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ABSTRACT 

 
Remote logistics is a field of study that is not yet fully covered by the academic literature. The 
topic is slowly starting to emerge in fields of application like humanitarian and healthcare logistics, 
but without covering the specific challenge of food security. Food insecurity in remote regions is 
significantly higher than in the rest of Canada, and that is partially due to the isolation, the long 
distance to travel and the lack of infrastructure in these regions. This study is the first attempt at 
linking the topics of logistics activities and OR/MS applications to food security factors. Through 
a systematic literature review of contributions on logistics in remote areas, the present paper creates 
a compilation of published literature on the topic and summarizes the critical findings and current 
practices to identify, justify and propose general applications that could be transposed to the context 
in Northern Canada in terms of diminishing food insecurity by improving design or distribution 
networks. 
 
Keywords: remote logistics; distribution network; network design; food insecurity; systematic 
literature review; Northern Canada  
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RÉSUMÉ 
 
La logistique en région éloignées est un domaine d'étude n’ayant pas encore été pleinement intégré 
dans la littérature académique. Le sujet commence à émerger dans des domaines d'application 
comme la logistique humanitaire et de la santé. Cependant, une problématique spécifique semble 
absente des études scientifiques surtout dans le domaine de la logistique. D’ailleurs, la sécurité 
alimentaire en régions très éloignées est significativement plus élevée que dans le reste du Canada. 
Cela s'explique en partie par l'isolement, les longues distances à parcourir et le manque 
d'infrastructures appropriées dans ces régions. L’étude actuelle est une première tentative afin de 
lier les thèmes des activités logistiques et des applications OR/MS aux facteurs de sécurité 
alimentaire. Grâce à une revue systématique de la littérature regroupant les contributions sur la 
logistique en régions éloignées, le présent article crée une compilation de la littérature publiée sur 
le sujet et résume les résultats critiques ainsi que les pratiques actuelles afin d’identifier, justifier 
et proposer des applications générales qui pourraient être transposables au contexte du Nord 
canadien en terme de diminution de l’insécurité alimentaire par l’amélioration des pratique de 
distribution ou conception de réseaux.  
 
Mots-clés: logistique en régions éloignées; conception de réseaux, distribution, sécurité 
alimentaire, revue systématique, Nord Canadien 
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INTRODUCTION 
 

Logistics in remote areas is a niche term referring to logistical activities performed to or from 

remote/rural areas (Asian Development Bank, 2017). A remote region can be defined as a sector 

located away from the main central points. Relatively similar to classic logistics system activities 

(fleet management, warehousing, inventory, delivery etc.), the domain is often characterized by 

long distances to travel and increased complexity due to infrastructure challenges. In terms of 

academic literature on logistics in a remote region, it is an emerging topic compared to more 

popular systems like urban or humanitarian logistics. In the literature, we can find some 

interchangeable terms for remote like rural or hard-to-reach regions. These terms are going to be 

used interchangeably in this study as well with no distinction whatsoever. 

The inspiration for this work came from a health perspective and the observed challenges 

encountered in the Northern Communities of Canada in terms of food prices and supplies. These 

difficulties are the leading cause of why food insecurity is disproportionally worse in the North 

than everywhere else in Canada. Recent research published in 2020 for the Library of Parliament’s 

Research Program showed that food insecurity touches up to 57% of households in Nunavut 

(Leblanc-Laurendeau, 2020). The extreme isolation of the Northern communities and the food 

security challenge are becoming serious public health issues. Even though a lot of fields, including 

medicine, social science and geographics are starting to look at the situation, the logistical field is 

lacking on that matter. I hence believe in the importance of understanding better the logistics 

challenges in these regions and how they can contribute to reducing the risk of food insecurity in 

the northern communities.  Because no academic research focuses on this specific topic, we looked 
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at similar fields of application proposing models for logistics in remote regions. The objective of 

the literature review is to account for the current evidence-based research in the Operational 

Research and Management Sciences (OR/MS) field for logistics problem applications in 

remote areas and see the general trends that could be applied in the remote regions of Northern 

Canada to diminish food insecurity. In this paper, we present a review of literature from the past 

10 years in OR/MS applications in remote logistics. The methodology used is a systematic 

literature review that allows for a rigorous and transparent process. Therefore, it is an opportunity 

to enhance the most significant contributions in literature in a very structured way.  

 

The rest of this document is organized as follows. Chapter 1 provides a rigorous description of 

context including a definition and overview of food security both general and specific as well as 

the unique characteristics of Northern regions. Chapter 2 describes logistics activities and presents 

the concept of remote logistics. This chapter also includes the proposed framework on how to link 

food security to logistics activities. Chapter 3 presents our research process and paper selection 

methodology. Chapter 4 reports the main findings of the search results like the bibliographical 

analysis. Then, chapter 5 presents the paper’s trends in each identified category and the last section 

is a discussion and conclusion of this research.  
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CHAPTER 1: FOOD SECURITY AND GENERAL PRINCIPLES 

“I tell my kids not to eat in the morning and have dinner instead. When they have 

learned not to eat in the morning, they are no longer hungry” Elder Inuit woman. -

(Ford & Beaumier, 2011) 

The motivation of this chapter on the realities of food insecurity is to bring to light the challenges 

faced by the community and to emphasize the important role that logistics can have in tackling this 

issue. This section is inspired by the real case of the Canadian North and provides a detail 

description of context and a deep understanding of the living conditions, as it was one of my main 

concerns. Hence, before proposing some solutions and drawing conclusions, it is important to grasp 

the different factors contributing to food insecurity in this specific context.  

1.1. Food insecurity  

Food insecurity is a major issue worldwide and multiple attempts at diminishing hunger around the 

globe are made by governmental and humanitarian organizations. Therefore, Canada is not safe 

from this crisis. According to Statistics Canada, food insecurity affects 4.4 million Canadian 

individuals. Not only that this number is still on the rise, but the distribution of food insecurity is 

more concentrated in the North Canadian regions making the statistic jump to one in three children 

suffering from food insecurity (Canadian Feed the Children, 2022). This chapter will provide a 

general definition of food insecurity, with a deep dive into the social factors and contributors to 

this crisis in the specific northern regions. Then, we will take a closer look at the concept of food 

insecurity in remote areas in general and finally dive into the specifics of food insecurity in Arctic 

Canada. 
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Food insecurity must be understood and defined before tackling its problems in the Arctic regions. 

The term food security first appeared in science in 1974 at the First World Food Conference 

(Delisle, 1998). Evolving over the years with different definitions, the concept remains 

multidimensional and is viewed from multiple perspectives.  

According to the official definition of the 1996 World Food Summit, food security exists when 

"All people, at all times have physical and economic access to sufficient nutritious and safe foods, 

which meet their nutritional needs and preferences, to lead an active and healthy life”.  

An important aspect of the concept of food security is the fact that this notion is multidisciplinary. 

That is, food security is dependent on several aspects of different areas. It cannot be understood 

under a single pair of glasses and the possible solutions must also be multidisciplinary. It should 

be an incentive for different fields and disciplines to put joint efforts toward the solution of the 

food insecurity experienced here, in Canada. Fundamentally, food security is a basic need for health 

and well-being, and even for the survival of the population. However, author Delisle is careful to 

mention that food security is not synonymous with nutrition security. The two notions are nuanced; 

while nutritional security refers to the fulfillment of nutritional needs, such as vitamins, minerals, 

etc., food security rather refers to a more global level. Not only the quantity of food available but 

also the supply of these foods in sufficient and diversified quantities. Then, the development of the 

qualitative dimension of food security (i.e., beyond the quantity of food available) emerges. A set 

of three conditions must be met to be qualified as food safe.  

That is, to be food secured, an individual must be able to obtain: 

1. A sufficient variety of foods to meet specific requirements for various nutrients. 

2. A sufficient choice for a balanced diet suitable for preventing chronic disease. 

3. Appropriate information on products and their use and good healthy choices 

(Delisle, 1998). 
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1.2. Food insecurity in remote regions and the Canadian North 

Remote regions are faced with contrasting context characteristics compared to urban and main 

centers. The level of planning difficulty is much more complicated. Not only do stakeholders have 

to plan for network design and distribution, but they are also faced with multiple constraints, like 

long-distance travel that generates high costs of transportation, hard-to-reach regions (geographical 

or meteorological conditions), geographical dispersion of the population and lack of appropriate 

infrastructures.   

Therefore, when it comes to food security in the North, the difficulty is real and more present than 

ever, even in a highly developed country like Canada. In fact, in the Canadian North, food 

insecurity affects 17% of households in the Yukon and 20% of households in the Northwest 

Territories. However, it is most prevalent in the territory of Nunavut, where almost one in two 

families admit to having faced food insecurity (Banques alimentaires Canada, 2016), this insecurity 

is also more noticeable within indigenous households. 

Regarding food insecurity, specifically in remote northern regions, key articles have demonstrated 

and quantified this insecurity. Moreover, the question was approached from different angles; 

whether it be at the level of nutritional deficiencies in children (Pirkle et al., 2014), the 

psychological impacts linked to the lack of nutritional security (Bradette-Laplante et al., 2020) or 

the testimonies of Inuit families on the means to feed their families (Ford et al., 2010), these studies 

prove that northern Canadian communities are in difficulty when it comes to their diet. The 

statistics are plentiful, but the solutions are incomplete or only focused on the symptoms of the 

problem. For example, food banks are trying to help, government grants are offered, or local garden 

initiatives are under construction, but the situation does not yet improve (Dillabough, 2016). 
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Despite everything, the statistics are disastrous: 

• Among Nunavut, 52% of households are worried about food and 27% are frequently 

skipping meals. Compared to Canada where 12% of households have experienced food 

insecurity (Arriagada, 2017; Leblanc-Laurendeau, 2020) 

 

• 50% of parents or guardians responding to a survey mentioned having to cut portions of 

their children's meals or simply skip meals. Compared to the rest of Canada, this percentage 

is 1% (Pirkle et al., 2014) 

 

• 80% of respondents say they do not have enough food to eat for one day or more (Pirkle et 

al., 2014) 

It is also important to discuss the negative impacts and repercussions on the health of the Northern 

population. Interviews have revealed that people have developed coping mechanisms to endure 

hunger. For example, Ford & Beaumier (2011a), showed through interviews that drinking coffee 

or tea to suppress hunger when skipping meals is common practice. Other authors, like Pirkle et al. 

(2014) demonstrated that this health crisis also affects nutritional biomarkers such as weight, 

height, and blood iron levels in children. Through assessment and interview among a cohort of 

children, the results show that 1/3 of these participants had a significant iron deficiency and that 

19% of the children were in the lowest tercile recommended by the World Health Organization. In 

addition, the study mentioned that on almost all health indicators, Inuit scores below the national 

average.  

From a psychological standpoint, the impact is also present. Bradette-Laplante et al. (2020) 

conducted a recent longitudinal study, in 2020, that assessed for the first time the effects of food 

insecurity on psychological distress among Inuit adolescents in Nunavik. This research has shown 
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that food insecurity is linked to symptoms of anxiety, depression, and personality detachment over 

the long term and that the suicide rate among Inuit children and adolescents is 30 times higher than 

elsewhere in Canada (Bradette-Laplante et al., 2020). This statistic regarding food insecurity 

concerning depressive symptoms becomes even more concerning. That is, the food insecurity crisis 

in Canada's North is no longer just a health issue, it can be said to be a matter of life and death. 

A recent study by Kenny et al. (2020) published an interesting systematic scoping review on the 

topic of the retail food sector and food insecurity among indigenous communities (worldwide). 

These findings are relevant for us, even if it looks at 9 different countries because it includes 

research conducted in remote and rural regions. The authors reviewed 139 peer-reviewed papers 

on the subject of food insecurity and outlined the major issues and provided a list of actions that 

could help. Therefore, this review allows us to base our foundation on strong reviewed evidence.  

1.3 Social factors and contributors to food insecurity in North Canada 

Several social elements contribute to food insecurity in these northern regions. This sub-section 

aims at understanding from a holistic point of view the various elements contributing to food 

insecurity, where there is not only one or a few factors, but many social compounds. Therefore, the 

health crisis is a complex and multidisciplinary issue that goes beyond food distribution and supply 

chain logistics. The backbone of the social climate needs to be outlined, before even tackling the 

issue, it is important to understand what these communities are faced with. The most frequently 

identified factors and contributors to food insecurity are presented below, inspired by researchers 

Dillabough, (2016), and Kenny et al. (2020). 

• The nutritional transition: historically the northern communities of Quebec (Nunavik) 

ate only food from the land and the ocean. Thus, traditional knowledge and hunting and 

fishing techniques are important elements for these communities. However, nowadays a 

high proportion of traditional foods (especially fish) are contaminated with mercury. In the 
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last century, communities have been forced to make a big change in the way they eat; the 

Western invasion shifted their traditional habits towards store-bought food options which 

nowadays make up the bulk of their diet. In addition, obtaining traditional foods has become 

more difficult for these communities, not only because of the loss of knowledge 

transmission but also because of the high costs of equipment and gasoline for hunting and 

fishing (Bradette-Laplante et al., 2020). For example, the cost of a hunting trip can amount 

to hundreds of dollars, or even be valued annually at $ 25,000 (Skinner et al., 2016) without 

even having a food guarantee (Ford et al., 2010) 

 

• The high price of food: food is subject to high prices given the long distances and modes 

of transport required to reach its destination. Interviews with locals showed that the price 

of a basket of groceries for a family of four in 2008 in Igloolik was $ 551 per week. This 

same basket costs $ 238 in Montreal (Ford et al., 2010). In addition, the quality of the food 

is strongly affected by the long journeys to be travelled, resulting in not-so-fresh food that 

has a shorter shelf life, therefore a lot of waste. 

 

• Poverty and low income: as if injustices were not enough, the cost of living in these 

regions is slightly higher than elsewhere in Canada and the average salary per capita is 

$ 20 156$ compared to 31 759$ for the rest of Canada (Ford et al., 2010). 

 

• Inadequate subsidies: the government has put in place aid programs to subsidize 

expensive food in these areas. In addition, there are federal departments such as Health 

Canada, Aboriginal Affairs and Northern Development Canada which divide up 

responsibilities for northern food. However, there is no integration between these ministries 

to ensure common and coherent development, they are independent and do not work in 

common. There are provincial food policies as well, but programs that focus on the unique 

food issues in communities across Canada's Arctic are rare. The literature has shown that 



 

 

 

9 

existing policies in Canada fall short of food security (Dillabough, 2016). Among all the 

initiatives to counter food insecurity in circumpolar regions, the situation does not improve.                           

 

• The increasing rate of addiction to substances and games:  these addiction factors also 

contribute to food security; addiction causes people to spend their money on drugs instead 

of food. Often, the price of food is so expensive, drugs become a way out for these people 

where cocaine is cheaper than a bag of flour (Desjardins & Monderie, 2007). 

 

• Unconventional food price comparison: the evaluation of the pricing of food in the 

Canadian North is unique to its context and groceries should not be calculated with the 

traditional tools used elsewhere in the country that as the National Nutritious Food Basket 

(NNFB). This universal tool is a food comparison benchmark that compiles a list of 67 

foods to find out the acceptable price in urban centers. Even though the Revised Northern 

Food Basket (RNFB) is an adjusted version for food consumed in the north (remote) it is 

not realistic nor representative of the reality of the communities (excludes traditional food 

items from fishing and hunting) and is mostly constituted of non-perishable, low nutritional 

items (Skinner et al., 2016).  

To better understand the situation and the extent of the food insecurity issue that is ongoing in 

remote regions of the far Canadian North, it is important to recognize all these previous facets, but 

also some unique context characteristics of the region itself. With a deep understanding of not only 

the geographical conditions but the social and cultural elements, we can start to look at the root 

causes of food insecurity and work towards a sustainable solution to provide a stable and reliable 

food network. But most importantly, this scope of work will focus on how logistics can contribute 

to reducing the risks. Before diving into the logistical part, the following section dives even deeper 

into the context definition of the Nordic geographical characteristics. Including the demographics 

and living conditions of the area and the description of the food system issues, all leading to food 

insecurity. Again, the following elements are presented to deepen the understanding of the specific 

regions and the unique constraints that are present. 
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1.4 The Impact of Geography, Life Circumstances, and Social Dynamics on Food Security 

Besides the social factors discussed in the previous section, the setting of the northern regions 

contributes also to food insecurity. 

The remote regions of the North consist in our study, of the far northern territories of Canada. 

When considering the Northern regions of the Country, they are composed of four main territories: 

Nunavut, the Northwest Territories, the Yukon and a part of the Quebec province, the Nunavik. 

Also considered Northern soil, is the Artic Archipelago which is made up of 91 islands with 

sparsely distributed populations and vast land. This group of regions is considered remote because 

of its unique characteristics which are low population density, regions far from major centers and 

limitations to transportation infrastructures. Appendix A presents the geographical delimitations of 

what we consider North Canada. As part of this project, the Far North and the Extreme North areas 

are taken into consideration, as they are among the most difficult to access and most problematic 

areas. They are indeed considered remote. In fact, as a neighbour of Alaska, Polar Canada faces 

many logistical obstacles, resulting not only from the far regions but also because of the extreme 

cold and isolation associated with the characteristics of the region. 

The Canadian North comprises almost 40% of the Canadian territory. According to Statistics 

Canada, the population as of 2018 was nearly 200 000 inhabitants and the majority are indigenous 

people (mostly Inuit). The territories of the North are then characterized by a vast region and a 

small population divided into different communities, very distant from each other. 

1.4.1 The geography 

1.4.2 Demographics 
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The unique context of the Canadian North is not only its remoteness and dispersed population but 

also the extreme climate that represents a major obstacle. The typical weather of the arctic regions 

results in long and freezing winters and the winter temperature ranges between -50 ° C to 0 ° C. In 

addition, some areas in the extreme north are permanently covered with ice. As for summer, it is 

short, and temperatures range from -10 ° C to 10 ° C. This warmer season then allows navigation 

of the seas from the end of July to the beginning of November, thus leaving less than 4 months for 

sea freight (Uniktour, n.d.). Although scientists predict the total melting of Arctic ice between 

2030-2050, this forecast should not bias analyses at the transport level. According to researchers 

Giguère et al. (2017), even if these predictions are true, there will still be 1 million square km of 

ice in Arctic waters during the summer and, of course, there will always be ice during the winter. 

The melting ice presents business opportunities for transportation to these regions, and it will 

always remain an important component of logistics and supply management in these areas. Global 

warming has, on the contrary, caused difficulties in maritime transport. As an example, in 2018, 

the ice did not allow boats to dock at their destination on Baffin Island (Samson, 2019), causing 

major delays in the supply chain. It is therefore important to remember that the environment in this 

area is very unpredictable and not to base conclusions on the fact that the accessibility issue will 

resolve with ice melting. 

Life conditions in the remote north also represent a major challenge. The living environment 

requires improvements since multiple difficulties are present either at the social, demographical, 

geographical, and logistical levels, which all contribute to the poor quality of life of the population. 

In addition to this, there are living conditions specific to the First Nations reserves. Even if this 

research a priori, is regarding the issue in the food supply sector, the social obstacles in these 

northern regions cannot be ignored. However, the scope of the context definition will provide a 

general description of these conditions to help understand the importance of providing a stable, 

good quality and affordable food supply to these communities.  Figure 1.1 shows in red the 

percentage of households with unacceptable living conditions (Center for the North at the 

1.4.3 Climate 

1.4.4 Life conditions 
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Conference Board of Canada, 2014). There is inevitably a lack of support for quality of life, be it 

in terms of resources, food security, health care, economic development or even government 

support. Therefore, these regions are in a critical situation. 

