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ABSTRACT 

Formation of various types of dry ports in Iran can help with the main transportation flows. 
The method for the selection of a proper location for the foundation of dry ports is an issue 
that's becoming increasingly important every day. The most important issue concerning 
dry ports is optimal location of them. In this paper, a dry port location model that's based 
on ant algorithm that is an invention of this research has been developed with the aim of 
development cost minimization. Ant algorithm is a new evolutionary method introduced to 
solve optimization problems. Given the information acquire, the present research is the 
first to offer a linear programming model for dry ports location. To solve the problem, the 
proposed method has been programmed using MATLAB software and the results have 
been compared based on then hypothetical data. The calculation results show the optimal 
performance of the proposed method in terms of the quality of the answers, ability to find 
the optimal points and the time taken to achieve them.  
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INTRODUCTION 

 

Generally, selection of an appropriate location of some particular facilities in an area is one of the common 

decision making problems. These problems have become particularly popular over recent years and several 

qualitative and quantitative methods have been proposed to solve them. (Ko, J., 2005) The best location to 

establish a source is a location that enables the highest (quantitative) use and the best (qualitative) use of a given 

source, simultaneously. (Jafari, Maliha., H. Ranjbar, ShahabAli, 2007) The importance of water routes as the 

most economical route for commercial goods transportation has attracted most countries and manufacturers for 

carriage of cargo by vessels and optimal use of their related facilities. Therefore, one of the mother industries 

and economic and strategic infrastructures of any country are equipped ports to provide port services to shipping 

companies. (Mohtashami, A., M.A. Taleghani, 2011) Given the ever increasing number of water transport fleet 

in the world for carriage of cargo with container for its advantages and the necessity of world water 

transportation macro planning for transit of Central Asia goods via Iran, to respond to Iran's import/export 

needs, the necessity of usingsome terminals called dry ports is sensed.The idea of the presence of a dry port in a 

certain distance from coast ports has decreased many problems for these ports. But, dry ports, like any other 

service provider centers, require optimal location and their correct development will offer valuable 

benefits:increased port services in a domestic region, optimal location of ports in the country, (reduction of 

transportation time/cost (Roso, V., 2008)), reduced fuel consumption, reduction of traffic problems four routes 

leading to coast ports, reduction of concentration at coast ports and lack of line formation in the ports' perimeter, 

reduced demands for use of coastal lands, reduction of accidents and increase of safety, reduction of roads 

maintenance costs and reduction of environmental pollutions of coastal cities, improvement of sustainable 

development process, acceleration of economic development and logistic integration of domestic regions, 

increase of direct foreign countries' investment in Iran, financial improvement, improvement of the status of 

transportation-related infrastructures, increased transportation use, etc. (Arabshahi, Nader., Dadvar, S.A., 2012) 

Formation of various dry ports in the country can be a way to overcome the traditional conditions and 

improve the main transportation flows in a very effective way. The method for selection of an appropriate 
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location for a dry port is an executive problem that's becoming increasingly important (Wang, Y., J.W ang, 

2010). The most important factors influencing the execution of a dry port are, infrastructure, land use, the 

environment and the laws (Roso, V.,). Dry ports are created in response to the needs for container service and 

logistic market in domestic central regions of countries and near consumer markets and the applications of these 

ports under a specific framework. (Jarzemskis, A., A.V. Vasiliauskas, 2007) 

In this paper, we will focus on the location of dry ports with the use of ant algorithm. According to our 

information, this paper, is the first to offer a linear programming model for dry ports location with the use of ant 

algorithm. We offered a proposed model for problem solution and programmed the model in MATLAB and 

compared the results based on ten hypothetical data. In the following, in section 2, topic literature will be 

discussed. In section 3, we focused on problem definition and offering a mathematic model. In section 4, 

calculative experiments are developed and sensitivity analysis and the algorithm use will be investigated, and in 

the end, in section 5, the conclusions and future research topics are given.  

