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Abstract © In this study, we first measured the Malmaquist productivity index by DEA among the Korean ocean carriers. Second, it was
intended to present measures to improve productivity by identifying the influence and discriminating power between productivity and the
major financial ratios (profitability, financial stability, liquidity, efliciency and value-added productivity). Compared to 2017, there are 11
more shipping carriers with decline in productivity (MPI) than those with an increase in 2018, The increase in productivity is attributed
to an increase in the Technology Change Index (TCI) aflected by the external environment. There is strong significant correlation between
the productivity (MPI) and the management efliciency (CRS). Additionally, the TECI (TECHI) index of the technological efficiency
changes from Internal factors of the shipping carrier is significantly higher than that of the eflicient shipping carrier. This is because ot
the diflerences in scale efficiency. The ratio of charter cost/sales is also lower than that of the carriers with high productivity (0.17) and
with low productivity (0.21). With 7% of the shipping carrier with MPI>1, only 1% of MPI <I is found to have a significant impact on
Its productivity.

Key words - data envelopment analysis, Malmquist Productivity Index, panel multiple regression method, panel probit analysis, panel
logit regression analysis
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Table 1 Scale(Total) Trend of Ocean Shipping Companies
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Table 2 Trend of Sale - Operation Profitability in OSC

v IBTSA OISA
earmosc [ B TB | OSC | MB B
2009 | -112% | 57 | -15 | -38% | 58 0.1
2010 | 2.1% | 7.0 33 | 48% | 67 51
2011 | 57% | 52 | -01 | -13% | 56 31
2012 | -46% | 52 | -11 | -05% | 5.1 30
2013 | 62% | 47 | -39 | -0.1% | 53 29
2014 | 23% | 42 20 | 29% | 42 45
2015 | -10% | 50 20 | 41% | 52 53
2016 | -3.1% | 6.1 00 | 13% | 60 47
2017 | -17% | 7.9 38 | 37% | 76 53
2018 | -09% | 73 20 | 190% | 73 42

No of No of
Year Ship GIT Total Sale | Total Asset Carrier
2000 338 10,647 149 156 36
2001 354 11,153 131 139 36
2002 392 11,724 19 157 4
2003 415 11,460 158 142 44
2004 475 12,586 214 178 52
2005 537 13,455 241 200 76
2006 578 14,269 262 260 107
2007 704 17,850 366 334 145
2008 786 21,378 470 335 164
2009 861 23,737 250 386 181
2010 933 27,839 381 438 181
2011 972 32,163 385 430 187
2012 1,034 37,292 423 473 179
2013 016 | 39747 362 439 183
2014 126 43,486 346 501 196
2015 088 | 43269 345 495 185
2016 028 40,090 248 421 138
2017 024 [ 41,603 261 486 135
2018 993 39,453 293 525 130
CAGR| 6.2% 7.5% 3.8% 7.0% 7.4%

Source: Korean Shipowners Association Data, No of Ship: Unit,
G/T : 1,000 Tonnage, Total Sale and Total Asset : 0.1billion
dollar, CAGR: Compound Annual Growth Rate

Occean Carrier Status

Fig 1 Scale(Total) Trend of Ocean Shipping Companies
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* IBTSA: Income Before Income Taxes to Total Sales, OISA:
Operation Income to Total Sales, OSC: Ocean Shipping
Companies, MB: Manufacturing Business, TB: Tansportation
Business,
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Table 3 Trend of Liquidity in OSC

Vear Current Ratio NWGC/SA
OSC MB B OSC MB B

2009 | 107.3% | 11566 | 71.83 2.2% 57% | -121%
2010 | 117.8% | 11642 | 72.62 4.0% 55% | -10.6%
2011 | 99.1% | 116.74 | 73.91 -0.2% 5.5% -9.8%
2012 | 714% | 12436 | 69.04 | -85% 75% | =-11.7%
2013 | 59.3% | 131.91 6765 | -153% | 98% | -132%
2014 | 64.3% | 13260 | 7149 | -181% | 104% | -11.3%
2015 | 62.2% | 136.03 | 6835 | -182% | 11.7% | -129%
2016 | 87.9% | 137.71 7123 | -5.0% | 129% | -11.8%
2017 | 926% | 13882 | 7759 -33% | 127% | -86%
2018 | 103.1% | 14474 | 77.04 1.5% 141% | -8.9%

