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Abstract  
 

This research aimed to understand how Brazilian organizations, located in areas affected 

by natural disasters were impacted in their operations and the impacts to their whole 

supply chain. Based on documentary analysis, the study identified the major events that 

happened in Brazil between 2003 and 2012 and the most affected supply chains, as well 

as key players during the disaster and the greatest impacts on economic activities. The 

results suggest that natural disasters are still not considered in the risk management by 

companies, despite the effects on their activities.  
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Introduction 

The interest by academic and practitioners on natural and man-made disasters has 

grown recently together with the increase in the number of events (Leiras et al., 2014). 

A disaster can be understood as “a disruption that physically affects a system as a whole 

and threatens its priorities and goals” (Van Wassenhove, 2006, p.476) and can be 

sudden or slow-onset events (Van Wassenhove, 2006). 

Upon the acknowledgement of a disaster several activities have to be performed by 

different agents (Government, humanitarian organizations and commercial companies) 

before, during and after its occurrence  that can be grouped in four stages: mitigation, 

preparedness, response and recovery (Altay & Green, 2006).  

This study focused on natural disasters as the analysis of the environmental impacts 

on the business environment is still a topic scarcely studied (Altay & Ramirez, 2010). 

Natural disasters should be considered in the risk management of a firm as it can affect 

the production processes of suppliers (i.e. disruptions in the material supply), the own 

organization and the logistics infrastructure, interrupting the flow of goods (Altay & 

Ramirez, 2010).  

Using a documentary analysis, this study aimed to extend the current research on 

disaster management by focusing on its impact on supply chains in Brazil, the 8
th

 

country in terms of number of events in 2013 (Annual Disaster Statistical Review - 
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ADSR, 2013). In the last 10 years (2003-2013), different regions of Brazil were affected 

by both storms/floods or droughts and the consequences for supply chains are not 

known. Brazil was included in the CRED Annual Disasters reports in 2007 with more 

than 1.2 million victims of droughts); listed as one of the top 10 countries in terms of 

disaster mortality in 2008, with 1.8 million of victims and U$1.0billion of damages; 6
th

 

country in terms of number of events reported in 2009; suffered a flood that affected 3.7 

million of people causing the death of 978 people  in 2011; suffered a drought that 

resulted in US$ 1.5 billion of damages in 2012;  and was listed again among the top 10 

countries in terms of events reported in 2013. Previous researches suggested that the 

impact of natural disasters can be higher in emergent economies than in developed 

countries (Oh & Oetzel, 2011; Klomp & Valckx, 2014). Therefore, our research 

question is: What are the impacts of storms/floods and droughts to local supply chains?  

Bearing this in mind, the present research aims to contribute to the knowledge of the 

field in two different ways: by analyzing the impact of natural disasters on the supply 

chain, we highlight the effects of small but recurrent disasters on an emergent economy 

not known by catasthrophic events; second we reinforce the need for deeper studies on 

how organizations should plan and mitigate risks caused by such events. 

Following this introduction, this article presents two sessions where we review the 

literature on Natural disaster and supply chain risk management. In the methods section, 

we describe data source and analysis. Next, we present the findings and discuss results. 

We then conclude by presenting theoretical, social and managerial implications, 

describing limitations of the study and proposing ideas for future research.  

 

Natural disasters and operations 

Disaster can be defined as a serious disruption that affects society causing human 

losses, material or environmental damages that cannot be solved by local communities 

using their own resources (United Nations, 1992, p. 21). According to the Centre for 

Research on the Epidemiology of Disasters (CRED), a disaster is defined as a situation 

or event which prevents the continuity of regular operations in a region, requires outside 

assistance and causes great destruction, damage and suffering (ADSR, 2013). 

A natural disaster is caused by geographical, weather, climate, hydrological and 

biological (epidemics) events (ADSR, 2013; Van Wassenhove, 2006) and it can be 

classified in accordance to its length as slow onset or sudden events. Examples of slow-

onset events are droughts and famines, while sudden events can be tsunamis, floods, 

storms, earthquakes. 

