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THE COST AS THE MAIN DETERMINANT
OF THE LOCATION OF LOGSTICS CENTERS
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Abstract: Apropriate location of the logistics center allows entrepreneurs to significantly reduce the costs of transport. On
the other hand, it has a positive impact on the development of the transport infrastructure of the region.

This paper presents the practical aspects of the localization problem of logistics center with the use of a geographic
information system. It shows differences between theoretical models, the needs of decision-makers, and the data available to
make the necessary calculations. The results of computational experiments were introduced to illustrate the effects of this
approach.
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Introduction

The idea of logistic centers is gaining more and more importance for enterprises that are trying to
minimalize operational costs, they want to reduce the negative phenomena of congestion. Logistic
centers are an element that supports the realization of the concept of a logistic area, that’s why they are
often connected each other (Bretzke, 1993). Creation of logistic centers is the answer for economical,
ecological and urban problems, not only for small but also metropolitan areas (Tundys, 2008).

The main aim of existing a logistic center is to minimize transportation cost at its area. The location of
logistic centers is a key for increasing the productivity of the urban transportation system. The goal for
solving the problems associated with the location of objects, is setting its location in a way that the
sum of the operational costs of the system is as low as possible. In addition, its necessary to peg a
minimal number of objects in a distribution net to gain a set level of customer service. An Important
element of distribution nets are logistic centres. Nowadays when choosing a location of logistic centre
we pay attention to natural, technical, techno-economic, social and political aspects. In addition, when
choosing the location of production factories, we pay attention to these following elements: the
stability of the economy and the level of risk, the possibility of social conflicts, influence of trade
unions, the attitude of environment to the designed investment and its future production, the condition
of the natural environment and the size and structure of taxes (Kayicki, 2010).

Studies of preference of location for enterprises can be useful in creating business parks and industry
areas. Different types of studies of this topic focus on various elements of the decision about a
location. Many evolutionary and institutional trials try to show a need to encircle in this area.
(Pellenbarg, 2006). Different, more neoclassical theories focus on the costs of transportation and
employment. The necessity to find optimal location of logistic center has been taken under
consideration of many authors; they obtained different results (Pellenbarg, 2006, Engelen, 2017).

The first theory of location was formed in the beginning of 20th century by Alfred Weber (Weber,
1929According to this theory the enterprise should be located in this place where costs of feedstock of
transportation, ready products and costs of work are lowest. Weber’s theory has been criticised by the
makers of costs and demand theories of locations based on the thesis on spatial differentiation of costs
of goods (Weber, 1929).

For the last 3 decades many of methods used for setting a location have evolved. Depending on the
problem there are a few methods: The un-hierarchical method of analysis of focusing, Huff*s model,
the radius of area of gravity, the net method and model of gravity of Reilly’s trade. Detailed
descriptions of use of these methods can be found in the articles by Perales (2002), Anderson et al.
(2010), Friske et al. (2013), Huff, Rust (1984) and Reilly’s (1953). Applying analytical methods to
solve the problem of location is limited because of simple problems, more difficult ones need to use
heuristics methods. For the first time, the problem of choosing a location had been undertaken in
Weber’s work, then Cooper and in last few years it is undertaken by more and more people who find
new, better methods to solve the problem (Weber 1929, Cooper 1963, Cooper 1964, Farahani at all.
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2010; Tomic at all., 2013; Mayer and Wagner, 2002, Glover, 1993; Chi and Kuo, 2001; Kayicki,
2010).

Chopra and Meindl (2007) argue that proper location of a logistics center can improve the functioning
of the supply chain. A bad location may make it impossible to achieve the desired level of satisfaction
with services. The logistics center should be located in such a way that all the suppliers and customers
are satisfied in the best extent, with the lowest possible costs. Boone et al., (2008) describe the
distribution decision as crucial to provide the necessary flexibility to meet customer requirements and
achieve the desired level of customer service. Despite the differences, the basic assumptions of the
location models always include in the context of analyzes: space, customers and producers whose
locations in a given space are known and objects whose locations have to be determined according to a
specific purpose function.

