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Analyzing the Impact of Emission Control Area (ECA) Enforcement on Ferry

Companies  Financial Performance : Network SBM DEA and BTR model

Abstract

Suhyung Lee - Hyunwoo Lim

The International Maritime Organization (IMO) designated the Emission Control Area (ECA) in
Northern Europe to reduce the NOx and SOx emissions from ships in the coastal areas. This study
used Network slack-based measure (SBM) Data Envelopment Model (DEM) and Bootstrop Truncated
Regression (BTR) model to analyze the ECA's impact on ferry companies financial performances
based on the financial data from eight ferry carriers in Northern Europe, the Mediterranean and
North America from 2004 to 2017. To alleviate the problem of arbitrary variable selection in DEA,
the variable selection criteria proposed by Dyson et al. (2001) were applied; the size of the com-
pany was considered through the Network SBM DEA model; and the company's profit-generating
process was divided into stages to measure financial performance in more detail, In addition, the
BTR model was applied to derive results that minimize the bias of the data, The study found that
ECA regulations did not always negatively affect the shipping companies' financial performance.
Rather, a steady increase in efficiency was observed for Northern European ferry companies which
were subject to the strongest regulations, For North American ferry companies, government sub-
sidies were found to have a significant impact on efficiency, and relatively small impact on effi-
ciency due to the ECA and oil prices. For the Mediterranean ferry companies, efficiency values
have decreased since the implementation of ECA regulation despite the lowest level of regulation in
the region,

Key words: Ferry, Environmental regulation, Emission Control Area(ECA), Financial Performance,
Efticiency, Network Slack Based Measure (SBM) Data Envelopment Analysis (DEA),
Bootstrap Truncated Regression
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I 4, 537 mz|MAl DEA 28 ool 2¢F
&9 - f=)
W BEE F At EFAA F 55k HAg
e 40 2010.5 3.916 2004 2017
Z2}A4) 40 631,841 268,0306.600 271,356 1,361,406
R E ) 40 344,373 171,398.400 113,931 894,518
SeRpal 40 287 468 123,370,900 68,645 506,145
W& 40 208,945 75,320,520 79,459 385,118
EEEIES 40 190,839 68,524,470 73,515 306,271
CEE) 40 18,106 31,489.180 -39,808 101,743
45 @ BC Ferries annual report. (2004-2017), Marine Atlantic annual report. (2008-2017)
E 5 X|=s mlz|MAF DEA 28 dH|0|E| 29F
(] - " 72)
HE BE T it EA2} 55k Az
e 25 2011 4,082 2003 2017
ZAA 25 1,040,629 704,582,800 201,269 2,046,894
eSS 25 743,061 656,092,100 57,956 1,548,839
SR 25 297,569 120,271,500 97,425 521,432
2 25 455110 311,423.000 73,185 859,300
A& 25 458,915 210,566.300 159,408 726,300
Fgeld 25 61,578 52,469.910 9,626 222,981

Z}&. ¢ Finnlines annual report. (2004-2017), Tallink annual report. (2005-2016), Irish Ferries annual report, (2004-2017)

E 6. 50| Hz2lMAt DEA 2 olo|H 29

(&9 - A /=2
HE zE 5 Bt EFAA} gk HA
A 40 2010.5 3.916 2004 2017
ES%, 40 1,040,083 617,483.900 219,500 1,947,200
FAFH 40 629,128 402,803.100 97,100 1,304,500
ZAAE 40 410,554 244,717,900 18,000 824,400
&l 40 550,764 250,447,500 251,700 1,152,994
FgH& 40 463,378 208,053.800 190,425 901,597
CEI) 40 87,385 67,327.450 -37,030 251,397

Z}7 1 Hellenic Seaways annual report, (2005-2016), Attica

(2004-2017)

Group annual report,

(2004-2017), Minoan

Lines annual report,
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A 9t} (Pastor, 1996). WA
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ol2 s ds}7] slatel

XJOE UL

Z33ttel| mA=
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7y, (F 8), (& Mol BIR ¥
ffsl AR HlolE7F gokEo] vk A& e
12 yeht 2,
Truncated 3]#E4 HHES A
A W O oY
gstste] 243}