 

2. Literature and research background: 

The theory of location was invented in 1826 for the first time by Van Thevenin (Kaboli, A., 2008) for 

agricultural flows, and the first scientific framework of this theory has been officially introduced in 1909 by 

Alfred Weber. The importance of dry ports for container transportation development is so high that it can be 

claimed that without them, a country will not be able to fully use containers despite paying the costs for it. The 

existence of a dry port is a necessity for the success of railway in container carriage, such that without a dry 

port, container carriage market for the railway industry will turn into an overhead market in the short run and 

will be totally removed due to economic costs in the long run. (Tide water Middle East Co., 1387) 

A dry port is a combination terminal in hinterland that is directly connected to one or more coastal ports by 

a high-capacity traffic method. Appropriate equipment are provided in it to deal with the traffic caused by 

multiple transportation methods e.g. road/rail/air-based, and customers can send their goods with the use of 

these different methods or receive them (Violeta, R., 2007; Violeta, R. and Others, 2006; Violeta, R., 2007; 

Committee on Managing Globalization, 2006). According to Rozo and Loyko, the title of dry port is only given 

to a terminal in a land that meets the following three criteria (ESCAP., 2007): direct contact with a coastal port, 

existence of high-capacity transportation lines and access to coastal port services.  

Based on the performance and position of dry ports, they're divided to remote dry ports, dry port with an 

average distance from the beach, and near dry ports. (Woxenius, J., et al., 2004; Dadvar, E.,) The topic of dry 

ports is a relatively new topic in the world that has attracted the attention of some Iranian authorities. Although 

there are no active dry ports in Iran, but the presence of customs all over the country and the proposal for the 

construction of aprin in the past forty years shows that the idea of reducing pressure from coastal ports had 

existed from a long time ago. Currently, dry ports have been executed in many countries and play an important 

role in the improvement and development of goods transportation, particularly container goods. The USA, 

Canada and Brazil in the Americas, and Spain, Italy, Germany, Belguim, Denmark, Sweden, France, and 

netherland in Europe, and Australia and New Zealand in the Pacific, UAE, Pakistan, Philippines,Cambodia, 

India in Asia, Tanzania, Swazilandin Africa, have implemented various types of dry ports.  

Currently, 6 of Pakistan's dry ports under the management of this country's railway industry, and four other 

ports have been given to the private sector. The first dry port of Pakistan is Lahore dry port built in 1973. Other 

public dry ports in Pakistan are: Karachy, Kvata, Peshawar, Multan and Raval Pyndy. Sialkot dry port, as the 

first private dry port in Asia, was launched in May 1984 in Sombrial, Pakistan. Dry ports can be used for cargo 

carriage and facilities provision for goods stocking and packing for carriage with railway lines and roads. 

Virginia dry port was established in mid 1980s with the purpose of becoming one of the great industrial centers 

for Virginia coastal port to East of the US. The dry port of Santo Andre was located in Brazil in 1998 for 

import/export cargos and backup services for various customs. In 1999, Metro port has been establish to the 

south of the industrial sector of Aukland, NZ, and is about 220km away from the coast. The special economic 

area of Clerk in Philippines, is one of the most effective dry ports in Asia, and currently, several goods transport 

companies are located in this port (Shaykhal-Islam, A.R., et al., 2010).  

Wang and Wei (2008), introduced a new method for evaluation of the priority of the selection of a dry 

port's location. They fundamentally analyzed factors influencing a dry port's facilities, and made an evaluation 

model based on the feedback and the relation between the factors. Using the ANP method and based on index 

system, the authors selected the factors of dry port location for Tianjin port in China. (Wang, C.h., J.y. Wei, 

2008) Rong Sheng & Lv (2009), also in their paper analyzed the selection of dry port location with the use of 

network analysis process method. In this paper, they mainly discuss about the location of a dry port that serves 

the Tianjin port. Moreover, ANP is introduced for the prioritization of dry port location. (Lv, R.S., C. Li, 2009). 

Wang et al. (2010), in their paper, obtained a method for optimization of dry port position. They located the 

optimal location of a dry port with the use of Fuzzy Clustering for the western hinterland of Taiwan's Astrit port. 

