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ABSTRACT 
 

This article analyzes and discusses the growth in food production in the world and the poor 
distribution of them. The issue is considered adequate food distribution as of paramount 
importance and suggests checking a methodology based on mechanics of materials that 
contributes to the process of decision making. Food production has grown in many countries but 
the number of people has also increased and food distribution has not improved according to the 
increase of people and food. To all this it is that the food chain is now more vulnerable to 
environmental pollution day. The proposed methodology is based mainly on the establishment of 
measures necessary to ensure access to enough food in this chain of humanitarian logistics 
measures. The paper concludes with a description of challenges and opportunities for better 
distribution of food in the world today and tomorrow. 

Short Research Article  
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1. INTRODUCTION 
 
The continuous expansion in the global 
production of biofuels, along with the production 
of food and consumption in developing countries 
represents a challenge for the planning of food 
policies and put in doubt whether the goals of 
sustainable development in a general sense 
might be reached or not [1]. Achieving the 2015 
Millennium Development Goals, adopted by the 
General Assembly of the United Nations in 2000 
is the core fundament of world initiatives to 
increase the humanity welfare and equity [2]. 
Among these goals, reducing the population in 
malnutrition status and extreme poverty is 
priority; however, up to this date, there are no 
significant results towards the relief of poverty 
and starvation [2]. There are different scores 
depending on the region: some countries in Asia, 
Pacific, Latin America and Caribbean have 
achieved results, but South Asia and sub-Sahara 
Africa are even getting negative results [3]. The 
possibility to be achieved or not the goals of 
Millennium Development will be uncertain 
depending on the boom in the production of 
biofuels in the most poverty countries. 
 
Humanitarian logistics, and its link to supply 
chain have recently got attention [4]. It comprises 
acts of God, as earthquakes, tsunamis, 
hurricanes, outbreaks, famine and other ones, 
and also deals with disasters caused by human 
beings, as terrorism attacks, violence, war, etc., 
or even combination of both issues [5]. 
Humanitarian logistics faces some huge 
challenges during the issues concerned to the 
efficient delivery of support and assistance in a 
safety way [6]; [7] and the preparation and fast 
response during disasters. 
 
Impact of disasters cannot be considered uniform 
[8]. Preventing activities can be made in 
anticipation to some events (for example, 
hurricanes), but others cannot be predicted, like 
earthquakes [9]. Therefore, there are some 
significant differences among the rescue and 
humanitarian activities. Ludema [10] proposes a 
classification of the immediate response to 
disasters, considering assistance to the most 
vital issues related to the restoration of the daily 
life. 
 
In general, developing countries and most 
poverty communities are the most affected in 
case of disasters [11]. Considering this 

approach, famine and scarcity of food become 
one of the critical issues of humanitarian logistics 
and comprises the main analysis of this paper, 
starting in the agro chains, theirs development, 
activities, lands, destination, products and 
policies of the governments of those countries 
considered as more vulnerable. New agreements 
related to lands are not the investment in the 
agricultural sector that was expected by millions 
of people. Agro production volume is not enough 
to satisfy the demand of some internal markets; 
therefore, food dependency has increased, and 
there are risk of self-production of food and even 
sovereignty of some countries [12]. Food safety 
implies that all people have both physical and 
economical access to enough, safety and 
nutritive food at all times, in order to satisfy their 
own requirements to achieve an active and 
healthy life. Most poverty people are those who 
suffer the most when there are problems in the 
competition for land [13]. 
 
Global investments represent a critical issue in 
the development and reduction of poverty. Under 
a responsible management and suitable 
regulations, job creation and better life, services 
and infrastructure can be achieved. However, 
historical data related to investments in lands 
shows that pressure on land, a natural resources 
on which food security of millions of poverty 
people depends on, is rising under risk [14]. 
According to Ericksen [15], most critical issues 
related to food security are related to food 
systems, comprising economic, environmental 
and social problems. Although income is the 
main factor to get the status of food security, 
logistics challenges must also be considered 
[16]. 
 
Therefore, the objective of this research is to 
highlight the need for progress in terms of 
logistics to reduce the gap in meeting basic 
needs, being a definitive way the strengthening 
of agro-food chains or chains, ensuring the 
reduction of poverty extreme and therefore the 
survival of a humane global society and 
sustainable approach. 
 
