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An Efficient Score-based Dispatching Logic for
Operating Multiple Yard Cranes

Do-kyung Kim', Keyju Lee?, Dongjin Jeong’, Junjae Chae

12345chool of Air Transport, Transportation and Logistics, Korea Aerospace University

The need for automation in ports is growing, and a strategy gaining attention involves automating
through retrofitting methods to enhance productivity while maintaining the flexibility of rubber-tired
gantry cranes (RTGC) in the port. RTGCs offer greater flexibility than rail mounted gantry cranes
(RMGC) as they are not fixed to specific container blocks and can move to adjacent blocks.
Therefore, an operational strategy is required that can adapt to situations such as changes in the
number of cranes for efficient operation. In this study, a score-based dispatching logic is proposed
to efficiently allocate tasks for port yard cranes in real-time. In this logic, scores are calculated as
the sum of appropriate weighted values for various factors, and tasks with the best scores are
prioritized for execution. Comparing the performance metrics with other dispatching rules through
AutoMod simulation, the superiority of the score-based dispatching logic is confirmed. Also, it is
found that inter-block movements of RTGCs can improve key performance indicators in port yards,

such as turnaround time.

Keywards. Container terminal automation, Yard crane dispatching rule, Rubber tyred gantry crane,
Multiple yard blocks, Multiple yard cranes
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vl AA 7o T3] 99% ol o] sl Tk Jom, o] F 60% oldo] AH ool o &
2 ARY. F. Liu & Lee, 2019). g o] %%%k% A& o2 FrIskal e (Ministry of Oceans and
Fisheries, 2021a), ©]ol w2} A ol &vt =} b =sbska Q).

guko] Al AH|Ql o= aaﬂ Q12 = A RMGC(rail mounted gantry crane)$} RTGC(rubber tired gantry
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(a) Rail mounted gantry cranes generally do not travel through blocks
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(b) Rubber tired gantry cranes travel through blocks

Figure 1. Operational difference of rail mounted gantry cranes and rubber tired gantry cranes
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B FuA A= RTGC7F vl x| H o] Atk RTGCE & A58 &atol]l A X5 = RMGCeo B3|
F& ALY AEE e AR ZEdEs 54 E50 1SR e 7% &9l Thedtthe Aol
oleldt F4d< Fussty] flel A= RTGCS Assrh A=52o2 aejsojo dtf. -2uehs
AARA7]Q 1970~1980 Tl o]l A AL HFH o2 AMG o, 2030 o= La o) AHEE v
A E v Eo] 50%S Fo] A " tkMinistry of Oceans and Fisheries, 2021b). =% &wte] RTGC #+
&35 FHIsH] #13) st=dold AEs A" TledTE 219E vt °}°fﬁ(Globa1 Logistics Research
Institute, 2009), HZol= &9 L AZEY S ZHRAE £33 7ed 7 AP K Ministry of
Oceans and Fisheries, 2022).
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AAAR Bl d--F A 28’ F5AF Navis(2023)7F AHE3F Elrjd o] A4 B TE 7|EAE S A3
M Z(retrofit)sl= Aol B ALY = IS8 A A Z(Port Technology International, 2020)2 Z &3}
of, o= vlad AL v&o 2 RTGC 59 7|& ZHlE /N ZEdte= 253t deo] 511 9tHKorea
Maritime Institute, 2020). =3, T, T5AY 9 MAAGAAE A, &F A4, A4HE SR
$% RTGC #5380 #41S 7}A ™ A (Navis Collaboration Center, 2019), &-&2 ¢l 253} RTGC +3 =23
of g A7 8= QAT



T A3t RTGCe 5421 ZdAY £5 3t o5 E5 & & +F dFe f494
o7 g3ty Y3 47t 2AwiA 22| (score-based dispatching logic)& #| A gtk RTGC2)
d& RMGCe] &@ollA dutdo s F tjo] Aglo] 3t ofe EFoiA LBHOE ALREHE
tHlET B AFodAs A7 A 229 des Flstr] 918 AutoMod AlEd ol S
TA%H 7 e AH el EFA HA 3o, HA vl Y Aol A FE SAE S HESHH,
Ef ZAduiA 2 Ao BluE Fa Harivk e =22 o S FIdh

2.1 k= =¥l 2A 2% (scheduling)

ol Il 2AEHL BF=F vl =& NP-¢d FAo)H(Ng & Mak, 2005), #A412 =71(Z<d <
o} Ao Aozt AAW 7bssf(feasible solution) ZxF el A<l A7 Wlof] Zophd & gith oft
Al 2A=EY A sHoptimization) A E A3t g ATl gRtd oz TAAFTAY FEn
de FA% H, By 22 HAexac) Y F, B AGHHNE Fold F e LTAF
(heuristic) & AA ) o= A 2AEF L F to ZeQl F, E~-UA>Gwin) of= Z#E 1] &Y 3
7t 7Hd b o g AFEa gtk 28y RTGCY 4 o542 54 e oy 59 A9 oA
7 o o] el A Qle] FAIN At &S 7HsshAl S (Sha et al., 2017), A1 3t FEAE(FE
< a#3oF st thE(multiple) k= FA#H ALY FA A= 2A=EE A EFX=7F 0% F7HoHChu
et al., 2019).

Briskorn & Zey(2018)= E ] & nxHcrossover) & 1(o}#l) Figure 2 3)e] A AIZHE HAas st 9
3 EFATFAY S FAS FH, A 3 AE HS 28T 4 = 28" 2 d(graphical mode)S &8
g 1Hd H(heuristic) sl & AASHATE FA lAS 1% AFAZAAZD ofd Ho 16712 AHS F
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g 5S AP on, 1AL ool Hol 107 2ol oigh HZsl e o) 2571 2ol gk A GH A&
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(a) Triple crossover crane (b) Non-crossing triple crane

Figure 2. Typical configuration of triple crossover cranes and triple non-crossing cranes

X. Guo et al.(2008) & 79 el EFe & o of= A# Aol FYH FAAA 2 Azt
< HAassr] A AFE AASAH Al AFdAE FA Y-S A E AY @9i(planning window)

_3_



H 2 2 ol Ao HA ZAAAY S AASHA o] & oo o] A AFAY S ¢t on,
<= 98l A =F<=(first come first served : FCFS) ¥ # < (nearest first served : NFS) 2t 4ujA
WE 7183t Huang et al.(2012)8] AFAA = g 7o) E5 ol vixd g tf ok= =8
< 7M. AF AFolA = A t7IAREE HASsH] 93 A "H(modified) A* date]E AA
stom, Mate 9 HE AGuld F2H vustd dugFY A5 e ASEATh olojX= AT
t al, 20140l A= 71 A7 THES YHAFAOH, G tr|Azt 4 &3 9 o2 A%

dute] 30 T AFAL AA ERE FA FAs

2.2 of= Z#E A ZHPulA 2 (dispatching rule)

ZHAu A FHL AMul2 gi7] A ™ol 2AY FolA 2oz A 2y
o, HAH s BAsHA g AN e 544 1 de AdA A
% 9)tH(Blackstone et al., 1982).
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o 2 Wslsta B34 A (uncertainty)o] EA13t= ek #74(W. Liu et al.,
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w712 Aol A A5 BET 2 U5 AFAY A% el B AFolAE Aol
U 852 TN 3gRAY, £Y A tiee A @ BRE oo oA 332 AEdtg

H AP B FY AeAA threl mE HEAW AYMY 2He) 2 axFo] HgD
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BoARo, B2 11 ool A 299 Bobs T Aol A5ATE vlushs] A Akl o8 )
o

A" o)l &gvte] 2= Figure 3014 &0 = Y= FHI (European perpendicular) @ o]o}-2-3} o}A|
o} & (Asian, horizontal) #lo]o}$-0 2 FEE %= HCarlo et a 2014) 2 AT I AdeH oy B
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Figure 3. Typical container port terminal layouts
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Figure 4. An example of three non-crossing yard cranes and in two container blocks
2) ok= AH Rl EA4

2 AFoNAE F Y dHelY B5 ol H4 3 di 8 Aol v ti7hA] 9] RTGC of= A #<le] &4
B AEs st 7 o= ﬂﬁﬂ?l% A2 naHcrosE 7 foH, TELAE fd HA& F e wol
E fAsNoF &t 7} ok A1 RTGC FA% o5 8= wtdste + Ae oy &5 3

55 3tk ZF ofe Al g Wol shute] Aguks AYd ¢ don, AYS vl =
A AL Y8 R AA 73 ok FE el H8H £5 U 74 AR = Table 1
kel 2 of= I AL YL wlo] o]F(xF2] gantry drive), 2% ©]&(yZF2l trolley
drive), & ©]&(zZF9] hoist drive)2 F25HH, 253 yF& A9 2 ole Zlo] 7hsstARE %9 3
P2 29 yFol BEE o]Fo AEHOE HIPJrh

Table 1. RTGC specifications on speed, acceleration, and deceleration

Category
Speed(m/min) Accel.Decel.(m/sec?)

) Rated load 90 0.25
Gantry Drive

No load 130 0.24

Trolley Drive 70 0.33

) ) Rated load 25 0.28
Hoist Drive

No load 50 0.28

3 Aol 54

B Ao AFL3 2 AAEE T ZAJEA HE S vl 249 3 Aoy dulo|A 4=F
3 HolHE TAZ I ZjEﬂO]L% 2 Wl‘i—oﬂ =

2 'lﬁ}E ‘?l?j‘ 2Zkd& A 4=E E(exponential
WhE2k}jo] A E T A
Pl

287 *lﬂﬂ%oﬂ UJrE} 347:‘51+i sttt A= %01, - 74Eﬂolbﬂ E5 Yol Al 9] ok A<
dE AU oM e Ao EJA BAH =R 610%, HA ié}/\] 5,583%0] dl}e] Hkyl Fo
Zy "oy o] X772 7 3 H(empirical) 32 (H 4 0.25Y, Ho 28669 )8 WET. H 2w
2L AP FAEH] =97 SSHAEAES ‘%‘g)oi ¥ o FEEY, S o
Hl &L (635 : 36.5= AAH3}ATH
Lty EH & Aoy Aol EAske HH oW ES ol A7 A3 F(re-handling) 24
TP, J %71}0] ZA et 7 AT EFE ol FHAE AHET 7 wo]
ZHbuffer)< Y o]l Wl AFHFol A 7heEt s ST W e RES 98
oft o Z=E3H X}‘%k% gk Mo sty HElojyRt A& F Ade ASE A AT
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32 53 @+

2 AFA AASE Ag7Iek g 222 xeFe] @ "ERI(turn time ¥+ turnaround time :
TT)° Haslste 2s HFEE St B AFdA AEHE AL SSHYE AT k= AbRK(yard
truck)?} 9] F-2}#F(road truck)e]l o, B HEFY At Al F FT/HL Ao BT J_E’iﬂﬂ 2 AT
A BEFY S ot Figure 50l dlAE A3} o] AZ
Ol X17“(end)77‘fxl 4849 *lﬂgi Aol gttt A}Fo %E}% o= 01501] R /\lﬂ A X l(Hﬂol) =

o AsAse 40 Aoee B Sae

Block hj Block

YC1 § YC2 YC3

. [ ™ .

Start End

Figure 5. Explanation on how turnaround time is measured
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Table 2. Notations used for constructing the score-based dispatching logic

Notation Definition
D Distance Number of bays from a crane’ s position to a job
AT Arrival Time Vehicle arrival time to the system (container blocks)
wT Wait Time Current time minus a job” s AT
ST Start Time Time of job start (crane arriving at the vehicle’ s bay position)
T Re-handiing Time Expected time for re-handling for a job
RT ~ tri(40, 90, 458) < (number of containers stacked on top)
) . Expected processing time of a job using a crane
PT Processing Time PT,, = RT+PT,,,
cT Completion Time Time of job completion (vehicle leaving the container blocks)
TTr Turnaround Time CT— AT

2 AT Hpruk A 22 oA FHscore)= o 2Dl e
WD), FAFEQAZHPT) WBS(factono] i 4= Fojdh 7z
normalization)& 283t 03 1 Afo]9] gro 2 wWEsh —.4 Haes AL AF&8LE T 4219 JERG
A o] 24 Wpele 7Fe A, 6, )7F Wl A Hall AW, A7t Gers fET Yoz dddn. o
&t BAAM Y HA TR 29 (o, 6, AEHIA ‘Gé.—% ol =<3

hul

A3 2ol AZ(D), H7IA

Rl
= A 73H(min-max scaling

o

H
3=
=

Score (D, WT, PT) = ax D+ 3x(1— WT)+~vx PT o))

4.2 A9 At 2 AAuA

PR xl—@o] /\g/\—]E]7,‘il/‘|_ of= ELH]O]Q] Zho] AT FHIUS W, 7 of= =g el ¥ S FH S
AAstr] Al Hprinke] AAujg 2a4e ARSI A At o3 AAuAE 2 A F A A=
Sa AFEG. 3 WAL AU AU BIIE AGolsl, F WAL TA THE D F D
H=7b Zo(zho] Ze) &S MuEst= Aotk

