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Abstract: This paper focuses on finding a model to optimize the provision for international
emergency help, for emergencies caused by natural or man-made disasters. Nowadays,
natural and man-made disasters occur more often than before, possibly, due to climate
change, industrial activity, urbanization and migration of people. The national institutions
for protection and rescue, in many cases, when the emergency situation is declared, cannot
often cope and need help. The international organizations have recognized needs to
develop mechanisms, which can be used to help affected countries. Examples are European
mechanisms for civil protection and numerous guidelines from the United Nations Office
for the Coordination of Humanitarian Affairs (OCHA). If the affected country cannot solve
the problems and minimize risks for their citizens, material and cultural heritage,
Governments send an official request to International Organizations, to obtain different
kinds of international help as quickly as possible. However, the problems can appear with
costs and other needed resources for providing international help, in terms of country’s
distance which could provide help or duplication of resources that should be available.
Currently, International Organizations do not have the documents, guidelines or software
to be used for an emergency, when they have to make optimal decisions, concerning which
country will provide help. This can be recognized as a main research gap, which is
addressed by this paper. This paper uses operational research, to develop an adjusted
transportation model, for optimizing the provision of international help in emergency
situations. The main goal of this paper is to find useful solutions for those responsible for
emergency management in making decisions for providing help to affected countries.
Moreover, we aim to develop a model that will facilitate the appropriate disposition of
human and material resources to an affected country in experiencing a disaster. The
applied method involves an application of an adjusted transportation model for the case
study, based on a real emergency situation during the May floods of 2014, in the Republic
of Serbia. Having this in mind, the authors try to provide general results and a model, with
a recommendation of how the model can be applied to any emergency situation in the
world. The applicability is obvious for the activities of international organizations
responsible for emergency management.
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Introduction

Natural and man-made disasters generate huge problems for many countries all
around the world. The scope and damage of actual emergency situations, caused
by natural and man-made disasters, is greater than the past. The number of
casualties and victims rise during recent years, commensurate with population
densities of affected areas. Also, material damage creates life conditions which
need a lot of money and other resources for a recovery phase. But, one of the main
characteristics of the actual natural and man-made disasters, is that National
borders are not to be officially used during emergency situations. Floods are a
good example of a natural disaster, which includes international or regional
cooperation, between the affected countries, through which, a river passes. Also,
the huge impact of emergency situations toggles countries to think globally, more
than locally. If the affected country cannot cope with disasters, it will try to get
help from an international source [1].
The international organizations and institutions, such as the European Union and
the United Nations, recognize need to unit resources from many member states.
The resources are united within the developed mechanisms and frameworks. In
2001, the European Union Civil Protection Mechanism was established, in order
to have better cooperation among national civil protection authorities across
Europe. Whenever the sheer scale of an emergency overwhelms the response
capabilities of a country, the EU Civil Protection Mechanism enables coordinated
assistance from its participating states. These include all EU Member States, as
well as, Iceland, Macedonia, Montenegro, Norway, Serbia and Turkey. The
Mechanism is there to protect EU citizens and extend solidarity outside Europe's
borders to people who are affected by disasters and need help. Any country in the
world, including, the UN and its Agencies, and International Organizations can
request assistance, through the EU Civil Protection Mechanism [2]. On the other
side, the United Nations Office for the Coordination of Humanitarian Affairs
(OCHA) was established in 1991. OCHA is the part of the United Nations
Secretariat responsible for bringing together humanitarian actors to ensure a
coherent response to emergencies. OCHA also ensures there is a framework