2. LITERATURE REVIEW 
 
2.1 Humanitarian Logistics and Food 

Safety 
 
The food systems and its related safety on the 
XXI century are facing social and economic 



changes; increases in food production, 
transformation and processing of food; retail 
distribution and a greater number of urban 
consumers [15]. However, some challenges must 
also be faced. International prices of some food 
have increased dramatically on recent years, 
especially on those basic products like wheat, 
rice, corn and dairy. A better comprehension 
about the global agriculture challenges is also 
needed, including the effects of global warming, 
oil prices, financial speculation and government 
policies over it [17]. Finally, supply chain 
management related to agro chains and its 
relationship to food production and distribution 
must also be considered. 
 
There are a lot of issues affecting the food 
production in some domestic markets, mostly 
related to poverty and lack of equal opportunities
Some of them are: low agricultural production, 
lack of infrastructure, environmental problems 
and problems in the markets [17]. Nitzan, Ophir 
and Amede [18] evaluate the food security 
through the availability of safety and nutritive 
food, the accessibility to enough resources 
(physical and economic access, social and 
demographic issues affecting the ability to get 
food) and how to adjust diet requirements, 
hygiene practices, water and sanitation. Each 
case is unique, because location, type of disaster 
and its size are different [19]; therefore, quantity, 
quality, logistics and segmentation are critical 
issues on every process of food intervention.
 
A food system can be considered as a chain of 
activities related to produce for human 
consumption, with a special focus on 
transformation and trade, involving multiple 
players [20,21]. Humanitarian logistics considers 
that food must reach the poorest people in a 
timely matter. Therefore, some issues related to 
 

Fig. 1. Agroindustrial 
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rice, corn and dairy. A better comprehension 
about the global agriculture challenges is also 
needed, including the effects of global warming, 
oil prices, financial speculation and government 
policies over it [17]. Finally, supply chain 
management related to agro chains and its 
relationship to food production and distribution 

There are a lot of issues affecting the food 
production in some domestic markets, mostly 
related to poverty and lack of equal opportunities. 
Some of them are: low agricultural production, 
lack of infrastructure, environmental problems 
and problems in the markets [17]. Nitzan, Ophir 
and Amede [18] evaluate the food security 
through the availability of safety and nutritive 

ty to enough resources 
(physical and economic access, social and 
demographic issues affecting the ability to get 
food) and how to adjust diet requirements, 
hygiene practices, water and sanitation. Each 
case is unique, because location, type of disaster 

its size are different [19]; therefore, quantity, 
quality, logistics and segmentation are critical 
issues on every process of food intervention. 

A food system can be considered as a chain of 
activities related to produce for human 

cial focus on 
transformation and trade, involving multiple 
players [20,21]. Humanitarian logistics considers 
that food must reach the poorest people in a 
timely matter. Therefore, some issues related to 

food are required: preparation, planning, 
evaluation, movement, transportation, 
warehousing and distribution [22]. Humanitarian 
supply chains are generally supply chains with a 
non-profit approach, which coordinate 
assistantship by providing food, water, 
medicines, shelter and other supplies required by 
people under food risk [23]. 
 
Coordination in the humanitarian supply chains 
involves the ability to face the uncertainty, but 
also offering immediate response and “pushing” 
the supplies to the location where crisis is under 
way, in order to prepare reconstruc
and a strategic inventory to be distributed 
through a suitable logistics to satisfy the most 
critical requirements [5]. According to Mohan, 
Gopalakrishnan and Mizzi [24], humanitarian 
supply chains can be classified in one of two 
categories: prepared and ready or, in 
collaboration with agencies in charge to 
response to crisis. 
 
Agro-industrial and productive chains comprises 
a network of firms performing activities related to 
material supply, transformation to intermediate or 
finished products and the distribution of these 
products to the consumers [25]. 
 
These chains cannot be described by just one 
lineal-sequence; the product does not follow a 
direct line between the producer and the final 
consumer, and some movements among players 
can occur, making the modeling of the chain a 
more complex issue. Fig. 1 [26] shows an 
example of a productive chain, where the 
producer attends the wholesaler and the industry 
in a direct manner, but the retailer receives fresh 
products from the producer and processed food 
from the agro-food industry. 

 
Fig. 1. Agroindustrial production chain [26] 
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This sequence might be different according to 
the products, thus making independent models 
for each one (even for the same crop in different 
regions), and validation must be made by experts 
in both the crop and the industry. Furthermore, 
properties of the chains differs according to the 
type of crops, both perishable and non
perishable [27]. 
 
The inherent complexity within an agro
supply chain makes necessary to simplify each 
link, mainly by using summarizing variables, for 
example, a high performance production per 
hectare might be explained by technological 
conditions, equipment, tools, suitable handling of 
product in the post-crop activities, and 
environmental issues. 
 
