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Abstract
The governments’ isolation measures to contain the transmission of COVID-19 imposed a
dilemma for the people at the bottom of the pyramid. Since these people have very unreli-
able sources of income, a dilemma arises: they must either work under risky conditions or
refrain from work and suffer from income cuts. Emergency donations of food and clean-
ing supplies in a pandemic context might be overlooked by government and civil society
actors. This paper aims to model the effects of donations on mitigating the negative effects
of COVID-19 on vulnerable communities. Applying the system dynamics method, we simu-
lated the behaviour of the pandemic in Rio de Janeiro (Brazil) communities and the impacts
that donations of food and cleaning supplies have in these settings. We administered surveys
to the beneficiaries and local organisations responsible for the final distribution of donations
to gather information from the field operations. The results show that increasing access to
cleaning supplies in communities through donations can significantly reduce coronavirus
transmission, particularly in high-density and low-resource areas, such as slums in urban set-
tings. In addition, we also show that food donations can increase the vulnerable population’s
ability to afford necessities, alleviating the stress caused by the pandemic on this portion of
the population. Therefore, this work helps decision-makers (such as government and non-
governmental organisations) understand the impacts of donations on controlling outbreaks,
especially under COVID-19 conditions, in a low-resource environment and, thus, aid these
hard-to-reach populations in a pandemic setting.

Keywords Humanitarian operations · Donation · System dynamics · COVID-19 · Pandemic

1 Introduction

Over the past several decades, the previous experiences with disease outbreaks have consis-
tently improved society’s mechanisms to respond to health crises (Biggerstaff et al., 2014).
More recently, the COVID-19 pandemic, caused by the novel coronavirus SARS-CoV-2, has
been changing habits and increasing uncertainty about the future, highlighting the impor-
tance and urgent need for actions for vulnerable populations during a crisis response (de
Camargo Fiorini et al., 2021). Although the global impacts of the pandemic throughout the
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world remain unclear, the ensued health and socioeconomic crisis has resulted in the infec-
tion of millions of people and caused the death of hundreds of thousands worldwide (WHO,
2020). Moreover, the COVID-19 pandemic will have significant impacts on the economy
(Fernandes, 2020; McKibbin & Fernando, 2020), and it could cost the world approximately
US$11.7 trillion (BusinessToday.In, 2020).

Isolation measures have been highlighted as among the most effective policies aimed
at slowing the spread of the disease and, therefore, alleviating the burden on healthcare
systems (Antunes et al., 2020; Burch & Bunt, 2020; Crokidakis, 2020; Giudice et al., 2020).
However, thesemeasures impose a dilemma onBoP communities of low- andmiddle-income
countries. These communities are especially vulnerable once people live in impoverished
areas, with a lack of basic sanitation, poor quality of life, weak legal mechanisms, low
literacy, and frequently have unreliable sources of income (Srivastava et al., 2020). Access
to clean water can be a challenge since the private sector is often the last resort provider
(Subrahmanyan & Gomez-Arias, 2008). Such environmental conditions increase the risk
of COVID-19 infection, which rapidly spreads over large urban perimeters, making these
populations even more vulnerable (Unger & Riley, 2007).

Global attention is shifting toward developing countries and theirBoP,wheremanyhuman-
itarian crises strike (Oloruntoba et al., 2019). It is estimated that 4 billion people worldwide
encompass the BoP population. This population is concentrated mainly in Asia, Africa, East-
ern Europe, and Latin America, and their number is expected to increase by 50% until 2040
(Wimschneider et al., 2020). In 2008, Brazil had 25% of its population among the poorest
50% of the worldwide population (Dumalanede et al., 2020).

The BoP population depends on an informal economy that is inefficient and poorly dis-
tributed (Subrahmanyan&Gomez-Arias, 2008). This population becomes theworst affected,
mainly due to unemployment and lack of structured financial aid. Also, household sustenance
becomes a severe challenge, posing a disproportionate toll on children’s physical and psy-
chological health (Chakrapani et al., 2020). For example, in Brazilian favelas, it is estimated
that 47% of the inhabitants have informal jobs (Instituto Data Favela, 2020). Besides, most of
these jobs demand physical attendance, and thus home office is not feasible. Hence, theymust
either work under risky conditions or refrain from working and suffer from severe income
cuts. The decrease in families’ incomes reduces their affordability to access essential food
items (Global Food Security Index, 2020), consequently reducing their food security.

Therefore, the impact of the pandemic on this segment of the population is considerably
higher relative to other segments. A Brazilian study has shown that the black and brown races
were independently associated with increased in-hospital COVID-19 mortality, even after
adjusting for sex, age, level of education, region of residence, and comorbidities (Peres et al.,
2021). Besides, the difference in the proportion of employed people between black/brown
and white races rose from 2.4% to 5.3% due to the effects of the pandemic (Ipea, 2021).
In Brazilian favelas, 66% of the residents are either black or brown (Zenker, 2008), even
though only 56% of the overall population are self-declared as those races (IBGE, 2019).
Thus, people living in favelas have suffered from higher mortality during the pandemic and
higher unemployment rates.

As pandemics result in an abrupt and considerable increase in mortality rates, as well
as generate social, political, and economic disruptions (Madhav et al., 2017), they can
be viewed as disasters, thus demanding the intervention from humanitarian organisations
(HOs) (Anparasan & Lejeune, 2018; Besiou & Van Wassenhove, 2020). Policies to control
COVID-19—such as food assistance and the search for the achievement of theSphereHuman-
itarian Standards for water, sanitation, and hygiene (Corburn et al., 2020)—are goals often
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underachieved by governments in the BoP population, making the humanitarian aid funda-
mental for the vulnerable communities. HOs—which include a wide range of organisations,
from international to locally active non-governmental organisations—respond to disasters
by implementing adequate response measures. These measures rely on special emergency
funds for initial disaster response missions and donations to fund the relief operations (Tur-
rini et al., 2020). HOs work to plan, implement and control the humanitarian supply chains
from raising resources (monetary funds, goods, and services) from donors to the last-mile
delivery to meet the urgent needs.

In a complex context, the relevance of the urgent need for humanitarian aid targeted at vul-
nerable communities is indisputable (Lau et al., 2020; Poole et al., 2020). However, several
challenges have surfaced during the pandemic, especially regarding the operationalisation of
deliveries of food and cleaning supplies (Corburn et al., 2020;Haynes et al., 2020).At theBoP,
the basics infrastructure—facilities and installations such as roads and shelves—that man-
agers take for granted in industrialised and emerging economies are often missing (Fawcett
& Waller, 2015). If not well planned and executed, the distribution of donations considering
the outbreak context may cause agglomerations, further disseminating the virus (Leão et al.,
2021). Besides, stakeholders might overlook the securement of private and public funds
to the delivery of food and cleaning supplies to the BoP, as capturing and quantifying its
impacts is not a straightforward process (Ahmen et al., 2020; De Oliveira Andrade, 2020;
Rodriguez-Morales et al., 2020).