within which, each actor can contribute to the overall response effort [3]. These
are the best examples of the organizations and institutions that provide
international help, in case of emergency situations declared, due to natural or manmade disasters [4].
However, in practice there are obstacles when non-affected countries want to help
to affected country, within developed mechanisms and frameworks. The affected
country, needs help as soon as possible. Otherwise, the distance and availability of
resources could be potential threats for the organization providing international
help. The additional problem occurs when more than one country is affected by
natural or man-made disasters. That means that the emergency situation hits the
whole region at same time. It is important to make adequate calculations in order
to satisfy all of the included parties in chain of providing and obtaining different
kinds of help [5]. The adjusted transportation model of operational research
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should be used in practice to reduce costs of logistics and improve organization of
providing international help to affected country in order to minimize
consequences during natural and man-made disasters. It is important to highlight
the different types of natural or man-made disasters. Natural hazards and disasters
can be split into three categories: Hydro-meteorological, Geophysical and
Biological hazards. Hydro-meteorological disasters are natural processes or
phenomena of atmospheric, hydrological or oceanographic nature that may cause
loss of life or injury, property damage, social and economic disruption or
environmental degradation. These include: floods, droughts, landslides, storms,
hurricanes and tidal waves. Geophysical disasters are natural earth processes or
phenomena that may cause loss of life or injury, property damage, social and
economic disruption or environmental degradation. These include: earthquakes,
tsunamis and volcanic eruptions. Biological disasters are processes of organic
origin or those conveyed by biological vectors, including exposure to pathogenic
micro-organisms, toxins and bioactive substances, which may cause loss of life or
injury, property damage, social and economic disruption or environmental
degradation. These include: epidemic and insect infestation [6]. On the other side,
man-made disasters are caused by human impact and include fires, chemical and
technical accidents in industry or traffic. Finally, there are many definitions of
emergency situations. For the purpose of this paper, maybe the best definition of
emergency situation, that is mostly used in Serbia, is the part of Law, on
Emergency Situations mentioning that, “emergency situation is the condition, in
which, risks and threats or consequences of catastrophes, extraordinary incidents
and other hazards threatening the population, environment and material goods, are
of such a volume and intensity, that their occurrence or consequences cannot be
prevented or eliminated by regular action on by the authorities and/or services in
charge, due to which, it is necessary to deploy special measures, forces and means
together with an enhanced work regime, in order to mitigate or eliminate them’’
[7]. In other words, emergency situations are coming after natural or man-made
disasters when there is lack of recourses to provide adequate response. This paper
attempts to develop an adjusted general transportation problem, which should be
used for any type of emergency situation when affected country does not have
enough resources and request international help. The difference of adjusted
general transportation problem, when it is used for different types of emergency
situations, only appears in terms of the located requested resources. For example,
Sweden has resources to help other countries, in case of wild and forest fires, but
does not have resources for earthquakes. Conversely, France can help in cases of
emergency situations caused by earthquakes. So, the Model, will be in a small
extent, changed, according to the different types of emergency situations.
Moreover, the Model should be used by someone in the international environment,
who is in charge of making optimal decisions concerning recourses to the affected
country. Optimal decisions, means decisions that save money and resources and,
at the same, time provide all the needs for the affected country.
After the introduction, this paper continues with a theoretical background and
methodology, which is based on a case study of the May floods 2014, in the
Republic of Serbia. Authors in the first paragraph of the methodology section will
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develop a general model, which after will be used in the formal case study.
Finally, results of using a transportation model will be presented and discussed, in
order to make final conclusions.