Figure 1.1 – Quality of life in Canada 

 

 

The food sector in the North is a complicated and underserved area, characterized by a very small 

market with many barriers and a complex entry process, which makes it difficult to attract food 

container carriers. The uncompetitive and small market, with not a lot of transportation companies 

(Oligopoly) and a dispersed population, does not present attractive opportunities for transportation 

companies. Moreover, the long and costly distance to travel represents an additional disadvantage. 

1.4.5 Food supply and transportation 
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Not only the remoteness influences the number of carriers available, but the distance itself impacts 

the prices of the products to the final consumers. Indeed, a common problem encountered by the 

northern residents is the extremely high prices of non-expensive food. For instance, the price of 

3.49 litres of orange juice in Iqaluit is $ 26.99 (Parent, 2019). Another example of food supply 

difficulties is inventory and sourcing management. Journalist Claudiane Samson reported the 

situation in Iqaluit (Nunavut), where a local grocery store reports having a lot of problems with 

regularity and stability in the food supply. Inventory management is complex and unpredictable, 

and demand must adjust to seasonal delivery. Orders are placed between March and April and are 

transported by boat. Usually, the first delivery arrives in July. The storage is done in the 

transportation containers kept outside the store. In case of a product shortage, it is urgently 

delivered by air, which is extremely expensive. Finally, there are additional challenges to 

respecting expiration dates in the food industry. Waste management in those remote areas is 

another extremely important aspect to be taken into consideration. An increase in foods and 

essential goods in the territory will generate additional packaging, and therefore additional waste. 

Several regions of Canada's Far North do not have a recycling program and landfills are starting to 

reach their maximum capacity (Samson, 2019). We must therefore be careful not to solve one 

problem that will cause another. Nevertheless, the size of the market or the disadvantages 

associated with it does not justify its lack of importance, since food is an essential resource for 

human survival. 

As we dive deeper into the particulars of transportation in the North, it becomes evident that there 

are unique and restricted conditions that set it apart from other regions. The harsh climate, rugged 

terrain, very long distances between communities and limited infrastructure call for specialized 

consideration. In this chapter, we will explore how these factors have shaped the actual 

transportation system in the North. 

1.5  Unique and restricted transportation system 
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Restricted Road access is one of the biggest supply problems for the regions of the Far North. 

Appendix B presents the different regions of interest (Nunavut, Northwest Territories, Yukon) and 

their access to road systems. Three categories of roads are identified, namely: 1) local roads, 2) 

regional seasonal road access, and 3) regional all-season road access. Interestingly, Nunavut has 

access to only 25 local roads and none of them is regional-seasonal nor regional all-season. 

Therefore, access between regions is virtually impossible, unless you use a mode of 

transportation such as snowmobile or aircraft. For the Northwest Territories, access is more varied. 

With four local roads, 12 seasonal regional roads and 16 all-season regional roads, its set of 32 

roads provide comprehensive access. Finally, the Yukon, which has a total of 15 accessible routes, 

has 14 which are regional all season and one which is local. 

In addition, the distances between communities and regional hubs are shown as well in appendix 

B. For example, the Northwest Territories has 27 peripheral communities that have access to the 

regional road either seasonally or all season. The closest regional hub is in Yellowknife or 

Whitehorse and the average distance to get there is 764 km. On the Yukon side, there are 13 

communities, and the closest regional hub is in Whitehorse. The average distance to be covered is 

then 313 km. Note that there is no regional hub for the region of Nunavut, particularly because 

there is no access to regional roads. Moreover, the insufficient number of roads is very problematic. 

Statistics Canada, (2015) states that only 1% of the Canadian road network is in the three northern 

territories, and the majority is unpaved. That means 40% of the Canadian country, being the vast 

Arctic region, is not accessible by truck (Prentice & Russel, 2009).  

In addition, the icy roads currently in use not only require maintenance costs 65-70% higher than 

the maintenance of regular roads elsewhere in Canada. But they are also at risk because of global 

warming. Indeed, the icy seasonal roads will soon no longer be accessible as they will melt. This 

represents a major challenge for communities dependent on these roads as the only means of access 

to their essential food. For example, in Manitoba, more than 5,000 km of roads are ice-type and 

serve between 50,000 and 60,000 residents (Prentice & Russel, 2009). While the issue of 

1.5.1 Road transport 
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accessibility and food insecurity is already critical, the situation will only get worse. Hence the 

urgency to take an interest in the issue and to continue to innovate in the field. 

 To the Far North is often the only means of transportation available in winter, especially because 

of the ice that does not allow any other point of entry. Appendix C presents the various air 

infrastructures in the regions of interest. In Nunavut, there are 10 indirect flights to a regional air 

hub, 12 direct flights to a regional hub and two regional air transit hubs. The Northwest Territories 

has a total of 32 airway accesses, including two airports and nine local airports. This is the region 

with the most varied air access. As for the Yukon, it has 15 various air accesses, including two 

airports, and 11 local airports. Again, Nunavut is the least accessible territory because there are no 

airports (Center for the North at the Conference Board of Canada, 2014). 

The seaway, the main access route to northern regions for carriers, faces extreme weather 

constraints. However, a recent study by Humpert, (2018) shows that maritime traffic to the Arctic 

regions almost tripled between 1990-2015, mainly for resupply activities, which is encouraging for 

the food supply to these regions. If the traffic increases, the logistical possibilities also increase. 

Appendix D presents the current water transport infrastructure in the north. 

Indeed, according to the study published by the researchers Mussells et al. (2017), the ice melting 

becomes less dynamic and more predictable, which makes it easier to navigate in these waters. 

Contrary to Giguère et al. (2017), who state that ice will remain a constraint, some authors are 

optimistic about the ice melting and opening new horizons. Only more research and time will 

rectify the situation. Even so, the Far North still does not have the infrastructure, such as adequate 

ports, to make operations efficient. To date, the investment in such a project has not been worth it 

for the government. However, changing climatic conditions and increasing Arctic Sea freight 

justify the need for infrastructure. 

1.5.2 Air transport 

1.5.3 Maritime transport 
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As we can see in this chapter, the concept, the roots, and the impact of food insecurity is highly 

complex and lies in a large number of domains. One cannot understand the whole context without 

first looking at it from the inside out, and that starts by looking at the communities themselves and 

their living conditions. Therefore, it needs to be tackled from different perspectives and we are 

aware that logistics is not “THE” solution to the problem. However, we do believe that it is a 

contributor to reducing some risks by increasing the food supply. Moreover, the unique feature of 

the North requires that logistics are planned appropriately and differ from classical commercial 

logistics in urban settings. The concept of remote logistics is still new, and the next chapter will go 

over the main principles. 
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CHAPTER 2: LOGISTICS ACTIVITIES AND FOOD INSECURITY 

 

2.1 Logistics: General Concept 

Food security in northern environments remains a complex issue, which is not yet fully understood. 

However, we believe that the holistic characteristics of logistics and OR/MS field can be a useful 

tool in the food security crisis. 

Logistic is a broad term that encompasses multiple activities in the supply system and the 

movements within (i.e., manufacturing, inventory, warehouse management, distribution etc.). The 

principal activities of logistics are to provide a system that determines the flow of materials from 

their origin to their destination and every decision in between. It is to ensure that the customer is 

provided with the right product, in the right place, at the right time in an integrated way. Its 

objective is to maximize the value of a logistic system by making key decision planning, ranging, 

but not limited to, the decision to build a new manufacturer or a warehouse, to the scheduling of 

pickups and deliveries to customers.  

According to Ghiani et al. (2013), the main logistics activities within a system are:  

1) Supply logistics; upstream management including materials and component supplies 

2) Internal logistics; material handling and storage 

3) Distribution logistics; downstream functions after the production plant to the customers 

4) Reverse logistics; the return of goods from the end customer back to the manufacturer or 

distributor, including recycling of goods. 
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An important notion to consider is not only the activities of the system but the management tasks 

associated with it. Therefore, three management phases in a logistic system and their common 

decisions are defined (Ghiani et al., 2013): 

1) Planning phase; forecasting, location, supply, storage, and distribution 

2) Organizing phase; the decision of responsibilities and tasks 

3) Control phase; KPI measures, measuring efficiency   

For this study, we specifically focus on the internal logistic activities and the flow of commodities 

toward customers, the last mile distribution. We are looking at the planning phase and the decisions 

associated with it. To be precise, we focus on the decisions regarding location and distribution 

planning because we believe that these two categories of functions are the first key aspects to 

achieve impact on the food supply chain in the North. Moreover, some basic questions are still 

unanswered (See section 2.3 Location and distribution in remote areas). These characteristics are 

included in our inclusion criteria for the systematic literature review. Figure 2.1 presents the scope 

of logistics for this research. 

As discussed in Chapter 1, the difficulties are mostly explained because the area is hard to access 

and lacks adequate infrastructure like roads, ports, and vehicles. As well as the communities being 

unable to have enough food. We hence focus on the aspect of the problem of food security related 

to accessibility (location) and distribution for remote northern regions. We firmly believe that 

decisions related to facility location (how many and where to locate a supply point) or to 

distribution planning (routing, mode of transport etc.) can improve the food supply chain. 
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Figure 2.1- Scope of research and activities 
 

To the best of our knowledge, this research is the first work that looks at the Northern food security 

crisis from a purely logistical perspective. While other activities within the supply chain could 

potentially impact positively the food system in the North, we are defining the scope of our 

contribution to two decision activities: location and distribution, as they are the first two key 

questions to provide the structure of the network. This will be explained in the next section. 
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2.2 Logistics planning phase: location and distribution activities 

As for the logistics planning phase, attention must now be turned toward the location and 

distribution definitions to ensure a good comprehension of the two distinguished concepts. 

2.2.1 Location planning definition 

Location science is a well-established field and holds multiple fundamental problems that are used 

in operational management science (e.g., p-median problems, p-center problems, fixed-charge 

facility location problems etc.) (Laporte et al., 2015). Location science problems are one type of 

network planning problem that can be done strategically or at the tactical level. They are well 

documented in the operational research academia. The core of these types of problems is to decide 

the optimal location of a facility while satisfying the objectives of the problem (Contreras & 

Fernández, 2012). It is the process of establishing the geographical position of each entity in the 

supply chain, efficiently and optimally, to provide access to the service or the product. It is based 

on what the supply chain will build upon, setting important decisions like the number of facilities 

to open or locate, the size of the warehouses (capacity), the type and size of the fleet, the various 

links between entities and more. Pure location problems can exist on their own or can incorporate 

allocation or coverage decisions. When an allocation is considered, the model decides which 

facilities are used to serve what customers. Some examples of traditional problems considering 

allocation are the p-median and p-center ones (Contreras & Fernández, 2012). Among the location 

problems, there is, for example, the hub-location problem which aims at locating an intermediate 

point (hub) between the origin and destination nodes. The role of a hub is to serve as a 

transshipment point and allows the flow to be redirected to other nodes with fewer links that would 

be needed with direct connection (Laporte et al., 2015). One of the main advantages of the hub 

point is that it allows the flow to be aggregated or disaggregated and this leads to economies of 

scale in transportation costs. This is an interesting notion when it comes to logistics in hard-to-

reach regions because such a network is characterized by high costs of transportation.  

Levesque, Alexandra
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We identified the location activities as one of the main factors contributing to food security because 

it is considered to increase the number of service/supply points. In our case, locating additional 

food supply or warehouse point. The premise is that locating more accessible food supply points 

will reduce food insecurity by reaching a larger amount of people. This notion is supported in our 

framework in section 2.4. 

2.2.2 Distribution planning definition 

Distribution planning is the utilization of the network and the flow of commodities within. This 

planning activity directly affects the end customer by the measure of the level of service. Examples 

of decisions made with those types of problems are routing decisions and the mode of transport 

used. 

We focused on this second type of activity because distribution decisions are closely related to 

location problems. When stakeholders decide to locate a facility, the next step is to connect the 

network with links – that comes to distribution planning (or transportation planning). 

Transportation would be the second most important part of a logistical system because it is often 

the biggest logistical cost (Ghiani et al., 2013). 

Transportation/distribution planning has a direct impact on food supplies, and it directly affects the 

costs to the final customer (the price of food). Especially in the Northern where there are high 

transportation costs due to long routing distances and several difficulties related to the road network 

and transportation (infrastructures, routes). 

2.3 Location and distribution in remote areas 

Logistics in general is a well-studied and established field with lots of literature. Many tools are 

available to decision-makers in terms of software, decision-making support, and algorithms. In 

contrast, we have seen over the last years the emergence of a new concept: Remote Logistics. 
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Logistics in remote areas is an unfolding branch of logistics and is still poor in terms of documented 

studies. Compared to a more common type of logistics (procurement logistics, urban logistics, 

reverse logistics), the complexity of remote logistics is not yet fully integrated. In the literature, we 

can find some interchangeable terms for remote like rural or hard-to-reach regions. These terms 

are used interchangeably in this study as well. A simple definition of remote area is “An area far 

away from cities and places where most people live and are therefore difficult to get to” [Collins 

dictionary] and this definition suffices for the scope of this research.  

Our literature review shows that in the studies, the authors do not clearly define remote logistics. 

However, they suggest a context definition with characteristics that are recurring among them. For 

example, when studying remote regions, they defined the regions as hard-to-reach or cut-off areas 

with often dispersed populations and constraints of time and/or distances. Additional difficulties 

like bad road conditions, difficult terrain and poor transportation infrastructures are present. 

Sometimes, more challenges are present like large intervals between orders and stock outages due 

to remoteness. These characteristics will guide this present research and will be included as 

inclusion criteria for the literature review as we look at remote logistics and possible applications 

in a real context (North Canada).  

Remote logistic decisions include the same ones as in a regular logistic system but with additional 

complexity. In this present study, we restrict remote logistics to the activities previously presented 

in the scope of research (Figure 2.1). That means we are looking at location and distribution 

planning only, for remote contexts.  

Location decisions in remote settings present additional challenges. For example, geographical 

restrictions on where to locate facilities, long-distance planning and in some cases lack of 

infrastructure to support operations. In remote regions, location and/or allocation problems can be 

used to improve accessibility by reducing travel time (or distance) to a specific facility by either 

(re)locating new facilities or services or providing a more efficient allocation of resources.  
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Distribution decisions in remote contexts usually state additional constraints. For example, the 

choice of mode of transportation is an important factor because many remote regions have limited 

route access. Especially in the north, where most of the roads are iced and not paved. The long 

distance to travel and the often need for multimodal planning. This is where context consideration 

becomes crucial in decision-making for remote logistics planning.  

2.4 Our framework: Linking food insecurity and logistics activities 

As it has been said, food security is a concern in multiple fields and recently we can observe a trend 

among authors that target food security, linked to logistics activities, geographical topics and more. 

The scoping review on the food sector and indigenous communities by Kenny et al. (2020), states 

among many contributors to food insecurity, that grocery store inaccessibility has been strongly 

linked to poor diet. The main barrier to food is geographical access; one study of the review proved 

that in northern Canada, over 90% of remote communities are serviced by only a single food retailer 

(Burnett et al., 2017). The grocery store’s location is constantly put forward as a contribution to 

food security because many communities report having to shop outside their reserve, sometimes 

travelling very long distances (2h round trip) for food (Kenny et al., 2020). The authors also 

highlight the absence of available foods in those grocery stores with limited variety and quantities. 

Finally, this study provides a list of actions to enhance food accessibility, availability, and quality 

in remote indigenous people. Among the recommendations to improve the food system, they point 

out the need for improvement in planning the location of grocery stores, locating mobile vendors, 

improving the food transportation/delivery, appropriate local infrastructures, retail competition and 

store management practices (Kenny et al., 2020). Other initiatives have been explored like food 

pricing policies and multi-sector strategies to improve the food-purchasing environment.   

In concordance, with the definition of food security provided earlier in Section 1.1, general pillars 

influencing food security in Arctic Canada were also defined by The Northern Policy Institute as 

accessibility, availability, supplies/stability, and utilization (Dillabough, 2016). 
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Power, (2007) used the recurring notions of accessibility and availability regarding food insecurity 

in Northern Canada specifically. The study proposed a conceptualization of food security for the 

Aboriginal context and argues that the previous public health definition of food security is not 

suited for the typic Aboriginal context. The authors urge the importance of taking into 

consideration the unique characteristics of northern communities when planning food distribution 

like food harvesting, sharing and consumption that goes above the food security of individual 

Canadian households. This paper defines the accessibility notion as the reliability to access 

important traditional food as well as market food. In terms of availability, it is linked to 

environmental contamination of traditional food and the climate change impact on the ecosystems 

that affect overall availability, supply, and safety so that the population should be able to access 

sufficient and safe traditional and market food. The author also argued that the northern context 

has an even greater impact on these pillars, because of the challenges on traditional food practices, 

cultural practices, unique geographic and climate restrictions and more.  

To better understand the specific contributors to food security, Ford & Beaumier (2011a) proposed 

a more precise conceptual framework that encompasses the local determinants that contribute to 

food insecurity in Inuit communities. The authors present a multi-method study of combined 

interviews and focus groups to identify the elements encountered by families touched by food 

insecurity. From that, some local determinants are identified like food accessibility, budgeting, 

food quality, affordability, availability, knowledge, education regarding nutrition and more. Again, 

there we can find the recurring terms of accessibility and availability.  

As we can see, several authors have agreed on several food security pillars. We hence propose that 

there is a strong link between the concepts of accessibility and availability and the logistics 

problems of location and distribution decisions that are worth studying. Gregory et al. (2005) 

defined three relevant dimensions of food insecurity within a food system: food access, food 

availability and food quality (Figure 2.2). This figure proposes a framework with dynamic 

interactions between the bio-geophysical and human environment that leads to a food system that 

supports food security. That system includes interaction between the production, processing, 
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distribution, preparation, and consumption of food. The most interesting part of this article is the 

link that is made between the main dimensions (food availability, accessibility) and the actual key 

concepts of the logistics field (allocation and distribution).  

 

 

 

 
 
 
 
 
 
 
 
 

According to Figure 2.2, the first dimension of a food system is food accessibility which is defined 

as the ability of individuals to access adequate resources. Access is linked to concepts of 

affordability (prices of products and costs of travelling to reach them), allocation (how the 

resources are assigned in the network), or preference of products (traditional food preferences, 

fresh foods products or other personal preferences).  

Secondly, food availability refers to assure that sufficient food is in the hands of the population, 

how to assure that the food logistic network meets the demand, with sufficient production at the 

source, efficient and equitable distribution, and options of exchange, food sharing and exchange 

among the population. The authors also include the dimension of food quality as a third influence. 

However, because the elements influencing food quality (nutritional value, social value, and food 

security) are apart from our focus on internal logistics management concepts and are more external 

Figure 2.2 – Elements within a food system by (Gregory et al., 2015) 
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elements, we will not tackle them. Also, the scope of this research draws the boundaries to the 

planning of location and distribution activities, the notion of quality is not explored, as well as the 

other sub-categories within food access and food availability (i.e., affordability, preferences, 

production, and exchange).  

The elements presented above are the leading ground of our conceptual framework, guided by the 

following question: What are the main elements of OR/MS and logistics that can contribute to 

improving food accessibility and availability (i.e. improving food security)?   

Figure 2.3 represents the framework of this study. On the left side, we can see the factors 

influencing food security proposed by Ford & Beaumier (2011b). Note that the elements of food 

availability and accessibility have been developed in more detail to include the dimensions 

proposed earlier in figure 2.2, by Gregory et al. (2005). Then, on the right side are the activities of 

a logistic system from Ghiani et al. (2013) with clear highlights (in orange) of the scope we will 

focus on. Finally, our research question and its objective lie at the intersection of these two concepts 

to solidify and link the theories, for which the systematic literature review will provide a better 

understanding.  

