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Abstract

As the competition in the business world shifts from organizational to supply chain level and
consequently include multi dimensions such as cost, quality and speed; efficiency and
benchmarking analyses of supply chains require special attention. Within this context, this
paper benchmarks the performance of Turkish food and beverage companies and discusses
their global competitiveness as well as the improvement opportunities. Namely, it purposes to
search for strengths and weaknesses at company level as well as opportunities and threats at
the industry level. The methodology involves the data envelopment analysis (DEA) approach
and related sensitivity analyses. Results illustrate that export increases supply chain efficiency
scores of most companies, supporting some previous studies which show export as an indirect
channel to increase productivity. Although Turkish food and beverage companies utilize a
limited amount of their resources to generate export revenues and don’t realize high export
volumes, they seem to use their export strategies wisely and benefit from exports to a certain
extent. Results also demonstrate that these companies can generate revenues but cannot utilize
their resources and the related supply chains effectively to generate sufficient profits.
Increasing the profit level might require more efficiently managed supply chains.

Keywords: Supply chain management, data envelopment analysis, benchmarking, efficiency,
Turkey

Introduction weaknesses at company level as well as
opportunities and threats at the industry
Efficiency of supply chain systems has been level including the international arena.

a critical issue in today’s business world

where the competition has shifted from Performance benchmarking in supply
organizational level to supply chain level chains

(Ragu-Nathan et al, 2006). As the global
trade  environment became  more
competitive, global competition forced company’s efficiency in comparison to its
companies to compete on multi dimensions competitors by identifying the most
like cost, quality, speed; consequently, efficient companies and ranking the
efficiency of their supply chains emerged as remaining companies referring to the
a significant competitive advantage. efficient ones  (Goncharuck, 2008).

Performance benchmarking has become Literature  contains various studies

Performance benchmarking analyzes a

indispensable for companies to further
their improvement and stay competitive.
Within this context, this paper benchmarks
the performance of Turkish food and
beverage companies via data envelopment
analysis (DEA) and discusses their global
competitiveness as well as the
improvement opportunities. This might
purpose to search for strengths and

regarding supply chain (SC) performance
benchmarking and its effects on company
success. Reiner and Hofmann (2006) show
that efficient chains lead to high financial
performance. Tan et al. (2002) (as cited in
Basnet et al, 2003) show a significant
correlation between certain SC practices
and firm performances. Narasimhan et al.
(2006) show that an effective SC can
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significantly affect profitability. D’avonzo et
al. (2003) find a strong connection between
superior SC performance and financial
status such as high shareholder values and
high market capitalization rates. Ellram
and Liu (2002) state that shareholder value
can be lost because of poor SC
management. The study of Singhal and
Hendricks (2002) shows how SC glitches
can have a significant negative effect on
shareholder value regardless of company
size or industry. As these studies imply, an
efficiently managed supply chain can be a
crucial factor in a company’s financial
strength and success in the market.

Although supply chain management is a
relatively new concept in business
literature, there have been shifts in
research focus. Cost based performance
measures are the main concern of early
literature. Beamon (1999) presents Cohen
and Moon (1990), Lee and Feitzinger
(1995) and Pyke and Cohen (1993) as
some of the authors that used cost based
performance measures in their supply
chain models. These measures generally
include costs of goods sold, inventory costs
and operating costs. In later studies, the
importance and need for qualitative
measures as well as other quantitative
measures are realized and measures such
as quality (Chan, 2003), customer
satisfaction (Gunasekaran et al, 2001) and
risk management (Johnson and Randolph,
1995 as cited in Beamon, 1999) come into
the picture. Beamon (1999) groups SC
performance measures into three as
resource, output and flexibility. Chan
(2003) identifies seven SC performance
measures and categorizes them as
quantitative (cost and resource utilization)
and qualitative (quality, flexibility,
visibility, trust, and innovativeness).

Literature contains various applications
that benchmark SC performances at sector
or product group level. Reiner and
Hofmann (2006) benchmark 65 European
and American companies from different
industries. They specify the number of full-
time employees in production, total
inventory costs, supply chain costs, ship
from locations (tier 1 suppliers), ship to
locations (tier 1 customers), number of
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warehouse locations as input variables;
revenue and delivery performance rate as
output variables. They conclude that
efficient supply chains lead to high financial
performance and emphasize the benefits of
warehouse pooling. Wong and Wong
(2007) use revenue and on time delivery
rate as output variables; supply chain costs,
cycle time and manufacturing capacity as
input variables. They find that the
opportunity cost (profit loss) calculated by
the model serves as a good reference to
managers to make efficient decisions on
resource allocations.