2

Theoretical Background

In many areas, where logistic services take an important role, reducing costs of
transportation is a constant goal. In order to minimize transportation costs
researchers in the area of operational research try to find the model which will
propose optimal solutions. Each area has its own characteristics that affect model
behavior. However, defining transportation problems and the model, should be
useful tools for optimizing the provision of international help, in case of
emergency situations.
Humanitarian logistics is defined as “the process of planning, implementing and
controlling the efficient, cost effective flow and storage of goods and materials as
well as related information from the point of origin to the point of consumption
for the purpose of alleviating the suffering of vulnerable people” [8]. One of the
main characteristics of humanitarian logistics, is time. When disasters occur, relief
needs to happen, as soon as possible. So, the participants of humanitarian logistic
chain have to react and take action, very fast. In the meantime, economic criteria
plays an important role in the decision process. On the other side, various
definitions of logistic can be found in the scientific literature, one says that
“Logistics is defined as the planning, organization, and control of all activities in
the material flow, from raw material until final consumption and reverse flows of
the manufactured product, with the aim of satisfying the customer’s and other
interest party’s needs and wishes i.e., to provide a good customer service, low
cost, low tied-up capital and small environmental consequences” [9]. Maybe the
better definition, for the purpose of this paper, is that “Logistics is defined as those
activities that relate to receiving the right product or service in the right quantity,
in the right quality, in the right place, at the right time, delivering to the right
customer, and doing this at the right cost (The even R’s)” [10]. The latter
definition emphasizes the importance of seven things, that have to be in the right
place, during the provision of international help to countries affected by natural or
man-made disaster. Humanitarian logistics differs from the logistics operations in
the commercial supply chains, because of uncertainties in route selection,
changing facility capacity, changing demand, safety issues, unused routes and
other challenges, like disrupted communication systems, limited availability of
resources and the need for efficient and timely delivery [11]. Many unknown
factors increase logistic costs, especially those one which refers to transport.
The transportation problem involves finding the lowest-cost plan for distributing
stocks of goods or supplies from multiple origins to multiple destinations that
demand the goods. The transportation model can be used to determine how to
allocate the supplies available from the various factories to the warehouses that
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stock or demand those goods, in such a way that total shipping cost is minimized
(i.e., the optimal shipping plan). Usually, analysis of the problem will produce a
shipping plan that pertains to a certain period of time (day, week), although once
the plan is established, it will generally not change unless one or more of the
parameters of the problem (supply, demand, unit shipping cost) changes [12]. The
questions are, on which this paper tries to give answer, is it possible to use this
kind of model to optimize provision of international help in case of emergency
situations?
During the preparation of this paper authors found some guidelines on how to
manage humanitarian assistance in disaster situations. For example, the Pan
American health organization developed one guideline for effective aid.
Humanitarian assistance is beneficial to disaster victims and can play an important
role in the development of the country if it is properly coordinated and responds to
real needs. Both donors and authorities in disaster-prone countries should keep in
mind the several principles for effective humanitarian assistance [13]. This
guideline provides a lot of principles that should be used during provision of the
international help. But, there is no any tool how to optimize this process in order
to reduce cost for sending country or not to duplicate resources in the affected
country. Chan with her research team worked on a real-time optimization for
disaster response, using a mathematical programming approach. Their
mathematical model focuses on providing different kinds of humanitarian aid, but
in term of a local response. They proposed a real-time decision support tool, with
the use of optimization, to aid post-disaster decision making. They adopted a
mathematical programming approach to model the problem, where the decisions
are the shipments of commodities from emergency supplies storage facilities to
affected communities. They also considered multiple types of commodities and
heterogeneous vehicles for transportation. The objective function of their model
involves the cost of shortage and a piece-wise linear cost of travel time, to
penalize the delays within different time intervals [14]. There are also other
models in this area, such as, one developed by Baraka, Yadavalli and Singh. This
group of authors worked on a transportation model for an effective disaster relief
operation in the SADC region. SADC consists of 15 countries: Angola, Botswana,
Democratic Republic of Congo, Lesotho, Madagascar, Malawi, Mauritius,
Mozambique, Namibia, Seychelles, South Africa, Swaziland, Tanzania, Zambia,
and Zimbabwe [15]. In their paper and with the SADC real-life cases studied, the
linear programming model targeted a cost-effective route from origins to supplies,
while the spanning tree-based genetic algorithm solved the shortest delivery route,
by minimizing both time and cost. The models mentioned in this paragraph try to
optimize the humanitarian aid in case of emergency situation. The main targets of
optimization are costs and time. But, the existing models do not focus on the
provision of global international help in case of large scale disasters when a lot of
countries want to help the affected country. This reflects the main aim of this
paper, more precisely how to optimize the humanitarian aid and operations in the
large international environment using the adjusted transportation model and
operational research.
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Namely, some international legislative defines that costs of humanitarian aid
providing to affected country will be paid accordingly to agreement between the
state which request and state which provide help. Moreover, the practice shows
that usually the providing country takes care about transportation and other
logistic costs. The main reason is situation of affected country or countries, if the
natural or man-made disaster hit the huge territory or the whole region, which
probably needs a lot of money for recovery phase, so not need the additional
expenses. Besides that, the providing country has the restricted funds for this
purpose. There is necessity to find model which will optimize the transport route
between the providing and the affected country or countries in case of emergency
situations, with the primary goal to minimize the transportation costs. The
transportation model should be an option for solving this problem [16].