The financial stability of the disaster victims is fundamental to recovery. However, this
aspect is often neglected in the disaster’ academic literature (Behl & Dutta, 2020), and each
disaster case has particular characteristics and circumstances regarding how to cope with the
ensuing financial shock (Gallagher & Hartley, 2017). Academic literature on how donations
during the COVID-19 pandemic impact the BoP population is scarce. However, the grey
literature highlights their positive impact on themost vulnerable population (Chakrapani et al.,
2020; Unicef, 2020). In contrast, studies focusing on the context of the healthcare system are
abundant. Although reports and booklets have addressed the impact of donations during the
COVID-19 pandemic on the most vulnerable population (UNICEF, 2020; Vongkiatkajorn &
Daily, 2020), there is a lack of academic papers in the area. In addition, to the best of our
knowledge, there are no studies that quantify these effects. Furthermore, according to Khalid
et al. (2020), the BoP literature has mainly focused on business-to-consumer (B2C) issues.
Few works study the BoP in humanitarian situations.

In this context, this work seeks to fulfil the exposed research gap, evaluating the potential
impacts of the following two policies to improve well-being in vulnerable communities
(Corburn et al., 2020): (i) donations of food to increase affordability and (ii) donations of
cleaning and hygiene supplies to enhance sanitation procedures and practices.We evaluate the
impacts of such donations to provide more access to food supplies and measure the impacts
of cleaning supplies on controlling the COVID-19 outbreak in vulnerable communities.
Therefore, we aim to answer the following research question: what are the potential impacts
of donations of food and cleaning supplies on the COVID-19 contagion rate in the BoP
population?

To answer the research question, we surveyed 2155 people living in 143 favelas in Rio
de Janeiro (Brazil). Rio de Janeiro was chosen, once it is the Brazilian city with the largest
population living in favelas (22% of the inhabitants), and the average per capita income is
belowUS$100 per month (IBGE, 2010). It is important to highlight in this context that Brazil
reached 584,000 deaths due to COVID-19 by September 2021, a mark only surpassed by the
United States, and the economic vulnerability increases the degree of lethality of COVID-19
among the poor in Brazil (Baqui et al., 2020; Peres et al., 2021; Phillips, 2020). Besides,
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Rio de Janeiro is the Brazilian capital with the highest COVID-19 mortality, and it was
responsible for 5% of the deaths in Brazil, while its population represents only 3% of the
total.

We evaluated the impact of donations with a system dynamics (SD) modelling approach.
The SD methodology is applied to understand the non-linear behaviour of feedback loops
and highly interconnected systems over time and to derive potential future behaviour (Ðula &
Größler, 2021). These scenarios support the development of targeted policies to address core
issues in the complex systems (Carvalho & Mazzon, 2020). SD makes use of established
causal mechanisms and mathematical relationships aimed at scenario building and policy
formulation. Therefore, the SD approach uses known causality to computationally devise
scenarios that will potentially support decision-making in various contexts (Sterman et al.,
2015). Thus, SD is highly suited to evaluate the potential impacts of different policies on
complex systems, where the patterns of behaviour over time are emphasised (Richardson,
2011, 2020). In this paper, we aim at evaluating the potential impacts of different donation
mechanisms and policies on the contagion rate of COVID-19 in the BoP population during
a pandemic, which is an intrinsically complex system displaying non-linear behaviour over
time and high interconnectedness among social, economic, and epidemiological variables
(Rahmandad et al., 2021). SD has been widely used to support public policy and health-
care decision-making at a global level (Ghaffarzadegan et al., 2011), as it applies computer
simulation models to test these different scenarios and explore “what-if questions” (Álvarez
et al., 2015). More particularly, the development of such simulation scenarios can quantify
the potential impacts of policy-based interventions (Stummer et al., 2021). In addition, the
SD approach can integrate different effects, which are conceptualised as feedback loops,
accumulation dynamics, significant system delays, and nonlinear relationships among key
variables (Darabi & Hosseinichimeh, 2020).

SD has been used to study various subjects, including the analysis of trade-offs between a
provision of relief assistance and capacity building in humanitarian organisations (Gonçalves,
2011) and investments in disaster management capabilities and pre-positioning of inventory
(Kunz et al., 2014). In addition, it is also used tomodel and simulate epidemics, such as Ebola,
Middle East Respiratory Syndrome (MERS), Severe Acute Respiratory Syndrome (SARS),
and Malaria (SDS, 2020). More recently, studies applying SD in the context of pandemics
gained prominence due to the global context of the coronavirus (Rodrigues et al., 2020; Sahin
et al., 2020;Vega, 2020). Thus, SDprovided uswith the possibility ofmodelling the dynamics
of the coronavirus disease and analysing the different impacts of donations, depending on the
type of donations received (gift-in-kind or monetary), distribution channel (gift-in-kind or
voucher), donation intensity (quantity and frequency), last-mile delivery mode (organised or
disorganised), type of gift-in-kind donation (food or cleaning supplies), and local of purchase
relief supplies with received voucher donation (local market x supermarket).

Our paper is structured as follows. Section 2 presents the theoretical foundation of our
research, and Sect. 3 the problem statement. Section 4 offers the model development, includ-
ing the causal loop diagram and the simulation model. Section 5 reports the simulation of
the problem, presenting the data collection, model validation, and results. Section 6 consists
of the discussion, with theoretical and practical implications. Finally, Sect. 7 summarises the
concluding remarks, limitations, and future research avenues.
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2 Theoretical foundation

Funding is crucial in the humanitarian operations (Burkart et al., 2016; Mejia et al., 2019).
It not only determines the scope of humanitarian actions but also has a significant impact
on speed, effectiveness, and efficiency (Burkart et al., 2016). In this sense, the donation is
crucial for funding.

Donations can be classified as earmarked or unearmarked. Unearmarked donations go
to a general fund, where the donor does not influence the fund allocation among the
agency projects (Toyasaki & Wakolbinger, 2014). Earmarked donations are sent to specific
emergency-cause funds (the donors choose the fund allocation) (Aflaki & Pedraza-Martinez,
2016; Toyasaki & Wakolbinger, 2014).

Different aspects can influence the donor’s decision about the fund allocation, such as the
cultural interest in the disaster region and the trust in the local government (Aruga & Bolt,
2020). If on the one hand, earmarked donations play a key role in humanitarian operations
(Tortora & Steensen, 2014), as it attracts more donations (Aflaki & Pedraza-Martinez, 2016)
and encourages short-term projects focused on tangible results that can be measurable (Bau-
mann, 2021). On the other hand, when only unearmarked is allowed, the expected donation
volume is smaller. Still, HOs will have the flexibility to allocate it between the different
projects (disaster response or development programs), besides reaching better operational
performance (Aflaki & Pedraza-Martinez, 2016).

A meaningful discussion about donation on literature involves their channels. The current
emphasis is on donations through online channels. Online donations have increased over the
years (Koksal et al., 2021), rising as an option for traditional monetary donation channels
(Koksal et al., 2021). Online donation plays a vital role in vulnerable communities because
it is helpful for HOs appeals for funds from many donors (Hou et al., 2021). This scenario
highlights the need for online donation platforms once it helps HOs reduce cost as data
supplied by the donor and receipts and communication can be done electronically (Koksal
et al., 2021). Online crowdfunding, for example, has emerged as a tool for raising funds
for emergency response, as proposed by Chakarapani et al., (2020) in the Indian pandemic
context. More than 30 percent in crowdfunding platforms is expected to rise in terms of the
global transaction value from 2018 to 2022 (Behl &Dutta, 2019). However, it is fundamental
to understand the donor behaviour and factors that increase their engagement concerning
online donation platforms. Different authors have contributed to this topic—see Behl and
Dutta (2020), Hou et al. (2021), and Yilmaz and Blackburn (2020).