Frameworks are also proposed regarding
integrated supply chains which is a major
concern of SCM today (Gunasekeran et al,,
2004; Angerhofer and Angelide, 2006;
Agarwal et al, 2006; Molnar et al, 2007).
Many authors (Wong and Wong, 2007,
Liang et al,, 2006, Qu et al., 2006, Beamon,
1999, Gunasekaran et al, 2001) mention
the importance of performance evaluation
for all members of a supply chain in order
to increase customer satisfaction. However,
some studies are considered inapplicable
since even leading companies do not have
such data sets and measurement systems
for their entire supply chains (Ross, 1998).
Shah and Singh (2001) overcome data
problems by defining a SC inefficiency ratio
which only requires publicly available data.
Ulus et al. (2006) present a benchmarking
study of industrial transportation
companies traded in the NYSE by using
solely publicly available data to conduct a
financial performance analysis. They find
significant performance differences among
the sub-sectors of the transportation
industry.

Within the context discussed above, the
paper proceeds with benchmarking the
performance of Turkish food and beverage
companies.

Methodology

Turkish food and beverage companies are
benchmarked using data envelopment
analysis (DEA). The analysis identifies the
best practice supply chains as well as the
inefficient ones and their causes. Target
units are specified for each inefficient unit
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for further improvement and suggestions
are made for adaptations. A further
discussion related to the choice of DEA can
be found in Ozdemir (2009).

DEA is a non-parametric linear model
developed by Charnes, Cooper, and Rhodes
(1978) to evaluate the relative efficiencies
of similar decision making units (DMU) by
considering multiple inputs and outputs
simultaneously. Within DEA context, the
efficiency of any DMU is the maximum of a
ratio of weighted outputs to weighted
inputs subject to the limitation of the
similar ratios for every DMU be less than or
equal to one. The most efficient DMUs score
1 and the relatively inefficient ones less
than 1.

The basic CCR model of DEA is formulated

as follows
Z, ur yro

max h,(u,v) =
ViXio
subject to:
u,y,;
L <1l; j=1,...,n,
VX,

[t}
u,,v, 20 foralliandr

where:

ho: the efficiency value that
maximizes the ratio of DMU,.

vi: weight for input i

u,: weight for output r

Xio: observed value for input x of
DMU,

Vro: Observed value for output y of
DMU,

n: the number of DMUs

The above non-linear model can be
converted to a linear one with weights
indicated as (,v).

S
maxz=3" 4,

subject to

s m
Zrzl’uryrj _Zizlvixij <0
m
Zi:l ViXio =1
Mu.v, 20

In order to obtain the relative efficiency
score of each DMU, this linear model is run

for each DMU and the related maximum
efficiency score is calculated by
determining the optimal weights of pand v.

Input and output measures

Referring to the related literature
discussed in this paper, supply chain cost,
total inventory and full-time employee
number are defined as input and revenue is
defined as output variables to evaluate SC
performances at company level utilizing
DEA. Regarding their possible effects on
operational performance, profit and export
are also included consequently as output
measures.

Supply chain cost is related with the costs
of operations within the chain. It includes
the distribution costs and inventory
holding costs as in Shah and Singh (2001).
Cost of capital is used as the inventory
carrying cost for practical purposes.
Related data for Turkish food and beverage
companies is acquired from Ege and
Bayraktaroglu (2008). Similarly, due to
data limitations, distribution cost data is
replaced with marketing and selling costs
since distribution costs are a significant
and usually a proportional percentage of
this  expenditure. Validity of this
replacement is verified by conducting
phone interviews with three logistics
managers in food and beverage industry.

Revenue is considered as the major output
variable since it indicates how well the
company performs its operations and
controls its SC. High revenue might indicate
the company’s success in the market-place;
however, it does not necessitate making
high profits. A company with high revenues
might lack effective operations
management; which would increase costs
of goods sold and decrease profit.

On the other hand, export is a strategy that
affects company operations and SC designs.
Companies export to expand their
customer portfolios, learn from global
competitors, catch up with rapid global
trends and increase their revenues.
Helpman et al (2004); Bernard et al,
(2003) and Melitz (2003) argue that
companies with efficient operations tend to
export. Consequently, export might be an



indicator of good operations performance
and effectively managed supply chains. If a
company’s SC performs well, then its
products and services are expected to be
better quality and lower cost creating
higher customer satisfaction and increasing
the chance of success in the global arena.
For a supplier to compete in the export
market, Piercy et al. (1998) list some SC
related specifications like cost per unit
production, cost of goods sold, selling price
to end-user abroad, product quality,
product accessibility, delivery speed and
reliability. Zou and Stan (1998) conclude
that low cost can significantly impact
export performance and Ling-Yee and
Ogunmokun (2001) state that exporting
companies should improve SC management
skills for success.