The proposed methodology to evaluate the agro
industrial chains involves four stages [28]: 
Design of the global network; definition of 
players; construction of the detailed network and 
design and analysis of some scenarios (Fig
[26]). This methodology is focused on the 
validation and verification of the chain, as well as 
its sensitivity analysis. 
 
The process to take food to people in vulnerable 
conditions requires optimized agro-food chains. It 
is well known that almost half of every produced 
food is wasted before or after reaching the 
consumers [29], thus a better use of the 
resources within the supply chain are required, 
including the development of strategies to reduce 
food to become scrap [30]. 
 
Parfitt et al. [27] claim that the main causes of 
waste in the food chain are: 1) problems in 
harvest and handling of crops, affecting the 
 

 

Fig. 2. Definition methodology 
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players; construction of the detailed network and 

lysis of some scenarios (Fig. 2 
[26]). This methodology is focused on the 
validation and verification of the chain, as well as 

The process to take food to people in vulnerable 
food chains. It 

well known that almost half of every produced 
food is wasted before or after reaching the 
consumers [29], thus a better use of the 
resources within the supply chain are required, 
including the development of strategies to reduce 

Parfitt et al. [27] claim that the main causes of 
waste in the food chain are: 1) problems in 
harvest and handling of crops, affecting the 

quality of food; 2) losses due to bad thresh; 
3) scrap of food mainly caused by bad 
transportation and distribution; 4) shrinkage 
during warehousing affected by plagues or 
pollution; 5) losses during the process, 
packaging and labeled, even threat or rodents; 
6) inappropriate handling and transportation of 
the product; 7) lack of refrigeration and store of 
the product; 8) education level of the consumer 
and post-consumer; 9) storage and handling of 
the product at home; 10) bad techniques in 
preparing and cooking the food; 11) removing 
dregs of cattle and poultry and its mix with other 
waste. 
 
Moreover, the development of these chains 
might be blocked by some constraints: internal 
market, shortage of natural resources, high level 
of imports related to food and oil: lack of 
economy of scale and vulnerabilities to acts of 
God [31,32]. Other factors affecting are t
of agriculture lands due to non
issues (urban growth, erosion, etc.) and the 
development of the first generation of bio
which also lead to competitive problems. 
Therefore, around 70 to 100% of extra food will 
have to be produced in the same or even lower 
amount of lands in year 2050, also facing 
external conditions related to environmental 
concern, water shortage, pollution and 
deterioration of soils, loss of biodiversity and the 
extreme urgent requirement of a sustainable 
focus under a scientific, engineering and 
economic approach, modifying the typical 
agriculture practices and its infrastructure [30] 
within the supply chain (for example, water 
storage in case of drought or salinity, 
transportation networks, quality of produced 
food, etc).  

methodology for supply chain using dynamic networks [26]
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3. MATERIALS AND METHODS 
 
Considering the challenges and opportunities 
within the Humanitarian Logistics and 
Agroindustrial chains, there are a lot of issues 
that any organization focused on responses to 
disaster must face, even considering that there 
are differences between commercial supply 
chains and humanitarian ones. Tatham and Pettit 
[33] propose that both chains are facing common 
challenges, thus some successful practices in 
the commercial environment might be also useful 
and efficient in the humanitarian scope. 
Nevertheless, Olorotunba and Gray [34] claim 
that considering the own characteristics of the 
humanitarian help, a direct transfer of logistic 
issues from the commercial environment might 
represent a problem, especially because the final 
consumers are not a component of a common 
commercial transaction and the final delivery 
occurs on counties facing serious drawbacks on 
infrastructure. Gattoma [35] consider that military 
and humanitarian logistics are similar, because 
they both require highly flexible supply chains 
and involvement from the government [34]. 
 
Most humanitarian organizations coordinate their 
operations; nevertheless, the most important 
challenge might be the efficient use of scarce 
resources [5] and the agility of supply chains 
under emergency conditions and high stress [36]. 
The United nations Logistics Clusters [UNLCs] 
has its own platform to centralize information and 
coordinate the local or foreign purchasing of 
supplies, generating a close relation among the 
elements of the response system in order to 
guarantee coherence and coordination both intra 
and inter organizations to manage the supply 
chain [37]. One example: considering the World 
Food Program of the UNO, the logistic system is 
focused on fixing the logistic drawbacks and 
bottlenecks of the distribution network, also 
supporting data collection and their distribution 
among the members of the program, in order to 
optimize the logistic decisions and coordination 
of transportation and delivery of supplies [33]. 
 
