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Abstract In reality, the transportation problem is often related to the urgent materials transportation. In the 

process of finding a transport scheme, the most important thing to be considered is to minimize total 

transportation cost. Here we propose a perspective on the Rohingya refugees in Bangladesh having 

accommodation crisis and threats during monsoon period. An attempt has been made to investigate the 

transportation problem to find a transport scheme for providing tie-down shelter kits with minimum cost 

considering from organizations to camps. This problem has been interpreted and solved by LINGO solver. 

Finally, the result shows that the model can be used to solve similar problems for funding and providing 

assistances in the affected areas. 
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1. Introduction   

The Rohingya people are a majority Muslim ethnic group who have existed in Myanmar; a Buddhist majority 

country for centuries. Most of them are resided in the western Rakhine State (formerly known as Arakan), at the 

center of a humanitarian catastrophe. They have a long history of persecution in Myanmar. Most recently, the 

violence in Rakhine state which began on 25 August 2017 has driven an estimated 728,306 Rohingya people, 

with total of 895,631 across the border into Cox’s Bazar, Bangladesh [1]. This influx has resulted in critical 

humanitarian emergency. They are now reliant on humanitarian assistance for food, and other life-saving needs 

with highly vulnerable population. 

Conditions in the camps remain a serious concern with overcrowding and unsafe shelters, aggravating health 

and protection issues. The current priority is to prepare households for the monsoon and cyclone season. 

Shelters need to be upgraded and strengthened to better with stand heavy rain and wind. Efforts are needed to 

develop safer and more durable sheltering options which will improve safety for the future. 

Monsoon rains (June to September) possibly intensified by climate change damaged critical infrastructure in 

the camps in Cox’s Bazar last year. Most of the refugees are to be at risk of direct impact by flood or landslide 

in their current locations, requiring urgent relocation. Cyclone and monsoon preparedness are needed to cope 

with the challenges. More concrete attention needs to be paid to emergency response plans due to the impact of 

rainfall in the monsoon period. Moreover, heavy rainfall during monsoon complicates access to and within the 

camps. 

Muddy pathways in the settlements may be difficult to navigate then. Consequently, the process of providing 

assistance will become even more difficult for the collaborating organizations. 
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Figure 1.1: Rohingya Camp Situation during Monsoon Season [2]. 

Our aim is to build a model for the monsoon period that can roughly arrange the transport scheme for three 

organizations to provide tie-down shelter kits (TDK) effectively to the camps with minimum cost by using 

transportation model. Here TDK includes ropes, steel pegs and sand bags [3]. In this case, an application of 

linear programming for three organizations; International Organization for Migration (IOM), United Nations 

High Commission for Refugees (UNHCR) and Bangladesh Rehabilitation Assistance Committee (BRAC) can 

be described to provide shelter kits to the Rohingya camps in Cox’s Bazar by introducing a transportation 

problem. 

In the past few years, several scientists have studied transportation problem. On the other hand, various types of 

algorithms for solving this problem were proposed. The transportation problem which was firstly studied by 

Hitchcock [4] which had been concerned many years. In [5], a transportation algorithm is developed and applied 

to obtain an Initial Basic Feasible Solution (IBFS) of transportation problems in minimizing transportation time. 

Authors of research paper [6] studied the problem of how to arrange the transportation plan in order to minimize 

the total cost when the total volume of supply was insufficient. Moreover, the application of linear programming 

model to refugee migrating problem was studied in [7] and shortest time limited transportation problem based 

on Lingo software by authors of [8] have been also introduced. 

In this work, the background of Rohingya crisis and their present situation in Bangladesh have been discussed in 

introduction. Then an overview of transportation problem has been described. To mitigate Rohingya 

accommodation problem, a minimum cost transportation model has been introduced in detail and the results 

have been obtained by using LINGO solver. Finally, the last section contains the conclusion of this work. 

 

2. An Overview of Transportation Problem 

The transportation problem in operational research is one of  the sub-classes of Linear Programming Problems 

in which the objective is to “transport” various amounts of a single homogeneous commodity, that are initially 

stored at various “origins”, to different “destinations” in such a way that the total transportation cost is a 

minimum. Figure 2.1 shows a simple network representation of transportation problem. 