From these studies, we strongly believe that OR/MS and the planning phase activities can be useful 

tools to increase two factors of food security: 1) Food accessibility and 2) Food availability. To 

develop our hypothesis, we will review scientific contributions in logistics network planning and 

see if a such link can be done. More precisely, we will use a systematic literature review (chapter 

3) process to review and analyzes the logistical activities of network and distribution planning to 

establish the link between the two fields of research (health and logistics).
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Figure 2.3 - Conceptual framework 
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CHAPTER 3: SYSTEMATIC LITERATURE REVIEW METHODOLOGY 

A systematic literature review is a common methodology traditionally used in medicine and social 

sciences. It is now being more and more used in the OR/MS field. It is a well-established tool to 

build frameworks, develop theories and provide insights into certain logistics practices (Durach et 

al., 2021) and improve the contribution expected from a “traditional” review methodology (Chee 

Yew Wong, 2021). 

As remote logistics is a new concept, it deserves to be reviewed systematically. We chose to do a 

systematic literature review (SLR) because it is known to be the gold standard among reviews. It 

provides a thorough, systematic, transparent, and reproducible approach (Snyder, 2019). We used 

the well-documented approaches and guidelines of (Gough et al., 2017; Snyder, 2019; Tranfield et 

al., 2003) to be as thorough as possible. However, some may argue that the downsides of a 

systematic review include bias in the selection of papers due to human selection and or misleading 

if data are not used properly (Yuan Y & Hunt, 2009). To minimize the bias during this research, 

we made sure that the screening process was applied to a sample of papers by two members of the 

research team, independently.  

 This review follows the good practices also proposed by Durach et al. (2021). The authors 

proposed four specific ways to synthesize literature in OR/MS field. We position our research as 

an inductive theory-building approach. Mainly because the process allows us to identify themes, 

patterns, and relationships as well as an understanding of a topic. The process is iterative and is 

most suitable for subjects that are in growth and demanding an exploratory picture, like this present 

review on remote logistics. 
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This paper will provide a methodological systematic literature review surrounding the location-

allocation and the distribution networks currently used in remote areas, with contributions that 

could be applied to increasing food accessibility and/or availability and improving food security in 

remote regions. Our SLR follows the general structure proposed by the general framework of 

(Figure 3.1), by Gough et al. (2017). 

 

The first step of the review is to clarify the problem, defining the boundaries by exploring the topic 

and defining how the research can contribute to the field (Section 3.1). Then, we entered the phase 

of finding the studies to review. This process was iterative and included the definition of search 

queries, inclusion and exclusion criteria and a thorough screening process (Section 3.2). Finally, 

the synthesizing and analyzing of the literature was the most time-consuming task, but the main 

contribution of this paper. This section is included in chapter 4 along with bibliographical 

information of the papers. The main findings and analytical part of the literature are presented in 

chapter 5 and the appraising of the reviewed papers will be completed and discussed in chapter 6.  

Figure 3.1 - Systematic Literature Review Process 
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3.1 Clarifying the problem and question 

 

Chapters 1 and 2 prove that food insecurity is a real health crisis and is faced with many challenges. 

However, we think that the planning activities of logistics management can have a positive impact 

on the matter, by improving accessibility and availability. Hence, the objective of the literature 

review is to account for the current evidence-based research in the Operational Research and 

Management Sciences field for location or distribution problems that are applied to or can be 

transposable to remote areas. This will allow us to see the general trends that could be applied in 

the remote regions of Northern Canada to diminish food insecurity.  

This objective is threefold: 

1. To create a compilation of published literature regarding logistics network design and 

distribution in general remote areas 

2. To analyze and present the critical findings and current practices about logistics 

optimization in remote areas 

3. To identify, justify and hence propose general learnings in the logistics optimization field 

that could be transposable in the context of remote areas of Northern Canada.  
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3.2 Finding the studies 

 

Once the research question has been defined and the objective set, the search process is established 

and then launched. Four distinct steps were followed for finding the studies: i) defining the 

keywords and search queries, ii) defining the inclusion and exclusion criteria, iii) launching the 

search in databases, and iv) applying the screening process.  

The search queries were defined based on the following conceptual map (Table 3.1) combining 

key concepts and words of initial brainstorming. A preliminary search was performed on Scopus 

testing the initial keywords and exploring grounds. As the first process, we included a concept for 

keywords of Northern Canada (e.g., Arctic, North Canada, Northern region…). However, this 

concept generated no results, due to the unexplored topic in logistics. We then had to broaden the 

search by eliminating some keywords and looking at general remote areas. A total of 14 different 

queries were generated (Table 3.2). From these, we identified five primary queries (highlighted in 

yellow) that included most of the identified keywords, with some adjustments to suit each database. 

The librarian's experience played a crucial role in selecting the final five queries and the fact that 

some queries generated very limited and sometimes zero results helped us in the selection. 

 

 

 

 

i. Keywords and Search Queries  
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Deriving from the above, queries were defined and adapted to the different databases to obtain a 

broader search. The highlighted queries are the retained ones for conducting the research (Table 

3.2). 

 

 

 

Table 3.1 - Initial Concept Keywords 
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Query 
# Search query generated  

1 
(supply OR logistic* OR procurement OR deliver* OR ''network design'' OR sourcing OR order* OR transport* OR ''reverse logistic'' OR ''last mile'' OR distribut*) AND (isolated OR rural* OR 
remote*) AND NOT(''urban transport*'' OR ''urban traffic'' OR ''interurban'' OR ''inventor'' OR ''information* flow'' OR ''financial flow'') 

2 
(supply OR logistic* OR procurement OR deliver* OR ''network design'' OR sourcing OR order* OR transport* OR ''reverse logistic'' OR ''last mile'' OR distribut* OR mathematic*) AND (isolated 
OR rural* OR remote*) AND NOT(''urban transport*'' OR ''urban traffic'' OR ''interurban'' OR ''inventor'' OR ''information* flow'' OR ''financial flow'') 

3 

(''rural network'' OR ''operational research'' OR supply OR logistic* OR ''physical distribution'' OR procurement OR deliver* OR ''network design'' OR ''mathematical model'' OR ''routing problem'' 
OR ''transportation problem'' OR sourcing OR order* OR transport* OR ''reverse logistic'' OR ''last mile'' OR distribut* OR humanitarian OR disaster) AND (isolated OR rural* OR remote*) AND 
NOT(''urban transport*'' OR ''urban traffic'' OR ''interurban'' OR ''inventor'' OR ''information* flow'' OR ''financial flow'') 

4 

(''operational research'' OR logistic* OR distribution OR ''network design'' OR ''mathematical model'' OR ''routing problem'' OR ''transportation problem'' OR transport* OR ''reverse logistic'' OR 
humanitarian OR disaster) AND (isolated OR rural* OR ''remote region'') NOT (data OR tourism OR urban transport OR urban traffic OR interurban OR sustainable OR inventory OR ''information 
flow'' OR financial) 

5 
(''rural network'' OR ''operational research'' OR supply OR logistic* OR ''physical distribution'' OR procurement OR deliver* OR ''network design'' OR ''mathematical model'' OR ''routing problem'' 
OR ''transportation problem'' OR sourcing OR order* OR transport* OR ''reverse logistic'' OR ''last mile'' OR distribut* OR humanitarian OR disaster) AND (isolated OR rural* OR remote*) 

6 

( ( ''operational  AND  research''  OR  supply  OR  logistic*  OR  distribution  OR  procurement  OR  deliver*  OR  ''network  AND  design''  OR  ''mathematical  AND  model''  OR  ''routing  AND  
problem''  OR  ''transportation  AND  problem''  OR  sourcing  OR  order*  OR  ''reverse  AND  logistic''  OR  ''last  AND  mile'' )  AND  ( ( humanitarian  OR  disaster )  OR  ( isolated  OR  rural*  
OR  remote* ) ) 

7 

( ( ''operational  AND  research''  OR  supply  OR  logistic*  OR  distribution  OR  procurement  OR  deliver*  OR  ''network  AND  design''  OR  ''mathematical  AND  model''  OR  ''routing  AND  
problem''  OR  ''transportation  AND  problem''  OR  sourcing  OR  order*  OR  ''reverse  AND  logistic''  OR  ''last  AND  mile'' )  AND  ( ( humanitarian  OR  disaster )  OR  ( isolated  OR  rural*  
OR  remote* ) ) 

8 
(''operational research'' OR logistic* OR distribution OR deliver* OR ''network design'' OR ''mathematical model'' OR routing OR transport* OR sourcing OR order* OR ''reverse logistic'' OR 
''last mile'') AND ((humanitarian OR disaster) OR (isolated OR rural* OR remote*)) 

9 
(''operational research'' OR logistic* OR distribution OR deliver* OR ''network design'' OR ''mathematical model'' OR routing OR transport* OR sourcing OR order* OR ''reverse logistic'' OR 
''last mile'') AND (humanitarian OR disaster OR isolated OR rural* OR remote*) 

10 
( ''rural  AND network*''  OR  mathematical  OR  ''physical  AND distribution''  OR  ''last  AND mile''  OR  ''operational  AND research''  OR  ''humanitarian  AND logistic''  OR  ''disaster'' )  AND  
( rural  OR  underserve*  OR  remote  OR  ''hard  AND to  AND reach'' )  

11 {network design}  AND  {remote area}  AND  logistic  

12 
( ''routing  AND planning''  OR  distribution  OR  tsp  OR  algorithm  OR  transport*  OR  humanitarian  OR  emergency  OR  disaster )  AND  ( remote  OR  ''hard  AND to  AND reach''  OR  
rural  OR  isolated  

13 

( supply  OR  logistic*  OR  {physical distribution}  OR  {network design}  OR  {mathematical model}  OR  {routing problem}  OR  {optimization problem}  OR  {transportation problem}  OR  
transport*  OR  {reverse logistic}  OR  {last mile}  OR  distribution )  AND  ( {humanitarian logistic}  OR  ''disaster  AND planning''  OR  {emergency response} )  AND  ( isolated  OR  {rural 
area}  OR  {remote area} ) 

14 ( ( routing  OR  transportation  OR  {mathematical model}  OR  optimization  OR  distrbution )  AND  ( {isolated area}  OR  {rural area}  OR  {remote area} ) ) 

Table 3.2 - Defined Search Queries 
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Three databases were selected to cover the OR/MS and business aspects of our problem and be as 

effective and exhaustive as possible. First, Scopus which is a multidisciplinary database, then 

ABI/Inform Global and Business Source Complete which are more business-oriented databases. 

The three databases complete each other and provide different results and academic journals.  

Once the previous queries were launched in the databases, the screening process starts to select the 

papers included in the review. Therefore, it is necessary to define a clear set of inclusion and 

exclusion criteria (I&E). To select a study for the review, it must satisfy all the inclusion criteria 

and none of the exclusion criteria. The inclusion and exclusion criteria need to be clear and precise 

to facilitate the screening. This review was limited to a 10-year time frame, to focus on a first 

instance on the most recent studies and the current practices, as this is a new emergent topic in 

literature. Is is targetting academic and reviewed publications only (in English), to insure we had 

peer-reviewed publications and elimitate conference papers. 

Then, in terms of the topic of research, we allowed papers that were not exclusive to the OR/MS 

field but needed to include an optimization model. Topics like the design or network structure, 

planning of supply or physical distribution of products, location problems, and transportation and 

routing problems are great examples. It could include applications related to the industry, 

healthcare, humanitarian/disaster, geography, the public sector, and others.   

Moreover, the papers need to correspond to specific remote context characteristics that are either 

applied to or transposable to remote areas. Because of the lack of a generally agreed definition for 

remote logistics, we looked at another closely related domain to inspire our definition and suitable 

characteristics. One of the most recurring domains across our search results is applications in 

humanitarian logistics.  

ii. Inclusion and exclusion criteria 
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That is: « [Humanitarian Logistics] is the efficient and cost-effective planning, implementation and 

control of the flow and storage of goods/materials and the related information from the point of 

origin to the point of destination to alleviate the suffering of vulnerable people » (Thomas & 

Kopczak, 2005). We think that the definition of humanitarian logistics by these authors sets a great 

parallel and can be transposed to the food security crisis in a remote context because they share the 

same purpose. We hence analyzed common features in humanitarian logistics and propose in Table 

3.3 a parallel of key characteristics proposed in the literature between the humanitarian and the 

remote logistics context. 

Table 3.3 - Humanitarian and remote logistics parallel 
Characteristics Humanitarian logistics Remote logistics 

Hard-to-reach regions Destruction of roads 
Long distance, geographical 

restrictions 

Lack of infrastructures 
Damaged or improper access to 

infrastructure 

Inadequate or lack of 

infrastructure 

Lack of resources Emergency supplies 
Infrequent deliveries, expensive 

end products 

Dispersed population Evacuation and refugees 
Distant communities over vast 

territories 

Social aspects Suffering and injury/deaths Equity among people 

Dynamicity of the 

problem 

Unpredictable demand, uncertainty in 

nature 
Seasons and weather reliant 

*Inspired by Nikbakhsh & Zanjirani Farahani (2011).  
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Among the six aspects in the context of humanitarian logistics, we believe that four of them are the 

main aspects that define a remote logistics setting and are the most aligned with the context of 

northern Canada presented in Chapter 1. The four key aspects of our context are a hard-to-reach 

region, high transportation costs, poor or non-existing infrastructure, and high geographical 

dispersion. Table 3.4 extend on the four characteristics of remote regions and how they are defined 

as inclusion criteria for this research. A paper needs to mention, relate or approach at least one of 

them. As we started from a context definition based on the Canadian North, we want our literature 

to be transposable to such context. 

Table 3.4 - Remote characteristics 
 

1. Hard-to-reach regions or underserved areas (remote): a paper will fit in this category 

either if it is explicitly qualified as remote or if it is perceived as hard to reach. The hard-to-

reach aspect can be because of distance, geographical difficulties (steep mountains, gravel 

roads etc.) or seen as underserved because of poverty, humanitarian disaster or other limiting 

factors. 

2. High cost of transportation or products: this refers to the higher-than-average logistical 

costs related to transportation or delivery. Specifically, the high costs associated with long-

distance or long-haul travel.  

3. Poor or non-existent infrastructures: this is the lack of general transport infrastructures. It 

can be poor, damaged, or non-existent roads, rail tracks, port or airport related. 

4. Geographical dispersion: this involves the spatial arrangement in a large, vast region with 

few populations or that a great distance separates one another. It can also include dispersed 

suppliers. 

 

As for the exclusion criteria, a paper was automatically rejected if it was under another logistical 

activity than planning for location network or distribution (reminder of activities in Figure 2.1). 

Also, contexts like urban logistics or rail planning were rejected because of the lack of similarities 
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to our remote definition. For example, we also exclude papers related to inventory management, 

information or financial flow, the internet of things and other literature reviews.  

The following I&E criteria were validated and tested over a set of four preliminary papers that were 

known to be pertinent to our search from known authors (Anaya-Arenas et al., 2018; Anuar et al., 

2021; Cherkesly et al., 2019; Dufour et al., 2018). This allowed us to validate the I&E criteria, our 

comprehension and application of them, to ensure that the selected papers will fulfill the objective 

of the review. From these preliminary papers, three were retained and respected our inclusion 

criteria and one was eliminated because it was a literature review/survey (Anuar et al., 2021). 

We are aware that there are some interesting projects and documentation in the grey literature, but 

we wanted to evaluate the OR/MS contribution in a first instance and limit ourselves to the practical 

aspects. Even though several government reports and white papers, issued from the grey literature, 

were used for the context definition, the search for the SLR was limited to scientific papers only. 
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Table 3.5 - Inclusion and exclusion criteria applied (I&E) 
 

Inclusion criteria Exclusion criteria 

- 10-year time frame 

- Academic publication 

- Peer reviewed 

- English 

- Must include a logistic decision-making problem 

(location, allocation, network design, 

transportation) tackled by OR/MS techniques 

(mathematical programming, simulation etc.) 

⊗ Urban transportation 

⊗ Inter-urban logistics 

⊗ Rail planification 

⊗ Inventory management only 

⊗ Information or financial flow 

⊗ IoT application 

⊗ Literature reviews 

⊗ And all other activities of OR/MS that do not apply 

to the definition of the problem At least one of these criteria must also apply: 

- Design or network structure 

- Planning of supply, transportation, or distribution 

problems 

- Delivery planning 

- Location-allocation problems 

- Return or reverse logistics 

- As much for inbound or outbound 

- Single or multi-echelon 

- Either inbound or outbound flow 

The above must also have at least one transposable 

characteristic of remote in North Canada previously defined  

1. Hard to reach or remote region 
2. High costs of transportation (reflected on the 

product) 
3. Lack of infrastructures 
4. Dispersed population 
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After the initial search on our sample of four papers and the I&E validated, the search was launched 

in full, in all three databases with our five queries. All searches were documented in a very thorough 

Excel table. Each of the three queries was launched in each database (3) for a total of 10 search 

queries plus an exploratory search independently in Scopus, all between 01/08/2021 and 

08/11/2021. The search provided a total of 3738 results to screen. The following Table 3.6 shows 

the queries launched and the results obtained. 

The screening process was applied multiple times at different degrees. Initially, our literature was 

composed of four preliminary papers in addition to the queries. Once the process was validated and 

tested on a sample, the full search queries produced 3738 results over 3 databases.  