Different forms of donations are explored by academic literature. Johnson (2011) proposes
using Corporate Social Responsibility (CSR) funds as an alternative form of financial capi-
tation in the context of humanitarian operations. According to Behl and Dutta (2019), CSR
positively affects donation-based crowdfunding to recover after a disaster. The authors high-
light the role of CSR initiatives in encouraging crowdfunding activities for social demands
by organising campaigns to reach donations with social activities.

The aid delivery to beneficiaries during a disaster response is due by HO (Fontainha et al.,
2017). Government, private, and individual donors can provide gift-in-kind and monetary
donations to HOs. However, a monetary donation has the flexibility advantage once the
money can be allocated according to the project needs (Dais & Davis, 2020). In this sense,
achieving a higher volume of monetary donation is the primary goal of HOs (Hsu et al.,
2021).

Donations can reach the beneficiaries in different ways. A very common categorisation
separates gift-in-kind, cash-based donations—cash or voucher. Gift-in-kind donations can
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be categorised into types of products, which have different effects on the population. The
donations of cleaning supplies are especially relevant in the COVID-19 pandemic since they
enable hygiene practices to reduce virus transmission. On the other hand, the donations of
food rise affordability since food comprises approximately 60% of a household’s income
in poor areas (von Braun, 2008). Gift-in-kind donations have the advantage of immediately
providing beneficiarieswith assess to the neededgoods (Sabates-Wheeler&Devereux, 2010).
However, they can negatively impact local market sales (Oliveira, 2020). Piotrowicz (2018)
mentions the advantages and disadvantages of in-kind food donations, being the immediate
access, and to favour women and the elderly some of the benefits, and the transport and
storage costs, competition with local markets, and trade some disadvantages.

Therefore, gift-in-kind donations can reduce virus transmission by preventing people from
leaving their houses to purchase goods. However, in the humanitarian context, beneficiaries
themselves often perform the last-mile distribution, who collect the items at specific sites
(Muggy & Stamm, 2020). Thus, depending on how pick-up procedures are organised, they
may generate agglomeration points, spreading the virus. Therefore, last-mile distribution
is crucial since delivering humanitarian aid to vulnerable populations may impact health,
improve their food security, and indirectly impact the population’s social behaviour and
movement patterns, which can influence their morbidity and mortality (Aaby et al., 1999).
As stressed by the Sphere Standards (Sphere Project, 2011), “distribution points should
be established where they are safe and most convenient for the recipients, not based on
logistic convenience for the distributing agency.” The focus of the last-mile distribution
in the relief network is the effective assistance to victims, impacting the “accessibility” in
the relief network (Zhang et al., 2020). Accessibility can be related to the response time
(Noyan & Kahvecioğlu, 2018). According to Noyan et al. (2016), network conditions and
demographical characteristics affect access to relief supplies. In this sense, it is possible to
correlate the social isolation restriction as a variable that influences accessibility.

In turn, the cash-based model reduces the length of traditional humanitarian supply chains
by creating a more agile chain once it allows beneficiaries to buy what they need instead of
giving them the items (Heaslip et al., 2018). This model speeds up delivery and reduces
overall costs (Piotrowicz, 2018). Other advantages of cash-based donations include the cost-
efficiency and the stimulus to production andmarket growth (Piotrowicz, 2018). However, the
risk of theft, inappropriate use, corruption, limited donor resources available, inflation, and
the inability to reach the most vulnerable people are pointed as disadvantages of cash dona-
tions (Heaslip et al., 2018; Piotrowicz, 2018). Although the cash-based system promotes the
empowerment of local markets, supporting the region regenerations (Aruga & Bolt, 2020), it
requires continuous assessment of the local supply availability (Besiou & Van Wassenhove,
2020). Besides, neighbourhood stores (i.e., “nano stores”) typically have poor quality prod-
ucts and high prices (Subrahmanyan & Gomez-Arias, 2008). However, the displacement to
supermarkets usually encompasses crowded public transportation, thus raising the possibility
of virus contamination during a pandemic.

Vouchers require distribution in paper or electronic format and have a cash value to be
used for payment. However, vouchers have limitations once they are restricted for use with
specific suppliers or services and require a network of organisations that accept vouchers
as means of payment. Figure 1 summarises the assistance modes (cash, voucher, or in-kind
donations) and the donor, donations channels, and allocation modes.
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Fig. 1 Schematic representation of the assistance modes, donors, donations channels and allocation modes

3 Problem statement

The BoP population living in favelas faces more exposure to COVID-19 as favelas are over-
crowded spaces. This population has low resilience to socioeconomic shocks, as people
living in favelas usually have irregular incomes due to informal labour, a higher incidence
of poverty, and a high dependence on daily income (World Bank Report, 2020). In addition,
social distancing and self-isolation might not be options, and access to reliable water supplies
for handwashing may not be available. Therefore, favelas require specific responses, as the
measures usually applied in other parts of the city may not effectively control the pandemic
in these areas.

Amidst this troubling scenario, we model a humanitarian project led by three large non-
governmental organisations. It aims to distribute food and hygiene products to 143 favelas
in Rio de Janeiro. Figure 2 presents a schematic representation of the supply chain from
monetary donations to the delivery of supplies to the communities.

Fig. 2 Schematic representation of the donation chain in Rio de Janeiro communities
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The humanitarian supply chain starts with Organisation A, which receivesmonetary dona-
tions from the private sector and individual donors through an online platform. Organisation
A deals strictly with monetary donations for the following two main reasons: (i) reduction
in donation movement and manipulation, following the sanitation measures recommended
by the World Health Organization (WHO), and (ii) standardisation of donations to meet the
demands of the BoP, avoiding the concentration of some types of items.

Organisation B, in turn, uses these donations to purchase the needed goods (food baskets
and hygiene kits) or to transfer cash to vouchers. Organisation B is also responsible for
sanitising the products and delivering them to the carrier. The carrier, funded by the private
sector, transports the items to the local organisations selected by Organisation C. These
organisations are responsible for the last-mile distribution to the communities.

After the beneficiaries have received the deliveries, none of the organisations can ade-
quately measure the donations’ effects on the communities. Consequently, donors might
be unmotivated to make further contributions. In addition, the organisations themselves
lack information on these impacts, which becomes an obstacle to improving operations.
As resources are scarce, quantifying gains and testing different scenarios become essential
to better decision-making processes. For example, part of the donations is made in vouch-
ers to the beneficiaries purchasing their food and cleaning supplies. Logistically, this is an
easier and faster option for donors. In addition, it also avoids potential agglomeration when
collecting gift-in-kind donations. However, the beneficiaries must leave their houses to buy
food and cleaning supplies, which may raise their exposure to the virus. These factors cause
a dilemma for organisations, as they cannot quantify the impact of each type of donation.

Other decisions that can influence the operation and impact the control of COVID-19 in
these communities include determining the quantity and frequency of donations and defining
allocations, i.e., between food and cleaning supplies and between gift-in-kind and voucher
donations. More specifically, understanding the counterfactuals becomes imperative; what
would be the number of infected and dead people in these communities had the donations
not been made? We test the following scenarios in the simulation model: a scenario in which
no donations have been made, a scenario in which only gift-in-kind donations are made, a
scenario in which only voucher donations are made, and scenarios in which both in-kind and
voucher donations occur.

