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Abstract

This study is to analyze the efficiency of Korean sea food manufacturing using Data Envelopment
Analysis.

Firstly, based on an output oriented traditional CCR, BCC model, the study estimated the efficiency
scores. The average estimates of technical, pure technical, and scale efficiency turned out 0.6517, 0.7184,
0.9074 respectively, which are separated for 50 marine corporations. The 10 DMUs were efficient under
CCR model while the 17 DMUs under BCC model. Also, the study suggested that the operating profit of the
two output factors should be more increased relatively and averagely from the viewpoint of efficiency
improvement.

Secondly, super efficiency scores are estimated under super efficiency and SBM model.

As a result, it came to be possible to distinguish and rank the efficiency of the efficient DMUs. The
highest score was 4.2975 under Super-CCR, was 2.4947 under Super-BCC, was 2.7160 under SBM-Super-
CCR, and was 1.5319 under SBM-Super-BCC model. The average estimates of super efficiency were 0.76
and 0.82 under Super-CCR and Super-BCC model respectively, and were 0.61 and 0.67 under SBM-Super-
CCR and SBM-Super-BCC model.

Finally, the study conducted a rank-sum test, Wilcoxon-Mann-Whitney test, to find a statistical
significance of heterogeneity existing in efficiencies among the sample corporations. The result showed that
there was a significant difference in average efficiency between Dried, Salted product manufacturing and
Frozen product manufacturing under BCC-Super efficiency model at 10% level of significance.

Furthermore, TOBIT model was applied to find out the potential factors that might influence the efficiency,
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and the results showed debt and sales cost influenced all of the technical, pure technical, and scale

efficiency, while net profit influenced only the technical efficiency.

Keywords : DEA, Super-efficiency, SBM-Super-efficiency, Rank-sum, Tobit
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Table 1. Summary Statistics Of Data
(unit : person, 1,000won)
Input Variables Output variables
No. of Employee Assets Capitals Sales Profit
Mean 66 13,130,401 5,418,131 15,971,907 772,704
S.D. 73 11,660,000 7,999,131 14,876,910 926,678
