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A Study on the Model Development and Empirical Application for Measuring
the Radial and Non-radial Efficiencies of Investment in Domestic Seaports

Rokyung Park

Abstract : The purpose of this paper is to show the empirical analysis way for measuring the seaport efficiency
by using the previous radial model and the newly modified non-radial models( panel additive model, panel RAM
model, and panel SBM model)with Spearman rank order correlation coefficient(SROCC) for 20 Korean ports during 11
years(1997-2007) for 1 inputs(port investment amount) and 4 outputs(Number of Ship Calls, Port Revenue, Customer
Satisfaction Score for Port Service and Container Cargo Throughput). The main empirical results of this paper are as
follows. First, consistency ratio of SROCC in terms of efficiency scores between radial and panel Additive model was
over about 76% and overall consistency ratio was about 71.6%. Second, an efficiency of panel RAM model was higher
than that of radial model with similarity. However, panel SBM model shows the very similar efficiency scores with
panel radial model. Third, the slack size of radial model is smaller compared to non-radial model. Models’ ranking
orders in terms of efficiency scores, number of efficient ports are panel RAM model, panel SBM model, and radial
model. The order from the minimum efficiency scores was the same order like just before. The policy implication to
the Korean seaports and plammer is that Korean seaports should introduce the new methods like non-radial
models(panel additive model, panel RAM model, and panel SBM model) for measuring the port performance.