Literature cites only a few studies (Duzakin
and Duzakin, 2007) that measure the
financial performance of manufacturing
firms in the DEA context using profit and
export variables along with revenue. As a
result, considering profit, revenue and
export among performance measures will
contribute to this study as well as the
literature.

Analysis of the Turkish food and
beverage industry

The food and Dbeverage industry
experiences a high level of competition
where effective management strategies in
company supply chains are critical for
being competitive. Miller and Roth (1994)
state that food manufacturers’ competition
is based on infrastructural changes in
manufacturing operations which will cut
costs and improve quality. This can be
achieved through efficient use of resources
and efficient management of supply chains.

Food and beverage sector is among the first
industries established in Turkey. Turkey
has certain competitive advantages in
agricultural production (Istanbul Ticaret
Odas1 [ITO], 2006); however, cannot
benefit from this in the global arena
(TUSIAD, 2007).  Turkey’s annual
agricultural and live animal exports data
indicate the need of foreign markets for
these products as raw materials. However,
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Turkey is not strong at transforming these
raw materials into processed products that
would have higher value added. Researches
on this area (TUSIAD, 2007, ITO, 2006)
suggest the implementation of effective
management strategies to overcome the
existing problems between suppliers and
manufacturers, to increase capacity
utilization and to decrease production
costs. Turkish companies should give
importance to supply chain management
which can decrease cost of production,
improve supplier-customer relations and
create high level of customer satisfaction.

This study analyzes the supply chains of
Turkish food and beverage companies to
observe their performance efficiencies in
the domestic market in terms of their
profit, revenue and export generating
status. The study of Salomon and Shaver
(2005) is a motivation to conduct this
analysis. Analyzing Spanish domestic
companies, they find that export and
domestic  sales are  complements;
moreover, the strength in the domestic
market drives export sales. To enter
foreign markets and increase exports,
companies have to strengthen their
positions in their domestic markets.
Benchmarking would give companies the
opportunity to analyze their strengths and
weaknesses in the market. Furthermore,
observing, comparing and adjusting the
operations of the outperforming domestic
competitors may improve and strengthen
the value generating capability and the
export revenues of the inefficiently
managed companies and the industry.

Results

Turkish food and beverage companies are
benchmarked using DEA. The models are
executed utilizing computer facilities and
the Solver Pro software. Data set includes
the food and beverage companies traded in
the Istanbul Stock Exchange (ISE) thus,
data availability and reliability problems
are minimized. Omitting one company due
to its hybrid operations, results in 23
companies. Data is collected via internet
from ISE and companies’ websites for the
year 2007. For confidentiality purposes,
companies are named as TR1, TR2 etc.
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The analyses include a basic run and six
additional runs for sensitivity analysis. The
input variables are SCM costs, total
inventory and full-time employee number.
Output variables used in each run vary
among revenue, profit and export (Table
1). Sensitivity analyses are performed to

observe how revenue, profit and exports
affect the supply chain efficiency of
companies.

Table 1 presents the results of the basic run
along with the sensitivity analyses
performed.

Table 1. Sensitivity analysis results

List of runs with different output variables
BASIC

RUN1 [RUN2 [RUN3 |RUN4 |RUN5 |RUN6 |RUN

Output
Nexport [export [revenue |export

vrbls |revenue | profit | profit revenue | export | profit revenue
DMU | profit
TR1 [1.00 1.00 0.61 1.00 1.00 0.61 0.53
TR 2 1.00 0.94 1.00 1.00 0.90 <0.01 ]1.00
TR3 ]0.40 0.05 0.40 0.40 0.01 0.05 0.40
TR4 [1.00 1.00 0.19 1.00 1.00 <0.01 ]0.19
TR5 [0.31 0.31 0.28 0.28 0.08 0.28 0.26
TR6 |1.00 1.00 0.48 1.00 1.00 <0.01 ]0.48
TR7 ]1.00 1.00 1.00 1.00 0.06 1.00 1.00
TR8 [1.00 1.00 1.00 0.76 0.39 1.00 0.70
TR9 [1.00 1.00 1.00 1.00 0.65 1.00 1.00
TR10 |1.00 0.84 0.76 1.00 0.70 0.57 0.76
TR11 |0.97 0.10 0.97 0.97 <0.01 ]0.10 0.97
TR12 [0.94 0.74 0.94 0.76 0.05 0.74 0.76
TR13 |0.85 0.23 0.85 0.85 0.22 <0.01 ]0.85
TR14 |0.77 0.56 0.61 0.77 0.51 0.18 0.61
TR15 |1.00 0.81 0.78 1.00 0.61 0.58 0.78
TR16 [0.74 0.21 0.74 0.74 0.21 <0.01 ]0.74
TR17 |0.66 0.64 0.26 0.61 0.61 0.02 0.26
TR18 |1.00 1.00 0.67 0.95 0.85 0.67 0.56
TR19 |0.69 0.69 0.28 0.63 0.63 0.00 0.28
TR20 |0.97 0.97 0.29 0.97 0.97 <0.01 ]0.29
TR21 |0.55 0.53 0.54 0.55 0.06 0.53 0.54
TR 22 ]0.90 0.90 0.43 0.90 0.90 0.16 0.43
TR 23 |1.00 0.89 1.00 1.00 0.89 <0.01 ]1.00