 
Figure 2.1: Simple Network Representation of Transportation Problem 
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2.1. The Minimum Cost Transportation Model for Rohingya Accommodation Problem in Bangladesh 

The supplying of shelter kits to the Rohingya camps during monsoon period in minimum cost can be considered 

as the linear programming, namely as a special transportation problem. In this process we consider 3 

organizations; IOM, UNHCR and BRAC as “origins” to provide shelter kits from 3 different places of 

Chattogram city and denoted by A1, A2 and A3 and the Rohingya camps are considered as the “destination” to 

receive their demand in Cox’s Bazar. Hence we consider 5 camps as a sample of demand areas; which are 

denoted by B1, B2, B3, B4 and B5. Our goal is to find such a transportation scheme so that the organizations can 

provide sheltering items sufficiently with minimum cost. The problem can be presented as the following figure 

2.2: 

 
Figure 2.2: Network Representation of Considering Transportation Problem 

 

3. Mathematical Formulation 

We can formulate the minimum cost transportation problem as follows: 

Suppose 3 organizations; IOM, UNHCR and BRAC are considered as supply areas/origins in terms of 

transportation problem to provide shelter kits from 3 different places of Chattogram city and denoted by A1, A2 

and A3. So, the supply of Ai is 𝑎𝑖  (𝑖 = 1,2,3). Also, the Rohingya camps in Cox’s Bazar are considered as the 

demand areas. Hence we consider 5 camps which are denoted by B1, B2, B3, B4 and B5. So, the demand of Bj is 

𝑏𝑗  (𝑗 = 1,2,3,4,5). Then the transportation cost from Ai to Bj is Cij. 

Our objective is to organize the transport scheme for these 3 organizations in such a way so that the cost for 

transporting shelter kits to the camps i.e. from Ai to Bj is minimum. So, our objective function is: 𝑀𝑖𝑛 𝑍 =

  𝑥𝑖𝑗 𝐶𝑖𝑗
5
𝑗=1

3
𝑖=1           (3.1) 

Where, 𝑥𝑖𝑗  is the amount of shelter kits transported from Ai to Bj (𝑖 = 1,2,3;  𝑗 = 1,2,3,4,5) and Cij is the 

transportation cost. 

Since the objective function is not a linear function of the decision variables, the model is not yet an LP model. 

So, this model can be reformulated into an LP model by introducing a set of 0-1 variables as follows: 

𝑍𝑖𝑗 =  
1 𝑖𝑓 𝑥𝑖𝑗 > 0 

0 𝑖𝑓 𝑥𝑖𝑗 = 0
          (3.2) 

Now we can formulate the transportation problem into an LP model considering the constraints as follows: 

subject to 

  𝑥𝑖𝑗  ≤ 𝑎𝑖  ;  𝑖 = 1,2,35
𝑗 =1                    (3.3) 

  𝑥𝑖𝑗 = 𝑏𝑗  ;  𝑗 = 1,2,3,4,5 3
𝑖=1         (3.4) 

𝑥𝑖𝑗 ≥ 0 ;  𝑖 = 1,2,3 ;  𝑗 = 1,2,3,4,5                  (3.5) 

Where equation (3.1) is the objective function where Z minimizes the upper bound of cost in all transportation 

roads from Ai to Bj, so that the cost for finishing the transportation task is minimum. 
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The constraint (3.2) means that the sum of the volume of shelter kits transported to each of the camps must be 

less than or equal to the capacity of the 3 organizations. Constraint (3.3) means that the sum of the volume of 

shelter kits transported from each of the 3 organizations to that camp must be equal to the corresponding 

demand of the camp. Constraint (3.4) is the description of the variables value. So now, this problem is an LP 

problem. 

 

4. Sources of Data 

To test the model and solve the problem, an example with actual data of Rohingya refugee crisis is needed. We 

have collected the data of distributing tie down shelter kits during monsoon period (June to September) in 2018 

from the weekly and monthly reports published by IOM [9], UNHCR [10] and BRAC [11] that have been 

updating since 2017. Table 1 shows the collected data: 

Table 1: Number of Tie-Down Shelter Kits Distributed to Different Rohingya Camps during monsoon 2018 

 

5. Results and Discussion 

We have used the data of table 1 to describe a transportation problem for finding minimum cost of the three 

organizations to provide their tie-down kits to each of the five camps. Here we consider 5 Rohingya camps as a 

sample of demand areas out of more than 24 camps in Cox’s Bazar. For the optimization of the problem, we will 

assume the same unit cost in hundred taka for each month to solve the problem in order to see the effect on the 

solution.  

During the monsoon period, the households in the Rohingya camps need tie down shelter kits. To support and 

assist the Rohingya families urgently, three organizations A1, A2 and A3 (IOM,UNHCR and BRAC) are 

volunteering to provide those items from three places of Chattogram city to five camps in Cox’s Bazar say B1, 

B2, B3, B4 and B5. The number of kits that every camp demand are listed in table 2, the number of kits every 

organization can supply are listed in table 1 and the unit cost (in Hundred Taka) to transfer from each 

organization to every camp are listed in table 3. We want to find out the minimum cost and the transport scheme 

such that all the three organizations can provide their shelter kits with minimum cost. This is the minimum cost 

transportation problem, which can be formulated into the problem as discussed in mathematical formulation. 

Here we have found the numerical solution by using LINGO solver which is time saving as well as easy to solve 

and interpret large amount of data inputs. Though we have used LINGO, we can also solve this problem 

analytically. 