4 Model development

SD is a method that qualitatively and quantitatively studies problems within systems dis-
playing dynamic complexity. With the aid of computers, the SD method is geared towards
representing high-ordermultivariate nonlinear systemswithmultiple feedbacks (Zhong et al.,
2018). Thus, once the problem at hand is complex due to the feedback processes—explained
in Sect. 4.1—and nonlinearities—displayed in Sect. 4.2—contained in its variables, SD fits
as the simulation method to be used. Besides, SD decomposes a complex problem into a
set of variables and parameters, assigning mathematical rules to determine their interactions
(Diedrichs et al., 2016), a valuable method for problems with many branches. In our case,
examples of branches include distribution channel, quantity, and frequency of donations,
type of product, delivery mode, and place of purchase, which will be further explained in the
following sections.

The SD approach provides decision-makers with a set of tools that allow them to evaluate
the potential results of their decisions, such as causal mapping—represented in Sect. 4.1- and
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simulation modelling—detailed in Sect. 4.2. Causal mapping enables the identification of
essential variables and their interrelationships, therefore depicting the fundamental structure
of the systemwhose behaviourwewant to explore (Sterman, 2000a). The resulting simulation
model, in turn, allows decision-makers to envision the behaviour of these variables and their
interaction to identify the potential short- and long-term effects of the system (Sterman,
2000a). The high complexity of humanitarian operationsmakes SD a powerful tool to analyse
nonlinear relationships, delays, accumulations, and feedback processes to adjust actions
(Gonçalves, 2011).

4.1 Causal loop diagram

Causal Loop Diagrams (CLD) represent variables and their relationships, emphasising the
structure of feedback loops.All systems consist of positive andnegative feedback, anddynam-
ics arise from these loops’ interaction (Sterman, 2000a). Positive loops are self-reinforcing,
while negative loops are self-correcting, denoting balancing loops. The CLD may also rep-
resent key variables in the form of stocks (accumulations) and flows (rates of change) to
depict the structure underpinning a particular behaviour over time, commonly referred to as
dynamic behaviour (Richardson, 2011; Sterman, 2000a).

Figure 3 shows the CLD combinedwith a standard stock-and-flow representation that uses
the SIR epidemiological model (i.e., Susceptible, Infected, and Recuperated population) as
an underlying representation of theCOVID-19 spread. The standard SIRmodel is represented
in the compartmentalised model displayed at the bottom of Fig. 3. The model shows each
stage—Susceptible, Infected, and Recuperated—as a stock (boxes) with flows connecting
each stage of the disease (double-line arrows with hourglasses in the middle). The feedback
loops are marked with “R” for the reinforcing loops and “B” for balancing loops. Initially
proposed by Kermack and McKendrick’s (1927), the standard SIR formulation has been
widely and consistently used and enhanced in epidemiology over the years. In the SIRmodel,
the contagion process that diffuses the epidemic is represented by the reinforcing loop R1
(contagion). As the disease progresses, it infects healthy individuals closing the balancing
loop B1 (depletion). Once infected, they either recover (balancing loop B2—recover) and
develop immunity or die (balancing loop B3—death). That is, we do not consider reinfection
by the virus. The SIR model has been intensively used in local and global efforts to model
the ongoing COVID-19 pandemic and simulate its potential effects on health, education, and
the economy to inform public policy using a SD approach (Ghaffarzadegan & Rahmandad,
2020; Rahmandad et al., 2021). In this paper, we use the standard formulation of the SIR
epidemiological model as prescribed by the specialised literature (see, e.g., Karanfil et al.,
2020; Michael Barton et al., 2020; Sterman, 2000b; Struben, 2020).

The constructs displayed in Fig. 3 are based on literature and accumulated knowledge
of the COVID-19 dynamic behaviour. These constructs are further detailed in the following
paragraphs. On top of the SIR model, Fig. 3 also shows the usual behaviour of a community,
where the families buy food and hygiene products, in addition to other assets not studied in
this research, using part (or all) of their monthly income (De Carvalho et al., 2021). Hygiene
products are needed to keep the house and its residents clean, which decreases the rate of
contagion by viruses (Ribeiro et al., 2021). Balancing loop B4 (income) demonstrates that
the lower the family income, the greater the population will work, as they need income to
survive. The larger the number of people going to work, the greater the family income and the
lesser the social isolation. The higher the family’s income, the more it can buy food, therefore
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Fig. 3 Causal loop diagram depicting the SIR epidemiological model and the typical community purchasing
behaviour

presenting higher food affordability and, consequently, the less the population needs to go to
work (balancing loop B5—affordability).

With the rapid spread of the COVID-19, the Brazilian government enacted social isolation
measures at the local levels in the municipalities to contain the quick dissemination of the
virus (Bezerra et al., 2020; Crokidakis, 2020). The CLD in Fig. 3 shows the main changes
and effects emerging from the enactment of those measures. When isolation begins, many
vulnerable low-income families lose all or part of their income, which is caused either by
the isolation itself or the economic crisis it generates (The Lancet, 2020). The income losses
are also related to the rigid restrictions on how society operates, as some of these people
have informal jobs that rely on the normal functioning of businesses and households—e.g.,
unregistered domesticworkers, informal streetworkers, or deliverymen (Monteiro deOliveira
et al., 2020; Tavares & Betti, 2021). The income cuts leave family members with no choice
but to return to work, even with enacted social isolation measures. Therefore, the portion
of the population that needs to continue working reduces the rate of social isolation and
influences contagion dynamics.

123



Annals of Operations Research (2024) 335:1209–1239 1219

At this point, donations become crucial tomaintain families’ livelihoods since they support
people in complying with social distancing and help keep the most vulnerable population
nourished and in sanitary conditions (Bento & Couto, 2021; Rodrigues et al., 2021). The
volume of food and cleaning supplies consumed in a community is based on two main
aspects: (i) the population’s income and (ii) the number of donations obtained. Cleaning
supplies are especially useful in the context of a pandemic, in which a highly infectious
disease is rapidly spreading. A high level of hygiene reduces transmission and, therefore, the
number of infected people. Food supplies are essential to reduce the effects of income cuts
on the food security (Nathan & Benon, 2020). In addition, food supply donations help keep
the population at home since the need to leave home to go to work is reduced (Nathan &
Benon, 2020).

How donations are made also influences the outcomes (Leddy et al., 2020). On the one
hand, in-kind donations demand that the beneficiaries leave their houses to obtain donations
from a distribution centre; however, there is no need to go shopping for supplies. On the other
hand, voucher donationsmay avoid agglomerations in distribution centres (depending on how
they are distributed and recharged) but require travel to the stores (Pereira & Oliveira, 2020;
White et al., 2020). Figure 3 shows how the different types of donations affect the contagion
rate.

4.2 Simulationmodel

Considering the presented causal diagram, we developed a simulation model using Ven-
sim Pro (Ventana System), as depicted in Fig. 4. Table 1 summarises the parameters used,
including the variable names, brief descriptions, and their units.

