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Abstract

A food delivery company operating in Balikesir performs distribution of the products for a certain brand from
the central warehouse to the customers located in the central districts of Altieyliil and Karesi by using two
vehicles with high capacity. The company visits customers on certain routes to meet their daily demands and is
able to meet all demands at the end of the day. In this study, the distribution of the company's products was
considered as a Vehicle Routing Problem and it was aimed to reconstruct the distribution routes of the vehicles
with the help of various algorithms and to provide cost savings in terms of the traveled distance. In order to solve
the problem, first of all, an appropriate capacity assumption was made for the vehicles by considering the daily
demand amounts of the customers. Under this assumption, first new customer groups to be visited in daily
periods were created, and then new routes were obtained for the relevant customer groups. In this process, the
problem was designed as a Capacity Constrained Vehicle Routing Problem, and the results obtained using Fisher
and Jaikumar's Algorithm and Clarke and Wright's Savings Algorithm were evaluated. When the results are
compared with the current route status of the company, it has been determined that it is possible to achieve a

high rate of improvement by using the routes determined by algorithms.
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BiR GIDA DAGITIM SIRKETI iGiN KAPASITELi ARAGC ROTALAMA
PROBLEMININ SEZGISEL YONTEMLERLE GOzZUMU

Oz

Balikesir'de faaliyet gosteren bir gida dagitim sirketi, belirli bir markanin {iriinlerinin merkez depodan Altieyliil
ve Karesi merkez ilgelerinde bulunan miisterilere yiiksek kapasiteli iki aragla dagitimini gergeklestirmektedir.
Sirket, miisterilerin giinliik taleplerini karsilamak i¢in belirli rotalarda onlar ziyaret etmekte ve giin sonunda
taleplerin hepsini karsilayabilmektedir. Bu calismada, firmaya ait iiriinlerin dagitimn Ara¢ Rotalama Problemi
olarak ele alinmus, araglarin dagitim rotalarinin gesitli algoritmalar yardimu ile yeniden olusturulmasi ve alinan
yol acisindan maliyet tasarrufu saglamak hedeflenmistir. Problemi ¢6zmek amaciyla oncelikle miisterilerin
giinliikk talep miktarlar1 géz oniinde bulundurularak araglar i¢in uygun bir kapasite varsayimi yapilmistir. Bu
varsayim altinda, 6nce giinliik periyotlarda ziyaret edilecek yeni miisteri gruplart olusturulmus, ardindan ilgili
miisteri gruplari igin yeni rotalar elde edilmistir. Bu siiregte problem Kapasite Kisitli Arag Rotalama Problemi
olarak dizayn edilmis, Fisher ve Jaikumar Algoritmasi ve Clarke ve Wright'in Tasarruf Algoritmasi kullanilarak
ulasilan sonuclar degerlendirilmistir. Elde edilen sonuglar sirketin mevcut rota durumu ile karsilastirildiginda,
algoritmalarla belirlenen rotalart kullanarak yiiksek oranda iyilesme saglamanin mimkiin oldugu tespit
edilmistir.

Anahtar Kelimeler: Ara¢ rotalama problemi, Kapasiteli Ara¢ Rotalama Problemi, En Yakin Komsu

Algoritmasi, Fisher ve Jaikumar algoritmasi, Clarke ve Wright’in tasarruf algoritmasi

JEL Smiflandirmasi: R41, R42, C61

I.INTRODUCTION

Nowadays, businesses have to prepare plans to reduce costs while they develop
various profitability strategies in order to survive in a competitive environment. One of the
highest cost items, especially for businesses engaged in logistics activities, is distribution
costs, and reducing these costs requires to work in meticulous approach. Vehicle Routing
Problem (VVRP) provides benefits for businesses in reducing costs by regulating transportation
activities which are included in physical distribution costs. In other words, VRP refers to
improve the distribution routes from a central warehouse to geographically dispersed
customer points within the framework of various conditions and targets. In this sense, it has
two main goals; to find the optimum routes with minimum total cost to meet the demands of
customers by using the existing vehicles; and to find the routes with the shortest total distance

by using the least number of vehicles to meet all customer needs (Christofides, 1976).

When the literature about VRP has been examined, there are many VRP types in

different structures such as the fleet structure, roads, routes, constraints, data structure and
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various special situations. The Capacitated Vehicle Routing Problems (CVRP) are most
common studied in this area. The problems require that the customer demands can be
transported in limited by the vehicle capacity. In the basic structure of classical CVRPs, a
fleet including identical vehicles in a central warehouse must be optimally routed to meet the
previously known demands of customers. Each vehicle can visit its customers maximum one
route and the total demand of customers visited by a route cannot exceed the vehicle capacity.
The objective of the problem is to minimize the total cost (number of routes and/or lengths or

travel times) required to serve all customers (Baldacci et al., 2012; Toth & Vigo, 2022).

Many different approaches have been developed to solve the vehicle routing problems
because of technological developments, increasing customer expectations and changing
competitive environment over time. In 1959, Dantzig and Ramser introduced VRP to the
literature as the "Truck Delivery Problem™. The authors' study has concerned with the
distribution of gasoline to gas stations at certain points, and they presented a mathematical
model in this study (Dantzig & Ramser, 1959). Clarke and Wright intuitively approached the
problem introduced by Dantzig and Ramser and developed the Savings (Clarke & Wright,
1964).

Solution methods are generally developed according to the types of the problems and
to meet the needs, and the methods in the literature are divided into three main groups as
Exact, Heuristic and Metaheuristic methods. It is always aimed to achieve the exact results.
However, in large-scale problems, it is generally time-consuming or not possible to reach
exact results. Heuristic and metaheuristic methods have been frequently studied in the
literature for respond to these troubles. The solution methods achieve near-optimal results.
Some studies are given as following. In Kosif and Ekmekgci (2012) discussed the distribution
to be made from the warehouse of a logistics company to the suppliers and they optimized the
milk-run collection of the company by using the Savings Algorithm. Caccetta et al. (2013)
improved a new approach that aims the Savings Algorithm to give better results for large
problems. For the solution of CVRP, Bozyer et al. (2014) proposed an intuitive method based
on the principle of firstly grouping and then routing. Hashi et al. (2015) used also the Savings
Algorithm.

In this study, a food distribution company, which has a warehouse in the city center of
Balikesir and provides the transportation of the products of the food companies with which it
has business partnership in the same region, to the customers is considered. The company

distributes to certain customer points 6 days a week for one of its business partners with 2

3



Yavuz, N. & Ozkar, S. 2023. Solution Of Capacitated Vehicle Routing Problem For A Food Delivery Company With Heuristic Methods.
International Review of Economics and Management, 11(1), 1-16.

vehicles with the same features (large capacity) and wants this distribution to be improved in
terms of traveled distance. The main purpose of this research is to reduce the transportation
costs, which are included in the physical distribution costs, in terms of total distance with the
help of Vehicle Routing Problems. Thus, fuel and time costs can be reduced. In addition, it is
aimed to offer alternative vehicle capacity utilization for the performed distribution to the
food distribution company that is the subject of the study. For this purpose, an appropriate
capacity has been assumed for the vehicles in the current situation of the company and so the
problem has been discussed as CVRP. The capacity has been considered depend on the
amounts of the customer demands. We obtained the solution of the problem by using
heuristic methods named Fisher and Jaikumar Algorithm and Clarke and Wright’s Saving

Algorithm. And then, we compared our results to the real situation of the company.

In recent years, companies operating in the logistics sector, as in almost every sector,
are trying to make a difference and maintain their existence in the competitive environment,
on the one hand, and on the other hand, focus on managing many increasing costs. Fixed costs
generally do not constitute a flexible area that the distribution company can adequately
control. On the other hand, variable costs are mostly due to fuel costs or route time and are
affected by controllable factors such as the length and duration of the route. This study is very
important for businesses in terms of providing distance and fuel savings in real life problem.

It also provides exemplary results for businesses with similar circumstances.

1. SOLUTION METHODS

I1.1. Nearest Neighbor Algorithm

The Nearest Neighbor (NN) algorithm is frequently used for Traveling Salesman
Problems (TSP). The algorithm starts with moving from the starting point (the warehouse) to
the nearest point. The route is formed to move to the next closest point each time and finally
returns to the starting point (Keskintirk et al., 2015). While this working principle is applied,
if there are restrictions such as time windows, arrival time of the vehicle at the warehouse and
capacity for vehicles, these should be taken into consideration. If adding the next closest
point to the route will exceed the said constraints, a new route should be started from the

warehouse (Solomon, 1987).
I1.11. Fisher and Jaikumar Algorithm

The algorithm is a two-stage method developed by Fisher and Jaikumar in 1981. In

Fisher and Jaikumar algorithm the customer clusters that each vehicle will visit are firstly

4
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determined by considering the Generalized Assignment Problem (GAP), and then the routes
are formed for each vehicle (Cordeau et al., 2002). In this second stage, the problem is
considered as TSP. Fisher and Jaikumar (1981) discussed to determine the best routes a
vehicle fleet will follow to deliver products from a central warehouse to customers. In the
study, each vehicle in the fleet has a fixed capacity. Before the vehicles go out for a
distribution, the demand amounts of the customers are determined and vehicle planning is
made to meet these demands. In other words, the routing decision in the problem interested is
the decision to determine which demands each vehicle will meet and which path each vehicle

will follow in order to minimize the total delivery cost.
The steps of the Fisher and Jaikumar algorithm:
S1: Calculate distances between all points (a warehouse and customers).

S2: Divide angularly the plane where customers are displayed together into cones equal to the

total number of vehicles.

S3: Choose seed customers to guide the processes related to the assignment of customers to

vehicles.

S4: Calculate insertion costs between seed customers and other customers. The insertion cost
is the cost of adding customer-i in the route between seed customer (s) and warehouse (0) in

Figure 1.

Figure I. Calculation of Insertion Costs

For symmetric problems, the insertion cost of customer-i to seed customer-s is calculated by
using equation (1). Insertion cost is calculated with another formula for asymmetric

problems.
Cis = Dg; + Dyjy — Doyss €Y)

S5: Assign customers to vehicles, taking into account special cases such as adding costs,
demand information and vehicle capacities. In the assignment process, the problem is

considered as GAP. The mathematical model for the assignment is given in (2)-(5). C, d; and
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X;s are, respectively, vehicle capacity, the demand quantity of customer-i and decision

variables indicating whether the assignment has been made. The assignment has been made.

min z =ZZCiSXiS (2)
S

i

ins =1, Vi ()
N

Ydixgsc, vk )
i

Xis € {0,1} (5)

The objective function is to minimize the assignment (insertion) costs for each vehicle.
Equation (3) shows that each customer must be assigned to a vehicle (seed customer).
Equation (4) represents that the total demand for each cluster is limited by the vehicle

capacity.

S6: Use any TSP solution method to obtain the routes that will provide the optimum travel

cost.

Sultana et al. (2017) developed a different way for dividing the plane, on the grounds
that FJA did not distribute the customers equally. The authors changed the step S2 in the FJA
to “The plane is divided according to the number of vehicles, and so each cone will cover an

equal number of customer points or close to equal”. The other steps are the same ones in the

FJA.

In step S3, the selection of seed customers can be performed in many different ways.
While Fisher and Jaikumar used a geometric method in the original study, they mentioned that
the customers with the highest demands or those farthest from the central warehouse may be
seed customers. In addition to these options, Keskinturk et al. (2015) indicated that seed

customers can be selected from customers have the farthest distance from each other.

ILIII. Clarke and Wright’ Saving Algorithm
One of the most well-known heuristics methods for VRP is the Savings Algorithm

developed by Clarke and Wright in 1964. The algorithm has been applied in two versions,
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parallel and sequential (series) in (Laporte, 2000). Lysgaard (1997) explained differences

around the two versions of the saving algorithm on an example.

In Figure Il, before the planning is made, customer-i and customer-j are visited on
separate routes. Visiting two customers in the i — j array will create an alternate route. Cj;
shows the cost of traveling from warehouse to customer-i, C,; shows the cost of traveling
from warehouse to customer-j, and C;; shows the cost of traveling from customer- i to

customer- j (Ulutas et al., 2017).

Figure II. Calculation of savings values

The savings provided by the alternative route compared to the other are calculated
with the following formula. S;; values show that it is advantageous to visit customer- j just

after customer- i in terms of costs.
Sij = Cjp + Coj — Cj (6)

The steps of the savings algorithm are as follows:

S1: A distance matrix is created which includes the distances between each customer and the

warehouse and the distances between customers.
S2: The savings values for all customer pairs are calculated by using the equation (6).
S3: Calculated saving values are sorted in decreasing order.

S4: In the parallel version, if the problem constraints (capacity etc.) are not exceeded for the
customer pair at the top of the savings list, the route is started by the first connection is
established by the customers. Each time, the next customer is added to the right or left of the
route that has already been started, provided that the constraints are not exceeded. During the
adding in the route, the previously connected customers cannot be split, and new customer
cannot be added between of customers in the route. If it is not possible to add the customer
pair encountered in the saving list to the starting route, a new route is started with that

customer pair. Also, different routes can be combined as long as conditions are favorable.

S5: After all customer are added to the route(s), the depot is added at the beginning and end of

the route(s).
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I11.  APPLICATION

In this study, the existing routes of vehicles belonging to a food distribution company
in Balikesir have been improved by using various heuristic algorithms in the sense of
minimum total distance. The food distribution company has business partnerships with 24
different brands. We discussed the distribution of products belonging to one of the business
partners of the company. The company delivers the products of the brand from the central
warehouse in Balikesir to the 70 customers located in the central districts of Altieyliil and
Karesi for each day except to Sunday. The daily distributions are performed with two
homogeneous vehicles (we say Vehicle-A and Vehicle-B). Each vehicle has capacity 1700kg.
Necessary demands are loaded on the vehicles every day and after all customers are visited,
the vehicles return to the warehouse. In the current situation of the company, the customers

will be daily visited by each vehicle and the routes of the vehicles are given in Table I.

Table I. Daily vehicle-customer distribution and routes

V. Routes of Vehicle-A

D1 |Al-A2-A3-A4-A5-A6-AT-A8-A9-A13-A16-A17-A18-A19-A28-A32-A34
\/

V5

D2 |Al-A2-A3-A10-Al11-A20-A21-A22-A24-A27

D3 |Al2-Al14-A15-Al17-Al18-A19-A23-A25-A26-A29-A30-A31-A33-A35
D4 |Al-A2-A3-A8-A9-Al13-A16-A28-A32-A34

D5 |Al-A2-A3-A10-A11-Al17-Al18-A19-A20-A21-A22-A24-A27
D6 |Al12-Al14-Al15-A23-A25-A26-A29-A30-A31-A33-A35
Routes of Vehicle-B

D1 |B6-B7-B8-B9-B15-B14-B19-B27-B31-B35

D2 |B1-B4-B12-B13-B16-B17-B18-B21-B24-B25-B26-B32

D3 |B2-B5-B10-B11-B20-B23-B28-B29-B33-B34

D4 |B1-B6-B7-B8-B9-B14-B19-B22-B27-B31-B35

D5 |B4-B12-B13-B16-B17-B18-B21-B24-B25-B26-B32

D6 |B1-B2-B3-B5-B10-B11-B20-B23-B30-B33-B34

In this point, we note that Monday, Tuesday, Wednesday, Thursday, Friday and
Saturday (visiting days) are referred D1, D2, D3, D4, D5 and D6, respectively. The company
equally have distributed the customers of 70 to the two vehicles. We code the customers of
Vehicle-A and Vehicle-B, respectively, by A1-A35 and B1-B35. The visiting days of the
customers are standard as seen in Table I. In other words, each customer wants to be visited

on certain days.
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Table I1. Demand quantities of customers per visit (kg)

Demand Demand Demand Demand Demand

Al 14.6 Al5 | 1451 | A29 | 1412 B8 6.58 B22 | 14.67

A2 1416 | A16 | 11.85 | A30 7.34 B9 5.7 B23 8.34

A3 1452 | Al7 4.72 A3l 9.86 B10 4.58 B24 | 58.34

A4 26.74 | A18 3.92 A32| 1673 |Bl11| 1034 |B25 7.69

A5 59.64 | A19 5.01 A33 | 2494 | Bl12 8.06 B26 9.93

A6 32.77 | A20 3.3 A34 9.93 B13 6.57 B27 7.27

A7 3035 | A21| 2491 | A3 | 1215 | Bl14| 1843 |B28| 17.68

A8 7.49 A22 | 20.82 Bl 21.37 | B15| 4038 |B29| 58.99

A9 5.62 A23 5.93 B2 3.7 B16 7.72 B30 | 14.59

Al0 114 A24 | 11.77 B3 12.79 | B17 3.41 B31| 11.36

All 7.04 A25 7.52 B4 2.39 B18 | 15.09 |B32| 1057

Al12 7.22 A26 8.5 B5 8.68 B19| 3289 | B33 6.58

Al3 | 26.26 | A27 7.85 B6 9.88 B20| 1245 | B34 | 1l6.11

Al4 | 1197 | A28 8.94 B7 0.71 B21 7.61 B35 | 2255

The average demands of the customers for per visit also can be seen in Table Il. The
company use the vehicles have large capacity for the distribution. In other words, when the
average demands of the customers for per visit in Table Il are examined, it can be seen that
the capacity of the vehicles are quite large. So, we observe that the company does not care
about demand situations when grouping customers on a daily basis or making decisions about
the order in which they are visited. In the current state of the company, Vehicle-A and

Vehicle-B travel an average of 23 km per week and an average of 22 km, respectively.

In this study, we consider to use vehicles with a smaller capacity in the distribution to
meet the demands of the customers. So, the demand amounts of the customers have taken

into consideration. On the other hand, the visiting days of the customers are adhered.
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Consequently, the company’ problem is discussed as CVRP and it is aimed to obtain new
vehicle-customer distributions without changing the visiting days of the customers and to
achieve minimum total distances. When the daily customer distribution in Table I and the
demand amounts in Table Il are considered together, it is seen that the highest demand occurs
on Monday. Therefore, while a capacity constraint to the problem is added, we assumed the

vehicles with a capacity of 225 kg for Monday and 155 kg for the other five days.