Aol wF
How tehtoe
gagom, 44 317
Mg vl Aolg

%33k Network SBM DEA % BTR %3

A=) o 5
2o

alefste]

oleid 1 @

4

ol T&

-

£ AFolxE Tone(2001) 4 AAG BHE T3} ek, 2E]a ojufe] Truncated 3]HEA A F
o BE JYolde TS &5 kS Yt S BEE 19 32 23} olo] = E 3 AMEEEA
we SR Ast it ok EAE S84 STATA 17HAHES ARE-sHSITt
E 7. X1Es| x| BTR 28 H|0|5 2%
(&9 - A /2
T ZE 5 At FFAAL &gk HRx
ROI &84 40 0.554 0.349 0.033 1.000
E‘:j_ Activity E&4 40 0.713 0.211 0.244 1.000
Profitability &&73 40 0.673 0.271 0.113 1.000
2212k 40 1,040,083.0 617,483.9 219,500.0 1,947,200.0
Bzl 40 629,127.6 402,805.1 97,100.0 1,304,500.0
Sk 40 410,554.0 2447179 18,0000 824 400.0
=g AHnE 40 463,378 .4 208,053.8 190,425.0 901,597.0
Ly E 40 550,763.6 250,447.5 251,700.0 1,152,994.0
CEE) 40 87,385.3 67,327.5 -37,030.0 251,397.0
e A% 40 1.3 1.0 0.1 3.5
A g7} 40 617.6 248.1 155.3 955.3

A& @ Clerkson Shipping Intelligence Network(FA: 2021 2¢

15¢)*
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stoterdAEtE|R|, M3 HM3S

T B2 5 At EFAA &5k Hgk
ROI E&4 25 0.447 0.325 0.054 1.000
z_i Activity &8 Ag 25 0.851 0.198 0.396 1.000
Profitability &4 25 0,245 0.295 0.032 1.000
222k 25 1,040,629.0 704,582.8 201,269.0 2,046,894.0
Bzl 25 743,060.6 656,092.1 57,956.0 1,548,839.0
s 25 297,568.8 120,271.5 97,425.0 521,432.0
Fgul& 25 458,915.2 210,566.3 159,408.0 726,300.0
i_ﬁ | 2ol 25 439,157 4 298,308.9 73,185.0 830,100.0
dgeld 25 61,578.2 52,469.9 9,626.0 222,981.0
JH-A A 25 81,336.0 83,045.6 23,377.0 350,999.0
3T A% 25 2.1 1.5 0.1 3.5
219 §7H$) 25 578.6 265.0 162.1 1,018.1

E 9. 50| X9 BTR Z& d|0|5] 22f

GRS
T TEF At TFAA 5w B
ROI &84 40 0.578 0.342 0.002 1,000
E;i Activity E-& 40 0.765 0.189 0.361 1,000
Profitability & é 40 0.571 0.304 0.002 1.000
ZA2k 40 631,840.9 268,036.6 271,356.0 1,361 ,406.0
Bzl 40 344,372.9 171,398.4 113,931.0 894,518.0
S 40 287,468.0 123,370.9 68,645.0 506,145.0
) LIRS 40 190,838.6 68,524.5 73,515.0 306,271.0
W W& 40 208,945.1 75,320.5 79,459.0 385,118.0
SERE 40 18,106.4 31,489.2 -39,808.0 101,743.0
G A% 40 4.1 0.5 3.5 4.5
29 {7} 40 420,7 157.9 169.5 666.8
2. Network SBM DEA 2% Z3} o] Network SBM DEA U?fé% %6& g8 B

HAR, AT, Ho) A 2 o) Aol S e pew g

A %w"r% A “Oﬂ/ﬂ = liish
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Continental®] Activity & &4¥ ROl 384 =49
A Z¥7} 0.848, 0.798% thE 7 Al vlste =
e 71Est9en  profitability  E-&A3lA
Tallink7} 091302 7} &2 32 Hth
AF3 A 92| ¢ Attica Group®| Activity S8
A] oﬂ/\q 0.908%2 7} F-g&Ado] kAL, Profitability
&7 ROI &84S Hellenic Seaways7} 0,656,
078308 Ao el 7P =2 @S 715

g wh,

Attica Group  Activity &84 =

rlo
flo

A}ol| mx]= %k Network SBM DEA 2 BIR 23 5 41

Profitability ®&4J3} ROl &-&4Jo] A oA 7}
A ol v A2 TR o] gk veg A
=3 Aog FokEn

2o 2] AL Activity &A= F AA}
2t & Zol7}t Yoy Profitability B84l BC
Ferries7} 0.094% w]$- vre kg 7|E3}o] nj&y
thH] JPH]§ R|ZEo| Marine Atlanticol] ®|sFe] A
gHez & As & 4 Uk