The results in Table 1 show that no DMU is
efficient in all combinations, which may
imply that resources are not utilized totally
efficiently. Supply chains of TR 7 and TR 9
are efficient in all combinations except
when only export is taken as the output
variable. Actually, these two companies are
not export oriented and the percentage of
exports in their revenue is 1% and 7%
respectively.

Results depict that DMU efficiency scores
increase or at least remain the same when
export is included as an output variable.
This is apparent in comparing Run 3 and
Run 1; Run 6 and Run 2; Basic Run and Run
4. Although Turkish food and beverage
companies are not utilizing a majority of
their resources to generate export
revenues, they seem to use their export
strategies wisely and benefit from exports
to a certain extent.



Profit is also found to be a significant
variable in explaining supply chain and
hence financial efficiencies of companies.
When profit and revenue are taken as
output variables (Run 3), the efficiency
scores of TR1, TR5 TR8, TR12 and TR18
increase and the rest (18 companies)
remain the same in comparison to the
efficiency scores of the Basic Run. Seven
companies realize losses, and three of them
become efficient when revenue is the only
output variable. Adding profit to output
variables cannot increase the efficiency
scores of these seven companies.
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When profit is used along with export and
revenue in outputs, the efficiency scores of
six companies increase in comparison to
the run where export and revenue are
used. The increases in supply chain
efficiency may mean that these companies
are utilizing their revenues to make profit.

Results of the Basic Run are also analyzed
to assess each input and output variable’s
contribution to DMU’s efficiency score. The
related results are tabulated in Table 2.

Table 2. Contributions of the variables to efficiency scores

DMU Employee | Inventory | SCM Revenue | Export Profit
TR 1 0.62 0.38 0 0 1 0

TR 2 1 0 0 1 0 0

TR 3 2.47 0 0.06 1 0 0

TR 4 0 0.12 0.88 0.07 0.93 0

TR 5 0.58 1.72 0.98 0 0.15 0.85
TR 6 1 0 0 0.06 0.94 0
TR7 0.75 0.25 0 1.00 0 0

TR 8 0 0.86 0.14 0.57 0.21 0.21
TR 9 0.70 0.30 0 1 0 0

TR 10 0.21 0.79 0 0.65 0.35 0

TR 11 0.96 0 0.07 1 0 0

TR 12 0 1.07 0 0.87 0 0.12
TR 13 1.13 0 0.05 1 0 0

TR 14 1.15 0 0.16 0.63 0.37 0

TR 15 0.56 0.44 0 0.76 0.24 0

TR 16 0.61 0.75 0 0.89 0.11 0

TR 17 0 1.05 0.47 0.25 0.75 0.005
TR 18 1 0 0 0 0.89 0.11
TR 19 0.97 0.13 0.35 0 1 0.01
TR 20 1.04 0 0 0 1 0

TR 21 1.37 0.48 0 1 0 0

TR 22 0.00 0.77 0.34 0 1 0

TR 23 0 0.06 0.94 0.39 0.61 0

The table demonstrates that the scores of these DMUs. SCM cost variable of

contribution of some variables to the
efficiency score is zero for some DMUs.
Profit variable doesn’t contribute to the
scores of 17 DMUs out of 23. The
explanation might be that their profits

remain relatively low compared to their
total revenues or export revenues;
therefore, DEA assigns zero weight to their
profit variable to maximize the efficiency

11 companies are also assigned zero
weight which may indicate that SCM costs
are higher than other operations costs such
as inventory and employees. The minimum
number of zero weights is assigned to the
variables of revenue and full time
employee number. Revenue seems to be
the outcome that compensates the
inefficiencies in other outputs of the
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companies. As the variable with the least
zero weight assigned, full-time employee
number seems to be the most wisely
utilized resource. This outcome is also
supported when the value of weights
assigned are compared. The highest value
is given to the variable, number of full-time
employees. Considering eight zero weights
assigned to the inventory variable, it may

be said that Turkish companies learn to
benefit from inventory management
strategies of supply chain such as inventory
pooling. Seven zero values in export
variables might depict that the Turkish
food and beverage companies seem to
benefit from their exporting activities to a
certain extent.