The first time a query was launched, the inclusion and exclusion criteria were applied only to the 

title and keywords as quick screening (n=3738), which led to 164 potential papers. We retained 

papers that had words such as “location planning”, “Distribution of emergency supplies”, and 

“Optimization of hub selection or coverage” and eliminated those such as “Evaluate rural 

fatalities”, “Optimization of reinforced composite in rural construction”, ‘’Diet in the rural 

region’’, “E-commerce”, “Smart farming” and/or ‘’Energy supply’’. Then, those retained papers 

(n=164) were screened for a second time with the same criteria extended now to title, abstract and 

keywords (when available). This left us with 99 papers to screen in depth. This third screening 

stage was extended to the body of literature (main sections: problem definition, methodology, 

resolution method, conclusion) and allowed us to validate both the objective of the paper, the fact 

that an optimization model was proposed and the context that can be applied or transpose to a 

remote region. We eliminated the papers that covered the systemic literature review, urban context, 

rail planification and any other exclusion criteria that were missed in the first screening due to the 

prior application only on title and abstract. This process reduced the retained articles to 91, with 

the elimination of one double and one for poor quality. To illustrate the screening process, a 

PRISMA Flow Diagram is used in Figure 3.2.

iii. Launching the search 

iv. Screening process and coding  



 

 

 

40 

 

Search 
# 

Query 
ID Title / search query 

Date 
searched Database Results number 

1 2 

(supply OR logistic* OR procurement OR deliver* OR ''network design'' OR sourcing OR order* OR transport* OR ''reverse logistic'' 
OR ''last mile'' OR distribut* OR mathematic*) AND (isolated OR rural* OR remote*) AND NOT(''urban transport*'' OR ''urban 
traffic'' OR ''interurban'' OR ''inventor'' OR ''information* flow'' OR ''financial flow'') 05-08-2021 Scopus 416 

2 3 

(''rural network'' OR ''operational research'' OR supply OR logistic* OR ''physical distribution'' OR procurement OR deliver* OR 
''network design'' OR ''mathematical model'' OR ''routing problem'' OR ''transportation problem'' OR sourcing OR order* OR 
transport* OR ''reverse logistic'' OR ''last mile'' OR distribut* OR humanitarian OR disaster) AND (isolated OR rural* OR remote*) 
AND NOT(''urban transport*'' OR ''urban traffic'' OR ''interurban'' OR ''inventor'' OR ''information* flow'' OR ''financial flow'') 12-10-2021 Scopus 1 

3 4 

(''operational research'' OR logistic* OR distribution OR ''network design'' OR ''mathematical model'' OR ''routing problem'' OR 
''transportation problem'' OR transport* OR ''reverse logistic'' OR humanitarian OR disaster) AND (isolated OR rural* OR ''remote 
region'') NOT (data OR tourism OR urban transport OR urban traffic OR interurban OR sustainable OR inventory OR ''information 
flow'' OR financial) 08-11-2021 ABI/inform Global 867 

4 13 

( supply  OR  logistic*  OR  {physical distribution}  OR  {network design}  OR  {mathematical model}  OR  {routing problem}  
OR  {optimization problem}  OR  {transportation problem}  OR  transport*  OR  {reverse logistic}  OR  {last mile}  OR  distribution 
)  AND  ( {humanitarian logistic}  OR  ''disaster  AND planning''  OR  {emergency response} )  AND  ( isolated  OR  {rural area}  
OR  {remote area} ) 12-10-2021 Scopus 52 

5 14 
( ( routing  OR  transportation  OR  {mathematical model}  OR  optimization  OR  distrbution )  AND  ( {isolated area}  OR  {rural 
area}  OR  {remote area} ) ) 12-10-2021 Scopus 588 

6 13 

( supply  OR  logistic*  OR  ''physical distribution''  OR  ''network design''  OR  ''mathematical model''  OR  ''routing problem''  OR  
''optimization problem''  OR  ''transportation problem''  OR  transport*  OR  ''reverse logistic''  OR  ''last mile''  OR  distribution )  
AND  ( (''humanitarian logistic''  OR  ''disaster''  OR  ''emergency response'' )  AND  ( isolated  OR  ''rural area''  OR  ''remote area'' 
) 29-11-2021 ABI/inform Global 286 

7 14 
( ( routing  OR  transportation  OR  ''mathematical model''  OR  optimization)  AND  ( ''isolated area''  OR  ''rural area''  OR  ''remote 
area'' ) ) 29-11-2021 ABI/inform Global 676 

8 3 

(''rural network'' OR ''operational research'' OR supply OR logistic* OR ''physical distribution'' OR procurement OR deliver* OR 
''network design'' OR ''mathematical model'' OR ''routing problem'' OR ''transportation problem'' OR sourcing OR order* OR 
transport* OR ''reverse logistic'' OR ''last mile'' OR distribut* OR humanitarian OR disaster) AND (isolated OR rural* OR remote*) 
AND NOT(''urban transport*'' OR ''urban traffic'' OR ''interurban'' OR ''inventor'' OR ''information* flow'' OR ''financial flow'') 13-10-2021 

Business Source 
Complete 447 

9 13 

( supply  OR  logistic*  OR  {physical distribution}  OR  {network design}  OR  {mathematical model}  OR  {routing problem}  
OR  {optimization problem}  OR  {transportation problem}  OR  transport*  OR  {reverse logistic}  OR  {last mile}  OR  distribution 
)  AND  ( {humanitarian logistic}  OR  ''disaster  AND planning''  OR  {emergency response} )  AND  ( isolated  OR  {rural area}  
OR  {remote area} ) 08-11-2021 

Business Source 
Complete 13 

10 14 
( ( routing  OR  transportation  OR  {mathematical model}  OR  optimization  OR  distribution )  AND  ( {isolated area}  OR  {rural 
area}  OR  {remote area} ) ) 08-11-2021 

Business Source 
Complete 392 

TOTAL 3 738 

Table 3.6 - Screening Process Tracking (search resultls) 
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From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: 
an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 

Figure 3.2 - PRISMA Flow Diagram 
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One interesting finding during the screening process was the misleading titles of some articles for 

our scope of research. For example, during the third screening some papers still made it through 

the process because of titles like “GIS and Optimization: Potential Benefits for Emergency Facility 

Location in Humanitarian Logistics” (Rodríguez-Espíndola et al., 2016). Now this paper was a 

priori very promising, but when looking at the whole body and main contribution, it was out of our 

scope. The authors use geographic cartography modelling, which is very technical, and geoscience 

based, which is hard for us to comment on the topic. Therefore, it didn’t have an OR/MS model or 

tool that was used for the contribution, and it was excluded. Other articles like Rau & Vega (2012) 

included the notion of accessibility in a specific way as a ratio measure between supply and demand 

location points. However, they didn’t fit with the I&E criteria defined because there is no logistical 

contribution to the paper, so they had to be excluded as well. Other authors Tomek & Liburd (2020) 

skipped our first and second screenings because of the title “Sustainable Accessibility in rural 

destination: a public transport network approach”. However, when reading in full, the contribution 

is specifically done in the field of public transportation planning. In the end, we ended up excluding 

six papers that originally failed the process because of the criteria being only applied to the title, 

abstract and keyword. The results among different domains and technicality prove just how pluri-

disciplinary these terms can be and how often they are used interchangeably among domains (e.g., 

accessibility, optimization, network). 

Now that all the papers are screened there are 91 articles left that fit all the inclusion and exclusion 

criteria. To manage all the information and data contained in these articles, a classification and 

coding system was put in place (the following Figure 3.3). Additionally, Appendix E presents 

examples of these files. For each paper, the following coding process was applied. First, a synthesis 

file was created to aggregate the information of the paper to have all the information in one place 

and to quickly navigate through them. Secondly, a mathematical model data file was created, 

collecting in a specific way the main aspects of the optimization model proposed in the paper 

(objective function, specific constraints). Finally, an Excel file was created, coding the specifics of 

each contribution (example in Appendix E). The details of coding are explained in the next section.  
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3.3 Categories and classification 

The 91 papers were classified in a table and many categories were defined to extract as much 

information as possible. A total of 15 categories were analyzed. The first category refers to the 

bibliographical data of the paper (i.e., year and publishing journal, the journal’s discipline, country 

of authors, etc.). The second main category involves the type of logistic problem (i.e., network 

planning, distribution planning or other related). In addition, we analyzed the context of the 

application or the field of the contribution (humanitarian, healthcare, or industrial logistics) and the 

relevant characteristics, like the type of networks, number of echelons and number of entities. 

Another category was different between the objective functions of the model and the type of 

constraints applied (categories, units of constraints, etc.). Finally, the papers were also coded 

according to the resolution method (i.e., heuristic approach or exact method) and the instances 

solved (case study or artificial data instances) 

The categories are the base of the synthesis of the literature in the following chapters. They’re the 

leading thread of our analysis. Chapter 4 presents the general trends of the retrieved literature, 

including bibliographical information and common categories to all papers. Then, chapter 5 is the 

main findings and the analysis of the literature. This section is divided into three main themes: 5.1 

Accessibility and location problems, 5.2 Availability in terms of distribution planning and 5.3 

Combined location-distribution problems in remote regions. 

  

Create a 
Synthesising file

Create a 
Mathematical 
model data file

Categorisation in 
Excel table

Figure 3.3 - Coding system 
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CHAPTER 4:  GENERAL TRENDS 

 

General trends can be observed in terms of published literature in remote areas. This section 

presents the bibliographical findings (i.e., year of publication, country studied…), problem 

categories and general characteristics. 

4.1 Bibliographical findings 

As we can see in the following figure, the topic of logistics in rural regions is in constant growth 

since 2011. Ranging from three to six publications a year between 2011-2017, a considerable 

increase is noted in 2018 with 16 papers published. Since then, the annual research has been around 

12-18 papers a year, which is more than double the yearly publications on the topic of remote 

logistics. 

 

Figure 4.1 - Year of published papers 
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However, the domain of application of the studies varies and is more prominent in the healthcare 

branch. As for the distribution of the journal discipline, most of the papers studied here are in the 

OR/MS field. The following Figure 4.2 shows the discipline of journals in which the papers were 

published. 

 

 

Whereas the author’s affiliation is mainly to the United States (22%) and China (18%), the rest is 

varying between 30 other countries.  

We also observed that 79% of the contribution was tested over a real case study and only 21% of 

the papers used artificial data to test their model. Moreover, the region or country studied in the 

case study was computed, finding that 12% of the papers are applied to a real case in the United 

States and 9% in China. The remaining were applied to over 33 countries. Instinctively, when 

thinking of remote regions, we often think of extreme places like Greenland, Alaska, northernmost 

Canada, Australia, or remote regions in Africa or Latin America. However, the results of our 

literature review showed that the application or case study of the papers is more concentrated 

OR/MS (63)

Geography (9)

Environment (7)

Other applied science 
(5)

Business (3)

Health 
related (2)

Figure 4.2 - Discipline of journals 
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around either The United States, Europe, and Asia (which ironically are among the largest 

economies in the world). 

Two reasons can explain this finding. First, we are studying a new topic in academia, which means 

that logistics in remote areas and the definition we attributed to it in terms of remoteness more 

specific to the North, is poorly documented. Secondly, to compensate for this issue, we looked at 

similar problems that are more documented, which as humanitarian logistics. Also, according to 

Wallemacq (2018), natural disasters occur more often in Asia than in others which is why authors 

are more prone to study humanitarian logistics in these locations.  

The following  Figure 4.3 illustrates the distribution of literature around the world in terms of the 

country studied. The red pins show the concentration of countries' studies, where between 4-11 

papers were published. Among them, we count study cases from the United States (11), China (8), 

Iran (5) and Turkey (4).  The pink pins represent the countries where only 2-3 papers studied the 

region (Taiwan, Chile, Canada, Germany etc.). Over 35 countries were studied in the literature, 

and 17 countries had only one publication for their specific country – not shown on the map.  



 

 

 

47 

 

Figure 4.3 - Country studied in the literature 
 

Finally, Figure 4.5 demonstrates the continents being generally known to be the most at risk for 

disaster (Asia, Middle East, and South America). In fact, among these prone-to-disaster continents, 

we found that the most studied continents in terms of logistics in remote areas (according to our 

criteria) were also Asia, the Middle East and America. That is to be expected because we included 

in the definition of remote areas in the characteristic keywords like cut-off regions or services 

caused by a disaster event. That reflects well our findings mostly in humanitarian applications. 
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Figure 4.4 - Location prone to disasters follows the trend of publications studied in remote logistics 
(source: Which country has the worst geographical disadvantage? - Quora) 

 

4.2 Problem type and characteristics  

All papers selected were read in-depth and analyzed. According to our review objective and the 

inclusion/exclusion criteria defined earlier, we were able to identify eight main categories to 

classify the literature within two main axes:  

1) Type of logistic problems 
 

We decided to classify first, the main group of papers according to the logistic problem studied as 

it has distinguished decision structure and temporal length and to align our analysis process to the 

principles of accessibility and availability. In terms of a logistical problem, there are two main 

categories identified: network planning and distribution planning. 

https://www.quora.com/Which-country-has-the-worst-geographical-disadvantage
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On one side, network planning is a broader term that encompasses location planning and allocation 

decisions. These problems take decisions on the structure of the logistic network itself: where to 

locate, how many facilities to locate, the size of the network, how to assign clients or beneficiaries 

to the service facilities, and so on, to improve the access to the service or product of interest.  On 

the other side, distribution planning focuses on the routing and transportation among the networks, 

how to assure that the products will be available to customers (or users) in an efficient and fast 

way, linking the distribution problems to the notion of availability. It covers an analysis of capacity, 

transportation mode, distribution time, and more.  

The two logistic problems type differ not only in terms of decisions but also in terms of problem 

characteristics and constraints. These fundamental differences are why they deserve to be analyzed 

in separate categories (i.e., location problems vs routing problems). Most papers studied location 

planning problems (46%) with a close second for distribution problems (38%).  

Finally, it is not rare that the two types of problems (location and routing) are combined, and we 

found more than 15% of papers that covers an integrated problem. Integrated decisions are a more 

realistic representation of a supply chain. We can think for example of a classical network design 

(i.e., fixed-cost transportation problem) (Contreras & Fernández, 2012). It is nowadays argued that 

the decisions of location and distribution cannot be made independently. An important contribution 

of (Maranzana, 1964) made this statement clear proving that “ignoring transportation costs when 

making location decisions may lead to suboptimal solutions for a system as a whole” (Saldanha-

da-Gama, 2022). 

2) Application context 
 

Inside each logistical problem, we were able to identify and group papers by the application field 

they covered, namely: if the problem solves an industrial or public sector case, a healthcare logistic 

problem or a humanitarian case. Note that industrial and public sector field was combined due to 
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the lack of papers in it and the similarities among the domain (similar problem definition, 

constraints etc.), compared to healthcare and humanitarian where the context differs with a sense 

of urgency, death tolls, equity notion, non-profits organizations etc.  

The application context is also rooted in the particularities of the contribution and how it can be 

extended or applied to the remote logistics context for food security. Meaning that the context of 

application can be broad, but if it shares some transposable contribution (presented in our I&E 

criteria), it can be useful for us. For example, the distribution in the humanitarian context (rescue 

equipment) shares the characteristic of high-weight, high-volume products that could be compared 

to food products of the same size. So far, it doesn’t matter so much in what field of application the 

contribution was made, as long as it shares some transposable characteristics that come from our 

inclusion criteria of Table 3.4. 

The overall portion of literature tackling an industrial/public sector topic represents (33%) of the 

review. The decisions in these settings are often under a deterministic environment with 

straightforward constraints. In this group, papers often link the decisions with the notion of 

accessibility and availability in terms of the distance to travel (for example: how many schools to 

locate, location-allocation for recycling programs etc.). The aim is to increase service in a stable 

environment. Contrarily, when looking at humanitarian applications (47% of all contributions), the 

notion of urgency becomes more dominant in the model (e.g., death tolls measure, suffering 

measure) and contributions usually aim at diminishing the suffering after a disaster or bringing 

survival kits fast for survival. The accessibility and availability are hence disrupted by the said 

disaster, and it became interesting that contributions reflect this challenge in the constraints of the 

model like infrastructures damages, blocked roads, and increased demand, but rarely in the 

objective function. Finally, the healthcare application represents a small portion of the literature 

(20%) but couldn’t be ignored. The decisions of medication deliveries and mobile clinics are some 

examples that are interesting to see for remote areas because of the increased challenge of the long 

distance between the point of service. Our results showed that the healthcare contributions are the 

ones that had a clearer and more accurate representation of the remote challenges (as we understand 
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it in the context of food security). For instance, remote challenges are strictly due to the geographic 

areas, long travel time, difficulty of access and/or lack of infrastructure. In contrast to the 

humanitarian field where these components are in majority and only present when a disaster occurs, 

and not in the normal course of activities (temporary location decisions). In healthcare in remote 

areas settings, authors often model their objective as a coverage notion with time limits. This 

reflects well with our context of the north when we want to bring as much food as possible to 

everyone with time restriction for food spoilage. Munir et al. (2020) presented agent-based 

modelling to improve point of health coverage under a location-allocation model. They stated as 

the objective “Healthcare for all” is an integral mandate to achieve social equity, how about we 

translate it to “Food for all” as part of this study? 

Hence, we can see that the literature needs to be classified according to its type of logistical problem 

but also by the domain of application because of the different types of decisions that are taken in 

each subcategory. Also, most of the data used in the studies were real data from a case study, which 

is interesting if we want to look at practical applications. The following Table 4.1 summarizes the 

authors by type of problems and domain of application.  

These two axes will be the leading thread for the analysis section. Moreover, our analysis will 

relate the streams to the notion of food accessibility and availability as the framework proposed. 

The following chapter will go into the specifics of each category identified in the literature and 

their characteristics and identify the main trends among the researchers.  
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Table 4.1 – Papers by axes: type of problem and domain of application 
 

91 Location planning (42) Distribution planning (35) 
Combined location 

distribution (14) 

In
du

st
ri

al
 a

nd
 p

ub
lic

 se
ct

or
 (3

0)
 

(Araya-Cordova et al., 2021), (Araya 

F. et al., 2012), (Amarilies et al., 

2020), (Anwar et al., 2018), (Chen Y. 

et al., 2021), (Dharmadhikari & 

Farahmand, 2019), (Frank et al., 

2021), (Grubesic et al., 2013), (Mejía 

et al., 2021), (Pan et al., 2020), 

(Schlogl et al., 2019), (Shreshta et al., 

2014), (Tîtu et al., 2015) (Vazifeh et 

al., 2021) 

N=14 

(Cooper et al., 2021), (Es Yurek & 

Ozmutlu, 2018), (Feng, 2020), (H. Chen 

et al., 2018), (Liu, 2020), (Miranda et 

al., 2015), (Molenbruch et al., 2021), 

(Munawar et al., 2021), (Pacheco et 

al., 2013), (Rabbani et al., 2016), (X. 

Jiang et al., 2014), (Xu et al., 2020), 

(Yang et al., 2020) 

N=13 

(Cubillos & Wøhlk, 2021), (Gu & 

Wallace, 2021), (Mommens et al., 

2021) 

 

 

N=3 

H
ea

lth
ca

re
 (1

8)
 

(Berg et al., 2019), (Bo-Cheng et 

al., 2016), (Chaovalitwongse et 

al., 2017), (EunSu Lee, 2021, 

(Jánošíková et al., 2021), (Klein et 

al., 2020), (Luo et al., 2017), 

(Mosayebi et al., 2020), (Munir et 

al., 2020), (Reuter-Oppermann et 

al., 2019), (Thorsen & McGarvey, 

2018), (Van Barneveld et al., 

2018),  

N=12 

(Clarke et al., 2017), (Gupta, 2017), 

(Parvin Hoda et al., 2018), (Salman 

et al., 2021) 

 

 

 

N=4 

(Cherkesly et al., 2019), 

(VonAchen et al., 2016) 

 

 

 

N=2  
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H
um

an
ita

ri
an

 (4
3)

 

(Anaya-Arenas et al., 2018), (A. Y. 

Chen & Yu, 2016), (Bozorgi-Amiri et 

al., 2012), (Campbell & Jones, 2011), 

(Chauhan et al., 2019), (Dufour et al., 

2017), (Geng et al., 2021), (Görmez et 

al., 2011), (Hong et al., 2012), (Khayal 

et al., 2015), (Loree & Aros-Vera, 

2018), (Pochan et al., 2020), (Rawls et 

al., 2012), (Rezapour et al., 2018), 

(Saeidan et al., 2018), (Zhang J.H. et 

al., 2012) 

N=16 

 (Baidya et al., 2019), (Chowdhury et 

al., 2018), (Escribano Macias et al., 

2020a), (Ferrer et al., 2018), (Gao et 

al., 2020), (Holguin-Veras et al., 2013), 

(Jiang J. et al., 2017), (Kasaei et 

Salman, 2016), (Khare et al., 2021), 

(Maghfiroh et al., 2018), (Nadi et al. 