Max 352 58,866,226 53,570,968 81,887,978 5,932,128
Min 4 2,262,101 498,380 2,003,732 60,439
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Table 2. Estimates of Efficiency by CCR, BCC Model
DMU CCR BCC Rank Scale Eff RTS Ref Set Ref Freq
Ml 0.5167 0.5188 36 0.996 IRS 4,16,49 0
M2 0.3746 0.4711 41 0.7952 DRS 9,17,24 0
M3 1 1 1 1 CRS 3 5
M4 1 1 1 1 CRS 4 15
M5 0.4706 0.6056 29 0.7771 DRS 4 0
M6 0.3852 0.8098 23 0.4757 DRS 9,10,17 0
M7 0.452 0.4872 39 0.9278 DRS 4,9,17 0
M8 0.558 0.5617 32 0.9934 IRS 4,13,16,49 0
M9 0.7496 1 1 0.7496 DRS 9 5
MI10 0.9971 1 1 0.9971 DRS 10 2
MIl1 0.456 0.4588 42 0.9939 IRS 4,16,49 0
Mi12 0.3998 0.4302 45 0.9293 DRS 3,16,17 0
M13 1 1 1 1 CRS 13 11
M14 0.4021 0.4071 46 0.9877 IRS 16,17,43,49 0
M15 0.1425 0.1936 50 0.7361 DRS 9,17 0
M16 1 1 1 1 CRS 16 20
M17 1 1 1 1 CRS 17 13
M18 0.8076 0.8235 21 0.9807 DRS 10,17,43 0
M19 0.4892 1 1 0.4892 IRS 19 0
M20 0.4099 0.5164 37 0.7938 DRS 16,17,24 0
M21 0.906 1 1 0.906 DRS 21 1
M22 0.3853 0.3864 49 0.9972 DRS 3,16,17,49 0
M23 0.2912 0.4429 44 0.6575 DRS 4,9,17 0
M24 1 1 1 1 CRS 24 6
M25 0.9042 1 1 0.9042 IRS 25 0
M26 0.6793 0.7078 26 0.9597 DRS 3,16,17,49 0
M27 0.8015 0.8308 20 0.9647 IRS 4,13,49 0
M28 0.8207 0.8502 19 0.9653 IRS 4,16,49 0
M29 1 1 1 1 CRS 29 3
M30 0.471 0.4743 40 0.993 IRS 13,16,49 0
M31 0.7455 1 1 0.7455 IRS 31 0
M32 0.4896 0.5577 33 0.8779 IRS 3,16,24,43,49 0
M33 0.7044 0.7206 25 0.9775 IRS 4,13,49 0
M34 0.4923 0.5568 34 0.8842 DRS 16,21,29,49 0
M35 0.6032 0.6103 28 0.9884 IRS 4,13,16,49 0
M36 0.5477 0.5775 30 0.9484 IRS 16,24,43,49 0
M37 0.3376 0.4499 43 0.7504 IRS 16,24,29,49 0
M38 0.4905 0.4987 38 0.9836 IRS 4,13,49 0
M39 0.5574 0.5697 31 0.9784 IRS 4,13,49 0
M40 0.6037 0.6162 27 0.9797 IRS 4,13,16,49 0
M41 0.7997 0.8137 22 0.9828 IRS 4,16,49 0
M42 0.3914 0.3978 47 0.9839 IRS 3,49,50 0
M43 1 1 1 1 CRS 43 4
M44 0.5286 1 1 0.5286 IRS 44 0
M45 0.6114 0.7218 24 0.847 IRS 16,24,29,49 0
M46 0.3861 0.3876 48 0.9961 IRS 4,13,16,49 0
M47 0.8881 0.9156 18 0.97 IRS 13,16,17,49 0
M48 0.5384 0.5518 35 0.9757 IRS 13,17,49 0
M49 1 1 1 1 CRS 49 24
M50 1 1 1 1 CRS 50 1
Mean 0.6517 0.7184 N/A 0.9074 N/A N/A N/A
S.D. 0.2447 0.2418 N/A 0.1365 N/A N/A N/A
Max 1 1 N/A 1 N/A N/A N/A
Min 0.1425 0.1936 N/A 0.4757 N/A N/A N/A
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Table 3. Inefficiency of Output factor