The impacts of a disaster in the economy cannot be neglected. It can result in 

damages to the local infrastructure and buildings or indirect effects resulting from 

revenue losses and unemployment (ADSR, 2013). According to the International 

Federation of Red Cross and Red Crescent Societies (IFRC 2014), 250 million people 

are affected by disasters every year. Unfortunately, due to population growth and other 

external factors, the impact of disasters on human life and to several supply chains 

should increase in coming years. Due to the high urgency and uncertainty, disasters 

pose several challenges to business environment such as pre-positioning of inventory, 

fast response, efficient procurement and efficient management of donations. 

According to Altay and Green (2006, p. 476) operations in disasters include "a set of 

activities that are performed before, during, and after the disaster with the goal of 

preventing loss of human life, reducing its impact on the economy, and returning to a 

state of normalcy ". There are four important stages that occur related to disaster: 

mitigation, preparedness, response and recovery (Altay & Green, 2006). Activities 
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related to these four stages have been termed as Operations or Logistics Humanitarian 

(Van Wassenhove, 2006). 

For Thomas and Mizushima (2005, p. 60), humanitarian logistics can be defined as 

"the process of planning, implementing and controlling the efficient, cost-effective flow 

and storage of goods and materials, as well as related information, from point of origin 

to the point of consumption for the purpose of meeting the end beneficiary’s 

requirements." 

The theme of Humanitarian Operations has been approached by different disciplines: 

Public Administration, Health Administration, Geology and more recently, in the 

Operations and Supply Chain field. In the latter, the main studies are aimed at the 

optimization of the distribution system to expedite the relief to the impacted community 

(Scarpin et al., 2013). 

The interest on the theme has risen in the last two decades. Nevertheless, a review of 

the recent studies on the topic indicated that major studies have been conducted by 

American researchers and were based on mathematical models (Leiras et al, 2014). It 

also highlighted that studies about natural disasters are mainly focused on sudden 

events, despite the damage and number of affected resulting in a long-term situation. 

Among the key stakeholders identified in the studies, are non-governmental 

organizations (NGOs), government, local NGOs, United Nations, Military 

Organizations, Private Sectors (Leiras et al., 2014) 

An agent that has been little explored in the context of operations in natural disasters 

is the commercial organization and its respective supply network (Altay & Ramirez, 

2010). Beamon (2008) states that in the context of large climate changes and growth, 

management of the supply chain presents both new challenges and opportunities for 

managers, mainly for the food chain and humanitarian chain. For-profit company, the 

management of humanitarian chains have significant impact on the risk management of 

chains of commercial organizations. Disasters result in damage to infrastructure and 

logistics disruptions in chains, affecting the performance of organizations (Altay & 

Ramirez, 2010). Knemeyer et al. (2009) highlight that the proactive planning for this 

type of event should be a priority for managers and should be considered in their risk 

management activities, as we discuss in the next topic. 

 

Supply chain risk management 

The word “risk” means possible results for a particular event, but the term is normally 

associated with a negative effect, such as disruption, damage or loss in the literature of 

supply chain. However, in this context, risk is not the same of supply chain vulnerability 

(Wagner & Bode, 2006). The firm or supply chain vulnerability is measured by the 

probability of the occurrence of an event and its impact to the business as shown in 

Figure 1 (Brindley, 2004). Risk management can then be defined as the process of 

assuming that the risk exists and defining action plans to prevent, reduce, transfer, share 

and even accept their impacts (Brindley, 2004, p. 22). If a company can reduce the 

exposure to risk, it reduces the probability of disruption and increases their resilience, ie 

its ability to recover (Sheffi & Rice, 2005). 
 

