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The coronavirus disease 2019 (COVID-19) outbreak affects not just popu-
lations but also global and local economies and supply chains. The out-
break itself has impacted on production lines and manufacturing
capacities. In response to the outbreak, policies have been put in place
that blocks the movement of people and materials, causing supply chain
disruptions. Mainstream supply chain management has been at a loss in
responding to these disruptions, mostly due to a dominant focus on mini-
mizing costs for stable operations, while following lean, just-in-time, and
zero-inventory approaches. On the other hand, pandemic response supply
chains, and their related supply chain disruptions, share many characteris-
tics with disaster response and thereby with humanitarian supply chains.
Much can thus be learned from humanitarian supply chains for managing
pandemic-related supply chain disruptions. What is more, facing, and
managing, supply chain disruptions can be considered the new norm also
in light of other disruptive forces such as climate change, or financial or
political crises. This article therefore presents lessons learned from
humanitarian supply chains that help mitigate and overcome supply chain
disruptions. These lessons not only relate to preparedness and mobiliza-
tion, but also relate to standardization, innovation, and collaboration.
Together, they brace organizations, supply chains, and societies, to man-
age current and future disruptions.
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INTRODUCTION
The World Economic Forum estimates that in the

decades to come, epidemics will on average cause an
annual economic loss of 0.7% of global GDP, equal
in scale to the global economic loss caused by climate
change (WEF, 2019). The current coronavirus disease
2019 (COVID-19) pandemic constitutes a global
healthcare crisis with far-reaching consequences on
livelihoods and economies. The pandemic has had
direct and indirect impacts and their cascades on the
supply chain.
From the public health perspective, first and fore-

most, any pandemic impacts on the lives of people
who have contracted the disease, and secondarily, on
the healthcare professionals attending to these
patients. Patients are though more than just individu-
als who need medical attention: through their posi-
tions and roles in society, they relate to, and impact
on, families, social networks, employers and

companies, and society and economy in general. From
the socioeconomic perspective, anyone being ill
implies a loss of knowledge, activities, and income to
their employer, both a loss of income and a cost to
the state, not to speak of the concern the situation
causes to the patients themselves, as well as their fam-
ily and friends.
From the supply chain perspective, a first, direct

impact is on manufacturing plants that need to shut
down if their workforce is sick or quarantined. Not
only individual plants and production lines but also
entire industries have been affected by such events.
The next, indirect effects were felt through the supply
chain, especially where alternative suppliers could not
be found, or worse, and were impacted simultane-
ously. Further indirect effects appeared quickly on the
horizon as a combination of export and travel bans,
and later due to large-scale unemployment through a
reduction of consumption. At the same time, the
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pandemic has induced a variety of irrational buying
behavior, from panic buying to price speculation, fur-
ther contributing to the bullwhip effect. Overall,
COVID-19 has created both supply and demand
uncertainties and capacity fluctuations, causing gaps
and disruptions in global supply chains (Ivanov,
2020; Queiroz et al., 2020).
The current COVID-19 response goes to show that

neither industry, nor governments, was adequately
prepared for supply chain disruptions at such a scale
(GPMB, 2019; WHO, 2020a, 2020b). Worryingly, the
pandemic is just one reason for such supply chain dis-
ruptions. Climate change (Ghadge et al., 2020), finan-
cial crises (J€uttner & Maklan, 2011), terrorist attacks,
and other political conflicts all increase supply chain
risks and disruptions (Kleindorfer & Saad, 2005). To
make things worse, their effects can also be concur-
ring. More than ever, economies and societies would
need to prepare to respond swiftly and effectively to
such disruptions. The time has come for supply chains
to embrace and implement the principles of supply
chain flexibility, agility, responsiveness, and resilience.
Pandemic response medical supply chains share