Ho
ox
ot
=
il
oft,

(unit : 1,000 won)

Shortfall of Output Projection Inefficiency
DMU Sales Profit Sales Profit Sales Profit
Ml 16,157,882 932,193 33,580,636 1,051,065 0.4812 0.8869
M2 25,005,794 1,095,229 33,809,352 2,070,838 0.7396 0.5289
M3 0 0 10,091,663 856,330 0 0
M4 0 0 81,887,978 1,514,860 0 0
M5 32,292,888 865,922 81,887,978 1,514,860 0.3944 0.5716
M6 18,376,608 434,648 38,716,003 2,287,193 0.4747 0.1900
M7 23,272,566 1,161,689 45,386,995 2,265,345 0.5128 0.5128
M8 13,620,089 308,507 31,079,589 704,002 0.4382 0.4382
M9 0 0 62,164,971 5,932,128 0 0
M10 0 0 34,335,646 2,492,083 0 0
M1l 15,987,804 794,313 29,543,931 936,008 0.5412 0.8486
MI12 18,886,870 989,790 33,151,355 1,737,348 0.5697 0.5697
M13 0 0 23,654,548 683,844 0 0
Ml14 17,378,303 745,159 29,309,347 1,256,781 0.5929 0.5929
M15 35,140,314 2,264,315 43,577,870 2,767,510 0.8064 0.8182
Ml6 0 0 32,644,546 1,306,197 0 0
M17 0 0 40,199,595 2,192,329 0 0
M18 9,677,403 351,029 22,799,627 1,988,067 0.4245 0.1766
M19 0 0 5529970 471879 0 0
M20 16,578,762 851,527 34,276,075 1,760,466 0.4837 0.4837
M21 0 0 23,961,931 932,426 0 0
M22 12,160,842 629,802 19,817,479 1,026,320 0.6136 0.6137
M23 28,018,364 1,190,686 50,292,994 2,137,277 0.5571 0.5571
M24 0 0 12,296,475 1,472,036 0 0
M25 0 0 5,160,245 847,851 0 0
M26 5,107,300 250,853 17,474,637 858,271 0.2923 0.2923
M27 1,129,251 107,644 6,664,642 256,572 0.1694 0.4195
M28 1,861,297 283,015 12,411,827 367,141 0.1500 0.7709
M29 0 0 17,240,603 375,050 0 0
M30 6,031,582 331,460 11,474,009 402,913 0.5257 0.8227
M3l 0 0 8,539,000 361,000 0 0
M32 4,156,595 300,325 9,396,457 678,816 0.4424 0.4424
M33 4,974,127 268,968 17,804,786 461,852 0.2794 0.5824
M34 8,264,066 291,037 18,643,902 656,569 0.4433 0.4433
M35 6,292,516 254,306 16,145,680 510,488 0.3897 0.4982
M36 9,437,827 404,202 22,338,370 956,653 0.4225 0.4225
M37 5,197,738 224,606 9,449,179 408,311 0.5501 0.5501
M38 10,334,748 463,499 20,615,131 523,938 0.5013 0.8846
M39 7,228,489 201,520 16,794,480 424912 0.4304 0.4743
M40 5,932,773 163,839 15,454,773 426,339 0.3839 0.3838
M41 3,209,573 171,018 17,224,071 643,376 0.1863 0.2658
M42 3,803,757 158,795 5,807,489 263,715 0.6550 0.6021
M43 0 0 8,185,456 1,610,829 0 0
M44 0 0 5,292,289 278,065 0 0
M45 3,328,627 163,676 11,962,865 588,290 0.2782 0.2782
M46 16,003,640 591,902 26,132,093 966,509 0.6124 0.6124
M47 816,915 37,524 9,714,737 446,118 0.0841 0.0841
M43 5,252,296 249,300 11,716,462 556,117 0.4483 0.4483
M49 0 0 5,604,231 234,119 0 0
M50 0 0 8,269,000 706,000 0 0
N/A N/A N/A N/A Mean 0.2975 0.3413
N/A N/A N/A N/A Max 0.8064 0.8869
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Table 4. Estimates of Super Efficiency

FhEde 5e

o

A
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CCERE A &2 177 DMUS 9] £&
15 22 AdE 4= QA = vk 25 E4
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H%2EJNE J&= o 54 =4 =33, SBM-
Super-CCRE. G o A = F 61% 2 4% E A&
t =4 374 = U}, Super-BCCY 3 o A] oF 82%
2 10% A= ©| %7, SBM-Super-BCCH & of] A]
£ F6T%=R F 5% T w4 A=A =HE
H, 7} 882 D MU= Super-CCRM. g of] A]
L M242 2F 84 7Ho] 429752 A oF 430%3E
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Super-CCR Super-BCC SBM-Super-CCR SBM-Super-BCC

DMU Score Rank Score Rank Score Rank Score Rank
Ml 0.5167 31 0.5188 36 0.1166 49 0.1167 49
M2 0.3746 47 0.4711 41 0.2603 43 0.3346 44
M3 1.8952 2 2.0545 2 1.3092 2 1.4085 2
M4 1.0260 1.7728 1.0128 1.2787