3

Methodology

In this paper, the adjusted transportation model for optimizing provision of
international help in case of emergency situations caused by natural is suggested.
Many constraints affect the final decision on which country or countries will
provide operational and humanitarian aid to one where emergency situation is
declared. The humanitarian aid includes human, as well as, material resources. In
this paper will be consider deployment and scheduling of rescuers as human
resources that help to the domestic search and protection capabilities. One of the
most influential constraints is the incompatibility between demand and offer of
humanitarian aid. Moreover, a limiting factor should be the budget for providing
humanitarian aid and sending rescuers to affected countries. Currently, many
countries cope with limited available funds and budget. Otherwise, during natural
or man-made disasters principle of solidarity becomes actual. Practice shows that
many wants to provide help. The goal is to optimize the number of rescuers which
will be deployed to affected countries and at same time to minimize their
transportation and other costs related to stay in the affected country. Nevertheless,
equipment used by international rescuers should be also limiting factor and
constraint. The interoperability between domestic and international rescuers is
very important. During the decision-making process it is necessary to take into
account that rescuers with the corresponding equipment can be sent, regardless of
the costs of sending. Adjusted transportation model will be used for minimization
of deployment costs of rescuers. In addition of minimization of transportation
costs, model will be developed to optimize international help in terms of satisfying
all requests that must be fulfilled when sending international rescue forces. The
first request is that all domestic rescue forces should be deployed before
international teams arrive in the affected country. The second request is teams will
rarely be separated. So, beside the costs, during the optimization aspects, that also
should be considered, are constraints that all domestic rescue power has to be
used, as well as, that the international teams cannot be separated.
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Also, the catastrophic floods in the territory of the Republic of Serbia, during May
2014, would be used as a case study for creating the model. During the third week
of May, exceptionally heavy rains fell on Serbia which was caused by a lowpressure system (‘Yvette’) that formed over the Adriatic. Record-breaking
amounts of rainfall were recorded, more than 200 mm of rain fell in western
Serbia, in a week’s time, which is the equivalent of 3 months of rain under normal
conditions. Overall the floods affected some 1.6 million people, living in 38
municipalities/cities, mostly located in central and western Serbia. Two cities and
17 municipalities were severely impacted. In reaction to the severe flooding and
ensuing landslides, on 15 May, the Government of Serbia declared a state of
emergency for the entire territory. At the same time, in order to maximize the
effectiveness of the response to the emergency, a request for assistance was sent to
the international community, notably to the Governments of the European Union
(EU) Member States, EU Candidate Countries in the region, the Russian
Federation, the European Commission (EC) and the United Nations (UN). In
response, the European Commission immediately activated the EU Civil
Protection Mechanism, to call on Member States resources and staff [17].

3.1

Model Definition

In order that the affected country satisfied the needs, regarding help from abroad,
in the case of an emergency situation, the model has to be properly defined, with
all of the actual constraints. First, the affected country will try to solve problem
with their own resources. But, when domestic resources are not enough to cope
with natural or man-made disasters, the Government of the affected country will
send an official request to international organizations, which will immediately
consider it and take action. This request will be send to all member countries of
the international bodies, of civil protection and humanitarian aid. Then, all
countries will answer with possibilities of help. Mostly, they will offer help in
terms of human resources with equipment. It is very important that the affected
country or countries precisely define what is needed. For example, they need four
water rescue teams with boats and engines or divers with all necessary equipment.
Finally, the international organizations will answer the affected country as to what
they can provide, as international help. Practice shows that many countries want to
help on the basis of social and human responsibility.
The model will focus on providing international help, in term of rescuers with
appropriate equipment. A general model will be developed and presented, that
then can be adopted.
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Table 1
Example of table form of the request for the international help

Affected
country –
Area 1 (A1)
Affected
country –
Area 2 (A2)
Affected
country –
Area 3 (A3)
Affected
country –
Area 4 (A4)
Affected
country –
Area 5
(NWD)
Number of
rescuers Offer

Country that
providing
assistance 1
(CPA1)

Country that
providing
assistance 2
(CPA2)

Country that
providing
assistance 3
(CPA3)

Country that
providing
assistance 4
(CPA4)

Number
of
rescuers
Demand

c11

c12

c13

c14

D1

c21

c22

c23

c24

D2

c31

c32

c33

c34

D3

c41

c42

c43

c44

D4

c51

c52

c53

c54

D5

O1

O2

O3

O4

For the purpose of development, a general model is used in the previous table.
Columns of the table represent 𝑚 countries (in this case, four) which have a
possibility to provide help. Countries are marked with CPA1, CPA2, CPA3 and
CPA4 whose offers are expressed with number of rescuers and labelled as O1, O2,
03 AND O4. Rows of the table represent 𝑛 areas of the affected country that need
help in terms of rescuers with specialized equipment (points of demand) labelled
as A1, A2, A3, A4 and A5. Needs of the affected areas are expressed by known
numbers of demand D1, D2, D3, D4 and D5 respectively. Having in mind that one
of the goals is to minimize costs of engagement of international rescuers, costs of
daily engagement (daily allowances) are taken into account. Daily allowances per
one rescuer, from different countries, which should be deployed, marked with 𝑐𝑖𝑗
from each point CPA j = 1,2, ...,4 to any point A1, A2, A3, A4 and A5, i = 1,2, ...,
5. The daily allowances of rescuer engagement include different costs, such as,
transportation costs, food costs, accommodation costs and costs for using
specialized equipment. The transportation costs include the expenses of
transportation from domestic to affected country and back, divided on whole days
of stay in the affected country, plus daily transportation costs. Also, the number of
rescuers which will be deployed from some country to the affected country will be
labelled as xij.
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We want to minimize the total cost of deploying international help, in terms of
rescuer, with specialized equipment and at the same time, to satisfy request from
affected country. Moreover, the optimization is also based on constraints that all
domestic rescue forces should be used and that international teams cannot be
separated. Before defining the model, it is important to define the difference
between opened and closed tranportation problems. If the demand and offer are
equal, the problem will be closed. Otherwise, as in our case, if the demand and
offer are not equal the transportation problem will be open and it can be closed by
adding fictitious points. The fictitious points will be domestic rescue powers.
So, regarding the topic of this paper and previously defined minimization goal, the
model will be defined as:
m n