Key Words : Seaport Investment Efficiency, Radial-Nonradial Model, Pannel Additive Model, Pannel SBM Model,
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4k2002 0.1213 28 0 0 3.42 9603585.10 | 987223.31
42002 0.2501 18 0 0 0 0 727161.28
21312003 0.2058 23 0 0 0.6900 0 528052.65
3 =2003 0.0461 47 0 5499.64 0 0 72566.33
- 4H2003 0.0445 48 0 11698.82 2.96 0 353697.13
22003 0.0681 42 0 0 0 12863661.96 0
v4+2003 0.6850 9 0 3883.30 0 2998274.86 | 11908.21
42003 0.1033 32 0 0 248  |102387162.5| 567546.78
+4H2003 0.2079 22 0 0 0.71 0 1099485.08
Q1312004 0.2694 16 0 0 0 16531405.16| 2696130.81
3 #2004 0.0959 34 0 6382.41 0 3911439.68 |  0.00006
T 4k2004 1.0 1 0 0 0 0.0038 0.00003
32004 0.2770 15 0 0 0 6585507.00 0
w2k2004 1.0 1 0 0 0 0.00050 0.00007
42004 1.0 1 0 0 0 0 0
42004 1.0 1 0 0 0 0 0
€1%12005 0.1139 29 0 9.84 9.84 8666926.27 |  0.00001
3 ©12005 0.0706 41 7306.57 0 0 0.00020 44999.31
42005 0.0710 40 9721.15 0 0 0.00020 82605.06
2 F2005 0.0525 44 0 0 0 28331331.26| 0.00001
v}4+2005 1.0 1 0 0 0 0.00007 0
F4E2005 0.1041 31 0 9.57 9.57  114982577.40| 0.00026
+4F2005 0.2128 20 0 5.03 5.03 0.00035 | 1630260.89
€1 212006 0.1505 27 0 9.59 9.59 0.00017 | 587044.78
3 =2006 0.0719 39 7636.31 0 0 0.00023 69663.68
T2F2006 0.0867 36 12714.64 3.49 3.49 0 408312.88
32006 0.0520 45 0 0 0 30746614.63| 0.00001
w2k2006 0.3166 14 0 0 0 6520639.65 | 47263.61
4k2006 0.1032 33 0 4.63 463 |27341504.74| 655219.37
£+ k2006 0.5211 11 0 0 0 26793643.81 | 3876700.01
Q1312007 0.1568 25 1039.99 2.07 2.21 0.00009 | 2435735.01
3 #2007 0.0851 37 5455.80 0 0 434215152 |  0.0006
= 4k2007 0.47144 12 09946.70 0 0 393889.35 | 27091.23
22007 0.06103 43 0 0 0 33861826.39| 183254.25
n4k2007 0.15116 26 0 0 0 8164479.97 | 67319.12
42007 1.0 1 0 0 0 0 0.00009
+4F2007 1.0 1 0 0 0 0 0
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TR/ TR | BEA 9 | FH1IEY A1 (A2 | AE3E Y | AHE4EH
€1%12001 51909.15 21 51909.15 0 14.48 0 1222788.69
3 =2001 36111.01 14 36111.01 | 7392.46 0.48 0 118365.41
4E2001 | 76642.84 30 76642.84 | 9480.92 0 1.27 399996.84
32001 30848.19 13 30848.19 0 1087 |6923362.42 0
w4+2001 1888.13 9 1888.13 | 5937.34 10.67 0 51717.34
42001 152664.3 40 152664.3 0 1517 |62282200.3 0.21
+4F2001 | 55779.56 22 55779.56 0 10.53 0.02 745182.99
Q1312002 | 3714441 15 3714441 0 0 16991508.7 | 2153573.41
FHE2002 | 47684.39 18 47684.39 | 4141.35 0 2356592.02 0
a4H2002 | 92678.38 35 92678.38 | 11756.18 2.46 0.02 276782.1
32002 | 143980.09 39 | 143980.09 0 0 9006762.41 0
w42E2002 102.98 8 102.98 4167.02 0 3257366.13| 10425
7482002 | 353620.79 46 | 353620.79 0 3.42 96303589 | 987223.66
£412002 | 42097.68 16 42097.68 0 0 0.13 727161.28
Q112003 | 59514.55 25 59514.55 0 0.69 0 528052.64
HEW2003 | 86757.81 33 86757.81 | 5499.64 0 0 72566.33
o 4H2003 | 100833.45 37 1100833.45 | 11698.82 2.96 0.81 353697.18
42003 | 200640.73 41 ] 200640.73 0 0 12863662 0
w4:k2003 2773.06 10 2773.06 3883.3 0 2998274.86| 11908.21
F4E2003 | 439430.7 47 439430.7 0 2.48 102387163 | 567546.8
+4k2003 | 59185.13 23 59185.13 0 0.71 0.06 1099485.08
21312004 59249 24 59249 0 0 16531405.2 | 2696130.81
FE2004 | 71006.45 28 7100645 | 6382.41 0 3911439.7 0
42004 0 1 0 0 0 0 0
39F2004 | 204114.37 42 | 204114.37 0 0 6585507.03 0
w2k2004 0 1 0 0 0 0 0
4k2004 0 1 0 0 0 0 0
+4k2004 0 1 0 0 0 0 0
Q112005 |  97709.38 36 97709.38 0 9.84 | 8666926.45 0.01
HEN2005 | 74441.71 29 74441.71 | 7306.57 0 0 44999.3
T 42E2005 | 66923.98 27 66923.98 | 9721.15 0 0.15 8605.06
342005 | 259133.07 43 | 259133.07 0 0 28331331.3 0
w4+k2005 0 1 0 0 0 0 0
F-2F2005 | 458982.64 48 | 458982.64 0 9.57 14982578 0.02
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+4+2005 62944.7 26 62944.7 0 5.03 0.07 1630260.85
21212006 80926.85 32 80926.85 0 9.59 4.07 587045.18
3 ©12006 80463.22 31 80463.22 | 7636.31 0 0.05 69663.68
- 4F2006 50607.48 20 50607.48 | 12714.64 3.49 0.06 408312.88
32006 | 271688.51 45 | 271688.51 0 0 30746616.9 0.09
w:F2006 15384.35 12 15384.35 0 0 6520639.66| 47263.61
F-A12006 | 490688.38 49 | 490688.38 0 4.63 27341504.9 | 655219.38
+41+2006 48249.05 19 48249.05 0 0 26793643.6 | 3876699.97
Q112007 108100.7 38 108100.7 1040 2.21 0 2435735.01
3 ©2007 87278.43 34 87278.43 5455.8 0 4342151.53 0
- 4k2007 3842.61 11 3842.61 9946.7 0 393889.35 | 27091.23
32007 | 268169.02 44 | 268169.02 0 0 33861827.9| 183254.39
wl4+2007 46346.87 17 46346.87 0 0 8164480.09| 67319.12
F-4F2007 0 1 0 0 0 0 0
k2007 0 1 0 0 0 0 0
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gy | BEY | 29 |R91EY | AE1EY | 2E25Y | HE3Y | HE4SY
21312001 0.8407 47 22496.69 0 20.38 0 0

