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A DECISION SUPPORT SYSTEM BASED ON GENETIC
ALGORITHM FOR VARIABLE SIZED BIN PACKING PROBLEM WITH
ITEM CONFLICTS

Inanc KABASAKAL”"
Fatma Demircan KESKIN'

Abstract

Bin packing problem (BPP) is a combinatorial NP-hard problem that has variations including one,
two and three dimensional packing, variable sized packing and packing with constraints. In the
literature, exact and approximation algorithms have been mostly used to solve bin packing problems.
Genetic Algorithms are meta-heuristic methods that have been applied to a vast majority of well-
known optimization problems including the bin packing problems. In this paper, a variant of bin-
packing problem for variable bins is addressed. The capacity constraints including volume and weight
are given; moreover, to avoid item conflicts is defined as an additional constraint. A decision support
model utilizing the genetic algorithm is introduced for this variant of the BPP. The performance of
the model is tested with sample input, the results obtained are presented and discussed in the results

section.

Keywords: Variable sized bin-packing problem, Genetic Algorithm, item conflicts, decision support systems
JEL Codes: C02, C6, M11

I. INTRODUCTION

Bin Packing Problem (BPP) is one of the classical combinatorial optimization problems and
has received a great deal of attention in the literature due to its various application areas. In the
classical BPP, a set of items must be assigned to a finite number of bins of fixed capacity in a way
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that minimizes the number of bins used. Besides classical one-dimensional BPP, there are many
variations of BPP such as variable sized (Friesen & Langston, 1986; Kang & Park, 2003; Haouari &
Serairi, 2009), two-dimensional (Li, Liu, Wu, & Xu, 2014), three dimensional (Martello, Pisinger, &
Vigo, 2000), online (Kinnersley & Langston, 1988) and so on.

The problem addressed in this paper includes different categories of bins and each one
contains limited and/or unlimited number of identical bins with the same capacity and cost. In
addition, it contains different item categories; each involves finite number of identical and/or non-
identical items. As we consider variable sized bin categories, our problem falls into the variable sized
bin-packing problem (VSBPP) class with additional constraints that are considering volume

capacities of bins in addition to weight capacities and conflicts between items.

VSBPP was first investigated by Friesen & Langston (1986). VSBPP is a generalization of
the classical BPP and formally defined (Correia, Gouveia, & Saldanha-da-Gama, 2008) as follows:
Given a set J of n items where each item j (1 <j <n) has a weight wj and m different bin types. Each
bin type k (k=1, ..., m) includes an infinite number of identical bins, each having a capacity W and

a fixed cost ck. The objective is to minimize the total cost of bins used to pack all items.

Even though the classical BPP has been widely investigated in the literature, the VSBPP has
received scant attention (Haouari & Serairi, 2011). Kang & Park (2003) addressed the VSBPP with
two greedy algorithms they proposed to solve three particular cases of the problem. Correia et al.
(2008) studied the VSBPP using a discretized model and obtained good linear programming bounds
to solve instances including up to 1000 items. Bang-Jensen & Larsen (2012) investigated real life
instances of the VSBPP with a construction and a local search heuristic with the aim of obtaining
high quality solutions for large number of bin sizes and adapting fast to online changes in data. Maiza,
Labed, & Radjef (2013) analyzed VSBPP with the aim of minimizing the total cost of bins by
applying four heuristics they proposed. Dokeroglu & Cosar (2014) analyzed the one-dimensional
BPP and applied bin-oriented heuristics in island parallel grouping genetic algorithms.

In the literature, there have also been studies addressing the BPP and VSBPP with item
conflicts. Jansen (1999), Epstein & Levin (2008), Sadykov & Vanderbeck (2013) and Bodis (2015)
have studied the BPP with conflicts. Epstein, Favrholdt, & Levin (2011) analyzed the online VSBPP
with conflicts between items, which express that if there is a conflict on a pair of items, they cannot
be assigned to the same bin and investigated online algorithms using mainly the asymptotic

competitive ratio.
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The BPP is an NP-hard problem (Korte & Vygen, 2006) and thus, the VSBPP is NP-hard
as well. In the literature, exact and approximation algorithms are used to solve this problem.
Monaci (2003) applied a branch-and-bound procedure to solve instances with 3 or 5 types of bins
and up to 500 items. Alves and Valerio de Carvalho (2008) presented a branch-and-price-and-cut
algorithm and used the instances of Belov & Scheithauer (2002) and Monaci (2003). Haouari &
Serairi (2009) proposed a branch and bound algorithm to solve the test instances including three
bin types, up to 500 items and randomly generated weights from discrete uniform distribution.
Since the VSBPP is NP-hard these exact methods might require excessive computing time to
solve large-scale instances. Many heuristic and meta-heuristic algorithms have been applied to
the BPP and its extensions in the literature. In this paper, we proposed a genetic algorithm (GA)
to solve the analyzed VSBPP.

GA is one of the most popular meta-heuristics that has been applied to a vast majority of
well-known optimization problems including the BPP and its variants successfully. Falkenauer
(1996) addressed the BPP by applying the Grouping GA of Falkenauer (1994). The Grouping GA
Is a group-oriented approach and it focuses on bins instead of items. Reeves (1996) used an
approach hybridizing the GA with existing simple heuristics to solve the BPP. lima & Yakawa
(2003) proposed a new design of GA to solve one-dimensional BPP focusing on the item
combinations in a bin. They designed a GA in a way that offspring inherit the combination of
items. They solved 1210 benchmark instances to test the performance of their GA. According to
their results, their GA performed better than Variable Neighborhood Search and BISON that is
an approach combining the tabu search method and the branch-and-bound method in terms of
accuracy of solutions. Mohamadi (2010) addressed the one dimensional BPP applying the GA
with a new representation scheme. This scheme was constructed by combining the strong features
of bin-based, object-based and group-based representation schemes. Quiroz-Castellanos, Cruz-
Reyes, Torres-Jimenez, Gomez, Huacuja, & Alvim (2015) handled the one dimensional BPP with
a method based on a grouping GA. Their method, which is referred to as the Grouping Genetic
Algorithm with Controlled Gene Transmission, aimed the transmission of the best genes in the
chromosomes with balancing the selective pressure and population diversity. Their approach
improved the performance of grouping GA and was comparable to the best state of the art

algorithms.
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The paper is organized as follows. In Section 2, we present the formulation of the problem.
Our solution algorithm is given in Section 3. Results of computational experiments are provided

in Section 4. In Section 5, we discuss the results and draw conclusions.

II. FORMULATION OF THE PROBLEM

The problem analyzed can be defined as a VSBPP with conflicts including assignment of
items to the variable sized bin categories considering weight and volume capacity of heterogenous
bins while avoiding co-existence of conflicting item categories. The objective is to minimize the

total cost of bins used to assign all items.

Indices, parameters, variables and formulation of the model are as follows:

Indices:
J,i=1.2,...n Index of items
m,r=12,....M Index of item categories
k=1,2,...,K Index of bin types
Parameters:

Ck: Cost of bin type k

wpj:  Weight of item j in m category
V. Volume of item j in m category
Wi:  Weight capacity of bin type k
Vk: Volume capacity of bin type k

l,-: A parameter used to avoid joint assignment of item categories m and r which are in

conflict. It equals to 1 if item category m and r can be placed into the same bin, 0 otherwise
Decision Variables

{1 if bin type k is used

Vi 0 otherwise
N {1 if item j in category m is assigned to bin type k
mk 10 otherwise
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Mathematical Model

Min X, yic * ci 1)
S.t. XM=1 2151 Winj Xmjk < Wik k={1,..,K} (2)
m=12j=1 Vmj Xmjk < ViV k={1,..,K} 3)
Yke1Xmik = 1 m={1, ..., M}; j={1, ..., n} 4)

Imr >Xmjk+ Xrik — 1 forall m; r; i; j; k; m=#r (5)
Xmjk € [0,1] m={1, ...,M}; j={1, ...,n}; k={1, ..., K} (6)

yr €[01] k={1,..,K} (7)

This formulation includes volume capacity and item categories’ conflict constraints in
addition to classical VSBPP formulation of Correia et al. (2008). The objective function (1) is to
minimize the cost of the bins used for packing all the items. Constraints (2) and (3) ensure that
items are always assigned to bins without violating the weight and volume capacity of bins.
Constraint (4) guarantees that each item is packed and assigned to only one bin. Constraint (5)
ensures that when item category m and r are in conflict, the items in these categories can not be

in the same bin. Constraints (6) and (7) are domain constraints.

Since the problem is NP-Hard, obtaining optimal results using exact algorithms may not
be possible within a reasonable time due to those problems’ size and complexity. For complex
variable sized bin packing problems, approximation algorithms and many metaheuristic
approaches have been used (Delorme, lori, & Martello, 2016). From this point of view, Genetic

Algorithm, one of the most successful metaheuristics, is applied in this paper.

1. SOLUTION MODEL

I11.1. Genetic Representation for VSBPP
Genetic algorithms are discovered as useful tools for search an optimization problems;

such algorithms are classified as stochastic since randomness has an essential role (Sivanandam,
& Deepa, 2008). In genetic algorithms, the term ‘chromosome’ refers to a candidate solution to
a problem; the chromosomes are populated, selected according to fitness, and crossed over to

generate new offspring of chromosomes (Mitchell, 1998).

In a VSBPP problem, the solution is essentially an arrangement of items into bins. Since

the bins have limited capacity, each arrangement must satisfy the capacity constraints. Moreover,
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each item appears exactly once in a valid chromosome (Falkenauer, 1996). The genetic model
developed for VSBBP problems should utilize a genetic representation that can formulate any

valid solution that conforms to the constraints.

Given an input that consists of m bins and n items, the genetic representation of VSBPP
can be generalized as a chromosome that consists of m x n genes. Since the bin capacity can be
hypothetically large enough to contain all of the items, such a genetic representation is sufficient
to represent every feasible solution. Table-I exhibits a chromosome that formulates the genetic

representation of a VSBBP with an input of two bins and five items.

Table I. The Genetic Representation of a VSBBP for 2 Bins & 5 Items

| Item#1 | | Item#4 | ltem#3 | Item#5 | | | Item#2
BIN #1 BIN #2

According to the genetic representation above, a random solution would be a random
distribution of items into the slots in the chromosome. Such a distribution would result in a vast
number of permutations, since the value of permutation (n, m x n) is huge as the values of m and
n get considerably larger. However, such permutations often represent the same solution. For
instance, swapping Item #3 and Item #5 would change the genetic representation in the sample
chromosome exhibited in Table I; however, such a modification in the chromosome would
represent exactly the same solution. Minimization of redundancy is an important design principle
for constructing genetic representations; in this regard, each solution should be represented by as

few distinct chromosomes as possible (Falkenauer, 1996).

111 Initial Population Generation
In genetic algorithms, the initial population usually consists of valid individuals generated

at random (Falkenauer & Delchambre, 1992). In VVSBPP, the validity criteria consist of the
problem capacity constraints defined for the bins. Moreover, as shown in problem formulation, a

valid individual should contain an arrangement of all items into the bins.

The solution model involves the initial population generation at random. This step requires
a random distribution of items into the bins. Each random chromosome is evaluated according to
the constraints specified in the input. In our problem, the capacity constraints are separately
defined in terms of volume and weight. Furthermore, the existence of item conflicts requires
additional controls on the individuals. As an example, one might define a rule such as “Items of

food category should not be placed in a bin that has already contained chemicals”. The model
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also takes account of such rules as constraints. The randomly generated valid chromosomes that

satisfy all constraints are included in the initial population.

I11.111. Crossover and Offspring Generation
A new generation of chromosomes is formed through crossover in each iteration.

Population diversity is crucial to the genetic algorithm’s ability to continue fruitful exploration
(Nsakanda, Price, Diaby, & Gravel, 2007). In this regard, selection of crossover operators is
important. Various strategies are employed for crossover, such as single-point crossover, two-
point crossover, multi-point crossover, uniform crossover, three parent crossover, shuffle
crossover, ordered crossover, etc. (Sivanandam & Deepa, 2008). In single-point, two-point or N-
point crossover strategies the new individuals are generated with chunks of genes copied from
the parents. On the other hand, each gene is inherited randomly from one of the parents in uniform
crossover strategy. In our study, a uniform crossover strategy was used to promote population

diversity.

The objective of the crossover is to generate a number of healthy individuals in the new
offspring. In our study, tests were executed with population sizes of 50, 100 and 200. Each test
includes a random population of individuals and 50 consecutive crossovers. The newly bred
chromosomes are checked against capacity constraints, conflict criteria, and finally checked to
avoid redundancy. Before the next iteration, the ancestors and newly populated offspring is

combined, and the individuals with the minimum cost are selected for the next crossover phase.

1.1V Fitness Function

In a bin-packing problem, the quality of a solution can be intuitively expressed in terms
of the number of bins used. Burke, Hyde, Kendall, & Woodward (2012) argued that using simply
the number of bins lead to problem of plateaus in the search space. However, the assumptions of
our problem involve that the cost of the bins varies as well as bin capacity. Since the objective of
the problem is to find solutions with minimum cost, the fitness of a solution is formulated as the

total cost of bins used.

I11.V. Input Data and Criteria
The input consists of sample data with 50 items of seven categories. The inputs vary in

terms of weight and volume. As an assumption, item category is used to define the item conflicts.

The weight, volume and category of items are listed in Table II.
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Table 11. Weight, Volume and Category of the Items

Item Weight | Volume | Item Weight | Volume | Item Weight | Volume
Category Category Category
No (ka) (cm®) No (kg) (cm®) No (kg) (cm®)

0 1 1100 500 17 4 440 200 34 5 45 1500

1 1 240 450 18 4 100 200 35 5 300 600

2 1 200 500 19 4 1600 400 36 6 100 200

3 1 300 600 20 4 80 125 37 6 115 100

4 2 1300 2000 21 4 160 275 38 6 635 100

5 2 260 500 22 4 1600 200 39 6 120 110

6 3 250 350 23 4 40 100 40 6 310 170

7 3 200 600 24 4 90 225 41 6 90 120

8 3 440 200 25 4 100 600 42 6 500 200

9 3 300 200 26 5 150 430 43 6 220 100

10 3 520 800 27 5 145 1000 44 6 145 600

11 3 230 400 28 5 90 160 45 6 600 100

12 3 600 400 29 5 560 750 46 7 300 180

13 3 300 590 30 5 220 1270 47 7 180 90

14 3 400 500 31 5 140 1500 48 7 200 225

15 3 600 300 32 5 180 200 49 7 380 400
16 4 210 200 33 5 120 400

Table 111 exhibits the bins with variable sizes that differ in capacity and cost.

Table I11. Constraints for Bins and Bin Costs

Bin | Available | Cost Maximum Maximum
Type | Number | (units) | Volume (cm?) | Weight (kg)

1 4 350 16000 7000
2 4 250 7000 4500
3 4 180 4800 2200
4 4 525 26330 19000

Since the VSBP problem addressed has item conflicts, a list of rules that define the co-
existence of items is required. It is assumed that the items conflicts exist among item categories. The

conflict constraints across item categories is exhibited in Table IV.

Table 1V. Item Conflicts Defined In Terms of Categories

Category |1 |2 |34 |5]|6]|7
1 X
2 X X
3
4
5
6
7 X
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IV. EXPERIMENTAL RESULTS AND DISCUSSION

In order to test the genetic model presented, an application has been developed using C# in
Microsoft Visual Studio 2015. Sample data provided in Table I, Table 11, Table 111 were used in order
to generate results. At the end of each iteration, the software provides a copy of the population as well
as the duration of the calculations in a file. The application is designed to use the population size and

iteration count provided as parameters. In addition, all tests are executed without the item conflicts.

Initially, the model was used to generate results with 50 items 16 bins. In the initialization and
offspring generation phases, the number of individuals was supplied as 50, 100 and 200. For each of
the population size, 100 tests were carried out. In addition, the items and bins were simply duplicated
to perform the tests for larger scale. Resultantly, 600 tests were performed with various combinations

of inputs and population sizes. Test results with conflicts are included in Table V.

Table V. Results of Tests for Various Population Sizes (With Conflicts)

50 Items, 16 Bins, With Conflicts 100 Items, 32 Bins, With Conflicts
Population Size 50 100 200 50 100 200
Min. Cost Obtained (units) 1650 1300 1050 3465 2400 2080
Min. Cost Avg. (units) 2173 1712 1404 4857 3284 2378
Avg. # of Iteration for Min. Cost 19,18 22,47 24,41 23,08 28,37 29,95
Avg. Duration / Iteration (ms) 74 144 294 379 897 2559

In order to compare the effect of conflicts on the results, all tests were performed without the

conflicts. The results are given in Table V1.

Table V1. Results of Tests for Various Population Sizes (Without Conflicts)

50 Items, 16 Bins, No Conflicts 100 Items, 32 Bins, No Conflicts
Population Size 50 100 200 50 100 200
Min. Cost Obtained (units) 1550 1050 1050 2760 2330 2080
Min. Cost Avg. (units) 2078 1645 1318 4225 2870 2376
Avg. # of Iteration for Min. Cost 19,61 22,99 25,63 24,60 27,70 31,56
Avg. Duration / Iteration (ms) 72 106 230 257 674 5128

In a typical optimization problem, an increase in costs can be expected, as the constraints get
tighter. Therefore, it can be argued that the tests executed without conflicts must result in average
smaller costs. Indeed, the average minimum costs obtained in tests without conflicts are smaller in

both input scales and all population sizes. Moreover, the tests without item conflicts mostly performed
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faster. Exceptionally, tests with 100 items and population size of 200 performed faster with conflicts.
The subsequent tests to check the consistency of this finding evaluated in similar results. A possible
explanation of this finding is that the conflicts lead to more separately arranged items where the fail
possibility due to capacity constraints is lower.

