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Abstract: The Gravity Location Model is specifically optimization model of Supply
chain management /SCM/. The Gravity Location Model is mathematical technique used in
supply chain management to determine the optimal location for facilities such as warehouse,
distribution center and manufacturing plant. The Gravity Location Model takes into account
three main components the origin point, the destination point, and the transportation cost or
distance between them. By analyzing these factors, the model can calculate the best location
or facility to minimize the transportation cost and improve operational efficiency.
Distribution networks and transportation allow product to move from manufacture location to
the customer location that is often limited by long distances. Therefore, the ability to manage
distribution networks today is a component of competitive advantage that is very important
for many industries. To distribute a product, a company certainly needs to decide the fastest
and the most inexpensive route. In determining a distribution route, pickup vehicle capacity
and labor cost must also be considered by the company. With the optimal distribution route,
the company not only minimize distribution costs but also increase customer satisfaction with
on-time delivery. In addition to the distribution route, the location of a strategic distribution
center must also be considered by the company about its proximity to distribution locations or
market.

INTRODUCTION

The role of distribution network and transportation is very vital, as described in [1].
Distribution networks and transportation allow products to move from manufacture location
to the customer location that is often limited by long distances. The ability to deliver the
product to the customer on time, in the right amount and in good condition will determine
whether the product will ultimately be competitive in the market. Therefore, the ability to
manage distribution networks today is a component of competitive advantage that is very
important for many industries. To distribute a product, Company certainly need to decide the
fastest and the most inexpensive route. In determining a distribution route, pickup vehicle
capacity and labor cost must also be considered by the company. With the optimal
distribution route, the company not only minimize distribution costs but also increase
customer satisfaction with on-time delivery. In addition to the distribution route, the location
of a strategic distribution center must also be considered by the company about its proximity
to distribution locations or market. Generally, the problems of scheduling and determining
delivering route can have several objectives to be achieved, such as the aim to minimize
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delivering costs, minimize delivering time or minimize distance. In mathematical
programming, one of these objectives can be an objective function and the other becomes a
constraint function. For example, the objective function is to minimize delivering costs, but
there are time window constraints, the maximum distance for each vehicle, vehicle capacity or
other constraints.

Customer Value

£

...

Seller Product
Fig. 1 Supply chain management [2]

The Gravity Location Model is mathematical technique used in supply chain
management to determine the optimal location for facilities such as warehouse,
distribution center and manufacturing plant;

The Gravity Location Model takes into account three main components the origin
point, the destination point, and the transportation cost or distance between them.

Significant Benefits of Utilizing the Center of Gravity Method:

Cost Reduction: Businesses can minimize transportation costs by strategically locating
distribution centers using the center of gravity method, resulting in significant savings.
Enhanced Customer Service: Proximity to customers translates into shorter lead times
and faster deliveries. This method enables businesses to improve service levels and
boost customer satisfaction.

Flexibility and Expansion: It assists network redesign and facilitates geographic
expansion planning. It also empowers businesses to adapt to evolving market
conditions and ensure their distribution networks remain agile.

Risk Mitigation: Diversifying distribution center locations reduces supply chain risks.
By spreading facilities across regions, businesses can minimize the impact of
disruptions, ensuring continuity of operations.

How the Model Works [3]:

Data Collection- The first step is to gather the necessary, up-to-date, and accurate data.
This includes information on customer locations, demand volumes, transportation
costs, and more. Also, having these pieces of information help in utilizing the center
of gravity method efficiently.

Geocoding- After collecting the necessary data, the next step is to geocode. This
process involves converting customer addresses into geographical coordinates to
calculate distances accurately.



Weighted Calculation- Assigning weights to customers based on their importance or
demand volume is the next step. These weights reflect the significance of each
location within the network. For instance, a customer with higher demand may have a
weight assigned to it.

Distance Calculation- The next line of action is to calculate the distance between each
customer location and potential distribution center locations. This involves using the
geographic coordinates obtained from the geocoding step. You can measure the
distance between these two locations using mathematical formulas, such as
Pythagoras’ theorem.

Calculate the Center of Gravity- The heart of the process lies in calculating the center
of gravity itself. This involves taking the weighted average of the latitude and
longitude coordinates of the customers, considering the demand weights assigned to
each location.

As an example, the model is presented, which is described in [4].
Excel example:

1. SELECTION OF A LOCATION FOR ESTABLISHING A PRODUCTION
CENTER OF THE COMPANY

1.1. Representation of sources, regional centers and consumers in the two-
dimensional coordinate system, through the values of the coordinates x and y. It has been
established that the following types of points are located on the territory of the settlement:

- 4 pcs. sources (suppliers of raw materials), designated as S1, S2, S3, S4;

- 3 pcs. regional centers (offices and warehouses), designated as RC1, RC2, RC3;

- 3 pcs. consumers (retailers), designated as R1, R2, R3;

Each of the points is represented in the plane of a two-dimensional coordinate system
as a point with coordinates (xi;yi).
The abscissa is plotted with the values of xi, and the ordinate is plotted with the values of yi at
the corresponding points and with the values of x and y at the production center.

1.2. Determining the location of the company's production center.

The air distance from each point to the production center, which before determining its
optimal location is located at the origin of the coordinate system with coordinates (0;0)
according to the formula:

1) G =V0x)T+-y)*

where:
(x;y) - the coordinates of the RC;
(xi;yi) - coordinates of the corresponding points.