M5 0.4706 37 0.6056 29 0.2009 46 0.3960 37
M6 0.3852 46 0.8098 23 0.3591 37 0.5948 23
M7 0.4520 39 0.4872 39 0.4399 28 0.4852 30
M8 0.5580 26 0.5617 32 0.3524 38 0.3565 41
M9 0.7496 19 2.4947 1 0.5762 20 1.5319 1
M10 0.9971 11 1.0872 8 0.9924 11 1.0418 8
Ml1 0.4560 38 0.4588 42 0.1545 47 0.1558 48
MI12 0.3998 42 0.4302 45 0.3856 33 0.4201 35
MI13 1.0420 8 1.0531 10 1.0215 8 1.0267 10
Ml14 0.4021 41 0.4071 46 0.4009 32 0.4046 36
MI15 0.1425 50 0.1936 50 0.1351 48 0.1837 47
Mil16 1.1563 6 1.2153 7 1.1092 6 1.1211 7
M17 1.1330 7 1.3314 5 1.1040 7 1.2289 5
MI8 0.8076 16 0.8235 21 0.5500 21 0.5517 25
MI19 0.4892 35 1 13 0.4890 25 0.9992 17
M20 0.4099 40 0.5164 37 0.4076 31 0.5060 27
M21 0.9060 12 1.0714 9 0.8273 13 1.0399 9
M22 0.3853 45 0.3864 49 0.3718 34 0.3732 39
M23 0.2912 49 0.4429 44 0.2849 42 0.4355 34
M24 4.2975 1 1 13 2.7160 1 1.0000 13
M25 0.9042 13 1.0313 11 0.5826 19 1.0154 11
M26 0.6793 22 0.7078 26 0.6459 16 0.6968 20
M27 0.8015 17 0.8308 20 0.6214 17 0.6425 22
M28 0.8207 15 0.8502 19 0.2212 44 0.2407 45
M29 1.4695 3 1.7572 4 1.1901 3 1.2746 4
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Table 4. Estimates of Super Efficiency
Super-CCR Super-BCC SBM-Super-CCR SBM-Super-BCC

DMU Score Rank Score Rank Score Rank Score Rank
M30 0.4710 36 0.4743 40 0.2163 45 0.2169 46
M3l 0.7455 20 1 13 0.7185 14 1.0000 13
M32 0.4896 34 0.5577 33 0.4375 29 0.4917 28
M33 0.7044 21 0.7206 25 0.3289 41 0.3420 43
M34 0.4923 32 0.5568 34 0.4462 26 0.4908 29
M35 0.6032 25 0.6103 28 0.4442 27 0.4451 33
M36 0.5477 28 0.5775 30 0.5470 22 0.5747 24
M37 0.3376 48 0.4499 43 0.3358 40 0.4484 32
M38 0.4905 33 0.4987 38 0.0958 50 0.0980 50
M39 0.5574 27 0.5697 31 0.3600 36 0.3769 38
M40 0.6037 24 0.6162 27 0.4356 30 0.4580 31
M41 0.7997 18 0.8137 22 0.6906 15 0.6926 21
M42 0.3914 43 0.3978 47 0.3637 35 0.3661 40
M43 1.2462 4 1.3018 6 1.1096 5 1.1311 6
M44 0.5286 30 1 13 0.5240 23 1.0000 13
M45 0.6114 23 0.7218 24 0.6102 18 0.7130 19
M46 0.3861 44 0.3876 48 0.3413 39 0.3429 42
M47 0.8881 14 0.9156 18 0.8367 12 0.9035 18
M43 0.5384 29 0.5518 35 0.5144 24 0.5453 26
M49 1.1764 5 1 13 1.1240 4 1.0000 13
M350 1.0006 10 1.0128 12 1.0003 10 1.0063 12
Mean 0.7606 N/A 0.8221 N/A 0.6064 N/A 0.6701 N/A
S.D. 0.6037 N/A 0.4491 N/A 0.4362 N/A 0.3683 N/A
Max 4.2975 N/A 2.4947 N/A 2.7160 N/A 1.5319 N/A
Min 0.1425 N/A 0.1936 N/A 0.0958 N/A 0.0980 N/A