After performing some studies about the economy and transportation of the region, first, factors influencing the 

dry port have been collected. In the second stage, with the use of Fuzzy Clustering, candid locations were 
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selected and ranked and finally, three categories of locations haven chosen and each of them needed a different 

construction strategy. The results obtained by Wang is useful for acceleration of dry ports and coastal ports 

development. Sheikheslami et al. (2010), investigated the role of dry port and the necessity to create it in the 

improvement of coastal ports performance. Using library studies, Sheikheslami described the advantages of dry 

ports and the need for the establishment of such ports in Iran. Sheikheslami et al. (2011), investigated locations 

appropriate for the establishment of dry ports in Iran. In a paper, they focused on the necessity of the 

establishment of dry ports in Iran, and offered some criteria in this regard that include: suitable position of the 

proposed location in relation to major production and consumer centers, goods traffic level between the coastal 

port and the proposed location, the presence of transportation infrastructures adjacent to the proposed location 

and the suitable presence of transportation modes near the proposed location, and they proposed six locations for 

the establishment of dry ports in Iran that include: Solfchegan, Yazd, Esfahan, Aprin, Mashad and Sirjan.  

Sheikholeslami & Barati (2011), investigated the criteria important in the location of dry ports and analyzed the 

location stages. They used origin-destination method or Matrix O-D, and used data from secondary sources 

including some information that have been gathered years ago over periods by ports for inside-enterprise 

purposes or for providing to state department, or using in field observations, prediction models output and 

investigation of transportation networks. Arabshahi et al. (2011), investigated the role of dry ports in the logistic 

development of Iran and focused on the effect of establishing dry ports in Iran. Using Fuzzy AHP and 

ELECTRE, Bayan Ka (2011), selected the location of dry port in China. These models, compared to the 

quantitative decision making model or location selection simple qualitative model, considers the fuzzy state and 

priority of factors that affect location selection suggestions. In previous researches, the MCDM method has 

normally been used, while in this research, the meta-heuristic ants algorithm has been used for the first time 

ever. Also, in this research, the location of dry ports has been done with the use of a meta-heuristic algorithm 

that is the main purpose of the present research.  

 

3- Research methodology: 

The understanding and acceptance of the fact that the location of facilities can help identify an optimal 

location for facilities leads us to the fact that in most cases, this type of decision making can be expressed in the 

form of a mathematic model and objective function (Moghtased azar, Salim., M. Soleymanpor, 2013).  

Given the nature and complexity of the model proposed, and since we are dealing with an NP-Hard problem 

(Krarup, J. and P.M. Pruznan, 1983) and (Davis P.S., T.L. Ray, 1969), with the linear increase of the number of 

variables in the model, its solution time increases exponentially, and in large dimensions, accuratesolution 

methods are not that effective. In these cases, the use of inaccurate methods that can save up solution time and 

does not decrease the answers quality, will be desirable. (Augugliaro, A., L. Dusonchet, E.R. Sanseverino, 2001) 

and (Jones, D.F., et al., 2002) The proposed methodology in this study, is ant algorithm method.  

The world of meta-heuristic methods is very rich and in addition to the ACO algorithm, many successful 

meta-heuristic algorithms exists in the research area. Some of the most popular and highly used meta-algorithms 

are:simulated annealing (SA), Tabu Search (TS), Guided Local Search (GLS), Greedy Randomized Adaptive 

Search Procedures (GRASP), Iterated Local Search (ILS), Evolutionary Computations (EC) and Scatter Search. 

The common point of all the meta-heuristic methods is that all of them, try to by introducing a number of 

general mechanisms that clearly develops a problem, avoids producing answers with low quality. Of these 

mechanisms are GRASP and ILS. The most important difference among the existing meta-heuristic algorithms 

is that techniques that use minimal local answers for preventing stoppage, and also the route line type that's 

tracked in the space of the answers, are different in algorithms. The first difference among meta-heuristic 

algorithms is that whether they're constructive or based on LS or not. The algorithms of ACO and GRASP, 

belong to the first group and the rest of them belong to the second one. Another important difference is that at 

each level of iteration, these algorithms manage a single or a group of answers. All the meta-heuristic algorithms 

mentioned above, except for ACO and EC, manage a single answer. Although constructive and population 

based meta-heuristic algorithms can be used without LS, but often, if they include LS, their performance will 

improve broadly.The algorithms of ACO and EC are such that with the addition of local search, their 

performance improves, while GRASP includes LS from the beginning. Another difference in the categorization 

of meta-heuristic algorithms is the use of memory. Meta-heuristic algorithms that use memory for dimensional 

direct search, are TS, GLS and ACO. The TS algorithm memorizes (saves) answers it has already encountered, 

or saves components seen in previous answers; the GLS algorithm, saves the answer-components-related errors 

for the modification of the answers evaluation function; and the ACO algorithm, saves pheromones for the 

memorization of past experiences. It should be considered that there's no general criterion for all meta-heuristic 

algorithms. In practice, there are a number of laws in this field, some of which to mention are the highest time 

spent by a processor, highest number of answers produced, standard deviation from an upper or lower bound 

compared to the optimal state, and the highest number of iterations without improvement in the answer quality. 