2017), (Nagasawa et al., 2021), (Park 

et al., 2018), (Rabta et al., 2018), (Shin 

et al., 2019), (Sopha et al., 2019), 

(Xavier et al., 2021), (Zhang G. et al., 

2021) 

N = 18 

(Afshar & Haghani, 2012), 

(Alinaghian & Goli, 2017), (Davis et 

al., 2014), (Davoodi & Goli, 2019), 

(Han et al.,2011), (Escribano 

Macias, et al., 2020b), (Pérez-

Rodríguez & Holguín-Veras, 2016), 

(Tirkolaee et al., 2020), (Y. H. Lin et 

al., 2012) 

 

N=9 
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CHAPTER 5:  FINDINGS ON REMOTE LOGISTICS IN OR/MS 

 

This chapter presents the first results of the literature analysis. As explained before, our results 

could be organized into nine main groups, according to the axis of the logistic problem and 

application field (Table 4.1). This chapter will present the main findings of the contributions of 

each one of the nine groups. We will first analyze the results of the three application fields in the 

location-allocation problems, as contributions to accessibility measures (Section 5.1). Afterwards, 

we will look at how network utilization can improve food availability in the distribution model 

(Section 5.2) and this in the three subcategories of the application field as well. Finally, section 5.3 

presents combined location-distribution problems in remote regions and goes over problems that 

have integrated decisions (location, routing and/or other logistics problems). As a reminder, the 

remote logistic scope is extended to keywords that share characteristics like regions considered 

‘’Hard-to-reach’’ by context definition, ‘’Difficult to access’’ often due to infrastructure 

destruction (followed by a disaster), ‘’Long distance’’ or ‘’Dispersed population’’ because of the 

distance between the point of interests. Generally speaking, in our research, the domain of 

application of industrial, public sector and healthcare do define the area of study as remote itself. 

However, when it comes to the humanitarian sector, the notion is more ambiguous for us. We 

decided to include humanitarian contexts because they share remote characteristics (Table 3.3), 

especially with accessibility features (destruction of roads, impossible to reach an area, lack of 

adequate infrastructures etc.) 

Each contribution of the review was analyzed in depth, according to the code defined in Section 

3.3. The goal of the coding process was to extract as much information as possible to determine 

possible links between contributions. In each section, and subsection, the main findings of our 

analysis will be presented, and the relevant characteristics of each contribution are summarized in 

a table at the end of each group.  
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Regardless of the group, the following six keys and general characteristics are reported in a table:  

1) Data Modelling is used to reflect if the authors consider a problem with data under a 

deterministic or a stochastic environment. 

2) Problem Characteristics refer to sub-elements of the modelling approach like the 

Objective Function proposed (minimization, maximization or multi), what is included in 

that function (element of costs, distance, coverage etc.), as well as if there is a capacity limit 

to the model or the type of constraints modelled (quantity, size, number of locations, etc.).  

3) The type of Product in the study case will show the flow that is modelled in each 

contribution (people, relief packages, medicine, general goods etc.).  

4) Resolution Method will show how the optimization problem is solved (either with an exact 

algorithm, with a heuristic or with only the commercial solver).  

5) Tested Over will show if the authors used real collected data (e.g., past disaster data, 

current data from a region) or artificial data.  

6) Size instances will report the characteristics of the hardest instance that was solved, to 

evaluate the extent of the study case and the network studied and its potential application 

to other cases.  
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5. What do the terms accessibility and availability refer to in terms of OR/MS? 
 

Accessibility and availability are essential concepts in OR/MS. This research seeks to explore the 

connection and their relevance to location and distribution problems. Each concept is explored by 

these concepts, but also by their domain of application (either industrial, healthcare or 

humanitarian). 

5.1 Accessibility in remote regions and location problems 

Accessibility is measured by the possibility of access to geographic proximity. Statistics Canada 

defines remoteness accessibility in remote communities as the proximity to all population centers 

that can be reached within a reasonable amount of time, set as 150 minutes for Canada (Alasia et 

al., 2017). It is also an important and recurring notion when it comes to remote logistics. Our search 

results show that this subject is usually sought after in location decisions. Indeed, over the years, 

some accessibility measures have been developed by authors in OR/MS field and applied in 

different contributions to network planning and facility location problems. It can be defined as the 

indication of ease in reaching certain relevant opportunities; like a service or purchased goods, 

measured by travel time, and weighted by the attractiveness of the opportunity (Frank et al., 2021). 

It can be measured by the maximum required distance or time to reach or get a service. We can see 

how the concept of accessibility translates into location-allocation problems when the objectives 

often minimize total travel time, total distance to travel and the spatial interactions among the 

entities of networks. The definition of accessibility remains the same whether in a remote context 

or not, it reflects the challenges of access to a certain point of service often explained by the location 

being too far or too hard to reach.  

Therefore, location problems can be formulated as optimization problems in the literature they 

represented 45% of the papers. Those problems present generally, key decisions to be made in the 

Levesque, Alexandra
Needs a section number and a preamble between titles
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number of facilities, modelling environment, homogeneity of commodity, number of echelons, 

interactions between facilities etc. Elements that can contribute to increased accessibility among a 

network. 

Our search results show an increase in the overall literature for location planning in remote areas 

all domains of application combined. Figure 5.1 illustrates the evolution of location/network 

planning research in hard-to-reach regions over the years. A couple of publications were made in 

early 2011-2012 (3-4) with a drop in 2013 and 2014. After 2017 we see a big increase and constant 

growth in publications jumping from 1 publication in 2017 to 8 in 2021. A big increase means 

location planning in a remote area is developing. This aligns with the current trend seen in general 

location problems, which has had a strong development over the past 10 years due to the increase 

of new technology, a fast economy and an increased in environmental issues (Saldanha-da-Gama, 

2022). 
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Figure 5.1 - Evolution of Network Planning over the years 
 

When looking at the evolution of literature not only by year of publication but by the domain of 

application (industrial and public sector, healthcare, humanitarian) in Figure 5.2, we can see that 

the Industrial sector has seen an increase in literature since 2017 (orange line). This domain of 

application ranged between 0-1 publication a year since 2011, jumping to 5 publications in 2021. 

That could potentially be linked to the increased interest of companies to exploit resources in 

remote regions and explore more optimal network planning in those regions. As for the healthcare 

field (yellow line), the growth is more constant and stable, but our results showed publications only 

after 2014, with an increase ranging between one to three publications a year since then. For the 

humanitarian domain of application (green line), the trend is more sporadic. A big portion of 

literature (3) in 2011, and 2012, followed by a drop between 2013-2017 and regrowth in 2018 with 

4 publications, with a final drop in 2020-2021.  
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Figure 5.2 -Publication by domain of application (location problems) 
  

5.1.1 Location problems in industrial and public sectors 

As mentioned earlier, the category of industrial and public sector is combined because of the 

similarities in the objectives (Min costs) and problem definition (deterministic environment). 

Among the 14 papers on location planning in the industrial and public sectors, only five of them 

were purely for industry settings (Dharmadhikari & Farahmand, 2019; Mejia et al., 2021; Titu et 

al., 2015; Vazifeh et al., 2021; Pan et al., 2020) and were all revolving around food products.  

Moreover, half of the papers propose a classic single-echelon network (only one link between 

entities) where the service or distribution facilities are located in an optimal way to reach the final 

customers. Over 10 papers, proposed a two-echelon facility location problem and one a three-

echelon, minimizing not only the access time to customers or final users but also the procurement 

and supply time to distribution centers.  
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The papers target accessibility mostly in their objective function when the goal is to improve 

accessibility through different proxies. For example, (Dharmadhikari & Farahmand, 2019; Anwar 

et al., 2018; Araya et al., 2012) use a standard minimization of costs when setting up and using 

their networks (food, waste, and school services). On their side, Pan et al. (2020) seek minimization 

of distance to travel by drones in food distribution, Grubesic et al. (2013) and Amarilies et al. 

(2020) seek to maximize the service level of covered demand. Frank et al. (2021) and Araya-

Córdova et al. (2021) proposed an objective function that aims at maximizing the probability of 

adopting a recycling program to determine the best combination between increasing new resources 

our redistributing the existing ones. They measure the average probability of the adoption program 

by a logistic regression model based on historical municipal variables. In addition, a common 

objective in the industrial setting is profit maximization which is used exclusively by two papers 

in the domain of food distribution (Mejía et al., 2021) and biomass products (Vazifeh et al., 2021). 

All these proxies can be somehow related to improving accessibility, as the notion of distance to 

reach the facility is included. On the other side, Frank et al. (2021) is the only paper in the group 

to define a specific measure for accessibility. The authors propose to locate a set of mobility hubs, 

maximizing the accessibility to travel places for rural public transportation and minimizing the 

total distance to a set of clusters (named point of interest). To do so, they measured accessibility as 

the average ratio of travelling by car vs travelling by public transport multiplied by workplace-

accessibility connection with travel volumes. This contribution helps to validate our hypothesis 

and framework in section 2.4  that accessibility in rural areas can be improved by location-

allocation problems in objective functions mathematical models. 

As for the data modelling environment, most papers are under a deterministic environment, which 

is to be expected because the context application is strategic and forecasted with “certainty” to a 

high level of aggregation. That is to say, we can find two types of objective functions in the 

location-allocation problems studied and all are single objectives, except for one (Vazifeh et al., 

2021). The more common type of function is the minimization of costs, and the second one is the 

maximization of profits or demand satisfaction. Another interesting author modelled the objective 
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function as the maximization of accessibility. They gave for example that: if the travel time by car 

is 15 minutes and the travel time by the best feasible publicly available travel itinerary by public 

transportation and/or on-demand modes is 60 min, the accessibility of this connection equals 25%. 

This latter contribution helps to validate our hypothesis and framework in section 2.4, that 

accessibility in rural areas can be improved by location-allocation problems in objective functions 

mathematical models. The location problems in our results have all capacity constraints fixed 

explicitly in the mathematical model. They restrict either the capacity in the inventory levels 

(Amarilies et al., 2020; Anwar et al., 2018; Frank et al., 2021; Mejía et al., 2021; Vazifeh et al., 

2021), in the settings of the network budget (Araya et al., 2012; Frank et al., 2021) or on the 

transportation of flow (Mejía et al., 2021; Pan et al., 2020). 

Products in the network include waste products (Araya-Cordova et al., 2021; Amarilies et al., 2020; 

Anwar et al., 2018; Chen et al., 2021), foods (Mejía et al., 2021; Dharmadhikari & Farahmand, 

2019; Titu et al., 2015), biomass products (Vazifeh et al., 2021) or transportation of people (Araya 

et al., 2012; Frank et al., 2021). These products are usually high in weight and volume which is 

interesting and transposable to our context application in remote Canada for food insecurity. 

Finally, all the models in this group solve a real case, but one. This means that the logistic problems 

presented are rooted in reality and practical challenges, in rural and hard-to-reach areas around the 

world. The cases range from size instances of 6-1830 supply points and 3-38650 demand nodes.  

Finally, the majority of models are solved using exact algorithms and commercial solvers, while 

only five proposed a heuristic method. Two authors proposed simulation techniques to solve an 

optimization problem. Tîtu et al. (2015) used ARENA as a discrete simulation modelling to 

evaluate the possibility of entity aggregation and policy modification and Schlögl et al. (2019) used 

an Agent-Based Simulation to visualize and solve the model. The remote aspect of this category 

lies mainly in the remote/rural regions (stated in the description) or the long distance to travel 

between points.  
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For example, Chen Y. et al. (2021) propose a multi-objective FLP problem that considers the road 

upgrading of either staying the same or the construction of new roads for the waste system stations 

in rural areas. Similarly, Shrestha et al. (2014) present also a multi-objective problem for the 

network configuration of rural roads and decide on the choice of road updates (what material is 

used in hilly regions) to maximize the coverage of the population. This type of technical 

contribution is interesting in remote northern regions where roads are complicated, not paved and 

sometimes not present. Here the model includes to consideration of constructing new roads versus 

the status quo for waste product collection.  These kinds of arbitrary decisions are important to 

consider not only from a logistical point of view but from a financial one. 
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Table 5.1 - Location problems in the industrial and public sectors 

Authors 
Data 

modelling 
Type of 

decisions Problem characteristics Products 
Resolution 

method 
Tested 
over 

Size instances 

N=14   Location 
of  

Objective 
function 

What is 
included  

Capacity 
limits  

Allocation  Type of 
product 

Weigh and 
volume 

   Real or 
Art.  

Supply 
nodes 

Potential 
sites 

Demand 
nodes 

(Amarilies et 

al., 2020)  

Determinist Waste 

collection 

Max  Demand  Yes No Waste 

Product 

High Heuristic   R 10 26 120 

(Anwar et al., 

2018) 

Determinist Waste 

collection 

Min Costs Yes Yes Waste 

Product 

High Exact   R  2-30 28 

(Araya et al., 

2012) 

Determinist Schools Min Costs Yes Yes People High Heuristic   R - 694 26021 

(Araya-Córdova 

et al., 2021) 

 

Stochastic Recycling 

stations 

Max Probability No Yes Waste 

product 

High Exact R 128 - 345 

(Chen Y. et al., 

2021) 

Determinist Waste 

collection 

Max/Min Sum of min 

distance/Costs 

No 

 

Yes Waste 

products 

High Heuristic R 100 6 38650 

(Dharmadhikari 

& Farahmand, 

2019) 

Determinist Pilers Min Costs Yes Yes Food High Exact   R 100+ 37 100+ 

(Frank et al., 

2021) 

Determinist Hubs Max  Accessibility Yes Yes Public 

transport 

High Exact   R 1830 24 50 

(Grubesic et al., 

2013) 

Determinist Airports Max  Demand Yes No Air transport High Exact   R 107 - - 

(Mejía et al., 

2021) 

Determinist Hubs Max  Profits   Yes No Food High Heuristic   R 100+ 30 5 
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(Pan et al., 

2020) 

Determinist Hubs Min Distance No No Food Light Heuristic   A - 10 30 

(Schlogl et al., 

2019) 

Stochastic Road 

upgrade 

Min Costs Yes Yes People High Simulation R - - 12 

(Shrestha et al., 

2014) 

Determinist Road 

upgrade 

Max/Min Coverage/Costs Yes- 

surface 

types 

No People High 

 

Exact R 24 - 219 

(Tîtu et al., 

2015) 

Determinist Food 

logistic 

components 

(collection, 

sorting, 

baling) 

NA NA Yes Yes Food High Simulation R 3 1 1 

(Vazifeh et al., 

2021) 

Determinist Hubs Max/min Profits and costs Yes No Biomass 

Product 

High Solver R 6 2 3 
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Access is also a main concern in the healthcare system. In general, people living in remote areas 

have limited access to healthcare and cannot afford access to health costs (Chaovalitwongse et al., 

2017. Physical accessibility (or spatial accessibility) is about the provision of the service and how 

efficiently the location can be reached. It has also been shown that accessibility is the most 

important factor in maintaining a healthy population in terms of the efficacy of the healthcare 

system (Munir et al., 2020). This section will present the articles studying network planning and 

location problems in the context of healthcare for non-emergency facilities. Table 5.2 present the 

column's classification when it comes to location in healthcare and includes similar categories as 

the previous section (i.e., Data modelling, Type of decision, Problem characteristics, Product 

transported in the network, Resolution method, Real case applications, Case instance). However, 

an additional column is present as Technology used because it was observed that sometimes 

authors rely on specific technological tools to support the decision process. 

The papers reviewed here (12) can be separated into two categories: ambulance location (4) or 

point of healthcare location (8). When it comes to ambulance planning, the objective is always to 

maximize the coverage (by service level, maximum service time, and demand served). Other than 

presenting general, (classic) reallocation of ambulances models, that could be also applied in 

remote regions, this chunk of literature does not bring new or specific contributions in terms of 

logistics in remote areas.  

As for the point of healthcare location papers, they include the location of hospitals, clinics, dialysis 

facilities or defibrillators stations. Most of the problems are the location-allocation types that 

include a decision for the allocation of resources (assignment) on a single echelon network. Most 

of the paper is prepared in a deterministic environment and includes some coverage notions. 

However, even if they are all single objectives, they differ in terms of functions and goals. For 

example, Munir et al. (2020) and Reuter-Oppermann et al. (2019) presented the location of points 

of healthcare services to maximize the weighted sum of covered demand (demand point with a 

facility open in less than a 25-minute ratio). On their side, Thorsen & McGarvey (2018) decide on 

the length of stay of mobile clinics at each population to maximize the number of patients served. 

5.1.2 Location problems in healthcare  



 

 

 

66 

Whereas, Bo-Cheng et al. (2016), aimed at increased coverage by presenting a multi-criterion two-

step floating catchment area with Bayesian analysis. Four papers aimed at a minimization objective 

(time, distance, or costs) (Chaovalitwongse et al., 2017; Klein et al., 2020; Luo et al., 2017; 

Mosayebi et al., 2020). The maximal covering problems are well established in the healthcare field 

and follow the primary concerns of providing healthcare for everyone, even more so in rural areas. 

In addition, most problems include capacity limits on the located facility (unit capacity) but also 

include a capacity on a time limit modelled as a tolerance time or a waiting time to access the 

service.  

Finally, the accessibility notion being one of the priority concerns in remote healthcare is not 

proportionally represented in the present literature. Again, the notion is omnipresent in the papers 

but tackled indirectly with the objective function of coverage maximization. Only two authors 

directly tackled the accessibility issue in their location-allocation models (Munir et al., 2020; Luo 

et al., 2017), by incorporating it into the objective function. But even here, they differ in their 

approaches.  

Munir et al. (2020) analyzed inadequacies and equity issues in physical access to healthcare 

services in remote regions. They developed an Agent-Based Simulation approach to the location-

allocation of new healthcare points to increase healthcare services accessible to the community. 

The authors conclude that healthcare is often limited by connectivity, accessibility, and equity 

issues in rural regions, which is consistent with our framework that location problems can improve 

accessibility. Whereas Luo et al. (2017) presented an accessibility measurement based on: 

proximity (measured by travel time) and equality of care. The authors formulated a two-step 

optimization method that incorporates the sequential decision-making of a patient in choosing a 

health facility. For the first time, the ratio determines the best location based on the accessibility 

(distance proximity) of the closest point. The second step adjusts the capacities of the facility for 

minimal inequality in accessibility (matching the supply to the demand).   
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These authors showed that patients value travel time (or distance) from the point of service as the 

most important criterion and then consider the quality of care or waiting time as a second indicator. 

Concretely, they measured spatial accessibility and defined it as “The convenience for residents at 

a given location to overcome the spatial impedance to obtain a service provided at a facility”. The 

authors argued that the simple measure of proximity (travel time) does not include the decision that 

a patient might choose more than one hospital, nor does it take into consideration the competition 

among patients for healthcare services. That is why they proposed the 2-step index measure of 

accessibility as their main contribution. The refined 2-step floating catchment area method links 

the accessibility index to the decision of the patient - see Appendix F. With this accessibility index, 

a higher value corresponds to better accessibility. This was used to map the region according to 

their accessibility measure using the ArcGIS toolkit. 

When it comes to healthcare accessibility there is the question of social equity, and the main goal 

is to provide adequate access to everyone. In Munir et al. (2020), accessibility was measured as a 

generated road network dataset concerning travel time using the ArcGIS toolkit and agent-based 

modelling simulation. The objective function is coverage maximization to provide healthcare for 

all populations. Similarly, Luo et al. (2017) tackled equity in their accessibility index measurement 

by insuring care proximity and minimal inequity, but their objective function is incorporated as a 

multi-objective including not only minimization of accessibility but travel distance and the number 

of facilities located. That means they aimed at balancing supply and demand and minimizing the 

distance for the most remote user. Service fulfillment is often the primary optimization objective 

in healthcare applications (Vidal et al., 2019), and that is reflected in the literature’s objective 

function to maximize coverage/demand (66%). 