The model starts with the cash collection and distribution of donations. The distribution
occurs on the following two fronts: (i) distribution of in-kind products; (ii) distribution of
vouchers to the population. The number of donations to each front is defined in the model by
the variable “Fractional Outflow Split”. Therefore, the “Fractional Outflow Split” variable
allows the model to capture the amount of money intended for the purchase of food and
hygiene products (Eq. 1) to be physically (in-kind) donated to the beneficiaries and to capture
the movement of the cash donations, which will increase the monthly family income (Eq. 2).

Amount intended f or inkind donations �∫
[(aggregate out f low ∗ Fractional Out f low Spli t)

− expenses wi th cleaning supplies − expenses wi th f ood] (1)

I ncome during pandemic �∫
[income during pandemic rate + (aggre f ate out f low

∗(1 − Fractional Out f low Spli t)) − population expenses wi th cleaning supplies

− income consumption during pandemic] (2)

Since part of the monetary donations is destined to purchase hygiene products and food
baskets to be distributed (in-kind), the model accounts for the litres of hygiene products and
kilograms of food bought and donated. The model uses litres of hygiene products and kilos
of food in each basket and does not consider price fluctuations resulting from the pandemic.
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Fig. 4 Complete Simulation Model

This occurs since the organisations may change the products in the basic basket, if necessary,
to maintain the same final price and the number of products throughout the period.

When a portion of the donations is designed for voucher distribution and, therefore, influ-
ences the population’s income, the model calculates the population’s spending on hygiene
products, the litres of hygiene products purchased by the people, and the population’s afford-
ability concerning food with and without donations. As the amount of food and the number
of vouchers donated increase the population’s income, they also influence food affordability.
Thus, we estimated the level of affordability before the pandemic (Eq. 3), during the pan-
demic without the aid of donations (Eq. 4), and during the pandemic with the assistance of
donations (Eq. 5).
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Table 1 Variable descriptions

Variable Description Units

Affordability before pandemic BoP population’s ability to purchase food
before the pandemic

1/people

Affordability during pandemic Ability to buy food by the BoP population
during the pandemic

1/people

Affordability during pandemic + donations Ability to purchase food by the BoP
population during the pandemic and with
the help of donations

1/people

Amount intended for in-kind donations Financial amount for in-kind donations Real

Attended people BoP population served by donations People

Cleaning supplies consumption Consumption of hygiene products by the
BoP population

Litre/day

Contact density cash donations Contagion density due to contact of the
population that received cash donations

Dmnl

Contact density in-kind donations Contagion density due to contact of the
population that received in-kind
donations

Dmnl

Contagion rate Rate of infection by the virus People

Cost of 1 kg of food Cost of 1 kg of food Real/kilo

Desired kg of food Kilograms of food desired to keep the BoP
population fed

Kilo

Effect on hygiene rate Effect that hygiene has on the contagion of
the population by the virus

Dmnl

Expenses with cleaning supplies HO spending on hygiene products to be
donated

Real/day

Expenses with food HO spending on food to be donated Real/day

First subflow (aggregate outflow*Fractional Outflow
Split)

Flow of financial input into the stock
destined to purchase in-kind donations

Real/day

Income before pandemic Income before the pandemic Real

Income consumption during pandemic Population spending during the pandemic Real/day

Income during pandemic Income of the BoP population during the
pandemic

Real

Income during pandemic rate Inflow of money into the population’s
income stock

Real/day

Initial population Initial population People

Liters in kind donation Litres of in-kind donations of hygiene
products

Litre/day

Litres bought rate Litres of hygiene products purchased and
donated to the BoP population

Litre/day

Litres of cleaning supplies with donations Litres of hygiene products purchased and
donated to the BoP population

Liter

population expenses with cleaning supplies Population spending on hygiene products
during the pandemic

Real/day

Second subflow (aggregate outflow* (1-Fractional
Outflow Split))

Financial inflow through donations to the
stock of the BoP population’s income

Real/day
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Table 1 (continued)

Variable Description Units

Unattended people BoP population not served by donations people

Weight of food to be donated Kilograms of food to be donated to the BoP
population

Kilo

A f f ordabili t y be f ore the pandemic �
I ncome be f ore the pandemic

Cost o f 1kg of f ood ∗ desired kg of f ood ∗ ini tial population
(3)

A f f ordabili t y during the pandemic �
RE F E RE NC E I ncome during pandemic

Cost o f 1 kg of f ood ∗ desired kg of f ood ∗ ini tial population
(4)

A f f ordabili t y during the pandemic&donations �
I ncome during the pandemic + (W eight o f f ood to be donated ∗ Cost o f 1 kgof f ood)

Cost o f 1 kg of f ood ∗ desired kg of f ood ∗ ini tial population
(5)

The volume (in litres) of hygiene products donated and distributed and the litres of hygiene
products purchased by the population are computed in the variable “Litres of cleaning supplies
with donations” (Eq. 6).

(6)

Liters of cleaning supplies wi th donations �
∫

(L in kind donation + Liters bought rate

− cleaning supplies consumption)

The calculated number of litres of cleaning supplies and the population’s isolation rate
are used to calculate the contagion rate (Eq. 7). Thus, donations of hygiene products are
represented in the model as a variable influencing the contagion rate.

Contagion rate �
contact densi t y inkind donations

∗Fractional Out f low Spli t + contact densi t y cash donations ∗ (1 − Fractional Out f low Spli t)
∗attendedpeople ∗ RE F E RE NC E rate ∗ (1 − e f f ect on hygiene rate))

+(unattended people ∗ RE F E RE NC E rate))

attended people + unattended people
(7)

5 Problem simulation

This section describes the primary data sources, the model validation, and the simulation
model results.
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5.1 Data collection

We used the following three main data sources as inputs: (i) data on the number of cases,
deaths, and recovered people were retrieved from a data panel that collects information from
the communities and the government (Voz das comunidades, 2020); (ii) data on food and
hygiene products donatedper daywere obtained from theproject’s organisations; and (iii) data
on community behaviour were obtained through surveys (Forza, 2002) with the beneficiaries
and local organisations that perform the deliveries. The surveys follow the six-step process
defined by Forza (2002): connection with the theoretical constructs, survey design, pilot test,
data collection, data analysis, and report.

The questionnaires were sent via email; 29 responses were received from local organi-
sations, and 2155 were received from beneficiaries from May 29th to June 14th, 2020. The
percentage of answered questions was 85%. The questions submitted to the organisations
encompassed an overview of COVID-19 numbers in the communities and the operations
performed to deliver the donations. Most organisations (75%) have a system for beneficiaries
to collect donations on-site, exposing them to the disease. However, 81% of these organi-
sations stated that there were no agglomerations during collections. In addition, 64% of the
organisations preferred to distribute in-kind donations rather than vouchers.

Similarly, the beneficiaries were asked about their preferred type of donation (66% prefer
in-kind), the number of infected people and deaths in their households, and their financial
situation (their income during and after the isolation measures, their usual expenses for food
and cleaning supplies, and how those expenses would change if their income doubled).

Therefore, the desired expenses on food and cleaning supplies were estimated using the
answers from the survey regarding how much the beneficiaries would spend if their income
doubled, which resulted in amonthly average of U$ 144.38 on food andU$ 39.48 on cleaning
supplies per family. Table 2 lists the other parameters of the base scenario.

We ran themodel over 210 days since we have data regarding donations during this period.
The time interval was 1 day because of the disease dynamics. The model time step is 0.125,
following the rule to set a time step between one-fourth and one-tenth the size of the shortest
time constant in the model (Sterman, 2000a).

