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w5 24 24 24 24
o5t 9,887 56 9,184 4,413
A EF #AA 5,038 33 3,983 3,847

HAak 2,046 11 1,811 -
= ReIe 19,950 143 13,605 10,668

= 16 16 16 16
3t 18,638 52 10,732 6,235
EF A=A 4,412 24 5,424 5,898

w12} A2z 14,177 12 3,680 -
= Re IS 27,476 82 23,375 14,000

wET 9 9 9 9

[3 4-3] 714 &84 vl 4] ZI&
Tzl 7,609 19 7,990 0 405
EIRE 6,844 44 9,278 690 157
e 10,179 99 10,345 7915 171
TR 13,667 | 104 | 13,605 2,254 132
AN+59 10,809 48 7,808 7,703 226
AL 11,928 | 143 | 12591 1,825 83

QICHR 4216 29| 4889 0| 147
oAFFT 5,621 42 6,669 1,848 135
o) -2 5} 19,950 68| 13,126 9,389 292
o2k 13,077 61 13,235 | 10,371 214
BAET 14,148 81| 13,102 6,809 176
Az 0% 10,471 62| 12993 | 10,668 169
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T3 CCR EgolA &840 12 57/ nE=25 YA ALfs 2
A 15529 FREEA] IRSE YEPG T ol #Eogke] F3o] 1
B} ZoE ou 2 AF 25 (Increasing Returns to Scale) 2 Ej ol
Jo= AS ougit. & FYL A 199 S AEES 199 ©
= 1 olEs U A ¢ e RS AARSHLD
[3 4-5] CCR 28 A 584 #
TE | HE DMU SCORE | Rank Benchmak
1 -zl 0.775 12 2 (0.86)
2 ) A -5 1.000 1 9
3 F-Fg | 0882 7 8(0.40) 12(0.46) 13(0.46)
4 T - A 1.000 1 1
5 -5 0.667 15 8(0.04) 12 (0.36) 13 (0.77)
2 6 e ] 0.786 11 2(1.23) 12 (0.09)
% 7 A1) 0.947 6 2(0.13) 8(0.55)
o 8 e o0 [ 1 ]10
9 o -3 0.542 20 8(0.44) 12 (0.75) 13 (0.11)
k! 10 | o244 | 0812 8 2(0.07) 12(0.97)
11 Y- 0.802 9 8(1.30) 12 (0.23) 13 (0.40)
12 AS-AH 1.000 1 10
13 Fob-1up 1.000 1 10
14 R 0.792 10 8(0.06) 12 (0.07) 13 (0.12)
15 -S4 0.704 13 8(0.18) 12 (0.05) 13 (0.69)
16 AT 0.546 19 2 (0.28) 8 (1.35)
17 ZQk-=41 0.625 17 4 (0.36) 8 (1.00) 13 (0.06)
=l 18 At 0.658 16 2 (1.20) 12 (0.94)
2} 19 - A 0.438 23 13 (2.44)
A 20 B2 -4k 0.468 22 2 (0.02) 8 (0.94) 12 (0.12)
21 Ne-H 0.539 21 13 (2.89)
4 22 | 899-ME 0689 | 14 13 (2.58)
23 Q1 off L 0.597 18 2 (1.33)
24 - 0.375 24 2 (0.90)
16) Z3to] 1ol EWFR 2 (CRS : constant returns to scale )& ¢jn| 3}
Z3bol 11t 2o AR5 (DRS : decreasing returns to scale)< 9]V
Ela=s
17) 2009 1" &3 91438 DEA/Window 41 E3 AW dA o At
W g 8A Wate] ek A Fakg oA AAFE FA o
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[3 4-6] BCC 28 A4 &84
T | W DMU Score | Rank Benchmarks
1 ot -9zl 0.791 15 2 (0.83) 14 (0.17)
2 oA -5 1.000 1 7
3 -3 0.904 11 4(0.14) 12(0.59) 13 (0.27)
4 TR -A A 1.000 1 7
5 -5 0.693 17 4(0.02) 12 (0.50) 13 (0.48)
6 T4k 5ok 0.845 12 2 (0.11) 12 (0.89)
A |7 | AF-Tm | 1000 1
2 | 8 | AFFF | 1000 | 1 |3
AF 9 o -2 & 0.553 22 4(0.15) 12 (0.84) 18 (0.00)
% 10 - 0.831 14 12 (0.98) 18 (0.02)
11 A5 0.837 13 4(0.45) 12 (0.54) 13 (0.01)
12 -1 1.000 1 12
13 Ty 1.000 1 4
14 | R 1.000 1 3
15 bAoA 0712 16 8(0.17) 12 (0.04) 13 (0.68)
14 (0.11)
16 ol F st 0.575 21 2 (043) 4 (0.34) 12 (0.23)
17 Aok et 0.641 19 2 (012) 4 (059 8 (0.17)
12 (0.11)
i 18 -5t 1.000 1 2
2} 19 UAA-E A A 0.628 20 12(0.62) 21(0.29) 22 (0.08)
A} 20 Fob-&Ar 0.472 20 2(0.05)4(0.04)8(0.77)12 (0.14)
g | 21 | Ae-&2 1000 | 1 |1
22 S04 & 1.000 1 1
23 QAT g L 0.644 18 2 (0.19) 12 (0.81)
24 | A THE-4 0.380 24 2 (0.87) 14 (0.13)
AR nEEZ thatolwt W E DEA AAFZEAS B4 ZAxs= %
[4-7]3 Zow oid-F+F s-AA, FA-yFUr AR S