some characteristics with humanitarian supply chains,
not the least as humanitarian supply chains have
indeed responded to various types of disasters includ-
ing epidemics and pandemics around the globe such
as Ebola in 2014 and 2018, MERS in 2015, Zika in
2016, SARS in 2003, and H1N1 in 2009. Thus, a lot
can be learned from humanitarian logistics and sup-
ply chain practice. Humanitarian supply chains focus
on saving lives and on responding to disasters and
emergencies, and are therefore geared toward dealing
with turbulence, uncertainties, and complex dynamic
environments (Day et al., 2012; Kov�acs & Spens,
2009; Van Wassenhove, 2006). After all, disasters
including pandemics are not just singular disruptions
in the supply chain but a result of complex multilay-
ered factors and their impact.
The aim of this article was, therefore, to present key

lessons learned from humanitarian supply chain prac-
tice in order to manage supply chain disruptions in
other sectors. In the article, we highlight current and
previous experiences from pandemic response, espe-
cially for the management of medical supply chains.

LESSONS LEARNED FROM HUMANITARIAN
LOGISTICS

Humanitarian organizations operate in peculiar
complex environments. Some of the main challenges
affecting humanitarian supply chains are the unpre-
dictability of demand, lack of resources, poor infras-
tructure, and high dependency on donor funding
(Balcik & Beamon, 2008; Gatignon et al., 2010;

Kov�acs & Spens, 2007). The triple-A supply chain is
much evident in disaster relief, where humanitarian
organizations respond rapidly to short-term changes
such as beneficiaries’ demands (through agility), adapt
to complex dynamic environments (adaptability), and
integrate and co-ordinate processes with all participat-
ing partners (alignment) (Cozzolino et. al., 2012;
L’Hermitte et al., 2016; Oloruntoba & Kov�acs, 2015;
Van Wassenhove, 2006).
The humanitarian context arguably differs from the

business one, primarily due to its not-for-profit aim
(Kov�acs & Spens, 2007). That said, the same is true
for public health, and thereby public health supply
chains. Furthermore, from a supply chain perspective,
the same concepts and principles apply, whether we
talk of vendor managed inventory or the traceability
of material flows. Overall, it is the concepts of agility,
flexibility, responsiveness, and resilience we refer to
for weathering turbulence and managing supply chain
disruptions. The devil is in the detail. As Christopher
& Holweg noted already in 2011, there are different
approaches to flexibility (Christopher & Holweg,
2011) of which the humanitarian sector embraces
structural flexibility as opposed to the more dynamic
flexibility of business. These are thus lessons learned
from structural flexibility.

Prepare
Preparedness pays off. More than an overall mantra,

extensive research has revealed a 1:7 ratio of return on
investment between disaster preparedness and response
(Stumpf et al., 2017). This is not surprising when con-
sidering pricing mechanisms (a sudden surge in
demand resulting in a price hike for items and their
transportation), capacity restrictions (in manufacturing
and transportation), and the sheer urgency of disaster
response. Preparedness includes a variety of activities,
however. While the most discussed is pre-positioning,
as to say, preparedness stock, it also includes having
pretrained staff on rosters to be deployed, vetted, and
preapproved suppliers as well as framework contracts
with key suppliers, deployable funds, and even fore-
casts of disasters incl. their location and timing (Jahre
et al., 2016; Kov�acs & Tatham, 2009). Sohn (2019) fur-
ther distinguishes between curative and mitigative pre-
paredness activities, adding mitigative activities that
focus on the root causes of a disaster and the structura-
tion of the response.
The COVID-19 pandemic showed that preparedness

does not suffice at any one tier or organization in the
supply chain but needs to be considered across the
supply chain and across sectors. Pandemic prepared-
ness requires the involvement of the private sector
(manufacturers, wholesalers, logistic service provi-
ders), governments, and NGOs (Seddighi et al.,
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2020). The humanitarian sector usually pre-positions
relief items at strategic locations worldwide to be able
to respond to humanitarian crises (Toyasaki et al.,
2017). But pre-positioned stock alone doesn’t suffice.
To respond to global disruptions, there is a need for
policy and legislation, global product standards and
interoperable supply chains, capacity reservations,
public–private partnerships, and co-ordination mecha-
nisms between different supply chain members. The
COVID-19 pandemic exposed not just a lack of pre-
paredness stock but also a lack of global standards in
medical supply chains (GPMB, 2020).
But even the very basics of preparedness, that is, to