We take into account the non-linearity of the existing transport network, taking into
account the influence of the coefficient non-linearity.

(1.2) Cnl = diTN / di;

(1.3) diTN =di.Cnl, km - actual distance along the transport network from each of the
raw material supplier points, regional centers and retailers to the production center. Through



these distances and the set transportation tariffs Ci, those values of the coordinates x and y of
the RC were found, at which the minimum of the sum of the realized costs when delivering
raw materials from the sources to the RC and of finished products from it to the RC is
achieved according to the formula:
il
COpI = z dfﬂf'Cj —min,
(1.4) =1
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- delivery costs Using the SUMPRODUCT function, we find the optimal value of the delivery
costs Copt , and using the "Solver" functionality in the MS Excel office applications, those
values of the coordinates x and y of the RC were found, at which it is located at an optimal
distance from the regional centers RC.

Before solving the

problem
nodes of the Tariff for " Distance to RC Distance to RC of the
cnl transportation transportation coordinates direct transportation network | 0 =\ (x—)g)er(y —y,)z,m O
1,20 network Ci, ae/monrn Xi yi di, ku di 7, kn
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After solving the problem
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The model has been an empirical success in that it accurately predicts trade flows
between countries for many goods and services, however a gravity relationship can arise in
almost any trade model that includes trade costs that increase with distance. The gravity
model in economics was until relatively recently an intellectual orphan, unconnected to the
rich family of economic theory. This review is a tale of the orphan’s reunion with its heritage
and the benefits that have flowed from it. Gravity has long been one of the most successful
empirical models in economics. Among these, price level and exchange rate variables have
been shown to have a relationship in the gravity model that accounts for a significant amount
of the variance not explained by the basic gravity equation. Incorporating the theoretical
foundations of gravity into recent practice has led to a richer and more accurate estimation
and interpretation of the spatial relations described by gravity.

Distribution broadly defined consumes a very large share of the world’s resources and
gravity has proven to be the most generally useful empirical model for understanding the
distribution of goods and factors of production. It appears to work well at almost any scale.
The structural modeling of gravity imposes trade separability, permitting gravity modules to
be nested inside a wide range of general equilibrium superstructures. Future work with
simulation models may suggest which of many candidate general equilibrium production
models do better. [5]
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Knwuosu oymu: eepuca Ha O0ocmasku, 2pasumayuorHed Mooel 3d JOKaAyus,
MPAHCROPM, JIOUCTNUKA

Pestome: [pasumayuonnusm mooen 3a JOKAYUs € ONMUMUSAYUOHHA MeEXHUKA,
WUPOKO U3NOA36AHA 8 YNpasieHuemo Ha eepueama Ha docmasxku (SCM) 3a onpedenane na
ONMUMATIHOMO — MECMONONIONCEHUEe — HA  KIIOYOBU  CHbOPBICEHUS  KAmo  CKIaoose,
OUCMpUOYYUOHHU YeHMPose U Npouzeoocmeenu 6aszu. Tosu mamemamuuecku Mooen oyeHasa
MpU OCHOGHU KOMNOHEHMA: HAYAIHA MOYKA, KPAUHA MOYKA U MPAHCNOPMHU PA3XOOU UTU
pazcmosnue medxncoy msax. Upez ananuz na mesu axmopu, modenrvm onpeoeins Hatl-
eekmusHOmo  MeCmononodceHue, Koemo MUHUMUSUPA MPAHCNOPMHUME pasxoou u
no0ooPA6a YAI0CMHAMA ONEPaAmuUBHa eeKmusHoCm.

B pamxume mna eepucume Ha Oocmasku npooykmume mpsaoea oa Ovoam
MPAHCROPMUPAHU OM MACMOMO HA NPOU3BOOCMBO 00 KIUEHMUMmMe — YeCmo HA 2oiemu
pazcmosnus. Egexmuenomo ynpasenenue na OucmpuOyyuoHHume mpexcu ce npespviya 8
KIIOY080 KOHKYDEHMHO NpeouMcmeo 3a MHo20 uHoycmpuu. Komnamuume mpsbsa oa
onpeodenam He camo HAl-peHmabuirHus, Ho U Hau-0vp3us oucmpubyyuonern mapupym. Ilpu
NIIAHUPAHEMO HA Me3U Mapupymu e HeobXxo0umo 0a ce 83emam npeodsud Kanayumemvm Ha
npeso3Hume cpeocmea u pazxooume 3a mpyo.

Onmumusupanuam OucmpubyyuoHen Mapuipym He camo HaAMAaaaea pazxooume, HO U
2apaHmupa HaspemeHHa O00CmAasKd, Koemo 600U 00 HO8UUIeHA YO081eMmE8OPEHOCm Hd
kauenmume. Oc6eH Mo6a CMpame2uyecKkomo pa3noiazane Ha OUCMpUOYYUOHHU YEeHMPOose —
¢ oened Ha maxHama OaU30Cm 00 naszapume U MOYKUmMe HA MbpPCceHe — e OM CbUjeCmEeHO
3HayeHue 3a epexmusnama rocucmuka. I pasumayuonnusm mooen 3a J10Kayus noonomazd
83eMAaHemo HA peuleHuss 8 me3u 001acmu, OONPUHACANUKU 34 NO-OM3UBUUBA U PEHMAOUTHA
sepuea Ha 00CMABKU.
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