First of all, we got the addresses of the customers from the company and obtained the
coordinate information for each customer using Google Maps. Secondly, using the Haversine

formula (https://www.movable-type.co.uk/scripts/latlong.html) we obtained the distance

values of the customers to the warehouse and to each other. We have created distance
matrices that show the distances of customers to each other and to the warehouse and to be
used in the implementation stages of the algorithms. These matrices were saved for use in

both applications.
I11.1. Solving the Problem with Fisher and Jaikumar Algorithm

In this section, the company' problem is solved using the FJA algorithm with two
stages. In the first stage, customers are assigned to the vehicles, and in the second stage,
routes are created by using the NN algorithm. The plane where the customers are located is
divided into two parts (number of vehicles) as given in Sultana et al. (2017). The customers
with the farthest distance from each other are determined as seed customers in Keskintlrk et
al. (2015). For example, the locations of the visited customers on Monday and the selected

seed customers (B35 and A28) are shown in Figure I11.
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Figure 111. Distribution of visited customers on Monday

After the seed customers are selected for every day, the insertion costs of other

customers to the seed customers are calculated by using equation (1). The mathematical
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model given in (2)-(5) is solved by using "Excel Solver" and so new customer clusters are
determined for each vehicle (also, for every day). Finally, the new routes are obtained by
applying the NN algorithm for the new customer clusters. The new customer clusters
assigned to each vehicle and the new routes to be followed by the vehicles are given in Table
Il.

Table 111. Routes and distances (km) found by Fisher and Jaikumar algorithm

Routes km
V1 | B6-Al6-A2-A9-Al-AT7-A6-A19-A4-Al7-A34-A32-Al18-A3-A8-A28-B27 222
b1 v2 | B14-B19-B15-B9-B31-A13-A5-B8-B7-B35 24.9
V1 | B26-B4-A10-A21-A24-A11-A22-A3-A2-Al1-A20-B13-A27 223
b2 v2 | B18-B1-B32-B17-B16-B12-B25-B21-B24 14.3
V1 B2-A15-A35-A31-B23-B20-B5-B33-A23-A25-A29-A30-A26-Al12-Al7- 250

D3 A19-A18-Al4
v2 | B10-B29-B28-B11-B34-A33 16.5
V1 | B22-B6-A16-A2-A9-Al-A32-A3-A8-A34-A13-A28 218
D4 v2 | B14-B19-B1-B9-B31-B27-B8-B7-B35 17.4
V1 | B4-A10-A21-A24-A11-A22-A18-A3-A2-A1-A20-B13-A27-A19-A17 26.7
D5 V2 | B26-B24-B18-B32-B17-B16-B12-B25-B21 13.7
V1 | B2-A15-A35-A31-B34-B23-B20-B5-B33-A23-A25-A29-A30-A26-Al12-Al4 | 215
D6 1=, [B1-B30-B11-B10-B3-A33 16.9
Average: | 20.7

In the current situation of the company, Vehicle-A travels an average of 23 km per
week, and Vehicle-B averages 22 km per week. In other words, we can say that the average
distance of the two vehicles is 22.5 km on average. The routes found with FJA for the two
vehicles were examined with the help of Google Maps and our result was found to be 20.27
km per week. Compared to the current situation, a shorter distance of 2.23 km seems possible.
In other words, a 9.91% improvement can be achieved with new customer clusters and new

routes.
IILII Solving the problem with Clarke and Wright’s saving algorithm

The daily distributions for the company are improved with the Clark and Wright’
Savings Algorithm in this section. Firstly, the savings values for customers are obtained by
using the equation (6). Then, the savings values are ranked from largest to smallest with the
customer pairs to which they belong. For example, the first 6 and the last 8 customer pairs of

the list belong on Monday are given in Table IV.

11



Yavuz, N. & Ozkar, S. 2023. Solution Of Capacitated Vehicle Routing Problem For A Food Delivery Company With Heuristic Methods.
International Review of Economics and Management, 11(1), 1-16.

Table 1V: Saving values on decreasing order

Pairs Saving | Demand |Transaction
Al7-A34 8.72 14.6516 |Al17 and A34 are combined
Ad-AL7 8.70 41.3896 |A4 is added to the route from the left
A4-A34 8.68 - on the same route
A6-A19 8.16 37.7827 | A6 and Al9 create new route
A19-A34 8.06 79.1723 | Al19 and A34 combined on an route
A6-A34 8.04 - on the same route

o O Bl W N -

50| A3-AIlS8 6.46 194.1922 |A3 is combined with A18

51 A3-A5 6.46 - on the same route

52 A3-A32 6.46 - on the same route

53 AB-AT 6.45 - ARG stuck on course and in between
54| A7-A19 6.43 - A19 stuck on course and in between
55| A5-A28 6.43 - A5 stuck on course and in between
56 | Al8-A28 6.42 - A18 stuck on course and in between

57 AT7-A9 6.41 224.5428 | A7 is combined with A9

The number of visited customers is 27 on Monday, and calculated savings values are
351. Since it is not possible to give the entire sequence in the study, the customer pair
belonging to a certain part is included in Table IV. In the "Transaction” column, the status of
adding customers to the route is briefly explained. With the connection of A7 and A9
customers in the 57th row, the total demand of the route occurs 224.5428 kg and the first
route was terminated here, as the vehicle capacity of 225 kg on Monday will be exceeded in
the following rows. As of the 58th row, the construction of the second route on Monday
continues. After the second route was created, the same operations were performed for all
days of the week. At this point, we would like to remind that the vehicle capacity is 155 on

other days.
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Table V. Routes and distances (km) found by Clarke and Wright’s Saving algorithm

Routes km

V1 | A7-A9-Al-A4-Al7-A34-A19-A6-A32-A5-Al18-A3 125
bl V2 | B19-B14-B15-B6-A8-A28-A2-A16-A13-B27-B31-B9-B35-B7-B8 24.0
V1 | B4-Al10-A24-A11-A21-A22-A3-A2-Al1-A20-B13-A27 23.3
b2 V2 | B26-B24-B18-B1-B32-B17-B16-B12-B25-B21 13.8
V1 | A15-A18-Al19-A17-A29-A12-A26-A23-A30-A25-Al14-A33-A35-B2 20.8
b3 V2 | B10-B29-B28-B11-B33-B5-B34-B20-B23-A31 16.0
V1 | A8-A3-A28-A32-A34-A1-A9-A2-Al16-A13-B27-B31-B9 20.9
. V2 | B8-B7-B35-B6-B1-B22-B14-B19 147
V1 | A27-B13-A20-Al1-Al17-A19-A22-A18-A3-A2-A10-A21-Al11-A24-B4 24.2
bs V2 | B21-B25-B12-B16-B17-B32-B18-B24-B26 13.9
V1 | B2-A35-A33-A14-A25-A29-A30-A12-A26-A23-B20-B23-B34-A31 16.8
be V2 | B1-A15-B5-B33-B11-B30-B10-B3 12.7
Average: | 17.8

The company traveled an average of 22.5 km per week on the route it is currently
running. When the Savings Algorithm results in Table V are analyzed on Google Maps, the
average weekly distance of the two vehicles is 17.8 km. Compared to the current situation, it
is seen that a shorter distance of 4.7 km is possible, that is, an improvement of 20.89% can be

achieved.
V. CONCLUSION

In the study, real data belonging to a distribution company operating in Balikesir
province were used. Therefore, the current solution flow; Parameters that direct the
algorithms, such as the number of vehicles, the number of customers, and the days of visits,
are company specific. In addition, coordinate distribution and customer weights are limited to
company customers located in Altineyliil and Karesi districts located in the city center of
Balikesir. While constructing the distance matrices to be used for solving the problem, it was
assumed that the distance between two points is equal (symmetrical) in outbound and return.
The Haversine formula, which also takes into account the slopes, was used while creating the
distance matrices that include the distances between two points and used while running the
algorithms. The Haversine formula gives the bird flight distances between two points. Actual
distances are calculated only to be able to determine the actual total distances after new routes
have been obtained. Actual distances between customer points with known coordinates were

calculated with the help of Google Maps due to time and budget constraints. The application
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in question also considers the instant traffic situation when calculating distances and assumes
that the most suitable roads are used. Therefore, we obtained the actual distances during
working hours in line with the information provided by the application. Thus, we assumed

that the distances found with the help of the application are the actual distances.

We considered the distribution of products from a central warehouse of the said food
distribution company to 70 customers in the city center as a CVRP, and we wanted to make
improvements in total distances for each vehicle and each day by using two different solution
methods. When we thought of the problem as the Capacity Constrained Vehicle Routing
Problem (CVRP), smaller capacity vehicles were needed for the solution methods to be used.
In this direction, by examining customer demands, we assumed that the vehicles in the
problem had a capacity of 225 kg for Monday and 155 kg for other days of the week. Under
the assumption that the company will distribute using smaller capacity vehicles depending on
the current customer demands per visit (vehicles with the capacity to meet the demand of 225
kg for Monday, the busiest day of the week, and 155 kg for other days), we obtained together

with the new vehicle-customer distributions new daily routes.

Under these capacity constraints, with the Fisher and Jaikumar Method, customers
were assigned to vehicles on the days standardized to them and within the framework of the
steps of the algorithm. These assignments created new customer clusters for the vehicles.
Then, in the second stage of this two-stage method, NN Algorithm was applied to new
customer clusters. It has been seen that if the company uses new vehicle-customer clusters
different from the current situation and distributes products to the customers according to the
new routes, an improvement of 9.91% will be achieved compared to the current situation.
Finally, Under the assumption of the same capacity constraints, savings values between
customers were calculated for the implementation of the Savings Algorithm and vehicles were
routed for customers visited on standard days. When the new vehicle-customer distributions
and new routes obtained with the Clarke and Wright’s savings algorithm were used by the
company, it can be said the company will achieve an improvement of 20.89% compared to the
current situation. Compared to the current situation of the company, this ratio shows that it is

possible to save distance and thus fuel with the help of heuristic algorithms.

As a result, the distribution company discussed in the study was recommended to use
smaller capacity vehicles for the brand in question and to revise their customer-vehicle
assignments, and the road savings they could provide in this case were proven. In practice,

although some large companies are working on routing, it is seen that this issue is not given

14



Yavuz, N. & Ozkar, S. 2023. Solution Of Capacitated Vehicle Routing Problem For A Food Delivery Company With Heuristic Methods.
International Review of Economics and Management, 11(1), 1-16.

sufficient attention in general. Logistics companies should give more importance to Vehicle
Routing in order to both reduce fuel costs and provide flexible answers to customer requests

and needs.

Problem outputs were evaluated within the scope of the study with the limitations
mentioned earlier. If there is a solution to time and cost constraints, the matrices required to
run the algorithms can be calculated with one-to-one real distances by acting with company
vehicles. Also here the problem is only improved by simple heuristics. There are many
versions of these methods that focus on different issues. Therefore, the problem can be
addressed again with different versions of the same methods or with different heuristics. Also,
today, metaheuristic methods in the VRP literature offer fields of study that can meet quite
different needs and are open to development. In order to achieve better results, metaheuristic
methods can be used both in their current form and under some assumptions. Finally, since
the study presents a real problem, it has real data and this can be evaluated by academics

working on existing data.
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Abstract

The study analyzes the early impact of the Covid-19 crisis on the production of sectors through trade shocks in
Tirkiye by considering the international production chains. To investigate this, we employ a two-tier strategy. In
the first step, we calculate the shock values of trade variables by subtracting realized values from estimated
values. The realized values are taken from International Trade Center (INTRACEN, 2021) database. In the
second step, the last available EORA26 Multi-Regional Input-Output (MRIO) table (Lenzen et al., 2012, 2013),
the year 2015, is utilized to decide the change in the production of each sector as a result of trade-induced
demand and supply shocks, separately. The 1-O analysis indicates that there is approximately a 23 billion USD
loss in production and almost half a million decreases in employment owing to the trade shocks (8% reduction in
production/employment). Investigating the effect in the framework of production chains with the inter-country
input-output tables enables researchers and policymakers to understand the dynamics of potential shocks so that
they can take the necessary precautions to ensure the stability of supply chains, the availability of products, and
the well-being of individuals. As far as we know, there is no study analyzing the effect of Covid-19 through

trade-induced demand and supply shocks in the framework of international production chains for Tirkiye.
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Hence, our study carries a crucial understanding and provides solid policy recommendations to be well-prepared
for possible external shocks.
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COVIiD-19’UN TICARET SOKLARI BAGLAMINDA TURKIYE’DEKI
URETIM UZERINDEKi ERKEN ETKILERI: ULUSLARARASI URETIM
ZINCIRLERI GERGEVESINDE BiR ANALIZ

Oz

Bu calisma, uluslararasi iretim zincirleri baglaminda, Covid-19 krizinin Tirkiye’deki sektorlerin Uretimi
Uzerindeki erken etkisini ticaret soklar1 tizerinden analiz etmektedir. Bunu arastirmak igin iki asamal1 bir strateji
kullanilmaktadir. Tk adimda, Covid-19 oncesi degerlerden hareketle Covid-19 dénemi igin tahmini degerler
hesaplanmakta ve bu degerlerden gerceklesen degerler ¢ikarilarak ticari degiskenler igin sok degerleri
hesaplanmaktadir. Gergeklesen degerler Uluslararas: Ticaret Merkezi tarafindan yayinlanan verilerden alinmstir
(INTRACEN, 2021). ikinci adimda, ticaret kaynakl1 talep ve arz soklar1 sonucunda her bir sektériin iiretimindeki
degisim ayr1 ayr1 hesaplanmaktadir. Bu hesaplamalar icin EORA26 Cok Bélgeli Girdi-Cikt1 (MRIO) Tablosunun
(Lenzen vd., 2012, 2013) 2015 yil1 verileri kullanilmistir. Hesaplamalarimiz ticaret soklarinin tiretimde yaklagik
olarak 23 milyar ABD dolar1 kayba ve istihdamda yaklagik yarim milyon azalmaya neden oldugunu
g6stermektedir (Uretim/istihdamda %8 azalma). Ulkeler arasi girdi-cikt1 tablolari ile soklarm etkilerinin Gretim
zincirleri cercevesinde incelenmesi, aragtirmacilarin ve politika yapicilarin potansiyel soklarin dinamiklerini
anlamalar1 ve bdylece tedarik zincirlerinin istikrarini, tiriinlerin bulunabilirligini ve bireylerin refahini saglamak
noktasinda gerekli Onlemleri alabilmeleri cercevesinde katki saglayacaktir. Bildigimiz kadariyla Tirkiye i¢in
uluslararasi iiretim zincirleri ¢ercevesinde Covid-19’un ticaret kaynakl talep ve arz soklari iizerinden etkisini
inceleyen bir ¢alisma bulunmamaktadir. Bu nedenle, ¢alismamiz ¢ok 6nemli bir bakis agis1 tasimakta ve olasi dis

soklara kars1 iyi hazirlikli olmak i¢in de saglam politika 6nerileri sunmaktadir.
Anahtar Kelimeler: Uluslararas: iiretim zincirleri, Girdi- Cikt1 tablolar1, Covid-19, Turkiye

JEL Simiflandirmasi: F10, F16, F17

I. INTRODUCTION

The Covid-19 pandemic has spread over the world from the East Asia region, one of
the biggest production and trading hubs (Baldwin and Tomiura, 2020). On March 11, the
Turkish government announced the first patient (Worldometers, 2020). The pandemic causes
serious economic turmoil across the world through simultaneous shocks such as decreases in

both domestic and foreign demand, disrupting global value chain activities, and tightening
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financial conditions. The main aim of the research is to analyze the early impact of the Covid-
19 crisis on the production of sectors through trade shocks in Tirkiye by considering the
international production chains. Investigating the early effect in the framework of production
chains with the inter-country input-output tables enables researchers and policymakers to
understand the dynamics of potential external shocks so that they can take the necessary
precautions to ensure the stability of supply chains, availability of products, and the well-
being of individuals.

The effects of the Covid-19 crisis on various sectors are realized through two-side of
the economy; demand and supply. Regarding the demand side, a possible direct impact is
more likely a decrease in the purchasing power of people working at factories, hotels,
restaurants, and transportation sectors that stopped their operations during the first wave of
the pandemic. While this negative effect may not be seen in food products due to their low-
income elasticity, it can be observed in other products such as electronics and automobiles.
Due to increased income uncertainties and instability in the economy, both domestic and
foreign households and firms delay their consumption and investments for precautionary

purposes.

Regarding the supply side, the outbreak of the Covid-19 crisis in the harvest
months/spring period for most countries has been one of the important reasons for the
decrease in agricultural production across countries. The pandemic and serious lockdown
conditions made labor mobility impossible which many countries need to harvest crops. This
shortage brought many trade restrictions on many agricultural goods and food/beverages
sectors. Similarly, many firms in manufacturing industries kept closed during the initial wave
of the pandemic because the working condition of factories is not suitable to protect social
distancing among workers. Also, many workers were infected, and this created absenteeism in
the workplace. The crisis has an impact not only on the final products and labor market but
also on the intermediate goods and services market. For instance, agricultural products,
mostly dependent on foreign seeds, animal feed, fertilizers, or pesticides, have been affected
by the closure of the borders, as well as the exchange rate volatility in this period. Due to the
increasing airway transportation costs and the difficulty in the supply of pesticides in East
Africa; the fields in Kenya, Ethiopia, and Somalia encountered grasshopper invasions, which
seriously endangered food safety (Tamru et al., 2020). Similarly, many manufacturing sectors
have fallen in a difficulty to find intermediates owing to the increase in transportation costs,

reduction of the number of officers working at customs, and subsequent delays in
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transactions. Disruptions in global supply chains directly or indirectly hinder the production
of the world’s manufacturing products because the epidemy has spread from one of the largest
production and trade hubs, that is East Asia, to all over the world (Baldwin and Tomiura,
2020). Overwhelmingly integrated world economies amplify the contagiousness of this
economic crisis and almost all producers could not find necessary and cheap inputs to produce
(UNCTAD, 2020). For instance, the MENA region experiences the highest loss in the
extractions and manufacturing sectors (Zeshan, 2020). All these negative demand and supply
shocks on production inevitably have a negative influence on employment. According to the
estimates of the International Labor Organization (ILO), approximately six million workers
lost their jobs in this region in the second quarter of 2020 (ILO, 2020).