F    cij

(1)

i 1 j 1

subject to:

x11  x12  ...  x14 

fp15

f

 D1

(2)

constraint to demand of the first area of the affected country

x 21  x 22  ...  x 24 

 D2

fp 25

f

(3)

constraint to demand of the second area of the affected country

x31  x32  ...  x 34 

fp 35

f

 D3

(4)

constraint to demand of the third area of the affected country

x 41  x 42  ...  x 44 

 D4

fp 45

f

(5)

constraint to demand of the fourth area of the affected country

x51  x 52  ...  x 54 

fp 55

 D5

(6)

constraint to demand of the fifth area of the affected country

x11orx21orX 31orx41orx51  O1

(7)

constraint to offer of the first country including teams cannot be separated

x orx orX orx orx
12

22

32

42

52

 O2

(8)

constraint to offer of the second country including teams cannot be separated

x orx orX orx orx
13

23

33

43

53

 O3

(9)

constraint to offer of the third country including teams cannot be separated
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x orx orX orx orx
14

24

34

44

54

 O4

(10)

constraint to offer of the fourth country including teams cannot be separated
fp 15  fp 25  fp 35  fp 45  fp 55

 FP

(11)

constraint to engagement of domestic rescue powers

xij  0

(12)

The objective function (1) is to minimize the total costs of deploying rescuers as
one kind of international help to the affected country. The constraints (2, 3, 4, 5,
6) shows the potential demand satisfaction of the affected areas of country i
(i=1,2…, 5). These constraints include domestic rescue powers as fictitious points
(fp1, fp2…fp5). Constraints (7, 8, 9, 10) show the potential offer of country that
express their will and possibility to help the affected country and areas. So, Xij
should be equal with Oj and there is no possibility to have sum of xij which finally
will be equal with offer from different countries. Practically, these constraints
include fact that international rescue team cannot be separated and all rescuers
should be deployed in same affected area. The constraint (11) refers to request that
all domestic rescuers should be used. Finally, the natural constraint (12) refers to
rule that the number of rescuers cannot be less than zero.
For solving this transportation problem it is important to predefine the costs in
euro, per day, of rescuer deploying and working in the affected country. Then, the
model will seek to find an optimal solution, that meets the previously defined
constraints. That means, the minimized costs of international help and deployment
of rescue teams, engagement of all domestic rescue forces and no single separated
international team.

4

Results

The General Adjusted Transportation Problem, which was developed in the
previous chapter, will be adopted through the case study, made from the example
of the May 2014 flood, in the Republic of Serbia. During these catastrophic
floods, the Republic of Serbia could not cope with the severe consequences and
the Serbian Government made the decision to send the official request to
international organizations and the European mechanism of civil protection. Also,
the help was requested from the nearest countries based on bilateral and
multilateral agreements. Immediately, these requests were considered and many
countries, through different channels, offered help. It was good news for the
Serbian authorities. But, the problem occurred, due to large number of countries
that wanted to help. Decision makers had complex tasks in making selection of
teams with different specializations and from different parts of the world.
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In this chapter, using the general adjusted transportation model for optimizing
provision of the international help, in case of emergency situations, we will show
the usefulness of this model, for making optimal decisions. Finally, tables shown
in the following part of the paper represent the application of the adjusted
transportation problem.
In the beginning of the case study, it should be noted that the countries which have
possibilities to provide help, in terms of rescuers with specialized equipment,
previously defined the exact costs of deploying the teams. In this case, the biggest
influence on total costs will have the distance between the affected Serbian areas
and country that will provide help.
The offer and demand for rescuers, as a kind of the international help and the daily
allowance, of deploying and rescuing, in euro are shown in Table 2.
Table 2
Offer, demand and daily allowance in case of providing international help in the Republic of Serbia
during May floods 2014

Affected
country
Serbia–
Macva area –
(MA)
Affected
country
Serbia –
Pcinja area –
(PA)
Affected
country
Serbia –
Kolubara area
(KA)
Affected
country
Serbia –
Sumadija area
(SUA)
Affected
country
Serbia – Srem
area (Sa)
Number of
rescuers Offer