¥ =2001 09111 34 0 8050.80 9.67 0 13424.87
4F2001 0.9049 36 30600.71 | 11550.53 8.0 0 13054.9
32001 0.8300 48 0 10777.8 16.32 23128840 0
1}4E2001 0.8862 39 0 2513.13 14.64 0 0
F-412001 1 1 0 0 0 0 0
k2001 0.8701 42 0 0 14.05 0 1709291
2132002 0.9954 20 12586.94 0 0 0 0

3 22002 0.9564 26 5051.30 707711 3.62 0 0

- 4k2002 0.8607 45 61279.65 | 10490.1 12.74 0 18533.39
32002 0.9410 29 85063.77 0 3.75 0 0
u}Ak2002 1 1 0 0 0 0 0
F4k2002 1 1 0 0 0 0 0
£4+2002 0.9617 23 0 0 2.11 0 149867
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1212003 0.9534 27 | 48359.66 0 3.89 0 0
= €12003 0.9030 37 | 43675.69 | 6387.30 9.11 0 0
- AF2003 0.8507 46 | 78755.27 | 8830.61 13.72 0 0
249¥2003 0.9479 28 | 1195232 0 1.11 0 0
v} Ak2003 0.9937 21 0 733.18 0.63 0 0
F 412003 1 1 0 0 0 0 0
<-2F2003 0.9365 30 0 0 4.20 0 2142223
1 212004 0.9860 22 0 0 1.89 0 0
7 =42004 0.9610 24 | 3489855 | 9032.63 0.96 0 0
T-212004 1 1 0 0 0 0 0
29k2004 1 1 0 0 0 0 0
w2004 1 1 0 0 0 0 0
S AF2004 1 1 0 0 0 0 0
S-A2004 1 1 0 0 0 0 0
1 212005 0.8812 41 | 3922455 0 14.09 0 0
3 ©12005 0.9174 31 | 4465492 | 7520.65 6.78 0 0
T AF2005 0.9159 33 | 3709191 | 10273.05 6.57 0 0
29k2005 1 1 0 0 0 0 0
u}212005 1 1 0 0 0 0 0
EAF2005 0.7846 49 | 395641.1 0 9.45 0 0
2 AF2005 0.8929 38 0 0 8.89 0 2726526
1212006 0.8642 43 0 0 18.33 0 0
= e12006 0.9169 32 | 5748449 | 7100.98 6.33 0 0
22006 0.8617 44 | 31792.82 | 931751 14.40 0 17183.37
29k2006 1 1 0 0 0 0 0
o}-2k2006 1 1 0 0 0 0 0
BA12006 1 1 0 0 0 0 0
< 212006 1 1 0 0 0 0 0
01212007 0.8839 40 47599.3 | 5479.48 11.74 0 0
= 12007 0.9575 25 | 51598.14 | 7675.48 0.98 0 0
- AF2007 0.9074 35 0 7992 9.19 6279037 | 32088.65
49k2007 1 1 0 0 0 0 0
w2007 1 1 0 0 0 0 0
F 12007 1 1 0 0 0 0 0
£ 4k2007 1 1 0 0 0 0 0
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Fo/TR | 2s4 | 29 |FUleY | ME1sY | 0225 | 4E35Y | HE4SY
21312001 0.2333 19 51909.15 0 14.48 0 1222788.69
3 #2001 0.0892 35 36111.01 | 7392.46 0.48 0 118365.41
a-4F2001 0.0477 46 76642.84 | 9480.92 0 1.27 399996.84
34252001 0.26093 17 30848.19 0 1087  |6923362.42 0
w4:E2001 0.6457 10 1888.13 5937.34 10.67 0 51717.34
-4F2001 0.2102 21 152664.3 0 1517  |62282200.3 0.21
+4k2001 0.2012 24 55779.56 0 10.53 0.02 745182.99
€1%12002 0.3618 13 37144.41 0 0 16991508.7 | 2153573.41
3 ©2002 0.1075 30 47684.39 | 4141.35 0 2356592.02 0
42002 0.0435 49 92678.38 | 11756.18 2.46 0.02 276782.1
32002 0.0784 38 | 143980.09 0 0 9006762.41 0
w2E2002 0.9836 8 102.98 4167.02 0 3257366.13 | 10425
F-2F2002 0.1213 28 ] 353620.79 0 3.42 96303589 | 987223.66
£4F2002 0.2591 18 42097.68 0 0 0.13 727161.28
21312003 0.2058 23 59514.55 0 0.69 0 528052.64
3 ©12003 0.0460 47 86757.81 | 5499.64 0 0 712566.33
- 4F2003 0.0444 48 1100833.45 | 11698.82 2.96 0.81 353697.18
22003 0.0681 42 1 200640.73 0 0 12863662 0
w4E2003 0.6850 9 2773.06 3883.3 0 2998274.86| 11908.21
4F2003 0.1033 32 439430.7 0 2.48 102387163 | 567546.8
42003 0.2079 22 59185.13 0 0.71 0.06 1099485.08
€1%12004 0.2694 16 59249 0 0 16531405.2 | 2696130.81
3 22004 0.0959 3A 71006.45 | 6382.41 0 3911439.7 0