Given this conceptual discussion, we ask the following question: “What are the
production and employment effects of the trade-induced demand and supply shocks caused by

Covid-19 on Turkish sectors?”

Figure | represents the real GDP over 1998-Q1- 2020-Q4. Our initial observation
regarding real GDP in Turkiye reveals that there are approximately 30 billion Turkish Lira

losses in real GDP starting from March when the crisis hits.

Figure I: Real GDP over 1998-Q1- 2020-Q4 (in billion TL)
Source: Central Bank of the Republic of Turkiye (CBRT) (2021a)

Figure Il represents the employment over 2004-01 - 2021-01. There are nearly 2

million decreases in employment starting from March 2020.
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Figure Il: Employment over 2004-01 - 2021-01 (in million)
Source: Central Bank of the Republic of Turkiye (CBRT) (2021b)

Therefore, understanding the dynamics of potential shocks through the I-O framework
IS quite important to take necessary precautions, to sustain the stability of supply chains,
availability of products across countries, and ultimately to protect the well-being of

individuals.

In the Covid-19 literature, some studies focus on Tirkiye (Cakmakli et al., 2020;
Voyvoda and Yeldan, 2020; Sayan and Alkan, 2021). However, our study differs from these
studies in terms of its approach. We first define the change in the export of intermediates and
final products as a demand shock and the change in the import of intermediates as a supply
shock. We then calculate the shock values by predicting the counterfactual values of these
trade statistics. After, we analyze the effects of these shocks on the sectoral performance of
Turkiye in the framework of I-O simulation. Overall, as far as we know, there is no study
analyzing the effect of Covid-19 through trade-induced demand and supply shocks in the
framework of international production chains for Tlrkiye. Hence, our study carries a crucial
understanding and provides solid policy recommendations to be well-prepared for possible

external shocks.

The 1-O analysis indicates that there is approximately a 23 billion USD loss in
production and almost half a million decreases in employment owing to the trade shocks (8%
reduction in production/employment). Although the production and employment of the
agriculture sector are severely affected by the trade-induced supply-side shock, at the end of
the year, we observe a positive effect of all types of shocks on the agriculture sector. We

observe the largest hit in manufacturing sectors, especially for transport equipment, metal
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products, and other manufacturing. When we just think of the effects of shock separately, we
notice that the three industries and the utility sector are much more affected by the trade-

induced demand-side shock.

1. DATA

To answer the question asked in the previous part, we utilize different databases. The
trade values are taken from International Trade Center (INTRACEN, 2021) database which
provides monthly trade statistics at the product level from 2004 to 2020. This product-level
data enables us to differentiate products as intermediate (INT) and final (FIN) by employing
the broad economic category codes (BEC). We then aggregate this product-level data set to
construct sectoral-level trade values by utilizing the concordance table provided by the
Organization for Economic Co-operation and Development (OECD, 2017) (HS6-BEC-ISIC
Rev. 3). These nominal trade values are deflated by employing the sectoral monthly price
from the U.S. Bureau of Labor Statistics (2021).

Via our second main database, the EORA26 MRIO database, we understand the
sectoral dynamics and relationships of sectors across countries. Employment statistics come
from the International Labor Organization (ILO, 2019) and the production index comes from
Turkish Statistical Institute (TURKSTAT, 2021).

Before we continue with the methodological part, we want to represent the general
characteristics of sectors in our sample. After reducing product-level trade statistics into the
sectoral aggregates, we end up with 12 sectors mainly composed of manufacturing industries.
Table | shows that sectors in our simulation constitute nearly half of the total economy but
capture whole manufacturing sectors. We calculate the export and import values as a share of
sectoral output in the year 2015. This is the latest available I-O table provided by EORA. As
you can notice manufacturing sectors engage in trade activities relatively more than

agriculture and utility service.
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Table I: Integration of sectors - 2015 I-O table

Sectors\GVCs Intermediate Final Intermediate

Export Export Import Trade

/Output /Output /Output /Output
Transport Equipment 17% 26% 30% 2%
Metal Products 25% 3% 43% 71%
Other Manufacturing 3% 10% 50% 63%
Petroleum, Chemical
and Non-Metallic Mineral Products 20% 4% 37% 61%
Textiles and Wearing Apparel 12% 24% 24% 60%
Electrical and Machinery 13% 14% 29% 57%
Wood and Paper 9% 2% 33% 43%
Mining and Quarrying 34% 0.3% 8% 43%
Electricity, Gas and Water 0.1% 0.04% 21% 21%
Food & Beverages 4% 4% 8% 15%
Agriculture 8% 4% 4% 15%
Post and Telecommunications 5% 1% 6% 11%

Note: Sectors in this simulation constitute 44% of the total economy.
Source: Authors’ own calculations based on EORA MRIO

. METHODOLOGY

To investigate our research question, we employ a three-tier strategy. In the first step,
we calculate the shock values of trade variables (both import and export of intermediates and
final products) by subtracting the actual values from the predicted values. The realized values
are taken from International Trade Center (INTRACEN, 2021) database which provides
monthly trade statistics at sectoral and product levels. We are mainly interested in the period
2017-2020. The predicted trade series that would have been realized if the pandemic had not
occurred are calculated by using several time series forecasting techniques such as ARIMA,
exponential smoothing, and seasonal naive method (Hyndman and Athanasopoulos, 2018).
Among these forecasting models, we chose the model with the lowest residual standard
deviation. We also check for autocorrelation of the models (ACF test). We continue with the
ARIMA model because it catches the data more properly. We then calculate the shock values
for each sector and for a specific flow such as the import and export of intermediate and final
products by subtracting the actual values from the estimated values (see Figures A1-A3 in the

Appendix).

In the second step, the last available EORA26 Multi-Regional Input-Output (MRIO)
table (Lenzen et al., 2012, 2013), the year 2015, is utilized to decide the change in the

production of each sector as a result of trade-induced demand and supply shocks, separately.

23



Tat, P., Altun, A. & Yanikkaya, H. 2023. The Early Impacts of Covid-19 on Production through Trade Shocks in Turkiye: An Analysis of
International Production Chains. International Review of Economics and Management, 11(1), 17-34.

We assume that the coefficients of the domestic transaction matrix have not changed over
time. In other words, we assume that there is not a structural change in the economy. We
reduce this I-O table that includes 189 countries to the table that includes just Turkiye and the
rest of the world. In this reduced form of the 1-O table, we have 26 sub-sectors* for Turkiye
and all other countries aggregated and titled as the rest of the world (see Table Al in
Appendix). Utilizing matrixes in the 2015 1-O table and reinterpreting the basic equation of
Acemoglu et al. (2016) and using the calculation methods of Yanikkaya and Altun (2020), we
can analyze trade-induced demand and supply shocks.

In the third step, assuming that the output-employment ratio has not changed over
time, we just divide the loss value in production by the related output-employment ratio to get
the approximate effects of Covid on employment. Because sectoral employment statistics are
available until 2019, the 2019 value of the output-employment ratio is utilized. TURKSTAT
does not provide information on the output of sub-manufacturing sectors but provides the
information on sectoral production index (TURKSTAT, 2021). So, we extrapolate the 2015
sectoral output in EORA utilizing the growth rate of the production index.

Demand Shock:

26
=y gy + IDYORP 4 DR 4 FDIFORP (1)
]:

Equation (1) enables us to assess the magnitude of a demand shock. The equation is

represented for Turkiye. Sub-indices i and j represent exporter and importer sectors,

respectively. y; represents sectoral output. x;; represents domestic transactions. ID}"°RLP
represents exported intermediates of each country in Turkiye. FDIR stands for the final

demand of Turkiye. FD/VORLD stands for the final demand of the rest of the world.

Domestic intermediate goods and services transactions of each country in Tirkiye can

be expressed as the multiplication of the coefficient matrix and the output matrix vector:

26 26
Z_ Xij = z ai i) (2)
j=1 j=1

4 Agriculture; Fishing; Mining and Quarrying; Food & Beverages; Textiles and Wearing Apparel; Wood and Paper;
Petroleum, Chemical and Non-Metallic Mineral Products; Metal Products; Electrical and Machinery; Transport Equipment;
Other Manufacturing; Recycling; Electricity, Gas and Water; Construction; Maintenance and Repair; Wholesale Trade;
Retail Trade; Hotels and Restaurants; Transport; Post and Telecommunications; Financial Intermediation and Business
Activities; Public Administration; Education, Health and Other Services; Private Households; Others; Re-export & Re-
import.
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When we plug equation (2) into equation (1), we get the following equation:

ye=(=" a7 (IDFORP ) + (FD]®) + (FDFORIP)) ®)

j=1
26
where (I — Z a;;)~" is the inverse of the Leontief matrix. The Leontief inverse
j=1
matrix expresses the effect of a unit change in exported intermediates/final demand on the

change in output.

Supply Shock:

26
j=1

Equation (4) enables us to assess the magnitude of an external supply shock. y;

represents sectoral output. x; ; represents domestic transactions. IDJ-TR represents imported

intermediates of Turkiye. VA]TR represents the value added of sectors in Turkiye.

After some arrangements, we end up with the following equation:
26 -1

y=(1=3" ai) (0o + vape) ©
]:

26
where (I —z a;;)”" is the inverse of the Ghosh matrix. The Ghosh inverse
j=1

matrix expresses the effect of a unit change in foreign intermediate goods and

services/sectoral value added on the change in output.

IV. RESULTS

This part provides the 1-O simulation results. The graphs of the twelve sectors are
represented in the main sectoral categories: agriculture, manufacturing, and utilities (Figures
I11-V). The first blue and second dark blue columns represent employment changes due to the
change in intermediate exports and final exports over the ten months after the crisis hits. The
last green column represents employment changes due to the intermediate imports. The light
blue, dark blue, and green lines indicate losses in production owing to the change in

intermediate exports, final exports, and intermediate imports, respectively.

Figure 111 depicts the simulation results for the agriculture sector. There is a relatively

fluctuating trend of production and employment in agriculture. The sector is much more
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affected by the trade-induced supply shock, which is observed via intermediate imports
compared to trade-induced demand shocks through intermediate and final exports. The sector
faces the largest hit in July with an almost 200 million USD loss in production and 3,000
losses in employment, then the adverse impact gradually disappears at the end of the year.
Still, agriculture is one of the two sectors we observe a positive aggregate effect of all types of
shocks at the end of 2020.
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Figure 111: Change in production (in thousand) and employment — Agriculture

Source: Authors’ own calculations based on EORA MRIO

Figure 1V represents the simulation results for the manufacturing sector. We find out
the most dramatic declines in terms of magnitude in manufacturing industries regardless of
the types of trade flows. As shown in Table I, the trade openness of manufacturing sectors is
relatively higher than other sectors. While the trade share in output is 54% for manufacturing
sectors on average, the trade ratios of agriculture and utilities are 15% and 16%, respectively.
This inevitably leads to amplifying the magnitudes of trade-induced demand and supply-side
shocks in manufacturing industries. The effects of shocks persist until October. Through this
time, the Turkish manufacturing industry experiences a nearly 24 billion USD loss in

production and 460,000 losses in employment.
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Figure 1V: Change in production (in thousand) and employment — Manufacturing
Source: Authors’ own calculations based on EORA MRIO
Figure V presents the simulation results for the utility sector. Even though we see a
decreasing trend starting from March, utility sectors including post and telecommunication
and electricity, gas, and water show positive progress over consecutive months. Indeed, this
huge effect comes from electricity, gas, and water. The negativity is closely related to the
sectoral lockdowns, especially in manufacturing sectors which highly depend on utilities.
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Figure V: Change in production (in thousand) and employment — Utilities

Source: Authors’ own calculations based on EORA MRIO
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We sum up all types of shock and compose Table Il to see the relative Covid-19-
related damage of sectors in Turkiye. Overall, the crisis leads Turkish production to shrink by
approximately 23 billion USD. The ratios show that the shares of production decrease. We
detect the most severe production and thereby employment losses ins transport equipment,
metal products, and other manufacturing sectors. Food and beverages may be the least
affected manufacturing sector compared to others. Overall, we notice that the agriculture and

post and communication sectors continue to operate even in the first wave of the pandemic.

Table 111 presents employment effects by sectors and months. Overall, 445,900 people
lose their job during this period. To reiterate, these effects are just related to the trade shocks
and reflect mainly manufacturing industries and agriculture. The actual values can be much
higher or just different from these values. Indeed, the government provides financial support
to firms and applies bans on the dismissal of employees (Demir Seker et al., 2020). This may

lead to our estimates being overestimated.
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Table 11: Overall production effects of Covid-19 across sectors (in thousand)

Sectors\Months October November December Total

August

September

Transport Equipment $125,849 -$2,195,199 -$2,019,616 -$1,023,871  -$614,119  -$1,326,673  -$352,348  $1,564,326  $302,527 $73,826 -$5,465,298 -20%
Metal Products -$30,672 -$844,914  -$1,082,715  -$502,502 -$422,766 -$405,773 -$225,892 $136,487 -$38,294 $395,243 -$3,021,797 -20%
Other Manufacturing -$177,979  -$441,363 -$499,154 -$324,336 -$206,030 -$221,657 -$90,000 -$3,902 $24,378 -$30,892 -$1,970,934 -20%
Petroleum, Chemical

and Non-Metallic

Mineral Products -$122,606  -$535,193 -$906,920 -$560,454 -$566,653 -$421,848 -$230,329 $123,858 -$72,897 $123,096 -$3,169,946 -11%
Electrical and

Machinery -$201,786  -$904,568  -$1,562,668  -$680,432 -$511,870 -$420,100 $20,763 $699,128 $442,088 $752,070 -$2,367,376 -11%
Textiles and Wearing

Apparel -$502,962 -$1,683,292 -$1,614,721  -$679,507 -$171,438 -$243,861 -$101,948 $149,513 -$261,918  -$583,713 -$5,693,846 -8%
Wood and Paper -$26,461 -$22,692 -$98,522 -$43,278 -$85,707 -$132,056 -$101,566 -$28,025 -$37,950 -$4,311 -$580,568 -5%
Mining and Quarrying $31,626 -$405 -$43,822 -$16,262 -$32,332 -$42,762 -$34,417 $14,709 -$5,053 $29,333 -$99,385 -2%
Electricity, Gas and

Water -$10,203 -$36,838 -$45,659 -$16,930 -$12,104 -$22,037 -$7,276 $11,909 $5,590 $12,421 -$121,126 -0.3%
Food & Beverages $42,217 $2,380 -$185,481 -$39,899 -$100,784 -$79,357 $54,816 $115,556 -$9,559 $79,689 -$120,422 -0.2%
Post and

Telecommunications $81 -$8,746 -$11,931 -$4,944 -$954 $1,562 $8,546 $4,364 $4,420 $7,936 $334 0.002%
Agriculture $6,297 $21,676 -$35,311 $25,180 -$170,320 -$167,168 $8,293 $116,013 $135,386 $191,063 $131,108 0.4%
Total -$872,896 -$6,670,830 -$8,071,209 -$3,892,416 -$2,724,755 -$3,314,563 -$1,059,650 $2,787,923  $353,334 $854,698  -$22,479,255 -8%
Ratio -4% -30% -36% -17% -12% -15% -5% 12% 2% 4% 100% -10%

Source: Authors’ own calculations based on EORA MRIO
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Table 111: Overall employment effects of Covid-19 across sectors

Sectors\Months May June July August  September October November December Total Ratio
Transport Equipment 1,554 -27,101  -24,934 -12,640 -7,582 -16,379 -4,350 19,313 3,735 911 -67,473 -20%
Other Manufacturing -5,393  -13,375 -15,126  -9,828 -6,243 -6,717 -2,727 -118 739 -936 -59,725  -20%
Metal Products -958 -26,404  -33,835 -15,703  -13,211  -12,680 -7,059 4,265 -1,197 12,351 -94,431 -20%

Petroleum, Chemical
and Non-Metallic Mineral

Products -2,665 -11,635 -19,716 -12,184 -12,319 -9,171 -5,007 2,693 -1,585 2,676 -68,912 -11%
Textiles and Wearing Apparel ~ -10,059  -33,666  -32,294  -13,590 -3,429 -4,877 -2,039 2,990 -5,238 -11,674 -113,877 -8%
Wood and Paper -473 -405 -1,759 -773 -1,530 -2,358 -1,814 -500 -678 =77 -10,367 -5%
Electrical and Machinery -2,402  -10,769  -18,603  -8,100 -6,094 -5,001 247 8,323 5,263 8,953 -28,183 -5%
Mining and Quarrying 930 -12 -1,289 -478 -951 -1,258 -1,012 433 -149 863 -2,923 -2%
Electricity, Gas and Water -71 -258 -319 -118 -85 -154 -51 83 39 87 -847 -0.6%
Food & Beverages 449 25 -1,973 -424 -1,072 -844 583 1,229 -102 848 -1,281 -0.2%
Post and Telecommunications 1 -131 -178 -74 -14 23 128 65 66 118 5 0.002%
Agriculture 102 350 -570 406 -2,747 -2,696 134 1,871 2,184 3,082 2,115 0.4%
Total -18,987 -123,379 -150,596 -73,508  -55,277 -62,112 -22,968 40,647 3,078 17,202 -445900 -8%
Ratio -4% -28% -34% -16% -12% -14% -5% 9% 1% 4% 100% -10%

Source: Authors’ own calculations based on EORA MRIO
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V. CONCLUSION

This study investigates the early impacts of the Covid-19 pandemic on Turkish sectors
by employing the 1-O methodology. The first possible effect of the pandemic is a decrease in
domestic and foreign demand caused by a loss in household income and sudden shutdowns of
many working places or sectors such as factories, hotels, and the transportation sector. The
second one is disruptions of global and domestic value chains because of social distancing
and lockdown conditions, which directly and especially affect whole manufacturing sectors
owing to their higher dependency on domestic and foreign intermediates in their production

processes.