Country that
providing
assistance 1 –
Russian
Federation

Country that
providing
assistance 2 Montenegro

Country that
providing
assistance 3 Romania

Country that
providing
assistance 4 Turkey

Number
of
rescuers Demand

80

90

90

90

250

40

60

70

60

220

70

90

90

70

200

70

100

100

110

250

90

120

70

80

200

250

150

180

200
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Before the beginning of the implementation of the transport model, it is necessary
to define what the specific fields in the table mean. For example, in the cell which
merges the Russian Federation, as a providing country, and Macva area as the
affected part of Serbian territory, is written 80. This means that daily allowance of
one Russian rescuer engagement, in the Macva area in Serbia is 80 euro per day.
The main goal of the exploited model, is to satisfy the demand for rescuers with
predefined offer and to minimize total costs, respecting all constraints. Constraints
will be same as in the general model and refer to fact that international teams
cannot be separated and that all domestic rescue forces have to be used. Having in
mind different types of transportation, Romanian and Montenegrin rescuers used
land transport and the Russian and Turkish rescuers used the airport in the city of
Nis. This first table in the case study represents the opened transportation
problem. The difference is 340 rescuers between demand and offer. More
precisely, demand is 340 rescuers higher than the international offer. In next table
will be shown the first results of the use of the adjusted transportation model for
finding the optimal schedule of providing the international help.
Table 3
The first results of using the transportation model
Russian
Federation
(number of
offered
rescuers 250)
Macva
area– (MA)
– 250
rescuers
need

80

Pcinja area
– (PA) 220
rescuers
need

40

Kolubara
area (KA)
200 rescuers
need

70

Sumadija
area (SUA)
250 rescuers
need
Affected
country –
Srem area
(SA) 200
rescuers
need
The column
difference

Montenegro
(number of
offered
rescuers 150)

Romania
(number of
offered
rescuers
180)

Turkey
(number
of offered
rescuers
200)

90

90

90

70

60

F (difference
340 rescuers)
– host nation
capacities
0

60

150

90

100

100

200
110

30,30,0,0
0

0 220

70
120

30,0,0,10

0,0,20
0

80

180
30,0

20

0

70
90

70

90

10,10,0,0

100

220

30

The row
difference

0,20,20,20
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The next step is, the application of transportation model procedure. First, we have
to find the two smallest numbers, in each row and each column, which relate to
the amount of the daily engagement. When we find that, the next step is to make
difference between those numbers. For example, in the first row, which relate to
the Macva area – (MA) the two smallest numbers are 80 and 90. The difference
between them is 10. This is the first number which is written in the first cell of
column “the row difference”. The procedure will be repeated for all other rows
and columns. Than we have to find the biggest number between those that relate
to “row and column” difference. In the previous example, it is 30, but on few
positions. In this case, we choose to solve the first column. In the first column, we
are looking for the lowest number. This is 40. Finally, we calculate how to satisfy
demand and offer it in a cell where the daily engagement is the lowest number,
because the model goal is minimization. Pcinja area needed 220 rescuers, and the
Russian Federation could provide 250. So, it is possible to satisfy whole demand
and deploy 220 rescuers from Russian Federation to Pcinja district. As a
difference, it would leave 30 rescuers from Russian Federation, free. The demand
of Pcinja district is fully satisfied. The previously described process will be
continued until the demand and offer are not the same. In cases, where the demand
was bigger than the offer, we have to add one more column, marked with F, which
describe that the difference and will be solved with the host nation capacities and
Serbian rescue power. The constraint related to column F is that all domestic
rescue teams have to be engaged. But, the problem is that team cannot be
separated, as is in this case with Russian rescuers. So, this result cannot be used as
optimal and we have to continue the process.
The next step is to define the level of rank. This is also part of standard solving of
transportation problem. A transportation problem’s solution has m+n-1 basic
variables, (where ‘m’ and ‘n’ are the number of rows and columns respectively)
which mean that the numbers of occupied cells in the initial basic solution are one
less than the number of rows and number of columns. When the number of
occupied cells in an initial basic solution is less than m+n-1, the solution is called
a degenerate solution [18]. The rank is calculated as:
R  m  n 1