Investments on preparing and responding to the 
humanitarian events is directly related to the 
future benefits; for example, an immediate 
response to the malnutrition of Niger children 
would have cost around US$1 per day; however, 
the late actions to support these children until 
2005 had a cost of US$80 per day [38]. 
Improving the efficiency of supply chains 
minimizes the uncertainty, therefore, it is 
important the integration of all operations within 

the chain. Strategic planning is suggested to be 
used, because the lack of strategy reduces the 
chances that government and agencies achieve 
an effective network that can respond to the 
emergencies. Pettit and Beresford [36] claims 
that all planning must consider information 
requirements, coordination, collaboration, 
capacity mapping, volumes, time and 
management of a push inventory system, 
elements that should be useful in the 
coordination and flow control of the foods within 
the supply chain. Some relevant aspects to be 
considered within the process of integrating the 
agro chain are: 
 
Inventories: the inventory management is 
different from the commercial supply chain 
mainly in the value given to the time and fast 
response, the delivery and the ability to produce, 
purchase, transport and receive all supplies in 
the places where the humanitarian support is 
needed. The response must be supported by a 
specific infrastructure in strategic locations [36]; 
(ii) Transportation: in the face of any 
humanitarian emergency, a weak infrastructure 
might be a problem, thus any available resource 
must be used [5]. When transportation capacity 
is not enough, third-party might be used, even 
considering local distribution networks, animals, 
ships or any other available option [39]; (iii) 
Technology: mainly used to manage the 
available information to speed up the efficient 
response of all the members of the chain in an 
unified way, connecting all the players through 
activities required during the crisis [36]; (iv) Chain 
optimization: flexibility is needed to respond to 
any unexpected situation; waste reduction, agility 
in the supply chain cycle and delivery of products 
must be also optimized. Pettit and Beresford [36] 
suggest that extra capacity is required in order to 
react under the changing scenarios facing during 
a crisis, minimizing the inventories through the 
supply chain and maintaining agility during all 
operations. 
 
3.1 The Model 
 
The analysis of the methodology proposed in this 
paper, which is the formulation of a method 
based on the Mechanics of Materials (Strength of 
Materials), Physics Mechanical area is now 
made. This area is a song called "Beam 
Deflection by Integration", whose analysis leads 
to measure the capacity of the beams to 
withstand various types of loads depending on 
the material from which they are constructed and 
the geometric shape of it. 
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Applying these concepts and making appropriate 
to the field of translation, optimization, and 
identifying the key variables may play different 
types of analyzes made for processes in terms of 
the Supply Chain and Value Chain companies or 
processes, framed in these concepts that will 
help them in identifying possible weak links in the 
chain: 
 
Scheduling production lines, re-allocate 
production capacity, making outsourcing 
decisions on production lines or products, modify 
or adjust planning, monitoring, controlling and 
evaluating the implementation, improve 
forecasts, analyze the frequency of orders, 
analyze inventory costs, profit margins, see 
market trends and analyze production strategies 
or the organization as a whole [40]; and thus be 
able to propose solutions and make decisions 
that allow the improvement and strengthening of 
supply chains, logistics as an interesting tool to 
manage, implement and further research, which 

will be validated since its inception in 
Humanitarian Logistics for Agrifood Chains from 
Latin America as entire region. 
 
In this way the deformations must be limiting as 
tension, for reasons of safety, maintenance or 
merely aesthetic. Thus, in most cases, structural 
elements are measured apart from resistance, 
limiting maximum tension and RIGIDITY, 
avoiding that maximum strain exceeds certain 
acceptable values. In different normatives, 
acceptable values are defined for several 
structural elements. Studying the strain of a 
beam, turns made by the transversal sections 
around the axis are calculated (qz, qy), along 
with the displacements or arrows from their 
gravity point (y,z) (Fig. 3). 
 
The method to be used to calculate the strain is 
based on the Differential Equation of the Elastic 
Line Method. A beam is considered under simple 
tension (Fig. 4). 

 

 
 

Fig. 3. Flexion in planes xy and xz plane [41] 
 

 
 

Fig. 4. Deflection and elastic line [42] 
 
 
 

 



The elastic line is “the x axis of the beam 
(crossing the gravity points of every transversal 
section) once it is distorted”. Then, the equation 
y=y(x) must be calculated, because this one 
rules the elastic curve. The product EI is known 
as the stiffness to the flexion and if it oscillates 
along the beam, like in the case of a beam of 
variable section, it must be expressed as a 
function of “x” before integrating the equation. 
However, for a prismatic beam, stiffness to 
flexion is constant, then, using integral:
 
First integral to calculate the angle or slope or 
the tangent line to the elastic curve (1)
 

��� � ��
��

��
� 	 
���� � �1

�

�
 

 
Second integral to calculate the arrow or 
deflection of the beam in a specific point (2)
 