In light of this motivation, this research aims to investigate the production effects of
the Covid-19 crisis on Turkish industries by utilizing the most current I-O table. Specifically,
we ask the following questions: What are the production and employment impacts of the

trade-induced demand and supply shocks resulting from Covid-19?

Our simulation results indicate that there is an approximately 23 billion USD loss in
production and almost half a million decreases in employment owing to the trade shocks (8%
reduction in production/employment). Although production and employment are severely
affected by the trade-induced supply-side shock, at the end of the year, we observe a positive
effect of all types of shocks on the agriculture sector. We observe the largest hit in
manufacturing sectors, especially for transport equipment, metal products, and other
manufacturing. When we just think of the effects of shock separately, we notice that the three
industries and the utility sector are much more affected by the trade-induced demand-side

shock.

Our conclusion points out the importance of sector-specific recovery programs. The
second thing we observe is the amplified effect of the Covid-19 shock on sectors with higher
trade openness which clearly emphasizes the importance of improvement of supply chain
resilience and a more diversified set of trade partners. Future research can address this issue
by doing further robustness checks for predicted monthly trade values, enlarging country
coverage, and considering also domestic demand and supply shocks. Moreover, this approach
may be beneficial for making further scenario-based simulations for predicting possible

impacts of various alternative prospective regional and global occasions.
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APPENDIX

The next three figures are related to the first step of the analysis. This figure represents
the actual and predicted values of intermediate export. As you can see, there is a sharp
decrease in intermediate export starting from March. The predicted values are represented
with a blue line. We then calculate the shock values by subtracting the actual values from the
predicted ones. To check the accuracy of our predicted values, we randomly select a one-time
point over years and then forecast the trade values for a later 10 months period like in the
current analysis. When we repeat these trials many times, we also calculate the standard
deviation from actual values each time. The standard deviations range from 9% to 12%.
Therefore, we can say that the ability of ARIMA to capture real data is well enough and we
can continue to calculate the shock values with ARIMA (After May 2019 with 10 months

forecasting period).
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Figure Al. Actual and predicted values of intermediate export (in thousand), 2004-01-2020-12

Source: INTRACEN (2021) and authors’ own calculations
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Figure A2. Actual and predicted values of final export (in thousand), 2004-01-2020-12
Source: INTRACEN (2021) and authors’ own calculations
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Figure A3. Actual and predicted values of intermediate import (in thousand), 2004-01 - 2020-12

Source: INTRACEN (2021) and authors’ own calculations

Table Al shows the construction of I-O tables. Zone (I) shows the intermediate

transactions from the Turkish industries in rows to Turkish industries in columns, (I1) shows

the intermediate transactions from Turkish industries to abroad, (I11) shows the intermediate

transactions from abroad to Turkish industries, (IV) shows the intermediate transaction from
the world (except Turkiye) to the world (except Turkiye), (V) shows the transactions from
Turkish industries for final demand of Turkiye, (V1) shows the transactions from Turkish
industries for final demand of world (except Turkiye), (VII) shows the transactions from
world industries (except Turkish industries) for final demand of Turkiye, (VIII) shows the

transactions from world industries (except Turkish industries) for final demand of world

(except Turkiye), (1X) shows the Turkish sectoral value added and (X) shows the world

sectoral value added (except Turkish sectors).

Table Al. Reduced matrices: 2 countries - 26 sectors

Importers

Exporters

v ATR A% AWORLD
(1x26) (1x26)
(IX) (X
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Oz

Insanlar duyular1 aracihigryla diinyayr algilamakta ve deneyimlemektedir. Son yillarda pazarlama ve marka
stratejilerinde tiiketicilerin duyularma hitap edilmektedir. Ozellikle duyusal markalama yaklagimmda
tiiketicilerin bes duyusuna hitap edilmektedir. Giiniimiizde duyusal markalama yaklagimiyla ilgili arastirmalar
giderek artmaktadir. Bu yiizden duyusal markalama konusunun literatiirdeki gelisimini biitiinciil bir sekilde tespit
etmek i¢in bibliyometrik arastirmalara ihtiya¢ duyulmaktadir. Boylelikle bu arastirmada duyusal markalama
konusu bibliyometrik analiz ile incelenmistir. Arastirmada Scopus veri tabanindan elde edilen duyusal
markalamayla ilgili 204 adet yayinin ilk olarak performans analizi yapilmis ve daha sonra gorsel haritalama
teknigi ile VOSviewer programi lizerinden bibliyometrik analizi gergeklestirilmistir. Bu arastirma sonucunda; (i)
en cok yaym ve atif sayisinin “2022” yilinda oldugu tespit edilmis, (i) en ¢ok yaym yapan iilkenin “Ingiltere”
oldugu belirlenmis, (iii) en ¢ok yayin yapilan alanin “isletme, yonetim ve muhasebe” oldugu tespit edilmis, (iv)
en fazla yaym yapan yazarin “Spence, C.” oldugu belirlenmis (v) en ¢ok ortak yayin yapan yazarlarm (ortak
yaym sayilar1 esit) “Aryana, Boyko, Cooper, Dunn, Hands” oldugu saptanmis, (vi) en ¢ok atif alan yazarm
“Spence” oldugu tespit edilmis, (vii) en ¢ok atif alan kaynagm “Psychology and Marketing” oldugu saptanmus,
(viii) en ¢ok atif alan iilkenin “Ingiltere” oldugu belirlenmis, (ix) en ¢ok kullanilan anahtar kelimenin “duyusal
pazarlama” oldugu tespit edilmis, (x) bibliyografik eslesme sayisi en ¢ok olan yazarin dokiimani “Worfel

(2022)” oldugu saptanmis, (xi) en ¢ok ortak atif alan yazarin “Spence” oldugu belirlenmistir.
Anahtar Kelimeler: Duyusal Markalama, Bibliyometrik Analiz, Gorsel Haritalama
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EXAMINATION OF SENSORY BRANDING APPROACH WITH
BIBLIOMETRIC ANALYSIS

Abstract

People perceive and experience the world through their senses. In recent years, marketing and branding
strategies have begun to address consumers' senses. In particular, the sensory branding approach appeals to
consumers' five senses. Nowadays, research on the sensory branding approach is increasing. Therefore,
bibliometric research is needed to determine the development of sensory branding in the literature in a holistic
way. Thus, in this research, the topic of sensory branding was investigated through bibliometric analysis. In the
research, firstly, the performance analysis of 204 publications on sensory branding obtained from the Scopus
database was carried out and then the bibliometric analysis was carried out using the VOSviewer program with
visual mapping technique. As a result of this research, (i) the highest number of publications and citations was
determined to be "2022", (ii) the country with the highest number of publications was identified as "England",
(iii) the field with the highest number of publications was determined as "Business, Management and
Accounting"”, (iv) the author with the highest number of publications was identified as "Spence, C. ", (v) the
authors with the highest number of collaborative publications (equal number of collaborative publications) were
determined to be "Aryana, Boyko, Cooper, Dunn, Hands", (vi) the most cited author was determined as
"Spence", (vii) the most cited source was determined as "Psychology and Marketing", (viii) the most cited
country was identified as "England", (ix) the most used keyword was determined as "sensory marketing", (x) the
author's document with the highest number of bibliographic couplings was identified as "Woérfel (2022)", (xi) the
most co-cited author was identified as "Spence".

Keywords: Sensory Branding, Bibliometric Analysis, Visual Mapping
JEL Classification: M30, M31

I. GIRIS

Insanlarm duyular1 ve duyulara ydnelik verdikleri tepkiler, cevreyi algilama ve
anlamlandirma noktasmda dnemli olmaktadir. Ornegin bes duyuya hitap eden uyaricilarin
giiclii etkisiyle insanlarin duygusal tepkileri (begenme, hatirlama vs.) ve tutumlari
olusmaktadir. Boylelikle markalar hedef kitleleri icerisinde yer alan tiiketicilerin akillarinda
kalict bir yer edinmeye c¢aligmaktadir. Tiketicilerin duyularina hitap ederek marka
kimliklerini ortaya koymanin ve duyusal markalama faaliyetleri araciligiyla hedef kitlelerle
giiclii duygusal baglar kurmanin 6nemi markalar i¢in giinden giine artmaktadir. Duyusal
markalama; markalara bes duyuya hitap edecek bi¢cimde kimlik unsurlari1 saglamaya ve
markalar1 gorsellik disindaki diger duyusal unsurlarla (tadi, kokusu, dokunus 6zellikleri ve

sesi) tanimlamaya imkan veren bir kavram olmaktadir. Duyusal markalamayla insanin bes
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duyusuna (gorme, koklama, tatma, igitme ve dokunma) miimkiin oldugunca hitap eden
markalar, hedef kitlelerinde yer alan tiiketicilere genis bir alan sunmaktadir. Ayrica markalar
duyusal markalamayla tiiketicilerin marka ile yakin temas kurmasini saglayarak, tiiketicilerin
akillarinda isletme ve marka kimligini daha net ve kalic1 bir sekilde konumlandirmaktadir.
Pek c¢ok isletme kendi markalarina 6zel koku, dokunma, gorsel ve ses kimliklerini
tasarlatmaktadir. Pazarlama uygulamalarinda bu kimlikler kullanilmaktadir (Cakir, 2010: 39-
40).

Bibliyometrik arastirmada yaymlarm belli 6zellikler agisindan incelenmesiyle bilimsel
iletisime yonelik farkli bulgulara ulagilmaktadir. Bu bulgulardan farkli sekillerde
faydalanilabilmektedir. Ornegin bir dergiyi icsel olarak degerlendirme veya bir iilkenin bilim
politikasmi sekillendirme agisindan mikro ve makro diizeyde faydalanilabilmektedir. Bununla
birlikte bibliyografik arastirmalarla bilimsel yayinlarmn etkinligi gozler oniine serilmektedir.
Ayrica bibliyografik arastirmalarda verilere ulasim kolay oldugundan veri kaynagi olarak atif
dizinlerinden faydalanilmaktadir (Al vd., 2010: 2). Bu arastrmada duyusal markalama
yaklagimiyla ilgili Scopus veri tabani tizerinden gorsel haritalama teknigi ile bibliyometrik bir
analiz gergeklestirilmistir. Bu arastrmanin sonuglar1 duyusal markalamayla ilgili calisma
yapacak arastirmacilara biitlinsel bir goriinim saglamaktadir. Bununla birlikte marka

yoneticilerine duyusal markalamayla ilgili bir bakis acis1 sunmaktadir.

1. KAVRAMSAL CERCEVE

Gorme, isitme, koklama, dokunma gibi duyularin insanlar tizerinde giiglii bir etkisi
olmaktadir. Duyusal uyaranlar; insanlarin ¢evrelerini etkilemekte, aligveris deneyimini
iyilestirebilmekte ve insanlarm davranislarini degistirebilmektedir. Insanlar diinyayr tiim
duyulari ile ayni anda algilamaktadir. Bundan dolay: bir deneyim ne kadar duyusal olursa, o
kadar ilgi ¢ekici olmaktadir. Dogru duyusal uyaranlar uygun sekilde kullanildig1 takdirde
insanlar; sakinlesebilmekte, gevseyebilmekte, stresleri azaltilabilmekte, enerji verilebilmekte,
ruh halleri iyilestirilebilmekte, karar verme siirecini etkileyebilmekte ve dolayisiyla harcama
egilimini etkileyebilmektedir. Bununla birlikte duyusal uyaranlarin bekleme siiresi lizerinde
olumlu etkisi olabilmektedir. Ayrica duyular, tiiketicilerin marka/iiriin se¢imi ve bunlarin
(markanin/iiriiniin) sundugu deneyimlerde olduk¢a 6nemli rol oynamaktadir. Marka, koku,
doku ve ses gibi duyusal bilesenleri kullanarak tiiketicinin {iriin ile iliski kurmasimna yardimei
olabilmektedir. Duyusal uyarim, tiiketicinin se¢imini etkilemekle birlikte bir {iriinii diger
urinlerden ayirmaya yardimci olmaktadir. Markalama, pazarlamada onemli bir faktor

olmaktadir. Ge¢miste isletmelerin bir¢ogu, markalarini rakiplerinden farklilastirmak amaciyla
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gorsel-isitsel uyaranlar kullanirken, artik isletmeler bes duyuya hitap etmek suretiyle
rakiplerinden bir dereceye kadar farklilasmak i¢cin yogun g¢aba sarf etmektedirler. Boylelikle
isletmenin kendi markasinin {riinlerini rakiplerinden farklilagtirmasimna yardimci olmak
amactyla duyusal markalama kavrami ortaya ¢ikmistir. Duyusal markalamanin amaci, ayni
anda bes duyuya hitap ederek tiiketiciye bes boyutlu bir deneyim sunmaktir. Duyusal
markalama ile tiiketicilerin duyusal bellegine hitap edilir. Nihayetinde bu durum tiiketicilerin
satin alma karar siireglerinin bir parcasi olmaktadir (Soars, 2009: 286; Uddin, 2011: 1;
Hussain, 2014: 48).

Martin Lindstrom “Brand Sense” adli kitabinda “Insanlarin diinyaya dair anlayisinin
neredeyse tamami duyular araciligiyla deneyimlenir” demistir. Markalar, miisterilerin
duyularina hitap ederek onlarin zihninde duygusal cagrisimlar olusturabilmektedir. Duyusal
markalama, marka ile ilgili olarak miisterilerin biitiin duyularna (gérme, koku alma,
dokunma, igitme, tat alma) hitap eden bir pazarlama araci olmaktadir. Duyusal markalama,
Apple, Starbucks gibi en basarili sirketler tarafindan kullanilan 6nemli bir pazarlama aracidir.
Aragtirmalara gore miisterilerin satin alma kararlarmi marka algisma gore verdigi ve alginin
duyusal alicilardan gelen uyarilarin toplamini olusturdugu ortaya ¢ikmistir. Giiglii markalarn;
miisterilere giiven saglayabilen, miisterilerin giivenini artirabilen ve insan duyularindan
yararlanabilen markalar oldugu ifade edilmektedir. Duyusal pazarlama tiiketicilerin duygu ve
davraniglarmi etkilemek i¢in duyular1 kullanarak tiiketiciyi etki altina almay1 amaglayan bir
pazarlama teknigi olmaktadir. Duyular, insanlarin anilar1 ve duygulariyla giiclii bir sekilde
baglantili olmaktadir. Duyusal pazarlamanin merkezi olarak insan duyularini vurgulayan bes
duyusal strateji Onerilmektedir. Marc Gobe “Emotional Branding” adli kitabinda “Her
markanm bir {riinle ilgili olumlu duygu algisini tetikleyen bilingalt1 kodlar1 igermesi
gerektiginden” bahsetmektedir. Martin Lindstrom ise duyusal markalamanin; marka ile
iliskiyi motive ettiginden, duygusal tepkinin mantikli diisiinmeyi etkilediginden, tek bir
markanin farkli boyutlarini sundugundan, marka ile tiiketici arasinda gii¢lii, olumlu ve sadik

bir bag kurdugundan s6z etmektedir (Rupini & Nandagopal, 2015: 1-2).

Duyusal markalama, bir markanin marka kimligi olusturmak ve markay1
konumlandirmak igin bes duyuya nasil hitap ettigiyle ilgili olmaktadir. Bu durum nihayetinde
marka imajiyla sonuc¢lanmaktadir (Hultén, 2017: 284). Kiiresel bir tiiketim kiiltiiriinde duyusal
markalama stratejilerinin, farkli toplumsal kiiltiirlerde evrensel olan duygulara hitap etmesi
gerekli olmaktadir. Bununla birlikte duyusal algilar s6z konusu kiiltiire 6zgii olmaktadir.

Boylelikle markalama stratejileri gelistirilirken bu duruma dikkat edilmelidir. Duygularin
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evrensel oldugu gercegi ile birlikte marka yoneticileri ¢oklu duyusal marka deneyimleri
olusturarak bireyleri cezbetme noktasinda firsatlar elde etmektedir (Hultén, 2017: 291).
Giliniimiizde markalar tiiketicilerin duyularma, duyusal zevklerine ve bilissel ihtiyaclarina
gegmise nazaran daha yogun bir sekilde hitap etmektedir. Markalar artik fiziksel faydalarin
yani sira estetik degerler, tasarimlar gibi 6zellikler araciligiyla tiiketicilere seslenmektedir.
Duyusal markalamayla tiiketicilerin satin alma davraniglarinda markanmn etkisini artirmak,
markanin mesajmi giiglendirmek ve markanin hatirlanabilirligini artirmak suretiyle tiiketicide
marka ile ilgili sadakat olusturmayi hedeflemektedir. Bununla birlikte duyular, markaya
yonelik sadakatin olusturulmasinda ve tiliketicide giiven saglanmasinda oldukc¢a etkili

olmaktadir (Giilmez, 2017: 62).