Methodology
Distance functions in location planning

The classical factor of logistic centers location and different model points of logistic nets are costs.
That’s why we will also consider the choice of location of logistic centers depending on the costs of
delivery. For this purpose, we will use a mathematical model in which a parameter will be a distance.
Often, the presented models for the evaluation of distance with use of the presented problems are
described by formulas (Kauf, Ttuczak, 2014; Kuczynska, Ziotkowski, 2011):

df =[x —x;[+[y, -y (1)

af = F+li-vF @

where:

d.= Euclidean distance; x;= x coordinate of point A; y1 =y coordinate of point A; x; = x coordinate of
point B; y» =y coordinate of point B.

Formula (1) shows urban metrics (rectangular), in which distance is a sum of level length (horizontal)
and vertical, usually understood as Euclidean distance is presented with Formula 2. Differences in
interpretation of both metrics are shown in Figure 1. Usually actual distance between points is smaller
than the distance set by using urban metrics and not shorter than distance set by Euclidean metrics.

Mwemezi and Huang (2011) state that by using spherical trigonometry, it is possible to get more
realistic distance measurement (Krawczyk, 2001; Walerjanczyk 2010). In real life and especially in
road transportation, travelling along a straight lines is not possible, that’s why an Euclidean
measurement is often more reasonable than the rectilinear measurement.

Figure 1: Rectilinear and Euclidean distance between points A and B

Source: Authors, adapted from Kauf and Ttuczak 2014.

Cost function

A distribution center distributes the goods to multiple distribution points. The goal is to find the
optimal distribution center location where the total cost can be minimized, when the location of the
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distribution points is known. Shorter distances mean lower transportation costs almost without
exception.

The problem is based on the minimization of the cost function, which is given by the formula
(Krawczyk, 2001; Kauf Ttuczak, 2014):

K=Y akid, +> b kidj,
i=1 j=1

where :

©)

A (xiA, yiA) - location of suppliers; ai — expected volume of supplies;
B, (xJ.B, yJ-B) - location of customers; b; — expected volume of supply;

k;, kbj - The unit cost of transporting goods from suppliers k; to customers kbj :
If the Euclidean distance is used, then Formula 3 is given as follow:

Kzia \/x —x y,—y0 +Zb \/x —x + yo)2 1)
i=1

and if the rectilinear distance is used to measure the distance then Formula 3 is given by equation:
m n

K= ZaikiAnXiA - Xo‘ + ‘yJA - yo”"‘ zbjk;3 ﬂXiB - Xo‘ +‘y;3 - yOH (5)
i=1 j=1

Center of gravity method

Setting of coordinates (x0, y0) needs the setting of the first partial derivatives of a function K
(Formula 4) and equating those derivatives to zero. As a result of the described actions, the sought
after data can be set by formulas:

ak”x» & bk’x?

i|||+ ]
o T

i=1 i j=1
Xo = (6)
’ zaikiA_an“bjij
S dr TS dE
S aikiAyiA b k y§
T
_ 1= i 1= 7
yO m akA bjkB ( )

Because of difficulties in setting the sought after coordinates, in Equation 6 and 7, the variables are on
both sides of the equation, to solve it we use iterative methods.

In the first step for the original data, we should set coordinates for the center of gravity according to
these formulas:

iaiki’*xiA +ibjkf’xB
Xo =" o (®)
> akt+>bk?
i-1 =1

ZaikiAyiA + ijkf‘yJB
Yo =" (9)
ikl +> bik;
i-1 =i
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Evaluated coordinates are used to calculating the distance

d, :\/(Xi_)_(o)z"‘(Yi_370)2 (10)
Distances gained from Formula (2) have to be substituted by Formulas (6) and (7) that allows us to set
remediated coordinates Xo i yo. Calculated remediated variables are our new coordinates X,, Y,and

based on the distance, d is calculated according to Formula 10.
Choice of best logistics centers location: an illustrative example

Choosing a logistics centers location is not an easy task, and despite the existence of a number of
methods and tools for its estimation, no universal method has been developed yet. Let's consider the
case of 4 receivers and 5 suppliers from the European Union. The data which present transport
volumes and costs of transport are presented in Table 1. The location of consumers and suppliers was
determined by geographic coordinates, expressed in decimal degrees (SD - World Geodetic System
'84). Our goal is to find the best location for the logistics center, which cooperate with all receivers and
suppliers.