) 2~=

A& Adtete AlA Y ZER] fIXE 7Ive g Ae oy B59 ¥9S of# Figure 6ol dAl€ A
o] TR 5 Atk A E IHA 1 FH(Areal)o] EAEE FHPL 1H of= I A(YCHT HEE
F don, 49 F9(Aread)d FHLe 3 of= ZFANYCHT HIZF & Jdoh. B AFoAes wluzt
(non-crossing) e} AH AL 7IASEE, HEo] H¢ A4k glo] 1H JHo] 2o 1H Fe oz, 4
H Fde AL 3 Agles gt vkd, 7 o] A Rle] AT F Ae 28 FY9(Area2)# 3
H d 9 (Aread)ol] EAsh= 2P, Mg AS 58 daF oz of= I e 3o}
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Figure 6. An example state of 2-block 3-crane environment
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o Table 30 AAE oI A & Figure 634 22 gl A A the] ok= =ello] BF /He4ed e 7Hd
Aot Y Fel A 2 Tl Aol FIFEE A FIA Y F LYY AP s AYe
A 4 Avh. 7 WD, PT, W& 7+ min-max A 73t7F 285 o] 03 1 Alo]e] gho 2 yepdth &%
A FAT 4 A%, ZEAed 95 FRE FYGArea) 2P AAAE X Bay)el whet G5 A5t Ak
HA g AA-2dAUob-YO) =3o] EATT. HF HaE 7Ivte g, 1 okt 28 JA(YCDE 1H &4
(JobDE, 29 o= = A(YC2)L 2¥ 2HJob2)=, 3 of= = A(YCI)S 4H ﬁ“(]obll) Ao,
o} Sl H0obI L ThE AL AHCLE Aele] k= awRlo] AARE w Hol BN 23
JEEIEEDE EEL
Table 3. An example of normalized score calculations with (a, B,7)=(1,1,1)
Normalized score calculation
Job |Area| Bay YC1 YC2 YC3 YFZ W Final Exneocite
D PT |Score| D PT |Score| D PT | Score | assign score

1 2 | 15 10.052]0.219 | 0.271 | 0.513 | 0.585 | 1.098 | - - - 1 0 0.271 | TRUE

2 2 | 35 |0.564|0.514|1.055|0.154 | 0.291 | 0.446 | - - - 2 0.235 |0.681| TRUE

3 3 | 65 - - - 106150516 | 1.131 | 0.410 | 1.107 | 1.517 2 0.601 | 1.732 | False

4 4 | 95 - - - - - - 0.154 | 0.841 | 0.995 3 0.002 | 0.997 | TRUE
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Figure 7. Flow chart for the AutoMod simulation model

(@) Top view of the 2-block 3-crane simulation model

o

(b) Bird’s eye view of the 2-block 3-crane simulation model

Figure 8. AutoMod simulation model constructed for experiments
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e A7 A 54 ol SRWOL, BE Aol G AL ty]sHe APl o) st 7
9, 04 =28 UY Awe] 4GS WA 59 F J1Re) BE 4Ye FYBh BE AvolY] Juko] o
£ Adolurt ke A Fre-handie) 49e A AAF 4G FY vlo] Yol Aw S
W, W Fel EASE MY QAT ZEE | FUXNE MYt

Q
_E
o
)
o
=
jins

| AE o] HhAA717He 28.669 +F)
2 : f& Mol A8 EA(replication)ol = & 60Y 713t
(94 30¢ 2 30 tig A& l As AdstAa, F 5¥e BEAE st
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B o2A¥e W3y3 74 13th Gen IntelR) Core(TM) i5-13600K, 3500Mhz, 14 Cores, 20 Logical
Processorso] 17, 32GB Wl 28] & AL83Fth AutoMod® x64 14.52 o] &3l A|EH oS FASHYoH,
Z 65

Table 4. Experimental environment and time

Specification

Processor 13th Gen Intel(R) Core(TM) i5-13600K, 3500Mhz, 14 Cores, 20 Logical Processors

Memory 32GB

Simulation AutoMod® x64 14.5

CPU time 125.365 sec
52 43 AUl

ool A AASE Ao Ay 2ae) meHe Sy 8 FAS A Avees ol
Table 50 Aed nmiel Zoh 471w Zguid 22 (Score)e] vl o zEs A2<=(FCFS), H+H
(NFS), #w+3-& Al 7H(shortest processing time : SPT) ZAviA4 +2 S AF&3FYG T Az X @HH A T

AE Ag A9 520 239 A 2AUZ 442 dRBh HoH Ay TR 4 B30 2
S A9 F okE Tl mHel Al ke AU SHAOE ARBT. ADTAANT ALY
[e)

FHE A B ZAFE AY F 28470 MY B AOE AFHE YL WA e @

Table 5. Scenarios and subscenarios with different number of cranes within two container blocks

Number of cranes Cranes switch blocks Cranes do not switch blocks
Dispathing rules 1 | 2 [ 3] 4 L D @ 2
FCFS First come first served
NFS Nearest first served Scenarios are created for each matching combination
SPT Shortest processing time
Score-based dispatching logic to Scenarios are created for each matching combination
minimize average turnaround time Further subscenarios are created to find the best weight
combination
Score
Score-based dispatching logic to a=10,0.25,0.5,0.75, 1]
minimize maximum turnaround time 5=10,0.25,0.5,0.75, 1]
7=10,0.25,0.5,0.75, 1]

RE AF Ay o Aol B2 e F 7Hi AR T, AR = ok ZY A s
3 RE W ti7bA Y AvE LS AASEATE RTGCe &9 EA ] 7ho] oft Zf el B2 7} o]Fo]
385 = 7 $(switch blocks)e} = ¥ o] 4 -$-(do not switch blocks)% TR o, 2o A5 2t 7H
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ol# Table 6~9 3 o) == A the] ofe = 2lo] BAH Alvg oA HAx7|vk A 229 74
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g the] Aol FAE Ay oA B dEFd S Hagskr] A HE e Ae A JF

F(a=1,=0,y=0%9= At tHTable 6 F=). Al HEtY-S 7AW DA tigk 7k 57F
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A= a9t ol sYsEA y=0% F3lA YeEbGTHTable 7 #=).

Al 218 A oA e B HEFY S HAaSske HE 71X (a=1,8=0.75,7=05)2 &
Yo, Hit e S Haslele 7heA 2% 19 5H 3E97HA 09 7M1 E Zte Hae @l
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Table 6. Average turnaround time for different («, ;) in 2-block 1-crane scenario (unit: sec)

AN 0 025105 (075 1 |gN\J] 0 |025]05(075] 1 |pN\J| 0 025105 (075| 1 |pN\J| 0 [0.25|05|075] 1
0 | 615|637 | 722|712 |821 | O | 615|636 | 637|669 |722| 0 | 615|638 | 632 | 637 | 677 | 0 [615|618 | 636 | 627 | 637
0.25| 655 | 675 | 728 | 731 | 733 | 0.25| 656 | 643 | 645 | 670 | 682 | 0.25| 638 | 628 | 650 | 655 | 654 | 0.25 | 642 | 634 | 620 | 628 | 645
0.5 | 757 [ 766 | 775 | 764 | 793 | 0.5 | 655 | 696 | 675 | 675 | 728 | 0.5 | 649 | 647 | 664 | 669 | 675 | 0.5 | 656 | 645 | 643 | 648 | 645
0.75| 803 | 806 | 831 | 774 | 898 | 0.75| 694 | 713 | 745 | 709 | 783 | 0.75| 655 | 675 | 671 | 675 | 690 | 0.75 | 657 | 667 | 649 | 667 | 650
1 | 828 836|823 883|917 | 1 |757 |728 | 766|749 |775| 1 |697 | 711|716 730|721 | 1 |655| 670|696 | 662 | 675

(a) a«=0.25 (b a=0.5 (©) «=0.75 (d) a=1

Table 7. Maximum turnaround time for different («, #,~) in 2-block 1-crane scenario (unit: sec)

8 Y10 [025]|05 |075] 1 8 I 0 025/ 05 (075] 1 B 7 0 102505 (0.75| 1 8 Y1 0 |0.25| 05(0.75| 1
0 |5090|6191|7836 (6737|8428 | 0 |5090|5923|6191|7117|7836 0 |5090|7396|6509|6191(7140| 0 |5090|5546(5923|5458|6191
0.25 |3345| 4254 | 6548 | 4708 | 4564 | 0.25 |3595 3373 |4309|4737|5011| 0.25 |4074 (3701 | 4108|4124 |4737| 0.25 | 3973|4456 | 4528|4124 | 4875
0.5 4546|4890 (4378 |4028|5225| 0.5 |3345|3483|4254|3783(6548| 0.5 |3679|3973|4441(3537|3960| 0.5 |3595(3626|3373|3741|4309
0.75 14964 | 5123|4790 | 5407 | 5467 | 0.75 | 3498|4509 | 3914 |3882|5257 | 0.75 |3345(3521 [3356 (4254 |4618| 0.75 | 3441|3542 | 3904|4934 | 4128
1 |4822|5210(4888 6185|5793 | 1 |4546|3444|4890|6843(4378| 1 |4282|4360|3546(4238(4679| 1 |3345|3542(3483|3466|4254
(@) «=0.25 (b) a=0.5 () «a=0.75 (d) a=1

Table 8. Average turnaround time for different («, ;) in 2-block 3-crane scenario (unit: sec)

AN 0 025105 (075 1 |[pN] 0 |025]05(075] 1 |p\J| 0 [025]05(075| 1 |p~\Z| O [0.25|0.5(075] 1
0 | 401 | 388|388 |391|393 | 0 | 401 |381|388|386|388| 0 | 401|383 386|388 |385| 0 [401|387|381| 389|388
0.25| 398 | 384 | 388 | 391 | 393 | 0.25| 403 | 385 | 385 | 386 | 389 | 0.25| 400 | 385 | 390 | 383 | 387 | 0.25 [ 406 | 383 | 383 | 386 | 383
0.5 [ 402 | 384 | 384 | 389 | 393 | 0.5 | 398 | 382 | 384 | 388 | 388 | 0.5 | 401 | 384 | 388 | 383 | 386 | 0.5 | 403 | 384 | 385 | 387 | 385
0.75 400 | 385 | 386 | 391 | 391 | 0.75| 396 | 382 | 382 | 387 | 388 | 0.75| 398 | 383 | 387 | 384 | 389 | 0.75 | 397 | 387 | 379 | 387 | 384
1 | 400 | 380|388 |385|394 | 1 |402|380|384|383|384| 1 |404| 385|383 382|385 | 1 |398|384|382| 381|401

(a) aa=0.25 (b) «=0.5 (¢) a=0.75 (d) =1

Table 9. Maximum turnaround time for different («, 3,~) in 2-block 3-crane scenario (unit: sec)

AN 0 1025105 (075| 1 || 0 |025|05(075| 1 |p~\I] 0 1025|105 (075 1 |[p\| 0 |025]05|075| 1
0 |33792449 (254828972772 0 |3379|2341(2449(2590(2548| 0 [3379|2581|2289(2449(2502| 0 |3379(2960|2341|2415|2449
0.25 [2089 (2119|2703 (2916 | 2772 | 0.25 [ 2825|2316 | 2654|2421 |2675| 0.25 |2891 | 2300|2921 2463|2499 0.25 [2949|2471|2393 | 2657 | 2837
0.5 2097 | 2267|2488 | 2687 |2335| 0.5 |2089|2342|2119(2851|2703| 0.5 2516|2301 |2351|2140(2487| 0.5 |2825(2228(2316|2790|2654
0.75 {2221 {2384 2159 (2292|2499 | 0.75 [ 2331|1994 | 2352|2324 (2344 | 0.75 | 2089|2197 | 2375 (2119|2394 | 0.75 |2392|2295|2160|2600 | 2958
1 21302003 (2159 2347|2512 1 |2097|1980(2267(2272(2488| 1 |2385|2389|2161(2307|2312| 1 |2089[1973|2342|2087|2691
(@) =0.25 (b a=0.5 () a«=0.75 (d) a=1
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Table 10. Best combination of («,3,~) found for score-based dispatching logic in different scenarios

Number of cranes

Objective function Cranes switch blocks Cranes do not switch blocks

1 2 3 4 a, D 2, 2
@, o0, ® 1, 0.25, 0.5 | 4, 0.75, 0.5 |(0.25, 0.25, 0.79)| (0.75, 1, 0) 0.5, 0.75, 0)

Minimize average
turnaround time

Vi :
IMZE MAXIMUM | ) 0y | 05, 1, 025) | (L 1 0.25) | (05, 1, 0.25) | (075, 0, 0.25) | (L 0.75, 0.25)
turnaround time

3 AF7dt JhdeF 223 A 7R 26 32 vl

B AN ANSE N oks A AgiA 229 Y52 a7 A A A GG
Ao vnE WAsEor, A%E Figure 9] AASATh Wm tloRE A%R(FCFS), HEA
(NFS), g4 AZCPD) 4y 22 Aestgdon, 1571w Ay 226 %A Table 1090 4
99 438 A7 AFAE A§SHAT Figure 901 /0 Ay 229 F kA AFA 27 F,
F HEY Aas AFAE ST ARGt A HEY Hid AFAE AEE FIHE_manE
B mASAT
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Figure 9. Score-based dispatching logic performance comparison against three dispatching rules
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Figure 10. Performance comparison of scenarios, where cranes can switch blocks or cannot switch blocks
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On the Development of Robot-based Loading System
for Small and Medium-sized Sub-terminal Cargo
Loading and Establishment of Predictive Maintenance
Platform to Expand Product Marketability

Sunwoo Hwangl, Sangwon Park?, Myungsung Kim', Youngmin Kim®
"Department of Systems Engineering, Ajou University
’Global Nova
Department of Logistics System and SCM, Ajou University

Recently, there have been changes in social structure, such as the development of information and
communication technology, dual incomes, aging, and the increase in single-person households.
Accordingly, the logistics industry is changing from a traditional logistics industry to a household
logistics industry in the form of small parcels focusing on household goods and early morning
delivery. The expansion of the logistics industry can increase people’s quality of life, but for those
working in the logistics industry, it can lead to excessive workload and a decrease in quality of life.
In addition, loading and unloading work during the logistics process is concentrated at dawn and at
night, which can result in reduced work productivity and the risk of safety accidents. Therefore, in
this study, we developed cargo loading automation robot system technology for the purpose of
improving the efficiency of cargo loading work in small and medium-sized sub-terminals, and
conducted for research establish a predictive maintenance platform as a way to expand the

marketability of the developed technology and products.