#* Current Ratio: Current Asset to Current Liability, NWC/SA:
(Current Asset - Current Liability) to Total Sales. OSC:

Ocean Shipping Companies, MB: Manufacturing Business,

TB: Transportation Business,
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Table 4 Trend of Efficiency in OSC

Total Asset Turn—over Ratio Management AS.Set
Year Turn—over Ratio
0OSC MB B OSC MB B
2009 0.71 1.02 0.46 0.83 1.27 0.59
2010 0.88 1.14 052 1.00 1.43 0.66
2011 0.86 117 0.55 0.92 1.45 0.66
2012 0.94 1.13 0.58 1.04 1.41 0.67
2013 0.85 1.07 0.55 0.92 1.35 0.63
2014 0.66 1.01 0.56 0.69 1.26 0.62
2015 0.67 0.95 0.54 0.71 1.18 0.61
2016 057 0.90 0.53 0.61 1.13 0.60
2017 0.57 0.93 0.53 0.60 1.17 0.60
2018 0.55 0.92 0.53 057 1.16 0.59
# Total Asset Turn-over Ratio: Total Sales to Total Asset,
Management Asset Turn-over Ratio: Total Sales to
Management Asset,
2.5 FE8%7| o|F MMM F0| B4
Table 5 oJ5tH, Q&FMAL MAHOZ dxAQ YAk
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Zr7F 11.1%9}F 12.5%1 4 4.9% <}

6.7%= =LA %

R

o,

2% Aoz Yelhy, AAH oz AAA o] o

Table 5 Trend of Productivity in OSC

Year Gross Value—added Ratio Value—added Ratio
0OSC MB B OSC MB B
2009 1.2% 19.23 9.73 1.6% 21.60 22.48
2010 | 10.1% 21.76 12.44 11.5% 21.59 26.87
2011 4.9% 20.18 12.22 5.7% 19.69 23.99
2012 | 4.9% 19.69 12.67 5.2% 20.23 23.87
2013 | 6.0% 19.57 12.83 7.0% 21.28 2543
2014 | 65% 18.45 13.18 9.8% 2112 24.71
2015 | 11.8% 19.51 14.39 17.5% 24.00 29.07
2016 | 4.2% 19.52 14.15 7.3% 25.61 28.37
2017 | 21% 20.88 14.40 3.7% 26.53 29.65
2018 | 10.5% 20.50 14.27 19.0% 26.16 28.82
# Gross Value—added Ratio: Productivity of Capital, Gross
Value-added to Total Asset, Value-added Ratio:

Value-Added to Sales.
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Table 6 Literature Review

Author Input variable Output variable

Hong. S. M, Ahn|TA COGS, CHAT,| Sales, Operating

K. M.(2020) SG, INTE Income, Gross Cash
Kang, D. Y. and Total Capital, Sales sales, Operating
Management Cost,
Lee, K. S.(2019) Income
Employee Person
Kim, B. S.(2017) Asset, Deprication, | Sales, Operating

ship, Debt, Capital, |Income, Net Income

Personnel Expense,| Sales, Operating

Chung, J. H.(2007)

COGS, Capital Income
Asset, Capital, Fleetl Sales, Operating
Chung, B. 5.(2008) Size Income, Net Income

Sales, Operating

Park, K. B.(2012) Asset, Capital
Income, Net Income
. Dependent ~ Variable:  Liability/Total
Lee. S.Y., Kim, Y. IAsset, Independent Variable ROIC,

D., Ahn, K. M.(2019)