E 10, Network SBM DEA 2@ oz §8M Zn U ZZHx}
75 Activity T4 Pr‘j_géaglw ;{Rg@
Finnlines Bt 0.590 0.391 0.195
AR} 0.163 0.247 0.244
A Irish Continental Bt 0.848 0.748 0.798
BFAA} 0.155 0.091 0.226
Tallink Ry 0.698 0.913 0.688
xrHst 0.236 0.085 0.202
Attica Group Bt 0.908 0.465 0.480
BFAA} 0.104 0.286 0.307
A3 Minoan Lines ALY 0.554 0.605 0.501
xrst 0.073 0.297 0.324
Hellenic Seaways ki 0.844 0.656 0.783
AR} 0.135 0.320 0.336
BC Ferries Ry 0.852 0.094 0.345
o EFAR 0.203 0.026 0.258
N Marine Atlantic ki 0.850 0.473 0.599
’ FF93 0.202 0.367 0.369

(ijx_ 10) ol A E—fﬁﬂﬂ% 2y A AAE] 28

Fol S & F Yo &
?'5], Marine Atldntl(.«] 73-¢- Profitability &-&/3%}
ROI &AM 0.367, 0.369¢] EFHAZE 7]=3}

of WEo] v Akl vlste] vig 2o+ AL
o g ot ey FEwte2E 849 849

3 3
A= W5 FAE W) ojYa, olefe AEA
e e g

g]

Al (3" 10y 744 A d
YeER At

(T" 2yl (T4 H7HAE 57 A e
AARES] a4 @A A7 Yehdginh B9
Aol B8 g HES) A= 2006d7 20071d 60 A
HASR & FHES 1L5%E Algshe %Xﬂﬂ K
Hoem, 20109 1.0%E A7 AstEdaL, 2015
doll thA] 0.1%= S 3= e

sle) dAte e 5§
A ==
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Activity 554 ROl 554
~+-Fimmlines-@-Irish continental group-o-Tallink ~+-Fimmlines-@-Irish continental group-o-Tallink
1.500 1.500
1.000 \‘ 1.000 A
A |
0.500 W 0.500
0.000 0.000
=t ] [ = [ =t o =t ] [ = [ =t ]
[} [} —_ — — — — [ [ ] [ — — — —
[ -] [ _ _ [ [ [ -] [ _ _ [ [
[} [ | -] [ | [ | -] -] [} [ | -] [ | [ | [ ™
O 2, B3 Hlg| MAL Activity 284 a2 4, 223 fa| MAF ROI §84M

Profitability & &%
—+-Firmlines-w-Itish continental group-o-Tallink
1.500
1.000 ﬁ
i
0.500
0.000
= o ] = ™ =T O
] = = — — — —
= = = = = = =
(] 1 (] =~ [’} L] Lo}
J2 3, 283 ml2] MALl Profitability §8&

ol EU|E (1% 3)& HW Irish Continentalo]
201095 7]dos v At Hste] FjHo s
Activity A&7d0] E& @& 7S A A
4 9t} o]= Irish Continentale] F2 2383l A
ool 9 % JUIR e
A AGE Hod Fol7] &g HIlY tE F

E
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BEA SN o]9s B3E 7ol e AL
2 gt

(1% 3) |4 Finnlines7} th2 F AAle] Hla}

o Ardz ufg ke Profitability eSS B
o} I8 ECAZ <lgk ddmd =4 "Halz B 4
e TR EE aez 4 ¥ ST B
(18 6) A% nlz7EA]E Finnlines®] ROI &-&43
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2N BF Ge S ST RS B WS

el AL to) AHSaHE Ao o
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N



o= ojelgol

HiZTrAlE S(ECA) Aldo] Fg] Akl AF

whghy,

Avctivity T-& 4
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MMionan Lines
1.200
1.000 S
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5. XZa XA mlz] MAL Activity 284