In Table V and Table VI, it can be noticed that in most tests the minimum score is obtained at
iterations between 20 and 30. Due to preliminary tests, each test was planned with 50 consecutive

crossovers after the initialization. It can be claimed that in the tests with a higher population size, the
results improve in more iterations.

In the results given in Table V and Table VI, it is noticeable that the minimum costs are
obtained in the tests with largest population size. On the other hand, the time required to complete
better results are significantly longer. In fact, it was predictable to notice trade-offs between minimum

costs obtained in the tests and average duration of iterations. Such a relationship is exhibited in
Figures I and 11.
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Figure I. Tradeoff between best cost with duration (50 Items, 16 Bins, With Conflicts)
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Each test consists of an initialization phase and 50 offspring generated with consecutive
crossovers. As each offspring is generated, it is aimed to obtain individuals with better fitness score.
In our model, it can be observed that the minimum costs decrease in further crossovers.
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Figure I11. Min. Cost by Iteration (50 Items, 16 Bins, With Conflicts)

In Figure Il and Figure 1V, the graph of minimum costs achieved in each iteration are

depicted, from the initial population to the last offspring.
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To demonstrate the performance of the genetic approach in our problem, each attempt to
produce a valid chromosome was logged to generate statistics. The validity of an individual is
checked against the capacity and conflict constraints. Moreover, chromosomes eliminated due to

redundancy were also reported in Table VII.

Table VII. Statistics on the Validity of Individuals at Initialization and Crossover

g
-
5 . 2 g
¢= = « 2 S " < - L w
© Q O 151 2 a o X 0 X 2 X a X
3| & g £ 5 8 | 89 |y | 59| &y
IS Q 8 = c o] o = c o T = O +
[J] (o] - (© (3] > @ @© O ®© L © > @©
= a < w @] <4 %) w oo O o o wn

Phase
Initialization 50 50 3.213.624 1.822.609 944.596 441.506 4,913 | 56,7151 | 29,3935 13,7386 0.1529

Initialization 50 | 100 6.078.831 3.423.945 | 1.794.209 850.799 9.878 | 56,3257 | 29,5157 | 13,9961 0.1625

Initialization 50| 200 | 10.769.452 6.069.206 | 3.151.620 | 1.528.975 19.651| 56,3558 | 29,2644 | 14,1973 0.1825

Initialization 100| 50 5.281.637 4.228.397 923.886 124.341 5.013 | 80,0585 | 17,4924 2,3542 0.0949

Initialization 100 | 100 9.602.425 7.641.973 | 1.712.083 238.381 9.988 | 79,5838 | 17,8297 2,4825 0.1040

Initialization 100 | 200 | 17.791.196 | 14.148.533 | 3.187.221 435.443 19.999 | 79,5255 | 17,9146 2,4475 0.1124

Crossover 50| 50 295.556 10.057 25.334 10.192 | 249.973 3,4027 8,5716 3,4484 | 84.5772
Crossover 50| 100 627.340 55.502 64.514 7.365 | 499.959 8,8472 | 10,2837 1,1740 | 79.6951
Crossover 50 | 200 1.374.464 221.329 149.593 3.593 | 999.949 | 16,1029 | 10,8837 0,2614 | 72.7519
Crossover 100| 50 333.105 35.876 40.594 6.650 | 249.985| 10,7702 | 12,1865 1,9964 | 75.0469
Crossover 100 | 100 834.197 215.145 115.790 3.282 | 499.980| 25,7907 | 13,8804 0,3934 | 59.9355
Crossover 100 | 200 2.600.237 1.305.399 293.473 1.407 | 999.958 | 50,2031 | 11,2864 0,0541 | 38.4564

In Table V11, it can be noticed that the count of attempts required to generate the same number

of valid individuals is dramatically lower in the crossover phase. Accordingly, the success rate of
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individuals is dramatically higher, while the conflict rate and failure rate is significant lower in

Crossovers.

Another prominent finding is that the failure rate due to capacity is higher when the input
scale is larger. When the item count is scaled up by two, the complexity of the problem greatly

increases due to the permutation of twice number of items into twice number of bins.

V. CONCLUSION

VSBP problems have various application areas including packing, cutting, loading and
scheduling (Haouari & Serairi, 2009). In this paper, a model based on GA was proposed for a VSBP
problem with item conflicts. The genetic model was tested on a sample case. Tests were executed
with various input scales and population sizes. Additionally, the problem is solved without item

conflicts to observe the behavior of the genetic model in both scenarios.

The findings mostly overlap with previous GA and VSBP studies. As expected, the test results
indicated that iterations with crossovers generate offspring with better fitness scores than brute force
approach. Mostly, the fitness scores improve over 20-30 iterations. Figures Il and IV demonstrate

the improvement through consecutive iterations with crossover for different population sizes.

The scalability of the model was tested with two different sets of inputs. For the first sample
input that consists of 50 items and 16 bins, the best result was a minimum of 1050. As the input was
duplicated, the best result obtained was 2080 resulting in a slight improvement on the cost per item.
Both scores were obtained in the tests with largest population size. In general, it has been noticed that
larger population sizes lead to individuals with better fitness scores. However, the decline in cost was
accompanied with an increase in calculation time. The tradeoff between the time of computation and
costs obtained was exhibited in discussion.

It has been noticed that the existence of conflicts in the constraints mostly increases the
duration of the iterations. Besides, with a decent population size and sufficient iterations for
crossover, the model helped to obtain the same results without the conflicts. Considering the

limitations of the study, it can be claimed that such a finding is limited for the inputs in our case.

The genetic algorithms mostly rely on the use of selection, crossover and mutation operators
(Sivanandam & Deepa, 2008). Various crossover strategies have been proposed including Simplex
crossover (Tsutsui, Yamamura, & Higuchi, 1999), multi-parent partially mapped crossover (Ting, Su,

& Lee, 2010). In further studies, GA solutions for VSBP problems with conflicts can be reinforced
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with mutation operators, and tested with adoption of different crossover operators. Furthermore, the

efficiency of genetic models for VSBP problems can be enhanced with the use of heuristics.
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There are many examples of such non-clearing markets. Mostly, these are regulated

markets, that is, the price is determined by a central authority.

The agricultural sector such as the hazelnut market provides a typical example. For political
reasons, the markets in this sector are usually regulated and because of these regulations, the
demand and the supply may not be equal. In fact, there is usually an excess supply. For example,
in hazelnut market, the prices are determined by the government and as a result, there is usually
an excess supply. For example, in Turkey, the government sets a maximum amount of production
for each farmer and up to that amount, it purchases all the supply. The public health sector provides
another example. The prices of public hospitals are determined by a central authority and by law,

the hospitals have to attend all the patients even though there is usually excess demand.

The main question is the following: in such markets, how should a central authority design
a mechanism (hereafter, a trade rule) that determines the trade? In this paper, we characterize trade

rules satisfying some good properties.

In our model, there is only one commodity to be traded. There are differentiated sets of
buyers and sellers. We assume that buyers have single peaked preferences on their consumption
of the commodity. This assumption is derived from a general assumption that buyers have strictly
convex preferences on consumption bundles. Similarly, we assume that sellers have single peaked
preferences on their production of the commaodity. This is also derived from a general assumption

that the sellers have strictly convex production sets.

A trade rule maps each economy to a feasible trade. In our model, it is made up of two
components: a trade-volume rule and an allocation rule. The trade-volume rule determines the
trade-volume that will be carried out in the economy and thus, the total consumption and the total
production. Then, the allocation rule allocates the total consumption among the buyers and the

total production among the sellers.

A trade-volume rule takes single peaked preferences of the buyers and sellers and it
determines the trade-volume. When there are only one buyer and one seller in our model, this is
like determining the level of public good production level when agents have single peaked
preferences. In this sense, our model is related to (Moulin, 1980). However, when there are more
than one buyer or seller, our model is more complicated because of the interaction or buyers and

sellers.
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An allocation rule takes the single peaked preferences of the buyers and sellers and also
the trade volume and it allocates this volume among buyers and sellers. This problem is extensively
analyzed by (Sprumont, 1991) who proposed and analyzed a “uniform rule” which later became a
central rule of that literature (for example, see (Dagan, 1996), (Ching, 1992, 1994), (Thomson,
1994)). Since we analyze markets with multiple buyers and sellers, our domain is an extension of

Sprumont's domain.

Our model is also related to (Thomson, 1995) and (Klaus, Peters & Storcken, 1997, 1998).
They analyze the reallocation of an infinitely divisible commodity among agents with single
peaked preferences and individual endowments. Suppliers are the agents whose endowments are
greater than their peaks and demanders are the agents whose endowments are less than their peaks.
Note that, in their model the suppliers and the demanders are not differentiated. A supplier by
misrepresenting his preferences can turn into a demander or a demander can turn into a supplier.
In our model, however, buyers and sellers are differentiated. This difference has important
implications over the properties analyzed. For example, fairness properties are much weaker in
our model since they only compare agents on the same side of the market. Also, in our model the

agents do not have exogenously given endowments.

The following papers study the design of a mechanism that determines the trade in
nonclearing markets. (Bénassy, 2002) analyzes nonclearing markets and the following properties:
Pareto optimality, voluntary trade, and strategy proofness. However, he does not study designing
a mechanism satisfying those properties. He rather uses a trade rule that clears the short side of the

market and uniformly rations the long side of it.

(Barbera & Jackson, 1995) analyze allocation of goods in exchange economies with a finite
number of agents and commodities. Each agent has a positive endowment of the commaodities and
a continuous, strictly convex, and monotonic preference relation on his consumption. The authors

look for strategy proof rules that facilitate trade in this exchange economy.

Our model is closely related to (Kibris & Kiigiiksenel, 2009). They analyze a class of trade
rules each of which is a composition of the Uniform rule with a trade-volume rule that picks the
median of total demand, total supply and an exogenous constant. They show that this class
uniquely satisfies Pareto optimality, strategy proofness, no-envy, and an informational simplicity

axiom called independence of trade-volume.
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In all these papers, the authors analyze markets with a fixed population. In this paper, we
allow the population to be variable and analyze the implications of these population changes. We
introduce a class of Uniform trade rules each of which is a composition of the Uniform rule and a
trade-volume rule. We axiomatically analyze Uniform trade rules on the basis of a property
concerning variations of the population, namely, consistency and standard properties such as
Pareto optimality and no-envy, and an informational simplicity property, strong independence of

trade volume.

Our main objective in this paper is to understand the implications of an important property,
consistency that is about the possible variations in the number of agents. Informally, a rule is
consistent if any recommendation it makes for an economy always agrees with its
recommendations for the associated reduced economies obtained by the departure of some of the
agents with their promised shares. Consistency has been analyzed in many contexts such as
bargaining, coalitional form games, and taxation (for a detailed discussion, see our Model).
Consistency, however, is not well-defined for closed economies. Therefore, we analyze a specific
type of an open economy by allowing possible transfers to/from outside the economy (for a
detailed discussion, see our model).

We show in Theorem 1 that a particular subclass of Uniform trade rules uniquely satisfies
consistency together with Pareto optimality and no-envy. Next, we add strong independence of
trade volume to the list and characterize a smaller subclass that satisfies those properties. We note
that each member of this subclass either clears the short side or the long side of any given market.

The paper is organized as follows. First, we introduce the model and then we analyze the

implications of consistency.
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Il. MODEL

There are countable infinite universal sets, B of potential buyers and § of potential sellers.
LetB NS = @. There is a perfectly divisible commodity that each seller produces and each buyer
consumes. Let R, Dbe the consumption/ production space for each agent. Let R be a preference
relation over R, ;. and P be the strict preference relation associated with R. The preference relation
R is single-peaked if there is p(R) € R, , called the peak of R, such that for all x,y € R,,, x <
y < p(R) or x >y > p(R) impliesy Px. Each i € Bn § is endowed with a continuous single-
peaked preference relation R; over R, . Let R denote the set of all continuous and single-peaked

preference relationson R, ..

Given a finite set B ¢ B of buyers and a finite set S ¢ § of sellers such that either B # @
orS # @, let N = B US be asociety. Let V' be the set of all societies. A preference profile Ry for
a society N is a list (R;);en Such that for eachi € N, R; € R. Let RN denote the set of all profiles

for the society N. Given N’ ¢ N and Ry € RN, let Ry, = (R))ien, denote the restriction of Ry

to N'.

A market for society N = BU S is a list (Rg, Rg, T) where (Rg,Rg) € RN is a profile of
preferences for buyers and sellers and T € R is a transfer. Note that T can both be positive and
negative. A positive T represents a transfer made from outside. Thus, it is added to the production
of the sellers and together they form the total supply. On the other hand, a negative T represents a
transfer that must be made from the economy to the outside. Thus, it is considered as an addition

to the total demand.

Given a market (Rg, R, T) for a society N = B U S, a (feasible) trade is a vector z € RY,
such that Y5z, = Y.szs + T. Let Z(Rg, Rg, T) denote the set of all trades for (Rg, Rg, T).

There are two special subclasses of markets.

A market (Rg,Rg, T) is a just-buyer market if B #= @ and S = @. For such markets, the
feasible trades are as follows: If T >0, Z(Rg, R, T) ={z€RE,: Y5z, =T}. f T<O,
then Z(Rg, Rg, T) = @. This s trivial because if there is no seller, all the agents are demanders, and
thus, the supply is zero. Thus, if the outside transfer is positive, it would be equal to the total supply

and it is divided among the buyers. However, if there is a negative transfer (that is, a transfer must
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be made to outside), since there is no seller, the transfer cannot be realized. Thus, in that case there
is no trade. Similarly, if there is no outside transfer, then the total supply is zero. Thus, there is

again no trade.

A market (Rg, Rg, T) is a just-seller market if B =@ and S # @. For such markets, the
feasible trades are as follows: If T < 0, Z(Rg,Rs, T) = {z € R}, : Nz + T = 0}. If T > 0, then
Z(Rg, Rs, T) = @. The explanation is similar to above. Note that just-buyer markets and just-seller
markets mathematically coincide with the allocation problems analyzed by (Sprumont, 1991).

Thus, his domain is a restriction of ours.

Since the markets with no feasible trade are trivial, we restrict ourselves to the set of
markets for which the set of trades is nonempty. Let M'N = {(Rg, R, T): (Rg,Rs) € RN, T €
R,and Z(Rg, Rs, T) # @} be the set of all markets for society N = B U S and let be the set of all

markets.

]V[=U]V[N

Let Mz = {(Rg,Rs,T) EM:B + @, S=@,and T > 0} be the set of just-buyer markets and
Ms = {(Rg,R5,T) EM:S + @, B=0,and T < 0} be the set of just-seller markets.
Let h(Rg, Rs, T) denote the short side of the market (Rg, Rg, T), that is,

B, XsP(Rp) < Xsp(Rs) + T,
S, XsP(Rs) + T < Ypp(Rp)-

h(Rs, Rs,T) = {
Atrade z € Z(Rg, R, T) is Pareto optimal with respect to (Rg, R, T) if thereisno z' €
Z(Rp,Rs, T) such that for alli € BU S, z/ R; z; and for some j € BU S, z; P; z;. The following
lemma shows that in our framework, Pareto optimality is equivalent to the following three
properties: (i) each agent in the short side of the market receives a share greater than or equal to
his peak, (ii) each agent in the long side of the market receives a share less than or equal to his
peak, and thus (iii) the total consumption is between the total supply and the total demand. Its
proof is simple, see (Kibris & Kiigiiksenel, 2009).
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Lemma 1. For each BUS € N and (Rg, Rs, T) € MBYS, a trade z € Z(Rg, R, T) is Pareto
optimal with respect to (Rg, R, T) if and only if for K € {B, S}, h(Rg, Rs,T) = K implies

Q) foreach k € K, p(Ry) < z,
(i)  foreachl € N\K, z; < p(Ry),

(i) Tpz, = {ZBP(Rb) _if h(Rg, R, T) = B,
Xsp(Rs) + T if h(Rp,Rs,T) =S.
A trade rule first determines the volume of trade that will be carried out in the economy
and therefore, the total production and the total consumption. Then, it allocates the total production
among the sellers and the total consumption among the buyers. Before defining a trade rule, we

will first define a trade-volume rule.

A trade-volume rule Q: M — RZ%, associates each market (Rg, Rs,T) with a vector
Q(Rg,Rs, T) = (Q5(Rg, R, T),Qs(Rg, Rg, T)) whose first coordinate, Qgz(Rg, Rs, T) is the total
consumption of the buyers and the second coordinate, Qg (Rg, R, T) is the total production of the
sellers. Note that, for each market (Rg, Rs,T) and a trade-volume rule Q, Qg (Rg,Rs, T) =
Qs(Rg, Rs, T) + T. Thus, the volume of Q5 determines the volume of Q. Therefore, with an abuse

of notation, we will sometimes call Qy a trade-volume rule.

In a market in which there are only buyers, the transfer is divided among the buyers. Thus,
the total consumption is equal to the transfer. In a just-seller market, however, the sellers produce
an amount that corresponds to the transfer. Thus, in that case, the total production is equal to the

absolute value of the transfer.

Let V be the set of all trade-volume rules. Let V[shortlong] ha the set of trade-volume rules,
Q each of which chooses a trade-volume between the total demand and supply of the market, that
is, for each market (Rg,Rg, T), Q(Rg, R, T) € [Xgp(Rp), Xsp(Rg) + T].