(13)
where m is number of countries which provide help plus domestic capacities, and
n is number of the affected areas.
In this case, the rank is 9. It is necessary, in order to have optimal result, to check
if the rank is equal with numbers which are marked in squares and that is
popularly called “stones” in the transportation problem. So, we have 8 stones and
the rank is 9. They are not equal and we have to continue the process to find the
optimal solution. Before next step it is important to include the  . This is an
additional tool, without which, we cannot find the optimal result. With the aim to
solve degeneracy, the general transportation model needs to allocate an
infinitesimally small amount  to one of the independent cells. More precisely,
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 to one or more unoccupied cells that have
the lowest transportation costs. Also, the value of  is approximately zero.
to allocate a small positive quantity

Table 4
The second results of using the transportation model T0
Russian
Federation
(number of
offered
rescuers 250)
Macva area–
(MA) – 250
rescuers
need

80

Pcinja area –
(PA) 220
rescuers
need

40

Kolubara
area (KA)
200 rescuers
need
gSumadija
area (SUA)
250 rescuers
need
Affected
country –
Srem area
(SA) 200
rescuers
need
Vj

Montenegro
(number of
offered rescuers
150)

Romania
(number of
offered
rescuers 180)

Turkey
(number of
offered
rescuers 200)

90

90

90

F (difference
340 rescuers) –
host nation
capacities
0

0

0

10

20

150

100

60

60

70

0

30

70 220

90

90

0

20

20

40

20

100

100

110 200

10

30

20

70

80

-30

0



30

70

-20

70

0

90
20

Ui

0

0

0

220

120

30

70

30
90

180
70

-10
90

0

20

Now we have to assign the potential of the affected areas. It will be Ui where
i=1,2,3..5. After, the potential of the providing countries is Vj where j=1,2,3..5.
Both potentials are calculated in the same way as in the previous table. Ui
potential is same as the “row difference’’ in the previous table. Vj potential is
same as, ”column difference’’ in the previous table. The task is to define the
values of base variables:
cij  Ui  Vj

(14)

and non-base variables
dij  cij  Ui  Vj

(15)

In this case, the base variables are the daily allowances for international rescuer
engagements in some of the affected areas. The values dij are non-base variables
as well as numbers below of diagonal in cells. When this process is finished we
have to look are there and dij value less than zero. In this case there is d 54 which is
-10. None of the dij values can be less than zero. So, the result is not optimal and
– 200 –

Acta Polytechnica Hungarica

Vol. 16, No. 3, 2019

we have to continue the transportation problem. Before the next table, we need to
connect stones or base variables and to find solutions so all non-base variables, are
greater than zero. In next table, we will change the negative value of d54 with 
and repeat the same process as in previous table.
Table 5
The second results of using the transportation model T1

Macva
area –
(MA) –
250
rescuers
need
Pcinja
area –
(PA) 220
rescuers
need
Kolubara
area (KA)
200
rescuers
need

Russian
Federation
(number of
offered
rescuers
250)

Montenegro
(number of
offered
rescuers 150)

Romania
(number of
offered
rescuers
180)

Turkey
(number of
offered
rescuers
200)

80

90

90

90

F
(difference
340
rescuers) –
host nation
capacities
0

Ui

0 100

40

70

0

10
150
40

20

60

60

70

30
30

70

220

10

Sumadija
area
(SUA)
250
rescuers
need

70

Srem area
(SA) 200
rescuers
need

90

Vj

0

0

70

60

90

0

10

20

10

100

100

110

10

30

20

70

80

200

30
20

90

20

120

0 220

70



30
20

70
0

0

180

10

-70 20

Now, all non-base variables are positive. So, we have the first optimal solution.
But, because one of the non-base variables is equal with zero (d22=0) we have
multiple optimal solution and we will once more repeat process in previous table.
The problem with this result is again Russian team’s separation on two parts
which is contrary to constraints.
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Table 6
The second results of using the transportation model T2
Russian
Federation
(number of
offered
rescuers
250)

Montenegro
(number of
offered
rescuers 150)

Romania
(number of
offered
rescuers
180)

Ui
Turkey
(number of
offered
rescuers 200)