High probability   

Low probability    

 Low 

impact 

High 

impact 

Figure 1 - Vulnerability Matrix 

Source: BRINDLEY (2004, p. 18). 
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Supply chains are subject to different types of risk: on the suppliers’ side and on the 

demand side, as well as external events (Sodhi & Lee, 2007; Wagner & Bode, 2006).  

Among the external events, we highlight the natural disasters. Natural disasters can 

result in disruptions in the suppliers or the own organization’s production processes and 

can also affect the transportation and distribution of goods and services (Sodhi & Lee, 

2007). It can be grouped into smaller events or catastrophic events that have a low 

probability of occurrence but has high impact on operations and, therefore, require 

proactive planning (Knemeyer et al., 2009). 

 
Methodology 

Data source 

To analyze the impact of natural disasters on supply chain we collected information 

from three different sources. First, we analyzed data about occurrence of natural 

disasters in the Brazilian territory published in the Civil Defense annuals, available for 

year 2011 and 2012 (Anuário Brasileiro de Desastres Naturais, 2011 and 2012). To add 

an historical perspective, we used the compilation Atlas Brasileiro de Desastres 

Naturais 1991-2010, a report on research developed by Brazilian Government that 

offers compiled information about the frequency of natural disasters between 1991 and 

2010  (CEPED-UFSC, 2012). These two sources provided information about the 

frequency of natural disasters and the impacts of natural disasters to society, in terms of 

deaths and affected people. 

To further investigate the impacts over supply chain we analyzed information 

collected in the news articles published in the last ten years. The articles were retrieved 

from the Folha de São Paulo archives, regarded as the newspaper of largest circulation 

in the country. The search algorithms to select the articles contained the keywords 

related to floods/storms and droughts and covered the period between 2003 and 2012. 

The definition of the interval of analysis considered the possibility of triangulation of 

information with the other data sources.  

The third source of information was given by IBGE (Instituto Brasileiro de 

Geografia Estatística) survey on risk management and disasters response in Brazilian 

municipalities. The report, first released in 2013, provided self-reported information 

about the impacts of storms and floods as well as risk mitigation activities at 

municipality level.  

 

Data analysis 

The data provided by each source was analyzed in three steps and the information was 

triangulated. In the first step, the Civil Defense information (Atlas Brasileiro de 

Desastres Naturais 1991-2010; Civil Defense annuals 2011 and 2012) was compiled to 

identify the location of events and the most frequent phenomena.  

The analysis of the Civil Defense information showed that drought and floods are the 

most relevant disasters, both in terms of frequency (Figure 2) and in impacts (Table1). 

Therefore, drought and floods1 turned into the focus of this study. Together, drought and 

floods accounted for more than 80% of all humans affected by natural disasters in 

Brazil. With that information, the news articles were retrieved and classified in the two 

major categories.  

 

                                                           
1 Drought is characterized by prolonged periods of low or no rain, in a given region. Flood is the result of 

the combination of heavy rainfall and consequent generation of a flash flood (the numbers includes 

flooding and flash floods) (Anuário Brasileiro de Desastres Naturais, 2011) 

 



5 
 

 

Figure 2: Total occurrence of natural disasters in Brazil between 1991 and 2010 
Source: Atlas Brasileiro de Desastres Naturais (2011, pg 87) 

 

In the second step, the content analysis was executed in two rounds. In the first 

round, a group of trained analysts read the articles to confirm that texts were related to 

the research topics. In the second round, two researchers analyzed the selected articles 

independently. In this in depth analyses, the researchers identified and categorized 

several data based on the following variables: year, local, actors, sectors involved, social 

and economic impacts reported, both direct and indirectly in events. Articles without 

that information or with repeated information were ignored and the two researchers 

validated the final categorization. Along this process, 1,325 documents were retrieved 

and 534 were considered valid news articles for the purpose of this study. 