As for the infection duration, we used COVID-19 hospitalisation data provided by the
Brazilian Ministry of Health (Ministério da Saúde, 2020). We then used the average hospital
length of stay to proxy the infection duration (15.73 days). Additionally, considering the
Brazilian Ministry of Health data, the first COVID-19 case reported in a vulnerable commu-
nity in Rio was on March 22nd, which is also used in the model for the first infected person.
We defined the initial population as 320,000 inhabitants, corresponding to the estimated

Table 2 Standard parameters
Parameters Value

Time Interval Days

Time Step 0.125 days

Infection Duration 15.73 days

Initial Population 320,000 beneficiaries

First Infected March 22nd, 2020

REFERENCE contagion rate 2.91

Effect on hygiene rate 0.2
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number of people living in the favelas assisted by the project in the city of Rio de Janeiro
(Cavallieri & Vial, 2012) based on the last census conducted by the Brazilian Institute of
Geography and Statistics (IBGE).

Based on the literature, we estimated the effect that the use of cleaning supplies could
have on reducing the contagion rate. Aiello et al. (2008) highlighted that using soap and
hand sanitisers combined with hand-hygiene education prevented 21% of respiratory-related
illnesses. Aiello and Larson (2002) reviewed 54 papers that associated hygiene measures
with infectious diseases and reported that most of them showed a reduction greater than 20%
in infections after implementing these policies. One of these reviewed papers found a 49.7%
reduction in respiratory-related illnesses when students in a specific school were provided
with hand sanitisers (Dyer et al., 2000). Therefore, to avoid overestimating the potential of
the hygiene supplies donated, we used the lowest of these numbers. We considered that a
person has a 20% lower chance of being infected if the hygiene standards are met.

5.2 Model validation

Model validation is crucial to ensure the findings’ validity (Barlas, 1996; Sterman, 2000b).We
validated our model structure by using the authors’ knowledge, the results from our survey,
and validity tests, following the protocols put forth by (Schwaninger & Grösser, 2016), who
categorise tests on model-related contexts, model structures, and model behaviours.

Model-related context tests can help avoid ill-conceived models and the use of inappro-
priate modelling methods (Schwaninger & Grösser, 2016). In this sense, we performed the
model framing test by clearly describing the goal(s) of the model, the involved stakeholders,
and the insights gained from using the model. We also performed a test to ensure the ade-
quacy of the methodology, as we explained the use of the SD methodology in the present
research. We make the need to use it even more evident when presenting the model due
to the dynamic complexity, the feedback mechanisms, and the nonlinear interdependency of
structural elements, which is materialised by the mathematical relations of the computational
model.

The model structure tests assess whether the model logic is attuned to the real world
structure (Schwaninger & Grösser, 2016). We performed a dimensional consistency test and
sensitivity tests using Vensim standard features. The former checks the consistency of the
dimensional units to establish the internal validity of the model. The latter assesses changes
in the model outcome behaviour given a systematic variation in input parameters, revealing
those parameters to which the model behaviour is highly sensitive.

The model behaviour tests are empirical and compare simulation outcomes with actual
data. We performed a behaviour anomaly test. In constructing and analysing an SD model,
one strives to have it behave like the actual system under study. However, the analyst may
detect anomalous features of the model’s behaviour, which conflict with the real system’s
behaviour. Once the behavioural anomaly is traced to the components of the model structure
responsible for the anomaly, one often finds flaws in the model assumptions (Schwaninger
& Grösser, 2016). Therefore, we tested for behavioural anomalies throughout the modelling
process. Finally, we applied the family member test since a model should generally represent
the class of that system to which the case belongs (Schwaninger & Grösser, 2016). Thus, we
analyse and use in the model two families that should be highlighted, i.e., the use of the SIR
model, a classic model in the representation of infectious diseases (epidemiological family),
and the use of structure elements called the SplitFlow molecule.
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5.3 Results

This section first presents the results from the current practice scenario (base scenario), with
95% of the donations being in-kind donations. This scenario was calibrated according to the
isolation rate in RJ. Only 3% of the in-kind donations were earmarked to purchase hygiene
products in the base scenario, while 97%were allocated for food items. Figure 5 demonstrates
how the affordability would have been different if 25%, 50%, or 75% of the in-kind donations
were allocated to hygiene products. Therefore, the results show that affordability increases
with the volume of food distributed.

Considering the levels of affordability introduced in Fig. 5, we present the number of
infections (Fig. 6) for the base scenarios. In our model, the level of affordability does not
interfere with the infection rates; thus, the analyses are independent.

In addition, Table 3 shows the number of infected people on day 210 in each base scenario.
A 25% increase in donations of hygiene products would reduce the number of infections by
approximately 3%.

To proceed with the analyses, we consider as a premise the 50%/50% base scenario. We
assume that half of the in-kind donations (95% of the total donations) are hygiene products
and the other half are food items. Based on this premise, we can analyse the model’s changes
considering donations of hygiene products and food.

Table 4 defines the six scenarios we used to analyse the impact of donations on the BoP
population. We varied the percentages between in-kind and voucher donations, and in each
scenario, we varied the contact density factor. Therefore, the lines (numbers) in Table 4
represent the percentages of donations, while the columns (letters) represent the differences
in the contact density factor used.

Fig. 5 Affordability with variations of the base scenario
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Fig. 6 Number of infected people in different base scenarios

Table 3 Number of infected
people on day 210 in the different
base scenarios

Time (day) 210

Infected: SCENARIO BASE (75%) 4391.93

Infected: SCENARIO BASE (50%) 4531.34

Infected: SCENARIO BASE (25%) 4674.96

Infected: SCENARIO BASE (3%) 4804.91

Table 4 Scenario analysis with varying levels of in-kind and cash/voucher donations

SCENARIO 1 SCENARIO 2 SCENARIO 3 SCENARIO 4 SCENARIO 5 SCENARIO 6

Scenario # (A): distribu�on at home (0 
contact density factor)

Scenario # (B): organised distribu�on 
(0.1 contact density factor)
Scenario # (C): disorganised 
distribu�on (0.2 contact density 
factor)

Scenario # (D): organised distribu�on 
and purchase in local market (0.1+0.2 
contact density factor)

Scenario # (E): organised distribu�on 
and purchase in supermarkets (0.1+0.3 
contact density factor) OR 
disorganised distribu�on and purchase 
in local market (0.2 + 0.2 contact 
density factor)
Scenario # (F): disorganised 
distribu�on and purchase in 
supermarkets (0.2 + 0.3 contact 
density factor)

CASH/VOUCHER 
DONATIONS

0% 100%

IN-KIND 
DONATIONS

100%0%

0%

50% 70% 30%

50% 30% 70%

0%

Scenario 1 considers no donations, Scenario 2 considers only in-kind donations, and Sce-
nario 3 consists of voucher donations only. Scenario 4 considers an equal distribution between
in-kind and voucher donations, while Scenarios 5 and 6 prioritise one of the donation types.
In each of the six scenarios presented, we performed six other simulations, changing the
contact density factor to represent three aspects. First, we consider whether the distribution
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Fig. 7 Affordability results for Scenarios 1, 2 and 3. Schematic representation. Scenario 1 is represented by the
blue line; Scenario 2 (all letters) is represented by the red line, as the contact density factor does not influence
the affordability results; thus, all lines in scenario 2 overlap; Scenario 3 (all letters) is represented by the black
line

of supplies occurred directly in the homes of the populations. Second, whether the distri-
bution occurred in an orderly or disorderly manner is considered. Third, as BoP markets in
developing countries are characterised by informal and resource-scarce business environ-
ments (Brix-Asala & Seuring, 2020), we also considered contact density differences if the
purchases occurred in local markets—considering that, in this case, the population moves
less—or in distant commercial centres—assuming that the population movement is more
significant in these cases.