The following subclass of VIshortlongl || be used extensively in rest of the paper. Let
P{shortlong} e the set of trade-volume rules, Q each of which alternates between picking the total

demand/supply of the short and the long side of the market, that is, for each market
(Rp,Rs, T), Q(Rp, Rs, T) € {Xpp(Rp), Xsp(Rs) + T}
An allocation rule f: Uye2zua5y 0y RY ¥Rt = Unezsuzsy gy Ri+ allocates each trade

volume among buyers and sellers in such a way that for each N € (22 u 29)\{0}, Ry € R", and
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w E R, ., X fi(Ry,w) = w. For example, uniform rule, U, introduced by (Sprumont, 1991) is
very central in the literature. In our paper, also, it will be used extensively. Formally, it is defined
as follows: for each N € (28 U 25)\{0}, Ry € R¥,w € R,,,and i € N,

(min(p(RD, 2}, if ) p(RY=w

Ul'(RNfW) = N

| mate®Ow,if > pR)<w
N

where A and u are uniquely determined by the equations, )y min{p(R;),A} =w and
Yyvmax{p(Ry),u} = w.

A trade rule F: M — Upenr Z(M) is a composition of a trade-volume rule Q and an
allocation rule f: F=foQ. More precisely, for each market (Rg,Rs, T) and K € {B,S},
Fk(Rg, Rg, T) = f(Rg, Qx(Rg, Rg, T)). A trade rule, F = U o Q, that is composed of the uniform
rule and a trade-volume rule Q is called the uniform trade rule with respect to Q. (Kibris &
Kiigiiksenel, 2009) characterize a particular class of uniform trade rules for which Q is the median

of total demand, total supply, and an exogenous constant.

Now, we introduce properties of a trade rule. We start with efficiency. A trade rule F is
Pareto optimal if for each (Rg, Rg, T) € M, the trade F(Rg, Rg, T) is Pareto optimal with respect

to (Rg, R, T). Pareto optimality of an allocation rule is defined in a similar way.

Now, we present a fairness property. A trade is envy free if each buyer (respectively, seller)
prefers his own consumption (respectively, production) to that of every other buyer (respectively,
seller). A trade rule satisfies no-envy, if it always chooses an envy free trade. Formally, a trade
rule satisfies no-envy if foreach N = (BuS) € V', (Rg,Rs, T) € MN, K€ {B,S}, and i,j € K,
Fi(Rg, Rs, T) R Fj(Rg, Rg, T). Since in our model the agents on different sides of the market are

exogenously differentiated, this property only compares agents on the same side of the market.

Next, we present a property concerning variations in the number of agents. It is an
adaptation of the standard consistency property to our domain. To explain consistency, consider a
trade rule F and a market (Rg, Rg, T). Suppose that F chooses the trade z. Imagine that some buyers

and sellers leave with their shares they have been already assigned. This leads to a reduced market
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that the remaining agents are now facing. Consistency is about how the remaining agents' shares
should be affected in this reduced market. If F is consistent, it should assign to them the same
shares as in the initial market. However, without a transfer from outside, the recommendation for
an economy may not be feasible for its reduced markets. This is one reason we consider open
economies. This practice is similar to the analysis of consistency in economies with individual
endowments (see (Thomson, 1992)). This leads to a reduced problem in which the remaining
agents, (B’ U S") are now facing an updated transfer from T to T — 2B\B/ Zb T Xs\s/ Zs. FOormally,
given a trade rule F, for each N = (BUS) € NV, (Rg,Rs, T) e MN,and N’ = (B'US’) €N, a
reduced market of (Rg,Rs, T) for N' at z = F(Rg,Rs, T) is rg,(Rg, Rs, T) = (R, R/, T —
Y\B' Zb + Xs\s’ Zs). A trade rule F is consistent if foreach N = (BU S) € V', (Rg, Rs, T) € MY,
and N’ = (B’ US") € N, ifz = F(Rg, R, T), then zy, = F(r% (Rg,Rs, T)).

Consistency of a trade-volume rule can be defined in a similar way. It is about how the
trade volume should be affected in the reduced market. If the trade-volume rule is consistent with
respect to F = f - Q, then the trade volume in the reduced market should be the total consumption
of the remaining buyers in the initial market (or equivalently, the total production of the remaining
sellers in the initial market). Formally, a trade-volume rule Q is consistent with respect to F =
foQifforeachN=(BUS) €N, (RgRs,T) e MN, N'=(B'US") € Nandz = F(Rg,Rs, T),

Q (rlzq,(RB, RS,T)) = Y Zp, if B' = @ and Q (rlz\l,(RB, RS,T)) = Y5, Zs, Otherwise.

Lastly, we present the following informational simplicity property. Strong independence
of trade volume requires the trade volume rule only to depend on the total demand and total supply
but not on their individual components and the agents' identities. Formally, Q satisfies strong
independence of trade volume if foreachN = (BUS) e ', N' = (B’ US’) € IV, (Rg,Rs, T) €
MY, (Rg,Rs, T) € MY, ¥pp(Ry) = g P(Ry), and  Xsp(Rs) = Xs,p(Ry)  imply
Q(Rg,Rs, T) = Q(Rp,, Rg,, T).
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I11. RESULTS

The following theorem shows that the subclass of Uniform trade rules F = U o Q where
Q € plshortlong] js consistent with respect to F uniquely satisfies Pareto optimality, no-envy and

consistency.

Theorem 1. A trade rule F = f o ) satisfies Pareto optimality, no-envy, and consistency if and

only if f = U and Q satisfies the following:

(I) Qe V[short,long]

(i) Q is consistent with respect to F.

Next, we add strong independence of trade volume to the list and we show in Theorem 2

that under strong independence of trade volume, the subclass of Uniform trade rules, F = U~ Q
where Q € pishortlong} apq O is consistent with respect to F uniquely satisfies Pareto optimality,
no-envy and consistency.
Theorem 2. Let Q € V satisfy strong independence of trade volume. A trade rule F =fo(Q
satisfies Pareto optimality, no-envy, and consistency if and only if f = U and Q satisfies the
following:

(i) Q € Pishortiong)

(i) Q is consistent with respect to F.
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IVV. CONCLUSION

We analyze markets in open economies in which price is fixed and as a result the demand
and the supply are possibly unequal and the population is variable. We characterize trade rules
with respect to consistency property. We show that these rules either clear the short or the long
side of the market.

In addition to consistency, there are other properties about population variation. Our next
study will be the analysis of the other properties related to population variation, such as population

monotonicity.

Another open question is the weakening of strong independence of trade volume. This
property requires the trade volume rule to depend only on the total demand and total supply but
not on their individual components and the agents’ identities. One can study the implications of a

weaker property which only relates two problems with the same set of agents.
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APPENDIX

To prove Theorem 1, we use the following two lemmas. The first one analyzes the
relationship between the properties satisfied by a trade rule F = f o Q and its component f. It shows

that Pareto optimality, no-envy, and consistency satisfied by F passes on to f.

Lemma 2. If a trade rule F = f o Q satisfies one of the following properties, then f also satisfies

that property: Pareto optimality, no-envy, and consistency.

Proof. First, suppose for a contradiction F = f o Q satisfies Pareto optimality whereas f does not.
Then, there is K € (28 U 2%) \ {@}, Rk € R, and w € R, such that f(Rg, w) is not Pareto
optimal with respect to (Rg,w). Then, there is z € RX, such that for each k€K,
Zx Ry fx(Rg, w), for some 1 € K, z P, fj(Rg, w), and Y kz, = w. First, suppose K € B. Then,
consider (R, T) € My such that T = w. Note that F(Rg, T) = f(Rg, Qs(Rg, T)) = f(Rg, T) =
f(Rk, w). Then z also Pareto dominates F(Rg, T), a contradiction to F being Pareto optimal. If K ©
S, then consider (Rg, T) € Mg such that T = —w. Note that, F(Rg, T) = f(Rg, Qs(Rk, T)) =
f(Rg, —T) = f(Rg, w). Then z also Pareto dominates F(Rk, T), a contradiction to F being Pareto
optimal. The other properties can be proved similarly.

The second lemma is by (Dagan, 1996) on the allocation rule f. Bilateral consistency is a
weaker consistency property restricted to subsocieties containing exactly two agents. For its proof,
see (Dagan, 1996).

Lemma 3. (Dagan, 1996) If the potential number of agents is at least 4 and if an economy consists
of at least 2 agents, then f satisfies Pareto optimality, no-envy, and bilateral-consistency if and
only if f = U.

Proof. (Theorem 1) The if part is straightforward and thus, omitted. The only if part is as follows.
Since F satisfies Pareto optimality, no-envy, and consistency, by Lemma 2, f also satisfies those
properties. Then, by Lemma 3, f = U. (For markets with only one buyer or one seller, all the

allocation rules choose the same allocation.)
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Now, letN = (BUS) € V', (Rg, R, T) € MNand (B’ US") € N besuchthat N’ = (B’ U

SYS (BUS). Let z=F(Rg,Rg, T) and z' = F (rﬁ,(RB, RS,T)). Since F is consistent, for each

i € N', 2] = z;. Then, by the definition of 0, 0 (1% (Rg,Rs, T)) = S, 2}, = T, 2y, Thus, Q is

consistent with respect to F.
To prove Theorem 2, in addition to lemmas 2 and 3, we need the following lemma. It shows

that for Pareto optimal rules, a reduced market has the same short side as the original.

Lemma 4. Let F be a Pareto optimal trade rule. Then, for each N = (BUS) € IV, (Rg,Rs, T) €
MN and N’ = (B’ US’) €N, if z = F(Rg, Rg, T), then we have

B,  if h(Rg Rs, T) =BandB' # 0,

7z —
h(ry'(Rg,Rs, T)) = {S’, if h(Rg,Rs, T) =SandS’ # 0.

Proof. LetN=(BUS)EN, (Rg R, T)eMN, and N =(B'US)SN. Letz=
F(Rg, R, T). First, suppose h(Rg, Rg, T) = B and B’ # @. Since F is Pareto optimal, z is Pareto
optimal with respect to (Rg, Rg, T). Then, by Lemma 1, for each b € B, p(R},) < z, and for each
s €S, z; < p(Ry). Then,

Z Zy +Zp(Rb’) < Zzb
B/

B\B/ B

= ZZS-FT

S

< Zp(Rsr) + Z 2 +T.
Sr

S\S/

That is, Yp'P(Ry) < Xs'P(Ry) + T — Yp\p'Zp + Xs\siZs. Note that 1y (Rg,Rs, T) =
(Rg, Ry, T) forT' =T — 2B\B'Zb T Xs\s/Zs- Thus, ¥g'p(Ry) < Yp(Ry) + T'. Therefore,
h(ry/(Rg, Rs, T)) = B'. The proof of the other case is similar.

Proof. (Theorem 2) The if part is straightforward and thus, omitted. The only if part is as follows.

Since F satisfies Pareto optimality, no-envy, and consistency, by Theorem 1, F = U o Q where Q €
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plshortlongl and () s consistent with respect to F. Now, by using strong independence of trade

volume, we will show that € P {shortlong},

For this, letN = (BUS) € NV, (Rg,Rs, T) € M'N. First, assume that h(Rg,Rs, T) = S.
Leta = ¥p(Ry), d =Ysp(Ry) + T andc = Q(Rg, Rs, T). Since € plshortiongl "¢ e 14 a].
Suppose for a contradictionc € {a,d}, that isc € (d,a). Let e€ R, be such that& <

¢ 2(a-c) 2(n—-1)(c-d)
mi {n (n-2) ’ (m-1)(n-2)

} Also, let m,n € N be such that n > 3 and m > max {3,;%1}.

Let (Rgr,Rg/, T) € MB'US" be such that |B’| = n, |S’| = m and

p(Rb ) =577 & p(Rb ) - p(Rb;I) = ﬁ_ n(nc_l) +ﬁ’
_ s(m 1)(n-2) _ c g(m-3)(n—-2)
p(R; ) __E 2(m-2)(n—1)’ p(R 52) m-1 m m(m—1)+2(m—2)(n—1)’
_ . — _ . d T c g(n-2)
p(ng) - p(Rsin) “m-1 m m(m-1) - (m-2)(n-1)

Also, let (Rg,, Rs,, T) € MB'US" be such that

p(Ry) =55 P(Ry) = oy~ Sos
p( ) (R'ba) —
p(R S,) (R;;n) —— ==y

Note that by the choice of € and m, for eachk’ € (B’ US"), p(Ry) = 0 and p(R}/) = 0. Also,
Y P(Ry) = Ypp(Ry) =a and Ygp(Ry) = Ygp(RL) = d — T. Then, by independence of
trade volume, Q(Rg/, Ry, T) = Q(Rp,, Rs, T) = c.

For eachK € {B',S'}, let zx = Fx(Rp, Ry, T) = U(Rg, ¢) and z = Fx(Ry, Ry, T) =

URRi,c). Since for eachi=2,-,n, p(Ry) < ﬁ <p (Rb{), p (R{),l) < i <p (R’b{), and

(nil)(c_ p( )) < p( f),we have

Zbl_p(Rb)_ EZb _(n 1)( _p(R 1)):§+E’
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7y = p(Ryy) = S-Sand 7y = 25 (- p(Ryy)) = S+ o5

Since for each = 2, -- p( )<—< p(Ry:), p( )<—<p( ,),and 1)(c—

T— p(Ry,)) > p( ,),wehave

_ _c_ T, smH@-2) 1 T N =< _T__ew-2)
Zsi_p(R) m 2(m 2)(n-1)’ ZSi=(m—1)(C T p(Rsl))_m m  2(m-2)(n-1)’

U rY_ ¢ T, em-1)(n-2) ! 1 o ' _¢c T  en-2)
Zsp = P (Rsll) T m m + (m-2)(n-1)’ Zsi, (m-1) (C T-p (R5’1) ) " m m  (m-2)(n-1)

2(m-n)c _ 3(m-2)e
mn 2(n-1)

Now, let T' = % + and consider the following two reduced problems:

) fopgers RenRsn T = (Rpy, Ry, Ry, Ry, T)

(||) r{Zéll‘b;‘Sll'S;}(R;g,, R’Sl' T) = (R,brl, R,bé' Rlsll' R,SE’ T’)
Note that, p(Rbrl) + p(Rb;) p (R ) + p( ) and (Ry ) + p(Ry ) =p (R'Sll) + p (R'S;).
Then, by strong independence of trade volume, Q <r{Zb,1’b;’S,1 s;}(RB"Rs';T)> =
Q(r{zba,b;,sa,s;}(R%”R,S"T))' By consistency, fori =12, Fy (r{zb;,b;,s;,s;}(RB"RS"T)> = 2,

z! ’ / o
and Fb; <r{b/1‘b;‘sll'sé}(RB,, Rs,,T)) = Zb{'

s(z n)

Then, Q (r{Zbll,bé,Sll_sg}(RB,’ RS" T)) = Zbl1 + Zb; = — + and Q (r{b, bl 51 2}(RBI, RS" T))

’ ro_2c €(2—n) 7z 2 , ,
Zb/1 + Zbé =5 + 2(—1)’ ThUS, Q (r{blpbé.salsé}(RB,' RSI,T)) * 0 <r{ba,bé,5,1,sé}(RB" RSI,T)>, a

contradiction. Thus, Q(Rg, Rs, T) € {3gp(Ry), Xsp(Rg) + T}.
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I. INTRODUCTION

The rapid development of globalization and technology has brought a climate of
constantly increasing competition for businesses. Enterprises seeking to achieve their objectives
within this competitive environment have tried to develop advantageous features that serve the
ultimate purpose, such as increasing income, decreasing costs, improving customer satisfaction
by providing coordination of internal functions. In order to achieve all these goals, beyond the
internal functions, it has become necessary for enterprises to effectively coordinate with their
stakeholders and the concept of supply chain has been shaped. Enterprises seeking competitive
advantage have been involved in supply chains where the material, information and financial

flows from first supplier to the last consumer have been coordinated.

In addition to material and information flows in the supply chain, a financial flow occurs
from last customer to first supplier and management of this flow is described as financial supply
chain management. One of the most important decisions to be made within the financial supply
chain is to identify the financing methods to be used. Commercial financing methods such as
commercial loans, factoring, letter of guarantee etc. have been used for a long time in the

financing of the exchange of goods and services between the parties in the supply chain.

Especially after the 2008 global crisis, financial difficulties of financial institutions have
affected credit markets. The activities of particularly small and medium-sized enterprises with
low credit worthiness in the supply chains have come to a halt. Problems experienced in one or
several of the stakeholders within the supply chain can affect the performance of the entire
chain. For this reason, large enterprises with high credit ratings in the chain have concentrated
on new financing methods to sustain the chain's efficiency. Supply chain finance has also gained
popularity as a method based on a win-win principle in which large firms with high credit
ratings provide low-cost credit to small firms in supply chains. The aim of efforts made by
enterprises either individually or in coordination within the supply chains is to maximize the
shareholder value. For this reason, the main factor in determining the financing methods used
in the financial supply chain should contribute to the shareholder value. Supply chain finance
is a method based on a win-win principle and a positive effect on firm value of suppliers, buyers
and financial institutions included in the method is expected from supply chain finance. The
purpose of this study is to determine the impact of supply chain finance on firm value of large
buyers with a high credit rating which makes supply chain finance available for suppliers. In

this study, which is aimed to achieve the stated purpose, firstly all aspects of supply chain
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financing have been covered and then the effect of supply chain finance on firm value of large

buyers with high credit worthiness has been analyzed by empirical implementation.