In some states laws can be defined as dependent on a meta-heuristic algorithm. For example, the TS algorithm 

can be stopped when the collection of answers in the neighborhood are empty; or the SA algorithm in the 



436 

 

finishing state is usually defined using an annealing schedule. As a result it can be seen that the ACO algorithm 

has a number of indexes that can change it to a single method. Of these features to mention are the use of the 

algorithm in the form of a population of ants (colony) that uses an indirect memory called artificial pheromone 

in making an answer. (Dorigo, M., T. Stutzile, 2004) 

 

3-1 Ant algorithm: 

Meta-heuristic algorithms is a common name for methods usually inspired by nature that try to primarily 

combine heuristic methods to achieve an effective search method in the area under study. SA, Genetic algorithm 

(GA), TS, and ACO are some examples of these methods (Dorigo, M., et al., 1992). A part of optimization 

methods is based on insects social behavior. Among different insect behavior, food search behavior has been 

one of the most factors of creating such artificial systems. Of these insects, ants can be mentioned. Ants are 

usually blind, and track their way to a piece of food through smelling. Artificial ants has been introduced for the 

first time in 1991 by Colorni et al. (1991). This algorithm is based on the natural behavior of ants in finding the 

shortest path possible between their house and food source, and a big area is searched by ants after they're 

simulated. When an ant looks for food, it searches a broad area. When an ant looks for a food, it leaves a trace of 

substance called pheromone that intrigues other ants in searching for food to use it. (Dorigo, M., 1992; Dorigo, 

M.,). When ants pass through a path, the concentration of the pheromone of that path is increased and the 

possibility that this path will be chosen by the next ant will be increased. (Dorigo, M., G. Di Caro, 1999; 

Dorigo, M., V. Maniezzo, A. Colorni, 1991). This process of modification, to encourage change in behavior for 

making some contact is called Stigmergy, introduced for the first time in 1959 by Grasse. (Hertz, J., et al., 

1991). Based on this behavioral characteristic of ants, the ACO algorithm has been proposed.  (Colorni, A., et 

al., 1991; Dorigo, M., et al., 1996). In ACO, a colony of artificial ants cooperate for finding optimal answers in 

separate optimization problems. (Dorigo, M., et al., 1999). The first algorithm formed based on this matter was 

the AS. Different problems have been solved using ACO. Tour Salesman problem (Dorigo, M., L.M. 

Gambardella, 1999), Graph coloring (Costa, D., A. Hertz, 1997), network routing problem (Di Caro, G., M. 

Dorigo, 1998), and water transmission network problem (Afshar, M.H., 2005), have been investigated using this 

algorithm.  

 

3-2- Problem modelling: 

Mathematic models use mathematic optimization tools to accurately determine optimal locations and create 

an appropriate primary solution. (Jabal Ameli, M.S.). The overall problem definition and the formulation of the 

proposed model is as follows.  

 

3-2-1- Problem decision making parameters and variables: 

Model indexes: 

i: coastal port 

j: potential dry port points 

k: transportation vehicle type (rail based, road based, etc) 

Model sets: 

I: coastal ports sets (destination points) 

J: potential dry port points set 

K: transportation vehicle types set 

Model parameters:  

Cij: the cost of transportation of the i(th) coastal port and the j(th) dry port (which is distance based). 

fj: fixed cost for opening a dry port in the j(th) location.  

hi: the import ratio of the i(th) coastal port. 

dij: the acitivites between the i(th) coastal port and the j(th) port (that is proportional to the reverse of 

distance; in other words, the greater the distance between two points, the less the flows between the coastal and 

dry port). 

 

 
θ: maximum capacity of the input flow to any dry port  

wj: the service provision quality of the j(th) port (including facilities, and equipment in the dry port) 

Wi: the minimum service required for the i(th) coastal port 
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αjk:the parameters of 0 and 1 show that presence or absence of the k(th) vehicle in the j(th) dry port 

βik: the parameters of 0 and 1 show the lack of need or need for the k(th) vehicle in the i(th) coastal port. 

