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Analysis (DEA) to identify the
1. Introduction productivity and also the scale

Since 1996, the Korea nationwide
commodity flow survey  has been
periodically conducted very five years. as
a means to improve national logistics
system. The third and the most recent
survey were conducted in 2005 and the
results have been stored into a database.

This study is a case study as to the
productivity efficiency of Korean shippers.
The study, more specifically, analyzes
input and output data with respect to
business logistics regarding individual
shipment and receipt. It is expected that
the study is to analyze “What firms are
efficient?” on the purpose of production.

The objective of the study is to
evaluate the productivity efficiency
of transport shippers. The decision
making unit is a shipping
establishment, or business firm in
Korea. There are 7,365 firms from

27 industries from 2005 commodity
flow survey being evaluated. The
study employs the wuseful frontier
technique; Data Envelopment

efficiency for each particular shipping
company.

The finding in the study are being
as a performance indicator of
existing transport shipping in Korea
for the government and a guideline
for individual firms to improve their
productivity efficiency.

The paper is organized as follow:

Section II summarizes the DEA
methodology utilized in the study;
Section III discusses the model
specification in measuring shipping
efficiency; Section IV shows and
discusses the result form data
analysis and finally Section V
concludes the interpretation from the
results and recommend for future
studies.

II. DEA approach

1. DEA basic concept
DEA use linear programming

organize and analysis data. It involves an
alternative principle for extracting
information about a population of

to
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independent units characterized by multiple
inputs and outputs and optimizes on each
individual observation with the objective of
calculating a discrete piecewise frontier to
identify the best practice and measures
the efficiency ratio based on differences
between observed units and their efficient
frontier. DEA model evaluates multiple
inputs and multiple outputs to calculate a
relative efficiency score of a DMU
(Charnes, et al., 1978). This relative
efficiency score has generated from
actual field data of all DMU in an
interesting activity. Note that a
fundamental property of an efficiency
measure embedded in DEA model is that it
must be independent of units in which the
input and output variable are measured.
The ability to model multi-input and
multi-output relationships without a priori
underlying functional assumption
has make DEA has been widely applied
to such assorted activities as airline
operation, banking, education, and also in
transportation and logistics (Clarke and
Gouradin, 1991; Chu and Fielding, 1992).
In Korea, researches have used DEA
to measure the performance of a
transportation activity such as measuring

form

airport performance (Hong and Lee,
(2007), Lee and Kim, (2004)), evaluating
transit service performance (Hong,

(2004), Kim (2003), Oh and Kim (2002)).
Most recently research conducted by Ha
and Choi, (2007). They apply DEA to
analyze the efficiency of Korea's
logistics Industry.

2. Envelopment model

formulations
The original and classic DEA models,

namely, CCR model by Charnes, Cooper
and Rodes (1978) and the BCC model by
Baker, Charnes and Cooper (1984). Later,
the collection of DEA models as a
extension of CCR and BCC model, have
been proposed by many researcher such
as Multiplicative models, Additive model
and its extended.

Each model has been developed for
identifying the envelope surface named the

efficient  frontier = which serves to
characterize efficiency and identify
inefficiencies. The main objective in the
DEA models is to obtain an efficiency
score for each of the DMU under
evaluated.

The efficiency score depends on the
orientation of the problem. There are two
alternatives orientation in DEA to evaluate
the efficient frontier; input-oriented and
output-oriented. First, in input-oriented, the
inputs are minimized and the outputs are
kept at their current levels. The pfocess
is defined input-efficient if there
other processes that, produces the same
of higher level of output, using smaller
amount of inputs. Second, in
output-oriented, the outputs are maximized
and the inputs are kept at their current
levels, And the process is defined
output-efficient if there is no other process
that, using the same or small amount of
input, produces higher level output.

In addition to model orientations, there

in no

are four possible models namely the
constant returns model, the variable
returns model, the increasing returns

model, and the decreasing returns model.

Each model is defined by a specific set
of economic assumptions regarding the
relation between inputs and outputs.
Associated with each of the four DEA
models, independent of the orientation,
there is a production possibility set.

Let n is number of total observed
DMUs. For a specific j-th DMU (DMU)),
; and y,; are their input and output
element. The empirical efficient frontier or

x

best-practice  frontier for DMU; is
determined by these total observations.
The properties of convexity and

inefficiency ensure that a piecewise linear
approximation to the efficient frontier and
the area dominated by the frontier can be
developed. (Zhu (2003)).