Lindstrom 2005 yilinda “Sensogram” isimli bir duyusal markalama modeli dnermistir.
Bu modelde bes duyu, yani gorme, isitme, koklama, dokunma ve tatma birbirleriyle
etkilesime girmekte ve temas noktalar1 olarak duyular vasitasiyla ¢oklu duyusal deneyimlere
zemin hazirlamaktadir. Bu model, bir markanin performansini markayr ya da {iriini
kullanmak suretiyle bes duyuya hitap etmesinin nasil dlgiilebilecegini gostermektedir. Apple
ve Disney gibi dliinyanin énemli markalar1 i¢in yiizde 80’in iizerinde duyusal kaldirag orani
onerilmektedir. Bununla birlikte Mercedes-Benz, Marlboro, Tiffany, Louis Vuitton gibi
markalar i¢in yiizde 70 ile 80 arasinda duyusal kaldirag oranmi1 6nerilmektedir. Burada 6nde
gelen kiiresel markalarm, bir tiiketicinin marka imaji ve ger¢cek markaya olan baglhilhigini
etkileyen c¢oklu duyusal bir yaklasima ve duyusal cekicilige dayanmasi gerektiginden
bahsedilmektedir (Hultén, 2020: 207). Birtakim arastrmacilar, insan duyularmim marka
kimligini ve marka imajmi1 a¢iklamadaki 6nemine ve insan davraniglarini etkilemede 6nemli
oldugunun bilinmesine ragmen bu konunun 6neminin goz ardi edildigini iddia etmektedir.
Insan duyulari, bir sirketin duyusal deneyimleri olusturmasmi ve sunmasini saglayan
pazarlama faaliyetlerinde dnemli olmaktadir. Boylelikle sirketin marka kimligini ve marka
degerlerini daha yogun bir sekilde tiiketicilere aktarmasini saglayabilmektedir (Hulten vd.,
2009). Sirketlerin hedef pazara ulagsmasinda miisterilerin zihninde kalma ihtiyaci 6nemli
olmaktadir. Duyusal markalama, miisterinin hatirladig1 biitlin bir deneyim olusturmak i¢in bes
duyuya hitap etmektedir. Duyusal markalama ile markaya katma deger saglanmakta, satin
alma kararmi aligkanlik haline getiren unutulmaz deneyimlerle markaya asik olmasi
saglanmaktadir. Schmitt’e gore, “Pazarlamada yeni bir doniisiim gerceklesmektedir. Miisteri
artik bir liriin ya da hizmeti sadece maliyet-fayda analizine gore degil, satin almadan 6nce ve

tiikketim esnasinda sunulan deneyime gore segmektedir. Uriin ya da hizmet keyifli bir deneyim
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sunuyorsa ve miisterilerin ihtiyaclarini karsiliyorsa basar1 gelmektedir”. Boylelikle bes
duyuya hitap edilmek suretiyle satin alma kararmi ve miisteri sadakatini etkileyen deneyimler

gelistirilmesi gerektigi ifade edilmektedir (Hinestroza & James, 2014: 1-4).

Marka ne kadar ¢ok duyuya hitap ederse, tiiketiciler mesaji o kadar giiclii
algilayacaktir. Boylelikle tiiketiciler daha yiiksek fiyatlar1 6demeye hazir olacaklardir.
Markalarm varliklarm1 devam ettirebilmeleri i¢in biitin duyusal temas noktalarini
degerlendirmesi ve bunlar1 stratejilerine entegre etmesi gerekmektedir. Yani markalarin
duyusal marka platformuna sahip olmasi gerekmektedir. Kellogg's, Ford, Singapore Airlines
gibi markalar, tliketicilere markalarini biitiiniiyle bir duyusal deneyim olarak sunmaktadir.
Markanin sadece tiiketim i¢in olusturulan bir sey degil, miisterilerle marka arasindaki ortak
bir proje oldugu ifade edilmektedir (Lindstrom, 2005). Duyusal markalama ile tiiketicilerin
farkli duyusal noktalarina hitap edilmek suretiyle markanin mesaj1 aktarilmaktadir. Markanin
mesajindan tiikketici ne kadar c¢ok etkilenirse, markanin hatirlanabilirligi o kadar
artabilmektedir. Bununla birlikte duyusal markalama, miisteri memnuniyeti ve miisteri
bagliligini da etkilemektedir. Ayrica duyusal markalama ile markanin tiriinlerini yuksek fiyata

satmasi ve gii¢lii bir rekabet avantaj1 olugturmasi saglanmaktadir (Uddin, 2011: 12).

I1l. LITERATUR TARAMASI

Lindstrom (2005), kiiresel markalarin yiizde 99’unun marka iletisimlerinde sadece iki
duyuya odaklandigini ortaya ¢ikarmistir. Bu iki duyu ise gérme ve isitme olmustur. Bundan
ayr1 olarak duygusal baglantilarin bes duyunun hepsinin bir sinerjisi ile etkin olarak
kuruldugunu ve bundan dolay1r ¢oklu duyusal bir marka platformundan iletisim kuran
markalarin, tiiketiciler ve {iriinleri arasinda duygusal baglantilar kurma olasiligmmin daha

yiiksek olduguna yonelik tespit yapilmistir.

Ave vd. (2015), hem kokunun hem de gorselligin satin alma niyetinin yordayicilari

oldugu ortaya ¢ikarmistir.

Tosun & Elmasoglu (2015), en basarili duyusal markalama stratejisi gerceklestiren
markalarin Coca Cola, Nutella ve Nescafe oldugunu tespit etmistir. Bununla birlikte duyusal

markalamanin marka sadakati iizerinde pozitif bir etkisinin oldugu saptanmstur.

Anvar (2016), ses, tat ve kokunun miisteri memnuniyeti tizerinde énemli bir etkiye
sahip oldugunu ortaya c¢ikarmistir. Bununla birlikte miisteri memnuniyetinin de satin alma

niyeti lizerinde 6nemli bir etkisinin oldugu tespit edilmistir.
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Gililmez (2017), arastirmaya katilanlarin Kahve Diinyasi’ni tat ve dokunma duyular1
acindan daha ¢ok dnemsedigini ve Starbucks’u ise gérme, koku ve ses duyular: agisindan
daha cok Onemsedigini tespit etmistir. Bununla birlikte kadin katilimcilarda Starbucks
markasinin tat, koku ve ses duyularmni 6ne ¢ikardigin1 ve Kahve Diinyas1 markasinin ise
dokunma ve gorme duyularmi One ¢ikardigi tespit edilmistir. Bununla beraber erkek
katilimcilarda Kahve Diinyast markasinin tat ve dokunma duyularint 6n plana ¢ikardigi ve
Starbucks markasinin ise gorme ve ses duyularim1 6n plana ¢ikardigir saptanmistir. Ayrica
markaya ait magazalara gitme sikliginin artmasiyla birlikte marka tercihlerinde duyularin

roliinlin ve dneminin arttig1 tespit edilmistir.

Erenkol (2017), duyusal markalama ile marka farkindalig1 arasinda pozitif ve anlaml
bir iliskinin oldugunu saptamistir. Fakat gelir ve cinsiyet degiskenlerinin duyusal markalama

ile marka farkindalig1 arasindaki iligkide farklilastirici bir etkisinin olmadig1 ortaya ¢ikmustir.

Galande (2019), marka farklilastirmasmin sadece gorsel ve isitsel uyaranlardan
kaynaklanmadigini; bunun yerine bes duyunun hepsini kapsayan duyusal uyarimdan

kaynaklandigini tespit etmistir.

Bidin & Ertiirk (2020), bes duyunun ve tutum unsurlarmin tiiketicilerin tutum
algilarini olusturmada ve ayrica tutum algilarini degistirmede etkisinin dnemli oldugunu tespit
etmigtir. Boylelikle ¢oklu duyusal deneyimin markalar i¢in ¢ok 6nemli bir bulgu oldugu ifade
edilmektedir. Bununla birlikte tiiketicilerin yiizde 96,9’u ortam kokusunun ruh hallerini
etkileyecegini belirtilmektedir. Bununla beraber kokunun eril ya da disil 6zellige sahip

olmasnin tiiketici tutumlarini yiizde 71,9 oraninda etkiledigi saptanmustir.

Manojkumar vd. (2021), bes duyusal markalama faktoriiniin (ses, koku, dokunma,
gérme ve tat) de kafe mekaninin marka tutumu iizerinde olumlu yonde etkisinin oldugunu
tespit etmistir. Bununla birlikte kahvenin tadi ve kokusunun kafelerde olumlu marka tutumu
olusturmasinda en etkili duyular oldugu ortaya ¢ikmistir. Ayni zamanda olumlu marka tutumu

olusturma noktasinda en az etkili olan faktorlerin ise ses ve dokunma oldugu belirtilmektedir.

Zha vd. (2022), duyusal marka deneyiminin bir marka ortaminda ¢oklu duyusal
unsurlar (gorsel, isitsel, koku, dokunsal ve tat) araciligiyla miisteri memnuniyeti, marka
bagliligi, marka agki gibi miisteri-marka iliskilerindeki onemli degiskenleri etkiledigini tespit

etmistir.
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IV. YONTEM

Bu arastrmanm amaci, duyusal markalama konusunda yapilmis yayimnlarm
bibliyometrik olarak analiz edilmesidir. Bu amagla, duyusal markalama konusunda 2005 ile
2022 yillar1 arasinda Scopus veri tabaninda yer alan yaymlar bibliyometrik olarak analiz
edilmektedir. Duyusal markalama konusu Scopus veri tabaninda arastirilirken, “Sensory
Branding” anahtar kelimesiyle arama yapilmistir. S6z konusu bu aramada biitiin dokiiman
tirleri kapsama alinmistir. Nihayetinde bu arastirmada toplam 204 adet yaym veri olarak
kullanilmistir. Bu verilerin bibliyometrik olarak analiz edilmesinde performans analizi ve

gorsel haritalama yonteminden yararlanilmistir.

Norton’a gore bibliyometri kavrami, “Metinlerin ve bilgilerin 6l¢ctimii” seklinde
aciklanmigtir. Gegmiste bibliyometrik yontemler, akademik dergilerin atiflarini takip etmek
icin kullanilmistir. Fakat giiniimiizde bibliyometrik yontemler hem ge¢misi anlamak hem de
potansiyel olarak gelecegi tahmin etmek i¢in kullanilmaktadir. Bibliyometri, arastirmacilara
biiylik oOlcekli tarihsel verileri kesfetmeyi, diizenlemeyi ve analiz etmeyi saglamaktadir.
Boylelikle arastirmacilar bibliyometri sayesinde konuyla ilgili “gizli kaliplar’” ortaya
cikarabilmektedir. Bibliyometride kullanilan kavramsal haritalar, atif analizi, ortak atif analizi

yaygin araclar arasinda yer almaktadir (Daim & Suntharasaj, 2009: 47).

Bibliyometrik analiz, biiylik 6lgcekli bilimsel verilerin titiz bir sekilde arastirilmasini ve
analiz edilmesini saglayan popiiler bir yontem olmaktadir. Bu analiz yontemi, son yillarda
isletme arastirmalarinda popiiler hale gelmistir. Bu yontemin popiiler olmasmin sebepleri; (i)
bibliyometrik yazilimlarin (VOSviewer, Leximancer, Gephi vb.) ve bilimsel veri tabanlarmin
(Web of Science, Scopus vb.) kullanilabilirlik ve erisilebilirlik agisindan ilerlemesi, (ii)
bibliyometrik yontemin multidisipliner alanda yayginlasmasi olarak ifade edilmektedir.
Bibliyografik yontemin avantajlari; (i) biiyiikk 6lgekli yapilandirilmamis verilerin islenerek
titiz bir sekilde anlamlandirilmasi, (ii) yliksek arastrma etkisinin olusturulmasi seklinde
aciklanmaktadir. Iyi bir bibliyometrik arastirmada; (i) bir alani gelistirmeye yonelik saglam
temeller olusturulabilir, (ii) arastirmacilara ilgili alanda genel bir bakis a¢is1 saglanabilir, (ii1)
ilgili alanda bilgi bosluklar1 belirlenebilir, (iv) arastrmacilara ¢aligmalarinda yeni fikirler
olusturmalar1 saglanabilir, (v) ilgili alanda amaclanan katkilar konumlandirilabilir (Donthu

vd., 2021: 285).
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V. BULGULAR

Bulgular bolimiinde oncelikle Scopus veri tabanindan saglanan yaymlarla ilgili
verilerin performans analizi bulgular1 a¢iklanmaktadir. Performans analizi bulgulari; yillara
gore yayin sayilari, yillara gore atif sayilari, en fazla yaym yapan ilk 10 iilke, en fazla yayin
yapilan ilk 10 alan, en fazla yaymn yapan ilk 10 yazar, en ¢ok atif yapilan ilk 10 yaymndan
olusmaktadir. Bundan sonra VOSviewer paket programi lizerinden saglanan gorsel haritalama
bulgular1 belirtilmektedir. Gorsel haritalama bulgulari; ortak yazar, yazar atif, kaynak atif,
ilke atif, anahtar sézciik, dokiimanlarin bibliyografik eslesmesi ve yazarlarin ortak atifina

yonelik ag haritalarindan olusmaktadir.
V. 1. Performans Analizi Bulgulan
V. L I Yilara Gére Yayin Sayilart

Diinya genelinde duyusal markalama konusuyla ilgili 2005-2022 yillar1 arasinda
toplam 204 adet yayin yayimlanmistir. Duyusal markalama konusunda ilk yaym 2005 yilinda
yapilmistir. En fazla yaymn ise 2022 yilinda yaymmlanmistir. 2022 yilinda 38 yaym
yayimlanmigtir. Buna goére duyusal markalamayla ilgili yaymlarin son dénemlerde artig
gosterdigi tespit edilmistir. ilerleyen yillarda literatiirde duyusal markalamaya yonelik
yayinlarin artacagi sOylenebilir. Duyusal markalama konusuna yonelik yillara gore

yayimlanan yayin sayilar1 Sekil I’de gosterilmistir.
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V. L II. Yillara Gore Atif Sayilar

Duyusal markalamaya yonelik atif sayilarinda 2020 itibariyle diizenli bir artis
gozlemlenmektedir. Bu konuyla ilgili atif sayilarindaki artig egiliminin 6zellikle 2022 yilinda
daha da hizlandig1 tespit edilmistir. Ayrica bu konuda hem yaym sayisinin hem de atif
sayisinin 2022 yilinda (38 yaym, 637 atif) en yiliksek oldugu belirlenmistir. Duyusal

markalama konusuna yonelik yillara gore atif sayilar1 Sekil II’de gosterilmistir.
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Sekil II. Yillara Gore Atif Sayilari
V. L III. En Fazla Yayin Yapan Ilk 10 Ulke

Bu konuya yonelik en fazla yayin yapan tilkeler incelendiginde; birinci sirada 35 yayin
ile Ingiltere, ikinci sirada 30 yayn ile ABD, iigiincii sirada 18 yaym ile Hindistan, dordiincii
sirada 15 yaym ile Almanya, besinci sirada ise 14 yaym ile Italya yer almaktadir. Bdylelikle
Ingiltere’nin duyusal markalama literatiiriine en gok katk1 yapan iilke oldugu saptanmustir. Bu
konuya gelismis tilkelerin ilgi gosterdigi soylenebilir. Duyusal markalama konusuna yonelik

en fazla yaymn yapan ilk 10 iilke Sekil III’te gosterilmektedir.

44



Giileg, U.T. 2023. Duyusal Markalama Yaklagimmm Bibliyometrik Analiz ile Incelenmesi. International Review of Economics and
Management, 11(1), 35-56.

40
35
30
25

20

15
| I I I

ingiltere ~ ABD  Hindistan Almanya italya Avustralya Giiney  Ispanya Japonya
Kore

o

(6]

o

Sekil I1I. En Fazla Yaym Yapan 1k 10 Ulke
V. L IV. En Fazla Yayin Yapilan ilk 10 Alan

Bu konuyla ilgili en fazla yayin yapilan alanlar incelendiginde; birinci sirada 121
yayin ile “igletme, yonetim ve muhasebe”, ikinci sirada 42 yayin ile “sosyal bilimler”, {i¢lincli
sirada 36 yayin ile “ekonomi, ekonometri ve finans”, dordiinci swrada 31 yaymn ile
“mithendislik”, besinci sirada ise 30 yayin ile “bilgisayar bilimi” yer almaktadir. Buna gore
literatlirde duyusal markalama konusuyla ilgili yaymlarm biiylik ¢ogunlugunun isletme,
yonetim ve muhasebe alaninda yapildig1 gézlemlenmistir. Duyusal markalama konusunda en

fazla yayin yapilan ilk 10 alan Sekil IV te gosterilmektedir.
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Sekil IV. En Fazla Yaym Yapilan Ik 10 Alan
V. L. V. En Fazla Yayin Yapan Ilk 10 Yazar

Bu konuyla ilgili en fazla yaymn yapan yazarlar incelendiginde; birinci sirada 6 yayin
ile “Spence, C.”, ikinci sirada 5 yaymn ile “Melewar, T. C.”, ii¢lincii sirada 4 yaymn ile
“Akarsu, T. N.”, dordiincii srada 4 yaym ile “Haase, J.”, besinci sirada 4 yaym ile
“Rodrigues, C.” yer almaktadir. Boylece duyusal markalama konusunda en ¢ok yayin yapan
yazarin “Spence, C.” oldugu tespit edilmistir. Duyusal markalama konusuna yonelik en fazla

yayin yapan ilk 10 yazar Sekil V’te gosterilmistir.
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V. I. V1. En Cok Auf Yapilan Ilk 10 Yayin

Bu konuyla ilgili en ¢ok atif yapilan yaymlar incelendiginde; (i) birinci sirada 281 atif
ile Spence vd. tarafindan 2014 yilinda yayimlanan “Store atmospherics: A multisensory
perspective” adli yaymi, (ii) ikinci sirada 102 atif ile Lindstrom tarafindan 2005 yilinda
yayimlanan “Broad sensory branding” adli yaymni, (iii) iiglincii sirada 85 atif ile Hepola vd.
tarafindan 2017 yilinda yayimlanan “The effect of sensory brand experience and involvement
on brand equity directly and indirectly through consumer brand engagement” adli yaymi yer
almaktadir. Boylece bu konuyla ilgili literatiirde en ¢ok atif yapilan yaymin Spence vd.
(2014)’nin “Store atmospherics: A multisensory perspective” adli yaymni oldugu saptanmaistir.
Duyusal markalama konusuna yonelik en ¢ok atif yapilan ilk 10 yayma dair bilgiler (yaym
adi, yazar adv/adlari, yil, dergi/kitap adi, atif sayis1) Tablo I’de yer almaktadir.
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Tablo I. En Cok Atif Yapilan ilk 10 Yayn

Yaymn Ad1 Yazar AdvAdlan Yih Dergi/Kitap Adi Atf
Sayisi
Store atmospherics: A multisensory Spence, Charles; 2014 | Psychology and Marketing 281
perspective Puccinelli, Nancy M.;
Grewal, Dhruy;
Roggeveen, Anne L.