carry safety stock and pre-position it at strategic loca-
tions, works well in a pandemic. This is of course con-
trary to how business has implemented lean
manufacturing principles, but in fact not contrary to
lean management itself. After all, the complete elimi-
nation of safety stock requires predictable demand,
and the possibility of frequent replenishment for just-
in-time manufacturing. The very essence of disaster
management, as well as pandemic response, is to
manage eventualities, not certainties. Thus, pre-posi-
tioning inventory is a crucial strategy followed by
humanitarian organizations to prepare for disasters
including epidemics. Humanitarian organizations
carry such stock either alone or jointly. For example,
the United Nations Humanitarian Depot (UNHRD)
system enables humanitarian organizations to bor-
row/lend materials from/to one another (Toyasaki
et al., 2017). This system also mitigates the effects of
panic buying and of price surges in the immediate
aftermath of a disaster, or the advent of a pandemic.
Setting-up pre-positioning mechanisms for medical
items as well as essential goods at the regional or
national levels, could in a similar vein increase the
effectiveness of pandemic response, mitigate the
effects of supply chain disruptions.
As for items such as personal protective equipment

(PPE), we knew already from the 2014 Ebola crisis
that neither global inventory nor global manufactur-
ing capacity would suffice for any larger pandemic
(Patel et al., 2017). Therefore, since that very epi-
demic, humanitarian organizations as well as the dis-
aster management and public health organizations of
various countries have stocked up on PPE to prepare
for any new pandemic. Interestingly, medical pre-
paredness does not only include PPE and critical
drugs, but so-called interagency health kits can extend
from cholera kits to entire field hospitals, or floating
hospitals on vessels.
Joint pre-positioning could also be done for

COVID-19 and pandemic response across organiza-
tions but also across countries. Currently, the mem-
bers of the European Union collaborate under the
framework of the rescEU program, which had been

established in 2019 with the objective of enhancing
the protection of citizens from disasters and the man-
agement of emerging risks. The program includes a
vehicle reserve of, for example, firefighting equipment.
More recently, in fact due to the COVID-19 outbreak
in 2020, rescEU has started to pre-position ventilators,
PPE, therapeutics, and laboratory equipment for pan-
demic response. After the initial competition for the
same resources for medical equipment have shown
clear deficiencies of pandemic response across the
globe, joint pandemic response at least across the EU
is finally in the making.
Joint procurement is another angle to such pre-

paredness. rescEU has indeed also embraced joint pro-
curement for potential COVID-19 vaccines. Earlier
during the COVID-19 pandemic, governments have
outbid one another for the same items, even when it
came to reserving manufacturing capacities. Such
behavior has not only led to further price hikes but
also exacerbated further shortages, with suppliers
promising the same items to several bidders. Joint
procurement increases buyer negotiation power
through economies of scale at the same time as it
improves supply chain performance through stabiliz-
ing information flows (Xianglinga & Ping, 2018).
Humanitarian organizations have a long history of
engaging with joint procurement (Herlin & Paziran-
deh, 2015). After initial hick-ups, UN agencies have
implemented common supplier databases such as the
United Nations Global Marketplace (UNGM system)
where they can share information and due diligence
on prequalified suppliers, with the possibility to
piggy-back on each other’s standing contracts. An
example of joint procurement in the COVID-19
response is that of the International Federation of Red
Cross and Red Crescent Societies (IFRC) that co-ordi-
nates procurement in the Red Cross Movement. Simi-
larly, the COVAX endeavor co-ordinates the
procurement of potential COVID-19 vaccines and
other necessary equipment for their administration.
Other joint procurement endeavors have been imple-
mented by specific countries, for example, Singapore’s
centralized procurement strategy that has assigned
specific procurement agencies for groups of items in
the COVID-19 response, and across countries, as in
the EU.
Prior to the COVID-19 pandemic, companies have