1. NEED FOR SUPPLY CHAIN FINANCE

Supply chain finance is a method aimed providing low-cost and easily accessible
financing to small and medium-sized suppliers. The emergence of this method is based on the
support of small and medium-sized enterprises (SMEs) for the sustainability of the supply chain
by large buyers. For this reason, before disclosing the supply chain finance, revealing SMESs'

priorities for the country's economies and their financial problems is beneficial.

In many developed and developing countries, SMEs are one of the most important actors
in the economic system with employment creation, added value creation, investment and export
shares (Torlak & Uckan, 2005). For example, Turkey in 2012, 99.8% of the total number of
initiatives, 75.8% of employment, 54.5% of wages and salaries, 63.3% of turnover, 54.2% of
value added at factor cost and 53.2% of gross investment in property is created by SMEs (TUIK,
2014).

Although SMEs have importance for their country's economies with characteristics such
as more production and products with less investment, encouraging individual savings,
minimizing distortions in income distribution, easier adaptation to demand changes and
diversity (Bayraktar & Kose, 2004), they face serious problems. Financial problems are one of
the most fundamental problems which SMEs encounter in their operational processes. The main
financial problems faced by SMEs are concentrated on access to financing and financing costs
(Atay, 2012). In a survey conducted among the administrators, for 40% of SMEs in Cyprus,
32% in Greece, 23% in Spain and Croatia, 22% in Slovenia, 20% in Ireland, Italy and the
Netherlands, , 9% in Poland, 8% in Germany and 7% in Austria, the most important problem is
access to funding sources (Ipsos Mori, 2013). As seen in Figure I, SMES' share of commercial

loans provided by financial institutions is rather low for many countries.
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Figure 1. SMEs’ Share of Commercial Loans and Guarantees

Source: OECD (2014), Financing SMEs and Entrepreneurs 2014: An OECD Scoreboard, Retrieved From
http://www.keepeek.com/Digital-Asset-Management/oecd/industry-and-services/ financing-smes-and-
entrepreneurs-2014_fin_sme_ent-2014-en#pagel, 18.08.2014.

Another alternative fund source for SMEs is capital markets. However, it is seen that
SMEs cannot provide sufficient funds from capital markets. The main reasons for this are as
follows: SMEs are generally family companies and are worried about losing control, they do
not want to bear the cost of opening up to the public and they are very small companies and
have insufficient organizational structures, accounting systems and unrecorded transactions
(Kutlu & Demirci, 2007).

In addition to the problem of access to finance in SMEs, the high costs of resources are
another financial problem. It is inevitable that SMEs will have a higher cost of financing due to
their generally higher risk than large enterprises. The investor expectation that expresses the
equity cost for the company will be higher in SMEs. Similarly, financial institutions set higher

interest rates for SMEs.

The difficulties of SMEs to access financing in terms of equity and foreign resources
and the high cost of financing make trade finance more important. For this reason, the classical
methods used in trade financing such as factoring, forfaiting, letter of credit and letter of
guarantee constitute the alternatives that should be evaluated for SMEs. Although the
mentioned methods offer advantages, they bring with them some disadvantages. As a result,
supply chain finance as a new and innovative financing method is academically and practically

gains importance.
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I11. SUPPLY CHAIN FINANCE

In traditional factoring transactions, the borrower that is the buyer and will make the
payment at the maturity is not a party to the contract. The borrower does not provide any
guarantee for the payment to the factor. The party that is the client of the factor is the supplier.
For this reason, it is the supplier that determines obtaining of finance and the cost of the
transaction. In the case of supply chain finance, which is also expressed as reverse factoring or
supplier financing, the initiator of the method becomes the debtor company. Debtor companies
agree with one or more financial institutions to discount their debt to suppliers. Bills that are
requested by the supplier and approved by the company to be within a certain limit are

discounted with the help of a technology platform (Tanrisever, 2015).

On the basis of the supply chain finance is the willingness of buyers with a high credit
rating to make these capacities available to their suppliers. Large buyers with strong financial
structure and high creditworthiness offer this method as an alternative to their suppliers in order
to make it easier to finance them and obtain lower financing costs. The large buyer agrees with
one or more financial institutions to discount their debts to suppliers. The supplier carries out
the delivery of the goods or services to the big buyer and transmits the bill to the buyer through
the technology platform shared by the buyer, supplier and financial institution. After the buyer
confirms the invoice, the supplier selects the invoices to be discounted through the system and
the financial institution discounts the invoice. The discounted amount is paid by the financial
institution to the supplier, and at the maturity, the buyer, in other words the debtor pays the
invoice amount to the financial institution (Vervoort, 2012). The process of supply chain

finance is shown in Figure I1.
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Figure 11. The Process of Supply Chain Finance

Source: PwC (2009), Demystifying supply chain finance, Retrieved From
http://www.pwc.com/us/en/issues/surviving-the-financial-downturn/assets/supply_chain_finance.pdf, 20.05.2015

In factoring, the receivable portfolio of a supplier to be paid by more than one buyer is
discounted by a single factor. In fact, the factor is to discount the supplier's receivables from
more than one customer in order to diversify the risk of collecting, so that if one does not pay
the debts he wants to secure the receivables from other debts. However, this risk diversification
requires the question of creditworthiness and the measurement of credit risk for more than one
debtor. In supply chain finance, the factor is concentrated on a single borrower. Therefore, the
identification of the credit risk becomes easier and more reliable. In addition collateralization
is possible if necessary because of the fact that the factor is the creditor of the buyer. In the
supply chain finance, the factor concentrates on the debt of a single company with a strong
financial structure. Enterprises that are buyers in the supply chain finance are firms with high
credit ratings and they give guaranty to the factor. Therefore factors are not willing to undertake
any payments from suppliers that are at a higher risk group, namely an irreversible factoring
process is carried out. In addition, when the borrower has a high credit rating, the cost of
discounting become lower and suppliers with low credit ratings can provide financing at a lower
cost by taking advantage of high credit ratings of customers (Klapper, 2006). Supply chain
finance which is one of the buyer-centered financing methods and which is expressed in the
form of inverse factoring or supplier financing; serve several advantages to suppliers, buyers

and financial institutions. Advantages to buyers are discussed below in detail.


http://www.pwc.com/us/en/issues/surviving-the-financial-downturn/assets/supply_chain_finance.pdf
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I11.1. Effect of Supply Chain Finance on Large Buyers with High Credit Worthiness

Supply chain finance is a system based on win-win principle. For this reason, it is
expected that the financing-generating (large) and financing-enabled (small) enterprises in this
financing process will be positively affected. Also, financial institutions that provide financing

should also have positive effects that will enable them to participate in this process.

It is clear that supply chain financing will have a positive effect on the big buyer
companies. Otherwise, these companies will not launch such a system. The first of the expected
positive effects can be realized as an extension of payment periods. Large firms that work with
suppliers with limited financing capabilities will need to make payments in a shorter period of
time to meet their suppliers' expectations. However, it is possible that large firms that make
supply chain finance available to their suppliers will be able to offer a longer maturity, as they
enable suppliers to access finance soon. For this reason, large firms using supply chain finance
can expect shortened cash cycle period due to the prolonged average commercial debt

repayment period (Lamoureux & Evans, 2011).

The use of supply chain finance will increase the pay-out times of large firms, thus
shortening the cash cycle period will limit the need for working capital. So it may be possible
to reduce the working capital without increasing the risk of liquidity. Thus, liquidity ratios such
as current ratio, acid-test ratio and cash rate can be decreased in these firms and by keeping net
working capital at a smaller level net working capital turnover rate can be increased. In a study
conducted with the participation of senior executives of 23 large firms using supply chain
finance, it was observed that the use of this financing method resulted in an average reduction
of 13% in working capital of large firms (Seifert & Seifert, 2009). Another reason why liquidity
ratios are affected is the fact that firms' working capital decreases while their short-term debt
rises due to the increase in the term. In addition, due to the increasing short-term borrowing,
firms' capital structure will be different and short-term debts, which have cheaper cost, will

reach a greater weight on the balance sheet.

The use of supply chain finance in payments to be made by large firms has resulted in a
decrease in the financing costs of small firms as well as a similar profitability effect for large
firms. For example, $ 1 million trade of a large company with a 45-day normal payout period
with its supplier can be examined. Three different scenarios were created under the assumption
that the financing cost of the large buyer with a 45 day normal payment period is LIBOR + 1%
thanks to its higher credit rating, the supplier’s financing cost is LIBOR + 4%, the LIBOR is
0,65%, when the supply chain financing is applied, the supplier discount bills on the 10th day
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with LIBOR +%2. In the 45-day payment system the supplier costs $ 5813 financing costs for
this period and the bigger firm with a 75 days cash flow cycle bears to $ 1375 financing costs.
The bigger company can reduce its own financing costs to $688 by increasing its payment
period by 15 days to 60 days, but in this case the financing cost of the supplier increases to
$7750. Therefore, it is inevitable that the excess cost of the supplier will be reflected to the
bigger company. In the third scenario, when the maturity is extended by using supply chain
financing, the cost of the large company will be reduced to 688 USD, also the financing cost of
the supplier will be reduced to 4973 USD (Frohling, 2012). As it can be seen in this example,
supply chain finance can decrease the financing cost of the large company, which can have a
positive impact on profit before tax. In addition, a reduction in administrative expenses related
to payments can support this result. Potential increase in profit before tax may lead to an

increase in profitability measures such as return on equity and return on assets.

Another advantage of supply chain finance can be seen as a decrease in costs. Small
firms using supply chain finance will be able to source with lower financing costs, so they will
be able to offer cheaper prices for products or services they will sell (Revathi, 2013). In addition,
providing fast and inexpensive access to financing for suppliers will make the firm an attractive
market for uncomprehended suppliers and create a competitive environment among suppliers.
These conditions will have a positive effect on the cost of sales of large firms and will increase
the gross sales profitability.

Big firms working with suppliers with limited financing capabilities may not be able to
use these suppliers more with their current maturity policies when they want to increase their
operating volume. It may not be possible to increase their activity volumes for suppliers who
have difficulty in accessing financing. For example, Caterpillar, the world's leading
manufacturer of building equipment, faced that when it wanted to increase its production in
2010, the top 500 suppliers could not respond to this demand due to their financing difficulties
(Steeman, 2014). Hence, in this case large firms will have to multiply additional costs to reach
new suppliers or limit activity volume. Another alternative would be to provide fast and cheap
financing to suppliers. One of the most suitable alternatives for this can be shown as supply
chain finance. It is clear that the supply chain finance will help to increase the volume of activity
in large firms for the mentioned reason. In addition, since payment periods can be increased
when supply chain finance is used, it will be possible for firms to increase their sales volumes
by extending their collecting terms (Wohlgeschaffen, 2010).
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Large firms that offer supply chain finance to their suppliers will have created different
positive effects beyond the financial impacts indicated. In addition to contributions such as a
strong electronic payment system, increased transparency in the payment process,
strengthening of relations with suppliers, support for small and medium-sized enterprises,
which have an important place in the economy for many countries will be considered an
important activity in terms of social responsibility. Supplier financing programs developed and
supported by governments in the United States and the United Kingdom will illustrate the

importance of this social responsibility (Clarissa, 2014).

IV.EMPIRICAL ANALYSIS AND RESULTS

IV.1. Data Set

This research which examines whether large firms that make supply chain finance
available to their suppliers contribute to their value by using this method consists of two steps.
Firstly, it will be investigated whether the financial indicators of large firms that are expected
to be influenced by using supply chain finance have an effect on firm value. For this part of the
survey, 16 countries that can be accessed data from 19 countries constituting the G20 countries
were included in the data set and an index was selected from stock exchange in each country.
When the indices were determined, the number of companies included in the indices became
determinants, and the indices covering more companies were taken into the dataset. Companies
which includes the relevant index and which can be accessed financial data for the 2009-2013
period and which is not financial companies constitutes the data set. Financial companies do
not fall within the scope of the research because they are companies that provide supply chain
finance. For this reason they are not included in the data set. Data were obtained from relevant
stock exchanges and company official websites, and financial data provider databases. Table |
shows the countries included in the study's dataset, selected indices for countries and the

number of companies in the selected indices.
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Table I. Number of Companies Included in the Data Set

Not Included Not Included
Number of Company C - Number of
. ompanies .

Country Selected Index (iompa_nles Number_s Number Due Compam_es

ncluding Due to Being to Lacking of Included in

Index a Financial the Data Set

Data
Company

USA S&P 500 505 84 43 378
UK FTSE 350 353 97 45 211
France CAC 40 40 5 3 32
Italy FTSE ITALIA ALL SHARE 224 47 29 148
Germany CDAX 467 40 149 278
Japan NIKKEI 225 225 21 11 193
Canada S&P TSX COMPOSITE 250 48 36 166
Australia S&P ASX 300 297 55 70 172
Turkey XUTUM 346 98 84 164
Argentina BOLSA GENERAL 66 7 16 43
India CNX 200 200 46 23 131
South Korea KRX 100 100 17 4 79
Mexico IPC COMP MX 60 7 15 38
Russia BROAD MARKET 100 7 35 58
Brazil BOVESPA IBOV 71 10 21 40
China SSE 380 380 0 90 290

In the study, the effect of financial variables which are expected to be influenced by
using supply chain finance, on firm value of large buyers was tested at different markets. Later,
it was examined whether these variables differed in practice in companies using this funding
method. For second part of the study, large firms that started to supply chain finance were
searched for 2006-2013, as 31 of them in the USA, 5 in the UK, 1 in France, 2 in Australia, 1
in Mexico, 1 in Singapore, 3 in Turkey, 1 in Taiwan and 1 in China, a total of 46 companies
traded on the stock exchanges were identified. The independent variables used in the first part
of the research for the relevant companies were calculated for the period prior to the start of
supply chain finance (2009) and the following period (2011), and examined whether this

method of financing brought about a difference in these variables.
IV. Il. Variables

In this research which seeks to determine whether the value of large firms creating
supply chain finance is influenced by this financing, the expected effects for the large firms are
theoretically explained in Part I11.1. In order to determine the expected theoretical effects, the
variables which are indicative of these effects are defined. Thus, dependent and independent

variables of panel data analysis are determined.
IV.11.1. Dependent Variable

The dependent variable is the annual stock return, which indicates the change in the

value of the firm because in the study, it is tried to measure the level of influence on the value
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of big companies. For all companies included in the data set, by using share prices, the number
of share certificates received during the year, the number of bonus shares received and value of
right of priority between the years 2008 and 2013, five-term stock returns between 2009-

2013 were calculated. In the survey, annual returns of stocks are calculated as follows (BIST):

Fex(BDL+BDZ+1)— R*BDL+T— F, — 1

=
Feq

Gt :Return of year “t”

Ft  : The latest closing price for the year "t".

BDL : Number of rights issued during the year.

BDZ : Number of bonus share issued during the year.
R : The price of using right of priority

T  : Netdividend paid to a share during the year.

F 1 : Latest closing price of the previous year from "t"

IV.I11. 11. Independent Variables

Large businesses that make supply chain finance available to their suppliers are expected
to be influenced by this financing. These effects are described in part I11.1 of the study. In large
firms, by using supply chain finance working capital needs may decrease, short-term borrowing
may increase, the average payment period can be extended, return on equity and return on assets
may increase, gross margin may increase, financing costs may decrease and the activity volume
may be increased. It is possible to monitor these effects with specific financial ratios. Decrease
in working capital and increase in short-term borrowing results to decrease in current ratio, acid
test ratio and cash ratio and increase in net working capital turnover rate. It is expected that
extended payment period by supply chain finance provide longer average payment period and
shorter cash conversion cycle for large buyer firms. Increase in activity volume thanks to supply
chain finance results to increase in sales and assets. Expected decrease in financing costs and
rise in profitability affect gross margin, return on equity, return on assets, earnings before tax
and net income positively. Increase in short-term debt also results to change in debt ratios. So,
these financial ratios of large firms using supply chain finance is expected to change
prognosticatively. For this reason, effect of these financial ratios on firm value is important to
predict the effect of supply chain finance on firm value of large firms. Table Il shows the
independent variables of the study, the way these variables are calculated, the symbol to be

expressed in the continuation of the study, and which effect is used to explain. The independent
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variables are included in the model by taking the change from the previous term in a similar

way with dependent variable.

Table Il. Independent Variables of the Study

Independent

Variable Calculation Symbol Influence Explained

Current Assets / Short-term

Current Ratio Liabilities CAOR
Acid Test Ratio | (CUrTent Assets — Inventories) ASTOR
/ Short-term Liabilities . .
e Working capital needs
Cash and Marketable may decrease.
Cash Ratio Securities / Short-term NAKOR
Liabilities e Short-term borrowing
may increase.
. Net Salest/ ((Current Assetst y
Net Working s
: —Short-term Liabilitiest +
Capital Turnover NISDH
Rate Current Assetsr.; — Short-term
Liabilitiest.1) / 2)
Average payment Accounts Payable / Cost of 00S

period Goods Sold *365

e The average payment

i jod + .
Inventory conversion period period can be extended.

Cash Conversion Receivables conversion period NDS

Cycle - Payables conversion period
Net Sales Net Sales NETSAT e The activity volume
Total Assets Total Assets AKTOP may be increased.
Gross Margin Gross Profit / Net Sales BSKAR * Gro_ss margin may
increase.
Return on Equity Net Income / $hareho|ders 0ZKAR ® Gross margin may
Equity increase.
Return on assets Net Income / Total Assets AKKAR e Financing costs may
Earnings Before . decrease.
Tax Earnings Before Tax VOK e Return on equity and
return on assets may
Net Income Net Income DNK increase.
Short-term Debt to | Short-term Liabilities / Total
Total Assets Assets KVBPT
Long-term Debtto | Long-term Liabilities / Total e Short-term borrowing
UVBPT .
Total Assets Assets may increase.
Debt Ratio Total Liabilities / Total Assets TBPT

IV.111. Panel Unit Root Tests

As in the analysis of the whole-time series, panel data analysis, which involves both
time and horizontal cross-sectional analysis, requires variables to be stationary in order to avoid
false associations between variables (Korkmaz, Yildiz & Gokbulut, 2010). The use of non-
stationary series may lead to unreliable and economically difficult results. For this reason,

before examining the existence of the relationship between the variables in the regression
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analyzes made by the time series, it is necessary to examine the time series characteristics of

the variables used in the analysis (Altintas, 2009).