 
Table 1: Humans affected by natural disasters in 2011 and 2012 

Events People Affected 2011 % People Affected 2012 % 

Drought 1,308,873 10.4% 8,956,853 52.8% 

Floods 9,094,420 72.5% 7,041,377 41.5% 

Windstorm /Gale 900,309 7.2% 599,905 3.5% 

Landslide 676,388 5.4% 123,555 0.7% 

Hail 214,461 1.7% 103,265 0.6% 

Erosion 92,508 0.7% 55,653 0.3% 

Frost 1,000 0.0% 30,777 0.2% 

Flooding 179,133 1.4% 24,581 0.1% 

Other  68,309 0.5% 41,648 0.2% 

TOTAL 12,535,401 

 

16,977,614 

 Source: Anuário Brasileiro de Desastres Naturais, 2011and 2012 

 

In the third and final step, we identified the major events and their impacts in the 

supply chain. The information gathered in the articles analysis was triangulated with the 

information provided by the Civil Defense annuals. Having identified the events 

locations (cities), we also investigated the risk management initiatives reported in the 

IBGE’s survey. 

The presentation of the findings follows this sequence of data analysis. 

 

Findings 
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Brazil has suffered from various extreme weather events in the last 10 years; the 

Anuário Brasileiro de Desastres Naturais (2011) demonstrates a clear increase in 

droughts and floods after year 2000. However, the media coverage did not follow that 

trend and major attention was given to the subject only after 2007. The new articles 

retrieved demonstrate that natural disasters became more noticeable in the last five years 

of analysis and more importance was given to their occurrence and impacts thereafter.  

 The impacts reported in the news articles are generally confined to the immediate 

results of the drought or the flood (see Table 2). However, as events become more 

prominent, the chain impacts start to be reported in the news. This is the case of energy 

production in Brazil, as well as water and energy supply to the affected cities.  The 

frequency increase has also raised the awareness for the need of prevention, mitigation 

and recovery plans. However, that is mainly concentrated in the state of Sao Paulo and 

in the events of flood. Economic impact, such as the rising prices of food, inflation and 

losses in crop yield and livestock production are frequently reported in drought events, 

which are occasionally followed by wildfire. Yet, in events of flood, the immediate 

major impacts regards the losses of lives, people dislodgement and water diseases such 

as leptospirosis and hepatitis. The isolation of cities and rural areas is also a relevant 

issue, preventing transportation of people and goods. On the economic side, the major 

negative impacts are the logistics problems, infrastructure damages and losses to the 

local economy (such tourism). These findings are in line with those of most studies 

about natural disasters and compose the first  order effects, the immediate impacts of the 

events (Loayza, Olaberría, Rigolini, & Christiaensen, 2012). 

 
Table 2: Most relevant impacts reported 

 Drought Flood Total Actor Share 

People affected 3% 23% 18%   

Economic Impact 17% 5% 8%   

Natural environment damages 17% 4% 8%   

Logistic impact 3% 9% 7%   

Losses crop yield 21% 1% 6%   

Social impact 7% 5% 6%   

Public Health 1% 6% 5%   

Infrastructure damages - 5% 4%   

Urban damages - 5% 4%   

Water/energy/communication supply 8% 3% 2%   

Energy production 5% - 1%   

Losses livestock production  1% - 0%   

Humanitarian assistance and donations 4% 13% 10% Government 

Civil Society 

International NGOs 

Military 

International Gov. 

53% 

21% 

12% 

9% 

5% 

Economic support 13% 12% 13% Government 100% 

Planning and Prevention 4% 15% 13% Government 

Private sector 

NGOs 

94% 

4% 

2% 

 

Crisis management and humanitarian operations are mainly performed by public 

agents in Brazil. The Civil Defense is the main actor involved from preparedness to 

response; civil society, individuals, NGOs and private sector also are engaged in task 

force groups for emergency response. Apart from the field operations, government also 

plays a role in providing economic support to the affected individuals (social 

assistance), businesses (debt renegotiation and credit support) and local government 

(social assistance and recovery). 
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In terms of risk management from the government’s perspective, there has been an 

increasing demand for better planning and prevention measures; however, two thirds of 

the reported initiatives referred to the state of São Paulo and to flood events only. 