focused on reducing through contract manufacturing
and lean manufacturing (Cozzolino et al., 2012), off-
shoring, and outsourcing (Hernandez & Haddud,
2018). These strategies do not prove sustainable when
supply chains are disrupted in a pandemic situation
(Yang et al., 2018). Now, companies and governments
are learning that they should not rely on single sup-
pliers but rather share resources where possible
(Haque & Islam, 2018). If nothing else, the COVID-
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19 outbreak has shown the benefits of multiple sour-
cing, having several alternative suppliers at hand.

Expedite
The very speed of decision-making is imperative to

humanitarian supply chains. It is encapsulated both
in agility, that is, to respond to short-term disruptions
quickly, and adaptability, to adjust supply chain
design to meet structural shifts (Lee, 2004). As said,
humanitarian organizations operate in chaotic envi-
ronments characterized by unpredictability, uncer-
tainty, ad hoc project supply chains, and rapid
deployment on demand, including rapid changes in
demand (Falagara Sigala et al., 2020). Agility helps
humanitarian organizations to quickly and flexibly
respond to demand fluctuations, supply disruptions,
and changes in supplier delivery performance in dif-
ferent types of humanitarian disasters, varying geo-
graphical areas, and across dissimilar populations
(Dubey & Gunasekaran, 2016).
Yet, urgency takes second place to decisions being

“right.” As every supply chain, the question is one of
serving the customer, and also, humanitarian supply
chains are mobilized upon a solid needs’ assessment,
which aggregates not just the needs of beneficiaries in
terms of items and locations, but also the vulnerabili-
ties and capacities of beneficiaries (Blecken, 2010).
Sending the wrong items to a disaster area may con-
gest entry points such as ports and airports, and have
serious repercussions for handling and warehousing
capacities of items that are in dire need but arrive
later in the pipeline. Therefore, also humanitarian
supply chains strive toward following pull principles,
with pre-positioning covering only commonly needed
standard items to bridge initial order and manufactur-
ing lead times. At the same time, however, rarely can
decisions in disaster relief or pandemic response wait
for getting something completely right, as optimiza-
tion techniques require data one doesn’t yet have, or
insights that are yet to come.
In the meanwhile, there are different ways how

humanitarian supply chains reduce lead times in their
decision-making. Pre-positioning itself is an interest-
ing speculation strategy of what will be needed, reduc-
ing order lead times, and the location of pre-
positioned stock reduces delivery lead times by being
close to its destination (Balcik & Beamon, 2008;
Duran et al., 2011). Even vendor managed inventory
is used that combines the reduction of order lead
times with ensuring dedicated product quantities,
while decoupling these from financial transactions to
suppliers to any later placement of an order (Kov�acs
& Tatham, 2009). Furthermore, due diligence and pre-
qualifying suppliers reduce order lead times, as these
are preparedness activities that can be done much in
advance to the occurrence of a disaster. Likewise,

modal choice goes hand in hand with delivery sched-
ules and the urgency of a delivery—though sadly,
sometimes modal choice is dictated by the perception
of air transportation being “urgent” and by definition
an emergency mode of transportation, rather than the
use of de facto fastest delivery modes (Tatham et al.,
2015).
While some of the above supply chain practices

have been used in other sectors as well, the humani-
tarian sector has even more to offer. To expedite
needs’ assessment, the sector has used “quake jum-
pers” in mountainous areas and even predeployed
needs’ assessment teams into the eye of hurricanes.
Seabasing has been explored as a concept to move
inventory, or field hospitals, closer to destination
areas while staying out of the disaster itself (Tatham
et al., 2015). More systematically, forecasting has
become increasingly used in the humanitarian sector.
Here, forecasting refers to demand forecasting in terms
of materials and funding, and, in addition, to the
potential deployment of manpower. Even more inter-
esting is the integration of hydro-meteorological (cli-
mate and weather) forecasts with the activation of
procurement, the mobilization of supplies and funds,
and the deployment of people. An important aspect
of such expedited modus operandi is the decoupling
of fundraising from disaster response. This requires
the existence of general funds that can be used on the
basis of probabilistic forecasts. Supply chains could
but learn from such liquidity and probabilistic deci-
sion-making.