Table 2: Optimal Transportation Schemes for Monsoon period 2018 

Months Camps 

B1 B2 B3 B4 B5 

June 17800 12551 18700 14300 13700 

  July 13000 10500 15375 11800 9200 

August 1300 929 1700 800 200 

September 3000 4500 1700 2800 1073 

 Total Demand 35100 28480 37475 29700 24173 

Table 3: Unit Transfer Cost from Each Organizations to Different Camps 

 B1 B2 B3 B4 B5 

A1 3 7 5 4 5 

A2 9 5 6 6 2 

A3 5 10 8 7 5 

 

Name of 

Organizations 

Number of Tie-Down Shelter Kits Distributed During Monsoon 

June July August September Total Supply 

IOM
 

5944 28013 3387 1497 38841 

UNHCR
 

58673 22002 62 227 80964 

BRAC
 

12434 9860 1480 11349 35123 
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LINGO provides a completely integrated package that includes a powerful language for expressing optimization 

models, a full-featured environment for building and editing problems, and a set of fast built-in solvers capable 

of efficiently solving most classes of optimization models [12]. 

Optimization problems are often classified as linear or nonlinear, depending on whether the relationships in the 

problem are linear with respect to the variables. LINGO is also a simple tool for utilizing the power of linear and 

nonlinear optimization to formulate large problems concisely, solve them and analyze the solution. Optimization 

helps to find the answer that yields the best result; attains the highest profit, output or happiness; or the one that 

achieve the lowest cost, waste or discomfort. 

We use LINGO to find out the optimal solution of our considering problem. The following Tables 4-Table 7 

shows the optimal transport schemes of distributing shelter kits from the organizations to the camps for 

individual months of monsoon season from June to September respectively and at the same time Figure 5.1- 

Figure 5.4 represent the optimal network of transportation schemes for individual months of monsoon season. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: Optimal Network Transportation for June 2018 

Table 4: Optimal Transportation Schemes for June 2018. 

From To Amount Cost (In Taka) 

A1 B1 5366 16098 

A1 B4 578 2312 

A2 B2 12551 62755 

A2 B3 18700 112200 

A2 B4 13722 82332 

A2 B5 13700 27400 

A3 B1 12434 62170 
 

 
Figure 5.2: Optimal Network Transportation for July 2018 
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Table 5: Optimal Transportation Schemes for July 2018 

From To Amount Cost (In Taka) 

A1 B1 3140 9420 

A1 B3 13073 65365 

A1 B4 11800 47200 

A2 B2 10500 52500 

A2 B3 2302 13812 

A2 B5 9200 18400 

A3 B1 9860 49300 

 

 
Figure 5.3: Optimal Network Transportation for August 2018 

Table 6: Optimal Transportation schemes for August 2018 

From To Amount Cost (In Taka) 

A1 B1 20 7485 

A1 B2 867 1135 

A1 B3 1700 15000 

A1 B4 800 3200 

A2 B2 62 310 

A3 B1 1280 6400 

A3 B5 200 1000 

 

 
Figure 5.4: Optimal Network Transportation for September 2018 
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Table 7: Optimal Transportation Schemes for September 2018 

From To Amount Cost (In Taka) 

A1 B3 1497 7485 

A2 B2 227 1135 

A3 B1 3000 15000 

A3 B2 4273 42730 

A3 B3 203 1624 

A3 B4 2800 19600 

A3 B5 1073 5365 

The Table 8 and Figure 5.5 represent the optimal transportation schemes and optimal network of transportation 

schemes for overall monsoon season 2018. 

 
Figure 5.5: Optimal Network Transportation for Monsoon 2018 

Table 8: Optimal Transportation schemes for Monsoon 2018 

From To Amount Cost (In Taka) 

A1 B3 9141 45705 

A1 B4 29700 1,18,800 

A2 B2 28480 1,42,400 

A2 B3 28311 1,69,866 

A2 B5 24173 48,346 

A3 B1 35100 1,75,500 

A3 B3 23 184 

The result indicates different schemes of the organizations A1 (IOM), A2 (UNHCR) and A3 (BRAC) to 

distribute their shelter kits in five camps. In this case they will also reduce their transportation cost as of 

different units. And finally, the total cost is the minimum transportation cost; which is also the global optimal 

solution. 

 

6. Conclusion 

We have structured a transportation scheme with minimum cost to provide tie-down shelter kits to the Rohingya 

camps. For this we have solved the minimum cost transportation by introducing LINGO solver. Finally, we can 

estimate about how much amount of tie-down shelter kits can be distributed from the organizations to each 

camp with reduced costs. This procedure will be helpful in future for different humanitarian and other 

organizations or any individual to solve similar type of problems for funding and providing assistances like 

shelter kits, educational materials, foods, medical facilities, urgent materials such as rescue equipment etc. in 

response to the critical crisis. 
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