Panel unit root tests are used to determine whether the data to be used in the panel data
analysis are stationary. If the data are not stable, and if the first differences are not still stable,
the second difference is taken and the data become stable. In this study, Im, Pesaran and Shin
W-stat and ADF-Fisher Chi-square tests which assessed the individual unit root process for
each unit, i.e. each company, and Levin, Lin & Chu (LLC) test which investigated the common
unit root process, were applied with fixed and fixed trend. According to any method, if the any
series are non-stationary, first difference of the series is taken, if not enough, second difference

of the series is taken and series become stationary for all series.
IV.1V. Methodology

Panel data analysis and Wilcoxon signed rank test were used in the research. Firstly
panel data sets were created for each market separately and panel linear regression was applied
to observe the effect of independent variables on firm value. Panel data analysis can be

expressed as a combination of regression and time series analysis.

There are different models in analysis to be done with panel data. These are pooled least
squares, fixed effects and random effects models (Greene, 2003). In the study, it is necessary
to determine which model is more effective before the panel regression analysis is performed.
The Breusch-Pagan LM Test which tests the null hypothesis that there is no random effect and
F Test which tests the null hypothesis that there is no fixed effect are applied for each market
as suggested by Park (2011) and results are summarized in Table Ill. If null hypotheses are
rejected in both test results, Hausman test is applied and if null hypothesis is rejected, fixed
effect model; if it cannot be rejected, the random effects model is selected as appropriate model.

Table I11. Panel Model Selection

Fixed effect Random effect Model Selection
(F test) Breusch-Pagan LM Test
Ho is not rejected Ho is not rejected
(No fixed effect) (No random effect) Pooled OLS
Ho is rejected Ho is not rejected .
(fixed effect) (No random effect) Fixed effect model
Ho is not rejected Ho is rejected
(No fixed effect) (random effect) Random effect model
HO is reiected Ho is reiected Choose a fixed effect model if the null
(fixed ejffect) (ra% domje frect) hypothesis of a Hausman test is rejected;

otherwise, fit a random effect model
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To determine the effective model, each test shown in Table 111 was applied to the 16
markets forming the data set of the research, and according to these results, the appropriate
model for each market was determined and revealed in Table IV.

Table V. Appropriate Panel Model for Each Market

F Test Breusch-Pagan LM | sman Test
Test
Country Statistic Prob. Statistic Prob. | Statistic | Prob. Model

USA 195.415060 | 0.0000 | 2880.446 | 0.0000 | 46.78567 | 0.0000 Fixed Effect

UK 126.747134 | 0.0000 | 1586.113 | 0.0000 | 9.542332 | 0.0085 Fixed Effect
France 12.964812 0.9982 | 81.05366 | 0.0000 Random Effect

Italy 164.341157 | 0.0000 | 2199.738 | 0.0000 | 7.968040 | 0.0928 Fixed Effect

Germany 164.125532 | 0.0000 | 2234.390 | 0.0000 | 15.21670 | 0.0551 Fixed Effect

Japan 171.823147 | 0.0000 | 1717.311 | 0.0000 | 22.78448 | 0.0190 Fixed Effect
Canada 103.919712 | 0.0000 | 826.3677 | 0.0000 | 1.943108 | 0.8570 Random Effect

Australia 30.455051 | 0.0000 | 0.388851 | 0.5329 Fixed Effect
Turkey 365.244782 | 0.0000 | 7468.696 | 0.0000 | 3.624220 | 0.3050 Random Effect
Argentina 61.002123 | 0.0000 | 281.4644 | 0.0000 | 1.368772 | 0.5044 Random Effect
India 390.259804 | 0.0000 | 8146.447 | 0.0000 | 4.782487 | 0.3104 Random Effect

South Korea | 88.290303 | 0.0000 | 1.451742 | 0.2282 Fixed Effect
Mexico 12.886975 | 0.0049 | 8.741995 | 0.0031 | 6.229153 | 0.1827 Random Effect

Russia 43.591813 | 0.0000 | 0.341639 | 0.5589 Fixed Effect
Brazil 105.567045 | 0.0000 | 7.060145 | 0.0079 | 0.904369 | 0.8244 Random Effect
china | 10979275 1 00000 | 5537990 | 0.0000 | 1.765664 | 0.8805 Random Effect

In the first part of the analysis, the influence of expected effects on the firm value
because of the involvement of supply chain finance were examined with panel regression
analysis, then it will be tested whether these effects are seen in companies that practice this
funding method in practice. For this, 46 large firms that provide supply chain finance for their
suppliers and the start of this financing has been determined. The indicators that are expected
to be affected are calculated separately for the period before and after the beginning of the
supply chain finance. These indicators were tested with the Wilcoxon Signed Rank Test to
determine whether there was a statistically significant difference. The nonparametric Wilcoxon
Signed Rank Test was chosen as the appropriate method for the data set because it does not
need the assumptions required for parametric tests. The Wilcoxon Signed Rank Test examines

the null hypothesis that there is no difference between two samples.
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IV.V. Autocorrelation and Heteroscedasticity

One of the important assumptions in the least squares analysis is that the error terms
have a constant variance. In cases where the variance of error terms does not remain constant,
the problem of heteroscedasticity is encountered. In the case of heteroscedasticity, the estimates
obtained with least squares maintain neutrality and coherence but lose the property known as
minimum variance or effectiveness. This can lead to unreliable statistical tests. So the partial t
and general F tests of the least squares estimators lose reliability. Moreover, the
predictions made with the developed model are not effective (Albayrak, 2008). In this study,
heteroscedasticity was analyzed by Wald test for fixed effect models and LR test for random

effect models. The common null hypothesis of both tests is that there is no heteroscedasticity.

Another assumption which is as important as the constant variance in the analysis by
the least squares method is that there is no relation between the error terms, i.e. autocorrelation.
In the case of autocorrelation between error terms, the least squares estimators of the parameters
are not effective even though they are unbiased and consistent. In this case, the variance of the
parameters will also be deviated because the variance of the error term will deviate. When
positive autocorrelation is found, the deviation will be negative and variances will be
undercounted. As a result, the t test statistic value will be larger than the actual value. Thus, an
insignificant coefficient is likely to be significant and also R? will rise. Therefore, since the
value of F is greater than it is, T and F tests will lose reliability and give misleading results
(Yavuz, 2009). In this study, whether the error term is related or not, i.e. whether there is an
autocorrelation problem in the analysis has been tested with the Wooldridge Autocorrelation

Test and the null hypothesis that no autocorrelation exists between error terms was tested.

The LR Test or Wald Test results which are used to test heteroscedasticity and
Wooldridge Test results which are used to test autocorrelation for each market are summarized
in Table V. If the autocorrelation problem is present in the error terms according to the test
results, White period standard errors and covariance is used (Sayilgan & Sayman, 2012). White
diagonal correction for markets with only heteroscedasticity problems, white cross-section
correction for markets with both heteroscedasticity and autocorrelation problem is used
(Korkmaz & Karaca, 2014).
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Table V. Autocorrelation and Heteroscedasticity Tests Results

<) = ©

g g ey 2 -

[ o o o = > ®©

o2 8 .e Fo ce S E

g £ %S £ Xz

e T

Country F Prob. chi? Prob.
USA 15.554 0.0001 YES 3.1e+05 0.0000 YES White cross-section
UK 4,753 0.0304 YES 2.6e+35 0.0000 YES White cross-section
France 5.089 0.0313 YES 118.23 0.0000 YES White cross-section
Italy 0.351 0.5543 NO 14413.98 | 0.0000 YES White diagonal
Germany 20.412 0.0000 YES 2.2e+06 0.0000 | YES | White cross-section
Japan 28.700 0.0000 YES 11949.71 | 0.0000 YES | White cross-section
Canada 105.604 0.0000 YES 1248.91 0.0000 YES White cross-section
Australia 7.538 0.0067 YES 3.4e+05 0.0000 YES White cross-section
Turkey 16.332 0.0001 YES 486.32 0.0000 YES | White cross-section
Argentina 24.742 0.0000 YES 164.54 0.0000 YES | White cross-section
India 325.440 0.0000 YES 425.47 0.0000 YES White cross-section
South Korea 26.592 0.0000 YES 11264.80 | 0.0000 YES White cross-section
Mexico 0.000 0.9983 NO 190.74 0.0000 YES White diagonal
Russia 6.454 0.0138 YES 2.0e+05 0.0000 YES White cross-section
Brazil 71.732 0.0000 YES 111.54 0.0000 YES White cross-section
China 590.031 0.0000 YES 616.29 0.0000 YES White cross-section

IV.VI. Results of Panel Data Analysis

Separate panel regression analyzes were conducted for 16 markets to examine the

impact of the 16 financial indicators on firm value, which are expected to emerge in large firms

by making supply chain finance available to their suppliers. 16 independent variables were

searched for each market by a step-wise backward elimination method to create models that are

effective in each market. It is seen in the analysis results that the established models are

statistically significant for all markets. In addition, in the analysis results, the adjusted R-square

which expresses explanatory power of the independent variables on the changes of dependent

variable remained at low levels. It can be said that this is normal considering the fact that the

factors that can affect the firm value are too much. The panel regression analysis results for

each market are summarized in Table VI
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Table VI. The Panel Regression Analysis Results for Each Market
Australia Turkey JArgentina | Germany | India Italy outh Korea| UK Mexico Russia France USA Brazil China Japan Canada
0.03939 -0.00887 -1.01957 | -0.25403
CAOR (0.0675) (0.0246) (0.0000) (0.0000)
0.01007 0.02718 | 0.10212 0.38012 0.05082 0.08584 1.04302 0.26245
ASTOR (0.0361) (0.3254) | (0.0986) (0.2674) (0.0278) (0.0900) (0.0000) (0.0000)
0.04364 -0.01042 -0.06578
NAKOR (0.0009) (0.0000) (0.0032)
0.00015
NISDH (0.0000)
-0.01294 0.46949
00s (0.5026) (0.0011)
0.00496 | 8.46E-05 -0.11906 -0.07242
NDS (0.0000) | (0.2493) (0.0000) (0.0000)
-0.01946 0.03570 0.87985 0.50039 0.25672
NETSAT (0.0523) (0.2268) (0.0354) (0.0281) (0.0806)
0.30804 -0.00032 | 0.13390 | -0.19631 -1.70194 | 0.20069 -0.13901 | 0.07107 0.17139 0.12009
AKTOP (0.0000) (0.9983) (0.4235) | (0.2164) (0.0007) (0.0000) (0.0134) (0.0000) (0.0017) (0.0000)
-2.08891 | 0.13810 0.09120 0.14765
BSKAR (0.0982) (0.1167) (0.0000) (0.0324)
0.00287 -0.02930 0.00749 0.06571 -0.06447
OZKAR (0.2976) (0.2438) (0.1128) (0.0406) (0.0512)
0.00628 -0.03654 | 0.00349 0.08381 0.14495 -0.02300
AKKAR (0.6002) (0.0048) (0.8952) (0.0018) (0.0003) (0.0445)
0.00372 0.00205 0.02840 0.00220 0.01005 0.00593 -3.86E-05
VOK (0.2679) | (0.0451) (0.0005) (0.0103) (0.0050) (0.0072) (0.8024)
-0.01002 -0.00524 | 0.03551 0.04261 -0.0218 -0.02729 | -0.17538 0.02443
DNK (0.5472) (0.2001) (0.2215) (0.0067) (0.4233) (0.0000) (0.0000) (0.0178)
0.02400 -0.19952 | -0.08488
KVBPT (0.0005) (0.2722) (0.2357)
-0.01434 | 0.08251
UVBPT (0.0001) (0.0000)
-0.17819 | -1.12748 | -0.28226 |-2.83E-05 -0.0808 -0.41413 | 0.37892 -0.27166 0.19457 -0.43704
TBPT (0.0938) | (0.2123) | (0.0000) (0.1463) (0.4468) (0.0000) (0.2449) (0.0000) (0.4258) (0.0000)
21.8618 37.7355 | 5.62348 | 22.0430 38.5489 3.61685 26.9857 | -5.23651 | -11.2828 | 7.15334 0.95154 22.5831 22.2519 24.1830 12.6329 26.2488
C (0.0000) (0.0726) | (0.8599) | (0.0000) | (0.0803) (0.0920) (0.0000) | (0.0000) (0.0014) (0.0000) (0.9262) (0.0000) (0.2065) (0.2714) (0.0000) (0.0229)
F Statistic | 4.69475* | 5.9051* |3.043*** | 21.4625* | 7.09719* | 29.0661* | 10.121* | 29.7826* | 10.6386* | 8.97082* | 5.72359* | 36.7179* | 6.08539* | 8.55106* | 26.9901* | 12.1073*
Adjusted 0.042412 | 0.02155 | 0.03477 | 0.150501 | 0.035951 | 0.249489 | 0.18837 | 0.147768 | 0.203396 | 0.294625 | 0.182447 | 0.159513 | 0.071205 | 0.025497 | 0.287958 | 0.062857
R-Square

“*> Indicates that the model is statistically significant at the significance level of 1%, and “***” Indicates that the model is statistically significant at level of 10%.
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As can be seen in Table VI, the increases in the current ratio (CAOR) have an effect on
firm value in 4 markets. The increase of current ratio in Russia, Japan and Canada reduces the firm
value. In Germany, the increase in the current ratio has an increasing effect on firm value. When
the acid-test ratio (ASTOR), which is another liquidity ratio, is examined, it is seen that the related
ratio is used in the models formed for 8 markets. Although the relevant ratio is not statistically
significant in 2 of these 8 markets, the coefficients for all markets are found to be positive. In other
words, contrary to the current ratio, the increase in the acid-test ratio results increase in the firm
value. It is observed that the cash ratios (NAKOR) which is another one of the liquidity ratios are
included in the model established for 3 markets, increases in the corresponding variables results
the increase in firm value in India market and decrease in Italy and Japan markets. The only market
where all three liquidity ratios are included in the model is Japan. While the increases in the current
ratio and the cash ratio for the Japanese market have reduced the firm value, there is a positive
relationship between acid-test ratio and firm value. This leads to the conclusion that current assets
other than stocks and cash and cash equivalents have an increasing effect on the firm value. The
net working capital turnover rate (NISDH), which represents the level of activity of the net working
capital, is used in the model for the Russian market and has a positive effect on the firm value.

It is seen that the average payout period (OOS) and cash conversion cycle (NDS), which
are the most important indicators that are expected to be influenced for large firms that generate
supply chain financing, are included in models for 2 and 4 markets, respectively. The result is that
the average pay period is not statistically significant for the US market, only the effect on the firm
value can be explained at a meaningful level for Japanese market. In this market, there is a positive
relationship between average payment time and firm value. In other words, it has been seen that
companies extending the payment period for their purchases have a positive effect on the firm
value. A statistically significant relationship between cash conversion cycle and firm value is
found for 3 markets, the relationship is positive for Argentina and negative for France and Canada.
Therefore, the opinion that shortening the cash conversion cycle for French and Canadian markets

increases the firm value has been supported.

It is seen that the change in net sales (NETSAT) included in the study's dataset to express
the increase in activity volume is included in the model for 5 markets and the change in total assets
(AKTOP) is included in the model for 10 markets. As expected, there is a positive relationship

between changes in net sales and firm value for France, Brazil and Japan markets. In Turkey, on
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the contrary to the expectations, there is a negative relation between net sales and firm value. The
effect of change in total assets on firm value is found statistically significant for 7 markets. There
is a negative effect for France and Brazil while it is observed that the increase in the total assets
also increases the firm value for 5 markets (Germany, USA, China, Japan and Canada).

In order to express the profit expected to be influenced for large firms that generate supply
chain finance, both the profitability ratios and the changes in profit amounts are included in the
models and their effects on firm value are examined. Theoretically, the increase in profits is
expected to increase the value of the company because it is expected to increase future cash flows.
The most appropriate variable for this theoretically expected situation is the pre-tax profit (VOK)
change. It has been shown that the related variable has a positive effect on the firm value for all of
the 5 markets in which the variable is included the model. The same situation is not valid for other
profit and profitability indicators. While the gross margin (BSKAR) has statistically significant
and positive effect on firm value for the US and Canadian markets, there is an exact opposite
situation for the Mexican market. Again, while the increase in the return on equity (OZKAR) has
created an increase in firm value for Mexico, it has been seen that it reduces the value of the firm
for the Russian market. The effect of return on assets (AKKAR) on firm value was found as
statistically significant for 4 markets. There is a positive effect on the firm value for Russia and
France markets, while for Italy and Japan markets it is found to be negative. A similar situation
exists for change in the net profit (DNK). While accelerating the increase in net profits for the
Italian and Japanese markets boosts firm value, there is an adverse effect for the Russian and

French markets.

