH, 13-3a KOTOPbIX
NOCNeACTBMA NaHAEMUY 3aTPOHYNM OAHOBPEMEHHO COLMANbHbIE,
TEXHOMOTMYEeCKNe, SKOHOMUYECKME W MEAULIMHCKME aCmeKTbl.
Hanpumep, ona pearnposanua Ha naHgemmnio COVID-19 Bce
oAV [OMKHbI ObiM BbICTPO aAanTUPOBATLCA K COLMANbHOMY
OUCTaHUMPOBAHMIO 1 OFPaHNYEHMAM Ha Noe3aKM. Takas CnoxHan
nosefeHuYecKasa peakuma sneyer 3a cobon agantauuio ana
MOHOTO BOCCTAHOBMIEHWA NMOC/e CUCTEMHOrO WoKa. YTobb

13BNeYb BBIFOAY 13 MONOXKUTENbHBIX NOCIEACTBUI HApyLEeHMs
CTaTyC-KBO, NPV PazpaboTke 1 OLeHKe BO3MOXHbIX MEPOMPUATHI B
061acTn 06LECTBEHHOTO 3APaBOOXPAHEHNIA, UMEIOLLNX CEPbE3HbIE
noBefeHueCcKme NocneacTBmA, HEOOXOAMMO YUNTLIBATb rOPasao
6onee CNOXHOE COLUMANbHO-3KOHOMMUYECKOE MOENMPOBaHME.
ABTOpamMV NMpUBEAEeH NPOCTON NMPUMEP TOrO, Kak 3TO pacCykaeHve
MOXET BblABWTb B LIENIOM HEMPU3HaHHbIe CBA3M 1 B3aMMO33aBMCMOCTI
1 NOBANATL HAa CO3[aHMe CUEHApUEB, KOTOPble MOTYT CIYKWUTb
OCHOBOW ANA NPUHATAA NOANTUUYECKUX PEeWeHnii C Lenbio
MOBbIWEHMS YCTONYMBOCTI OOLLECTBA K CIIOMKHbBIM CUTYaLMAM 1
YBEMYEHVISt BO3MOXHOCTEN peLleHNs CYLECTBYIOWMX COLMATbHbBIX
npobnem.

Resumen

Retos y oportunidades para la salud publica tras la COVID-19

En retrospectiva, el principal punto débil de laineficacia de la respuesta
a la pandemia de la enfermedad por coronavirus 2019 (COVID-19)
en algunos paises ha sido la incapacidad de comprender y tener
en cuenta las interdependencias sistémicas de varios niveles que
difundieron los efectos de la pandemia en las dimensiones social,
tecnoldgica, econémica y sanitaria. Por ejemplo, para responder a la
pandemia de la COVID-19, todas las personas tuvieron que adaptarse
rapidamente al distanciamiento social y a las restricciones de movilidad.
Una respuesta conductual tan compleja conlleva la adaptacion para
lograr una recuperacion total del choque sistémico. Para aprovechar
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los efectos positivos de la alteracion del statu quo, es necesario tener
en cuenta una modelizacién socioeconémica mucho mas compleja a
la hora de disefiar y evaluar posibles intervenciones de salud publica
que tengan importantes implicaciones conductuales. Aportamos un
ejemplo sencillo de cdmo este razonamiento puede poner de manifiesto
conexiones e interdependencias generalmente no reconocidas y guiar
la construccion de escenarios que puedan informar las decisiones
politicas para mejorar la resiliencia de la sociedad y abordar los retos
sociales existentes.
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