2 7Fo] 1.8952,39] = M29& 146959 gfo =g = 1.2787%2 FA =t}

A 9lth Super-BCCH G o Al 2E&A gho]  Soldh W ML 47h] B oA B &9

2.4947F ©F 250% X E A% M9ZF 191, 7} 291 &2 Yl

2.05459] ZF& 7R M3, 1.77289] 712 7} % M4

4. 2903 HY

7V 2+ ZF 29, 39 2 yEly T} SBM-Super-CCR X

% ol A = Super-CCREL & of| A A & M247} 747 AN 7Id e A B H ol w4

ARAO|T T e 271600 % thebom, o elwh Avhel e 2l 1F, A E A3

A 13092, 1.01289] ZH& 7b7 M3T} M4z 2H2k2 of mel Az 9 AAE /B, WEE 7R,

91,3912 By 9lck SBM-Super-CCREH ol 4 &A] - o] W fALRA4E 71549 37 18

+ Super-CCREF o A &F ol M248] &4 &= 02 BERalo 2t JAE L 584 A &

A7V 192 1 3F2 271600 2 LfEFGEAL, 1.3092 AR O 2 §olA zFo]7} QE=X] o HE #cts)

9] ZF& 717 M3, 1.19019] Zh2 7FR M47}y 2z 7] &3l Wilcoxon-Mann-Whitney 2] <= ¢ &4 A

291, 39] 2 YEFyEh. SBM-Super-BCC Y g of A] 2 A A3} ). Table 5, 62 212 CCR, BCCR ¥

= Super-BCCHE & of| A A & M9, M3, M47} 19, 2 o] =938 HA Ax}o]ar, Table 7, 8& 7+7zt

9,39 2 YEr A, 7S Z-ZF 1.5319, 1.4085, Super-CCR, Super-BCCH & 9] 7 A A 1}o] 11,
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Table 9, 102 SBM-Super-CCR, SBM -Super-BCC aeA Hdo 894 o7t gl Ao e
g o] A Aot HHA CCR, BCCH g o] 9 ok, o2 © & Super-CCR, Super-BCCEffé 9]
et AR AT, F B stolA 2 AAE AAAY AGASH BAAIEE a8 Aol
Table 5. Wilcoxon-Mann-Whitney Test by CCR Model
g T T 8 [ 8 [ ¢ [ e ] a
No. of DMU 24 26 13 10 10 27 27 13
Mean Rank 23.80 28.12 13.96 9.45 17.70 19.48 19.67 22.23
Rank-Sum 595.00 731.00 181.50 94.50 177.00 526.00 531.00 289.00
Statistics —1.040 —1.582 —0.448 —0.653
P-value 0.298 0.114 0.654 0.513

A : Dried and Salted product manufacturing, B : Frozen product manufacturing, C : Smoked and Cooked product manufacturing

Table 6. Wilcoxon-Mann-Whitney Test by BCC Model

ST T s [ s [ e [ e [ A
No. of DMU 24 26 13 10 10 27 27 13
Mean Rank 25.00 25.96 12.23 11.70 18.90 19.04 20.48 20.54
Rank-Sum 600.00 675.00 159.00 117.00 189.00 514.00 553.00 267.00
Statistics —0.238 —0.192 —0.035 —0.015
P-value 0.812 0.848 0.972 0.988

A : Dried and Salted product manufacturing, B : Frozen product manufacturing, C : Smoked and Cooked product manufacturing

Table 7. Wilcoxon-Mann-Whitney Test by Super-CCR Model

Cop | Cop | A B B c ¢ A
No. of DMU 24 26 13 10 10 27 27 13
Mean Rank 23.63 27.23 14.00 9.40 17.50 19.56 19.59 22.38
Rank-Sum 567.00 708.00 182.00 94.00 175.00 528.00 529.00 291.00
Statistics —0.874 —1.612 —0.513 —0.707
P-value 0.382 0.107 0.608 0.479

A : Dried and Salted product manufacturing, B : Frozen product manufacturing, C : Smoked and Cooked product manufacturing

Table 8. Wilcoxon-Mann-Whitney Test by Super-BCC Model

ST T s [ s [ e [ e [ A
No. of DMU 24 26 13 10 10 27 27 13
Mean Rank 25.63 25.38 14.38 8.90 15.50 20.30 19.67 22.23
Rank-Sum 615.00 660.00 187.00 89.00 155.00 548.00 531.00 289.00
Statistics —0.058 —1.923 —1.198 —0.650
P-value 0.954 0.055%* 0.231 0.530

A : Dried and Salted product manufacturing, B : Frozen product manufacturing, C : Smoked and Cooked product manufacturing