Standardize
Few sectors are as regulated as healthcare (Field,

2007). There are specific regulations for import and
export, lists of “approved drugs” for specific countries,
regulations on the organizations as well as the people
allowed to handle specific items, as well as tempera-
ture, humidity, and hygiene requirements for the stor-
age, movement, and materials handling of most
healthcare-related items. Again, this is less surprising
when contemplating the potential adverse effects of
drugs that have not just lost their efficacy but may
endanger human lives if having been handled inap-
propriately, or faulty equipment, or any PPE that does
not in fact protect the way it was intended to.
Notwithstanding these considerations, it is astounding
how many scandals we have seen recently around the
world that involved facemasks that upon delivery
turned out not to be of the promised standard or
quality.
To make our lives easier, the World Health Organi-

zation (WHO) frequently publishes the standard tech-
nical specifications recommended for use of, for
example, PPE in the COVID-19 pandemic. (They do it
for other epidemics and communicable diseases as
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well.) Yet, standards across continents don’t match,
and, for example, the Chinese, U.S., and EU standards
for medical facemasks are not quite each other’s
equivalents. Yet at the end of the day, the manufac-
turer of a product can vary, but the quality should
not.
At the same time, few medical items are stand-alone

ones. The administration of vaccines will require syr-
inges and gloves, the administration of a COVID-19
test not just test swabs but PPE, as well as related lab-
oratory equipment and materials. To speed up the
deployment of any urgent such items, humanitarian
organizations have come together to develop (intera-
gency health) kits for specific purposes: malaria kits
and cholera kits, to entire field hospitals. These intera-
gency health kits even standardize across organiza-
tions what to expect each box of a kit to contain
(Vaillancourt, 2016). Thereby, if one organization
procures a kit, another gets the funding to mobilize it,
but it is used by a third in the field, any one logisti-
cian or healthcare staff would know what to expect
where, and how to use it. This is a high level of not
just standardization of items and equipment, but also
of processes, enabling the interoperability of health-
care provision.
Equally importantly, there is no such thing as a

local medical supply chain. While many industries
tend to now insource and re-shore their activities, this
is not an option for most medical items. The ingredi-
ents for specific drugs do not necessarily grow every-
where in the world, and to get the licenses to
manufacture drugs or medical equipment is a lengthy
process (Lurie et al., 2020). Yet in the COVID-19 pan-
demic, we have witnessed ridiculous situations in
which one country would restrict the export of pain-
killers to another, while the other bans the export of
ventilators to the first. Nobody wins from such prac-
tices, and only by recognizing the problem of such
pandemic-driven trade wars and overcoming them
can we address the actual problem of pandemic
response.

Innovate
Humanitarian supply chains may not be well known

for innovation, yet there are lots of interesting endeav-
ors in this regard. Much propagated have been tech-
nological innovations, from the use of drones and
even zeppelins, to the use of additive manufacturing,
or the application of blockchain to trace deliveries.
Tatham et al. (2017) have even coined the phrase of
“flying maggots” to depict the use of long-endurance
remotely piloted aircrafts (aka drones) to deliver med-
ical maggots for maggot debridement therapy to
remote communities in Australia.
The COVID-19 pandemic response gives space for