Keywards. Logistics system, Robot-based loading system, Medium-sized sub-terminal, Cargo loading,

Predictive maintenance
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ATk oo wet, ERF AP AEHRA EF YA BEEF AT &3E, AY S T FH<
ALGERF APoz Westay o olg2%, ALER AFoze Wl me, EF 42 I7AZ
YA 4o =2 kst 3 WA A= AHo|th “Figure 172 SFEFEI
Al 2023dS Vo E JHE 2ol 2AME 2021 S 5% 2 AddHIERE 9 AR AEE
FAAE HoEn 20219 F H 369 2%9F M= ZAME RO, 20201 339

759% % BAstAT. 2% SES o
2 S7heta e FAlolth AgER A AL 29 &0 A& S F AAY, EF AY F
AL AR M= =T AR Fekel atel A AstE oo 4 nh EY, =F ZEAX T AA &
< 547 AE ot AFE7] wwel, 2d A Ast B kdAtae Adem xHE 5 3l
o =3, Asst A g A 2"]S Z2EEA] XY T4 R EF VY =7 AY A nE FIkE
a2&H 0w tfFshA Hstal e ARt AEEPES FE FHAFse vt T4 TR EF
7192 7HE e =F A 3, dA 59 SHOAM tr|dd HudE o, BAHo] wol F
=3 A o]th(Lee et al, 2021). EZH EF AE3 AH] H 1zt 5o &9 SHAANE AAHo] &
of BFsl7loll, 4AY FHE A WAor, =7 AFs A 3l Jdze} BAe} AF/7e o] 2
a3 Aot EF A AR dde =1 & A FUF 59 oldel AW, F& AR EF 7Y
of YFME =F T8 HF3 8 =7 A FAA ae] A A B b EA A7 AAERD #A
2 zE & Aok w2bA ol EAe EF Y TAAES 3 T A AR zHE -
Jom, AR AdoAE olE o B disty] A3 AdAA EF G dod &4 AdH =/
A BAY FEE fste, EF /%A Aws Vle A7 T =R Y #d d7E A¥s =
Aol tH(Kim et al, 2023). wehA & ATFolAE =F AHY SAAL] dF 283 & HAHoE, =
B B AlzH 71ES s, AR e A% Bge R, AR FAEF 75 d7E TS
ST
Annual volume Domestic parcel delivery ch t
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Figure 1. Domestic parcel delivery volume trend
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= A HE

9 AEe) AR G7L AP BAow oY FAE 72 ATE FYSFAT. HE 4
A 28 Azxd JlEe BE 4R Fue dolHE FHstL, AYsts ¢9 Azdo] TPHM, 5
1% AT Auolols] AF BHNA A/ AA 5o slEo] A F, B AT AT By 3

£ 258 Aol =& GAstrlde A

A 2 FEo]tH(Won et al, 2016). & 79 & dAF 2R A2"2 A5 3 S o] M)
of ez =< olFsta, AAl e ANT UF, A= olIHE FEste AL AHA It 3}
=< dAsts WAt & & d7e ANE 58 ke sdes AR 2R 7leo] ofd, T4
TR ABEREAA HAFGEE 258 a7 724 54 ote =M, s 4 2 AANE +
BT de 7S MEsAT. “Figure 279} o], & At 2R A 2" 258 = WA
Asd F des B4S 770, 23 o FEEg Fxos Hsd, =3, & AT = 4R
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Figure 2. Concept of robot-based loading system technology
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Table 1. Results of technology standardization analysis in the logistics robot

Type Contents

= Specifies requirements and guidelines for safety design, protective measures, and usage
information for personal assistance robots such as mobile companion robots, body assistive

ISO 13482 robots, and ride-on robots.

= Describes the hazards associated with the use of the robot and provides requirements for
eliminating or reducing the risk due to these hazards to an acceptable level.

= Specifies requirements and guidelines for unique safety design, protective measures and

ISO 10218-1 , i , .
information for the use of industrial robots.
= Describes the safety requirements for industrial robots and robot system integration and
industrial robot cells defined in ISO 10218-1.
I1SO 10218-2

= Describe the primary hazards and hazardous situations identified and provide requirements

for eliminating or appropriately reducing the risks associated with these hazards.
= Specifies safety requirements for collaborative industrial robot systems and work

environments and complements the requirements and guidance for the operation of

ISO TS 15066 collaborative industrial robots provided in ISO 10218-1 and 1SO 10218-2.

= [SO/TS 15066:2016 applies to industrial robotic systems described in ISO 10218-1 and ISO
10218-2 and does not apply to non-industrial robots.
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1. Necessity of developing small and medium-sized
subterminal cargo loading robot system technology

2. Define the problem through analysis of related

4. Perform verification to determine whether the initial
goal has been achieved

technologies and previous research

5. Describe the conclusions of this paper. including its
. limitations and future research directions.
3. Development of robot-based loading system
technology and predictive maintenance platform

Figure 3. Research procedure
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& REE FEE F Ao 9AE Zos 9AE 7o) A FEF 1Y 9 By 24 J)EelH, A
& REE 58 27, g, FA Sl %o £&A A AFH} AN $AYR 45 2 A
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2o A2 FW 483 b54 dE02 TAHDG “Table 2= WAE 2 HETH B4 AnE no
=0
Table 2. Results of technology standardization analysis in the logistics industry
Type Contents

Type of system - . .
o = 2.5-ton small truck-type logistics delivery vehicle
application target

Type of cargo = Shape suitable for loading end effector and cargo transfer

Loading efficiency »= Load more than 4 cargoes per minute

Operating mode i . L . .
i = Semi-autonomous vehicle cargo bay entry and direction adjustment function
(Semi-autonomous)

Operating mode = Efficient loading automation according to cargo size, shape, weight, etc.
(Autonomous) = Automation of image-based environmental information acquisition and loading support
Control method = Network-based integrated control system

Usability verification | = Verification of usability through verification
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[End effector standby state] [End effector operation status]

----® End-effector

Figure 5. Development of end effector for loading various tvpes of irregular cargo
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Figure 6. Conceptual diagram of Long Short-Term Memory
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API(Application Programming Interface)E &3 4#<S 83 3t= &+ tlolH 84 7|5, Web socket
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& 9 Mulx 7)sE 2T “Table 372 &
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Table 3. Results of technology standardization analysis in the logistics industry
Classification Function Contents
Data request per | = Equipment data generation through batch scheduler
minute = Data request with RabbitMQ
. = Receive data with RabbitMQ SW
Generate Receive Data ) . )
, » Storing data in Redis SW (InMemory)
equipment -
data Save data per » Equipment Snapshot request via Batch Scheduler
minute = Save requested Snapshot data to DB
Data merge per | = Data requests per minute per equipment stored in DB
hour = Data per minute — Save to DB after converting hour data
Request notice » notice request through API from algorithm server
data * qotice request through RabbitMQ SW
Generate Receive notice = Receiving notices via Web Socket
notice data data = After receiving an notice, it is stored in the notice history DB
Received notice | = Receive notice message via Web Socket
web service = Received notice message displayed on the web main screen
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= = = System i
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Fault and failure
notice

Server 2: Data Analysis

Analysis Server
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Figure 7. Platform architecture of predictive maintenance
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Figure 8. Robot-based Loading System Technologyv
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Table 4. Verification Testing and Performance

Test Performance contents
= Telescopic conveyor transport load test = Carrying load over 30kg/m
» Telescopic and rotating conveyors = Standard for up/down angles of +=5° or more
Left/right/up/down rotation angle test = Left/right angle £10° or higher

= (Cargo loading speed is 4 or more per minute.

= End effector loading speed and allowable weight test . .
= The allowable weight is 10 kg or more.

= Left/right/up/down angles must be +10° or more each.

= End effectors Remote operation test o ]
= (riteria for a success rate of 95% or higher

Figure 9. Convevyor carryving load test (Sample)
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(LSTM2) C:\LSTM\py=>python DataPrediction.py
WARNING:tensorflow:From C:\Users\SWH\anaconda3\envs\LSTM2\1lib\s
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non-resource variables are not supported in the long term
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Figure 11. Verification of predictive maintenance (Sample)
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Heta 52 g4 oARE AAH R Hrisin. AILEEs 258 AT WFel AR A=E &
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Table 5. Objective achievement checklist assessment
Contents Yes/No

* [s it possible to operate the loading system within the vehicle? Yes

* [s it possible to load cargo within the vehicle and use a gripper? Yes

» [s it easy to load boxes on a pallet in a vehicle? Yes

= Does the amount of box loading in the vehicle reach the standard loading capacity? Yes

= s it possible to install a conveyor belt from the outside of the vehicle to the inside of the vehicle? Yes

= Is the overall operation of the loading system smooth? Yes

= Does the conveyor transfer speed for each delivery box reach the standard speed? Yes

*= Does the loading system perform more smoothly than the existing system? Yes

»= Is the use of the loading system more effective in terms of manpower and work time compared Yes

to the existing system?
= s it possible to collect data from the predictive maintenance platform? Yes
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A Study on Development of Public Smart Joint Logistics Center :
Focused on Gyeonggi-Do

Min Seon Kong', Byung kwan Kim?*
1’zMobility Research Laboratory, Gyeonggi Research Institute

Recently, the smartization and enlargement of logistics centers is accelerating, especially in large
enterprises. However, small and medium-sized enterprises face many difficulties in building their
own smart logistics centers, so public support such as smart joint logistics centers is needed.
Accordingly, this study seeks to propose a plan to create and operate a smart joint logistics center
that can be jointly used by small and medium-sized enterprises, focusing on Gyeonggi-do. As a
result of the survey targeting small and medium-sized logistics enterprises in Gyeonggi-do, small
and medium-sized logistics enterprises in Gyeonggi-Do were found to have a high awareness of the
need for automation, but a low awareness of the need for joint logist ic. Based on these
results, in order to promote the use of smart joint logistics centers, smart joint logistics centers need
to provide customized services for enterprises as good as their own logistics centers and to present
clear advantages of reducing costs such as rental. The plan presented in this study is expected to
reduce the financial burden of Gyeonggi-do and respond flexibly to demand, and can be used as

basic data when creating a public smart joint logistics center in other regions.

Keywards. Smart Joint Logistics Center, Smart Logistics, Joint Logistics, Small or Medium-sized
Enterprises(SMEs)

E=EASY 20231019, =AY 20231205 AABALY : 2023.12.12.
1. 471479 2R EHATA d7Y
2%, A7147Y R EATFA AF949, Corresponding Author: kimbk0730@gri.re.kr
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Figure 1. Logistics warehouse registration status in Gyeonggi-do

Source: Gyeonggi Data Dream. Current status of logistics warehouse (searched on November 3, 2022).
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Figure 2. Logistics warehouse area Gyeonggi-do

Source: Gyeonggi Data Dream. Current status of logistics warehouse (searched on November 3, 2022).
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Table 1. Warehouse area by type in Gyeonggi-do

Unit: m
Category 2020 2022 Increase(2022-2020)
General warehouse 6,655,380 7,678,409 1,023,029
Frozen/Refrigerated warehouse 754,473 915,721 161,248
Storage 225,814 795,565 569,751
Sum 7,635,667 9,389,695 1,754,028

Source: Gyeonggi Data Dream. Current status of logistics warehouse (searched on November 3, 2022).

2022 A7 % AE dHl AR F 218700]m, £ANT} MR S B RoE vehgth §914
o) A9 CINBES 177, RURA 22 67), e 27, T2 470, s 1), 71E} 6719) g A
o] QA BT Utk The o2 olFAl 307, EEA 2270, A A 187 <=0l HA| 2187 % 17770(81.2%)

7} A7) el W2 o] Qo] Wit tiu] A] x| duj Aldoe] AAFA BRI Ao Lhebyic) 7
7] @B g A4 HEL Table 294 2Tk

Table 2. Status of delivery facilities in the northern and southern of Gyeonggi-do

Unit: Number

Category (.:J . thtg Han11n Loggn Coupang MBS etc Sum
Logistics | Logistics | Logistics | Logistics Curly
Southern Gyeonggi-do 61 45 8 5 22 4 32 177
Northern Gyeonggi-do 21 4 4 0 10 1 1 41
Sum 82 49 12 5 32 5 33 218

Source: Gyeonggi Data Dream. Current status of logistics warehouse (searched on November 3, 2022).