Table 1 shows the frame of all possible
basic envelopment models employed in the
study, where A; are non negative scalar.
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Table 1: Envelopment models

Input-oriented models

Qutput-oriented

min 6,

subject to

D Noty; < 8,2, all 1

i=1

n
PN 2y, allr
i=1

max @,

subject to

n
Zz\joxij <z, alli
j=1

n
zAjoyij >o,y, alr
i=

Ajp =0 all j Ajo =0 all j
(Constant returns) (Constant returns)
Variable returns constraint Z/\jo =1 allj
i=1
Non-Increasing returns constraint E,\jo <1 allj
i=1
Non-Decreasing returns constraint 2)\]'0 >1 allj

i=1

For example, in the input-oriented
model with variable returns, the DEA
model for the DMU, which is the
DMU under efficient evaluated is

min 6,
subject to

i
DNy < 8,2y, all i
i=1

n
E/\joyij = Yro all r
j=1

Ao =0 all j

n

DN, =1 all

j=1

9. that is the feasible solution of
those linear programming is so called
the efficiency score of DMU,.

If 6 equal one, then the current
input cannot be reduced indicating
that the DMU, is on the frontier. On
another word, DMU, is efficiency.
Otherwise, if 4, less than one then
DMU, is dominated by the frontier.
This observed DMU 1is inefficiency.

3. Peers count

Rather than the efficiency score,
part of the solution for an observed
DMU, is the set of nonzero optimal
X, which named as activity
multipliers. It identify the peer units.
This reference set of coefficient use
to define the hypothetical efficient
DMU or virtual DMU for DMU,. It
shows how inputs can be decreased
and outputs increased to make the
DMU under evaluation earn the
efficiency. Beside, each inefficient
DMU will be related to one or more
benchmark or peer units and has a
positive weight )\;O associated with
each of its peer from the model
solution. The weights A;-O are zero for
inefficient DMUs not be being peer of
DMU,.

The firm that most frequently
appear to be the peer for other
DMU can be consider as the

bestpractice firm.
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4. Scale efficiency

The measure of scale efficiency
can be derived by taking the ration
of the constant returns to the
variable returns efficiency scores
(Ross and Droge, 2004). If the value

of this ratio is one, then the
observed DMU is apparently
operating at the optimal score. If

this ration is less than one then the
observed DMU appear to be either
too large or too small. To determine
whether it may be too small or too

large requires running a third
variant of DEA subject to
non-increasing returns. By
comparing the variable and

non-increasing returns scores for
those DMUs which appear to be not
at optimal scale, it is possible to
identify on which part of the
frontier they fall. If the variable and
non-increasing refurns Sscores are
the same then the DMU would be
too large relative to its optimum
size. If the variable returns score is
higher than the non-increasing
returns efficiency score, then the
DMU is would be too small relative
to its optimum size. (Ross and
Droge, 2004)

III. Model specification and data

1. Input and output variables

Using DEA to measure the
shipping productivity efficiency,
initially, selecting the inputs and

outputs variable which related to the
shipping decision is an importance.
The study selects fives input
variables; employee, firm’s area,
number of vehicle, price of receipt,
and weight for each receipt, and
two output variables; price of
shipment and weight of shipment.
Those inputs and outputs were
collected during the present Korea
commodity flow survey (2005). The
total number of 7,365 shipping

companies from 27 industries have
been evaluated in the study. Table 2
shows the overall descriptive
statistics of the inputs and outputs
being evaluated.

Table 2: Descriptive statistic of
inputs and outputs data

Inputs/Outputs Mean SD
Input:
Employee (persons) 35 65
Firm’s area (m%) 3,707 11,354
No. of vehicle (veh.) 4 3
Price of receipt (won/ton) 5,966 61,459
Receipt’s weight (kg.) 11,679 68,910
Output:
Price of shipment 10,429 107,087
(won/ton)
Shipment’s weight (kg.) 8,850 63,518

2. Model analyzed

Existing researches wildly use
DEA to measure performance
efficiency of DMU. All of them deal
with a less than thousand number of
DMU. Beside, this study have to
evaluated three-forth of ten-thousand
observed shipping firms. This can
lead to the programming computable
difficulty. Consequently, to handle
data variability and avoid a wild
data which can make the model
failure during solving feasible
solution of linear programming, the
study applied DEA models to test
shipping firms based on the same

industry.
Shipping firms in an industry are
evaluated wusing both Input and

output orientation. Each orientation,
the constant returns, variable
returns, and non-increasing returns
are used to evaluate the efficiency
score for any observed shipping
firm. The results from variable
returns both input and output
orientation are presented as the
shipping productivity efficiency
score. The ratio of constant return
and variable returns are determine
and represented as scale effect of
the shipping firms. Then, from
comparing the score of variable
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returns and non-increasing return,
the size of observed firm are
determined whether they is too
large or to small. Finally, the firms
which appear as the reference or
peer to the other are range to
identify the most reference.