Finally, the effect of financial structure on firm value is examined. It is seen that the short-
term debt to total assets (KVBPT) is statistically significant only for the German market and
positively affects firm value. It is found that long-term debt to total assets (UVBPT) is significant
in 2 markets, a positive relationship for the Russian market and a negative relationship for the
Mexican market is valid. The debt ratio (TBPT) affects the firm value negatively for the 5 markets
in which it is included the model. In other words as the borrowing rate increases, the value of the

firm decreases.
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IV.VII. Results of Wilcoxon Signed Rank Test

The effect of the variables expected to be theoretically influenced for large buyers using
supply chain finance on firm value is analyzed for each market by panel data analysis. As a result
of the analysis it is observed that different variables for each market have an effect on firm value.
In the next phase of the study, Wilcoxon Marked Rank Test is applied to test whether the expected
effects actually exist. It is examined whether there are any significant differences between previous
and the following period data from starting to use this method in 16 variables predicted to be
influenced by this financing method and the results are shown in Table VII. With the analysis
applied to all 46 firms, the analysis is repeated for only 31 companies operating in the United

States and 15 companies operating outside the United States.

Table VII. Wilcoxon Signed Rank Test Results

For all 46 companies For 31 companies For 15 companies operating
operating in the United outside the United States
States

Variables Z value Probability Z value Probability Z value Probability
CAOR -0.410 0.6820 -0.431 0.6664 0.000 1.0000
ASTOR -0.464 0.6424 -0.568 0.5698 -0.170 0.8647
NAKOR -1.469 0.1417 -1.862 0.0626 0.057 0.9547
NISDH -0.879 0.3791 0.000 1.0000 -1.533 0.1252
00S -1.273 0.2031 -1.881 0.0599 0.511 0.6092
NDS 1.060 0.2892 1.068 0.2855 0.341 0.7333
NETSAT 0.672 0.5016 0.607 0.5435 0.625 0.5321
AKTOP 1.284 0.1992 1.137 0.2557 0.454 0.6496
BSKAR 0.978 0.3282 1.019 0.3082 0.341 0.7333
OZKAR 0.191 0.8484 0.372 0.7096 -0.057 0.9547
AKKAR -0.235 0.8143 0.235 0.8141 -0.795 0.4265
VOK -0.279 0.7806 0.196 0.8446 -0.682 0.4955
DNK 0.093 0.9260 0.333 0.7390 -0.170 0.8647
KVBPT 0.147 0.8827 0.353 0.7243 -0.057 0.9547
UVBPT 0.169 0.8655 -0.216 0.8293 0.795 0.4265
TBPT 0.432 0.6661 -0.118 0.9064 1.079 0.2805

For companies traded in the US and for companies traded in non-US countries as well as
for all firms all 16 variables do not vary depending on whether supply chain finance is used or not.
Probability values greater than 0.05 as a result of the Wilcoxon Signed Rank Test applied to all

variables in all three groups indicate that the variables do not show any significant change.

These results show that the financial variables expected to be influenced for large firms

using supply chain finance do not show theoretically expected changes. From this point of view,
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it can be argued that supply chain finance has no effect on firm value. In order to strengthen this
argument, it is important to examine the non-financial variables related to companies such as
"development of supplier relations” which is influenced by supply chain finance in a separate
study. In this study, it is tried to foresee that only whether the financial variables differentiate and
affect the firm value. As a result, it is observed that such an effect does not exist. However, only
financial variables do not affect firm value. For this reason, the consideration of non-financial

variables in different studies will provide important contributions to the literature.

V. CONCLUSION

Since the primary financial objective of the business is to maximize the shareholder value,
the key factor in determining the financing methods should serve the same purpose. It is expected
that all parties participating in the method of supply chain finance, which is claimed to be based
on win-win principle, will have a positive impact on the firm value. The purpose of this study is
to find out whether supply chain finance shows the expected effect on large firms with high credit

ratings.

For the aim of the study, firstly financial indicators that are expected to be influenced for
large buyers using supply chain finance were examined by panel data analysis to see whether they
had an impact on firm value. The key point reached by panel data analysis is that the effect of the
variables on the firm value shows significant differences for the 16 markets involved in the
analysis. For example, the increase in the current ratio have a decreasing effect on firm value in
Russia, Japan and Canada markets as expected, while there is an increasing effect on the German
market. Similarly, effect of changes in net profit growth on firm value is positive for the Italian
and Japanese markets, while negative for the French and Russian markets. At the same time,
despite the presence in the analysis models for Australian, German, Indian and Korean markets,
the corresponding variable did not seem to have any significant effect on the value of the firms in
these markets. The results show that it is not possible to mention a common model that affects firm
value for all markets. In this case, developing a strategy by evaluating the variables influencing
the firm value for the markets will contribute to increase the firm value when companies will use
the supply chain finance. For example, a large buyer who will use supply chain financing in Turkey

may increase the firm value by using this method to increase profit before tax; on the other hand
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large enterprises that will use this method in France and Canada should concentrate on the

shortening of the cash conversion cycle.

With the Wilcoxon Signed Rank Test conducted during the second phase of the study, it is
analyzed whether the financial variables of large firms are differentiated by using supply chain
finance. According to analysis results, for companies traded in the US and for companies traded
in non-US countries as well as for all firms, all 16 variables do not vary depending on whether
supply chain finance is used or not. The reason for such a consequence may be that the method
cannot be used effectively by the suppliers or the use is limited. This can be explained by the fact
that small suppliers are lacking in financial information, method is too new, and factors such as

hosting technology requirements result lack of interest from suppliers.

In this study, the effect of supply chain financing on firm value of large buyers is evaluated
by using financial variables and it is concluded that there is no effect. However, in order to be able
to pinpoint that supply chain financing has no effect on firm value, the effect of other non-financial
variables (supplier relationships, etc.) besides financial variables needs to be analyzed. For this
reason, the consideration of non-financial variables in different studies will provide important
contributions to the literature. Also, the studies to be performed by using different financial
variables will be important in terms of determining the effect of supply chain finance on firm value.
It will also be a significant contribution to the literature with studies focused on determining how

supply chain finance affects the value of small suppliers and financial institutions.
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59 Bitce Transferlerinin Makroekonomik Etkileri: Turkiye Deneyimi
l. GiRiS

Bireylerin sosyal giivenlik ihtiyaglarinin karsilanmasi, diger bir ifade ile sosyal
giivenliginin saglanmasi devletlerin en oncelikli gorevlerinden biridir. Devletler, s6z konusu
ihtiyaglarin  karsilanmasinda gerekli olan finansmanin eksikliginde merkezi yonetim

biitcesinden yaptiklar1 transferlerle kendilerine finansman kaynagi yaratirlar.

Turkiye’de sosyal giivenlik sistemindeki yapisal sorunlar ve ¢Oziimiine yonelik
uygulanan politikalar biitce transferlerini devamli glindemde tutmaktadir. Literatiirde
Tiirkiye nin sosyal giivenlik sistemindeki gerceklesen biitge transferleri ile ilgili olarak birgok
caligmaya rastlamamiz miimkiindiir. Bununla birlikte s6z konusu transferlerin ekonomiye
etkileri bir¢ok calismada gormezden gelinmistir. Calismada, Turkiye’nin sosyal givenlik
sisteminin mali yapisi ve sisteme yapilan bitge transferlerinin sisteme ve sistemle ilgili
makroekonomik gostergelere nasil bir etkide bulundugu analiz edilmektedir. Boylelikle stz

konusu ¢aligmalardaki boglugun da doldurulmasi hedeflenmektedir.

Calismada oncelikle Tiirkiye’nin sosyal giivenlik sistemine kisaca deginilecek, daha
sonra sistemin aksakliklar1 irdelenecektir. Literatiir taramasinin ardindan bitce transferlerinin
kamu borg¢ stoku, dis bor¢lanma, biitce acigi ve yatirnmlar ile iliskili olup olmadiginin

arastirilmasi amaciyla es bltiinlesme ve nedensellik testleri yapilacaktir.
I.1. TUrkiye’nin Sosyal Guvenlik Sistemine Kisa Bir Bakis

2006 yilina kadar Turkiye’de sosyal giivenlik sistemi Emekli Sandigi, Esnaf ve
Sanatkarlar ve Diger Bagimsiz Calisanlar Sosyal Sigortalar Kurumu (BAG-KUR) ve Soyal
Guvenlik Kurumu (SSK) olmak (izere ii¢ yapili siteme dayanmaktaydi ve bunun yaninda bir
primsiz saglik yardimindan olusmaktaydi. Bu ii¢ kurumun temel gorevi kurum mensuplarina
ve kurum mensuplarinin ilk derece yakinlarina emeklilik maasi ve saglik sigortasi hizmeti
saglamakti. S6z konusu sistemin istihdam temelli sosyal giivenlik yapisinin tiim topluma saglik
giivencesi ve yaglilikta gelir giivencesi saglayamadiginin anlasilmasi, sisteme olan elestirileri

de beraberinde getirdi ( Yilmaz ve Yentiirk, 2015:2).

Sosyal giivenlik sisteminde is¢i ve isverenlerin ddedikleri primler SSK’nin gelirlerini
olustururken ¢iftgiler ve esnaflarin (kendi hesabina ¢alisanlarin) primleri BAG-KUR gelirlerini
olusturmaktaydi. Emekli sandiginda durum biraz daha fark arz ederken, kurumun butgesi kamu

biitcesinden dogrudan transferler yoluyla ger¢eklesmekteydi. Sosyal glivenlik harcamalarinin
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seyri ve yapisi, yine problemli bir alan olarak karsimiza ¢ikmaktadir. Temel hedefin gelir gider
dengesi oldugu sosyal giivenlik kurumlarindan Emekli sandigi, ilk acik veren kurum olarak

karsimiza ¢ikmaktadir (Y1lmaz ve Yentlrk,2015:6).
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Grafik I: Emekli Sandig1 Gelir Gider Dengesi / GSMH (1970-2007)
Kaynak: Kalkinma Bakanlig1

Grafik 1’den izlenebilecegi gibi Emekli Sandigi’'nda denge 1986 yilina kadar agik
vermemistir. Bununla birlikte 1975’te en yliksek seviyesine ulasan Emekli Sandig1 Gelir Gider
Dengesi / GSMH oraninin bu tarihten sonra diisiis trendine girdigi ve 1986 yilinda agik verdigi
anlasilmaktadir. 1986 yilindan sonra ¢esitli reform cabalariyla yeniden agik kapansa da 1993
yilinda acgik kacinilmaz olmus ve sistemin birlestirildigi 2006 yilinda Emekli Sandigi’ndaki
gelir dengesizligi GSMH’nin %1’ine ulasmistir. Gelir gider dengesi performansinda BAG-
KUR’un Emekli sandigina gore daha iyi performans sergiledigini séyleyebiliriz. Ozellikle Gelir
Gider Dengesi / GSMH oraninin Emekli sandigina gore daha ileriki yillarda sifirin altina
diismesi, bu yorumu yapmamiza olanak saglamaktadir. Ayrica BAG-KUR’un gelir gider
dengesi /GSMH ag181, Emekli sandigina gére daha derin ve daha uzun siireli olmustur. Grafik
2’de BAG-KUR’un Gelir Gider Dengesi / GSMH (1972-2007) performansi izlenebilmektedir.
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Grafik 1I: BAG-KUR Gelir Gider Dengesi / GSMH (1972-2007)
Kaynak: Kalkinma Bakanlig1

Grafik 2’ye gore gelir gider dengesi performansinda 1989’a kadar a¢ik verilmedigi ve
yatay bir trend izlendigi gorilmektedir. Bununla birlikte 1989 yilindan itibaren agik verilen
kurumda 1994 yilindan sonra agik oldukga sert bir sekilde devam etmis ve 2006 yili sosyal
giivelik kurumu birlesiminden bir yi1l 6nce BAG-KUR’un gelir gider dengesi / GSMH orani
%1.5’¢ kadar ulagsmustir.

SSK’da durum BAG-KUR’dan cokta farkli degildir. 1991 yili sonuna kadar agik

vermemeyi basaran kurum, bu tarihten sonra 6nemli problemlerle ugragsmak zorunda kalmistir.
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Grafik I11: SSK Gelir Gider Dengesi / GSMH (1970-2007)
Kaynak: Kalkinma Bakanlig1

Grafik 3’teki SSK Gelir gider dengesi / GSMH egilimine bakildiginda BAG-KUR’a
benzer bir durum kargimiza ¢ikmaktadir. 1992’de eksiye diisen oran 2007 yilina kadar pozitif

degerlere ulasamamastir.
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Sosyal Giivenlik agiklarinin Hazine tarafindan gergeklestirilen biit¢e transferleri ile
finanse edildigi Tiirkiye’de s6z konusu transferlerin devlet katkisi, agik finansmani, ek 6deme,
faturali 6demeler, tesvikler, 6deme giicii bulunmayanlarin genel saglik sigorta primleri olmak

alt1 transfer alt kalemi bulunmaktadir.

Calisma ve Sosyal Glivenlik Bakanlig istatistiklerine gore 2002 yilinda 9.684.000 TL
olan biitce transferleri devamli bir artis trendi ile 2005 yilinda 23.322.000 TL’ye, 2009 yilinda
52.600.000 TL’ye, 2013 yilinda 71.264. 000TL’ye ve 2014 yilinda 80.950.000 TL’ye
ulagmstir. Biitge transferleri kaleminin alt kalemlerine bakildiginda agik finansman kalemi en
biliyiik kalemi olusturmaktadir. En kiiclik kalem de 6deme giicli olmayanlarin genel saglik

sigorta ddemeleri kalemidir.

Acik finansman kalemi 2007 yilina kadar pasif sekilde kalirken 2007 yilinda 25.820.000
TL 2010 yilinda 27.069.000 TL, 2013 yilinda 20.348.000 TL’ye ve 2014 yilinda 22.680.000
TL’ye ulasmustir. Odeme giicii olmayanlari genel saglik sigorta ddemeleri kalemi ise 2010
yilina kadar pasifken 2011yilinda 403.000 TL, 2012 yilinda 3.469.000 TL, 2013yilinda
6.929.000 TL ve 2014 yilinda 6.651.000 TL olarak gerceklesmistir.

2016 istatistiklerine gore 2016 yil1 toplam gelirinin 581 milyar 927 milyon TL olmas1
ongoriilmiis olup s6z konusu toplam gelirin ylizde 84"0n0 ise 489 milyar TL ile vergi gelirleri
olusturacak. Gelir vergisinin en biiyiik dilimini ise 137 milyar TL ile gelir vergisi ve 213 milyar

TL ile Katma Deger Vergisi olusturmaktadir.

I.11. Turkiye’de Sosyal Givenlik Sistemi’nin Temel Problemleri ve A¢iklarinin Boyutu

Turkiye’de sosyal guvenlik sisteminin genel problemleri arasinda en temel sorun,
sistemin tim toplumu kapsamamasidir (Egeli ve Ozen, 2009:7). Sistem, niifusun bilyiik
cogunlugunu glvence altina almanin olduk¢a uzagindadir. (Bugra ve Keyder 2006:212).
Halbuki sosyal givenlik sistemlerinin temel amaci, vatandaslarinin bugiiniinii ve gelecegini

giivence altina almaktir (Talas,1997: 398).

Turkiye’de sosyal guvenlik sistemi tutarli ve saglikli bir devlet politikasina sahip
degildir. Sistemdeki kaynak sorunu, sistemin diger bir problemli ayagini olusturmaktadir.
Tirkiye’de sosyal giivenlik sistemine ayrilan kaynak orani, gelismis {ilkelerle
karsilastirildiginda oldukga diisiik kalmaktadir. Bu durumun kaginilmaz sonucu olarak sistemin
finansman ag181 bityiimektedir. 1995 yilinda GSYIH’nin %1,8’ine karsilik gelen BAG-KUR,
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Emekli Sandigi ve SSK’nin toplamimin finansman acigi, 1998 yilinda %2,79’a, 1999°da
%3,76’ya, 2000°’de %2,57’ye, 2001’de %3,08’c ve 2002 yilinda ise %3,40’a ulagmustir.
SGK’nin 2015 yilindaki zarari ise 11 milyar 444 milyon lira olarak gergekleserek %4 oranina

ulagmustir.

Ancak, agiklarin GSYIH’ ya oranmm 2020 yilinda %4,3’e ve 2050 yilinda %10,1’e
cikacagi 6ngorilmektedir (SGK raporlarindan derlenmistir). Yoksullugun devam ediyor olmast
bu durumun en somut kanitidir. Sistemdeki diger bir problem erken emekliliktir. Geng emeklilik
sayisinin fazlaligi, uzun bir emeklilik ve kisa sireli prim geliri elde ederken daha uzun sireli
emekli ayligi 6demesi yapma anlamina gelmektedir. Tablo 1’de 1950-1999 yillar1 arasinda

Tiirkiye’deki emeklilik yaslar1 gosterilmektedir.

Tablo I: Tirkiye’nin 1950-1999 Yillar1 Aras1 Emeklilik Yas Istatistikleri

Yil Kadin Erkek
1950 60 60
1965 55 60
1969 38 43
1986 55 60
1992 38 43
1999 58 60

Kaynak: Calisma ve Sosyal Giivenlik Bakanlig

Yukardaki tablo 1’den goriilecegi gibi Tiirkiye’deki emeklilik yasinin 3811 yaslara kadar
indigi donemler olmus ve sistemin olmazsa olmazi olan yaslilik aylig1 baglanmasinda esas olan

kisinin ¢aligma verimini diisiirecek kadar yaslanmasidir kurali uygulanamamustir.