AZE Aoleld B Az"e] ASE FA0 kA AR ATE FuALL F 1750477 3
Astm oM, FBTol 300202 g Be Ao vehgth the o FUFA 128770, o FA 1239
A AHA L0757 oI5 88 AARE AE B2} V0UAR A B NS e, Qe
17 722870, W% - BF 3ok 2480, WelE Aol 997), BRE D0l 18A tekyke. A7) 9
=]

3

5 Bustele o, 47 57 1L77TI7HE F 66.9%2 Hl = AA = o= AFA, YA, oA
Al S BAAAC]l B2 Al thEEC] A7) Eell fAIskAL 917] diZeltt. oo whel 7] HR-o Fa
AL F 5823M=E A7) ERY Aul FEGIIWY ASE Uetgth A7) GER FIAAM dFgS

Table 3. Status of warehouse facilities in the northern and southern of Gyeonggi-do

Unit: Number

g General Frozen/ Logistics Pick-up and etc Sum

- warehouse Refrigerated terminal _|delivery facilities
Southern Gyeonggi-do 5,044 190 17 51 6,469 11,771
Northern Gyeonggi-do 2,184 58 1 48 3,532 5,823
Sum 7,228 248 18 99 10,001 17,594

Source: Building life history management system. Building statistics (searched on November 3, 2022).
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F g0l £7] Q] Ao AdHY. w3 T4V EF 76 ER/H 2 Table 59 #oH, &
27149 B2 $4n7) 60%% P 2 BRES (AFA, R .5y . 24 EEAHR . 229
s =rAlEe #Ed H]%O] 0%= AR gL FiES 2AASE o2 Yeyth gzl vls) $47]
Ao A B -8y - 2 - ERFAER - /7Y 0 & #Fe AAN OFY B - P ER - A
H3} o gg FA7} O]TOJZ]X] Fstal Aokal B ¢ Aok o]d A7 =7 w08 A &

7l BRAH A BF Ael @ #ele] UF FAE ALY Bart Ak

Table 4. Proportion of logistics costs to small or medium-sized enterprises

Unit: %
Category Sl @ me@m—sﬁed major enterprises Total SMEs/Major
enterprises
manufacturing 7.10 6.50 7.00 1.1
wholesale and retail 7.98 7.41 7.79 11
total 7.16 6.63 7.06 11
Source: Statistics Korea (2020), 2020 Corporate Logistics Cost Survey (searched on November 2, 2022).
Table 5. Distribution of logistics costs by small or medium-sized enterprises
Unit: %
Category Gl ggtggisu:;—sted major enterprises Total
delivery cost 59.7 58.2 59.4
storage cost 17.9 22.1 18.7
unloading cost 7.5 5.2 7.0
packaging cost 7.4 6.4 7.2
Logistics information cost 1.8 2.0 1.9
Logistics management cost 5.7 6.1 5.8
Total 100.0 100.0 100.0

Source: Statistics Korea (2020), 2020 Corporate Logistics Cost Survey (searched on November 2, 2022).
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Table 6. Measures to reduce logistics costs for small or medium-sized enterprises

—T di — Unit: %
S or medium-size . .
Category enterprises major enterprises Total
Comprehen'swe'and systematic logistics cost 278 85 200
estimation and management
Improved delivery frequency and loading rate 22.7 9.9 20.1
Improvement of delivery and delivery routes 13.8 10.8 13.2
Advancement. of. logistics mfprmaﬂzaﬂon, 125 155 131
standardization, automation, etc.
Inventory cuts 5.6 3.4 5.1
Joint of storage 44 4.7 4.5
Reduction of personnel in the logistics sector 4.7 2.9 4.4
Outsourcing of Transportation and Storage 3.2 7.9 4.2
Joint of transport 3.7 5.9 4.2
etc 1.6 0.5 1.3
Total 100.0 100.0 100.0

Source: Statistics Korea (2020), 2020 Corporate Logistics Cost Survey (searched on November 2, 2022).
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EFFTYA HH FIAAL 8,660m*eZ )Y 15,771m?e) 55% FF o2 Ve A7) dRe 2
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5o 47% FolH, 719 ERFLGAY A7) EF FaWdL FHo 40% TEoE drge] E &
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Table 7. Comparison of warehouse space for small or medium-sized enterprises

Cat Number of enterprises Average North/South(%) | SMEs/Major(%)
Y Number | Distribution(%) [Warehouse area(af) o oo Seort
small or | Southern 330 89% 9,213.8 o0 0.53
medium-sized | Northern 42 11% 4,362.8 0.64
ENETPriSes | Totq 372 100% 8,660.2 - 0.55
_ Southern 329 85% 17,341.8 010
MAOr 1 Northern 58 15% 6.861.8 ’
enterpnses _
Total 387 100% 15.771.1 -
Total 759 - 12.305.1 — —

Source: Ministry of Public Administration and Security, local administration licensing data open (searched on August 31, 2022).
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Target
35
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70
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30
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Table 8. survey results
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(population)
143
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43
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Number of
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=
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Total
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Total

Total
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Table 9. Survey details

Category Details

* General status (company name, industry, volume, location, logistics center area)
Considerations when selecting a logistics center, improvements to logistics activities
e Logistics center relocation or expansion plan

Characteristics

* Whether to use a smart joint logistics center (intention, reason, required area, rental
Whether to use a smart level)

joint logistics center Whether to use the smart joint logistics center in northern Gyeonggi Province
(intention, reason)

e Preferred location for smart joint logistics center
Smart joint logistics center expected effects and functions
Smart joint logistics center main expected cargo items and logistics storage types
Smart joint logistics center required logistics facilities and operating system

e Smart joint logistics center usage cost level

Smart joint logistics
center requirements

o] BRAE e A 71F 223514 1#sHE AMSS Table 108 zZoH,

g 4o A4, AdHF}R g4 ¢ow =

= wgron, gtoke] HaAde s3]

5 2 AT =3 A7 5R7F ddse] HA A dete] § &
Sl astar, A7t Aol A= EREY ¥ F8eA uHsts AoE AN,

Table 10. Important considerations when choosing a logistics center

Unit: 5 point scale

Category Southern Gyeanggi-do | Northern Gyeanggi-do Total
(D Transportation accessibility 5.0 4.9 5.0
@ Approach to shippers (producers) 4.2 4.2 4.2
@ Accessibility to delivery destination and demand 41 35 40
(consumer)
@ Rent adequacy 4.8 4.9 4.8
® Convenience in using the facility 4.9 4.4 4.8
® Ease of securing logistics manpower 4.8 4.1 4.7
@ Requests from business partners 4.1 3.9 4.1
Expectation of land price increase 3.5 3.8 3.6
7% T4 EFFL 7P EFEF MAAE S8 B AE A5 FF3 T AVE FEEF
AE e AHE =3 7 B 29 58 AEHoH, o)o thy A A3 Table 113 2o 2A
Ash, &% - BT -3 5o ATt 7Y Wed Ao dehgon], GgoR ERYRALY T3,
FZe}, ARAY F0 £o2 2AHUL ofF B3 ERIF ANL AsHE 2vtEs) BasiAw,
T4 EFZI 7190l @71 Yol o3 A 2RSS FEE7] o= AV JeBE FRE Aol A
o] sttty ATHY. I HE A AHE Fol Aws 2 ARI oA vdty] EFAE 2 &
$ TEs O ZeAS AR er B A4 = Ao E ZAEIIY. ANtR o g FY] HH 7
d2 EF 7Igdel vlE] dA EFEE M Ui 8-S WA A JE AoE ZAEAG
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Table 11. Matters needed to improve logistics activities

Unit: 5 point scale

Category Southem Northem Total
Gyeonggi-do Gyeonggi-do
(D Expansion of logistics center (warehouse) 31 2.9 3.0
@ Standardization of logistics-related equipment/containers, etc. 3.2 2.7 3.1
@ Establishment of logistics information system 3.3 2.7 3.2
@ Automation of transportation/storage/unloading, etc. 3.3 3.0 3.2
® Joint of transport 2.8 2.7 2.8
® Joint of storage 2.8 2.6 2.8
(D Securing specialized personnel/organization related to logistics 3.3 2.7 3.1
Reduction of personnel in the logistics sector 3.0 2.6 3.0
@ Improvement of delivery and delivery routes 3.0 2.7 3.0

T 7Y
oA} gle Ao ehgth AHE oAbt e VIUES BE P30 At sust, ERA
B eddAel o - FEog e oA flE Ao 2AHUG. B3, A7) B A VS ®
T 20lE FEERAEE ST AL e AoE ey, o 2rtE ERAE did ool
B2 g3, ARZE BRV1E0 O AR B Fust REF o st BeE od] A BR &
& BRAL YL WO A7) Biel EAse 20t BRALL H3 §X53, & - HF o2 7
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Table 12. Intention to use smart joint logistics center
Unit: %
Use of consignment
Category Use rental format T - Not used

Southern Gyeonggi-do 9.0 0.0 91.0

Northern Gyeonggi-do 0.0 0.0 100.0

Total 7.0 0.0 93.0
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Table 13. Reasons for not using a smart joint logistics center

Unit: %
Category Crontintitn || cromegiin Total
(D Preference for owning own logistics center (warehouse) 62.0 45.5 58.1
@ Expected lack of cost reduction effect 31.0 63.6 38.7
(@ Establishment of own logistics network 33.8 31.8 33.3
@ Burden of costs for using external logistics facilities 15.5 27.3 18.3
® No need for advanced logistics and standardization 8.5 27.3 12.9
® Concerns about limited choice of business partners 2.8 13.6 5.4
@ Difficulty securing sufficient space 2.8 4.5 3.2
Logistics outsourcing in progress 14 9.1 3.2
© Expected difficulty in securing manpower 14 4.5 2.2
2T E FEEFAEE A4S A A% WA 8% Jo)w 24 A7 BT 600Im’e] BH T 9 5143
w0 ® ZAE AT AW WA = A vt 3819mA63.6%)E M 2 H|EFS 2A sty WE/WARD
»A% 3

e FEo2 SHAS 7HeAel o, A7 i Fdu= +& 8,203
Rt BlalstlE W 37% BE AT S Ao AN

2TLE FEERAE Y QTAGE BE 719S tHOE ALS oAksl BAgel 2AE SR &
ME FEERAHY 44 HEEE A7) 9HE 8904 209% WA 137% FFA 111%, 4
11.1%, B 8A 9.4%, AFA] 9.4% o™ T LGN 25.8%, TrFA 24.2%, AEA] 24.2%%E THE
; BESEE Az el Ud ZlTivh AA 82.0%% UEI wko.

o

sEow ZAHAY. £3, 20lE F

o

SERAE YA 2o e RTAME F7] B 1GES BR FD-A5% Azdd O 87
Boou B5 gL i AsE, FAAAG B 277 Be R 24 o F B8 47 @
B 7o) B% Yk AntE FEERALC e o=t w3, F9 P AFs] B BaK
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4. & £WE FEFEFAE 24 B¢
41 BFAY AL ALY AE

ERAE 5 BRAM AT APEAS YUY, FEFAL, UAEARHE 1T F Ak o
Wgeld A7Et A4 ERAE ARE FUsD AAAAN AFeIAL Pt Yo, FF
g e 7 sk Mkl FEEAT Mol AL L LY S FASHE PAolth HAROE MR
e Bt AR AFHD NAAAATL AL L 9L U5 29 TR F ASAL Wds
L ogajolth, Ry Ee] AvtE FERRAEE TEHE A AL S0 weh A A Hgo] B
aske, 7} AT Bl AU BRAL ABPA) HEst WeF Ao nwoltk BFRAE AL A
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Table 14. Advantages and

disadvantages of development business method

Gyeonggi-do rental method

Joint investment method

Private investment method

Catego . . . ublic-private cooperation ne . .
gory (financial project) ® b?lsiness StI'l]l;)CtuIe) v (private investment method)
i « Gyeonggi-do provides the land,
. . . e Development and operation are ) )
e Gyeonggi Province directly . . a private business conducts
. carried out by a corporation ]
Concent develops logistics centers and oinly invested by Gveonged development and operation,
\Y
P grants consignment operation ]Provi}rllce and tflle yri ig; and the right to wuse is
Vi
rights to private companies. sector P returned after completion of
) operation.
) e Capable of leveraging private o
e Gyeonggi-do strategy can be sector efficiency and expertise e (Capable of utilizing the
reflected in a timely manner|, Securing dividend profits efficiency and expertise of the
through operator evaluation in through equity investment private sector (highest level of
a mfarTr'ler that has the hlghest. Possibility to participate in the autonomy in the private
possibility of - Gyeonggi-do operation of logistics facilities to sector) ,
control. e The method with the lowest
) ) secure capabilities and expand ) ) ) )
Advantages|e Gyeonggi Province can s b . financial burden in Gyeonggi
systematically  link  logistics usmes§ area§ , Y acquirng Province (minimization of risk)
center planning, design, and profes§10nal logistics know-how e By granting long-term operating
construction on its own * Establishment of sp C gnablés rights, operators can diversify
e Reduce the burden of procu.rement of various f%nanc%al services from a  customer
Gyeonggi-do logistics  center techmques. .an.d .fmanaal perspective and meet complex
management work resources (institutional investors, customer needs.
citizens, etc.)
e Due to the financial burden of
Gyeonggi  Province, it is
difficult to meet customer e It is possible to reflect Gyeonggi
demand in a timely manner|le If Gyeonggi Province fails to| Province’s requirements to some
through investment in aging| play a leading role, project| extent at the time of initial
facilities, etc. delays and  failures are| public offering, but  the
e Limited use of private sector| possible due to conflicts| possibility of controlling the
efficiency and expertise between the private and| reflection of Gyeonggi
e Insufficient establishment of a| public sectors. Province’s  strategy at the
Disadvanta| sustainable logistics facility|e The advantages of public-| operation stage is low.
ges operation strategy due to the| private partnerships fade when|e Difficulty in timely reflection

short operation period (5
years) of private consignment
companies

Difficulty securing professional
to

logistics due

simple rental management role

capabilities

in  Gyeonggi-do
simple

through a

rental model (space

rental)

the public gets too involved.
Since the private sector and
Gyeonggi Province share risks
with each other, the risk of
business failure is reduced to
a certain extent.