IFA/TA, Charter expense, EBITDA,
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Fig. 2 Research model
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Table 7 MPI Analysis Result by DEA Model in Year 2017 and 2018

2018 MPI TECI PECI SECI TCI
Index > 1 54 31 27 42 103
Index = 1 0 11 28 1 0
Index < 1 62 74 61 63 13

2017 MPI TECI PECI SECI TCI
Index > 1 65 69 54 57 35
Index = 1 0 1 26 12 0
Index < 1 51 36 36 47 81
5.2 HE9| 7|l A=

OS2 20173 20183 9] £S5 S (CRS-MPD 9} 5%
5 ko] 7l BAGReITh
Table 8 Statistics of 2017 Year
17 ITEMS MEAN SD MIX MAX

TECI 33 1.03 0.34 7.79

TCl .92 0.18 0.46 1.44
PEC 20 0.68 0.46 7.13
SEC .08 0.40 0.34 329

MPI 1.27 1.26 0.22 8.45
CRS 0.69 0.24 0.16 .00
VRS 0.79 0.23 0.30 .00

SE 0.88 0.17 0.18 1.00

X1 0.19 0.11 0.00 1.01

X2 0.04 0.15 -0.68 0.38
X3 1 1.85 6.73 -37.22 26.10
X3 2 2.11 8.30 -45.09 24.75

X4 097 23 0.01 9.87

X5 -0.29 24 -9.63 2.2

X6 0.71 0.31 0.06 25

X7 1.33 2.67 0.00 20.54

X8 0.84 0.72 0.01 4.00

X9 0.06 0.11 -0.20 0.64

X10 0.10 0.20 -0.60 0.63

X1 0.10 0.29 -0.88 214

X12 5.15 18.23 -34.59 142.96
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* TECI: Technical Efficiency Change Index, TCI: Technical
Change Index, PECI; Pure Efficiency Change Index, SECI;
Size Efficiency Change Index, SE; Size Efficiency, X1;Charter
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Cost/Sales, X2 Operation Profit/Sales, X3_1; Interest “8(MPD9} dgEE&(CRS)ZHE » 3t 2 g
Coverage Rate, X3_2; Operation Cash/Interest, X4; Current A (r=0.265, p<0.01)E Holx 3|
Rate, X5 ~ Net Working Capital/Sales, X6; Total
Liability/Total Asset, X7, Borrowing/Sales, X8, Turnover =u U aled A oy
Rate of Total Asset, X9; Total Capital Investment Efficiency, 5.4 MEZE MPIzt 23 H Kol 24
X10; Value-added Rate, X11; Operation Cash/Sales, Insal; . =
Natural Logarithmic of Sales, X12: Liability/Ower’s Equity & Aol A e gkl A = KMIsh 3
i Toll gAse] Ae|oluzt 1684 BA7E 5578 AAL @F7
Table 84 3t A FMPDS}F it BFEEEA 934 A}, Fb2Ae] 8AAF T1E) 3 ZERA 0] ARALR RS
I( CRS)7} 2+ 72y 1.279F 06924 AL vl a4 s 3}A) qk
Aol o q o ] 5 = ol
89 BEAE A PSP Ve Atk =R E D 1) ANOVA Results of CRS-MPI
Yol E(X2)2 4% = vl A v Fat viEd oy &}
Hol B()Z w1 glo] 54 9 EAI}F gon HEuE CRS-MPI sum of squares mean squares, P
% 515%% =& Holt}, TECI %’%ﬂj%‘_? 25 AL 0301
. 1o -Group-B 3.643 0911 0,008+
Table 9 Statistics of 2018 Year Group-1 58.833 0.259 -