The location problems in our results for healthcare applications in our results have all capacity 

constraints fixed explicitly in the mathematical model. They restrict the capacity of the located 

facility (size/quantity/volume) in 67% of papers. In 75% of the papers reviewed in the group, 

authors also fix constraints on a time limit. For example, setting up a maximal time of response for 

performance indication (van Barneveld et al., 2018).  Travel time becomes a sensitive notion when 
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locating healthcare because the patient must have access to care in a reasonable matter of time to 

avoid consequences (sometimes modelled as a coverage problem). Also, Thorsen & McGarvey 

(2018) include in their restriction a limit of disparity using a parameter that can be adjusted by 

managers. When that parameter is zero, the total number of patients served at a location is forced 

to equal the percentage of the under-served population residing in the same location. 

Products are mostly people in the network and service. That is to be expected because it is in the 

healthcare sector where the demand is pulled from the patients (people) and supply is provided 

from the healthcare point (service). Only Bo-Cheng et al. (2016) looked at an actual medical 

product and it was for the location of automated external defibrillators. What is interesting from 

these problems for our context definition of food security in remote North is rather the network 

planning and strategic decisions for the location of a facility (i.e., warehouse, food supply point) 

than the products themselves.   

All the models in this group solve real data cases. This means that the logistic problems presented 

are rooted in reality and practical challenges, in rural or hard-to-reach areas around the world. The 

cases range from size instances of 5-60 supply points and 9-6135 for demand nodes. Finally, 8 

papers were solved using an exact algorithm often supported by a geolocation tool, with the 

majority (5) providing a new formulation to an existing method as their contribution. Again, only 

two authors used Agent-Based simulation (Jánošíková et al., 2021; Munir et al., 2020) as a 

resolution method. The remote aspect is present in those papers as a characteristic of “hard-to-

reach”, which can be reflected in the articles as purely rural areas with the difficulty of access to 

healthcare or long distance to travel to get it.  
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Table 5.2- Location problems in the healthcare sector 

Authors 
Data 

modelling 

Type of 
decisions 

Problem characteristics Products Resolution 
method 

Tested 
over 

Size instances 
Technology 

used 
N=12 Location 

of … 
Objective 
function 

What is 
included 

Capacity 
limits 

Allocation Type of 
product 

Weight 
or 

Volume 
  Supply 

entity 
Potential 

sites 
Demand 

(Berg et al.,2019) Determinist Ambulances    Max  Coverage No + time 
limits Yes People High Exact   R 13 1979 1472 No - 

(Bo-Cheng et al., 
2016) Stochastic Defibrillators Max  Coverage Yes + 

time limits Yes Defibrillators Light Exact   R 51 476 6135 Yes 
ArcGIS for 
data 
processing 

(Chaovalitwongse 
et al., 2015) Determinist Mobile clinic Min Costs Yes Yes Service NA Exact R 11 - 9 Yes 

Computer 
information 
system 
(support 
decision) 

(EunSu Lee, 2021) Determinist Ambulances    Max  Coverage No + time 
limits No People High Exact   R   - 100+ 1993 Yes 

GIS for 
data 
collection 

(Jánošíková et al., 
2021) Stochastic Ambulances    Min/Max  Time/Coverage Yes + 

time limits Yes People High Simulation R   - 273 211 Yes 
LandScan 
database: 
model 
spatial 
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distribution 
of patients 

(Klein et al., 2020) Determinist Dialysis 
facilities Min Time Yes + 

time limits Yes Service NA Heuristic   R   - 100 45 No - 

(Luo et al., 2017) Stochastic Hospitals Min Distance 
(accessibility) 

Yes + 
time limits Yes Service NA Exact   R 44 3 647 No - 

(Mosayebi et al., 
2020) Determinist Hospitals Min Costs Yes Yes Service NA Exact   R   - 13 30 No - 

(Munir et al., 
2020) Determinist Hospitals Max  Coverage 

(accessibility) 
Yes + 
time limits Yes Service NA Simulation R 5 13 11 Yes 

ArcGIS 
base for 
coverage 
area 
analysis 

(Reuter-
Oppermann et al., 
2019) 

Determinist Clinics Max  Coverage 
No + time 
limits Yes Service NA Exact   R 60 4 21 Yes 

Google 
Distance 
Matrix API 
(distance 
matrix) 

(Thorsen & 
McGarvey, 2018) 

Determinist Mobile and 
fixed clinics 

Max  Demand No   No Service NA Exact   R   - 9 43 Yes 

GIS 
ArcMap 
data 
generation 

(Van Barneveld et 
al., 2018 Stochastic Ambulances    Max  Coverage Yes + 

time limits No People High Heuristic   R 18 12 162 No - 
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Humanitarian logistics is the application with the biggest number of papers in our results 

(overall 41 papers), which can be easily explained by the “hard to reach” or “remote” aspect 

of the area, forced by the disaster. We can find here a location problem in an area that in 

regular conditions might not be considered remote, but because of the event of a disaster, 

the disruptions encountered are imposing new accessibility restrictions and constraints to 

this area that make it remote. The most frequent remote characteristics in a humanitarian 

disaster are either the region has been cut off by the disaster, and it is now hard to reach or 

there is a disruption in the network infrastructures or services which makes it poor and 

inefficient. Humanitarian logistics operations are made under uncertainty and the source of 

this uncertainty is dependent on the specific disaster to occur (Saldanha-da-Gama, 2022). 

To look at the literature in this category we kept the same previous classification columns 

and added one for the disaster phase studied (preparation, response, recovery of 

mitigation). For example, when the context is in the prevention or anticipation of a disaster 

and the urgency is not as present, the mitigation and preparedness phase is modelled as 

network design problems with more strategic and tactical planning, rather than operational. 

Most articles under location problems in the humanitarian field (13/15) are under the 

preparedness-mitigation disaster cycle phase. The following table presents the different 

author's contributions regarding location problems in the humanitarian context. The review 

shows that 10 out of 15 papers are classic FLPs, locating a relief facility. Whether it is a 

shelter, supplies or distribution center, they all have the same mission: to alleviate the 

adverse effects of a disaster and to provide emergency care and supplies to the victims. 

Other location of the facility includes charging drone stations (Chauhan et al., 2019) or a 

warehouse for stocking supplies (Geng et al., 2021). Whereas 60% solve the model using 

a heuristic method. Most of the time, authors include some allocation decisions among 

their models and the network is constituted of a single echelon most of the time. Contrarily, 

when choosing a multi-echelon, the middle link is a distribution center between the supply 

and demand point. The problems are almost equally distributed among a deterministic (6) 

and stochastic (9) environment. This comes as a surprise because to capture the reality and 

5.1.3 Location problems in humanitarian 
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uncertainty of a natural disaster stochastic modelling would be more appropriate, even if 

more complex. The objective functions for the models are single-objective minimization 

of costs (60%) and other minimization objectives (time, multi-objective; distance, 

damages, penalty). Here, Pochan et al. (2020) use a two-level hierarchical model with 

weighted demand travel time as their objective. Saeidian et al. (2018) suggested a location-

allocation problem using a multi-criteria approach that takes into consideration parameters 

like land use, area, distance, population, slope, and instance from the road. These kinds of 

technical aspects are interesting when looking at a unique context like northern Canada 

(ice roads, no pavement etc.). In the latest, the method used was a clustering approach with 

a GIS analysis tools to choose the site’s initial conditions.   

Table 5.3  presents only the multiple costs included in the objective function. The notion 

of costs in a humanitarian setting is much larger and broader than in industrial logistics. It 

is more like an umbrella term including multiple elements like penalty costs of unsatisfied 

demand (deprivation or shortage), construction costs including placement or set-up costs, 

operational costs (rent, storage, procurement), transportation costs (logistics, shipment, 

delivery) and human suffering costs. Human suffering costs* is a notion present in (Geng 

et al., 2021; Loree & Aros-Vera, 2018) where the authors measure either the victim’s 

suffering perception or the valuation of human life (put a monetary value to it). 
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Table 5.3 - Notion of Cost in Objective Function 
 

Papers including the costs in 

their O.F. 

Penalty costs 

of unsatisfied 

demand 

Construction 

costs 

Operational 

costs 

Transportation 

costs 

Human 

suffering 

costs* 

(Anaya-Arenas et al., 2018) X     

(A. Y. Chen & Yu, 2016)  

 

X X X  

(Bozorgi-Amiri et al., 2012) X X X X  

(Campbell & Jones, 2011) X X X X  

(Geng et al., 2021) X X X X X 

 

(Hong et al., 2012)    X  

(Khayal et al., 2015) X X  X  

(Loree & Aros-Vera, 2018) X X  X X 

(Rawls & Turnquist, 2012)   X X  

(Yenice & Samanlioglu, 2020) X     

(J. H. Zhang et al., 2012)   X   
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Table 5.4- Location problems in the humanitarian sector 

Authors 
Data 

modelling  

Type of 
decisions Problem characteristics Products 

Resolution 
method- 

Tested 
over 

Size instances 

Technology  
How 

technology 
is used 

Disaster 
phase- 

N=15 Location 
of* O.F. What is 

included 
Capacity 

limits Allocation Type of 
product 

Weigh 
and 

volume 
Supply Potential 

sites Demand 

(Anaya-

Arenas et al., 

2018) 

 

Determinist 

FRC Min Unsatisfied 

demand, 

time and 

gap 

Yes Yes Rescue 

equipment 

High Heuristic R - - 6 No - Preparedness 

(A. Y. Chen 

& Yu, 2016) 

Determinist TRC Min  Costs Yes No Healthcare 

services 

NA Heuristic   R 20 5 10828 No   - Response 

(Bozorgi-

Amiri et al., 

2012) 

Stochastic FRC Min Costs Yes  Yes Rescue 

equipment 

High Heuristic   A 9 18 25 No   - Preparedness 

(Campbell & 

Jones, 2011) 

Stochastic FRC Min Costs No Yes Rescue 

equipment 

High Heuristic   R 4   - 100 No   - Preparedness 

(Chauhan et 

al., 2019) 

Determinist D Max Demand Yes + 

battery 

energy 

Yes Package Light Heuristic   R   - 104 122 No   - Preparedness 

 (Geng et al., 

2021) 

Determinist W Min Costs Yes  Yes Rescue 

equipment 

High Heuristic   R   - 10 11 No   - Preparedness 

(Görmez et 

al., 2011) 

Determinist FRC and 

TRC 

Min Multi 

(distance 

and 

number of 

sites) 

Yes  Yes Rescue 

equipment 

High Exact   R   - 40 964 Yes Data 

generation 

GIS 

Preparedness 
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(Hong et al., 

2012) 

Stochastic FRC Min Costs Yes No Rescue 

equipment 

High Exact   R 5 20 20 No    - Preparedness 

(Khayal et 

al., 2015) 

Determinist TRC Min Costs Yes Yes Rescue 

equipment 

High Exact   A 10 4 15 No   - Preparedness 

(Loree & 

Aros-Vera, 

2018) 

Stochastic FRC Min Costs Yes + 

time 

Yes Rescue 

equipment 

High Heuristic   A   - 20 100 No   - Preparedness 

(Pochan et 

al., 2020) 

Stochastic FRC Min Time Yes + 

time 

Yes Rescue 

equipment 

High Heuristic   R   - 132 350406 Yes Analysis 

and data 

generation 

Preparedness 

(Rawls & 

Turnquist, 

2012) 

Stochastic FRC Min Costs Yes Yes Rescue 

equipment 

High Exact   R 16 50 30 No   - Preparedness 

(Rezapour et 

al., 2018) 

 

Stochastic FRC Max Survivors Yes + 

Time 

Yes Rescue 

equipment 

High Exact R 50 - 1100 No - Response 

(Saeidian et 

al., 2018) 

Stochastic FRC Max/Min Multi 

(Land use, 

Area, 

Distance, 

Slope) 

Yes Yes Rescue 

equipment 

High Heuristic R - 150 39 Yes GIS 

Analysis 

tool 

Preparedness 

(Yenice & 

Samanlioglu, 

2020) 

Stochastic FRC and 

TRC 

Min Multi 

(distance, 

damage 

and 

penalty) 

Yes  Yes Rescue 

equipment 

High Exact   R 21 100 1920 Yes Arcview 

GIS and 

geographical 

database 

(generate 

data) 

Preparedness 

*Location of Temporary relief center (TRC), Fixed Relief Center (FRC), Drone station (D), Warehouse (W), Distribution center (DC)
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5.2 Availability in terms of distribution planning  

 

Food availability is another important component of food systems. It refers to the quality of being 

able to obtain a certain product or service (Oxford Languages, 2022). In the case of food security, 

the difference between accessibility and availability is that the first notion is about geographic 

proximity (possibility to access/reach the location) whereas, availability seeks that once you reach 

the destination, the products will be available. The two concepts are complementary to each other 

to provide food security. Therefore, once the food network is established through a location-

allocation decision, to provide food accessibility, the delivery and transportation of products need 

to be stable and efficient to provide food availability leading to distribution problems. 

Distribution planning (DP) is another main category of a logistical problem. It is an important 

notion in supply chain management that aims at planning the flow, deciding the shipments, and 

finally (at an operational level) deciding the best routes to deliver to the entire network. The 

mathematical model usually takes decisions on the movement of resources in the network. A 

common problem among many is the classic Vehicle Routing Problem (VRP) model, which 

originated in 1959 by Dantzig and Ramser. This problem consists of planning a set of routes 

(contrasting with the Traveling Salesman Problem which plans a single route to multiple nodes). 

Generally, distribution problems are assuming the network configuration is established. A broad 

definition of this activity is proposed as “a systematic approach to ensure that the process 

encompassing the delivery of goods to different distribution centers is done properly keeping in 

mind which goods are to be supplied in what quantity at what location in the desired time” (MBA 

Skool team, 2016).  

Our results show that the literature on DP in remote areas has been emerging rather constantly over 

the past last 10 years as seen in the following Figure 5.3. 
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It goes with the evidence that overall routing problems have dramatically evolved over the past 20 

years, mainly because of its economic interest and advantage for transportation companies (Vidal 

et al., 2019). Remote logistics being complex and a new topic, it makes sense that practitioners and 

researchers are starting to look at ways to optimize the planning in the distribution of goods in that 

context of remoteness. Having no publication specific to our queries between 2011-2012. Then, 

ranging between 1-2 publications in earlier years 2013-2016, with a steep increase in 2018 of 8 

publications. Finally, a small drop in 2019 to range between 4-8 publications a year since then.  

 

Figure 5.3- Distribution planning over the years 
 

Now looking at the evolution trend in the domain of application. The industrial sector (orange line) 

was rather stable between 2011 and 2017 with less or equal to 1 publication a year on the topic of 

interest. Then, they increased in 2018 to 2 publications with a bigger increase in 2020 to 4 
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publications. As for the Healthcare context (yellow line), it is the less active field in terms of 

distribution planning in remote areas. With no publication from 2011-2016, it saw an increase in 

2017 to 2 publications but then dropped back to 0-1. For the humanitarian domain (green line) the 

trend saw a significant rise in 2018 reaching its peak of 5 publications that year. Since then, it 

dropped between 1-4 publications a year.  

 

Figure 5.4 - Publications by the domain of application (distribution planning) 
 

The results for distribution problems have been divided into the same three groups of the 

operational sector identified: industrial and public sector, healthcare, and humanitarian. However, 

because a distribution problem differs from a location one, the table and characteristics analyzed 

were adapted consequently. We kept the columns of Data modelling, Problem characteristics (O.F, 

capacity limits, echelons), Product type, Resolution method, Tested over real or artificial data and 
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Size instance, with the same significance. Moreover, we added a column on the Transportation 

mode used: whether it was vehicles (includes trucks, cars), drones, vehicle-drone combined, trains, 

airplanes, boats or multi-modal. Finally, a classification for the Fleet indicates if the model 

considers a heterogeneous or homogeneous fleet (in the specific mode used). As general findings, 

the choice of transportation mode preferred is ground vehicles (51% trucks) with a homogeneous 

fleet, driving on paved roads, with no consideration of terrain aspects. Surprisingly, not a lot of 

mention of terrain difficulty when authors present the mode of transport even though we’re in a 

context of remote and hard-to-reach regions. For example, no special analysis is made for hard-to-

reach regions in mountains, deserts, Arctic, or Nordic conditions which could impact the choice of 

mode of transport. Unfortunately, geographical terrain is taken into consideration partially in three 

papers (Park S. et al., 2018; Munawar S. H. et al., 2021; Nadi A. et al., 2017) that proposed to make 

a terrain assessment via drones to better access the area but don’t adapt the model or mode of 

transportation for specific terrain aspects. 

The first category contains the distribution problems among the industrial and public sectors like 

police routing, military, public transportation, waste transportation or general goods and e-

commerce distribution. 13 papers fit into this category. Because distribution problems are generally 

difficult to solve and complex, it is not a surprise that most papers are modelled with deterministic 

data (84%), under a single echelon (84%) with a homogeneous vehicle fleet (76%) in a single 

commodity environment. Even though these characteristics are not usually close to reality, which 

is often more dynamic with a multi-period, multi-commodity qualities, they allow authors to set a 

better problem for fast and optimal solutions preferred by stakeholders.  

5.2.1 Distribution problems in industrial and public sectors  
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Among the distribution planning literature, routing problems are more prominent. Here, in the 

industrial and public sectors, many authors used the VRP to base their study and usually agree on 

the definition of it (11 out of 13). In general terms, the definition problem consists of designing a 

set of routes to minimize the total distance travelled to visit a set of geographically dispersed 

locations (customers) or the minimization of costs of routing. A total load of a vehicle (i.e., the 

sum of all the goods that it delivers in a single route) must be within its capacity (Pacheco et al., 

2013).  

In contrast, only Es Yurek & Ozmutlu (2018) tackled the distribution problem in an industrial 

setting as a Traveling Salesman Problem (TSP), which consists of a single vehicle travelling a 

single route to visit multiple nodes. The TSP is less realistic in remote applications because of the 

extremely long distance to travel and distant nodes. Relying on a single vehicle (one driver) to do 

the whole route is harder, explaining why this modelling is not very present in a remote context. A 

useful aspect that is becoming present in recent contributions is the use of drones in distribution 

planning.  (Es Yurek & Ozmutlu, 2018; Munawar et al., 2021; Xu et al., 2020 and Yang et al., 

2020) use the combination of vehicles and drones as a mode of transport. The role of the drone is 

to complement the truck in the operations by its ability to access difficult terrain. The drone is here 

used for assessment of terrain (in bushfires management or threatening military environment) and 

rarely for the delivery itself in the four papers. The planning of the routes is then made based on 

the information gathered by the drone assessment.  

The objective function often refers to the minimization of transportation costs (61%), also 

presented as the minimization of total distance value (in costs). This objective aligns with the 

industrial domain of application where transportation companies aim at reducing their 

operational/routing costs. Some capacity constraints are applied on units and volume, but also on 
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time (waiting time of truck and time of the longest route). Only Liu, (2020) aimed at profit 

maximization for industrial products. 

The type of products transported is often high-weight-high-volume (77%) and varies between the 

movement of people, foods, and industrial products. One author; Munawar et al. (2021) focused 

on light-weight-low-volume relief items transported by drones. In this part of the literature, authors 

tested their model on real cases 61% of the time, with instances size ranging from 5-12087 points. 

The resolution method used is mostly heuristic (69%), with one author; Cooper et al. (2021), using 

simulation with system dynamics for resolution. The remote aspect is present in these papers by 

the context definition applied directly in remote/rural areas for the majority. Even though the term 

accessibility was linked to location problems (Section 5.1) it was encountered here by Cooper et 

al. (2021), as they aim at maximizing accessibility. However, they define it in a more qualitative 

way referring to food market access (distance, travel times and costs, as well as road accessibility 

and quality) and don’t dive deeper into the concept. The contribution provides rather a position 

market aggregation for the region with multiple scenario possibilities. 