of Gyeonggi Province’ s
logistics policy strategy

Difficulty securing professional
to

logistics due

simple rental management role

capabilities

in Gyeonggi-do through simple
rental model (land rental)
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Effects of Food Meterial Cold Chain Delivery Vehicle

Loading Variables on Reach of Optimal Temperature

Sung Ho Ryul, Sang Geun ]02, Min Young Park®
123Gradute School of Logistics, Inha University

The food material sector is an industry mainly carried out in the B2B area. Food materials are the
areas of food consumed outside the home where people live. It is an activity that everyone does
outside for one or two meals while social activities. Because it is so close and important to people’s
lives, the management of the process of supplying food must be systematic. This study analyzed the
effect of food cold chain delivery vehicles on reaching an appropriate temperature for each loading
variable. The relationship between the legal refrigeration and freezing compliance temperature for
each delivery vehicle loading variable was analyzed and the evidence for the effect was presented.
As a result of the study, the characteristics of variables by load, weight, and number of loading
applause in the delivery vehicle were analyzed, and significant results were derived from each
study. The results of this study are intended to provide an important basis for efficient management

of the food cold chain logistics system and optimization of the loading of delivery vehicles.

quwords‘. Cold chain delivery vehicle, Temperature management, Food material logistics, Non parametric statistics

=EASY £ 20231020 =EFAY 020231204, AAEAEL ¢ 20231213

o] =R 2023dx ARG RFAR)Y AdoR HRFAVIEHIIHS Y-S wol FPH AFY.
(NO.RS-2022-00155915, Q1FA5& 332 AA FF (st g )

1. Jd&tdisty EFHENSY 8abag

2. Aty ERFHEUSY 9Abg

3*. Jststny EFAEUEY 2, Corresponding Author: mypark@inha.ac.kr

¢t

_59_



el QBN HFES AT s BEL ABENA M N EHln FaG ¥
[e)

3 =
Nwe 1174—8}% Aotk o] B AFEES A7) 8] AFAYTH BRAYL ¥
% &

Y E o 1 A g sl 10 E oo
AR WAAA ) ol HF AF 54

2 i
Ae 3e, B, 35 FHE ro] TR AUL o8 FAse] 4Ee A
3]

7se wAs] 9
o o] #g 7EE
(Cold Chain)& ] —1%% HAwsts AACHEANAEE o8 FEdt= 4
npAjubel] o] AFE =z AFde GAA A F9ES Bk ke A YAE FFM ok e A
Folth. RE F9] #e FHE fFs FZ=AUEul Cold Chainyolzt F=23 Yot

Table 1. Control criteria by food temperature range

Fixed High
Criteria F4 F3 F2 F1 Cl C2 C3
temperature  temperature
-50C~ -40C~ -30C~ -20C~ -10C~ 20C ~ 10C~ 40°C ~
Frozen -50C
-40C -30C -20C -10C 20C 10¢C 40C 50C
dairy grain,
types frozen meat, frozen products, dairy
) . of tuna, frozen fish, meat, seafood, products, grain, edible oil
Refrigeration .
frozen frozen food, frozen meat,  medicines, Snacks and fat
fish ice cream fish eggs, fruits,
tea seafood

Sources : https://various.foodsafetykorea.go.kr/
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— Large/Small/Online Distribution Network
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Middle Classification A detailed market Characteristics
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food material 1 1
distribution Food system Overcompetitive Market 1
K 1
Skel 35 trillion won 1
1
- " 1
A total of —. family restaurant 3PL Available Market 1
412 trillion won Business market — Fast food —. Possessing self-purchasing power :
_ franchi —. logistics expertise :
B2B - franchise [National network, cold chain]
_________________________________________________ J
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144 willion won Non-corporate market restaurant Underdeveloped Market
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Figure 1. Analysis of Food Industry Composition for 2021
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Table 2. Representative food supply company classification in Korea

Distribution of food

B2B Platform ) Local food distributor
materials
. Su food material
CJ Freshway BGF logis .
Marketbom distribution center
SPC GFS ) GS network )
Baemin Nonghyup food material
Daesang GSShop o
Daesang Beston distribution center
Dongwon Home Food i SSGShop . .
) Foodspring . National food material
Bonfoodservice Green Logistic o
Ewangmart distribution center
Samsung Welstory Nonghyupmall )
Askfood Samhwa food material
Samyang Dakonet o
. Orderplus distribution center
Shinsegaefood Dongwonloex . )
. Orderhero Samjin food material
Amojefood N LotteMart o
Oniljang distribution center
Ourhome Marketkurly .
Jeongyookgak Gyeongnam food material
Foodmerce Exofresh T
Coupangeats distribution center
Pulmuone Coupang o
. Teamfresh Distribution of Hansarang
Hyundaigreenfood Jette

food materials

Sources : http://www.coldchaininsight.com
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Table 3. Comparison of Cold Chain and General Transportation

Sequence Cold-Chain mode of transportation General mode of transportation
© General feature/temperature form without

© Refrigerating/cooling/room temperature mixed o
) restriction of work area
loading method

Main . .
Focus on performing tasks late at night
contents © P ] g' ) : © Can be operated day/nightly
O Perform multiple business areas in the form

— Vehicle scale varies / 1 ton to 25 tons

) ) © Transactions per general session are more
of near field delivery . .
prevalent than fixed transactions

O Limitations of the Vehicle Supply and Demand | © User-centric supply market

Market — The user’s overall management market
— Approximately 10% of the overall commercial for freight and transportation
Limit freight vehicle market (100,000 units) © The freight market is not good due to
©O Burden of increasing limited night-time usage medium/long-distance transportation
— Increased demand due to intensifying © The issue of competitive saturation in the
competition in early morning delivery hours fransport market
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Table 4. Summary of Case studies

Sequence Summary of research

Kim Si-gu et al.(2022) Cold Chain Corporate Capabilities and Partnerships (Cold Chain’s facilities and systems)

. Suggestions to Improve Delivery Efficiency and Service Level of Urban Food
Na Yujin et al.(2016) . .
Materials through Frequent Delivery

Ryu Ha Young(2022) Cold Chain Important Consumer Perception Factors

Defined as activities and equipment to maintain a constant range of cold temperatures

Park Hongkyu et al.(2021) .
delivered

Yoon Hyun soo0(2022) A Study on the Red Temperature Management Method for Delivery Vehicles

Chun Young-sun et al.(2017) | Cold Chain Logistics Hub Location Selection Factors

Han Gwan-sun(2015) Cold Chain Distribution Status, Cost Structure, and Advancement Plan
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(Nonparamatic Statistics)

Table 5. Normalization test of the time to reach the appropriate temperature by vehicle type

Sequence Vehicle type Shapiro-Wilk df o)
1lton 0.899 75 0.000
Frozen 2.5ton 0.973 120 0.016
Ston 0.894 23 0.019
1lton 0.923 69 0.000
Refrigeration 2.5ton 0.923 112 0.000
Ston 0.728 21 0.000

42 A7 A%

A2A FEA] 54 mE D I AAXE =P Ao AolE Hlushr] fst
(Mann-Whitney U test)¥ ZF22Z-&8] 27 F(Kruskal-Wallis test)= Ab-83te] A% =
APSEA A BH2Y 14 H (Bonferroni correlation method)2 ThFH| oA A7E LF/FE EAYHO
M o]E 3 FogEe A vEEY A A1F] L7 (Type 1 Error) 24 &E°] F7lsts &
AE WA AT AR A AAE, AFE TF AAED B FE FEL 3]

=

1
9, freln e Az

i O-IN

D AA L
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ofefl “Table 6”0l AABIATE 4 Ads, AF F/HRIF 258 A4 AAE wE W5/3% AHL
T =9 A zelrh BAHCR fofstgon, Aol 58 A5 A ¥ AR =Y AT
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Table 6. Comparison of the Difference in Time to Reach the Appropriate Temperature according to Load Rate

Sequence Vehicle type Loading rate N M SD Zlx* (@ | Post-hac
50% Less than 19 50.16 29.71
lton 50%~75% Less than 21 52.29 17.19 3.503 B
75~100% Less than 18 51.61 34.49 (0.320)
100% More than 17 38.94 | 2274
50% Less than a 31 41.74 23.81
Frozen - 50%-75% Less than b | 43 | 44.60 | 1896 | 12.262** ”
oton 75~100% Less than ¢ | 28 5511 | 22.38 (0.007) a
100% More than d 18 55.11 18.86
50% Less than 11 42.45 8.60 -1.851
ston 50% More than 12 36.58 | 9.25 (0.064) )
50% Less than 18 49.67 26.58
lton 50%~75% Less than 20 53.45 23.15 5.017 _
75~100% Less than 17 50.24 34.64 0.17D
100% More than 14 35.86 18.53
. ) 50% Less than a 31 51.00 32.96
Refrigeration - 50%-75% Less than b | 40 | 4655 | 2271 | 10.679* o
~oton 75~100% Less than ¢ | 24 6179 | 20.87 (0.014)
100% More than d 17 65.59 34.71
50% Less than 11 46.91 16.07 -2.228*
ston 50% More than 10 | 349 | 672 | (0.02) -

p<05, " p<01, ™" p<001, Bonferroni correlation p = 0.05/6 = 0.0083

2) TF

A2A 2EAQ] S e A T AF2E =9 AR ZolE Bl 24% = of#fl “Table
770 AAEAT. A A3, AF TRV 258U B¢ AALE = Ay
zpol7h TAA 2 FosAn. o1& FAsHA B gt WA Tl ©E 258 AH W
ARG L= =G AREEY Apol7b fFolaE 0.050014 TAA 2 {98k S H(x ?=12.689, p<0.05), AFF-&4]
A}, FFo] 1t o] F(M=54.28)'%] %ol Hl3] ‘750kg WIRHM=41.15),750kg~1t " THM=44.28) & uj
3E AR2Ed HoAoz o Wy =gdts ZAos AT tdgor ST wWE 258 AT
W AHLE =9 ALY a7t fFo4E 0.05904 BAH SR {5k h( 1 *=6.273, p<0.05). L&t
AT EA A E B 3 FAHSE FAF FF Aole YEA Fodh

Table 7. Comparison of the difference in the time to reach the appropriate temperature by weight

Sequence Vehicle type Weight N M SD Zlx* () Post-hoc
lton 500kg Less than 27 48.74 26.95 -.044 B
500kg More than 48 48.46 26.69 (0.965)
750kg Less than a 34 41.15 21.99 12.689%*
Frozen 2.5ton 750kg~1t Less than b 32 44.28 21.90 a,b<c
1t More than ¢ 54 | s428 | 1977 | (0002
1t Less than 8 42.50 11.98 -.518
ston 1t More than 5 | 3773 | 7.34 (0.605) -
500kg Less than 28 47.36 25.26 -.043
lton 500kg More than | 41 | 4861 | 28.02 |  (0.966) -
750kg Less than a 34 51.26 33.29 6.273%
Refrigeration 2.5ton 750kg~1t Less than b 30 48.07 27.19 n/a
1t More than c 48 | 5950 | 2842 | (0043
1t Less than 9 48.11 17.96 -1.820
Ston 1t More than 12 36.00 | 6.11 (0.069) }

p<05, " p<01, ™ p<001, Bonferroni correlation p = 0.05/3 = 0.0166
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Table 8. Comparison of the difference in the time to reach the appropriate temperature according

to the number of boxes

Sequence | Vehicle type Number of boxes N M SD x> @ Post-hoc
Sboxes Less than 13 47.00 34.65
lton 5~10boxes Less than 17 50.71 16.88 3.158 B
10~30boxes Less than 23 42.39 17.37 (0.368)
30boxes More than 22 54.27 34.54
S5boxes Less than 30 50.67 16.35
Frozen 2 Stor 5~10boxes Less than 38 50.53 20.65 3.625 B
’ 10~30boxes Less than 33 45.24 22.20 (0.305)
30boxes More than 19 42.84 29.06
10boxes Less than 7 44.00 10.44 3108
5ton 10~30boxes Less than 8 34.88 5.79 -
30boxes More than 8 39.88 9.82 0.211)
S5boxes Less than 14 39.21 22.94
lton 5~10boxes Less than 14 52.71 24.07 3.980 B
10~30boxes Less than 21 43.29 20.38 0.264)
30boxes More than 20 56.15 34.63
Refrigeratio S5boxes Less than 30 53.47 21.40
. 9 Ston 5~10boxes Less than 35 54.06 23.83 2.468 B
10~30boxes Less than 28 49.93 33.55 (0.481)
30boxes More than 19 60.37 43.78
10boxes Less than 6 52.67 20.52 5131
5ton 10~30boxes Less than 8 34.88 5.79 -
30boxes More than 7 38.57 6.43 ©.077)
p<05, T p<ol, T p<ool
5. A2 2 A
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An Analysis of Changes in the Economic impacts of

the Logistics industry using Input-Output Analysis

Do Hun Kim?, Uyen Phaniz, Hun Koo Ha®*

123Graduate School of Logistics, Inha University

In this study, the logistics industry, which is gradually increasing in scale, is analyzed using
input-output analysis as one of the leading industries driving the development of the national
economy. Each transportation service in the input-output table is classified into passenger and freight
sectors based on production values, and the Input-Output table is restructured into 20 industries.
The analysis covers a period from 2000 to 2019, utilizing five-year interval Input-Output tables over
approximately 20 years. The study presents the analysis results on the production-induced effects,
value-added effects, forward linkage effects, backward linkage effects, and supply constraints of the
logistics industry. This study observed that the production-induced and value-added effects of
railway freight transportation services decreased over time while those of parcel services increased.
The logistics industry exhibited lower forward linkage effects compared to backward linkage effects.
Based on these analytical results, the study provides a foundation for future planning for each

logistics industry and offers insights into the development of the logistics industry.