However, in a big industry that
have to deal with a thousand firms,
the study applies two rounds DEA
model testing. Frist, the efficiency
score are identified from several
DEA models as described above but
the process of extracting a set of
peer is ignored. Then an only
efficiency firms are selected and
re—evaluated with a subset of
inefficiency firms to determine how
many time these efficiency firms are
refered by an inefficiency firms.
Note here that adding a DMU to
the firm group which being
evaluated would not reflect the
efficiency score of observed DMU
as long as the DMU added is not
the frontier of observed DMU.

IV. Empirical results

LIMDEP is a computer software
package for econometric modelling.
The most recently released version;
LIMDEP 9 has an extension module
for DEA frontier analysis. This DEA
module fully satisfy the object of
this study. So, the study has
employed LIMDEP 9 to do DEA
shipping efficiency analysis. The
shipping efficiency of a shipper

under evaluated were determined
both input and output orientation
approach. The scale efficency then
are identified from the comparison
result of variable and constant
returns model. Finally, the
best-practice shipper who are most
frequently refferred by the other
are introduce.

The study results are presented
as follows.

1. DEA Efficiency score

Under performance  evaluation
based on same industry comparison,
the relative efficiency score of all
firms in an industry are comparable.
Table 3 shows the average
efficiency score of shipping firms
under evaluated and table 4 shows
the range of overall efficiency
score.

The results can be drawn that
the overall productivity efficiency of
Korea shipping under evaluation of
input-oriented variable returns model
is 0.80 and one under evaluation of
output-oriented variable returns
model is 0.32. This average
efficiency score from output-oriented
model is close to the DEA efficiency
score of Korea's logistics industry
which was conducted by Hun-Koo
and A young (2007). In their study,
under the  output-oriented DEA
model, the efficiency score of

logistics industry Korea for year of
2005 is 0.3363.

Table 3: Average efficiency score and Scale efficiency (Variable returns)

PrO('ju.Cthlty Scale efficiency
Nos. efficiency

ID: Industry name firms Input- Output- Ipput- Qutput—

oriented oriented _oriented oriented

10: A&, A8 2 3w 34 14 0.89 0.61 0.59 0.87
12: ¥3% F& 34 ; 958 A9 35 0.93 0.84 0.61 0.71
15: &, A8 % AzxY 269 0.73 0.31 0.29 0.77
170 ARAE AzY ; 3AdE A9 452 0.77 0.29 0.28 0.77
18: BAoE 2 nuAE AZY 287 0.85 0.31 0.16 0.57
19: 7b%, 7B 2 Al Alzq 102 0.85 0.58 0.42 0.65
20: 24 2 U4FE AE AxY ; M AL 100 0.85 0.60 0.51 0.77

—195—



21: 3 Fo] @ Fo|AF Az 205 0.79 0.45 0.27 0.63
22: &%, 94 2 JE0A Az 351 0.85 0.36 0.23 0.58
23: 2AX, NRAAE £ FAsAzY 5 1.00 0.90 0.76 0.87
24: 3138 2 I3AF ARY 225 0.76 0.47 0.43 0.78
25: 15 2 ZE2EAE A=Y 509 0.69 0.19 0.16 0.76
26: B FE£FEAE AXY 161 0.79 0.44 0.21 0.58
27 A1z F£44 205 0.76 0.45 0.38 0.73
28: ZPFEHAF ARY 5 /1A 2 A7 A9 739 0.81 0.30 0.25 0.73
29: 7]e} 714 & ¥ A=zxY 944 0.76 0.26 0.25 0.78
30: AFEH % AEE 7)) ARY 47 0.86 0.73 0.64 0.79
31: 718} AZNA 2 AZEEFR] Az 272 0.77 0.35 0.30 0.74
32: AARE, 948, 3% € S A=x4 186 0.83 0.62 0.57 0.81
33: 98, A9, F&77] € AA Az 135 0.83 0.50 0.40 0.75
34: AFA 2 E¥dy AxY 184 0.76 0.59 0.63 0.83
35! 718 444 AZRY 38 0.84 0.78 0.73 0.82
36: 7t 2 71 AF AXY 273 0.85 0.39 0.36 0.80
37: AL 1FYEE YAY 22 0.98 0.93 0.84 0.89
50: A&, AFAs Ay 93 0.93 0.42 0.34 0.76
51: =) 2 FEFAY 1,278 0.81 0.11 0.08 0.76
52: 2dlY] ; AFA A 234 0.88 0.30 0.12 0.54