Availability is not presented as a clear concept in this portion of distribution planning literature, 

nor is it reflected in the objective function. However, some statements are worth mentioning. As 

presented in chapter 2, availability refers to the product being available at a pre-established 

accessible location. Hence, we can say that product distribution contributes to the availability, by 

bringing the commodities to demand nodes in an appropriate, acceptable way. For example, (Yang 

et al., 2020; Es Yurek & Ozmutlu, 2018) proposed a delivery service, which can result in high 

availability by increasing the frequency and time of the deliveries.  Whereas (H. Chen et al., 2018; 

Yang et al., 2020) mentioned a good routing model that can reduce the cost of the final distributed 

service/product substantially. Also, Cooper et al. (2021) aim at an aggregation model (aggregate 

quantities between markets) to increase fresh food availability, by insuring equitable distribution. 
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However, the study focuses more on the positioning and flow in the market between farmers and 

customers. While using Simulation as a resolution method, it doesn’t tackle the availability notion 

in a clear, specific way. Finally, all the finding for this section is presented in Table 5.5. 
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Table 5.5 - Distribution planning problems in the industrial and public sectors 
Authors 

N=13 

Data 

modelling 
 

Problem characteristics Products Resolution 

method 
 

Tested 

over 
 

Size 

instances 
 Objective 

function 

What is included Capacity limits Echelons Transport 

mode 

Fleet Product Type Product 

weight 

(Cooper et al., 2021)  

Determinist 

Max Multi (affordability, 

accessibility, and profit) 

Units, temperature Single Vehicle Homogeneous Food High Simulation R 12087 

(Es Yurek & Ozmutlu, 

2018) 

Determinist Min Waiting time Units, Battery life Single Vehicle-

drone 

Homo(each) NA Light/high Heuristic   A 20 

(Feng, 2020) Determinist Min Multi (costs and 

distance) 

Weight, distance  Single Vehicle Homo Food High Heuristic   R 30 

(H. Chen et al., 2018) Determinist Min Distance Time Single Vehicle Hetero  People High Heuristic   R 5 

(Liu, 2020) Determinist Max  Profits Units, time   Multi (3) Vehicle Homo Industrial 

products  

NA Heuristic   A 80 

(Miranda et al., 2015) Determinist Min Costs Time, volume Single Vehicle Homo Household waste High Exact   R 33 

(Molenbruch et al., 

2021) 

Determinist Min Costs Time, units Multi (2) Vehicle Hetero  People High Heuristic   A 80 

(Munawar et al., 2021) Determinist Min Costs Battery life, 

weight 

Single Vehicle-

drone 

Homo Relief aids Light Heuristic   R 80 

(Pacheco et al., 2013) Determinist Min Multi (distance/time) Units, time Single Vehicle Homo People High Heuristic   R 57 

(Rabbani et al., 2016) Stochastic Min Costs Units Single Vehicle Homo NA High Heuristic   A NA 

(X. Jiang et al., 2014) Determinist Min Costs Units, time   Single Vehicle Homo People High Heuristic   R 28 

(Xu et al., 2020) Stochastic Min Costs Time, level, units Single Drone Homo NA NA Exact   A 8 

(Yang et al., 2020) Determinist Min Costs Units and volume Single Vehicle-

drone 

Hetero  Industrial 

products  

High Exact   R 115 



84 

 

Our results have shown that in healthcare operations, the routing and distribution problems are 

negligible. Surprisingly, in distribution problems in healthcare in remote regions, there are only 

four papers. For this section, three papers aim cost minimization of routing with constraints applied 

on the capacity of quantity transported using homogeneous vehicles. One paper proposed a multi-

objective function with maximum coverage while minimizing the number of sites and distance to 

travel. 

Clarke et al. (2017) proposed a capacitated VRP with synchronized pick-ups and drop-offs between 

medication delivery and supervision. Similarly, Gupta (2017) proposed a determinist vaccine 

delivery model that determined the optimal size of the order and Parvin Hoda et al. (2018) a 

stochastic distribution problem for medication to be distributed near key locations so they are 

available when needed and to reduce shortages. Only one paper (Salman et al., 2021) approached 

distribution planning in the healthcare category as mobile clinic routing.  This latest model utilizes 

available resources more efficiently and ensures the availability of healthcare services in rural areas 

using call record data to identify the demand for service.  

75% of the papers were modelled under a deterministic environment, while all were tested over 

real case data with instances ranging from 7-291 nodes, and 50% used a heuristic resolution method 

versus an exact one. The routing models are for a single echelon with only a homogeneous fleet 

and the mode of transportation varies of vehicles (3) and combined truck-drone (1). The 

distribution models transported medical products of both high and low sizes (vaccines) and one 

provided service only (Salman et al., 2021). Constraints are present in the models mostly on vehicle 

capacity (units) but also restrictions are applied on time, for the time frame of deliveries and 

frequencies.  

 

5.2.2 Distribution problems in healthcare 
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Availability is again discrete in the literature and not taken into consideration in the mathematical 

model. Therefore, the authors mention the notion as a qualitative argument. In Gupta (2017), the 

concept is mentioned as the proposed mathematical model will increase the availability of medicine 

at a minimum cost. In the same line of thought, Parvin Hoda et al. (2018) mention the increased 

resource availability to reduce shortages. Finally, Salman et al. (2021) ensure efficient resource 

utilization to ensure the availability of service in rural areas.  

It is however rare the low number of papers resulting from our search. One might think that 

transportation problems concerning the supply of medicine and equipment are an important 

challenge in remote regions, but no contributive approach to the problem. Moreover, in the general 

context of healthcare, routing is usually present in the planning of home healthcare, mobile clinics, 

and vaccination campaigns. Even though these problems could be easily applied in remote regions, 

no contribution was found. One explanation can be that often healthcare in remote areas translates 

into a humanitarian response because of the nature of the problem being more urgent and often 

resulting from a post-disaster context.  

The following Table 5.6 summarizes the characteristics of distribution problems in remote 

healthcare.
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Table 5.6 Distribution problems in healthcare sector 

Authors 

N=4 

Data 

modelling 

Problem characteristics Products Resolution 

method 

Tested 

over 

Size 

instances Objective 

function 

What is included Capacity 

limits 

Echelons Transport 

mode 

Type 

of fleet 

Product Type Product 

weight 

(Clarke et al., 

2017) 

Determinist Min Costs Time and 

capacity 

Single Vehicle-

drone 

Homo(

each) 

Medical products 

and people 

High Heuristic   R 41 

(Gupta, 2017) Determinist Min Costs Quantity  Single Vehicle Homo Medical products  Light Exact   R 3 

(Parvin Hoda 

et al., 2018) 

Stochastic Min Costs Quantity Multi (3) Vehicle Homo Medical products  High Heuristic   R 291 

(Salman et al., 

2021) 

Determinist Max/min Multi (coverage, 

sites and distance) 

Distance and 

frequencies 

Single Mobile 

clinics 

Homo Healthcare 

service 

NA Exact   R 7 
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Contrary to healthcare distribution planning, distribution problems in the humanitarian setting are 

a well-studied topic and over the past years, the Emergency Management sector has been in 

effervescence. In this review of remote applications, the literature on humanitarian transportation 

includes a total of 18 papers. Just like the papers on location planning under the humanitarian 

context, the ones presented here are also considered remote applications because of being 

geographically distant from main centers or because of the nature of the problem that generates a 

remote environment (i.e., destruction of key infrastructures, blocked roads, inaccessibility because 

of dangerous terrain). Most of the papers specifically target last-mile delivery. Therefore, because 

last-mile problems are full of uncertainty and typically have many scenarios, a common way to 

solve this type of problem is to perform multiple scenario analyses (Khare et al., 2021), which is 

the case for most articles in this section.  

Almost all papers consider vehicle routing problems (VRPs) with or without a terrain assessment 

component. Only two authors proposed TSPs: Park et al. (2018) proposed a TSP for route 

optimization, therefore allowing a single vehicle for the route, and Ryosuke et al. (2021) proposed 

multiple travelling salesman problems (planning multiple tasks/routes for multiple drones that are 

solved individually). Most of the literature in this category is modelled under a deterministic 

environment (72%) which simplifies the modelling properties but used real case studies (66%). 

The objective function varies between total travel time minimization (33%), total routing costs 

minimization (22%) and other minimization functions (death tolls, social costs) or maximization 

(profits, demand, safety factor and accessibility (travel time measured). The profit maximization 

of G. Zhang et al., (2021) constitutes a truck-and-drone problem that serves zones selectively with 

the goal of maximum profit, which relaxes the common assumption that all sites must be visited. a 

visit presents a profit value. This was interesting modelling in terms of humanitarian contribution, 

5.2.3 Distribution problems in humanitarian  
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where profits are not a common objective. While 61% of the literature used heuristic resolution 

methods, 28% chose an exact method and only 11% used another method like a commercial solver 

or simulation tool. In the humanitarian literature studied here, we start to see a more prominent 

inclusion of humane characteristics like human suffering and distribution fairness. Recalling the 

human suffering costs in humanitarian location problems of section 5.1.3, the trend is continuing 

in this domain of application exclusively.  

When it comes to non-profit organizations, they often have an obligation toward the customer, 

therefore providing equitable service (Vidal et al., 2019). Table 5.7 summarizes the papers 

including some of these equity and survival notions. When measuring human suffering, it is 

possible to include welfare economic concepts into mathematical models like in Holguín-Veras et 

al. (2013). When focusing more on the fairness concept, it is more demand-driven and relies mostly 

on satisfying demand measures. 
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Table 5.7 - Humane characteristics in the model 
 

Notion Authors How it is presented 

Human 

suffering 

(Holguín-Veras et al., 2013) Measured in objective function as Penalty cost of unsatisfied demand; social cost to 

provide even level of service to every node. 

Equity and 

fairness 

(Escribano Macias, et al., 

2020; Ferrer et al., 2018; J. 

Jiang et al., 2017; Sopha et 

al., 2019) 

An additional objective formulation for proportional distribution by measuring the 

difference in demand satisfaction; Equity in deviation of satisfying demand; Fairness 

considered in the time dimensions by minimizing the difference in material demand 

urgency degree; Coordination strategies using scenario analysis to provide fairness. 

Safety 

measure 

(Baidya & Bera, 2019; Ferrer 

et al., 2018) 

Safety constraints (road conditions, hilly regions). The objective function to maximize 

safety factor; refers to expected losses due to assaults of a convoy 

Survival 

function 

(Nadi & Edrisi, 2017) The survival function is measured as the arrival of teams on site. The percentage of 

survivors is decreasing exponentially after a determined period. Goal to minimize death 

tolls 

 

In this category, when looking at the availability in terms of distribution planning, we can see that 

it often translates as a goal for the authors. For example, to increase the availability of rescue 

operations and equipment, availabilities of supplies to demand, reducing uncertainties in 

satisfaction of demand. Whereas this objective is mostly qualitative in nature and more of a result 

from the other principal objectives (like minimization of response time or costs) than explicitly 

included in the mathematical formulation itself.  However, the authors talk about the availability 

notion in their research, and they are often nuanced in their definitions. For example, (G. Zhang et 

al., 2021; Park et al., 2018) mentioned that they aim at providing a systematic method of terrain 

assessment (combined truck-drone) that can be used by humanitarian agencies to observe 
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transportation network availability (road availability, if blocked or not) after a disaster.  Where, (J. 

Jiang et al., 2017; Sopha et al., 2019) presented the concept as the more general availability of 

supplies at location points.  Finally, Chowdhury et al. (2018) proposed a GIS-based transport 

network that aims at integrating the existing transport system and selecting the shortest routes, to 

offer the flexibility of ensuring the continuous availability of transport services in remote regions 

when an emergency arises. 

From another point of view, the network in this section is 61% of the time a single-echelon but 

with a good number of papers being a multi-echelon system (39%), mostly two-levels. The type of 

product distributed in the network is a single commodity (72%) between high-weight/high-volume 

rescue equipment or low-weight/low-volume medical products – size varies a lot between papers. 

Two authors provide networks that transport multi-commodities of medical products and people 

combined. The type of fleet is often homogeneous (78%), but the mode of transportation varies a 

lot.  

We can observe a distinction between the mode of transportation used in the different problems. 

Some authors are studying the traditional distribution mode using ground vehicle transportation 

whereas other others focus on air distribution (mostly using drones). When looking at articles that 

exclusively model a routing problem using ground transportation, this refers most of the time to 

trucks with a certain load capacity with a mix of either a homogeneous (5 papers) or heterogeneous 

(3 papers) fleet. In vehicle transportation, the products transported are medical products and rescue 

equipment with the objective function of urgency that translates into minimization of response or 

operational time. When it comes to air transportation, authors use drones as their mode of choice, 

except for Xavier et al. (2021) using helicopters. The difference when using a drone as the primary 

mode of distribution is that the capacity in terms of weight and volume is significantly reduced 

compared to trucks. Even though they all differ in terms of the objective function (from 
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minimization of distance, costs, or time), they all have capacity constraints and additional 

restrictions applied on the battery life of the drones and need to consider shorter trips and 

recharging options.  

When it comes to a combination of air and ground transportation, capacities in units, tend to 

vary depending on what specific type of fleet is used. There is a mix of vehicle-drone, helicopter-

vehicle, or train-plane combinations. When authors combined ground vehicles with drones (Nadi 

& Edrisi, 2017; G. Zhang et al., 2021) the drones are used for the assessment of terrain equipped 

with a camera as input generation before the vehicle deliveries are made. Whereas when using 

drones only the papers are equally distributed between last-mile drone delivery (Escribano Macias, 

Angeloudis, et al., 2020; Rabta et al., 2018) or using the drones for assessment and surveying to 

assist decisions in distribution planning (Escribano Macias, Goldbeck, et al., 2020; Park et al., 

2018; Ryosuke et al., 2021).
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Table 5.8 - - Distribution problems in the humanitarian sector 

Authors 
N=18 

Data 
modelling 

Problem characteristic Product 
Resolution 

method 
Tested 
over 

Size 
instance Objective 

function 
What is 
included 

Capacity 
limits Echelons Transport 

mode Type of fleet Product Type Product 
weight 

(Baidya & Bera, 

2019) 

Stochastic Max  Safety factor Capacity, 

safety 

Multi (4) Train and 

cargo flight 

Hetero Rescue 

equipment 

High Exact   R 3 

(Chowdhury et al., 

2018) 

Determinist Max Accessibility - Multi (3) Vehicle, 

pedestrian 

and boats  

Hetero  People High Exact   R 338 

(Escribano Macias, 

Goldbeck, et al., 

2020) 

Stochastic Min Costs Battery life, 

weight 

Single Drone Homo Rescue 

equipment 

Light Heuristic R 13 

(Ferrer et al., 2018) Determinist Max/min Equity, priority, 

reliability, 

security/time, 

costs 

Capacity Multi (2) Vehicle Hetero  Medical 

products  

Light Heuristic R 38 

(Gao et al., 2020) Determinist Min Time Battery life, 

weight 

Single Vehicle-

drone 

Homo (each) Rescue 

equipment 

Light Heuristic A 100 

(Holguín-Veras et al., 

2013) 

Determinist Min Costs Budget, level 

of service  

Single Vehicle Homo Rescue 

equipment 

High Heuristic A 20 

(J. Jiang et al., 2017) Determinist Max/min Efficiency/demand 

difference  

Time, 

capacity 

Single Vehicle Homo Rescue 

equipment 

High  Exact R 12 

(Kasaei & Salman, 

2016) 

Determinist Min Time Accessibility 

(roads), 

capacity  

Single Vehicle Homo Not applicable NA Heuristic R 20 

(Khare et al., 2021) Determinist Max/min Demand/costs Time Multi (3) Helicopters-

mules  

Homo Medical 

products  

Light Heuristic R 116 
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(Maghfiroh & 

Hanaoka, 2018) 

Stochastic Min Time Time, 

capacity 

Single Vehicle Hetero  Rescue 

equipment 

High Heuristic R 199 

(Nadi & Edrisi, 2017) Stochastic Min Deaths Time, 

capacity 

Multi (2) Vehicle-

helicopters 

Homo(each) Rescue 

equipment 

High Exact R 28 

(Park et al., 2018) Determinist Min Reception rate Time Multi (4) Drone Homo People NA Heuristic A 100 

(Rabta et al., 2018) Determinist Min Costs (measured 

by distance) 

Time, 

capacity, 

priority 

Single Drone Homo Medical 

products  

Light Solver A 5 

(Ryosuke et al., 2021) Determinist Min Distance variation  -  Single Drone Homo NA Light Heuristic A 10 

(Shin et al., 2019) Determinist Min Time Time Single Vehicle Homo Medical 

products and 

people 

Light and 

high 

Heuristic A 17 

(Sopha et al., 2019) Stochastic NA NA Distance, 

capacity 

Multi (2) Vehicle Homo Rescue 

equipment 

High Simulation R 1130 

(Xavier et al., 2021) Determinist Min Time Time, 

capacity 

Single Helicopters Homo Medical 

products and 

people 

Light and 

high 

Heuristic R 25 

(G. Zhang et al., 

2021) 

Determinist Max  Profits Battery life, 

speed, time 

Single Vehicle-

drone 

Homogeneous 

(each) 

NA NA Exact R 100 
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5.3 Combined location-distribution problems in remote regions 

 

Location and distribution problems were presented as two district categories in the previous 

sections. It is now clear that network design is the preliminary decision to be made for a distribution 

network. Literature has also shown that the location-allocation decisions of where to locate 

facilities and the spatial organization of entities are directly related to the increased accessibility of 

goods or services. Therefore, the distribution decisions on routing and how the flow within this 

network should be established have been linked to increased availability in terms of being able to 

obtain said product/service (Contreras & Fernández, 2012). Because the decision on location and 

distribution are interrelated, it is not a surprise that some authors decided to integrate both aspects 

into their models. Our results through those 15 papers presented an integrated model and most of 

them (66%) are in a humanitarian response context.  These integrated articles and their 

characteristics are presented in Table 5.9. The categories of the columns are similar to the previous 

sections, with an additional aspect on the mix between the decisions made (location, allocation, 

routing, covering, scheduling) and the way the decisions were taken; simultaneously or sequential. 

Then, a column presents what type of facility is located (fixed or temporary). Only five papers 

(33%) presented the problem using a stochastic data setting, which again, might increase the 

complexity of the problem, but is much closer to reality. The rest chose a deterministic modelling 

environment. 

One motivation behind integrated problems is the ability to simultaneously combine the decisions 

and allow central operation planning that can eliminate delays in those decisions making. Most of 

the papers simultaneously take an integrated decision instead of sequentially. In a remote context, 

one major drawback is that the demand points are very distant from the supply, resulting in long 

travel distances for vehicles. One of the main findings of Y. H. Lin et al. (2012) was that adding 

alternative support facilities or re-configuring existing facilities may produce some gains in 

efficiency and accessibility. Linking here once again the notion of location problems to 
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accessibility. 40% of papers chose to locate temporary facilities to relieve the pressure on the 

network rather than fixed points. This is explained because these are under humanitarian and 

disaster contexts, where it makes sense to choose temporary locations instead of fixed ones, 

because of the sporadic demand and lower installment costs.  

The network design is constituted of a single echelon 53% of the time and a multi-echelon structure 

47% of the time, mostly 2 levels. The fleet is mostly homogeneous (53%) but sometimes presented 

as heterogeneous. The mode of transportation is a single mode (66%). The network is mainly 

single- products, often rescue equipment, because the domain of application is mostly humanitarian. 

But there is also the movement of medical products (1), people (3) or recycling products (2), with 

one paper offering medical services. Overall, the commodities are high-weight and high volume in 

quantities transported.  