-B .953 .238
TBTEMS | MEAN D MIN MAX PECI [{Eoub B A%s 358 o052
TECI 092 0.37 0.22 259 Group-B 0.95 0.063
1CI 1.20 069 0.76 83 SEC 'Group1 [ 2395 0106 | 0668
PEC 0.94 0.31 0.36 2.18 Group-B 9.967 249
SEC 097 0.0 0.2 18 MPl GrouoT | 346388 1506 | 0167
MPI 1.15 1.23 0.2 13.35 Group-B 0.347 0.087
CRS 0.60 025 | 013 CRS Groupl [ 14125 0oz | 0-2%7
VRS 0.73 0.26 0.14 Group-B 0.467 0117
3 085 020 | 013 VRS ["Group-I [ 13285 0osg | 00
X1 0.19 0.12 0 0.79 Group-B 0.158 0.04
X2 004 0.17 1 032 St [Gowl[ 778 0034 ] 9%
X3_1 2.44 9.66 -29.62 88.76 : -
X3 2 5.62 55.48 -80.37 575.31 k) p<0.01, *x; p<0.05, *; p<0.1, Group-B: Group-Between,
X4 0.91 0.91 0.01 6.06 Group-I: Group-in
X5 -0.06 3.21 -8.98 30.72
o 92 52 006 L9851 Table 12 ANOVA Results of Independent Variables
X8 0.89 0.86 0 4.95
X9 0.05 0.30 535 0.68 Independent Var.| sum of sguares |mean squares| P
X10 0.38 3.40 -3.67 36.46 X1 Group-B 0.129 0.032 0.0+
X11 -0.03 3.21 -27.67 20.39 Group-| 2.877 0.013 :
X12 3.90 11.33 -10.6 105.93 0 Group—B 0.185 0.046 0115
Group-—| 5.579 0.025 )
A HF AR 2 A A FIA Group-B 654.354 163.589 N
T(CRS)7F 247+ 1159 060024 Ao vl ystolxt) 3 0 Group—B 25305.12 6326.279 0,000+
wok mjZol ol B(X2)H} wWEgu] &oARfRe A - Group-| 327900 1477.027 :
_ N ) x4 [-Group-B 10.658 2.664 0.055+
Aol o] glo] 949 AL vFsH 54 94 & Group-| 257.145 1.133 )
1 B 3 o o v GI’OUD—B 78,513 19.628 ek
AZE sles A& S 390%= stob 5 [Group-| 1285641 5664|0009
w6 |-Group-B 2.3/6 0.594 0,027+
5.3 CRSZ} MPIo| AtztziAl2A Zo} Group-| 48.163 0.212 :
w7 LGroup-B 30625.74 7636435 | ()7,
Table 10 Correlation Analysis Results of CRS-MPI Group-I 478862.1 2109.525 )
8 |-Group-B 10.76 2.69 0,001+
Corr | TECI | TCl | PECI | SECI | MPI | CRS | VRS SE Group-| 134.038 0.59 )
TECI 1 %9 Group-B 0.078 0.02 0.821
TCl | 0.052 1 Group-| 11.604 0.051 i
PECI | 800~ | 0041 | 1 x10 %%’g_? 1%'49?82 15?5%%6 0,009+
SECI | 639+ | 0.03 | .132+ 1 1 Group-B 33628 8.407 0165
MPI | 761+ | 675 | 607+ | 470 | 1 X Group-1 1164.127 5128 :
CRS | .292++ | 0.096 | .186% | 316+ | 265+~ | 1 Insal |-Group-B 3086.5/3 T71643 16 g
VBS | 227+ | 0.063 | 215+ | 155 | 198 | 754+ | 1 Group-I 4944957 221.747 :
SE | 131 | 0.055 | -0.011| .267*+ | 0127 | 491%+ |- 184%| 1 sk p<0.01, *x; p<0.05, *; p<0.1

ooy p<0.01, 5 p<0.05 574717k 2017-2018 year
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Table 13 Panel Multivariate Regression Results for MPI