According to IBGE’s survey, 37% of the 5,568 cities reported to have been affected by 

floods in the last five years; yet, only 9% had a plan for risk reduction (IBGE, 2013). 

Risk management initiatives also include the implementation of environmental 

technologies, such as the renaturation of rivers and the development of permeable 

asphalt as well as major infrastructure investments that are also reported to be 

abandoned or halted afterwards. Government is responsible for 94% of the reported 

initiatives, with very timid participation of private sector. 
 

Table 3: Impacted Sectors 
 Drought % Floods % 

Negative Impacted Sectors     

Agriculture, Forestry, Fishing 57 73% 15 22% 

Transportation, Warehousing and Postal Service 4 5% 24 35% 

Retail Trade 2 3% 8 12% 

Gas and Electricity 8 10% 4 6% 

Water Supply and Sanitary Services 4 5% 4 6% 

Communications 0 0% 4 6% 

Amusement and Recreation Services 2 3% 4 6% 

Manufacturing 0 0% 2 3% 

Construction 1 1% 2 3% 

Finance and Insurance 0 0% 1 1% 

Educational Services 0 0% 1 1% 

Total 78  69  

Humanitarian Activities/Relief Agents     

Public Administration 65 89% 304 95% 

Social Services 8 11% 17 5% 

Total 72  322  

 

In terms of business sectors, agriculture, forestry and fishing are the activities most 

affected by droughts, whereas transportation is most impacted by floods and that has a 

subsequent impact on supply to retail. Water supply is another first order effect from 

both droughts and floods that promotes higher order effects in the process of electricity 

generation, and the intensification of the use of thermoelectric plants. The chain impacts 

of natural disasters involve inter-industry interactions and have strong impact in the 

economic growth (Loayza et al., 2012). 

To map the impacts of droughts and floods in the supply chain, we isolated specific 

events and draw the chain of effects.  For that purpose, the news articles were grouped 

according to their reference to major events. In terms of droughts, four major events 

were identified: in 2007/2008 in the north and northeast regions; followed by a drought 

in south in 2008/2009; in 2010 the drought was concentrated in the north (Amazon 

region); and in 2012 a major drought affected the northeast region again (semiarid). In 

terms of floods, the events were frequently reported in southern states of Brazil with the 

major floods in Santa Catarina, in 2008, and in Rio de Janeiro, in 2011. The new also 

reported extensively the recurrent floods in São Paulo along all the period. We chose 

two major events to illustrate the impacts in the supply chain, the drought in northeast in 

2012 and the flood in Santa Catarina in 2008. The main events are summarized in table 

3. 
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Table 3: Major events reported (2003-2012) 
Drought News articles Flood News articles 

North and Northeast 2007/08 24 Santa Catarina 2008 37 

South 2008/09 14 Rio de Janeiro (Região Serrana) 2011 30 

North 2010 8 São Paulo floods 48 

Northeast 2012 48 Prevention 23 

Other 38 São Paulo  prevention 34 

  Other 177 

Total 132 Total 349 

  

The problem of drought in the semiarid region of Brazil (northeast) has long history 

of social and economic impacts. In 2012, it affected more than 5 million people 

covering 10 states of Brazil (Anuário Brasileiro de Desastres Naturais, 2012). The event 

caused dramatic  losses in agribusiness (up to 100%), affecting the production of sugar 

cane, beans, corn, milk, honey, soya, manioc, and goat and sheep among others. For 

example, farmers in the state of Pernambuco estimated their losses in more than US 200 

millions and a reduction in production of corn, manioc and beans of more than 90%. 