OVERALL 7,365 0.80 0.32 0.26 0.73

Table 4: Variable returns efficiency score range based on firms location

Score range Seoul

KyungKiDo

Input-oriented Qutput-oriented Input-oriented Qutput-oriented
0.0 - 0.2 7 (0.5%) 863 (56.2%) 9 (0.4%) 1,100 (55.0%)
0.2 -04 83 (5.4%) 225 (14.7%) 169 (8.4%) 319 (15.9%)
0.4-06 258 (16.8%) 105  (6.8%) 477 (23.8%) 153 (7.6%)
0.6 - 0.8 63 (4.1%) 58 (3.8%) 123 (6.1%) 82 (4.1%)
0.8-1.0 1,124  (73.2%) 284  (18.5%) 1,223 (61.1%) 347 (17.3%)
Total 1535 1535 2001 2001
Avg. score 0.86 0.32 0.80 0.33
Score range Pusan Incheon
Input-oriented Qutput-oriented Input-oriented QOutput-oriented
0.0-0.2 1 (0.2%) 317 (55.0%) 1 (0.2%) 267 (50.5%)
0.2-04 42 (7.3%) 73 (12.7%) 47 (8.9%) 96 (18.1%)
0.4 -0.6 123 (21.4%) 37 (6.4%) 123 (23.3%) 45 (8.5%)
0.6 - 0.8 25 (4.3%) 21  (3.6%) 27 (5.1%) 29 (5.5%)
08 -1.0 385 (66.8%) 128 (22.2%) 331 (62.6%) 92 (17.4%)
Total 576 576 529 529
Avg. score 0.82 0.35 0.80 0.35

Score range Other location

Entire Korea

Input-oriented Qutput-oriented Input-oriented Qutput-oriented
0.0-02 23 (0.8%) 1,584 (58.1%) 41 (0.6%) 4,131 (56.1%)
0.2-04 362 (13.3%) 462 (17.0%) 703 (9.5%) 1,175 (16.0%)
0.4 -06 680 (25.0%) 162 (5.9%) 1,661 (22.6%) 502 (6.8%)
0.6 - 0.8 141 (5.2%) 106 (3.9%) 379 (5.1%) 296 (4.0%)
0.8 -1.0 1,518 (55.7%) 410 (15.1%) 4,581  (62.2%) 1,261 (17.1%)

Total 2724 2724 7365 7365
Avg. score 0.75 0.30 0.80 0.32

Rather than analysis the efficiency
score employing only one orientation
model as most existing DEA
researches, the study pay attention
on measuring performance both input
and output orientation. Comparing the
efficiency score resulted of input and
output oriented model can give some
vision about the characteristics of
shipping productivity efficiency. The
distribution of efficiency scores for
input- and output-oriented model is

shown in figure 1. In figure 1, the
shipping firms for each location are
grouped together and sorted
according to the industry ID. Two
finding can be drawn from the
figure. First, comparing the
efficiency score distribution with
spatial consideration, the location
of the firms seems not influence
the efficiency of the shipper.
Second, comparing the
distribution of the score based on
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model orientation, it
the efficiency
oriented model

illustrates that
resulted of output
is continuous while

the one that resulted of input
oriented model is more discrete. This
can be implied that the shipping
decision units are managing their

production based on maximized
outputs and Kkept inputs at their
current levels, In the other word, the
second implication recommended that
the output-oriented model is suitable
for shipping productivity efficient
evaluation.
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Figure 1: Sorted efficiency score with firm locations

2. Firm size evaluation

Scale efficiency is the ratio of

constant returns to variable returns
efficiency scores. If the value of this
ratio is one, then the observed DMU
is operating at the optimal size. The
average scale efficiency results of
each industry have been tabulated in
table 3.