The objective function for this portion of the literature is total cost minimization focused (53%) 

including transportation costs, distance travelled or time associated costs and penalty costs (social 

cost of not meeting demand). The other objective varied between time (20%) and distance (13%) 

minimization. Authors (Afshar & Haghani, 2012; Han et al., 2011) proposed to minimize weighted 

unsatisfied demand to avoid penalty, whereas Cubillos & Wøhlk (2021) proposed to maximize the 

demand covered but as a multi-objective, that minimizes the tour length simultaneously. These 

conflicting objectives are attained not by a single optimal solution, but by a trade-off combination 

with the weighted method.  

Constraints are applied to the mathematical models as general capacity limits (of vehicles, facilities, 

stocking etc.). Some restrictions are related to time notion, either on the time taken for deliveries 

or for the time of hours worked by staff. In Davis et al. (2014), the model is formulated with a 
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work-week limitation to provide a delivery schedule. Whereas Gu & Wallace (2021) use clustering 

of the demand for different peak hours to allocate the water-taxis schedule.  

Interestingly, Davis et al. (2014) proposed a model that takes into consideration food spoilage by 

adding a time-based constraint to the model. Therefore, perishable food constraints become even 

more relevant in remote contexts because of longer travelled routes. In this study, the authors 

conclude that it can be challenging to provide regular ad frequent deliveries in rural areas and 

accessibility is limited because of distance, therefore their goal was to increase food access by 

using more food delivery points.  Other than this study, there are very few articles focusing on food 

product deliveries and including the perishable notion.  

In terms of accessibility and availability, the studies are vague on that matter. No consideration is 

taken in the mathematical models, but arguments are made that a more efficient allocation and 

utilization of the network will increase access to resources (Tirkolaee et al., 2020). Also, Escribano 

Macias, et al. (2020) propose a drone utilization method that allows an increase in accessibility by 

assessing the terrain first (network accessibility) and Y. H. Lin et al. (2012) based their research 

on the finding that adding alternative support facilities or re-configuring existing facilities may 

produce some gains in efficiency and accessibility. 

Finally, 86% of the papers used real study cases with instances size ranging between 3-5000 

demand nodes.  The resolution method used was evenly distributed between the heuristic method 

(53%) and the exact method (40%), with one paper (Mommens et al., 2021) using an agent-based 

simulation tool to evaluate the delivery to homes or collection points configuration. 
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Table 5.9- Combined location-distribution problems in remote areas 
Authors 

N=15 
Problem characteristics Products Resolution 

method 
Tested 
over 

S  
inst  

Decisions on Type of 
facility 

Domain of 
application 

Data  
 

Modelling 

Objective 
function 

What is 
included 

Capacity 
limits 

Echelons Transport 
mode 

Type 
of 

fleet 

Product  
Type 

Product 
weight 

   

(Afshar & 
Haghani, 
2012) 

Location-
routing  

Integrated 
simultaneously 

Temporary  Humanitarian Determinist Min Unsatisfied 
demand  

Capacity  Multi 
(more 
than 4) 

Vehicles 
but model 

allows 
multiple 
modes 

Hetero Rescue  
equipment 

High Exact   R 20 

(Alinaghian 
& Goli, 
2017) 

Location-
allocation-
routing 

Integrated  
simultaneously 

Temporary  Humanitarian Stochastic Min Time Capacity, 
total time 

Single Vehicle Homo Medical High Heuristic   A 11 

(Cherkesly 
et al., 2019) 

Location-
routing-
covering  

Integrated 2 
steps 

Fixed  Healthcare Determinist Min Costs Time Single  
Motorbikes 

Homo People High Exact   R 3 

(Cubillos & 
Wøhlk, 
2021) 

Location-
routing 

Integrated 
simultaneously 

 

Fixed  Recycling  Determinist Max/min  
Distance/demand 

Distance Single Vehicle Hetero  Recycling 
products 

High Heuristic   R 20  

(Davis et 
al., 2014) 

Location-
allocation-
routing  

Integrated 2 
steps 

Fixed  Food banks Determinist Min Sites, distance Vehicle, 
food 

spoilage, 
working 

hours 

Multi (3) Vehicle Homo Foods High Exact   R 28 
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(Davoodi & 
Goli, 2019) 

Location-
allocation-
routing  

Integrated 
partitioning 

Temporary  Humanitarian Determinist Min Waiting time Vehicle 
capacity 

Single Vehicle Hetero  Rescue  
equipment 

High Heuristic   R 21  

(Dufour et 
al.,2017) 

Location-
distribution 

Integrated 2 
steps 

Fixed Humanitarian Stochastic Min Costs Yes + on 
product 

type 

Multi (2) Multi 
(boat, rail, 
air, trucks) 

Hetero Rescue 
equipment 

High Heuristic R 500  

(Gu & 
Wallace, 
2021) 

Location-
allocation-
routing 
  

Integrated 
simultaneously 

Temporary  Transportation Determinist Min Costs Working 
hours 

Multi (2) Boat Homo People High Exact   R 5 

(Han et al., 
2011) 

Location-
allocation-
routing-
scheduling 

Integrated 
simultaneously 

Temporary  Humanitarian Stochastic Min Distance, 
unsatisfied 

demand 

Capacity  Single Vehicle Homo Rescue 
equipment 

High Heuristic   A 18  

(Y. H. Lin 
et al., 2012) 

Location-
routing 

Integrated 2 
steps 

Temporary  Humanitarian Determinist Min Costs Capacity, 
distance, 

time  

Multi (2) Vehicle Homo Rescue 
equipment 

High Heuristic   R 15 

(Escribano 
Macias, et 
al., 2020b) 

Location-
routing 

Integrated 
simultaneously 

Fixed  Humanitarian Stochastic Min Costs Battery 
life, 

capacity 

Single Drone Homo Rescue 
equipment 

Low Heuristic   R 13 
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(Mommens 
et al., 2021) 

Network 
configuration-
routing 

NA Fixed General Determinist Min Costs Capacity, 
emissions 

levels 

Multi  
(3) 

Vehicle Hetero  General High Simulation R 50  

(Pérez-
Rodríguez 
& Holguín-
Veras, 
2016) 

Inventory-
allocation-
routing 

Integrated 
simultaneously 

NA Humanitarian Determinist Min Costs Capacity Single Vehicle Homo Recycling 
products 

High Heuristic   R 10 

(Tirkolaee 
et al., 2020) 

Allocation-
scheduling 

Integrated 
simultaneously 

NA Humanitarian Stochastic Min Time, delay Priority 
levels 

Single Vehicle Hetero  People High Exact   R 6 

(VonAchen 
et al., 2016) 

Location-
routing 

Integrated 
simultaneously 

Fixed Healthcare Determinist Min Sites, costs Capacity  Multi (2) Pedestrian 
and bikes 

Hetero Medical 
service 

NA Exact   R 55  
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CHAPTER 6:  DISCUSSION  

The literature review allowed us to see the major contributions in terms of logistics in remote areas. 

One of the main observations is that the concept of remote logistics is new in the scientific literature, 

especially for regions like the North of Canada. The lack of specific scientific research on logistics 

in remote areas in the context of food distribution (food security) is the motivation to propose a 

systematic literature review to establish the current state of the art and identify the next research 

steps to follow. We were able to use the known literature on general logistics in remote regions to 

make some links to our context of the application. We noticed that logistics in a humanitarian 

setting were very similar in terms of identified characteristics to remote logistics in Northern 

Canada Table 3.3. The general applications, all domains included, were considered for this study 

because of their transposability characteristics. That was explained by the broad definition of 

‘remote’ that allows for attributes like ‘hard-to-reach’, ‘difficulty of access’, ‘lack of infrastructure’ 

and ‘dispersed population, all included as inclusion criteria in the initial search. 

Our framework in Figure 2.3 proposed an existing link between factors of food insecurity and 

logistics activities. More so, the direct influence of accessibility and availability is an indicator that 

logistics have an important impact. This study states that OR/MS concepts like Network Planning 

and Distribution Planning can directly influence the notion of food security by the intermediate 

relationship to accessibility and availability notions.  

One major observation is the lack of uniformity in the definition of these terms (availability and 

accessibility) and practice, they are used interchangeably. Accessibility is more present in the 

reviewed literature than the availability notion. Based on the dimensions of food security of 

(Gregory et al., 2005), we are the first, to our knowledge, to attempt at providing a clear distinction 

between the two notions in terms of the type of logistical problems. It is clear to us that accessibility 

is the possibility to access and reach a certain location that offers a product/service whereas 

availability is to obtain through network utilization (routing) of the said product/service at a pre-

established location.  
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To classify and analyze the literature, we divided the articles according to the type of logistical 

problems. Three main categories were identified: location-allocation problems, distribution 

problems and combined problems. Then, sub-categories were proposed with our second axis of 

analysis that made the distinction between the domain of application (industrial and public sector, 

healthcare, and humanitarian setting).  

Among the reviewed literature on location problems, very few authors raised the question of hub 

location for improving accessibility. Only (Frank et al., 2021; Mejía et al., 2021; Pan et al., 2020; 

Vazifeh et al., 2021) did so. However, that question deserved more attention because one of the 

drawbacks of remote regions is the long distance between supply-demand nodes. Therefore, it 

would make sense to segment the network into shorter travels (hub/temporary facility) to cut down 

the distance travelled in the same route. One of the main advantages of the hub point is that it 

allows the flow to be aggregated or disaggregated and this leads to economies of scale in 

transportation costs. This was done more often in location problems under the industrial and public 

sector category – with three of them in the context of the food industry. The multi-echelon type of 

hub structure seems more interesting in the remote context due to the very long distance and 

multiple transportations used in North Canada (a mix of sea, air, and ground transportation). We 

recommend that future contributions will explore the multi-layer aspect of the problem both in the 

location, routing, and integrated literature.  

In terms of network planning and utilization, the mode of transportation becomes an important 

element to consider when distributing products in remote regions. However, very few contributions 

analyzed the appropriate mode of transportation for special terrain. For example, some regions 

(including Northern areas), are considered remote not only because of the distance but because of 

the difficulty to reach the areas due to additional terrain restrictions. In the North, roads are mostly 

unpaved, iced and sometimes blocked/unavailable. With that in mind, papers like (Y. Chen et al., 



 

 

 

102 

2021; Shrestha et al., 2014) become interesting because they proposed a model that decides on the 

road upgrading system (i.e., a FLP with the construction of a road and minimum distance between 

station or multi-objective model that takes into consideration the geometry of the roads and 

minimize the upgrading costs while maximizing coverage).  

A third observation was the inclusion of human factors in mathematical models. They were 

exclusive to humanitarian problems. For example, in location-allocation problems (Anaya-Arenas 

et al., 2018; Geng et al., 2021; Loree & Aros-Vera, 2018) and distribution ones (Holguín-Veras et 

al., 2013; Nadi & Edrisi, 2017) included the notion of human suffering or survival function, that 

was more often presented as a penalty cost. The innovative formulation of including the human 

cost in an objective function is very interesting when it comes to food insecurity problems because 

this reveals that there is a way of quantifying the suffering engendered by an inadequate supply of 

foods in a similar way to the suffering caused by a shortage of rescue equipment. Likewise, the 

element of fairness was considered in studies (Anaya-Arenas et al., 2018; Escribano Macias, 

Angeloudis, et al., 2020; Ferrer et al., 2018; J. Jiang et al., 2017; Sopha et al., 2019) and authors 

agree in measuring the fairness by the gap between satisfied and unsatisfied demand. These 

mathematical formulations are a relatively new way of integrating human and social aspects. Only 

publications after 2017 proposed such equations. We firmly believe that the traditional commercial 

setting is less relevant in a remote setting. Hence, companies that supply the north, and receive 

governmental incentives, need to plan a distribution including factors such as equity, accessibility, 

and frequency.  

A fourth observation is among the location problems, we found a lot of spatial analysis models that 

used visualization tools (GIS) to assist decision-making. This aspect is interesting, especially when 

looking at the terrain aspect (geography, road topography etc.) because it allows us to visually see 

the area and helps us understand the challenges. Interestingly, Mommens K. et al. (2021) 
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demonstrated that the best way to configure a sustainable network in rural areas was to consider 

home deliveries rather than collection points. We think that this proposition deserves to be explored 

more for our context in remote Canada. It was also perceived that the industrial domain of 

application didn’t use as many technological tools as other domains, which is surprising because 

the industrial field usually has more resources and advanced technological tools than the public 

sector or humanitarian organizations.  

The fifth discussion point is the data modelling environment for all our papers. Deterministic data 

is used in the industrial or general setting environment, which is to be expected. However, in the 

context of humanitarian logistics, the modelling data are too often deterministic and don’t allow us 

to capture the reality and complexity of the problem. These stochastic types of contributions are 

still rare but needed. We understand that the remote aspect of the context studied is better captured 

by a stochastic data model. This can cover the challenges of blocked roads (by snow or other 

reasons), the variation of supply and demand and more. Also, it was argued by Sopha et al. (2019), 

that due to the characteristics of humanitarian operations which are stochastic, dynamic and 

adaptive, the simulation approach is preferable to analytical models. However, in our review of 91 

papers, only six used the simulation tool. We believe that the field of remote logistics can indeed 

profit from the current trend of hybrid approaches (simulation and optimization) to better plan the 

distribution of products in this context. 

 

From the systematic literature review and analysis done in the previous section, the following key 

considerations can be drawn for logistics in remote areas targeting food insecurity in the North. 
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Type of logistical problem: The most popular topic in the literature review was distribution 

problems in humanitarian applications. But because we want to tackle the whole system of 

the food supply chain, an integrated formulation would be more appropriate for our context. 

As an example, a classic FLP-VRP. The location portion would target increasing 

accessibility for the community by considering hub location to cut down distance or 

utilization of temporary facilities to increase coverage at lower installment costs. The 

network planning would need some terrain consideration with a cost function (using the 

current road or building new ones). Then, the distribution planning would integrate 

decisions on network utilization (routing) to increase product availability at lower costs. 

The objective function will most likely be a multi-objective and if there are some conflicting 

objectives, a trade-off analysis with a weighted method can be used (Cubillos & Wøhlk, 

2021). 

  

Type of network: Most likely a two echelons, which makes sense because of the integrated 

model. The network would need to include entities like the warehouse/distribution center, 

the local grocery stores, and the population nodes. Note that the analysis would be for the 

last-mile portion of the food supply chain, so once the cargo makes it to the remote regions 

(across the sea).  

 

Transportation: The mode of transportation will need to be refined further than vehicles. 

Because of the unique climate, we would need to think outside the box (e.g., snowmobile, 

sleigh etc.), with most likely a heterogeneous fleet for different terrain access. 

 

Constraints: One of the main elements that will need to be taken into consideration would 

be the social aspect of the food security crisis. The present review proved that human 

suffering can be incorporated as a mathematical equation. Many formulations allow to do 
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so: penalty cost of unsatisfied demand, the social cost of even level service, the gap between 

unsatisfied demand, human suffering measured by waiting time, and the degree of 

psychological distress caused by shortages. Another important aspect would be the food 

spoilage constraint due to the type of products we want to target.  The model would need 

to go beyond the covering of the demand and include an accessibility equation (e.g., the 

ratio between supply and demand) to provide equity in the distribution (Schlögl et al., 2019

). 

 

 

Remote characteristics modelling: As a starting point, the remote characteristics identified 

in our inclusion and exclusion criteria can be a good modelling guide. Four main 

characteristics reflect the remote regions according to this study: 1) the area is considered 

remote because it is far from the main centers (underserved region/hard-to-reach), 2) there 

is a long distance to travel for distribution, 3) there is a poor or inexistent infrastructure to 

support the operations and 4) the population is geographically dispersed. On top of that, the 

model will most definitely need to consider the unique aspect of the North (chapter 1), like 

climate constraints (iced roads), limited road availability, and limited mode of 

transportation. As well as include a constraint for food spoilage (fresh foods). The objective 

would be to provide equitable food distribution for everyone at minimum costs.  

 

Resolution method and technology integration: an optimization model could be used to 

solve the problem, just like it was the resolution method of choice in the literature. In 

addition, a technological tool like GIS can support decision-making because it is a great 

visualization tool. However, an important element raised by Sopha et al. (2019) is that due 

to the characteristics of humanitarian operations which are stochastic, dynamic and 

adaptive, the simulation approach is preferable to analytical models. 
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CONCLUSION 
 

In conclusion, this present work is the first of our knowledge to propose a systematic literature 

review for logistics in remote areas. The objective was to account for the current evidence-based 

research in the operational research and management sciences field for logistics problem 

applications in remote areas and see the general trends that could be applied in the remote regions 

of Northern Canada to diminish food insecurity. We attained our objective by conducting a 

thorough systematic literature review. Not only did this work provides a methodological 

compilation and summarization of the published literature on the topic, but it also links the notions 

of logistics in OR/MS to factors of food insecurity. The bridge between those domains of 

application is the notions of accessibility and availability. 

The general observation and trend identified could be transposed to a context like the North of 

Canada. The thorough description of the context and unique environment is also very important to 

this work. As part of the contributions, defining and documenting the living conditions in the 

specific region of northern Canada is the first step to understanding. Only then, we will be able to 

tackle the real problem.  

Now we know that 1) food security can be influenced by OR/MS activities of logistics, either by 

location and/or distribution planning, 2) that the notions of accessibility and availability are the 

link between these two distinct domains and 3) the literature analyzed among three axes of 

applications (industrial, healthcare, humanitarian), revealed that remote regions share some similar 

characteristics to the ones in humanitarian logistics context. Moreover, one question remains: is 

the food insecurity crisis in the North considered a logistic problem or a humanitarian one? 
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Limitations 

We chose the systematic literature review method to deliver clear, meticulous, transparent and 

reproducible research. However, the following limitations were acknowledged.   

- Our proposed framework only targets the planning phase of logistical activities and more 

specifically only location and distribution models. That reflects only a tiny portion of 

activity among many others that could influence food security in remote regions. In the 

same way, we focus only on the accessibility and availability components of the food 

system. 

 

-  We are conscious that the paper focused on a transposable application for Northern Canada. 

The research could eventually be broadened to other areas in the world.
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APPENDIX A 

 

 

Geographical delimitations of the North 
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APPENDIX B 
 

Available roads and distances 
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APPENDIX C 

Air transportation 
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APPENDIX D 

Maritime transportation 

 

 

 

 

 

 

 

 

 

Source: Mary R. Brooks, J. D. F. (2012). "Providing freight services to remote arctic communities: Are there lessons for practitioners from services to Greenland 

and Canada's northeast?" ELSEVIER Research in Transportation Business & Management 4 (2012) 69–78: 69-78. 

Company Characteristics Capacity Number of 

destinations served 

Nunavut Eastern Arctic Shipping 

Inc., (NEAS) 
Jonction of 4 entities 

 

Base: Valleyfield, QC 

4 ships 

 

Between 4864 et 12 784dwt. each 

40 

Nunavut Sealink and Supply 

Inc.  

Combination of Copperatives 

Limited and Desgagnés 

Transarctik Inc. 

 

Base : Côte-Sainte-Catherine, 

QC 

5 ships 

 

Between 7239 et 17 850dwt. each 

 

 

25 

Northern Transportation 

Corporation Limited 

Contract of transporters for 

government deliveries 

A fleet of 13 tugs: 1500 et 7200 bhp. 

+ 

100 barges 

+ 

1500 in-house containers 

22 

about:blank
about:blank
about:blank
about:blank
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APPENDIX E 

Filing system 
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APPENDIX F 

 

Accessibility measure by (Luo et al., 2017) 
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