*P<0.1, **P<0.05, ***P<0.01

4) ohik, CCRE GO A 2 9l A4+ A=

% YASA) T YEE AL DAE®B) 2t
L Anel golsza folzt

£0]0.1142 e} 10%0) %@ St e Aoz
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e
e
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Table 9. Wilcoxon-Mann-Whitney Test by SBM Super-CCR Model

REREE

N
-

ST T s [ s [ e [ e [ A
No. of DMU 24 26 13 10 10 27 27 13
Mean Rank 24.71 26.23 12.92 10.80 16.10 20.07 20.96 19.54
Rank-Sum 593.00 682.00 168.00 108.00 161.00 542.00 566.00 254.00
Statistics —0.369 —0.744 —0.992 —0.361
P-value 0.712 0.457 0.321 0.718

A : Dried and Salted product manufacturing, B : Frozen product manufacturing, C : Smoked and Cooked product manufacturing

Table 10. Wilcoxon-Mann-Whitney Test by SBM Super-BCC Model

égf;f Gceg:;f‘l A B B c c A
No. of DMU 24 26 13 10 10 27 27 13
Mean Rank | 2635 24.71 1338 10.20 14.90 20.52 20.72 2024
Rank-Sum |  632.50 642.50 174.00 102.00 149.00 554.00 559.50 260.50
Statistics —0.398 —1.116 —1.403 —0.173
P-value 0.691 0.264 0.161 0.862

A : Dried and Salted product manufacturing, B : Frozen product manufacturing, C : Smoked and Cooked product manufacturing
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Table 11. Tobit Analysys

Prob.
Dependent Variable CCR eff. BCC eff. SE eff.
Debt 0.0024** 0.0059%* 0.0000*
(6.09E-09) (9.96E-09) (3.10E-09)
Sal ‘ 0.0132%* 0.0418%* 0.0122%*
ales cos (3.68E-09) (5.70E-09) (2.01E-09)
Net profit 0.1676 0.0076** 0.8108
prott (4.02E-08) (7.29E-08) (2.07E-08)
Log likelihood —12.2432 —20.5290 17.3836
Schwarz criterion 0.8809 1.2124 —0.3041
*P<0.1, **P<0.05, ***P<0.01
Note : Numbers in the parenthesis represent standard deviation
Bdth $4, RAS ol g7 Aw ATt ABA mge] BAPI, LR S 24
VNeaegd, ervlefed, FEAEEAA BT Sk CCREF A= 107] A S0 &3
of felstAl A&stl o FFS A= AL 2 UERi, B9t a4 4 oF 0.65= YERY
Z Ut Ao s stk &7k vlgoll sl Bt 35% vaedo] A ST &T1E
FHERZ BHE asAo o g vt o agde FHs=BCCRY £4 23 T«
AR 27 I, EA A, 7t s AlEel FEY A dAES 1TE Y
Aol AT HES W ol AF ke e, B A %S 0N deht B
Hg= sl 7lemed, erleasd, 45 28%Y HagAol EAsts o= Yyt
AgH R Y YL AL Ao el FRESYY B F0912 HATRAY
o grleold S wiEd ddolg o midHlE o] HA o= s FAYstE Hat A v EE
Aderrlsagdovt A dFe vA= A 2 9%= YEbE T qf &0 tigt B pEA
O et Ao 7hAA YA #els] FRTS)E A E, IRSAYR | 3= 2571 A
Azt A YER F7]eoldS Agsted, S2 AR FEE Yl & =0k st
T Frieol o] A A4 B A2 Y F7HF DRSAR (= ISV dASES RS S0k
o Ao ga, BASV s sl MiER 4 ste A= UEhE T Uy A 107 dAES
folojo] FFS VA= AR Kt CRSEof o B2 22 HAdetol A &=
Aol Ao et EAHT o2 A 9 3
v.zZ2 £ 23150 Qlof 2 243] F2H PA= o E ¢
Ase agd Aie] ot L= Aed
2 AgE T 507 Ak E TS AAlE ¢ e AR AR ERIY. A Has, S
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