[¥ 4-7] AA1S=E A58 &
A DMU Score Benchmarks
1 otz 0.775 2 (0.86)
2 o} 7 - 1.000 |4
3 TS 0.882 8 (0.40) 12 (0.46) 13 (0.46)
4 FRAH 1.000 |0
5 HTE 0.667 8 (0.04) 12 (0.36) 13 (0.77)
6 T A9k 0.786 2 (1.23) 12 (0.09)
7 A 0.947 2 (0.13) 8 (0.55)
8 TET 1.000 |7
9 o -3 &) 0.542 8 (0.44) 12 (0.75) 13 (0.11)
10 o) Ak 0.812 2 (0.07) 12 (0.97)
11 LT 0.802 8 (1.30) 12 (0.23) 13 (0.40)
12 AT A 1.000 |8
13 oy 1.000 |6
14 U535 0.792 8 (0.06) 12 (0.07) 13 (0.12)
15 obd &4 0.704 8 (0.18) 12 (0.05) 13 (0.69)
A 1EE2US Ao e AHE 84S B3 A3 Hok-=2k o
T-HA -3, 8d-AE 5 v nE=27F AdasAdo e
Ao = eyt
[ 4-8] 917 &= AFa &g
A DMU Score Benchmarks
16 ol &t 0920 | 17 (0.70) 18 (0.14)
17 HQt=Ak 1.000 | 4
18 of - 5-4F 1.000 |4
19 AAHE Al 0.869 | 17 (0.10) 21 (0.82)
20 FobE At 0.805 | 17 (0.45) 18 (0.09) 21 (0.05)
21 NeEEr 1.000 | 2
22 A5 1.000 |0
23 Q1 o L 0951 | 18 (0.53)
24 Al 0646 | 17 (0.23) 18 (0.24)
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S aam @ |2 T gy o) | mEwio)
o | 1o
3t 2,603,532,806 64.44 13,761 7,687 17,188,491
X HAt 1,262,894,566 21.26 7,604 6,404 13,092,182
H gk 400,589,130 12.30 3,680 - 1,439,642
2o g 4,570,708,000 88.85 27,809 18,768 49,526,120
= 16 16 16 16 16

[H4-14) A% 5ed vw B4 g8
iy | | SF) RE | Hd i’)} 9
g 3,820,133,000 69.37 | 25518 | 18,768 | 12,020,231
e 2,833,204,000 6772 12,035 | 12,254 5,485,503
dF 2,696,560,000 61.92 | 23933 | 11,770 1,439,642
& 3,063,064,000 380.42 | 27,809 | 15,194 4,260,447

o] - 3,455,339,000 72.25 4,342 287 | 29,285,602
a9 4,570,708,000 83.65| 17,280 7,691 | 35,553,841
T 4,258,625,000 7291 | 13,176 0] 15872012
A 3,088,344,000 88.85 7,831 1,265 6,258,743

A Fst 2,606,294,190 68.45 | 11,622 635 | 19,699,050
k=4t 3,413,494,846 80.96 | 11,810 2,950 | 15,833,700
of - 54 2,078,477,047 82.10 | 23,375 | 10,8384 | 14,253,615
AL HE A 783,288,165 58.62 38,500 | 11,800 | 31,585,275
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[ 4-17] CCR 2% a&8%