Broad sensory branding Lindstrom, Martin 2005 | Journal of Product & Brand 102

Management
The effect of sensory brand experience and Hepola, Janne; 2017 | Journal of Product & Brand 85
involvement on brand equity directly and Karjaluoto, Heikki; Management
indirectly through consumer brand Hintikka, Anni
engagement
Urban smellscapes: Understanding and Henshaw, Victoria 2013 Urban Smellscapes: 74
designing city smell environments Understanding and

Designing City Smell
Environments (Kitap)

The power of experiential marketing: Wiedmann, Klaus-Peter; | 2018 Journal of Brand 71
Exploring the causal relationships among Labenz, Franziska; Management
multisensory marketing, brand experience, Haase, Janina; Hennigs,
customer perceived value and brand strength Nadine
Influence of sensory stimuli on brand Moreira, Anténio C.; 2017 Journal of Business 69
experience, brand equity and purchase Fortes, Nuno; Santiago, Economics and Management
intention Ramiro
Brand experience and customer citizenship Xie, Lishan; Poon, 2017 Journal of Consumer 57
behavior: the role of brand relationship Patrick; Zhang, Wenxuan Marketing
quality
Consumer responses to interactive restaurant Ahn, Jee Ahe ve Seo, 2018 International Journal of 54
self-service technology (IRSST): The role of Soobin Hospitality Management
gadget-loving propensity
Pleasantness, emotions and perceptions Labbe, David; Ferrage, 2015 | Food Quality and Preference 51
induced by coffee beverage experience Aurore; Rytz, Andréas,
depend on the consumption motivation Pace, Jeremy, Martin,
(hedonic or utilitarian) Nathalie.
Emotional branding speaks to consumers’ Kim, Youn-Kyung ve 2019 Fashion and Textiles 43

heart: the case of fashion brands

Sullivan, Pauline
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V. II. Gorsel Haritalama Bulgular
V. 11. 1. Ortak Yazar Analizi

Bu konuya yonelik ortak yazar ag haritas1 icin VOSviewer programinda bir yazarin
minimum dokiiman sayist olarak “1” ve bir yazarm dokiimanina minimum atif sayis1 olarak
“1” degeri secilerek analiz yapilmistir. Yazarlar arasinda gii¢lii bir is birligi oldugu tespit
edilmistir. Buna gore 1 yaym, 3 atif ve 17 baglant1 giicli ile Aryana, Boyko, Cooper, Dunn,
Hands gibi yazarlar duyusal markalama konusunda en ¢ok ortak yaym yapan yazarlar
olmaktadir. Duyusal markalama konusunda en ¢ok ortak yaym yapan yazarlarin ag haritasi

Sekil VI'da gosterilmektedir.
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Sekil VI. Ortak Yazar Ag Haritas1
V. IL. II. Yazar Atif Analizi

Bu konuya yonelik yazar atif ag haritas1 i¢in VOSviewer programinda bir yazarin
minimum dokiiman sayis1 olarak “1” ve bir yazarin dokiimanma minimum atif sayis1 olarak
“1” degeri secilerek analiz gergeklestirilmistir. En ¢ok atif alan yazarlar; Spence (6 yaym, 304
atif, 58 baglant1 giicii), Haase (4 yaym, 118 atif, 42 baglant1 giicii), Linstrom (1 yaym, 102
atif, 209 baglant1 giicli) oldugu tespit edilmistir. Duyusal markalama konusunda en ¢ok atif

alan yazarlarin ag haritas1 Sekil VII’de gosterilmektedir.
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Sekil VII. Yazar Atif A§ Haritas1
V. II. III. Kaynak Atf Analizi

Bu konuya yonelik kaynak atif ag haritas1 i¢in VOSviewer programinda kaynaklarin
minimum dokiiman sayis1 olarak “1” ve kaynaklarin minimum atif sayis1 olarak “1” degeri
secilerek analiz gerceklestirilmistir. En ¢ok atif alan kaynaklar; Psychology and Marketing (4
makale, 327 atif, 27 baglant1 giicii), Journal of Product & Brand Management (1 makale, 102
atif, 82 baglant1 giicli), Marketing Theory (2 makale, 86 atif, 7 baglant1 giicii), Journal of
Brand Management (3 makale, 81 atif, 12 baglant1 giicii), Journal of Fashion Marketing and
Management (1 makale, 39 atif, 6 baglanti giicii) oldugu tespit edilmistir. Duyusal markalama

konusunda en ¢ok atif alan kaynaklar/dergilerin ag haritasi Sekil VIII’de gosterilmektedir.
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Sekil VIII. Kaynak Atif Ag Haritas1
V. II. 1V. Ulke Atif Analizi

Bu konuya yonelik iilke atif ag haritas1 icin VOSviewer programinda iilkelerin
minimum dokiiman sayis1 olarak “1” ve {lilkelerin minimum atif sayis1 olarak “1” degeri
secilerek analiz yapilmistir. En ¢ok atif alan iilkeler; Ingiltere (35 yayn, 673 atif, 92 baglant1
giicii), ABD (29 yayin, 662 atif, 74 baglant1 giicii), Avustralya (8 yayn, 258 atif, 130 baglant1
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giicii), Almanya (15 yaymn, 194 atif, 47 baglant1 giicii), Isve¢ (6 yaym, 16 atif, 17 baglant:

giicli) oldugu saptanmistir. Duyusal markalama konusunda en ¢ok atif alan iilkelerin ag

haritast Sekil IX’da gosterilmektedir.
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Sekil IX. Ulke Atif Ag haritasi
V. I1. V. Anahtar Sozcik Analizi

Bu konuya yonelik anahtar sozclik ag haritasit i¢gin VOSviewer programinda bir
anahtar sozciiglin minimum kullanilma sayis1 olarak “1” degeri segilerek analiz yapilmistir.
En ¢ok kullanilan anahtar sozciikler; duyusal pazarlama (22 tekrar sayisi, 116 baglanti giicii),
duyusal markalama (14 tekrar sayisi, 69 baglant1 giicli), marka deneyimi (9 tekrar sayisi, 43
baglant1 giicii), tliketici davranig1 (9 tekrar sayisi, 38 baglant1 giicii), markalama (7 tekrar
sayisi, 36 baglant1 giicii), duyusal alg1 (7 tekrar sayisi, 27 baglant1 giicii), bes duyu (6 tekrar
sayis1, 37 baglant1 giicii), duygular (6 tekrar sayisi, 30 baglant1 giicli), koku (5 tekrar sayisi, 33
baglant1 giicii) oldugu tespit edilmistir. Duyusal markalamayla ilgili yaymnlarda en ¢ok

kullanilan anahtar sdzciiklerin/kelimelerin ag haritasi Sekil X’da gdsterilmektedir.
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Sekil X. Anahtar Sozciik Ag Haritas1
V. Il. V1. Dokiimanlarin Bibliyografik Eslesme Analizi

Bu konuya yonelik dokiimanlarin bibliyografik eslesme ag haritasi i¢in VOSviewer
programinda bir dokiimanin minimum atif sayisi1 olarak “1” degeri se¢ilmek suretiyle analiz
gerceklestirilmistir.  Bibliyografik  eslesme  sayisti  en ¢ok olan  yazarlarin
dokiimanlari/yaynlari; Worfel (2022) (8 atif, 731 baglant1 giicii), Chen (2018) (29 atif, 386
baglant1 giicii), Hepola (83 atif, 356 baglant1 giicii), Florack (2016) (4 atif, 354 baglant1 giicii)
oldugu tespit edilmistir. Duyusal markalama konusunda yazarlarin baglant1 giicleri {izerinden

olusturulan dokiimanlarin bibliyografik eslesme ag haritas1 Sekil XI’de gosterilmektedir.
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Sekil XI. Dokiimanlarin Bibliyografik Eslesme Ag Haritas:
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V. Il. VII. Yazarlarin Ortak Atf Analizi

Bu konuya yonelik yazarlarin ortak atif ag haritasi icin VOSviewer programinda bir
yazarin minimum atif sayisi i¢in “1” degeri segilerek analiz yapilmistir. En ¢ok ortak atif alan
yazarlar; Spence (392 atif, 17555 baglant1 giicii), Krishna (190 atif, 7403 baglant1 giicii),
Velasco (84 atif, 6066 baglant1 giicii), Hulten (141 atif, 4145 baglant1 giicii), Morrin (73 atif,
3343 baglant1 giicli), Grewal (62 atif, 3335 baglant1 giicii) oldugu tespit edilmistir. Duyusal

markalama konusunda yazarlarin ortak atif ag haritas1 Sekil XII’de gosterilmektedir.
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Sekil XII. Yazarlarin Ortak Atif Ag Haritas1
VI. SONUC VE ONERILER

Son donemlerde pazarlama ve marka stratejilerinde tiliketicilerin duyularma hitap
edilmektedir. Markalar duyusal markalama yaklasimiyla tiiketicilerin bes duyusuna birden
hitap etmeye c¢alismaktadir. Literatlrde duyusal markalamayla ilgili daha cok ampirik
arastrmalar yogunluktadir. Bunun i¢in literatiiriin gelisimini ve mevcut durumunu ortaya
koyan bibliyometrik arastirmalara gereksinim duyulmaktadir. Dolayisiyla bu arastirmada
duyusal markalamayla ilgili yaymlarin bibliyometrik analizi yapilmistir. Arastirmada ilk
olarak performans analizi yapilmistir. Daha sonra gorsel haritalama teknigiyle bibliyometrik

analiz gerceklestirilmistir.

Yapilan performans analizi sonucunda; duyusal markalamayla ilgili en fazla yaym ve
atif sayisimin 2022 yilinda (38 yaym, 637 atif) yapildigi, en fazla yaym yapan {ilkenin
Ingiltere (35 yaym) oldugu, en fazla yaym yapilan alanin “isletme, yonetim ve muhasebe”
(121 yaym) oldugu, en fazla yaymn yapan yazarmn “Spence, C.” (6 yaym) oldugu, en ¢ok atif
yapilan yaymin “Spence vd. (2014). Store atmospherics: A multisensory perspective” (281
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atif) oldugu tespit edilmistir. Gorsel haritalama teknigi ile yapilan bibliyometrik analiz
sonucunda; duyusal markalamayla ilgili en gok ortak yayin yapan yazarlarin “Aryana, Boyko,
Cooper, Dunn, Hands” (1 yayn, 3 atif ve 17 baglant1 giicii) oldugu, en ¢ok atif alan yazarin
“Spence” (6 yayin, 304 atif, 58 baglant1 giicii) oldugu, en ¢ok atif alan kaynagin “Psychology
and Marketing” (4 makale, 327 atif, 27 baglant1 giicii) oldugu, en ¢ok atif alan iilkenin
“Ingiltere” (673 atif, 92 baglant1 giicii) oldugu, en ¢ok kullanilan anahtar sozciigiin “duyusal
pazarlama” (22 tekrar sayisi, 116 baglant1 giicli) oldugu, bibliyografik eslesme sayist en ¢ok
olan yazarin dokiimani; “Worfel (2022)” (8 atif, 731 baglanti giicii) oldugu, en ¢ok ortak atif
alan yazarm “Spence” (392 atif, 17555 baglant1 giicii) oldugu saptanmistir. Bu sonuglarin

duyusal markalama konusunu arastiracak arastirmacilara rehber olmasi beklenmektedir.

Bu aragtrmanm bazi1 kisitlamalar1 bulunmaktadir. Birinci kisitlama, arastirma
verilerinin sadece Scopus veri tabanindan elde edilmesidir. Bundan dolayr Web of Science,
TR Dizin gibi veri tabanlar1 kapsam disinda tutulmustur. ikinci kisitlama, bibliyometrik analiz
VOSviewer programi ile yapilmistir. Gelecekte yapilacak arastirmalar, farkli veri tabanlar1 ve
farkli bibliyometrik analiz programlar ile yapilabilir. Boylelikle duyusal markalamayla ilgili

farkli sonuglar elde edilebilir.
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Ozet

Bu calisma, Borsa Istanbul BIST100 endeksinin dinamik siirecinin incelenmesi amactyla Koenker-Xiao (2004)
kantil birim kok testi ile asimetrik yeni bir yaklagim sunmaktadir. Kantil birim kok testi, normal olmayan
stirecler igin direngli ¢ikarimlar saglayan kantil otoregresyon yaklagimma dayanmaktadir. Kantil otoregresyon
yaklagimi, hisse senedi piyasalarmi etkileyen farkli biiyiikliikteki ve isaretteki soklarin kaliciliginin 6lgiilmesine
olanak tanimaktadir. Bu yaklasim, endeksin uzun dénem dengesindeki asimetrik dinamiklerin ayarlanmasini
yakalayabilmektedir. Bu nedenle, kantil birim kok testleri, en kiiciuk kareler regresyon yontemine dayanan
geleneksel birim kdk metodolojilerine kiyasla hisse senedi piyasasi dinamiklerine yeni yaklagimlar sunmaktadir.
Sonuglar, giinliik, haftalik, aylik, ceyreklik ve yillik frekanslarda tutarli olmamakla birlikte, piyasa davranigmin
sadece ortalamaya donmedigini, ayn1 zamanda pozitif (iyi haber) ve negatif (kotii haber) soklara da asimetrik
davranis sergiledigini gostermektedir. Geleneksel birim kok testleriyle karsilastirildiginda, kantil birim kok
testleri Borsa Istanbul hisse senedi piyasasinin etkin oldugunu desteklemek icin daha fazla kanit saglamaktadir.
Ayrica, sok biiyiikliigii ve isaretindeki asimetrik c¢ikarimlar, hisse senedi piyasalarindaki varlik fiyatlandirmasi

modellerinde etkinlikten sapma dénemlerini tespit etmede yardimei olmaktadir.
Anahtar Kelimeler: kantil birim kok testi, sok kaliciligi, asimetri, bilgi etkinligi, varlik fiyatlandirmasi
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INVESTIGATION OF BORSA ISTANBUL'S ASYMMETRIC DYNAMICS
WITH QUANTILE AUTOREGRESSION APPROACH

Abstract

This study presents a new asymmetric approach with Koenker-Xiao’s (2004) quantile unit root test in order to
examine the dynamic process of the Borsa Istanbul BIST100 index. The quantile unit root test is based on the
quantile autoregression approach, which provides robust inferences for non-normal processes. The quantile
autoregression approach allows to measure the persistence of shocks of different magnitudes and signals
affecting stock markets. This approach can capture the adjustment of asymmetric dynamics in the long-run
equilibrium of the index. Therefore, quantile unit root tests offer new approaches to stock market dynamics
compared to traditional unit root methodologies based on the least squares regression method. Although the
results are not consistent in daily, weekly, monthly, quarterly, and annual frequencies, they show that the market
behavior not only returns to the mean but also exhibits asymmetrical behavior to positive (good news) and
negative (bad news) shocks. Compared to traditional unit root tests, quantile unit root tests provide more
evidence to support the efficiency of the Borsa Istanbul stock market. In addition, asymmetric inferences in the
shock magnitude and sign are helpful to detect deviation periods in asset pricing models in the stock market.

Keywords: quantile unit root test, shock persistency, asymmetry, information efficiency, asset pricing

JEL Classification: C14, C22, G14

I. GIRIS

Fama (1970) tarafindan 6nerilen etkin piyasa hipotezi (EMH), klasik finans teorisinde
bilginin tiim varlik fiyatlarma aninda yansidigini ve katilimcilarin piyasa getirisinden fazla
getiri saglayamayacagmi belirtmektedir. Bununla birlikte, son elli yilda, hafta sonu, glin sonu,
stirli psikolojisi ve egilim etkileri dahil olmak {iizere bircok anomali tanimlanmistir. Bu
anomaliler, EMH'nin temeli ile ¢elismektedir. Dahasi, psikologlar ve deneysel ekonomistler,
asir1 gliven, asirt tepki, pismanlik vb. gibi belirsizlikler altinda insanin karar vermesinde ¢ok
sayida davranigsal onyargiy1 belgelemektedirler. Grossman ve Stiglitz (1980) ¢alismasinda
etkin piyasa hipotezini elestirmekte ve bilginin kusursuz sekilde herkes tarafindan
bilinemeyecegi etkin piyasalarm var olmadigini savunmaktadir. Grossman (1976) ve
Grossman ve Stiglitz (1980) c¢alismasi, gercekten de piyasalar tamamen etkin olsaydi,
yatirimcilar arasinda bilgi asimetrisinden kaynaklanan karli yatirim olamayacagini
belirtmektedir. Literatiirde bilgi etkinligi ile davranigsal finans savunuculari ortak karara
varamamig, hala teorik ve ampirik calismalar devam etmektedir. Bernstein (1999)’in

vurguladigr gibi, EMH'nin merkezinde yer alan piyasa dengesi pratikte nadiren
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gerceklesmektedir ve piyasa etkinligi evrimsel siireglerle daha iyi tanimlanmaktadir. Son
yillarda bilgiye erisimin artmasi nedeniyle bilgi akiginda bilgi arzi ve bilgi talebi konularmna

odaklanan teorik ve ampirik modeller lizerine yapilan ¢aligmalar 6nem kazanmaktadir.