Table 3. Slack variables of DMUs calculated by DEA

% Excess | % Excess % Excess % Shortage | % Shortage % Shortage

DMU Employee |Inventory |[SCM Revenue Export Profit
TR 3 0 40.12 0 152.92 999.90 999.90
TR5 0 0 0 233.15 227.10 227.10
TR11 0 73.34 0 2.82 999.90 700.63
TR12 57.89 0 31.24 6.50 70.03 6.50
TR 13 0 40.47 0 18.05 56.63 999.90
TR 14 0 60.27 0 30.68 30.68 72.51
TR16 |0 0 48.57 35.55 35.55 999.90
TR17 55.55 0 0 52.00 52.00 52.00
TR19 |0 0 0 110.15 45.36 45.36
TR20 |0 73.20 28.25 67.74 3.55 94.36
TR 21 0 0 0 83.06 83.06 87.57
TR 22 6.84 0 0 14.34 10.86 119.78

Similar conclusions about profit can also be
reached by analyzing Table 3 which
presents input excesses and output
shortfalls of each inefficlent DMU. It is
observed that 23 DMUs have an average of
35 % revenue shortage whereas 192 %
profit shortage. This result also support the
idea that Turkish food and beverage
companies can generate revenues but
cannot utilize their resources and the
related SCs to generate sufficient profits.
They need to decrease costs to increase
their profits which require more efficiently
managed supply chains which can be
achieved by inventory management,
efficient resource utilization, distribution
network  configuration as well as
establishing strategic partnerships with
suppliers and customers.

Average shortage level of 114 % in export
revenues (Table 3) may imply that Turkish
food and beverage companies do not
realize enough exports. Increase in their
export activities will increase capacity
utilization, decrease idle capacity costs,
increase company revenue and profit

which will help to increase the overall
efficiency of Turkish companies.

Results of the output oriented DEA model
(Table 3) demonstrate that the average
input excess levels are relatively low with
respect to the averages of output shortages.
DMUs have an average excess of 5.2 % in
number of employees, 0.5 % in SCM costs
and 12.5 % in total inventory. Inputs
excesses affect supply chain performances
negatively (Duzakin and Duzakin, 2007). As
the costs of goods sold increase, the profits
decrease. These factors might hinder the
value generation capabilities of companies.
Value generation is the ultimate aim of
SCM. Generating insufficient value due to
inefficient management strategies and high
operations costs would decrease supply
chain efficiencies.

Conclusion

This study benchmarks the supply chain
performances of Turkish food and
beverage companies via data envelopment
analysis (DEA) and discusses their global




competitiveness as well as the
improvement opportunities. This might
purpose to search for strengths and
weaknesses at company level as well as
opportunities and threats at the industry
level including the international arena. The
selected methodology and the
implementation results may aid future
benchmarking analyses and draw attention
to the possibility of supply chain
benchmarking with only publicly available
data.

Considering the input output measures of
the study, the output variables are
extended to include profit and export
besides revenue. Export is observed to
increase supply chain efficiency scores of a
high number of companies. Findings
support Greenaway, Sousa and Wakelin
(2004) who show that export is an indirect
channel to increase productivity. Although
Turkish food and beverage companies
utilize a limited amount of their resources
to generate export revenues and don’t
realize high export volumes, they seem to
use their export strategies wisely and
benefit from exports to a certain extent.
Results also demonstrate that these
companies can generate revenues but
cannot utilize their resources and the
related SCs effectively to generate sufficient
profits. Increasing the profit level might
require more efficiently managed supply
chains.

The study can be extended two folds. The
developed methodology and the
measurement set can be applied to all the
companies traded in ISE with the
accompanying sensitivity analyses in order
to evaluate supply chain efficiencies of
different sectors in Turkey. A longitudinal
study can be conducted utilizing Malmquist
index with publicly available data at
company and industry level. This
implementation would make it easier and
more comprehensive to relate the changes
in supply chain efficiencies to macro
criteria such as international trade.
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