Table 1: Volume and cost of transport

Volume

of Cost of
City Suppliers  / % yi transport transport | aik; XiaiKi yiaiki di aikidi
customers ® (ztt)

(@ by) | (kik) |bjki | Xibiki | Yibik; di | akid;

Prague Supplier A1 | 14,44 150,08 | 0,30 41,90 12,57 181,48 [62945 |1,48 |18,55

Berlin Supplier A, | 13,40|52,52 (2,10 52,00 109,20 | 1463,82 | 5735,18 | 3,25 |354,91
Paris Supplier As |2,35 |48,86|0,40 53,40 21,36 |50,24 |1043,58 |10,85]|231,82
Vienna | Supplier Ay |16,37|48,21|2,60 54,20 140,92 | 2307,40 | 6793,50 | 3,35 |472,33
Warsaw | Supplier As | 21,01|52,23|1,40 54,20 75,88 [1594,41|3963,19 |8,35 |633,95
Bratislava | Customer B; |17,11]48,15|2,40 49,70 119,28 | 2040,61 | 5743,16 |4,07 |485,50
Zurich Customer B, |8,54 |47,38|0,90 45,40 40,86 |349,01 |1935,82 |[5,03 |205,44
Brussels | Customer B; |4,35 |50,85 (2,40 51,10 122,64 533,69 |6236,29 [8,98 |1101,81
Rome Customer B4 |12,50{41,90|1,10 50,50 55,55 [694,17 |2327,70 |7,41 |411,46
Sum 698,26 | 9214,85 | 34407,86 3915,77

Source: Author

Based on the results we can calculate the coordinates of the center of gravity X,= 9214,85/698,26 =

13,20 and Y, = 34407,86/698,26 = 49,28. For the designated coordinates of the center of gravity, the

cost of transport was calculated, and it is K=3915,77. In the next step, new corrected coordinates
should be found, because it can decrease the costs of transport (Table 2).

Table 2: Auxiliary calculations

. (aikixi)/di (aikiyi)/di (aiki)/di
City | Suppliers/customers Iy kox)id, | (b)), | (bl
Prague Supplier A; 122,97 426,49 8,52
Berlin Supplier A, 450,39 1764,62 | 33,60
Paris Supplier Az 4,63 96,16 1,97
Vienna Supplier A4 688,41 2026,83 |42,04
Warsaw | Supplier As 190,84 474,37 19,08
Bratislava | Customer B; 501,34 1410,99 | 29,30
Zurich Customer B, 69,42 385,02 8,13
Brussels | Customer B; 59,40 694,15 13,65
Rome Customer By 93,72 314,26 7,50
Sum 2181,12 |7592,88 |153,79

Source: Author

The new coordinates for logistics centers are as follow x0=2181,12/153,79=14,18 and
Y0=7592,88/153,79=49,37; the cost of transport is K=3795,11. Doing the same calculation but using a
rectangular distance the coordinates of logistics center are given as follow: Xo=14,51 and y,=49,13,
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and K=3443,85. Solving the task of searching for the location of a logistics center, three locations
were found P1(13.20; 49.28); P»(14.18; 49.37); P3(14.51; 49.13). Coordinates indicate a places
contained on the territory of the Czech Republic, in the neighborhood of Vitin and Vlkov (Figure 2).
The lowest transportation costs were obtained with the rectangular distance.

Figure 2: Location of logistics centers
Colni
Bukovsko
Crynin
Meplachov
P1, 'F'E
P3, Vikow
H Mazelov
Vitin

Source: Authors.

Conclusion

The presented methods allow us to choose the best location for logistics center from the cost point of
view. Authors do realize, however, that taking into account only the cost aspects in choosing a location
is a significant simplification of the problem. Nevertheless, these methods allow us to find the optimal
solutions. They may however, be applied when other conditions, such as the availability of land for the
construction of the center or the existence of a suitable communication infrastructure, are met.
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