similar technological innovations. During the 2014–

15 Ebola crisis, people delivering aid risked being
quarantined as well, leading to an unwillingness of
drivers and pilots to enter quarantine zones, and
logistics service providers to expose their workforce.
Logistics service providers were further worried about
the vehicles and other equipment being stuck in such
a situation, as airplanes would not be able to fly back
without any crew. A different approach for medical
deliveries would thus be the use of unmanned aerial
vehicles (UAVs, drones) that do not expose any per-
son to pandemics. UAVs are already in place for other
medical deliveries. For example, in Rwanda, critical
items such as snake antivenom, vital blood supplies,
and other medication are delivered through drone
hub and spoke systems. Other technological innova-
tions include the use of additive manufacturing (3D
printing) of medical equipment (Attaran, 2020; Tino
et al., 2020), or of blockchain applications to track
contagion and sustain medical supply chains (Dounia
Marbouh et al., 2020).
The COVID-19 pandemic has brought also other,

business model innovations to the forefront. There
are abundant cases of production changeover, for
example, automotive and aerospace manufacturers
producing ventilators; distilleries producing hand sani-
tizers, or, in transportation, stranded passenger planes
being converted to cargo planes. The latter is the more
important as much of medical transportation uses
belly cargo; thus, stranded passenger planes contribute
to supply chain disruptions.
The ultimate innovation in the humanitarian supply

chain is that of removing the delivery of items alto-
gether. This is encapsulated in the idea of cash-based
interventions (Heaslip et al., 2018). Social care, and
healthcare, has embraced the same across many coun-
tries—but not all. The very absence of paid sick leave
is a danger in pandemics, as people cannot afford
staying away from their work when sick, thereby fur-
ther contributing to the spread of the disease. Compa-
nies would fare much better if they could contain the
spread and not expose their operations to sick
employees, whichever way they would ensure that
their employees are able to access and afford their
healthcare and sick leave. To reiterate from a supply
chain perspective, a sick workforce leads to the closure
of operations, and further disruptions in the supply
chain.

Collaborate
Production changeover for pandemic response in the

COVID-19 pandemic demonstrates the importance of
industry, that is, the private sector, to be able to adjust
its production capacity. In some cases, such changeover
was government-initiated, with governments asking the
automotive sector to produce respiratory ventilators. In
others, companies saw new business opportunities and
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took the initiative to produce items such as hand sani-
tizers and personal protective equipment. Generally,
cross-sector collaboration and public–private sector
partnerships play an important role in building supply
chain resilience in disaster-affected areas (Balcik et al.,
2010; Carland et al., 2018; Tomasini & Van Wassen-
hove, 2009; Van Wassenhove, 2006). Public–private
partnerships are expected to result in improved service
provision, to help disaster agencies learn about business
supply chains (Falagara Sigala & Wakolbinger, 2019;
Van Wassenhove, 2006), but also, to legitimate the role
of industry in society (Rueede & Kreutzer, 2014). Over-
all, there is a need for more effective public–private col-
laboration in the area of pandemic response.
Establishing framework agreements between govern-
mental agencies and suppliers would facilitate the sup-
ply process during disaster and pandemic response. In
the humanitarian sector, framework agreements are
tools to secure relief items and improve the efficiency
and effectiveness of the response. Through them,
humanitarian organizations can fix prices and freight
rates for orders during a specified period of time (Goss-
ler et al., 2019; Pazirandeh & Herlin, 2014). But even
without agreeing on prices in advance, the sheer pre-
qualification of suppliers speeds up the procurement
process during an emergency.
Apart from such supply chain collaboration, human-

itarian organizations also co-ordinate their efforts.
There is a “cluster system” for large-scale disasters,
where lead agencies of thematic clusters (e.g., WHO
for the health cluster, WFP for the logistics cluster) co-
ordinate disaster response across myriads of humani-
tarian organizations. These clusters meet periodically
on the global level and are activated for specific disas-
ters also locally. In parallel, there are numerous other
endeavors that support collaboration across the sector;
from umbrella organizations for specific groups of
humanitarian organizations, to communities of prac-
tice such as the Humanitarian Logistics Association.
Importantly, these are used not only to exchange ideas
but serve as platforms where standards are set, from
the Sphere standards, for example, specify the mini-
mum quantities of various materials needed per per-
son in a disaster, to interagency health kits, or the
current effort to develop universal logistics standards.
From a logistical perspective, such interagency collab-
oration can be even more practical and assist in co-or-
dinating humanitarian convoys, to jointly pre-
positioning stock around the globe. Some of these
collaborative efforts would not be replicable in a busi-
ness environment, for example, interagency supply
chain visibility of stock and pipelines in ERP systems
would be inhibited by antitrust regulations, but others
such as product and process standards, and platforms
to exchange ideas, can be used in any situation.