AW | DMU Score | =% | Benchmarks

1 EEl 0.435 7 12 (1.07) 13 (2.07)

2 3T 0.327 8 12 (0.90) 13 (0.55)

3 qF 0.489 6 12 (0.32) 13 (2.66)

4 & 0.521 4 12 (0.55) 13 (2.91)

5 o] - 0.232 12 13 (1.01) 14 (0.40)

6 9 0.237 10 13 (1.72) 14 (0.40)

7 T 0.158 14 13 (1.64) 14 (0.02)

8 a1¥ 0.244 9 13 (1.88)

9 AHFL | 0.253 8 13 (1.28) 14 (0.16)

10 k=4 10.202 13 13 (1.72) 14 (0.00)

11 THAE | 0.607 3 12 (0.24) 13 (2.68)

12 dAHE A | 1.000 1 6

13 F2ke2F | 1.000 1 13

14 A&7 | 1.000 1 6

15 SAAE | 0919 2 12 (1.06)

16 ol | 0.234 11 13 (1.55)

17 AleaEd | 0.512 5 13 (0.96) 14 (0.08)
§ARUAEA] 0T DEA £4S Twel @ o8 gekao

CCR 24 BCC Ryo = WA #4& stodHW Z&40] Fof

Ax AL BH AT

[3 4-18] BCC 23 &%

AW | DMU Score | ¢ | Benchmarks

1 dx 1.000 1 0
2 T 0.460 7 11 (0.35) 12 (0.30) 14 (0.35)
3 | 4F 0832 | 3 | 4019 11 (079 14 (0.02)
4 e 1.000 1 1
5 o+ 0.450 8 11 (0.53) 12 (0.08) 14 (0.39)
6 a9 1.000 1 0
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12 (0.39)

11 (0.61)

14 (0.04)

12 (0.58)
12 (0.02)

11 (0.42)
11 (0.95)

14 (0.08)

14 (0.32)
13 (0.72)
13 (0.90)

12 (0.68)
11 (0.28)
11 (0.02)

9
1
6
4
1
1
1
1
2

5)

0.369
1.000

1.000
1.000
1.000
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0.940
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K(BCC)
(0.00) 14 (1.78)
11 (0.22) 14 (1.64)
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¥ 4-25] 20129 &= 9 g8 B4 S
il
W TE | #yrd AN | FAESFA {0 | SHHO) | A8 D
1 ekl 69.37 49,547,183,730 32,932 3,820,133,000
2 AqF 67.72 28,030,681,470 15,029 2,833,204,000
R 61.92 6,926,381,170 3,944 2,696,569,000
e 80.42 23,761,612,025 11,672 3,063,064,000
A4 o 72.25 107,756,512,306 80,235 3,455,389,000
i 83.65 103,148,729,160 97,408 4,570,708,000
-] 7291 59,942,609,940 43,485 4,258,625,000
a1 H 88.85 18,489,084,880 17,147 3,088,344,000
=y 3859 3,691,523,273,852 3,859,395 356,428,336,000
k=4t 80.96 126,568,921,739 43,380 3,413,494,846
Q1% o L 12.3 52,415,523,748 28,574 2,511,931,458
e Rl 82.1 129,161,277,593 39,051 2,078,477,047
A& 68.45 116,259,987,322 52,970 2,656,294,190
Rl A 61.4 88,403,533,179 39,190 989,149,444
A 2k-E Al 58.62 146,568,605,090 86,535 783,288,165
e 47.17 34,243,915,817 25,228 400,589,130
BeAEgQl 22.9 41,464,449,607 135,688 902,879,678
Maed-wE 385 49,338,181,077 40,160 899,489,766
2. 1552 $9 BT&4 4
IEER o g84 ¥4 AsE 20099FH 20129704 470 A}