quwords‘. Input Output Analysis, Logistics Industries, Parcel Service
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Intermediate demand Demands Imports Outlays
1 2 .« « +« - qn
1 Xy X, o0 X, n M, X
2 KXo1 Xy om0t Xy, Y, M, X
Intermediate : :
Input
n an an e ‘X;m Y;l Mn Xn
Value-added ViV eV
Output X X X

Figure 1. Input-Output table
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Table 2. Input-Output Table reorganized into the logistics sector

. Ratio
Industries
2000 2005 2010 2015 2019
Agriculture 1 1 1 1 1
Mining 1 1 1 1 1
Manufacturing 1 1 1 1 1
Power Gas
1 1 1 1 1
Steam and Water
Road construction 1 1 0.99 0.97 0.97
Rail construction 1 1 0.91 0.7 0.7
Subway 1 1 0.29 0.3 0.3
Port construction 1 1 1 1 1
Air construction 1 1 0.01 0.03 0.03
Construction 1 1 1 1 1
Services 1 1 1 1 1
Passenger (1+1+0.03+0.66) (1+1+0.02+0.6) (1+1+0.03+0.69) | (0.94+1+0.05+0.75) | (0.94+1+0.05+0.75)
Distribution 1 1 1 1 1
Land cargo
1 1 1 1 1
transport
Rail cargo
1 1 1 0.06 0.06
transport
Water cargo
0.97 0.98 0.97 0.95 0.95
c transport
S.|  Air cargo
=n 0.33 0.33 0.31 0.25 0.25
a transport
Warehousing
. ) 1 1 1 1 1
Material Handling
Transport
. 1 1 1 1 1
service
Parcel service 1 1 1 1 1
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Table 3. Production inducement effect
2000 2005 2010 2015 2019
?) @) @) ?) @)
Industries S g = 5 =] 3 = 5 =t B
2 : 2 2 :
Agriculture 1.9215 14 2.1157 15 2.338 16 2.113 16 2.258 16
Mining 1.8167 16 2.0271 16 2.211 17 2.184 15 2.278 15
Manufacturing 2.858 3 3.0651 2 3.209 2 2.684 3 2.876 3
Power Gas
2.173 12 2.318 13 2.757 10 2.3764 12 2.621 6

Steam and Water
Road construction | 2.297 10 3.0651 9 2.739 11 2.425 7 2.560 8

Rail construction | 2.834 4 2.318 4 2.994 5 2.415 9 2.516 11

Subway 2.936 1 2.516 3 2.994 4 2.415 10 2.516 10

Port construction | 2.320 9 2.847 11 2.599 15 2.382 11 2.572

Air construction 2.404 8 2.878 10 2.739 11 2.425 6 2.560

Construction 2.410 7 2.354 8 2.642 13 2.420 8 2.440 14
Services 1.868 15 1.956 18 1.974 20 1.888 19 1.946 20
Distribution 1.809 17 1.869 19 2.106 18 1.955 17 2.038 17
Passenger 2.165 13 2.247 14 2.612 14 2.244 14 2.507 12
Rail cargo
2.714 5 2.542 7 2.979 6 1.530 20 1.976 19
transport
Land cargo
2.213 11 2.342 12 2.791 8 2.561 5 2.722 5
transport
Water cargo
2.928 2 3.318 1 3.831 1 3.077 1 3.208 1

g transport
0Q .

@ | Air cargo
= 2.625 6 2.692 5 2.956 7 2.596 4 2.845 4
» transport

Warehousing
. ; 1.487 19 1.108 20 2.018 19 1.920 18 1.976 18
Material Handling
Transport
. 1.673 18 1.970 17 2.774 9 2.353 13 2.501 13
service
Parcel service 2.595 6 3.198 3 2.712 2 2.905 2
Industries average | 2.284 2.425 2.695 2.425 2.491
Logistics average | 2.273 2.456 2.775 2.494 2.591

_8’|_



ojA Z g Eo] HAE =T FFEHRE Fodtr] A EFAGFEES G dFE S
A=HE Ittt EF 4SS FFHOE AxYH AHlz B B dFEE 7 e AR
ottt AlZte] 386 wel HErt & FRFESEMH L, R2FESESAN S, B 9 31y, 43
EHNESEAN2E oz BEXE AASYY. “Table 4”5 EEIFESEAH S JY3E 3 A
oty Zt AW WA= FFY &He & ¥ UYEUA SFRAT ALREAS dAE 1707,
1.584, 0.895, 0.758, 09172 Az} 7rA3dtE FAE Bl

Table 4. An Exogenous Analysis of the Production Induction Effect of Rail cargo Transportation

2000 2005 2010 2015 2019
: @) @) @) @) @)
Rail cargo & = o S o] o g = o =
transport ] = = = =
= | 2 | 3| 8| 8| & | &8 | 8| &8
2 = = 2 =
Agriculture 0.043 6 0.0256 6 0.0113 7 0.008 8 0.0102 8
Mining 0.737 4 0.066 4 0.0450 5 0.037 5 0.0542 5
Manufacturing 0.957 1 0.705 1 0.4260 1 0.268 1 0.3599 1
Power Gas Steam
0.102 3 0.089 3 0.0528 4 0.084 4 0.1036 4
and Water
Road construction 0 14 0 15 0 15 0 15 0 15
Rail construction 0 14 0 15 0 15 0 15 0 15
Subway 0 14 0 15 0 15 0 15 0 15
Port construction 0 14 0 15 0 15 0 15 0 15
Air construction 0 14 0 15 0 15 0 15 0 15
Construction 0.02 8 0.0142 8 0.0041 10 0.003 10 0.0040 10
Services 0.380 2 0.557 2 0.1666 2 0.156 2 0.2110 2
Distribution 0.041 7 0.048 5 0.0350 6 0.023 6 0.0292 6
Passenger 0.009 10 0.008 10 0.0051 9 0.009 7 0.0096 9
Rail cargo
transport
Land cargo
0.012 9 0.01737 7 0.0086 8 0.008 9 0.0110 7
transport
Water cargo
0.002 11 0.002 11 0.0023 12 0.001 13 0.0011 13
= transport
0‘3 Air cargo
a 0.001 13 0.001 13 0.0006 14 0.0008 14 0.0009 14
) transport
Warehousing
. . 0.064 5 0.0094 9 0.1338 3 0.155 3 0.1754 3
Material Handling
Transport
. 0.002 12 0.0018 12 0.0029 11 0.002 11 0.0037 11
service
Parcel service 0.00068 14 0.0010 13 0.001 12 0.0021 12
Sum 1.711 1.544 0.8959 0.7561 0.9759
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Table 5. An Exogenous Analysis of the Production Induction Effect of Land cargo Transportation

2000 2005 2010 2015 2019
@) @) @) @) @)
e | g 2z | B |z | & | 5| & 2
transport =4 % ] % o % oh % = %
Q Q Q. Q Q
Agriculture 0.032 6 0.0271 6 0.0286 7 0.0259 7 0.025 7
Mining 0.043 4 0.0555 4 0.0895 4 0.0592 5 0.071 5
Manufacturing 0.698 1 0.846 1 1.1496 1 0.9505 1 0.953 1
Power Gas Steam
0.020 7 0.0244 7 0.0441 6 0.0435 6 0.043 6
and Water
Road construction 0 14 0 15 0 15 0 15 0 15
Rail construction 0 14 0 15 0 15 0 15 0 15
Subway 0 14 0 15 0 15 0 15 0 15
Port construction 0 14 0 15 0 15 0 15 0 15
Air construction 0 14 0 15 0 15 0 15 0 15
Construction 0.006 9 0.004 9 0.005316 10 0.0051 10 0.006 10
Services 0.275 2 0.245 2 0.2349 2 0.2934 2 0.316 2
Distribution 0.039 5 0.048 5 0.1067 3 0.0823 4 0.082 4
Passenger 0.008 8 0.0092 8 0.0071 9 0.0114 8 0.012 8
Rail cargo
0.0002 13 0.000481 14 0.0008 14 0.0002 14 0.000 14
transport
Land cargo
transport
Water cargo
0.0008 12 0.00224 11 0.0036 11 0.0029 11 0.002 12
— transport
(@]
.| Air cargo
= 0.001 11 0.000878 12 0.0011 13 0.0012 13 0.001 13
Q transport
Warehousing
. | 0.063 3 0.0611 3 0.0790 5 0.1220 3 0.133 3
Material Handling
Transport
. 0.001 10 0.0024 10 0.0074 8 0.0073 9 0.010 9
service
Parcel service 0.00071 13 0.0021 12 0.0023 12 0.003 11
Sum 1.188 1.327 1.7604 1.6073 1.657
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Table 6. An Exogenous Analysis of the
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Production Induction Effect of Warehousing Material Handling

2000 2005 2010 2015 2019
Warehousing N N L L 1~
Material Handling ED"" g % g % g % g ED"" g
2| & | £ | 8|8 | & |5 |&8|&8]|&8
2 2 B B g
Agriculture 0.012 6 0.0142 7 0.02432 7 0.0194 7 0.019 7
Mining 0.02 4 0.039 5 0.10228 4 0.0547 6 0.066 5
Manufacturing 0.228 2 0.375 1 0.87369 1 0.6117 1 0.627 1
Power Gas Steam
0.035 3 0.062 4 0.13905 3 0.0859 3 0.089 3
and Water
Road construction 0 14 0 15 0 15 0 15 0.000 15
Rail construction 0 14 0 15 0 15 0 15 0.000 15
Subway 0 14 0 15 0 15 0 15 0.000 15
Port construction 0 14 0 15 0 15 0 15 0.000 15
Air construction 0 14 0 15 0 15 0 15 0.000 15
Construction 0.009 7 0.009 10 0.00759 10 0.0064 10 0.008 10
Services 0.332 1 0.367 2 0.44322 2 0.4531 2 0.503 2
Distribution 0.015 5 0.028 6 0.09435 5 0.0728 4 0.075 4
Passenger 0.006 8 0.011 9 0.01440 9 0.0133 9 0.013 9
Rail cargo
0.0002 13 0.000 14 0.00087 14 0.0002 14 0.000 14
transport
Land cargo
0.003 10 0.011 8 0.0178 8 0.0146 8 0.017 8
transport
Water cargo
0.002 11 0.005 11 0.003162 12 0.0035 11 0.003 12
transport
= Air cargo
R 0.001 12 0.001 12 0.00155 13 0.0021 13 0.002 13
@ transport
9 | Warehousing
Material 0.005 9 0.078 3 0.05140 6 0.0587 5 0.049 6
Handling
Transport
service
Parcel
. 0.001 13 0.00343 11 0.0033 12 0.004 11
service
Sum 0.670 1.001 1.7771 1.3995 1.475
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Table 7. An Exogenous Analysis

of the Production Induction Effect of Parcel service

. 2005 2010 2015 2019
Parcel service = — . .
Coefficient| Rank | Coefficient| Rank |Coefficient| Rank | Coefficient| Rank
Agriculture 0.028 7 0.0274 8 0.0248 8 0.024 8
Mining 0.0569 4 0.0825 4 0.0543 4 0.067 4
Manufacturing 0.852 1 1.0305 1 0.8456 1 0.879 1
Power Gas
0.0282 6 0.0464 6 0.0443 7 0.044 6
Steam and Water
Road construction 0 15 0 15 0 15 0 15
Rail construction 0 15 0 15 0 15 0 15
Subway 0 15 0 15 0 15 0 15
Port construction 0 15 0 15 0 15 0 15
Air construction 0 15 0 15 0 15 0 15
Construction 0.0062 12 0.0052 12 0.0049 12 0.006 12
Services 0.291 2 0.4185 2 0.4554 2 0.500 2
Distribution 0.082 3 0.0927 3 0.0852 3 0.086 3
Passenger 0.042 5 0.0484 5 0.0445 6 0.038 7
Rail cargo
0.005 14 0.000759 14 0.0001 14 0.000 14
transport
Land cargo
0.019 9 0.0174 10 0.0170 9 0.020 9
transport
Water cargo
0.002 13 0.00405 13 0.0027 13 0.002 13
5 transport
z. Air cargo
= 0.018 10 0.0192 9 0.0131 10 0.011 10
a3 transport
Warehousing
. i 0.022 8 0.0355 7 0.0507 5 0.045 5
Material Handling
Transport service 0.007 11 0.0070 11 0.0076 11 0.010 11
Parcel service
Sum 1.454 1.836065 1.650 1.731
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Table 8. Value added inducement coefficients analysis