F (difference
340 rescuers)
– host nation
capacities
0

Macva area
– (MA) –
250
rescuers
need

70

80
90
10

90

90

0

20
20

40
Pcinja area
– (PA) 220
rescuers
need

250

60

40
60

70
30

10

150

70

0
20

70
Kolubara
area (KA)
200
rescuers
need

70

90

90

10

10

30

60

0
10
200

70

70
0

Sumadija
area (SUA)
250
rescuers
need

180

100

100

110

10

30

30
70

Srem area
(SA) 200
rescuers
need

90

Vj

0

20

120

70

80

70



30
20

0

0

180

10

-70 20

Finally, the last table shows the recommended decision. But, constraints of
general model are not satisfied. The Russian team is separated and domestic
capacities (column F) are not fully engaged. In next step we have to merge the
Russian team. Having in mind all constraints, the Russian team will be connected
in the Sumadija area, but not at full capacity. 40 Russian rescuers from Pcinja area
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will be merged with rest of team in the Sumadija area. Demand in the Pcinja area
will be satisfied by the Montenegro team, as well as, with domestic rescuers from
Pcinja area (20 rescuers), Kolubara area (10 rescuers) and from Sumadija area (40
rescuers). Demand of Sumadija area will be satisfied with 220 Russian rescuers
and 30 domestic rescuers. In this way, all constraints are satisfied. Moreover, the
Russina Federation will deploy fewer people, 220 rescuers instead of the 250
offered, because all the domestic forces are engaged.

5

Discussion

The final result in table 6 and explanation in the last paragraph of previous chapter
illustrates the aim of this research, where all demands for rescuers, in the affected
districts of the Republic of Serbia are satisfied. Also, we use all offered rescuers,
from minimal countries and deployed them with minimal costs, which also was
one of the goals. Only the Russian offer was not completely used considering that
220 rescuers will be deployed instead of the 250 offered. According to the
adjusted transportation model, goal function and constraints, which are used as
part of the case study, we obtained optimal solutions. The Russian Federation,
according to the last solution, deployed 220 rescuers to Sumadija district, with the
daily costs of 70 euro per day, which is not lowest, but is only 10 euro more than
the lowest daily price of engaging Russian rescuers. Moreover, in this case, is the
satisfied constraints, that teams cannot be separated and deployed to two different
sides. One of the main obstacles, when some countries send their rescuers to help
somewhere abroad, is the dividing them on two different sides. Then, Romania
deploys all of rescuers to Srem district with the lowest daily price, exactly 70
euro. Montenegro deploys all of rescuers Pcinja district with the lowest daily price
– 60 euro. Finally, Turkey will deploy all of rescuers to the Kolubara district with
daily price which is not lowest, but is only 10 euro more than the lowest daily
price of engagement of the Turkish rescuers. Now, by comparing the last solution
and the first solution in the table 3, we can conclude that all of constraints are
satisfied. Teams will not be separated and domestic rescue teams are fully
engaged.
In the case where many countries want to help an affected country with rescue
teams and equipment, using an adjusted transportation problem will facilitate this
process. Comparing the first and last option, the costs are the same – 51,000 euros.
However, the final solution satisfies all of constraints.
Manual use of a linear programming or transportation problem, without any
software, for decision makers in this area, will be too complex. So, the one
solution for both obstacles, either for “force-device’’ calculation model or manual
use, is an appropriate software tool. LINDO and LINGO, are examples of
software products that can be a useful base for making an appropriate program, or
probably sufficient for reducing costs of providing international help in the case of
emergency situations [19].
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Conclusion
The purpose of this paper is to give a recommendation for using transportation
problem solving tools to create a model for providing international help, when
natural or man-made disaster occur. In this case, in terms of the rescuers with
specialized equipment, with the main goal, to minimize costs. Moreover, the main
contribution, as well as, the novelty, is that through this paper, is developed an
adjusted transportation model, that should be used by those responsible, to make
optimal decisions on provision of international help, in case of emergency
situations, with emphasis on deployment of rescue teams with equipment. A
special part of this paper belongs to the practical use of a transportation model,
which is shown through one case study, belonging to the May floods of 2014, that
hit the Republic of Serbia. The one of main finding is that a model is applicable
for any kind of emergency situation, caused by natural or man-made disaster. In
all cases, is possible to compare requests from an affected country, with offered
help. The difference appears only in the numerical indicators for the number of
offered rescuers and for the needs of the affected country. Lessons learnt after
using the adjusted transportation model, is the need to include all of the practical
rules, when the international help is provided. First, all of the domestic teams, in
the affected country, have to be engaged. Only in this case, when the national
resources are overwhelmed, can the affected country send requests for
international help. Secondly, international rescue teams cannot be separated
during their work in the affected country. Both of these two constraints are used in
the adjusted transportation model, developed in this paper. Maybe the only
obstacle now is how to adopt this operational research, as a unique helpful tool,
for this topic. In practice it is only possible to recommend, in some general
guidelines, and present it at conferences and seminars, to decision makers of the
international environment and emergency management community.
Future work will focus on special software, which can be made for this purpose, in
connection with the adjusted transportation model. This software should be
developed to include existing data, for possible provision of international help,
such as, information of currently available teams and equipment. Then, this
software, based on predefined constraints, will automatically solve deployment
problems and provide optimal results.
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