For the firms who are not
operating at the optimal size their
scale efficiency i1s not equal one.
Comparing the efficiency score of
variable returns to the one obtained
from the non-increasing returns, the
evaluation of firm’s size whether they

are too large or too small can be
identified. Table 5 is the conclusion

of firms size evaluation. The result
illustrates that mostly the firm's
size of shipping company in Korea
are too small compared to the
optimal. Evaluating firm’s size using
input-oriented model shows that
almost 94% of the shipping
company is operating at the small
size. There are only 5.3% are
operating at the optimal size. Using
output-oriented model, the results
can be concluded to the same
implication. From output-oriented,
67.1% of shipping firm is
considered as too small and 11.2%
has optimal firm’s size. This finding
can be concluded that the shipping
companies should be extended their
operating size.
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Table 5: Korea shipping firm’s size Firms with non zero values of the

evaluation multiplier have been define to be a
Size evaluation Number of firms set of peers for observed firms in
Input-oriented model : : E
Optimal size 392 (5.3%) 1mprovmg the efficiency.
Too large 65  (0.9%) The firm that most frequently
Too_small 6,908  (93.8%) appear into a set of other DMU
Output-oriented model id the best- ti £i
Optimal size 828  (11.2%) consider as the bestpractice firm.
Too large 1,593  (21.6%) Table 6 contains the firm ID who
Too small 4,944 (67.1%)

most appear as a reference for
other firms in the same industry
and together with the number of
time they are appeared resulted
from peer count.

3. Peer count

A part of the solution of DEA model
is the set of multiplier indicating the
peer for an observed shipping firm.

Table 6: Most reference firms from peer count

Input-oriented Qutput-oriented

ID: Industry name Firm ID  2°"  pirm D Leer

count count
10: AE, %% 9 S5 E 49 30111 10 . 30111 12
12: B84 FE 3¢ ; A58 A9 15 18 80 18
15: &, é!i% Az 60004 270 6153 221
17 AFAFE AZRY ; BAYE A9 421 221 1142 330
18: BA9E 2 maAF Azdg 1344 92 7289 251
19: 7=, 7}*“ 2 A Az 3069 68 3069 75
20 B4 2 U AFE ARG ; AT AY 2104 111 2104 69
21: ¥ Zo] @ Fo|AE A=Y 5165 67 5165 178
22: %, A4 ¥ 7]%1111%1] AzY 879 163 1086 295
23: I AFAANE 4 dAEAzY 2697 3 7651 4
24: FHE L FFAE Luﬁ 631 77 631 99
25: 1B 2@ “a}*a AE A=Y 5643 201 5643 488
26: B FEFEAE A=Y 3599 75 3599 123
27: A1 &Y 6282 65 1837 141
28: XYF& xﬂw AZKY ; 714 2 77 A 2712 238 2519 649
29: 7]E} 1A 2 Au Az 2606 353 3132 599
30: AFEYH ¢ A}“% 7]7] AzY 3690 31 3690 35
31: 7IE} x*717] A2 AZAREAR AzY 5845 143 559 194
32: AXAREE oA &3 2 EAGH A=Y 3467 81 1904 86
33: 98, A7, sgrfzh]ﬂ ';-l A A AzY 844 68 769 76
34 A5 2 EFdy AR 7250 79 3591 84
35: 718} 4348 A=Y 6969 26 6969 25
36: 71+ 2 7 AE AxY 959 105 680 175
37: AL FHFYE AN 6461 11 2186 12
50: AAEx@], AFFEE LA0Y 11162 51 11162 66
51: =o] 2 AT =59 12386 439 9299 705
52: 20 ; AEz AY 10110 84 9809 181

evaluated in the study.
V. Conclusions The analysis applied DEA models

. both input - and output orientation
The study measures Korea shippers . . .
) . each including variable returns,
performance by using DEA techniques . )
L. . constant returns, and non-increasing
to evaluate the productivity efficiency
. L returns model to measure the
score. The data used in analysis is o .
. productivity efficiency score and the
collected from 2005 commodity flow o
Lo scale efficiency of an observed
survey. The number of 7,365 shipping . . .
. . . shipper in an same industry. The
firms  from 27 industries  were
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empirical results show that in overall
the

efficiency based on output orientation

average  shipping productivity
1s 0.32 and based on input orientation
is  0.80. the
model is superior than input-~oriencted
to represent the decision making of

shipping manager, the shipping firms in

Since output—oriented

Korean is consider an inefficiency. In
addition, the result from scale effect
analysis shows that almost 80% of
shipping firm in Korea are operating in
small level of production compared to
the optimal size. The shipper should
enlarge the production size. Finally,
from peer count, the result herein also
which the

best~pratice interm of most apperence

determine firms are
to be a reference for other.
Because of the wide data, the study
still the problem when
applying the existing DEA models to
determine the efficiency comparing all
7,365 shipping firms together. This can

be solved from two approaches. First

are facing

is designing the wide variables into a

categorical Second is

variables.
developing a methodology to integrate
data filtering into DEA model. Both
approaches will be an extension of the

study.
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