Piyasalara gelen haber akisi neticesinde olusan soklar ve kaliciliklar1 finansal varliklari
tahminleme modellerinde buyik 6nem arz etmektedir. Finans literatiriinde birim kok
hipotezi, soklarin finansal degiskenler lizerindeki kaliciligin1 belirlemede ana yontem olarak
gOrulmektedir. Birim kok hipotezi, normallik varsayimi altinda optimal performansi vermek
icin dizayn edilen otoregresif siirece dayanmaktadir. Literatiirde, finans piyasalarindaki
degiskenler ise kalin kuyruk (leptokurtic) dagilimma sahip olduklar1 i¢in normallik
varsayimindan sapmalara karst direngli (robust) sonuglar veren tahmin ve c¢ikarim
prosediirlerini dikkate almanm o©nemli oldugu vurgulanmaktadir. Bu kapsamda, klasik
regresyonda en kiiciik kareler tahmincilerinin etkin olmasi i¢in varsayimlarindan biri serilerin
normal dagilima sahip olmasidir. Literatiirde normallik varsayimindan sapmalar altinda,
direngli tahmin edicilere ihtiya¢ duyulmustur. Bu ihtiya¢ dogrultusunda kantil otoregresyona
dayali normallik varsayimindan sapmalara direngli kantil birim kok testleri literatiire

kazandirilmistir.

Bu tiir testler, birgok farkli hata dagilimi i¢in iyi bir gilice sahip olacak sekilde
tasarlanmistir. Koenker ve Xiao (2004), tek degiskenli bir baglamda kantil otoregresyon
(QAR) yaklasimina dayanan birim kok hipotezi i¢in yeni testler dnermektedir. EMH'yi test
etmek i¢cin uygulanan standart birim kok testleri ise ¢esitli boyutlardaki ve isaretteki soklarin
endeks tizerindeki etkisini dikkate almadan genellikle hisse senedi fiyatlarmin ortalama

davranisia odaklanmaktadir.

Bu nedenle, bu makale, piyasa etkinligine kantil otoresyon yaklasimini Onererek,
piyasaya gelen haber tiirleri (iyi ve kotii) ile kantil biiyiikliiklerini iliskilendirmektedir.
Kantillerin biiylikliikk ve isaretine gore, farkli kantil seviyelerinde hisse senedi piyasa
getirilerinin modellenmesi, ¢esitli piyasa kosullarni gostermektedir. Ayni serinin farkli
frekanslarindaki (giinliik, haftalik, aylik, ¢eyreklik, yillik) sok kalicilig1 ve serilerin asimetrik
dinamik yapisi incelenmesi amaglanmaktadir. Boylece seriyi bir biitiin olarak ele almaktan
ziyade, sok biiylikligii ve isaretine gore siniflandirilmasi yapilarak incelenmektedir. Bu
caligma, Borsa Istanbul hisse senedi piyasa etkinligi i¢in direngli kantil otoregresyon kanitlar
sunan ilk c¢alismadir. Ampirik analiz, Borsa Istanbul endeksi uzun doénemde farkl
frekanslardaki piyasa etkinligini incelemektedir. Bu ¢aligma, ileride gelecek dogrusal olmayan

kantil birim kok testleri, kantil regresyona dayanan optimal portfoy olusturma ¢aligmalarina
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da katki saglayacaktir. Ayrica, asimetrik dinamikler, varlik fiyatlandirmast modelleri i¢in de

blyiik 6nem arz etmektedir.

Calismanin geri kalan1 su sekilde diizenlenmistir. Bolim 2, QAR modelini ve QAR’a
dayanan yeni testler ve direngli ¢ikarimlar sunmaktadir. 3. Bolim, verileri tanitmaktadir.
Dordlncu boliim, ampirik analiz sonuglarini degerlendirmekte ve son olarak boliim 5 sonug

aciklamalarini saglamaktadir.

1. LITERATUR TARAMASI

Piyasaya gelen 1yi veya kotii haberlerin kaliciligi, hisse senedi piyasalarindaki fiyat
hareketlerini tahmin edebilmek i¢in oldukca 6nem arz etmektedir. Fiyat hareketlerinin tahmin
edilmesinde 6nemli rol oynayan kantil otoregresyon surecine dayanan kantil birim kok
testleri, serilerin yapismi bir biitiin olarak ele almaktansa, iyi ve kotii haberlerin olusturdugu
sok biiyiikliiklerini ve asimetrisini ayr1 ayr1 inceleyebilmektedir. Yar1 parametrik zaman serisi
modellerinde bir birim kokiin varhigini saptamaya yonelik yontemler, hem teoride hem de
ampirik calismalar da devam etmektedir. Gii¢ performansini artirmanin bir yolu direngli
tahmin edicilerin kullanilmasidir. Literatiirde varsayimdan sapmalara kars1 direngli sonuglar
veren yontemlerin oldugu teorik bir alt yap1 bulunmaktadir. Bunlar arasinda, M tahmini ve
¢ikarimlar ile ilgili ¢alismalar (Cox ve Llatas, 1991; Knight, 1991; Phillips, 1995; Lucas,
1995; Rothenberg ve Stock, 1997; Juhl, 1999; Xiao, 2001), Koenker ve Bassett (1978) kantil
regresyon yontemi ve sonrasindaki direngli tahmin edicilerle ilgili (Weiss, 1987; Knight,
1989; Koul, Saleh, 1995; Koul, Mukherje, 1994; Hercé, 1996; Hallin, Jureckova, 1999 ve

Rogers, 2001) teorik literatiir devam etmektedir.

Kantil otoregresyona dayanan testler, finansal zaman serisi dinamikleri ve kaliciliklar1
hakkinda 6nemli ig¢goriiler sunabilmektedirler. Se¢ilen kantillerde ve belirligi seri araligi
Uzerindeki tahmine dayanan t-oran, Kolmogorov-Smirnov ve Cramer-von Mises tipi testler
bulunmaktadir. Normallik varsayimindan sapmalar altinda, EKK regresyon tahminleri etkin
tahminci Ozelliklerini kaybetmektedirler. Bu durumda kantil otoregresyona dayanan
tahminciler, direngli tahminciler sunmaktadirlar. Fakat normallik varsayimi saglandigi
durumda kantil regresyon uygulandiginda ise etkinlik kayb1 olugmaktadir. Ayrica, kantil birim
kok testleri, klasik birim kok testlerle karsilastirildiginda, asimetrik dinamiklerin varliginda

iyi daha 1yi bir giice sahip oldugu goriilmektedir.

Finans literatiiriinde, hisse senedi fiyatlarinin iyi veya kotii haberlere gereginden az

veya fazla tepki vermesine atfedilen ampirik ivme ve ters doniis olaylarini agiklayan modeller
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bulunmaktadir. Barberis, Shleifer, Vishny (1998) kurduklar1 yatirime1 duyarhiligi modelinde
getirilerin rastgele yiiriiyiis oldugunu varsaydiklarint ancak yatirimeilarin bunu bilmediklerini
ve hisse senedi fiyatlarmin kazang aciklamalarma diisiik tepki verdigini belirtmektedirler.
Veronesi (1999), varlik fiyatlarinin dinamik, rasyonel beklentiler denge modelinde,
yatirimceilarin gergek durum tizerindeki kendi belirsizliklerindeki degisikliklere karsi onlem
alma istekliliginin, hisse senedi fiyatlarmin iyi zamanlarda kotii haberlere asir1 tepki
vermesini ve kotli zamanlarda iyi haberlere yetersiz tepki vermesine neden oldugunu
kanitlamaktadir. Baur vd. (2012) ¢alismasinda, alt dilimlerde pozitif bagimlilik (negatif getiri)
ve st dilimlerde negatif bagimlilik (pozitif getiri) oldugu incelenmektedir. Engle ve
Manganelli, 2004 kantil regresyona dayali bir VaR modeli olan Kosullu otoregresif riske
maruz deger (CAViaR) adli yeni bir yontem gelistirmektedir. Feng, Chen, Basset (2008) ve
Ma, Pohlman (2008) varlik yonetiminde momentum portfoyleri olusturmak i¢in kantil

momentum Sl¢limlerini tanitmaktadir.

Bahmani-Oskooee, Chang, Chen, Tzeng (2016) ¢alismasinda, 2000-2015 ddnemini
kapsayan gecis ekonomilerine sahip sekiz iilke piyasanin (Bulgaristan, Hirvatistan, Cek
Cumhuriyeti, Macaristan, Litvanya, Polonya, Romanya ve Rusya) haftalik hisse senedi
fiyatlar1 verilerini kullanarak etkin piyasa hipotezinin zayif formunu kantil birim kok testini
kullanarak test etmektedirler. Sonuglar, hisse senedi piyasalarmin Bulgaristan, Romanya ve
Rusya hari¢ ¢ogu piyasa i¢in zayif formda etkin oldugunu géstermektedir. Novak (2019)
calismasi, 2000-2019 dénemini kapsayan giinlik CROBEX getirilerini kullanarak Hirvatistan
borsasinin piyasa etkinligini incelemek i¢in kantil otoregresyon yaklasimini kullanmaktadir.
Etkin piyasanin zayif formunun kantil birim kok testleri ile incelendigi ¢alismada temel
hipotez reddedilmektedir. CROBEX'in bu etkin olmayan Ongoriilebilir davranisi,
yatirimcilarin  anormal karlar elde etmelerini saglayabilmektedir. Jiang ve Li (2020)
calismasinda Cin, Japonya ve ABD borsalarini kullanarak gesitli kantil seviyeleri tizerinden
piyasa etkinligi dinamiklerini analiz etmek i¢cin yeni bir piyasa etkinligi Ol¢iisii
gelistirmektedir. Japon ve ABD borsalarinin boga (yliksek kantiller) veya ay1 piyasasi (diisiik
kantiller) kosullarindan ziyade normal kosullarda (orta kantiller) etkin oldugu ve Cin
borsasinim tiim kantil seviyelerinde etkin olmadig1 sunulmaktadir. Ozellikle ABD hisse senedi
piyasalari cogu donem etkinlikten daha kii¢iik sapmalar gostermektedir. Nartea (2021) 1991—
2020 doéneminde 12 Asya-Pasifik Ulkesindeki (Avustralya, Cin, Hong Kong, Endonezya,
Japonya, Malezya, Yeni Zelanda, Filipinler, Singapur, Gliney Kore, Tayvan, Tayland) gunluk

reel hisse senedi fiyatlarmin duraganlifini incelemektedirler. Sonuglar, genel olarak hisse
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senedi fiyatlarinin daha yiliksek dilimlerde duragan oldugunu goéstermektedir. Ayrica, daha
biiyiik soklarin daha hizli ortalamaya doniisle iliskilendirildigi ve tersine, daha kiiciik soklarin
duragan olmamayla iligskilendirildigi st dilimlerdeki hisse senedi fiyat1 dinamik

ayarlamalarinda asimetri olduguna dair kanitlar bulunmaktadir.

Finansal ve ekonomi literatiiriinde sok kalicilig1r birim kok hipotezi ile karakterize
edilmektedir. Bu kapsamda, literatiirde Borsa Istanbul icin geleneksel birim kok testleri
kullanilmistir (Aga & Kocaman, 2008; Akgiin & Sahin, 2017; Aliyev, 2019; Altuntas, Kilig,
Pazarci, Alican, 2022; Bektur ve Aydin, 2019; Bulut, 2016; Gozbasi, Kiigiikkaplan,
Nazlioglu, 2014; Kilig, 2020; Kiligc ve Fatih, 2016; Ozdemir, Z. A., 2008; Ozdemir, M.,
2022). Literatiirdeki c¢aligmalar gostermektedir ki, standart birim kok testlerinde sok
biiyiikligl ve isareti dikkate alinmaksizin, ortalama davranisa odaklanilmaktadir. Baska bir
deyisle, sok ne kadar biiyiik veya hangi isarette olursa olsun, hisse senedi fiyatlarinin dengeye
dogru ayarlanma hizinin genellikle sabit oldugu varsayilmaktadir. Sonug¢ olarak, finans
piyasalarinda geleneksel birim kok testlerinin varsayimlariin saglanmadigi durumda, birim

kok temel hipotezi reddedilmemeye egilimlidir.

I1l. VERI

Borsa Istanbul BIST100 endeksinin kantil bazda asimetrik dinamiklerinin incelendigi
bu c¢alismada, Tirkiye ekonomisini etkileyen 2008 kiiresel krizi ve Covid-19 pandemi
donemini de kapsayan son 20 yillik veri incelenmektedir. Mart 2003-Mart 2023 dénemini
kapsayan giinliik, haftalik, aylk, ceyreklik, yillik kapanis fiyat endekslerinin dogal

logaritmas1  almarak  kullanilmaktadir. Asagida serilerin  tanimlayici  istatistikleri

bulunmaktadir:
Tablo I. Tanimlayic istatistikler

Gunlik Haftalk Ayhk Ceyreklik Yilhk
Ortalama 6.4654 6.4680 6.4762 6.4739 6.6537
Medyan 6.5614 6.5622 6.5755 6.5473 6.5755
Standart Sapma 0.7196 0.7192 0.7304 0.7517 0.8649
Basiklik 0.7587 0.7674 0.8934 1.0885 0.9832
Carpiklik -0.0131 -0.0066 0.0513 0.0826 0.8138
Minimum 4.4878 4.5440 4.5513 4.5513 5.2271
Maksimum 8.6414 8.6142 8.6142 8.6142 8.6142
Gozlem sayisi 5024 1042 241 81 21
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Tablo I’deki tanimlayici istatistikler gostermektedir ki, giinlik veriden yillik veriye
dogru gidildik¢e ortalama, medyan ve standart sapma degerlerinde minimal diizeyde de olsa
artig goriilmektedir. Normallik varsayimi i¢in basiklik ve carpiklik degerleri, serilerin normal
dagilmadigini gostermektedir. Gozlem degerleri giinliikk, haftalik, aylik, ceyreklik, yillik
frekanslar i¢in sirasiyla 5024, 1042, 241, 81, 21 olarak raporlanmaktadir.

IV. METODOLOJi

Bir¢ok ampirik ¢calismada finansal zaman serileri kalin kuyruk davranisiyla karakterize
edildiginden, normallik varsayimindan sapmalara karsi direncli tahmin ediciler énem arz
etmektedir. Kantil otoregresyon yontemleri, yalnizca sarthh merkezi egilim Olgiisiine
dayanmaktan ziyade, c¢esitli kosullu heterojenlik bicimlerini acgiga ¢ikaran sartli kantil
fonksiyonun bir araliginin kesfedilmesine izin vermektedir. Koenker-Xiao (2004) kantil birim
kok testi, normallik varsayiminin saglanmadigi durumlarda direncgli sonug¢ verirken, normallik
varsayimi altinda uygulandiginda ise etkinlik kaybina neden olmaktadir. Kantil birim kdék
testlerinde segilmis kantillerde veya kantillerin belirli bir araligi tizerinde t-oran testi,
Kolmogorov-Smirnov veya Cramer-Von Mises tipi testlere dayanan tahminlerde istatistikler
hesaplanmaktadir. Testler aynm1 zamanda en kii¢lik kareler regresyon ydntemine dayanan
klasik birim kok testleri ile karsilastirildiginda, asimetrik dinamiklerin varliginda iyi bir giice
sahiptirler (Koenker-Xiao, 2006). Kantil otoregresyon surece ge¢cmeden 6nce birim kok
stirecinin birinci dereceden otoregresyon modelinin uzantist DF (Dickey-Fuller, 1979)

regresyon modeli dikkate alinmaktadir:

q
Ve = a1Ye—1 + Z i 1Ay j + U, (D
=

Bu modelde otoregresif katsayi olan a;, ekonomi ve finansal zaman serilerde kalicilik

(persistency) Ol¢timiinde 6nemli rol oynamaktadir. Belirli kosullar altida, eger a; = 1 ise Y

bir birim kok igermektedir ve siire¢ kalicilik gdstermektedir. Eger |a1| <1 ise Yt duragan

{u,, s<t}

stationary) bir surece sahip olmaktadur. R aracilig1 ile tarafindan uretilen o —
Y p g

bdlgesi tanimlandiginda, Yt nin P Uzerinde 7- sarth kantili agagidaki denklemdeki gibi

gosterilmektedir:

q
Qyt(T /Feo1) = (@) +ayye_q + z @118y (2)
j=1
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Denklemdeki  j=1,....,q igin Q,(1) = ay(1), aj = a;(1), a(t) =

(o(D), a1 (1), ..., g1 (D)) Ve xp = (1, yp-1,AY¢_q, ..., Ay;_g) olarak tammlandiginda,
Qyt(T / Fr-1) = xia(z) 3)

denklemine sahip olunmaktadir. Burada dogrusal kantil otoregresyon modelin tahmini

asagidaki kantil otoregresyon,

a € R?

n
min Z p:(y: — xI'b) 4)
t=1

minimizasyon probleminin ¢ozimuni igermektedir. Burada p, fonksiyonu Koenker ve
Bassett (1978) tarafindan 6nerilen p,(u) = u(r — I(u < 0)) olarak gosterilen pargali kontrol
fonsiyonudur. 0 < 7 < 1 olmak {iizere I fonsksiyonu indikator fonksiyonu olarak asagidaki
gibidir:

Tlul, u=0

pe(u) = {(1 —Dlul, u<o0 ®)

0 < 7 < 1 olmak Uzere 7. kantil, minimizasyon problemine ¢6ziim olarak tanimlanmaktadir:

brgiugK z Tly: — x¢b| + z (1 =1y, — x,b] (6)
t e{t:y¢2x¢b} t e{t:ye<x¢b}

Minimizasyon probleminin ¢6zimi, 7’nun bir fonksiyonu olarak goriilen 7. kantil
otoregresyon sureci olarak @(t) ‘a atfedilir. y; nin sartli yogunluk fonksiyonu, t’nun se¢ilmis

kantilleri i¢in fark kotasyonlar1 tarafindan tahmin edilmektedir:

Foe(T/x0) = (ti = T121)/( Dy, (i / %) — Oy, (Ti1 /%)) (7)

Kantil otoregresyon siirecine dayanan bu yaklagim, birim kok hipotezini test etmede

daha direngli bir yaklasim saglamaktadir. Koenker-Xiao (2004) t-oran test istatistigi,

f(F1(0)
Jt(1—1)

olarak tamimlanmaktadir. f (F ‘1(1')), f (F _1(1)) ‘in tutarh tahmincisidir. Y_;, bagiml

tn(7) = (Y PY_ )V (@ () — 1) (8)

degiskenin gecikmeli degerlerinden (y,_;) olusan vektor ve Py, X = (1,Ay;_q, ..., Ayt—q)’€

ortogonal uzay iizerinde projeksiyon matrisi olarak tanimlanmaktadir. Sparsity fonksiyonu
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olan s(tr), kantil fonksiyonun tiirevi veya yogunluk fonksiyonun tersi olarak

tanimlanmaktadir:

s(t) =F (1) =1/f(F (1)) 9
Burada, Siddiqui (1960) ve Bofinger (1975) calismalarmi igeren f(F~*(z)) tahmini Uizerinde
ilgili bir literatiir bulunmaktadir:

2h,
E; (t+ h,) — E;Y(t— hy)

f(F@) = (10)

E;(.), F71(.)’nin bir tahmini ve 4,, n = o iken 0’ a dogru giden bir bant genisligidir. Bu
calismada kullanilan 4,, literatiirdeki Bofinger (1975) bant genisligidir:

4.5¢*(@"1(x)) 1"°
[2((13‘1(1))2 + 1]2

hB = n_l/s

(11)

Buradaki ¢(.) ve ®(.) fonksiyonlar1 sirasiyla standart normal dagilmin yogunluk ve

kiimiilatif dagilim fonksiyonlaridir.