T 4F2004 1 1 0 0 0 0 0
32004 0.2770 15 ] 204114.37 0 0 6585507.03 0
w2004 1 1 0 0 0 0 0
42004 1 1 0 0 0 0 0
+4k2004 1 1 0 0 0 0 0
Q1312005 0.1139 29 97709.38 0 9.84 8666926.45 0.01

3 #2005 0.0706 41 7444171 | 7306.57 0 0 44999.3
2F2005 0.0710 40 66923.98 | 9721.15 0 0.15 8605.06
33 2¥2005 0.0525 44 | 259133.07 0 0 28331331.3 0
wH2k2005 1 1 0 0 0 0 0
F-4F2005 0.1041 31 | 458982.64 0 9.57 14982578 0.02
+4F2005 0.2128 20 62944.7 0 5.03 0.07 1630260.85
€1 212006 0.1504 27 80926.85 0 9.59 4.07 587045.18
3 #2006 0.0719 39 80463.22 | 7636.31 0 0.05 69663.68
42006 0.0867 36 50607.48 | 12714.64 3.49 0.06 408312.88
32006 0.0520 45 | 27168851 0 0 30746616.9 0.09
v}4+2006 0.3166 14 15384.35 0 0 6520639.66 | 47263.61
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4k2006 0.1032 33 | 490688.38 0 4.63 27341504.9 | 655219.38
£ 4F2006 0.5211 11 48249.05 0 0 26793643.6 | 3876699.97
Q12007 0.1568 25 108100.7 1040 2.21 0 2435735.01
3 #2007 0.0851 37 8727843 | 5455.8 0 4342151.53 0
- 4F2007 0.4714 12 3842.61 9946.7 0 393889.35 | 27091.23
3 ¥2007 0.0610 43 | 268169.02 0 0 33861827.9 | 183254.39
w2k2007 0.1512 26 46346.87 0 0 8164480.09 | 67319.12
F-2F2007 1 0 0 0 0 0
£4F2007 1 1 0 0 0 0 0
¥ RFE Lo FuEATS SJushs 9 and
(3) AL - BIALH R BE & o] &7 AFEAZAI A7 Bl wEgH

1) EE€AH FAY £9d 93 2707 (Spearman)d A EAFIBAAST

(Spearman rank order correlation coefficient)E& ©] €3t &4 vl wE

<E 4>, <FE B>, <E 6>, <E 7> &84 FXo o3 MIAAABARAS A
3 A= <F 8ol AAEITE <F 8> B XA, WALRF I gdrprde
BEA FAA 93 Aol oF T6%FEol A 7HE =A LASa v B4, WAL
Y3 vAIEY 5o 84 FAo 3 MIABABAE FT1.6%TToAA LA s
A Aoz Yetgth 2 olf= HHANER RYPELE Byl EALS ¥ ME o}
ZAAT AXE FJA9 AEFeLe HFUS FAHOR FE8AS AV Wi
a#s A3 2EE Row FAREcy 3 4 )

<E 8> FUEDHEXIS HHAl - HHEIAIR S 2| MAAMHAEY
WAL a7 R HERAME & o GSBME ¥
WA} 55 1.0 0.757+* 0.392: 1.0%x
o) 85 .000 005
zE 49 49 49 49
A 0.757#* 1.000 0.159%* 0.757+*
ol 88 .000 274 .000
EE 49 49 49 49
JIRAME & 0.392+x 0.159%x 1.000 0.392+x
F o) 85 005 274 005
B 49 49 49 49
7 ISBM & 1.0%x% 0.757+* 0.392+ 1.000
folgg .000 005
XE 49 49 49 49
wr ABATFE 015N Fol3HEE)
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