MPI OLS OLS_dum fixed random
se | 59406503+ | .56833726% | 1.720614* | 59857298+
X1 | =1.0581051+ | =1.0702736+ |-3.2076394*++| —1.0703385+
X2 |=1.8473106%+| —1.822986%+ | ~4.6814852+++ |—1,8713452%++
X4 | 16169142+ | 16086336+++ | 19320253 | .16070519x++
X7 | —.0398558* |-.03926899++ | —. 12307346+ | — 04030939+
X8 | -.06362454 | -.05981813 | 37537848 | -.06371334
X10 | 41259675 | 41907331 | 1.6502447++ | 41847013
X11 | 1.2563633++* | 1.2272055%+ | 1.898206+++ | 1.2615988x**
Insal | —.03405362 | -.03358855 | -.06645054 | -.03386965
2018 - -.10965624
_cons| 1.1160009* | 1.1869444+ | 5466501 1.1140261
R> | 54467007 | 54656424 | .64151096 0.5741
* p<; wx p<05; #xx p<01, N=232
5.6 MP| Etgd=d FAzm;

Table 14> =72 93d e A MPDH #d W55
Zhol sidzaul | sd23 thA 372484 Aol

Pseudo RY/x* #3 289 o gEP)o] 7H4 A3 241

A & H(logit_fe)

Egol ojsted 7HdS A st

el

Ry

A el = H7171A& 7ME[HO -5 FE %7}
e JERE Insal 91 7 1-1] FR/MES AQstus B
E M Alg ket 7R 1219 R EEA (se), 841
H/M & (X1), 94594 A#x mjEFdddold&E(X2), 4+
28 d&(X8) @z uiEdun] GPIFFXIDS A

H2]S Wola 3l

(MPDell 743Hp<0.05) ¥ At FEds v
e S&dAE2/mE 1&XD) I FAREQ Al S/mE
XN& HlwA °ofgh(p<0.]) HEHE Kol YAV e

7Vssith weld [P 1-2] RS 47]_&1 [7F21-3] &
AgtE7Hd, [HO-1] 937, [HO-2] #5743, [HI-3] A
T, [HO-4] 24 Es4, [HIO-6] Y9d=/H&E7H
& AR Age] shgsith vk M 1-1] R 7R
[HII-51¢] #7474 & 7Hd 2 71 2b=] et

Table 14 Panel Probit & Logit Results for MPI

MP probit | xtprobit logit_re logit_fe
se -0.121 -0.121 -0.221 42 231+
X1 —2.697xxx| —2.698%++ | —4.490% | -62.550**
X2 1.089 1.089 2.326 133.714++
X5 -0.096 | -0.096 -0.171 10.824+
X7 0.033 0.033 0.058 —-1.773+
X8 0488++ | 0488+ | 0.826++ | 34.741%*
X10 0.230 0.230 0.059 -1.178
X11 0.704+ 0.704+ 1.246+ 45,802+
Insal -0.065 | -0.065 -0.104 -9.817
b 0.746 0.746 1177
Log likelihood |-144.157| -144.157 | -143.943 | -8.49326
Pseudo RYx”| 0.0991 | 2484 2177 73.12
Prob > x° 0.0002 | 0.0031 0.0096 0.0000

* p<ll; wx p<05; wxx p<.01, N=232

6. HATZILL AIARY

o vlgte] 20180l A4t (MPDe] St
AR ZEAasE AAE 117 B ol Aol A FE
& FS W V&4 284 WEXS(TECDY 7
T aglelH, Arkde] Fud W}% QQR-BA o] J3F
= 71 A(TCD Y S dF2 Yehdar 9ot
EAZ, A MMPD Y 49 284 (CRS) 7He 7&8& e
Ql FHHAAE Btk MFAHeR ®ny oFFAd o 7]
WA F(TCDE T&29 AAlet Rlad “ﬂ AAL 7E
zpel7h flar AAF iF8lel 9% Ve T &AW
(TECDE= Z&4Q Ar7E fodoz o ¢F &8
sh7b oy R G84 Wsle] zold 7|Qls Ao
L olo] AR FEIF Aabdel F8d dFedeR #Y
3tk E3 gA4n)/vE v g Aol =2 HAH0.17)

7F w2 AAH02D)e mlste] wtan, wiEe) G]lolEe
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