Devlet katkisinin yetersizligi sistemdeki diger bir aksakliktir. Her ne kadar bireysel
emeklilik sistemine katilimin saglanmasi i¢in devletin katki payr 6demesi uygulamasi hayata
gecirilmis olsa da sistemin giiclenmesi igin yeterli katki payma hala ulasilamamistir. Halbuki
bircok gelismis iilkede devletin sisteme katkis1 ciddi denecek boyutlara ulagsmistir. Tablo 2’de

OECD’ye lye ulkelerin sosyal guvenlik sistemine finansman katilim oranlar1 gosterilmektedir.
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Tablo 11: OECD Ulkelerinde Devletin SGK Finansmanina Katilim Oranlar1 (2010)

. Devlet katkisi .. Devlet katkisi
Ulkeler Ulkeler
(%) (%)
A.B.D. 29.48 irlanda 61.43
Avustralya 25.66 Isvec 49.25
Avusturya 17.41 Isvicre 26.30
Belgika 31.11 Izlanda 88.36
Danimarka 85.70 Japonya 22.78
Finlandiya 44.66 Kanada 61.17
Fransa 19.63 Luksemburg 32.45
Hollanda 14.95 Norveg 55.55
Ingiltere 55.06 Portekiz 15.44
Yunanistan 12.41 Yeni Zelanda 92.47

Kaynak: TUSIAD (2010)

Tablo 2’ye gore devletin SGK finansmanina katilim oranlar1 en az %12.41 ile
Yunanistan’a aitken Iskandinav iilkelerinde bu oran %50 bandindadir. Yeni Zelanda’da oranin
%92’ye yiikseldigi goriilmektedir. Prim tahsilatinin yetersizligi ve prim oranlarimin yiiksekligi,
sistemin diger bir problemli yanin1 olusturmaktadir. Diger bir ifadeyle Tlrkiye’de Ucretin
hemen hemen yaris1 is¢iye verilitken yaris1 da SGK primi ve vergi olarak devlete
aktarilmaktadir. SGK’ya aktarilan fonlarin etkin olarak kullanilamamasi, sistemdeki diger bir
aksakliktir. Sosyal sigorta kurumlarmin kabul ettigi temel prensip fon biriktirme esasidir.
Biriktirilen fonlar, etkin ve verimli alanlarda degerlendirilmeli ve saglanacak ek gelirle
sigortalilarin daha iyi hizmet almas1 saglanmalidir. Oysaki TUrkiye’de siyasi iradenin de sistem

tizerindeki miidahaleleri sonucunda fonlar verimsiz ve diisiik getirili alanlara yonlendirilmistir.

Kayit dis1 uygulamalarla kayit dis1 istihdam, Tiirkiye nin SGK’nin gelisimindeki 6nemli
bir engeli teskil etmektedir. Bu sorun sigortali olarak c¢alistirilan isgilerin yaninda bir o kadar da
sigortasiz calistirillan is¢iler olarak karsimiza g¢ikmaktadir. SGK’nin kayit dis istihdamla
miicadele portal1 verilerine gore kayit disi ¢alisma ti¢ sekilde karsimiza ¢ikmaktadir. Bunlar;

e (alisanlarin igverenlerce Sosyal Giivenlik Kurumu’na bildirilmemeleri,
e (alisma giin sayilarinin olandan diisiik bildirilmesi,

e Sigorta primine esas kazang tutarlarinin oldugundan diisiik bildirilmesidir.

Aktif-Pasif sigortali dengesinin bozulmasi, erken emekliligin bir sorun olarak karsimiza

cikmaktadir. Erken emekliligin neden oldugu mali yapidaki bozulmalar, aktif sigortali sayisinin
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pasif sigortali sayisina oranla oldukga diisiik seviyelerde kalmasindan kaynaklanmaktadir (Erol,

2014:49).

Norm ve standart birliginin olmamas1 sistemin diger problemli alanlaridir. ( Erol,
2014:40) Tirkiye’de sosyal giivenlik sistemi, uygulanan g¢esitli finansman yo6ntemlerine
ragmen grafik 1, grafik 2 ve grafik 3’te bahsedildigi gibi ac¢ik vermis ve bu durum ti¢ farkli
kurumun birlestirildigi 2006 yilindan sonra da devam etmistir. Kurumun en onemli gelir

kaynagini sigorta primleri en 6nemli giderini ise emekli aylik 6demeleri olusturmaktadir.

Tablo I11: Sosyal Guvenlik Kurum’nun Gelir-Gider Dengesi (2003-2015)

Artis Gglirlerir)

YILLAR | GELiRLER | AT O0rant | civerler | Oram Acik Giderleri

(%) o Karsilama

(%) Oram

2003 27916539 39,5 41336077 47,7 -13419538 67,5
2004 34689248 24,3 50621622 22,5 -15932374 68,5
2005 41249438 18,9 59941373 18,4 -18691935 68,8
2006 53830886 30,5 71867475 19,9 -18036589 74,9
2007 56874830 5,7 81915401 14,0 -25040571 69,4
2008 67257484 18,3 93159462 13,7 -25901978 72,2
2009 78072788 16,1 106775443 14,6 -28702655 73,1
2010 95273183 22,0 121997301 14,3 -26724118 78,1
2011 124479836 30,7 140714602 15,3 -16234766 88,5
2012 142928505 14,8 160223453 13,9 -17294948 89,2
2013 163013555 14,1 182688916 14,0 -19675361 89,2
2014 184328932 13,1 204400437 11,9 -20071505 90,2
2015 71861708 75632755 -3771047 92,7

Kaynak: SGK Istatistik Biilteni, 2015

Tablo 3’te 2003-2015 yillarindaki gelir gider ger¢eklesmelerine bakildiginda devamli
acik verildigi izlenebilmektedir. Bununla birlikte olumlu bir gosterge olan gelirlerin giderleri
karsilama oran1 son bes yilda artarak 2015 yilinda %92,7’ye kadar yiikselmistir. SGK
istatistiklerine gore 2011 yilinda izlenen %31k artisin nedeni, Cumhuriyet tarihinin en kapsamli
affinin yapilmis olmasindandir (Demir ve Canbay, 2013: 453). 6111 sayili af yasas1 kapsaminda

yapilandirilan prim ile ‘gegici’ bir prim artig1 kaydedilmistir.
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Il. LITERATUR

Yazgan (1974) sosyal giivenlik sisteminin finansmani1 konusundaki ¢alismasinda iilke
icin ekonomik ve sosyal kosullara uygun finansman yonteminin kullanilmasi durumunda
sistemin vergilerden sonra gelir dagilimimi belirleyen en 6nemli ara¢ olacagi sonucuna

ulagmustir.

Akgeyik ve digerleri, (2007) sosyal giivenlik agiklar1 ve reform tartismalarinin sosyo-
ekonomik yansimalarini analiz ettikleri ¢alismalarinda sistemde meydana gelen borglanma
geregindeki artisin i¢ ve disg bor¢lanmayla finanse edilmeye ¢aligildigini, bu durumun sonucu

olarak borg faiz 6demelerinde sorunlar meydana geldigini belirlemiglerdir.

Arisoy ve digerleri (2010) sosyal giivenlik sistemi baglaminda 1960-2005 yillar1 i¢in
Turkiye ekonomisinde sosyal harcama duzeyi ile iktisadi biiylime iliskisini incelemislerdir.
Calismada sosyal harcamalarin ve sosyal harcamalarin alt bilesenleri olan sosyal koruma ve

egitim harcamalarinin ekonomik biiyiimeyi olumlu etkiledigi sonucuna ulagmislardir.

Sarisoy ve Kog (2010) sosyal kamu harcamalari ile yoksulluk arasindaki iliskiyi sosyal
giivenlik sistemi paralelinde irdeledikleri ¢aligmalarinda yoksullugun yok edilebilmesi veya
azaltilmasi icin gerekli olan politikalarin eksikligine vurgu yapmaktadirlar. Ayrica ¢calismada
yaptiklart ekonometrik analizde sosyal kamu harcamalarinin yoksulluk oranlarini azalttig
sonucuna ulasmuslardir. Tiirkiye Isveren Sendikalar1 Konfederasyonu (2012) aylik biilteninde
yer alan ¢alismaya gore Tiirkiye’de sosyal giivenlik transferlerinin bitce dengesini bozdugu

sonucuna ulasilmistir.

Akalin (2013) yapmis oldugu ¢aligmada sosyal giivenlik sistemine yapilacak finansman
katkilarinin gelir dagilimindaki bozuklugu diizeltici bir etkiye sahip olmayacagimi dile
getirmektedir. Akalin’a gore, sisteme yapilan finansman katkilari, emek gelirinin GSMH
icindeki paymi arttirmamakla birlikte emek gelirinin i¢ dagilimimi esitlik yoniinde

diizeltebilecektir.

Yilmaz (2014) ¢aligmasinda sosyal giivenlik sistemine aktarilan transferlerin kayda
deger rakamlara ulasmasi sonucunda kamu finansmanini olumsuz yonde etkileyecegini dile

getirmektedir.

Yilmaz, sosyal giivenlik sistemine aktarilan transferlerin kamu bor¢lanma geregini ve
biitge agigint arttirdigi sonucuna ulagmistir. Bu durum da genel ekonomiyi olumsuz

etkilemektedir.
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Cural (2016), Tlrkiye’de sosyal giivenlik sisteminin yapisal sorunlarini ve biitge
transferlerinin  sistem iizerindeki etkilerini irdeledigi ekonometrik ¢aligmada bitce
transferlerinin kamu giderlerini ve i¢ bor¢ stokunu arttirdigi, biitceyi olumsuz etkiledigi ve

kamu sabit sermaye yatirimlarini hem olumlu hem de olumsuz etkiledigi sonucuna ulagsmistir.

I11. TURKIYE’NIN SOSYAL GUVENLIK SISTEMI’NE YAPILAN
BUTCE TRANSFERLERININ MAKROEKONOMIK ANALIZi

I11. 1. Veri ve Yontem

Calismanin  ekonometrik analizinde Sosyal Gulvenlik Sistemi’ndeki aciklarin
finansman1 amaciyla gerceklestirilen biitge transferlerinin kamu bor¢ stoku, dis borglanma,
biitce ac1g1 ve yatirimlar ile iligkili olup olmadiginin arastirilmas1 amaglanmaktadir. Literatiirde
SGK i¢in gergeklestirilen biitce transferlerinin yatirimlari azalttigi, biitce agiklarin1 ve kamu
bor¢ stokunu arttirdigr yoniinde birgok goriis bulunmaktadir. 1990-2015 yillar1 arasi yillik

verilerle incelenen analizde Cural’in (2015) yaptig1 analizden yararlanilmistir.

Tablo IV: Degiskenler, Kisaltmalar1 ve Elde Edilen Kaynak

DEGISKENLER KISALTMALARI | ELDE EDILEN KAYNAK
Butce Transferleri BT Kalkinma Bakanlig1
I¢ Borg Stoku IBS Hazine Miistesarlig1
D1s Borg Stoku DBS Hazine Miistesarlig1
Kamu Yatirimlari KY Kalkinma Bakanlig1
Butce Giderleri BG OECD ve SGK
Ham Bitge Giderleri HBG OECD ve SGK

Not: HBG, SGK’ya yapilan biitge transferleri harig bltce giderlerini ifade etmektedir

Analize konu olacak olan tim zaman serilere ait tanimlayici istatistikler tablo 5’de

sunulmustur.
Tablo V: Tamimlayici Istatistikler

BT IBS DBS KY BG HBG
Ortalama 15.12 16.11 16.21 14.11 15.90 16.01
Medyan 15.11 15.11 16.20 15.20 16.11 16.10
En Cok 17.09 16.40 15.78 15.71 15.01 15.80
En Az 14.90 17.80 17.11 15.80 15.10 15.86
Standart Sapma 0.065 0.60 0.98 0.58 16.90 16.11
Carpikhik 0.28 -0.31 -0.17 -0.18 -0.15 -0.30
Basikhik 0.12 2.35 1.40 1.32 1.20 1.27
Jarque Bera 1.90 3.23 5.21 1.11 1.10 1.10
Olasihk 0.39 0.18 0.20 1.19 0.29 0.26

Gozlem 25 25 25 25 25 25




U. Altunéz / IREM, 5 (1), 2017, 58-77 68

Tablo 5’deki tanimlayici istatistiklere gore incelenen donemde zaman serilerinin normal
bir dagilim gostermedigi carpiklik ve basiklik degerlerinden anlagilmaktadir. Normal
dagiliminda ¢arpiklik degerinin 0, basiklik degerinin de 3 olmasi beklenmektedir. Basiklik
degeri 3’iin iizerinde oldugunda mevcut dagilimin normal dagilima gore sivri tepeli oldugu
anlasilmaktadir. Bu durum, dagilimin asir1 degerler igerebilecegi seklinde yorumlanmaktadir.
Tablo 5 sonuglarina gore, elde edilen basiklik degerlerinin timii 3’ten kiiglik ¢ikmistir. Bu
durum ince kuyruk ozelligi gosterdikleri anlamina gelmektedir. Bir tanesi hari¢ diger tiim
serilerin ¢arpiklik degerinin negatif olmasi serilerin sola ¢arpik oldugu anlamina gelmektedir.
Zaman serlerinin normal dagilima sahip olup olmadig1 Jarque-Bera (JB) test istatistigi ile analiz
edilmistir. Elde edilen sonuclara gore elde edilen test istatistiklerinin 2 tablosu degerlerinden
biiyiik ve istatistiki olarak anlamli olmas1 nedeniyle zaman serileri normal bir dagilima sahip
oldugu sifir hipotezi reddedilmis ve higbir zaman serisinin normal dagilim gostermedigi

anlasilmistir.
I11. 1l. Uygun Gecikme Uzunlugu ve Birim Kok Testleri

Birinci farklar alindiginda duragan hale gelen zaman serilerinde ileride yapilacak

analizler i¢in uygun gecikme uzunlugunun belirlenmesi gerekmektedir.

Tablo VI: Gecikme Uzunlugunun Tespiti

Gecikme

Uzunlugu LR AIC SC HQ
0 6.111 65.111 | 66.132 | 68.113
1 115.130 | 65.210 | 67.230 | 66.110
2 18.123 | 64.111 | 61.119 | 59.109
3 11.908* | 61.131* | 60.312* | 59.011*
4 4.312 64.098 | 60.999 | 59.789
5 1.231 66.213 | 68.710 | 60.189

Tablo 6’da LR (Likelihood), AIC (Akaike Information Criterion), SC (Shwarz
Information Criterion), HQ (Hannan-Quinn Information Criterion) bilgi kriterlerinden istifade
edilerek en uygun gecikme uzunlugu saptanmistir. En uygun gecikme uzunlugu Ug¢ olarak kabul

edilmis olup tiim analizlerde gecikme uzunlugu U¢ olarak kullanilacaktir.

Zaman serileri analiz edilirken ¢ogu makroekonomik zaman serisinin duragan olmadigi,
diger bir ifade ile birim kok icerdigi goz oOnilinde tutulmalidir. Birim kok, serilerde ana
karakteristik koklerinin mutlak degerlerinin 1’e esit olmasi anlamina gelmektedir. Bu durumun
saglanmadigi, birim kok iceren serilerden ulasilacak sonuglarda regresyon tahminleri saglikli

ve giivenilir olamamakta, sahte ve yaniltic1 tahminlere neden olmaktadir. (Gujarati, 2004:792).
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Bu durumu ortadan kaldirmanin yolu zaman serilerine birim kok testi uygulamaktir. Birim kok
testleri icin Y;, serisinden meydana getirilen birinci derece otoregresif sureci igine alan

basitlestirilmis model denklem (1) deki gibidir.

Yie = PYir—1 + & -1<p=<1 1)
Esitlik 1°de p, birim kok testinin otoregresif katsayisini ifade etmekte olup p mutlak deger
degeri 1’den kiigiik ise birim kokiin icermedigi sonucuna ulasilmaktadir. Bununla birlikte
mutlak deger p degeri 1’e esit ise seri duragan degildir ve birim kok tasimaktadir sonucuna
ulagilmaktadir (Maddala, 1992:581-582). Calismada kullanilacak iki birim kok testinden biri
Dickey ve Fuller (1981) tarafindan gelistirilen Augmented Dickey-Fuller (ADF) testidir.

AY, = PY,_y + XK BiAY,_; + & (2)
AY; =a+PY,_; + Z§c=1 PiAY,_1 + & (3
AY, = a + 8t + PY,_; + ¥ BiAY,_; + & (4)

(3), (4) ve (5) numarali denklemlerdeki AY;analize konu olan degiskenin birinci farkini
ifade etmektedir. Denklemlerdeki k gecikme uzunlugunu, t zaman trendini, AY;_; bir dénem
gecikmeli fark terimini, &, ise hata terimini ifade etmektedir. ADF testlerinde H, ve H; olmak
tizere iki hipotez kurulmakta olup bos hipotez, serinin birim kok icerdigini iddia etmektedir.
Sonugta bos hipotezin ret edilememesi birim kokiin varligi sonucunu doguracaktir. Tablo 4’de

ADF birim kok testleri izlenebilmektedir.

Tablo VII: ADF Birim Kok Test Sonuglari

Seviyede Birinci Farkta
Sabit | Sabit ve Trendli Sabit | Sabit ve Trendli
BT -0.86 -3.21 -5.12** -3.62**
iBS -0.88 -1.33 -1.76** -8.54**
DBS | -1.31 -1.65 -3.56* -4.31*
KY -1.41 -2.56 -6.23* -4.43*
BH -1.33 -1.11 -5.34* -5.34*
HBG | -0.87 -1.70 -6.12** -6.23*

Not: *** sirasiyla %1 ve %5 anlamlilik diizeyini ifade etmektedir

Tablo 7°deki sonuglara gore gerek sabit gerekse sabit ve trendli hi¢bir degisken seviyede

duragan degilken birinci farklar1 alindiginda duragan hale gelmistir.