2000 2005 2010 2015 2019
@) @) @) @) @)
Industries S g = § o 5 = 5 & §
% g. %. % g.
=1 B = =1 B
Agriculture 1.201 1 1.227 1 1.259 1 1.190 1 1.153 1
Mining 1.151 2 1.186 2 1.238 2 1.124 4 1.076 7
Manufacturing 0.780 16 0.959 18 0.790 18 0.824 18 0.842 17
Power Gas Steam
0.991 13 1.148 14 0.837 17 0.953 14 0.862 16
and Water
Road construction | 1.107 6 0.938 5 1.100 10 1.057 8 1.026 11
Rail construction | 0.791 14 0.924 15 0.9747 13 1.048 12 1.042 9
Subway 0.715 17 1.178 16 0.9747 14 1.048 11 1.042 8
Port construction | 1.078 9 1.124 3 1.136 6 1.027 13 0.956 13
Air construction 1.056 12 1.141 10 1.100 9 1.057 9 1.026 10
Construction 1.062 11 1.142 8 1.059 11 1.054 10 1.086 5
Services 1.127 5 1.116 7 1.202 4 1.144 3 1.143 3
Distribution 1.095 7 1.116 11 1.124 7 1.089 7 1.085 6
Passenger 1.077 10 1.136 9 1.112 8 1.101 6 1.019 12
Rail cargo
0.786 15 0.890 17 1.228 3 1.167 2 1.147 2
transport
Land cargo
1.094 8 1.147 6 1.053 12 0.927 16 0.872 15
transport
Water cargo
0.289 19 0.581 20 0.414 20 0.579 20 0.427 20
5 transport
o .
@ Air cargo
= 0.679 18 0.773 19 0.882 15 0.905 17 0.750 18
» transport
Warehousing
) ) 1.138 3 1.158 4 1.169 5 1.111 5 1.109 4
Material Handling
Transport
. 1.131 4 1.085 12 0.860 16 0.940 15 0.892 14
service
Parcel service 1.014 13 0.781 19 0.740 19 0.663 19
Industries average | 0.966 1.033 1.015 1.004 0.961
Logistics average | 0.853 0.950 0.913 0.910 0.837
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Table 9. An Exogenous Analysis of the Value added Induction Effect of Rail cargo transport

2000 2005 2010 2015 2019
Rail cargo e g S e g
transport % g = g 5 g’: & & = g
Q ; % 8 Q ; %
] 2 3 ] 2
Agriculture 0.027 6 0.015 6 0.0061 7 0.0044 7 0.0052 7
Mining 0.047 4 0.038 3 0.0251 4 0.0193 5 0.0256 5
Manufacturing 0.262 1 0.179 2 0.1028 1 0.0757 3 0.1053 2
Power Gas Steam
0.047 5 0.036 4 0.0160 6 0.0333 4 0.0341 4
and Water
Road construction 0 14 0 15 0 15 0 15 0 15
Rail construction 0 14 0 15 0 15 0 15 0 15
Subway 0 14 0 15 0 15 0 15 0 15
Port construction 0 14 0 15 0 15 0 15 0 15
Air construction 0 14 0 15 0 15 0 15 0 15
Construction 0.009 8 0.006 9 0.0016 10 0.0012 10 0.0018 10
Services 0.230 2 0.326 1 0.1008 2 0.0922 1 0.1238 1
Distribution 0.026 7 0.028 5 0.0186 5 0.0125 6 0.0156 6
Passenger 0.004 10 0.004 10 0.0022 9 0.0042 8 0.0039 8
Rail cargo
transport
Land cargo
0.006 9 0.008 7 0.0032 8 0.0027 9 0.0035 9
transport
Water cargo
0.0002 13 0.0004 12 0.0003 13 0.0002 14 0.0002 14
transport
5| Air cargo
@, 0.0003 12 0.0003 13 0.0002 14 0.0003 13 0.0005 12
Z3 transport
O
v | Warehousing
Material 0.050 3 0.007 8 0.0770 3 0.0882 2 0.0984 3
Handling
Transport
. 0.001 11 0.001 11 0.0009 11 0.0008 11 0.0013 11
service
Parcel service 0.0002 14 0.0003 12 0.0004 12 0.0005 13
Sum 0.710 0.651 0.3549 0.3353 0.4195
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Table 10. An Exogenous Analysis of the Value added Induction Effect of Land cargo transport

2000 2005 2010 2015 2019
@) @) @) @) @)
= | 2 | 3| 8| 8| & | &8 | 8| &8
=1 B = = =
Agriculture 0.020 6 0.016 6 0.0153 6 0.0140 7 0.0126 7
Mining 0.027 4 0.032 4 0.0499 4 0.0307 5 0.0337 5
Manufacturing 0.191 1 0.215 1 0.2773 1 0.2689 1 0.2792 1
Power Gas Steam
0.010 7 0.010 7 0.0133 7 0.0172 6 0.0140 6
and Water
Road construction 0 14 0 15 0 15 0 15 0 15
Rail construction 0 14 0 15 0 15 0 15 0 15
Subway 0 14 0 15 0 15 0 15 0 15
Port construction 0 14 0 15 0 15 0 15 0 15
Air construction 0 14 0 15 0 15 0 15 0 15
Construction 0.003 9 0.002 9 0.0020 10 0.0021 10 0.0025 10
Services 0.166 2 0.143 2 0.1421 2 0.1737 2 0.1855 2
Distribution 0.024 5 0.028 5 0.0568 3 0.0450 4 0.0438 4
Passenger 0.004 8 0.005 8 0.0030 8 0.0053 8 0.0048 8
Rail cargo
0.00007 13 0.0001 14 0.0005 12 0.0001 14 0.0001 14
transport
Land cargo
transport
Water cargo
0.00008 12 0.0003 11 0.0004 13 0.0005 12 0.0003 13
transport
5| Air cargo
s 0.0003 11 0.0002 13 0.0003 14 0.0004 13 0.0008 11
3 transport
(@]
“ | Warehousing
Material 0.048 3 0.046 3 0.0455 5 0.0692 3 0.0747 3
Handling
Transport
. 0.001 10 0.001 10 0.0023 9 0.0029 9 0.0035 9
service
Parcel service 0.0003 12 0.0005 11 0.0006 11 0.0007 12
Sum 0.494 0.499 0.6092 0.6307 0.6562

_89_



B 9 39 BRI FrksteE FAS Rt B4 Azs “Table 117 3 o] yebgth
2000 7}7}74%% Age 032302 FA 82 oz 2 Aol AT 2019 0.6332.2 7719
TFAY T AUAE w2 Aol & Aoz FAlsin

Table 11. An Exogenous Analysis of the Value added Induction Effect of Warehousing Material Handling

2000 2005 2010 2015 2019
g O Q) @) O Q)
Warchousing e = o] = e o e = o] =
Material Handling =4 o = =4 o
= | 2| 8| 2| &8 | B | &8 | & | & | B
=1 =4 = =1 =4
Agriculture 0.008 6 0.008 7 0.0130 7 0.0105 7 0.0096 7
Mining 0.013 4 0.023 5 0.0570 3 0.0283 6 0.0312 4
Manufacturing 0.062 2 0.095 2 0.2107 2 0.1730 2 0.1836 2
Power Gas Steam
0.016 3 0.025 4 0.0420 5 0.0340 4 0.0294 5
and Water
Road construction 0 14 0 15 0 15 0 15 0 15
Rail construction 0 14 0 15 0 15 0 15 0 15
Subway 0 14 0 15 0 15 0 15 0 15
Port construction 0 14 0 15 0 15 0 15 0 15
Air construction 0 14 0 15 0 15 0 15 0 15
Construction 0.004 8 0.004 10 0.0028 10 0.0027 10 0.0033 10
Services 0.201 1 0.214 1 0.2680 1 0.2683 1 0.2956 1
Distribution 0.01 5 0.017 6 0.0501 4 0.0398 3 0.0399 3
Passenger 0.003 9 0.005 9 0.0061 9 0.0061 8 0.0052 9
Rail cargo
0.0006 13 0.0002 14 0.0006 12 0.0001 14 0.0001 14
transport
Land cargo
0.002 10 0.005 8 0.0067 8 0.0051 9 0.0054 8
transport
Water cargo
0.0002 12 0.0008 11 0.0003 14 0.0006 13 0.0004 13
transport
= Air cargo
R 0.0003 11 0.0003 12 0.0005 13 0.0007 12 0.0012 11
@ transport
& | Warehousing
Material 0.004 7 0.059 3 0.0296 6 0.0333 5 0.0276 6
Handling
Transport
service
Parcel
. 0.0002 13 0.0009 11 0.0009 11 0.0009 12
service
Sum 0.323 0.457 0.6882 0.6035 0.6333

_90_



A3 EHAEEEAH 2 IR R Ea e WskE “Table 12”9P 2o BRI ERE mEA F
7Vt FAE Bt 20199 7EFo.2 FEIIVIAFERA ST FFSESSEAN A Lo R 2 a3
£ 7 Ao = yER

Table 12. An Exogenous Analysis of the Value added Induction Effect of Parcel service
. 2005 2010 2015 2019
Parcel service — — - -
Coefficient| Rank |Coefficient| Rank |Coefficient| Rank | Coefficient Rank
Agriculture 0.016 7 0.0146 7 0.0134 8 0.0124 8
Mining 0.033 4 0.0460 4 0.0281 5 0.0318 4
Manufacturing 0.216 1 0.2485 2 0.2392 2 0.2574 2
Power Gas
0.012 8 0.0140 8 0.0176 7 0.0144 7

Steam and Water

Road construction 0 15 0 15 0 15 0 15

Rail construction 0 15 0 15 0 15 0 15

Subway 0 15 0 15 0 15 0 15
Port construction 0 15 0 15 0 15 0 15
Air construction 0 15 0 15 0 15 0 15

Construction 0.003 12 0.0019 12 0.0021 12 0.0025 12
Services 0.169 2 0.2531 1 0.2697 1 0.2935 1
Distribution 0.049 3 0.0493 3 0.0466 3 0.0460 3
Passenger 0.021 5 0.0204 6 0.0206 6 0.0153 6
Rail cargo
0.0001 14 0.0005 13 0.0001 14 0.0001 14
transport
Land cargo
0.009 9 0.0065 9 0.0059 9 0.0063 10
transport

Water cargo

— 0.000 13 0.0004 14 0.0005 13 0.0003 13

2 transport

& Air cargo

a 0.005 10 0.0057 10 0.0044 10 0.0064 9

v transport

Warehousing

. ) 0.017 6 0.0205 5 0.0287 4 0.0252 5
Material Handling
Transport service 0.004 11 0.0022 11 0.0030 11 0.0035 11
Parcel service
Sum 0.554 0.6837 0.6799 0.7151
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Figure 3. Changes in Value added Induction Effect of Exogenous Logistics Industry
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Table 13. Supply shortage effect analysis

2000 2005 2010 2015 2019
@) @) @) @) @)
Industries S g = % o 5 = 5 & %
2. g. Q. 2. g.
=l = = =l =
Agriculture 3.134 4 3.281 6 4.059 6 3.310 5 3.322 5
Mining 44.201 1 63.274 1 135.44 1 81.672 1 99.867 1
Manufacturing 2.698 7 2.934 9 3.749 7 2.784 8 2.777 9
Power Gas Steam
2.791 6 3.013 8 3.601 8 3.075 7 3.063 7
and Water
Road construction 1 15 1 16 1 16 1 16 1 16
Rail construction 1 15 1 16 1 16 1 16 1 16
Subway 1 15 1 16 1 16 1 16 1 16
Port construction 1 15 1 16 1 16 1 16 1 16
Air construction 1 15 1 16 1 16 1 16 1 16
Construction 1.246 13 1.159 15 1.167 15 1.122 15 1.122 15
Services 1.975 10 1.945 12 2.050 13 1.867 13 1.860 13
Distribution 1.980 9 2.289 10 2.943 10 2.312 11 2.230 11
Passenger 1.637 12 1.834 14 2.010 14 2.156 12 2.190 12
Rail cargo
7.962 2 6.381 2 14.027 2 2.554 9 2.939 8
transport
Land cargo
2.335 8 4.362 3 5.474 3 4.429 2 4.629 2
transport
Water cargo
1.135 14 1.900 13 2.171 12 1.759 14 1.800 14
5 transport
B | Air cargo
= 1.886 11 2.040 11 2.268 11 2.361 10 2.316 10
a transport
Warehousing | o g0y | 5 | 4061 | 4 | 5393 | 4 | 4426 | 3 | 4553 3
Transport
. 3.535 3 3.751 5 4.649 5 3.794 4 3.513 4
service
Parcel service 3.161 7 3.448 9 3.282 6 3.183 6
Industries average | 2.230 2.479 3.264 2.328 2.342
Logistics average | 3.280 3.665 5.347 3.229 3.276
TFAZERE BERAYEE w5 HFEHE Fotepr) ds) ystetel 2osAn A=Y FF
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AESESTAH 2 EFAY T 3AZERT} 7 & AYeE BHA oY 20100 & FHAs)
£ FAE BYT 20199 FAFEESHN 2 hgor e FTFAZENES Role Ao veyn
ol AEIETTAN 2 FFHo] Fo]Eo] FFol Aol AFHE Wl thE Al A= FFHo]
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Table 14. An Exogenous Analysis of the Supply shortage effect in 2000
Rail cargo Land cargo Water cargo Air cargo Transport Warehousing
transport transport transport transport service Material Handling