 

Decision variables: 

Yj: the variable of 0 and 1, the opening and closing of a dry port in the location of the j(th) candid.  

Xij: the variables of 0 and 1 show that allocation or non-allocation of the i(th) coastal port to the j(th) dry 

port. 

 

3-2-2- Model components: 

The objective function: the model's objective function is to minimize all the costs; that is the sum of fixed 

costs and transportation costs.  

 

          (1) 

 

2: model limitations: 

A) this limitation will make every coastal port be covered by at least one dry port. 

 

          (2) 

 

B) this limitation guarantees that the i(th) coastal port will be opened in the j(th) port location if it's 

allocated to the j(th) dry port. 

           (3) 

 

C)  This limitation will make the total input flows to the j(th) location be less than . 

 

          (4) 

 

D) this limitation guarantees that the total service level of dry ports allocated to the i(th) coastal port, not be 

less than Wi.  

 

          (5) 

 

E) this limitation guarantees that for each i(th) coastal port, at least the transportation vehicles required in 

allocated dry ports be present.  

 

         (6) 

 

3-2-3- Problem formulation: 

 

          (7) 

 

          (8) 

 

          (9) 

      (10) 

         (11) 
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         (12) 

 

        (13) 

 
 

4- Computational results: 

As is seen in the image provided in the appendix, the average distances among the tours generated based on 

ten data sets, are all convergence which implies the accuracy of the model programmed in MATLAB which 

accelerates the answer process. In this paper, given the absence of real data and similar problems and related 

data, the problems' data including the number of coastal ports, number of dry port, flow rate (import export rate) 

to coastal ports and the transportation costs between the coastal and dry ports have been randomly selected 

(separate uniform distribution) and coded by V.2010bMATLAB software. Concerning the efficiency of the 

proposed model, 10 problems (each iterated for 200 times) have been solved using MATLAB and ant algorithm, 

and their results are given in table (1-4). All the computations have been performed with a computer with 2.4 

GB Ram, Intel Core 2 Duo 2.4 GHz. As it's clear from this table, the number of the iterations in the proposed 

model, shows convergence towards the optimal answer, therefore it can be understood that the quality of the 

answers provided by the proposed algorithm has been very high and is acceptable. 

 
Table 1-4: the results of running ten types of datasets with the use of ant algorithm 

The number of iterations to reach the 
answer convergence 

Best Fitness 
jj (number of Dry 
Ports) 

ii (number of 
Harbors) 

 

84 1422.0602 6 15 Data Set 1 

22 2112.8924 7 18 Data Set 2 

58 2583.5373 7 20 Data Set 3 

16 3119.2965 10 25 Data Set 4 

86 4365.3458 14 30 Data Set 5 

74 4733.1732 17 35 Data Set 6 

18 5588.273 20 40 Data Set 7 

39 6430.0601 23 45 Data Set 8 

65 7052.2967 26 50 Data Set 9 

64 8233.2874 35 60 Data Set 10 

 

5- Conclusions and suggestions: 

The use of meta-heuristic methods, significantly increases the ability to find the answer for combinatorial 

optimization problems with a very high quality and in a good time. In this research, for the first tiem ever, a new 

model of location problems that's based on ant algorithm has been offered for dry ports and the presence of 

assumptions such as diversity of coastal ports and number of dry ports, the rate of flow to coastal ports and the 

transportation cost for coastal and dry ports are of the strong points of this model. Given the increased 

complexity of the problem in large scales, we solved the proposed algorithm in 10 problems (each problem 200 

times) and some reliable and comparable results have been offered to solve the proposed model. In most of the 

past researches performed on dry ports, the topic of location with the use of meta-heuristic algorithms and 

provision of model and solving had not been done, and had been merely done with the use of MCDM models. 

Given the advantages for modelling this research, ant meta-heuristic algorithm has been used and the 

computational results show that the proposed algorithm is efficient. As suggestions for future researches, the use 

of other meta-heuristic algorithms for dry ports location, comparison of ant algorithm used in this research with 

other heuristic methods, integration of cost-economy models in the proposed model can be mentioned. 
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