CONCLUSIONS AND FUTURE RESEARCH
During the last decades, the mainstream focus of

supply chain management was on cost efficiencies
and minimization through just-in-time approaches
and an outright avoidance of holding inventory (Sim-
chi-Levi & Simchi-Levi, 2020). This is indeed a great
approach for stable operational environments with
foreseeable demand and long-term supplier relation-
ships. These descriptors do not fit all supply chains,
however. It is not only pandemic response that needs
to be agile, but also humanitarian supply chains.
More and more flexibility is needed in other areas as
well, whether due to omni-channel retail, or ever
higher degrees of customization. Moreover, all supply
chains that follow such principles are prone to break
down when facing a disruption. Disasters, and pan-
demics, have often been disregarded as highly
improbable events; however, high their impact would
be. Pandemics such as the COVID-19 outbreak have
been described as “black swans,” even if they are not
in fact once in a lifetime events.
It is high time to consider high-impact disruptors in

the supply chain. Pandemics are a case in point, but
other similar disruptions can stem from climate
change, financial crises, terrorist attacks, and political
conflicts. Insurance companies, for example, routinely
develop global risk maps for supply chains, where
they highlight geopolitically risky spots. Companies
would do well to consider the mechanisms presented
here to mitigate those potential geopolitical risks, such
as avoiding single sourcing from risky locations, to
carrying safety stock to bridge eventualities. Moreover,
as emphasized in humanitarian supply chains, pre-
paredness means more than just pre-positioned inven-
tory but is engrained in people and their training, as
well as supplier databases and due diligence of pre-
qualified suppliers. Overall, many of the elements of
structural flexibility can be useful for any industry for
mitigating future supply chain disruptions. Such struc-
tural flexibility is embedded in humanitarian supply
chain research, but not well understood outside of
that domain. Further research would be needed to
learn and implement lessons from humanitarian sup-
ply chains in (public) healthcare and industry alike.
In parallel, product and process standardization

(and modularization) can enable interoperability in
the supply chain and across competitors. In industry,
this can become a fine balancing act between the
strive for differentiation and the streamlining of oper-
ations. In public health, however, truly global stan-
dards can mean the difference between life and death.
It is time to embrace them.
An important further idiosyncrasy of humanitarian

supply chains lies in their mechanisms to activate
and mobilize the supply chain on the basis of
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probabilistic forecasts. With regard to these, we can
learn from humanitarian supply chains that forecast
not only the weather but also the climate. The ques-
tion is not one of whether climate change will impact
on us, on our livelihood, and on how we can run any
business or supply chain, but how it will impact on
any of these. It is high time to move beyond the ques-
tion of whether supply chains should be green, sus-
tainable, and responsible, to operationalizing what it
means for them to do so. Humanitarian supply chains
use probabilistic forecasts to determine the timing of
activating procurement and deploying people. The
even larger question is the one of preserving our habi-
tat, or even the planet with or without us humans.
Much research has focused on reducing CO2 emis-
sions, but very little on reducing our needs for (al-
ready scarce) resources. Yet, it is our constant need for
those resources that lead to conflicts from trade wars
to actual warfare. Interestingly, humanitarian supply
chain design has been shown to be instrumental in
promoting peace (Gibbs, 2009). To date, very little
attention has been paid to questions of supply chain
design, or supply chain disruptions, with regard to cli-
mate change, or peace. While to date the focus is on
pandemics, further research is needed to embrace
these topics in supply chain management as well.
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