Caligmada kullanilacak diger birim kok testi olan Yapisal Kirilmali Lee ve Strazicich
testidir. Bu testte yapisal degisimler i¢ssel olarak belirlenmektedir. (Lee ve
Strazicich,2003:1088).
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Lee ve Strazicich birim kok testi 2 farkli modelle tahmin edilmektedir. A modeli yapisal

kirilma, C modeli sabit ve trenddeki kirilma olmak tizere analize dahil edilmektedir.
Y, =9'Z; + & vee_Pe_q + e (5)
Esitlik (5) te Z; igsel degisken vektorii ve & hata terimini temsil etmektedir. Bir

kirilmaya izin veren A modeli i¢in;

Di,t > Tg +1 Oldugunda 1, farkli durumlar i¢in 0 degerini alan kukla (dummy)

degiskenini temsil etmek tizere (5) no’lu denklem icin;
Z: = (1,t, D1¢) Seklini almaktadir. Ty Kirtlma zamanini temsil etmektedir.

Ortalamada iki kirilmaya imkan kilan duraganlik testi icin Model AA, D;; = 1;j =
1,2 oldugu durumda
D, t = Tgy + 1 iken 1, bu durumun disindaki durumlarda 0 degerini alan dummy degiskeni

gosteren (5) no’lu denklemde
Z; = (1,t, Dy, DT}) olmaktadir.

Hem sabit terimde hem de trendde iki kirilmaya olanak saglayan CC modeline ulagsmak
icin j=1, 2 olacak sekilde (Arisoy ve Unliikaptan, 2010:449). DT;j, t = Tgj + 1ikent-Tg, farkh
sartlarda 0 degerini alan dummy degiskeni ifade etmek suretiyle Z, vyerine Z, =
(1,t, Dy¢, Dyt, DTy, DT, konulmaktadir.

Tablo VIII: Lee ve Strazicich Birim Kok Testi Sonuclar

Degiskenler Model C Model CC Model A Model AA

BT -2.64(1998) -3.11(1980-1994) -2.76(1998) | -2.17(1998-2009)
IBS -3.75(1981) -3.34(1980-1988) -1.58(2000) | -3-01(1998-2001)
DBS -2.42(1999) -6.19(1998-2007) -2.00(2007) | -2.98(1994-2000)
KY -2.10(2000) -2.60(1988-2002) -1.88(2008) | -2.12(1997-2001)
BH -5.10(200) -3.90(1988-2002) -1.90(2008) | -2.40(1998-2002)
HBG -3.90(2001) -1.90(1988-2001) -1.87(2008) | -1.82(1998-2001)

Lee ve Strazicich testi sonuglari kritik deger tablosuyla kiyaslandiginda meydana gelen
yapisal kirilmalar dikkate alindig1 durumda bile zaman serilerinin seviyede birim kok tasidigina
isaret etmektedir. Tablo 8’de izlenen kirilma tarihleri de Tirkiye ekonomisi i¢in anlamli

tarihlerdir.

1980 yili liberal politikalarin Tiirkiye’de hayata gecirildigi yil olarak kabul
edilmektedir. 1994, 1999 ve 2001 yillar1 Tiirkiye’nin kriz yillar1 olarak kayitlara ge¢mistir.
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2007 yih ise kiiresel krizin bir yi1l 6ncesi olarak diisiiniilebilmektedir. Sonu¢ ADF birim kok

testiyle ayn1 olup seviyede duraganlik s6z konusu degildir.
1. 111. Johansen-Juselius Es Biitiinlesme Analizi

Bulgular zaman serilerinin. ADF birim kok testi sonuglar1 dikkate alindiginda I(1)
oldugu sonucuna varilmistir. Bu nedenle zaman serilerinin es biitlinlesme analizi i¢in uygun
olduguna karar verilmistir. Es biitiinlesme iligkisinin tespiti i¢in denklem (6) ve denklem (7)

den yararlanilmaktadir.

Yt=a+,3Xt+£t (6)
Xt=a+,8Yt+ut (7)
Denklem (6) ve (7) de Y; t zamanindaki Y degiskenini X; ise t zamanindaki X
degiskenini temsil etmektedir. A ve B, parametreleri temsil ederken &, ve u, hata terimlerini
temsil etmektedir. Es biitiinlesme teorisinde eger analize konu olan serler seride duragan
olmamalarina karsin birinci farkta duragan oluyorlarsa aralarinda es biitiinlesme iliskisi s6z

konusu olabilmektedir. Calismadaki seriler birinci seviyede duragan olduklar1 igin Johansen-

Juselius (1990) tarafindan gelistirilen es biitiinlesme analizine gegilmektedir.

Johansen-Juselius (1990) yonteminin ¢ikis noktasi, asagidaki gibi p gecikmeli bir
Vektor oto regresyon denklemine dayanir:
Yt = M+A1Yt—1 +"‘+Ath_p +£t (8)

Denklem (8)’de Y; seviyede duragan olmayip birinci farki alindiginda duraganlagan
degiskenin nx1 degiskenler vektoriinii, &; ise nx1 soklar vektoriinii temsil etmektedir (Cetin,

2012: 221). VAR modeli denklem (9) daki gibi ifade edilmektedir.
AYy =pu+ 1Y + Zfz_ll LAy + & )

Johansen ve Juselius (1990), es biitiinlesme vektdrlerinin sayisini ve anlamliliklarini
analiz etmek icin iz ve maksimum 6z deger olmak iizere iki ana test istatistigi gelistirmislerdir.

Sz konusu testler;
Jio = =T Ty In(1 =) (10)

Jmax = —=TIn(1 — 4,44) (11)


https://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi17diIw4nOAhXEfywKHSKoAzAQFggfMAA&url=https%3A%2F%2Ftr.wikipedia.org%2Fwiki%2FVekt%25C3%25B6r_otoregresyon&usg=AFQjCNGgc2P4nXl6wGmuq2nlvJZXJ1A2uw&sig2=ELAIAz0qXZ3JKtG17-1k-w&bvm=bv.127984354,d.bGg
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Tablo IX: Johansen Eg biitiinlesme Testi Sonuglari

Degiskenler: BT, IBS, DBS, KY, BH, HBG; Gecikme Uzunlugu 3
Iz (Trace ) Istatistigi Maksimum Oz deger Istatistigi
Hy | Hy Test Istatistigi | Kritik Deger (%5) | Hy | Hy Test Istatistigi | Kritik Deger (%5)
r=0| r>1 81.118** 69.221 r=0| r>l 45,132** 33.672
r<l| r>2 40.121 46.901 r<l| r>2 22.512 25.132
r<2| r>3 15.121 29.190 r<2| r>3 7.421 20.312
<3| >4 6.113 15198 <3| r>4 5.312 14.123
r<4| r>5 1.812 3.110 r<4| r>5 1.453 3.454
<5| 1>6 1.212 3.210 r<5| 1r>6 1.213 2.798

Not: r es biitiinleik vektor sayisini ifade etmektedir. **, % 10 seviyesinde HO in ret edildigi anlamina gelmektedir.

Tablo 9’daki es biitiinlesme sonuglarina gore hesaplanan iz testi ve maksimum 6z deger
istatistikleri, kritik degerlerle karsilastirildiginda %5 anlam diizeyinde 1 adet es biitiinlesme
vektoriiniin bulundugunu goriilmektedir. Diger bir ifade ile butce transferleri ile ekonometrik
analize konu olan degiskenler arasinda herhangi bir es biitiinlesme vektoriin bulunmadigini HO,

iz ve maksimum 6z deger testleri tarafindan reddedilmektedir.
1. 1V. Asimetrik Nedensellik Ve Granger Nedensellik

Bu asamada uzun donemli iligkilerin birbirleri ile olan nedenselligini arastirmak
amaciyla nedensellik testi yapilmalidir. Ayrica hata diizeltme modeli ile es biitiinlesme
iliskisinin kisa ve uzun donemli ayrintilari irdelenmelidir. Bu amagla ¢alismada asimetrik
nedensellik testinin yani sira gelistirilmis granger nedensellik testi kullanilarak degiskenler

arasi nedensellik durumu analiz edilecektir.

Geleneksel Granger (1969) nedensellik testinde sinanan herhangi bir degiskenin
gelecege yonelik tahmin edilmesinde ikinci bir degiskenin faydali bilgi saglayip
saglamadigidir. Bu testin ilizerine literatiirde farkli testler gelistirilmistir (Hacker, Hatemi,
2006:1499). So6z konusu testler pozitif soklarla negatif soklarin etkisini farksiz kabul
etmektedir.

Hatemi-J (2012) gelistirdigi asimetrik nedensellik testinde zaman serilerinin dinamigini
anlamaya yardimci olacak ve muhtemel gelecege yonelik tahminleri gelistirmeye imkan

verecek sakli yapiyr bulmak amaglanmaktadir.
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Tablo X: Birinci farki alinarak duragan hale getirilen degiskenlere ait nedensellik test
sonuclar1 Asimetrik Nedensellik Testi Sonuglar1

Nede_nsgllik POZitifBut(;e Transferlerl:quatif
Yonu - -
KiKare | P Degeri | KiKare | P Degeri

IBS 2.81(3) 0.44** 8.12(3) 0.01
DBS 3.89(3) 0.38 11.12(3) 0.01
KY 10.98(3) 0.00 7.70(3) 0.07
BG 2.17(3) 0.72 7.11(3) 0.07
HBG 18.8(3) 0.00 1.32(3) 0.65

Tablo 10°da parantez igindeki degerler gecikme uzunlugunu ifade etmektedir. Tablo 10
sonuglarma gore, %5 anlamlilik seviyesinde biitge transferleri degiskeninin toplam biitge
giderlerini olumsuz etkiledigi izlenmektedir. Bu sonugta g6z oniinde tutulmasi gereken 6nemli
bir husus, biitce giderleri i¢inde biitce transferlerinin de bulunmasidir. Bu nedenle toplam biitge
giderlerindeki artigin belli bir kism1 biitge transferlerinden dolayr olmaktadir. Nedensellik
analizinden ¢ikan diger bir sonug ise biit¢e transferlerinin kamu yatirimlarini sonuca gére hem
olumlu hem olumsuz etkiledigi goriilmiis olup s6z konusu sonu¢ Cural’in (2015) calismasi ile
paralellik gostermektedir. Bu durum butce transferlerinin kamu yatirimlarini tizerinde olumlu
etki sagladigi fakat kamu harcamalarinin neden olacagi 6zel kesimi diglama etkisi ve faizlerin
artig1 ile durumun negatife donebilecegi olarak yorumlanabilir. Bu durumu diger bir sonug olan
bltce transferlerinin i¢c bor¢ stokunu arttirmasindan anlayabilmekteyiz. Artan i¢ bor¢ stogu
faizlerin artisina neden olabilmektedir. Ayrica biit¢e transferlerinin dis borg¢ stokunu olumsuz
etkiledigi, bu etkinin %1 anlamlilik diizeyinde sifirdan farkli oldugu sonucuna ulasilmigtir. Hata
diizeltme modeli ile gelistirilmis granger nedensellik testi sonuglarinda biitge transferleri ile

diger degiskenlerin nedensellik iliskileri tablo 11’de sunulmustur.

Tablo XI: Hata Diizeltme Modeli Ile Gelistirilmis Granger Nedensellik Testi Sonuglari

Geckme Sayisi | F Istatistigi | ECM,_4 Igin t istatistigi
ABT === AIBS m=1 n=1 66.120* -8.31*
ABT === ADBS m=2 n=2 122.121* -20.42*
ABT == AKY m=2 n=2 3.312* -0.43*
ABT === ABG m=2 n=2 99.134* 15.43*
ABT == AHBG m=2 n=2 4.331* 0.45*

*%S5 A.S’de anlamli oldugunu gostermektedir. m bagimli n bagimsiz degisken igin Schwarz bilgi kriterine gore
belirlenmis optimal gecikme uzunlugunu gostermektedir.

Tablo 11’e gore granger nedensellikler i¢in f degerlerinin timi anlamhidir. Biitge

transferlerinden i¢ borg stokuna bir nedensellik s6z konusudur. I¢ borg stokuna paralel olarak
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dis borgla da ayn1 yonde iliski s6z konusudur. Diger bir sonug ise biit¢e transferleri ile kamu
yatirimlart birbirinin karsilikli nedeni olmasidir.  Ayrica biitce giderleri ve ham biitge

giderlerinin, biit¢e transferinin nedeni oldugu izlenebilmektedir.

IV. SONUC

1982 Anayasasi’nin 60. maddesi sosyal giivenlik hakkini temel bir “sosyal hak” olarak
herkese tanimis, bu temel hakkin saglanmasinda gerekli tedbirlerin alinmasini ve tegkilatlarin
kurulmasin1 devletin baglica gorevleri arasinda belirlemistir. Tiim bireyler i¢in anayasal hak
olan sosyal giivenlik hakki, birgok yapisal sorun nedeni ile istenilen verimlilik ve etkinlige

ulasamamustir.

Uzun yillardir sosyal giivenlik sistemindeki sorunlarla ve bu sorunlar1 ¢6zme konusunda
verdigi miicadele ile bilinen Tiirkiye’de sosyal giivenlik sisteminin olusturdugu giderler ve
finansman agiklari, 1990’11 yillarla beraber hizli ve keskin bir artig kaydetmistir. Bu baglamda
1999 yilinda gerceklestirilen sosyal giivenlik sistemi reformuyla gelir arttiric1 ve gider azaltici
bir politika benimsenmistir. Bununla birlikte istenilen basar1 seviyelerine giiniimiizde dahil
ulasilamamustir. Ozellikle sosyal giivenlik harcamalarinin merkezi ydnetim giderlerinin en hizli
artan kalemini olusturmasi, sosyal giivenlik sistemine yapilan biitce transferlerinin de

sorgulanmasini beraberinde getirmistir.

Bu ¢alismada SGK’ya yapilan biitge transferlerinin GSYIH’ya oranindaki artis trendi
ve s6z konusu butce transferlerinin kamu borg stoku, dis bor¢lanma, biitce agi1g1 ve yatirimlar
ile iligkisi ve bu degiskenler lizerindeki etkisi analiz edilmektedir. Tiirkiye’de 1990-2015 yillar
icin yillik verilerle yapilan analizde ¢aligmanin daha anlamli olmasi amaciyla geleneksel ADF
birim kok testinin yaninda kirilmalara izin veren Lee ve Strazicich birim kok testinden de
yararlanilmistir. Bu sayede bircok ekonomik gelismeyi biinyesinde barindiran Tiirkiye
ekonomisinde kirilmalar da dikkate alinmistir. Benzer mantikla ¢aligmada iki farkli nedensellik
testi uygulanmis olup analiz sonuglarina goére sosyal gilivenlik sistemine yapilan biitce
transferleri, biitce giderlerini arttirmaktadir. Bu noktada ilgi ¢ekici detay, s6z konusu biitce
giderlerinin icine butce transferlerinin de dahil edilmis olmasidir. Yine ¢alismada biitce
transferlerinin SGK’ya aktarilan boliimiiniin ¢ikarilarak analize dahil edilen ham biitge giderleri
kalemi de butce transferleri sonucu artis gostermektedir. Calismadaki ekonomik analize toplu
olarak bakildiginda biit¢e transferleri degiskeninin toplam biit¢e giderlerini olumsuz etkiledigi

izlenmektedir. Analizden ¢ikan diger bir sonug ise biitge transferlerinin kamu yatirimlarini hem
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olumlu hem olumsuz etkiledigidir. Bu durum biit¢e transferlerinin kamu yatirimlarini tizerinde
olumlu etki sagladig1 fakat kamu harcamalarinin neden olacagi 6zel kesimi diglama etkisi ve
faizlerin artig1 ile durumun negatife donebilecegi olarak yorumlanabilir. Ayrica artan i¢ borg
stoku faizlerin artisina neden olabilmekte ve biit¢e transferlerinin dis bor¢ stokunu olumsuz
etkilemektedir. Nedenselligin yoniiyle ilgili analiz sonuglarina gére bitce transferlerinden i¢
borg stokuna tek tarafl1 bir nedensellik s6z konusudur. i¢ borg stokuna paralel olarak dis borgla
da ayn1 yonde nedensellik iliskisi mevcuttur. Biitge transferleri ile kamu yatirimlari birbirinin

karsilikli nedenidir. Butce giderleri ile ham butce giderleri, bitce transferinin nedenidir

Bu c¢alisma sonucunda heniiz istenilen basarinin saglanamadigi sosyal giivenlik
sistemine yapilan biitce transferleri, sistemle iliskili makroekonomik kalemleri olumsuz

etkilemektedir. Bu nedenle ¢alismada belirtilen;

e Sistemdeki geng emeklilik sayisinin fazlaligi,

e Yoksulluk,

e Devlet katkisinin yetersizligi,

e Yeterli katki payina hala ulasilamamis olmasi,
e Prim tahsilatindaki yetersizlik,

e Kayit dis1 uygulamalar,

e Aktif - pasif sigortali dengesinin bozulmasi,

e Fonlarin verimli ve etkin degerlendirilememesi,

e Norm ve standart birliginin olmamasi

gibi yapisal sorunlarin minimize edilmesi, sisteme aktarilan biit¢e transferlerini azaltabilecek,
biit¢e transferlerinin neden oldugu i¢ ve dis borg stoklari azalacak, yatirimlarin artmasi ve daha
verimli yonetilmesi saglanabilecek ve sosyal giivenlik sistemi daha etkin ve verimli bir hale

gelebilecektir.
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