1.500

1.000

ROl E&4

=s-Hellenic 3 eaways-m-Attica Group
Mlionan Lines

T R

0.300 X

0.000
-t et oo = ™ = =
o =2 2 - o= = =
o o2 9o o o o o
=1 ] = U ™ ™
X =8 x| H2| MA} Profitability &84

AT} v|x]= 93k Network SBM DEA % BIR 3 EA 43

Profitability & &%

=s-Hellenic 3 eaways-m-Attica Group
Mlionan Lines

1.500
1.000
0.500 A A

0.000

2004
2004
2008
2010
2012
2014
2014

XSal A w2 MAL ROI 284

(2" S5)dA (" D7 Ass A9 F
2] AAFEe] 72 aAE G848 ekt A g
Zojld 5 e (1Y 5) 9] Activity E&40l
njste] (¥ 6) 2] Profitability &% (I 7)
°] ROI E&A49] A= ¥Fo] wlg Al Hol
ot &, AT AAEe] Ae wiEde] WE H
LIRS REsod s 03‘23131 o] WEH oo w2 JYo]
Qo] WFo] AP & 4 Atk

3.5% :ﬁLz']ﬁ 5
Oﬂ Hgto] wl-¢- °-F‘3 T2 TAE ekt 19
T BT (2H 60 (I™ 7oA 2012
B 20143714 Proﬁtablhty 849 ROI &84
72t FEHYA oigl, olEst Wb A
ECAS] &FRIA | taixe F7HHQl FARA o]
498 4 Uk
(I 8ol (2 107HA= Juv A9 g
Arkel BEA ol veht ok Jr] Aol g
201237 E & TR L.on FEo AE e A
olrt, g 20159FElE EFHY vRPIAR
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20083 oA AF-EH Ag ] FAR <lsle] 2008
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--BC Ferriesa-Ilatine Atlantic
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o7 8. S0l XY Hz2| MAH Activity 24

Profitability & &4
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1.000
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2007
2009
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2009
2011
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2017
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46  s=sniAmsiEIX, MSsE M3

23]

11, X|¢ BTR Z& &4

T i =3l v
& 4,034 4.608"™
RR<LIRC 4,524 -0.699 -4.855*
dAsf & FHF 7E -0.317 -1,022¢ 0.089
A9 87} -0.194 -0.667 -0.036
Ax -0.246 -1.540% 0.485*
AFALT 0.496*
e 0.297 0.565 0.011
BE 5 40 32 25
Wald Chi-square 43.490% 5.320 38.900%*
Log likelihood -26.324 -46.954 22,128
=+5(0.01, * p(0.05, * p<0.10.
Significant estimates (10%, 5%, 1%) are bold-faced.
E 12, X9 BTR B8 24 ZAn (Z444: Profitability $84)
T 4 A &3l el
ES 1.935%+ 2.155%* 7,389
T -1.166*+ -1.009%* -5.848%
AL -1.118% -0.965** -1,397**
AgH 3 ek )E -0.371* -0.082 0.077
A 87} 0.154 -0,109* -0.487
Ax 0,184 0.037 0.700
& 0.076 -0.131% 1.379*
BE F 40 32 25
Wald Chi-square 161,710% 189.080*** 25.110%=
Log likelihood -14.799 -4,627 0.298
Basd Bl Aoe) dg] AASe] A9 wiEe] o de) WA 2F fﬂﬂ

A=

X,

Agu|gel oA Feojmgt AARE el S
, HZH o] o)A W Profitability E-&d0] 7|4 =
FPn|g-o] FolA|™A Profitability E-&4Jo] sto}
Aot ECA &3e} fi7tel| thste] E-f-H3 Hn) A

g wuxe Axse) A

Rt 2]

5 ARALE

o] frelnldt

Hag A2y A PFX] =3 Profitability”} A=

F+)e] WAE Bt



T 4 A5l e
dgjo]¢] 1.146%* 0.070
HERS 0.321
FAFA -0.193* 1.331*
TAR -0.701% -0.756%
A -1.089*
dAg4 3} g U)E -0.036 0.464 -0.281
A9 57} 0.091%*** 0,012 -0.739*+
A= 0.077 0.509 0.042
AR AT 0.828*
3 -0.237++ -0.223 0.086
BE 5 40 32 25
Wald Chi-square 1155,510%** 3.620 34,810
Log likelihood 20,950 -35.065 -19.638
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