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Abstract : This study is aimed to obtain the influence of port hinterlands on container cargo volumes of Incheon port using System
Dynamics(SD). Also, macro economic index such as exchange rates(US dollar), balance of current account, capital balance, Japan trade,
China trade, export unit value index, import unit value index, total turnover of Incheon port were used as the factors that influence
container cargo volumes of Incheon port. Moreover micro index regarding port hinterlands’ operating companies such as total sales,
rental e, number of employees were introduced in the simulation model. In order to measure accuracy of the simulation, this study
Implemented MAPE analysis. And afier the implementation, the simulation was decided as a much more accurate model because
MAPE value was calculated to be within 10%. This study respectively examined fctors using the sensitivity analysis. As a result, in
terms of the efiects on cargo volume in Incheon Port, the factor named ‘cargo volumes of port hinterlands’ operating companies’ is
most significant. And Increasing the rental fee of hinterland was resulted in decreasing the cargo volumes of Incheon port.

Key word : incheon port, port hinteriand, cargo volumes, system dynamics, sensitivity analysis, causal relationship
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3.1 A28 clo|uf8]A(System Dynamics)

1956\3 Jay W. Foresteroll && g A7% A2 tho]
W == AgAolal AAFAQ A ~"E &gate] H3E AL
slAlet HHE TAES AH¥Hor BAse Wit
(Kwak, 2005). Al2=gl tloluly~= 54 A< #=de ¥
T e S A 55 =
A= o H-8%3 A H(Forrester, 1961; 1969).
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ojagoz FRHACT} ¢l13x % (Causal Loop Diagram)i:= A
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Fig. 2 Stock—flow diagram for impact analysis of Incheon port hinterland(1)
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Table 1 Data of factors used in simulation

Exchange Balance on Balance of
Year rate current Account capital]
(won) (million dollars) | (million dollars)
2002 1,247 7,542 -1,087
2001 1,193 15,584 -1,398
2003 1,140 32,312 -1,753
2004 1,023 18,607 -2,340
2005 953 14,083 -3,126
2006 930 21,770 -2,388
2007 1,105 3,198 109
2009 1,281 32,791 290
2010 1,159 29,394 -218
2011 1,108 26,068 25
2012 1,125 48,082 543
2013 1,095 70,706 -411
Japan trade Incheop port China trade
. container .
Year quantity quantity
volumes
(TON MIT) (TEU) (TON MIT)
2002 36,909,829 769,791 36,909,829
2003 36,182,006 821,071 36,182,006
2004 38,505,097 934,954 38,505,097
2005 37,525,640 1,148 666 37,525,640
2006 39,633,337 1,377,050 39,633,337
2007 39,469,386 1,663,800 39,469,386
2008 37,416,798 1,703,362 37,416,798
2009 35,380,112 1,578,003 35,380,112
2010 39,644,379 1,902,733 39,644,379
2011 42,882,799 1,997,779 42,882,799
2012 45,452,312 1,981,855 45,452,312
2013 2,160,797
Unit value Incheon port Unit value
index of trade quantity index of
Year )
exports (thousand imports
(2005=100) dollars) (2005=100)
2002 90 20,204,031 5
2003 92 24,631,839 81
2004 99 32,877,237 91
2005 100 42,341,447 100
2006 101 52,847,336 108
2007 104 65,834,103 114
2008 108 77,113,925 138
2009 91 63,688,826 105
2010 101 86,671,343 118
2011 110 102,611,884 139
2012 107 137
2013
Rent Hinterlands Hinterlands
Year .
(million cargo volumes sales

=z O,
T

o 7] el
won) (TEU) ( h.undred
million won)
2009 3,674 368,048 296
2010 5,253 344,536 440
2011 5,543 347,176 459
2012 5,265 377,369 416
2013 7,037 424
Hinterlands
number of
Year
employee
('3)
2009 523
2010 592
2011 1,041
2012 2,305
2013 1,097

Source : SP-IDC, Incheon Port Authority
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Table 2 Weight used in simulation

Factor weight
Rent 0.095
Sales 0.1
Cargo volume of hinterland 0.159
Number of employee 0.038

4M

3M

2M

0
2002 2004 2006 2008

2010 2012
Time (Year)

D Incheon port contamner volumes : cal 01 —+——+—+—+—4+—+—+—+
F the Incheon port container volumes : cal 01

2014 2016 2018 2020

Fig. 4 Real and simulation values of Incheon port’s
container volumes
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Table 3 Forecasted container volumes of Incheon port

(Unit: TEU)

20008 1,703,594 2015 2,189,783
2009 1,578,063 2016 2,204,467
2010 1,902,882 2017 2,219,250
2011 1,997,590 2018 2,234,131
2012 1,981,999 2019 2,249,113
2013 2,160,707 2020 2,264,196
2014 2,175,197

Table 4 Accuracy verification

(Unit : TEU)
Year Data Simulated Data
2002 769,791 769,791
2003 821,071 822 044
2004 934,954 936,615
2005 1,148 670 1,150,702
2006 1,377,050 1,382,786
2007 1,663,300 1,657,974
2008 1,703,360 1,703,594
2009 1,578,000 1,578,063
2010 1,902,730 1,902,382
2011 1,997,780 1,997,590
2012 1,981,360 1,981,999
2013 2,160,300 2,160,707
&g Stock-flow Thelol#@e] AHIws 3F3l7] 93t

o AF L7t =i ¢lE oke] vy WEel dd) Ha oA}

H] & (MAPE : Mean Absolute Percentage Error)S %83}

S tH(Lewis, 1982).

1o X~k
MAPE = — > |————[x 100 21(2)
n X

0% < MAPE < 10% "¢ A &3l o=

10% < MAPE < 20% v % A3 o=

20% < MAPE < 50% u]-% 38 2<l o=

50% < MAPE §-333g o3

AZA MAPEZHS 0.0011%Z el on Zho] 0% <
MAPE < 10%°l &3le2 v$- =2 AHILE 2h= A5

ol Ed® Hriet

QA3 Aoy FE el vAE FF 24

~

gk WS kx] Wt 1A BE ) v = Jes B
A3l7] fa ANBAANEE AL, wFEx] B, vE
ol AR, FHY ol tisle] £10% HLlol WElE Fof
e BAS At ZF Ao F37tol| whgl Wslele
O1HT EF L olg 13 Figh- Fig9set #th

aM
3IM
2M
1M

0

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Time (Month)

F the Incheon port container volumes : -10%

F the Incheon port container volumes : +10%

Fig. 5 Sensitivity analysis using cargo volume of
hinterland factor
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Fig. 6 Sensitivity analysis using sales factor
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Fig. 7 Sensitivity analysis using rent factor
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