The values used for the contact density factor variable are arbitrary since there is no
research showing how much the displacement of the population to nearby or distant markets
influences the global isolation rate of a city. However, the values vary from 0.1 to 0.5 to rep-
resent low and high contact densities, respectively. In that case, when we have an organised
distributionwith the population buying goods at supermarkets, we have the same contact den-
sity (0.4) as a disorganised distribution but with the beneficiaries shopping at local markets.
Therefore, we combined these two variations as one.

Figure 7 shows the results of the first three scenarios—without donations, with 100%
in-kind donations, and with 100% voucher donations. Figure 7 shows that the affordability in
Scenario 1—without donations—is very low, meaning the population would have difficulty
buying food. Scenario 2 has better accessibility than scenario 1, but it is still reduced. Even
though Scenario 2 is best considering the number of infected people, Scenario 3 presents an
enhanced result considering affordability since, in this scenario, vouchers are given to the
population, who decides the allocation of food and hygiene products.

It should be noted that the different contact density factors do not interfere with the
affordability results, as the affordability only encompasses the ability to buy food and is not
related to the number of infected people. As in the infection results, scenarios 4, 5, and 6 fall
between scenarios 2 and 3 (Fig. 8), as they are combinations of these two extreme scenarios.

Table 5 shows the affordability results of all scenarios on day 91, the day that presented the
highest affordability value. The affordability increases 20%when all donations are performed
in vouchers (Scenario 3) compared to in-kind donations (Scenario 2).

For the number of infections, Scenario 1 has the steepest infection curve; it fails to reach the
plateau of the curve not to overload the healthcare system. This scenario (without donations)
presents results like those with a contact density factor of 0.5. Therefore, we can state that
voucher donationswith a disorganised distribution of vouchers and purchases in supermarkets
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Fig. 8 Affordability results for scenarios 1, 2, 3, 4, 5 and 6. Schematic representation. As the contact density
factor does not influence the affordability results, all possibilities of letters (which represent the contact density)
in a specific scenario have the same result, which is why we can analyse scenario 3 (D) with the other scenarios
in (A)

Table 5 Affordability results on
day 91 Time (Day) 91

Affordability during pandemic & donations:
SCENARIO 6 (A)

0.120061

Affordability during pandemic & donations:
SCENARIO 5 (A)

0.109493

Affordability during pandemic & donations:
SCENARIO 4 (A)

0.114777

Affordability during pandemic & donations:
SCENARIO 3 (A)

0.127986

Affordability during pandemic & donations:
SCENARIO 2 (A)

0.101567

Affordability during pandemic & donations:
SCENARIO 1

0.0980136

far from the beneficiaries’ homes (having to take public transport) could result in infection
numbers like the scenario where no donations were made.

Figure 9 demonstrates that the infected curve flattens according to the different contact
density factors. Scenario 2 (A) has the lowest infection curve since this scenario has a home
distribution (with no level of contact). The next curve is that of Scenario 2 (B), followed by
Scenario 2 (C), Scenario 3 (D), Scenario 3 (E), and Scenario 3 (F).
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Fig. 9 Number of infected people in Scenarios 1, 2 and 3

The peak of cases when the contact density factor is 0.5—scenario 3 (F)—is on day 145,
with 92,072 people infected. Considering the contact density as 0—scenario 2 (A)—the
highest point of the infection curve is on day 210, with 4517 infected (Table 6).

Scenarios 4, 5, and 6 show the same infection curve behaviour and are always between
the curves of scenarios 2 and 3, as shown in Figs. 10 and 11.

Considering the infection curves presented, scenario 2 demonstrates better behaviour.
Thus, scenario 2 presents a lower number of infected people. However, these results also vary
according to the policy adopted when distributing the donations and how the beneficiaries to
shop (local vs. supermarkets).

Table 6 Infected data results

Time (day) 145 Time (day) 210

Infected: SCENARIO 2 (A) 266.966 Infected: SCENARIO 2 (A) 4517.58

Infected: SCENARIO 2 (B) 1103.3 Infected: SCENARIO 2 (B) 32,774.6

Infected: SCENARIO 2 (C) 4470.25 Infected: SCENARIO 2 (C) 54,177.1

Infected: SCENARIO 3 (D) 17,849.7 Infected: SCENARIO 3 (D) 11,990.7

Infected: SCENARIO 3 (E) 53,798.8 Infected: SCENARIO 3 (E) 2441.01

Infected: SCENARIO 3 (F) 92,072.1 Infected: SCENARIO 3 (F) 680.479

Infected: SCENARIO 1 92,117.6 Infected: SCENARIO 1 678.041
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Fig. 10 Schematic representation showing that scenarios 4, 5, and 6 remain above scenario 2

Fig. 11 Schematic representation showing that scenarios 4, 5, and 6 remain below scenario 3

6 Discussion

We investigated the impacts of donating food and cleaning supplies to the vulnerable popu-
lation in the BoP. We focused on two main aspects, i.e., affordability (food donations) and
epidemic control (cleaning supply donations). We built an SD model based on empirical
data collected from RJ communities and HOs. This section presents the practical discussion
(Sect. 6.1) concerning our main results and the theoretical discussion (Sect. 6.2) considering
the research subject and other relevant literature.

6.1 Practical discussion

Our research marks the first attempt of assessing the impact that donations have on the BoP
populations, contributing to fulfil an academic research gap. We also show the importance of
humanitarian aid in a pandemic context, given that the government has failed to appropriately
support community inhabitants, especially during the COVID-19 outbreak (Andrade, 2020).

Our research findings emphasise that donations can improve the RJ BoP population’s
food affordability and reduce the number of infected people during a pandemic. This was
only possible because of the effective participation of different stakeholders. The relevance
of donations appears when governments are unable to meet the needs of inhabitants in such
a short time frame. Therefore, we advocate in favour of stakeholder coordination so that a
more significant portion of the population can receive aid.

Efficiency can be significantly affected depending on the type of donationmade. Ourmod-
elling demonstrated that voucher donation has better results for food affordability. Reports
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on this topic showed that the direct distribution of food to the BoP caused an undesired side
effect of food trading among residents in these vulnerable communities, affecting local sales,
which were already severely affected by the ensued economic and sanitary crisis (Oliveira,
2020). Injecting money into the local economy through vouchers supports the maintenance
of the financial system. In addition, last-mile deliveries represent a particular obstacle to
distributing in-kind donations, as agglomerations contribute to the spread of the disease.

Our findings also demonstrated that in-kind donations present better results regarding
the number of infected people. However, that is mainly because it prevents people from
shopping and, therefore, becoming infected. Thus, how organisations deliver goods is also
relevant. Agglomerations at donation pick-ups could significantly change the results of dona-
tion efforts. Therefore, actions such as delivering goods to beneficiaries’ houses or organising
pick-ups are also necessary when planning donations.