 
Fig. 5. Beam simply supported, beam with a section cantilever and cantilever 

 

 
Fig. 6. Weights for analysis of the deflection curve in the 
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The constants C1 and C2 are determined from 
the boundary conditions, ie the conditions 
imposed on the beam for their support. For three 
types of beams: Beam simply supported, beam 
with a section cantilever and cantilever (
 
In the previous study that has been done, the 
analysis of the supply chain will be developed to 
determine the values represented by the 
constant E (Modulus of Elasticity) for links in the 
chain, and are typical of the material are showing 
ability to absorb forces or stimuli from 
external environment. Constant I, which depends 
on the beam geometry and comes to represent 
the size of the process, supply chain or business 
model (Fig. 6, concept authors). 

  

Beam simply supported, beam with a section cantilever and cantilever 

Fig. 6. Weights for analysis of the deflection curve in the supply chain
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The constants C1 and C2 are determined from 
the boundary conditions, ie the conditions 
imposed on the beam for their support. For three 
types of beams: Beam simply supported, beam 
with a section cantilever and cantilever (Fig. 5). 

at has been done, the 
analysis of the supply chain will be developed to 
determine the values represented by the 
constant E (Modulus of Elasticity) for links in the 
chain, and are typical of the material are showing 
ability to absorb forces or stimuli from the 
external environment. Constant I, which depends 
on the beam geometry and comes to represent 
the size of the process, supply chain or business 

 

Beam simply supported, beam with a section cantilever and cantilever [43] 

 

supply chain 
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In the figure, x-axis represents each element of 
the supply chain. The y-axis is representing the 
strength of the load or forces affecting the 
system, in terms of specific weight under the 
areas or parts or the chain, which can be raw 
material costs, labor, maintenance, production, 
subassemblies, third-party production, 
transportation, distribution, all logistics both in 
and out the system. 
 
These weights, according to each company or 
process definition affecting its own supply chain, 
will make the system to experience a deflection 
in certain critical points, depending of the size 
and response of the company.  
 
Once these points or links within the chain are 
identified (Fig. 7, concept authors), strategic 
plans might be defined to allow the analysis and 
effective decisions making process, also solving 
the problems or possible issues in the future. 
 
It depends on the supply chain model, the 
determination of the specific weights of the 
forces acting on it, own components supply chain 
and strong or weak before them, which define 

the type of curves remaining defined or mapped 
for later analysis. 
 
4. RESULTS AND DISCUSSION 
 
This research should provide results after 
identifying the application of a model based on 
Deflection by Integration in the analysis of 
making decisions for humanitarian logistics, 
focused on agro food chains. 
 
There are some approaches to manage the 
supply chain; one of these ones is based on the 
relationship among the business processes 
among the firms [44]. Other approach considers 
the supply chain as a 3D model, providing fast 
and efficient multidimensional analysis; this is the 
so called “Business Intelligence”. However, this 
last approach must be supported by suitable 
structures and analytical tools allowing easy and 
instant access to data [45]. Data on 
multidimensional analysis are typically 
considered as a cube-storage, composed by 
mini-cubes or cells, where the main cube, 
representing the “whole”, is a holistic system. 

 

 
 

Fig. 7. Deflection curve in the supply chain 
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5. CONCLUSIONS 
 
The literature review detected the following 
challenges and opportunities faced by the 
agroindustry and humanitarian chains: 
 
The main challenge is serving as a key detonator 
in minimizing the import of food to satisfy the 
domestic demand towards a food self-production, 
stimulating the integration of all chains fulfilling 
the requirements to guarantee food safety: 
sufficiency, security and nutrition. There are also 
challenges in optimizing the hydraulic systems 
and the development of risk-management 
systems focused on agro and ecology issues, the 
definition and planning of agricultural and forest 
borders and, finally, the integration of 
biotechnology and genetic engineering. 
 
Among all the opportunities, some relevant ones 
are the possibility to exploit all irrigation land 
available; the integration of women into 
agricultural issues; usage of both formal and 
informal commercial systems; value creation of 
primary sector; reduction of inequality through 
the integration of small producers into a 
sustainable agricultural system; the balance 
between energy and food requirements into the 
environment and, finally, the development of 
sustainable public policies. 
 
The main contribution of this methodology 
presented is to think about the possibility of 
validating a new way to make the chains more 
agile, Supply and evolved to meet the needs of 
the most vulnerable population from food safety, 
food quality and may lead in time and fair prices 
can be achieved by these communities 
commodity of the basket in each country in Latin 
America, from an application of the Humanitarian 
Logistics. 
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