Secilmis herhangi bir 7 ‘da, t,(7) test istatistigi, en kii¢iik kareler regresyonuna
dayanan ADF t-test istatistiginin kantil regresyondaki karsiligidir. Kantil otoregresif siirece
dayanan birim kok testi, temsilci kantiller (diisiik kantil, medyan, yiiksek kantil) tarafindan
olusturulabilmektedir. Alternatif olarak, 7 € T olmak iizere segilen kantillerin arahigi da
incelenebilmektedir. Birim kok o6zelligini test etmek igin baska bir yaklasim da sadece
secilmis kantillere odaklanmak yerine kantilin bir aralif1 iizerinde birim kok 6zelligini test
etmektir. 7 e Ticin kantil regresyon sirecine dayanan Kolmogorov-Smirnov (KS) testi

asagidaki gibi tanimlanmaktadir:
To>0,7€T = [, 1 — 1] 0lmak lizere,

QKS, = SUgltn(T)l- (12)

Uygulamalarda {tr; = i/n}-, olmak Uzere t,(7) hesaplanabilmektedir. Bdylece QKS,
istatistigi de 7; € T lizerinde maksimumu alinarak olusturulabilmektedir. Hesaplanan t,(7)

test istatistigi ile kritik degeri karsilastirilarak hem her bir kantil (7) i¢cin degerlendirme
yapilabilirken, hem de serinin geneli i¢in Kantil Kolmogorov-Smirnov (QKS) test istatistigi

ve kritik degeri karsilastirilarak degerlendirmelerde bulunulmaktadir.
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Bu calismada, hem t,(7) hem de QKS testlerinin sinirlayict dagilimlari standart
olmamakla birlikte, Koenker ve Xiao (2004), kiigiik 6rneklem dagilimlarina yaklagsmak icin
bir yeniden Ornekleme (bizim g¢aligmamizda bootstrap sayisi = 10.000) prosediiriiniin
kullanilmasini 6nermektedir:

1. Siradan en kii¢iik kareler araciligi ile Ay, ile asagidaki g-sirali otoregresyon

tahmin edilir. Ay, = Z?zl,@jAyt_j +1, t=q+1,..,n, 1, kalmtilar1 yaninda

j=1,...,q icin B; tahminleri elde edilir.

2. Uy =t — n—iqZ’}:q +1 U; merkezilenmis kalintilarin ampirik dagilimindan

degistirme ile u;'nin bir bootstrap drnegi ¢ekilir.

3. J=1,...,q igin Ay; = Ay; ilk degerleri ve 1. maddedeki denklem ile EKK

tahminleri ﬁj olmasi ile birlikte, Ay; = Z?zl,@jAy;f_j + u; tarafindan verilen uygun

otoregresyonu kullanarak Ay;'nin bootstrap 6rnegi yinelemeli olarak olusturulur.

4, yi =y; ‘e sahip y{ = y/_; + Ay/ dayanan y; ‘in bir bootstrap drneklemesi
elde edilir.
5. y; ‘m yeniden 6rneklemesi ile birlikte, sirasiyla ag(t), a;(7), t;;(7), QKS*(T)

tarafindan belirtilen &,(t), &,(7), t,(r) ve QKS testlerin bootstrap mevkidasi

hesaplanir.
6. 2. adimdan 5. adima kadar 10.000 kez bootstrap sayisi i¢in tekrarlanir.
7. as(t), aj(r), t;(r), QKS*(t) testlerinin bootstrap degerlerinin ampirik

dagilim fonksiyonlar1 hesaplanir ve temel hipotez altinda ilgili testlerin kiimiilatif

dagilim fonksiyonlarina bir yaklasim olarak bu ampirik dagilim fonksiyonu kullanilir.

8. Cikarim yapmak i¢in bootstrap p-degeri kullanilir. Ayrica, &@,(t) ve & (7) igin

bootstrap giiven araliklar1 srasiyla @, () ve @; (7)'nin ampirik dagilim

fonksiyonlarindan elde edilebilir.

Boylece cesitli desiller gibi bazi kantiller icin de durumlar incelenebilmektedir.
Uygulamada bu 6zellik ¢ok onemlidir. Farkli kantillerin farkli ekonomik durumlara karsilik
geldigi varsayildiginda, birim kok davraniglarnin bu ekonomik durumlarla degisip

degismedigi belirlenebilmektedir.
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V. AMPIRIK BULGULAR

Bu boliimde BIST100 endeksinin farkli frekanslarinin Koenker-Xiao (2004) ve ADF
(1981) uygulama sonuglarina yer verilerek, karsilastirma yapilmaktadir. Farkli frekanslara ait

birim kok test sonuglar1 asagidaki gibidir:

Tablo II. ADF Test Sonuglar1

Gunlik Haftahk Ayhk Ceyreklik Yilhk

gt”a?i”;ggimd Dickey-Fuller test -0.0846 0.1257 04413 -04773 1587801
Olasilik 0.9493 0.9447 0.8985 0.8893 0.9988
1% -3.4315 -3.4364 -3.4575 -3.5144 -3.8574
Test kritik degerleri 5% -2.8619 -2.8641 -2.8734 -2.8981 -3.0404
10% -2.5670 -2.5682 -2.5732 -2.5864 -2.6606

Tablo II’deki birim kok test sonuglarma gore 2003-2023 donemini kapsayan veri
kiimesi i¢in birim kok testi ADF test istatistik sonuglarma gore tiim frekanslardaki serilerin
birim kok igerdigi gériilmektedir.

Koenker-Xiao (2004) kantil birim kok testi, BIST100 endeksinin farkli frekanslari
olan 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 desilleri i¢in uygulanmaktadir. Tablo III’teki
giinliik frekans i¢in Borsa Istanbul’un kantil birim kdk sonuglar1 verilmektedir. ADF testine
gore birim kok iceren gunluk veri setinin yiksek kantillerde ([0.7 0.8 0.9]) temel hipotezi
reddederek duragan oldugu goriilmektedir. Yani, borsaya gelen iyi haberlerde endeks
ortalamaya donme egilimi gosterirken, diisiik ve orta kantillerde gelen kotl ve ortalama

diizeyindeki haberlerde seri birim kokli yani kalicilik géstermektedir.

Tablo I11. Koenker-Xiao (2004) Kantil Birim Kok Test Sonuglar1 (giinliik)

T (kantil) Katsay1 (a4) Birim kok tn(T) kritik deger
0.1 1.0029 1 4.5870 -2.7673
0.2 1.0027 1 5.7327 -2.8151
0.3 1.0022 1 5.5463 -2.7976
0.4 1.0012 1 3.6015 -2.7438
0.5 1.0003 1 1.0035 -2.6543
0.6 0.9997 1 -0.8421 -2.5635
0.7 0.9989 0 -3.0383* -2.4450
0.8 0.9980 0 -5.0526* -2.3800
0.9 0.9971 0 -4.6971* -2.1245

QKS 0 5.7327* 2.7365

Not: * %5 anlamlilik diizeyini belirtmektedir.
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Tablo V. Koenker-Xiao (2004) Kantil Birim Kok Test Sonuglar1 (haftalik)

T (kantil) Katsay1 (a;) Birim kok tn(T) kritik deger
0.1 1.0039 1 1.0764 -2.572
0.2 1.0027 1 1.009 -2.6507
0.3 1.0004 1 0.1815 -2.6987
0.4 0.9993 1 -0.3892 -2.6338
0.5 0.9999 1 -0.0507 -2.5974
0.6 0.9984 1 -0.9339 -2.5746
0.7 0.9980 1 -1.0821 -2.5322
0.8 0.9986 1 -0.724 -2.4507
0.9 0.9960 1 -1.4525 -2.5116

QKS 1 1.4525 2.7834

Tablo V. Koenker-Xiao (2004) Kantil Birim Kok Test Sonuglar1 (aylik)

T (kantil) Katsay (a,) Birim kok tn(T) kritik deger
0.1 0.9930 1 -0.5402 -2.6102
0.2 1.0121 1 1.1838 -2.4517
0.3 1.0000 1 0.0000 -2.5292
0.4 0.9965 1 -0.3335 -2.5692
0.5 0.9835 1 -1.6278 -2.6105
0.6 0.9880 1 -1.3749 -2.5390
0.7 0.9922 1 -0.9167 -2.5587
0.8 0.9929 1 -0.8101 -2.5772
0.9 0.9949 1 -0.2970 -2.5309

QKS 1 1.6278 2.8144

Tablo VI. Koenker-Xiao (2004) Kantil Birim Kok Test Sonuglar1 (¢eyreklik)

7 (kantil) Katsay1 (a;) Birim kok tn(T) kritik deger
0.1 1.0098 1 0.1505 -2.1582
0.2 0.9897 1 -0.247 -2.5293
0.3 0.9715 1 -1.1061 -2.4361
0.4 0.9623 1 -1.3332 -2.5912
0.5 0.9665 1 -1.3947 -2.7262
0.6 0.9602 1 -1.4543 -2.7244
0.7 0.9765 1 -0.6682 -2.3657
0.8 0.9538 1 -1.2449 -2.5363
0.9 1.0294 1 0.3413 -2.5642
QKS 1 1.4543 2.7913
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Tablo 1V, V, VI haftalik, aylik, ceyreklik Borsa Istanbul serisinin kantil birim kok test
sonuglarmi gostermektedir. BIST100’{in haftalik, aylik ve ceyreklik frekanslarma gore de tiim

kantillerde seriler birim kok icermektedir.

Tablo VII. Koenker-Xiao (2004) Kantil Birim Kok Test Sonuglari (y1llik)

T (kantil) Katsay1 (a;) Birim kok tn(T) kritik deger
0.1 1.7759 0 -3.9763 -2.12
0.2 1.3871 1 2.4879 -2.1714
0.3 1.3423 1 1.6594 -2.12
0.4 1.4961 1 2.6142 -2.2774
0.5 1.0828 1 0.4413 -2.2122
0.6 1.0883 1 0.3226 -2.342
0.7 1.1175 1 0.605 -2.2455
0.8 1.0349 1 0.1682 -2.5438
0.9 1.5645 0 -4.3457 -2.5095

QKS 0 4.3457 2.758

Not: * %5 anlamlilik diizeyini belirtmektedir.

ADF test istatistik sonucuna gore birim koke sahip yillik endeks serisinin kantil birim
kok testi, en yiiksek [0.9] ve en diisiik [0.1] kantillerde duragan oldugunu gostermektedir
(Tablo VII). Yani, en iyi ve en kotii soklar1 olusturan ug kantillere denk gelen iyi ve koti
haberlerde endeks ortalamaya donme egilimi gostermektedir. Ancak yillik kapanis verisinde
cok fazla yil i¢i gbzlem g6z ardi edildigi i¢in frekanslar ne kadar giinliik veriye yaklasiyorsa o

kadar daha givenilir sonuclar beklenmektedir.
VI. SONUC

Bu calisma, Borsa Istanbul endeksinin dinamik yapisin1 dogrusal kantil birim kok testi
ile inceleyerek uzun vadeli etkinligi hakkinda c¢ikarimlar saglamaktadwr. Verilerin kalin
kuyruk dagilimi, klasik dogrusal birim kok testlerinin giiciinii sorgulatmaktadir. Bu nedenle,
normal olmayan dagilimlarda direngli ¢ikarim i¢in alternatif olan kantil regresyon yaklasima,
tek bir kosullu merkezi egilim Olciisiine giivenmek yerine aragtrmacmin bir dizi kosullu
kantil fonksiyonunu kesfetmesine olanak tanimaktadir ve bdylece ¢esitli kosullu heterojenlik
bicimlerini aciga ¢ikarmaktadir. Literatiirdeki teorik ¢aligmalar gdstermektedir ki, kantil birim
kok testleri, biiyiik giic kazanimlarmin elde edildigini gosteren bir dizi Monte Carlo
simiilasyonu tarafindan gosterilen sonlu Orneklerde c¢ok iyi performans gostermektedir.
Ayrica, normal olmayan kalin kuyruklu dagilim durumunda, kantil birim kok testleri,

geleneksel EKK dayanan birim kok testlerinden daha direngli oldugu goriilmektedir. Bu
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nedenle, bu ¢alismada ADF'nin kantil karsiligi olan Koenker-Xiao (2004) dogrusal kantil

birim kok testi uygulanmaktadir.

Kantil birim kok testleri sok biyiikligi ve isaretine gore seri dinamiklerinin
incelenmesi firsatin1 sunmaktadir. Sonuglardan da goriilecegi iizere, kantil birim kok testi,
klasik birim kok testlerine gore daha fazla duraganligi destekleyici kanit sunmaktadir. Giinlitk
frekanstaki sonuglara gore asimetrik dinamiklerin varligi agik¢a goriilmektedir. Borsaya gelen
iyi haberler gecici davranig sergilerken, kotii haberler kalici davranis sergilemektedir. Bu

gelismekte olan tilke borsalar1 i¢in beklenen bir asimetri olarak goriilmektedir.

Bu calisma 2003-2023 gibi genis bir donemi kapsamakta ve igerisinde ¢esitli soklar
bulundurmaktadir. Tiim donemi kapsayan tek bir istatistik degeri ile degerlendirilmesi, veri
donemindeki ¢esitli sok biiyiikliiklerini yakalayamamaktadir. Kantil otoregresyon silirecine
dayanan kantil birim kok testleri sok biiyiikliiklerini dikkate alarak iyi ve kotii haberlere

verilen asimetrik dinamiklere imkan saglamaktadir.

Kantil birim kok test istatistik sonuglar1 gdstermektedir ki, giinliik veride diisiik
kantiller birim kok icermektedir, yiliksek kantillerin ise duragan oldugu goriilmektedir. Yani,
borsada kotii haberler kalici iken, iyi haberlerin gegici oldugu goriilmektedir. Bu durum
asimetrik dinamigin varligini da ortaya koymaktadir. QKS (Quantile Kolmogorov-Smirnov)
test istatistiginde ise tiim kantillerdeki tn(7)’nun mutlak degerce supremumu almmaktadir ve
kendi kritik degeri ile karsilastirildiginda duragan oldugu sonucuna varilmaktadir. Haftalik,
aylik ve ¢eyreklik borsa endeksi i¢in Koenker-Xiao (2004) kantil birim kok testi gunlik borsa
endeksinden farkli olarak tiim kantillerde birim kok igermektedir. Yillik seri de ise en yiiksek
ve en diisiik kantillerde duraganlik gériilmektedir. Bu durum, o donemdeki en iyi ve en kot
haber niteligindeki desillerin ortalamaya donme egilimi oldugunu gostermektedir. Ancak,
yillik kapanis verileri, y1l icerisindeki birgok soku gdstermedigi i¢in giinliik veriler her zaman

daha gercekgi bilgiler vermektedir.

Sonuglardan da goriildigii gibi ilk kantiller ve son kantiller birbirlerinden farkli
sonuglar vermektedir. Burada 6nemli olan soklarm asimetrisi ve biiyiikligiidiir. Piyasaya
gelen kotii haberler (ilk kantiller) piyasada kalicilik (persistency) gosterirken; iyi haberlerin
(son kantiller) etkisinin gegici oldugu, yani serinin ortalamaya geri doniis egiliminde oldugu
goriilmektedir. Bu durum pozitif ve negatif soklarin asimetriligini ortaya koymaktadir.
Boylece cesitli desiller gibi bazi kantiller icin de durumlar incelenebilmektedir. Farkl

kantillerin farkli ekonomik durumlara karsilik geldigi varsayilldiginda, birim kok
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davraniglarmin bu ekonomik durumlarla degisip degismedigi belirlenebilmektedir. Ayrica,

asimetriklik menkul kiymetler piyasasinda varlik fiyatlamasinda 6nemli rol oynamaktadir.
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