We emphasise that the results performed here do not encompass all possible scenarios.
For instance, when we increase the percentage of donations spent on cleaning supplies, the
donation of food decreases. If the beneficiaries do not have the necessary amount of food, they
will need to leave their houses, which could cause an increase in the number of infections.
Therefore, our results should be interpreted with caution. Even though our model shows
that an increase in the percentage of cleaning supplies donated generates a decrease in the
number of infections, it also reduces the population’s affordability, eventually leading to
more infections.

However, the importance of donations to support the BoP during crises, such as the pan-
demic, is indisputable. The type of donation, i.e., in-kind or voucher, depends on the primary
needs of the beneficiaries and the project’s objectives. Thus, if the focus is on an epidemi-
ological issue focused on reducing cases, our model suggests prioritising in-kind donations
and hygiene products. However, if the concern is about population food affordability, and
local commerce, our results suggest voucher donations.

6.2 Theoretical discussion

Once a disaster strikes, financial aid is offered to the victims by different sources. However,
most financial aid is temporary and short term (Behl & Dutta, 2019; Behl et al., 2019).
The humanitarian project described and studied in this research, for example, is funded by
individual, group contributions, and companies in the form of direct transfers to the HOs.
However, it is not possible to determine how long this project will raise money. Other studies
claim that the government is commonly the only stakeholder offering long-term support to
the victims (Behl & Dutta, 2019).

Once the government understands/is aware that the outbreakwill cause economic impacts,
containment measures (public policies) such as social support programs, food security plans
and government financial assistance must be implemented. Cooperation and collaboration
between the stakeholders are essential so that there is no rework during times of crisis. HOs
and private companies can and should come together to help through donations. Alternatively,
there are other sources of financial capitation, as crowdfunding and corporate social respon-
sibility (CSR). Policies should be created regarding transportation and distribution plans,
demand analysis plans, information-sharing tools, and even workforce adjustment once the
HOs and companies can even use the BoP population to carry out the work.

Based on the data collected and the results achieved, we reinforce the need to engage
other stakeholders beyond the government in donation campaigns. Supporting coordination
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efforts and collaboration between stakeholders (such as private and public donors, beneficia-
ries, HOs, and suppliers) is essential to fight the pandemic. In addition to corroborating the
findings of Burkart et al. (2016), Fontainha et al. (2017), and Turrini et al. (2020), we believe
that HOs should focus on aiding vulnerable populations during the pandemic (Vongkiatka-
jorn & Daily, 2020), ensuring that they receive supplies on time and in adequate quantities
(Chakravarty, 2014). Our engagement with communities and HOs during data collection
and the results we achieved emphasise that the effectiveness of donations is secured when
incentives are aligned, communication among organisations is transparent, and stakeholders
have clear roles. Furthermore, strategically designed donation programs must be deployed in
operational practices, and activities should involve private–public arrangements, especially
during a pandemic.

Our results are potentially applicable to other regions in the world, especially other low-
andmiddle-income countries. In India, for example, as in Brazil, the BoP population has been
severely affected by the pandemic. Chakrapani et al. (2020) argue that the lockdown scenario
for BoPworkers from India implied acute unemployment, lack of monetary resources, and an
additional burden of supporting their families. The same phenomenon was experienced in the
RJ population ofBoPworkers.Most of them,who are dailywagers, have lost their jobs, facing
problems meeting their basic daily needs. Considering the similarity between the scenarios,
we firmly believe that the types of donations investigated in this study would also reduce
the number of infected people, deaths, and food security of this portion of the population.
However, according to Wimschneider et al. (2020), a typical characteristic of the Asian BoP
is rural living circumstances, contrasting with the predominantly urban BoP in Latin America
andCaribean, where 77%of these people are located in central city areas. Therefore, although
donations can have positive results in countrieswith rural BoP populations,we believe that the
results may differ slightly compared to regions with predominantly urban BoP populations.

7 Conclusions

This study aimed to comprehensively study the complexity of pandemics such as COVID-
19 and the impacts of donations on reducing difficulties faced by the BoP population. The
objective of our analyses was twofold: to determine how donations can reduce the number
of people infected and deaths and how donations can secure food affordability. Regarding
the number of infected people, our analysis (Table 6) demonstrates that the highest point of
the infection curve could be reduced according to different scenarios, showing a difference
of more than 57 thousand infected people between the scenario with the highest peak and
that with the lowest peak. Concerning food affordability, we argue that affordability increases
20%when all donations are in the form of vouchers/cash (Scenario 3) compared to all in-kind
donations (Scenario 2).

These numbers can serve as a basis for policymakers to aid vulnerable communities,
especially during crises in which resources are scarce and must be efficiently explored. Thus,
local governments can better plan and evaluate how their actions will impact people in need,
including what and how to donate, besides federal government financial assistance. Further-
more, we hope that this work will encourage private for-profit organisations to participate in
such actions, as it sheds light on the importance and impact of donations to these people.

Our study contributes to the literature by gathering evidence and providing insights into
the role of donations to vulnerable communities in complex settings during periods of crisis.
As little research concerning donations during the pandemic is found in the current literature,
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our paper is different from earlier studies on the particular topics of donations and pandemic
responses as it: (i) focuses on the particular characteristics of donations (e.g., distribution
channel, quantity, frequency, type of product, deliverymode, andplace of purchase goodswith
received voucher donation) and its effect on contagion rate in BoP population; (ii) unearths
the dynamic patterns of behaviour emerging from the structured operations of donations and
how they relate to the COVID-19 dynamics and (iii) explores the complex realities of the
BoP population living in Brazilian favelas, which lack access to proper infrastructure and
sanitation.

Additionally, our study corroborates results found in the grey literature, which emphasises
that donations can limit the spread of the virus, protect key workers, and reduce the impact
on some of the world’s most vulnerable families (UNICEF, 2020). We highlight as our main
contributions the development of an SD model that can capture, in addition to a classic SIR
model, different aspects of social behaviour, including isolation, purchase of food and clean-
ing supplies, income, and donations. We also emphasise that the data were not empirically
assumed but were estimated based on 2155 survey responses from beneficiaries. Therefore,
we hope that this research can justify the importance of donations and public–private-people
relationships. We also expect to shed light on the experiences of BoP communities during
times of emergency.

Our research has some limitations, which highlight possibilities for future studies. The
first limitation is adopting a classic, however simple, epidemiological model (SIR model).
As our research focus was not on epidemiological modelling, we opted for the classic SIR
model. However, we suggest that future studies use more complex epidemiological models
considering other factors, such as the number of hospitalisations and the number of beds
available to the BoP population. The second concern is the isolation rates since we only
consider changes of 1% and 2% according to the population movement. We also advocate
the need for studies that describe ways in which donor motivation can be sustained since the
lack of feedback might be discouraging. Also, concerning the model, we suggest that future
studies consider variation in food prices during the pandemic, showing that the population’s
purchasing power was altered due to price fluctuations.

Finally, even though we have addressed the affordability topic, other pillars to examine
food security are fundamental in future studies to define the direct relationship with the
food security of the BoP population. The future scope of our work encompasses the triad
composedof affordability (the ability of consumers to purchase food), availability (sufficiency
of the national food supply and national capacity to disseminate food), and quality (variety
and nutritional quality of average diets), established dimensions necessary to examine food
security (EIU, 2019).
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