=2 oy 7@

e
AL Ak 8 Axbel ol meAe P Avs E [4-261% 2
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[¥ 4-26] CCR 238 dxd 0§ 384 ¥4
A DMU 2009 | 20109 | 2011 | 20124 S,
1 33 0.263 0.247 0.246 0.252 0.252
2 qF 0.171 0.158 0.153 0.150 0.158
3 Ay 0.043 0.040 0.040 0.040 0.041
4 A 0.122 0.116 0.111 0.108 0.114
5 o 0.628 0.567 0.566 0.546 0577
6 9 0.625 0513 0.463 0.458 0515
7 ] 0.330 0.296 0.294 0.290 0.303
8 3% 0.089 0.083 0.083 0.082 0.084
9 =T AA 0573 0.422 0.402 0.323 0.430
10 k=t 0.568 0.528 0.566 0.565 0.557
11 1% o L 0.583 1.000 1.000 1.000 0.896
12 AT A 0.645 0.609 0.616 0.603 0.618
13 s 0.947 0.638 0.641 0.621 0.724
14 e 0.279 0.538 0.557 0570 0.486
15 e 1.000 1.000 1.000 1.000 1.000
16 s 0.416 0.427 0.415 0.534 0.448
17 g9 1.000 1.000 1.000 1.000 1.000
18 M4 0.278 0.441 0.491 0516 0.432

[3£ 4-27] BCC 23 A= Fo4d 4 A

A DMU 20094 20104 20114 20124 3t
1 kil 0.376 0.325 0.320 0.325 0.34
2 BT 0.357 0.320 0.326 0.334 0.33
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Abstract

DEA Analysis of privately financed and publically
financed highways

YUG-JIN KIM

Department of Public Enterprise Policy
The Graduate School

of Public Administration

Seoul National University

This study examined construction, maintenance, and operating efficiency of
nine privately financed and publically financed highways based on DEA
(Data Envelopment Analysis). About 36 trillion won of private capital have
been injected into SOC sectors such as Cheonan-Nonsan Expressway since
1990s due to a lack of public finance. However, there have been a lot of
problems such as excessive toll hike or increasing financial burden for the
government derived from MRG (Minimum Revenue Guarantee) rather than a
positive effect of increasing convenience for people through competition.
Thus, it has been the time to examine that privately financed highways are
in fact constructed, maintained and operated efficiently compared to

publically financed highways.

In order to examine efficiency in construction, 15 routes of publically
financed highways and 9 routes of privately financed highways were chosen.
For examining maintenance state and profit efficiency analysis, 9 routes of
privately finances highways and 8 routes that were managed by Korea
Expressway Corporation in maintenance and toll collection were selected.
Collected data were analyzed in their efficiency in construction, maintenance

and profit by using EMS 3.1, which is DEA analysis software for windows.
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First of all, after being analyzed by DEA, it has been founded that
publically financed highways are more efficient in construction. The reason
why privately financed highways are less efficient in construction is that if
it were for public project, they conduct competitive bidding. It means that
through the competition among companies that are participating in the
construction, they could build a highway in much less prices, 70% lower
price compared to the designed one in average. In contrast, private highway
projects tend to have much less competition from the start. Moreover, after
it starts construction, companies who are participating in consortium
establish SPC and proceed construction in accordance with Investment stake;
virtually order construction in a private contract. In other word, it has much
more inefficiency in that it takes exclusive benefit compared to public

highways.

Second, it has been discovered that after conducting analysis over &
highways that were managed by Korea Expressway Corporation, private
highways show more efficiency in maintenance. When labor cost were
planned to set up as an input factor, all labor cost of employees were meant
to be included. However, toll fee or patrol cost, which take a lot of
proportion among labor cost, were excluded from the labor cost and included
in sales cost. Moreover, Korea Expressway Corporation gives outsourcing
maintenance task for Seoul to Chuncheon highway and Busan-Ulsan
highway, which mean that there were fewer amounts that can be included
in the labor cost. That is the reason that private highways show relatively

high efficiency.

Third, after conducting cost efficiency analysis, private highway overall
shows much more efficiency over public highway. This can be derived from
that fact that private highways are more likely to increase toll fee. It is not
easy for Korea Expressway Corporation cannot due to the government’s

price control.
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Toll for private highways is 09 to 2.9 times higher than that of public
highways on average. However, public highways are not subject to increase
their toll since there are a lot of things they need to worry about such as
the government’s policy direction on price control. On the other hand, toll on
private highway tends to be increased every year in line with price increase

and imposing burdens on everyone.

As described above, no matter how good the purpose is, end result of
private company has to be the one that could maximize their profits. Thus,
in order to spur a positive effect between two, it has to be guaranteed that
moral hazard, which can be causes by private company’s decreasing effort
to maximize their profit, should not occur. This can be done by managing
whole project expense, expecting accurate traffic and imposing penalty on

inaccurate expectation.

Key words: DEA(Data Envelopment Analysis), Privately financed
highway, Publically financed highway, SOC, Efficiency
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