The impacts were also relevant in the reduction in the hydropower energy generation 

increasing the cost of energy and affecting firms´ production and costs. The retail prices 

in the country increased and created a demand for importation of products, such as 

manioc, from other states increasing lead-time and creating supply shortage for retail 

and local manufacturing.  Some exports, such as cashew nuts shipped to Europe, were 

completely interrupted. With water shortage, the municipalities were obliged to cancel 

popular parties (such as carnival) and the overall economic impact echoed in the job 

market and in the families’ income. 

 

 
Figure 3 - Impacts on Supply Chain 

 

The flooding in late 2008 and begin of 2009 in the state of Santa Catarina affected 

more than 2 million people, a third of the state population at the time (Banco Mundial, 

2012). The economic losses were strongly driven by logistics problems, such as the 

interruption for at least 15 days of the operations in Itajai Port (main port in the south 

region and the second port in terms of conteiners movements) that resulted in losses of 

more than US$ 350 million of goods and affected the exportation of poultry and meat to 
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the Middle East; and the roads closures, isolating cities and producers. Damages in 

pasture and loss in livestock were also reported. The transportation problems affected 

the supply chain upstream and downstream, with stocks disruptions. In the affected 

cities, price of goods increased and tourism visitation were canceled resulting in 

economic losses of more than U$ 60 millions. 

The humanitarian assistance in the northeastern drought (2012) was mainly focused 

in the federal governmental economic support to people and agribusiness, while in 

Santa Catarina flood (2008) the emergency response to the victims was more 

prominently reported.  

The comparative analysis of slow and sudden onset disasters suggested that in a 

slow-onset event, humanitarian operations are more concerned about response and 

mitigation, but the impact to commercial organizations propagates through the whole 

supply chain, including the final consumer and lasts for more than one year after the 

event. On the other hand, sudden-onset disasters such as floods have catastrophic effects 

on both economic and social aspects and require huge efforts during response and 

recovery stages. Despite this, there was little evidence of risk management planning and 

mitigation measures in the long run. Our data did not provide any evidence of 

organizations risk management plans to mitigate or avoid the impacts to supply chains 

in this situation. 

 

 

 

Conclusions 

This exploratory study brings two important contributions, the first regards the 

dynamics and organization of humanitarian operations in Brazil which is almost 

exclusively performed by the government (mainly at federal level) and focused in 

activities of response and recovery after the disasters. Despite the major presence of the 

government, our findings suggest that the coordination between actors and involvement 

of private sectors is still a relevant issue in disaster management in Brazil. In previous 

study Balcik et al (2010) affirms that “…the mere existence of a supporting umbrella 

organization does not guarantee success”. There are many and different actors that form 

a humanitarian aid supply network: donors, aid agencies, NGOs, governments, military 

logistics and services providers and suppliers. These organizations differs in their 

mandates, sizes and expertise (Balcik et al, 2010) and the involvement of different 

organizations is one of the main challenges in a disaster response as different forms and 

structure of organizations affects response times and operational possibilities of these 

organizations (Kovács and Spens, 2009).  

Yet, in terms of risk management, especially concerned to activities of mitigation 

and preparedness, the IBGE’s report demonstrates that less than 20% of the 

municipalities have mapped areas at risk.  

The second contribution refers to the impacts on supply chain, starting by the 

impacts on the crop yields and livestock production and the isolation of rural areas by 

floods. Severe droughts have diminished the capacity of energy generation (hydro) as 

well as the water supply in rural and urban areas which affect both the general public 

and companies. Suppliers and manufacturers are impacted by raw material shortage and 

higher costs, whereas distributers also face vulnerability of the road system to floods. 

The consumer market is confronted with goods and services scarcity and rise of prices. 

Our results indicate important impact on specific sectors (agriculture and energy) that 

are relevant because they are the beginning of a supply chain (Altay & Ramirez, 2010). 
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and have an important impact on companies and country results. Additionally, impacts 

in transportation affect all downstream activities in the supply chain.  
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