2000 o

g g g

Agriculture  (0.032455] 9  ]0.027081] 5 |0.001655| 7 0.01002 5 (0.021721] 9 0.07076 6

TUDIOLJJ0D)
Jueyd
JUSIIJ20D)
Juey
JUSIOIJI0D)
JUSIOIJO0D)
ey
JUSIOIJIS0D)
JUSDIIJ0D)

Mining 0.001965 18 |0.001507] 14 |0.000161] 16 |0.000751] 15 |0.003575| 12 |0.001269| 16

Manufacturing [1.605124| 2  [0.811094] 1 |0.070168| 1 0.40034 1 |0.501456) 2 ]0.999212| 1
Power Gas
Steam and Water
Road construction0.042979| 6 0.0174 8 ]0.001609] 8 |0.005793] 9 |0.008303] 11 |0.014163| 10

0.041907| 7 0.01591 9 ]0.002266] 5 ]0.008902] 7 |0.016873 10 |0.026612| 7

Rail construction|0.005284| 12 |0.001954] 12 ]0.000261) 11 ]0.001203] 12 |0.001508] 15 ]0.002239| 12

Subway 0.005666| 11 ]0.001995] 11 |0.000239| 12 0.0011 13 ]0.001311] 16 |0.002154| 13

Port construction|0.003281| 14 |0.001164] 16 ]0.000139] 17 ]0.000375| 17 ]0.000919] 17 |0.001016| 17

Air construction |0.003767| 13 ]0.001612| 13 ]0.000166| 15 |0.000584| 16 |0.000709] 18 ]0.001324| 15

Construction 0.168241| 4  |0.094073] 4 ]0.007421] 3 0.03364 4 10.046974] 8 |0.081166| 4

Services 0.280267| 3 |0.189316| 2 |0.012797] 2 |0.270539] 2 |0.209044| 4 ]0.233178] 3

Distribution  {0.034043| 8 ]0.020173] 7 |0.001966| 6 |0.122651) 3 |0.058238] 7 |0.024122| 8

Passenger  |0.162714| 5 ]0.022227) 6 |0.002477| 4 ]0.009529) 6 |0.233459] 3  |0.075722| 5

Rail cargo
0.0003 18 10.00003| 18 |0.000117) 18 ]0.002412| 13 ]0.000229| 18
transport
Land cargo
0.00978 | 10 0.000572| 9  |0.004053| 10 |0.098606| 5 0.0066 11
transport
Water cargo
— 4.55698 1 10103292 3 0.008466| 8 |0.541591] 1 |0.974612| 2
o | transport
T Air cargo
=2 0.00304 | 15 ]0.003255| 10 ]0.000194| 13 0.061919) 6 |0.018353] 9
v | transport
Transport
i 0.002271 16 |0.001381| 15 |0.000168] 14 |0.002925] 11 0.001429, 14
service
Warehousing
Material |0.001993| 17 ]0.000667| 17 ]0.000298| 10 ]0.000931] 14 |0.001851] 14
Handling
Sum 6.962 1.314 0.103 0.882 1.810 2.534
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Table 15. An Exogenous Analysis of the Supply shortage effect in 2005
Rail cargo | Land cargo | Water cargo | Air cargo Transport | Warehousing .
, , . |Parcel service
transport transport transport transport service  |[Material Handling
@) @) <) @) @) @) <)
2005 g o | 8 | = | 8| = | 8| =8| |8 =8/ =
Q. Q. 2. a. Q. Q. 2.
g g ! g = 2 2
Agriculture (0.0550 7 0.0383] 6 |0.0027| 6 |0.0108| 5 |0.0322| 10 [0.0905| 6 |0.0209| 5
Mining 0.0494/ 8 |0.0174| 10 |0.0002| 14 [0.0008| 15 |0.0110| 13 |0.0017| 14 ]0.0013| 15
Manufacturing |3.8423 1 (2.2913| 1 [0.1013| 1 |0.4691| 1 |14750| 1 |L7242] 1 |0.6752| 1
Power Gas
0.2705| 4 ]0.1001| 5 |0.0025| 7 [0.0104| 6 [0.0649| 8 |0.0334| 7 [0.0155| 7
Steam and Water
Road construction|0.0373| 10 |0.0250| 7 ]0.0013| 8 |0.0057| 10 [0.0169| 12 |0.0153| 10 |0.0097| 10
Rail construction|0.0077| 12 |0.0046| 11 [0.0002| 13 |0.0012| 14 ]0.0033| 15 |0.0027| 13 |0.0019| 13
Subway 0.0028/ 17 ]0.0014| 16 |0.0001| 17 [0.0004| 17 [0.0009| 17 |0.0009| 17 [0.0007| 17
Port construction(0.0042| 14 [0.0016| 15 |0.0001| 15 [0.0004| 16 [0.0015| 16 |0.0011| 16 [0.0007| 16
Air construction|0.0017| 19 |0.0008| 18 [0.00003 18 |0.0002| 18 [0.0005| 18 |0.0005| 18 |0.0004| 18
Construction (0.2768) 3 ]0.1751| 4 |0.0082| 5 [0.0462| 4 |0.1229| 7 |0.1223] 5 ]0.0726| 4
Services  [0.5911) 2 |0.4070f 2 |0.0209| 2 ]0.2926/ 2 |0.3688| 2 |0.2785| 3 |0.4876| 3
Distribution (0.0687| 6 |0.2177| 3 |0.0091| 4 |0.1616/ 3 |0.1709| 5 |0.1395| 4 |0.6186| 2
Passenger [0.0391) 9 ]0.0228| 8 |0.0098| 3 [0.0101| 7 |0.1912| 4 |0.0248| 8 ]0.0135| 9
Rail cargo
0.0003| 19 /0.00002 19 |0.0001| 19 |0.0004| 19 |0.0002| 19 |0.0002| 19
transport
Land cargo
0.0283] 11 0.0013| 9 |0.0049| 11 |0.1454| 6 |0.0156| 9 |0.0096| 11
transport
Water cargo
0.0902 5 (0.0218| 9 0.0083| 8 [0.3378| 3 ]0.2880| 2 |0.0145| 8
transport
—| Air cargo
2 0.0062| 13 ]0.0037| 12 [0.0004| 11 0.0618| 9 ]0.0038| 11 |0.0027| 12
g | _transport
o'| Transport
< i 0.0030| 15 [0.0022| 13 |0.0002| 12 |0.0036| 12 0.0016| 15 |0.0172| 6
service
'Warehousing
Material ]0.0029| 16 |0.0018| 14 |0.0005| 10 ]0.0012| 13 |0.0288| 11 0.0016| 14
Handling
Parcel
. 0.0021) 18 {0.0014| 17 |0.0001| 16 [0.0075| 9 ]0.0037| 14 |0.0032| 12
service
Sum 5.3793 3.3344 0.1589 1.0353 3.0378 2.7477 1.9643
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Table 16. An Exogenous Analysis of the Supply shortage effect in 2010
Rail cargo | Land cargo | Water cargo | Air cargo Transport | Warehousing .
. . . |Parcel service
transport transport transport transport service  |Material Handling
@) @) <) @) @) @) <)
2010 g o | 8 | = | 8| = | 8| =8| |8 =8/ =
Q. Q. 2. a. Q. Q. 2.
g g ! g = g !
Agriculture [0.1204| 6 [0.04613] 6 |0.00437 7 |0.01215] 8 [0.0500f 9 |0.0616| 7 |0.02351] 6
Mining 0.0806| 9 ]0.01321] 10 |0.00081] 10 [0.00073| 15 |0.0100| 14 [0.0048| 14 |0.00116] 15
Manufacturing |9.2104| 1 (316285 1 ]0.21951] 1 |0.61108] 1 |2.4943| 1 ]2.3036] 1 0.98838 1
Power Gas
0.8818| 3 |0.18772| 4 ]0.01137| 6 ]0.02036] 5 |0.1413] 7 ]0.0982| 6 ]0.06083] 5
Steam and Water|
Road construction/0.0623| 11 ]0.02570| 9 ]0.00192| 8 [0.00488| 12 |0.0176| 12 |0.0166| 10 ]0.00815 11
Rail construction|0.0169| 14 ]0.00679] 13 (0.00045| 13 |0.00149] 14 |0.0050| 15 |0.0048| 13 ]0.00244| 13
Subway 0.0069| 18 ]0.00278| 17 ]0.00018| 17 ]0.00061] 17 {0.0021| 18 ]0.0020| 17 ]0.00100| 17
Port construction[0.0108| 17 [0.00446| 16 |0.00044| 14 [0.00068| 16 [0.0032| 16 |0.0024| 16 [0.00111] 16
Air construction|0.0006| 19 |0.00026/ 18 ]0.00002| 18 ]0.00005| 18 [0.0002| 19 |0.0002| 18 |0.00008| 18
Construction |0.5354| 4 |0.22166] 3 |0.01388) 5 ]0.04947] 4 |0.1595| 6 |0.1601| 4 ]0.08477| 4
Services 13555 2 048005 2 |0.03333] 2 |0.29026/ 2 |0.4978| 2 |0.3833] 3 ]0.43134| 3
Distribution [0.3892| 5 |0.17850| 5 |0.01462] 3 ]0.21399] 3 |0.2635| 4 |0.4124| 2 |0.56624| 2
Passenger [0.0930| 8 ]0.03194| 8 ]0.01431] 4 [0.00927) 9 |0.1714] 5 |0.0289| 8 ]0.01457| 8
Rail cargo
0.00016| 19 |0.00002] 19 [0.00005| 19 [0.0025| 17 |0.0001| 19 [0.00008| 19
transport
Land cargo
0.0642| 10 0.00172| 9 |0.00599] 11 [0.0985| 8 |0.0193] 9 (0.01082| 10
transport
Water cargo
0.1137| 7 |0.04427| 7 0.01323] 7 ]0.2654| 3 [0.1184| 5 |0.02179] 7
transport
| Air cargo
Q3 0.0158| 15 {0.00557| 14 ]0.00039| 16 0.0356| 10 |0.0049| 12 0.00224| 14
&@'| transport
S| Transport
i 0.0242| 13 ]0.00860| 12 ]0.00076| 11 ]0.00775] 10 0.0075| 11 ]0.01144| 9
service
'Warehousing
Material |0.0307| 12 ]0.01001] 11 |0.00070| 12 ]0.00365| 13 |0.0309| 11 0.00774| 12
Handling
Parcel
. 0.0138| 16 |0.00496| 15 |0.00043| 15 (0.01994| 6 |0.0108| 13 [0.0043| 15
service
Sum 13.0264 4.43560 0.31921 1.26562 4.2595 3.6333 2.23768
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Table 17. An Exogenous Analysis of the Supply shortage effect in 2015

Rail cargo | Land cargo | Water cargo | Air cargo Transport | Warehousing Parcel service
transport transport transport transport service  [Material Handling
@) @) @) @) @) @) @)
2015 <) <) <) o o <) <)
% = (ED"., =~ % = & = & = (ED"., =~ % =
F Y B[R F|F|E|R|F|RIE|R|R|"
= 2 = = = 2 =
Agriculture |0.0133| 8 |0.0350| 6 ]0.00405 7 |0.0114| 8 |0.0387| 9 ]0.0416f 7 |0.0215| 8
Mining 0.0044| 12 10.0136| 9 |0.00072| 12 |0.0007| 15 |0.0089| 13 |0.0043| 12 |0.0011| 15
Manufacturing [0.8009| 1 |2.3209| 1 (018880 1 |0.6801| 1 |[17129| 1 |1.3245] 1 |0.7602| 1
Power Gas
0.0542| 4 10.1692| 3 |0.00989] 6 |0.0200 5 |01154| 7 |0.0620f 6 [0.0639| 5
Steam and Water
Road construction|{0.0040| 13 |0.0134| 10 (0.00103| 10 |0.0034| 13 [0.0089| 14 |0.0073| 10 |0.0045| 12
Rail construction|0.0013| 16 |0.0039| 13 ]0.00031| 14 |0.0011| 14 |0.0029| 15 ]0.0023| 15 |0.0015| 14
Subway 0.0006| 17 |0.0018| 16 |0.00014| 17 |0.0005| 16 |0.0013| 18 |0.0010/ 16 |0.0007| 16
Port construction|0.0005| 18 |0.0015| 17 ]0.00015| 16 |0.0004| 17 |0.0014| 17 ]0.0008| 17 |0.0005| 17
Air construction|0.0001| 19 [0.0004| 18 |0.00003| 18 [0.0001| 18 |0.0003| 19 |[0.0002| 18 ]0.0001| 18
Construction |0.0508) 5 ]0.1610| 5 |0.01116| 5 |0.0459| 4 [0.1079| 8 |0.0975| 5 ]0.0663| 4
Services 0.4828| 2 10.4506| 2 003540 2 |0.3593| 2 |04326| 2 |0.3535| 4 ]0.4878| 3
Distribution [0.0866] 3 ]0.1637| 4 |0.01273] 4 |01770| 3 |02098| 3 04338 2 [0.5875| 2
Passenger |0.0103| 9 ]0.0226| 7 |0.01319] 3 |0.0121| 7 |01353| 6 |0.0343| 8 [0.0142| 9
Rail cargo
0.0001| 19 (0.00001] 19 |0.0001| 19 |0.0028| 16 |0.0001| 19 |0.0001| 19
transport
Land cargo
0.0137| 7 8 10.00215) 8 |0.0076| 11 |0.1598| 5 |0.0161| 9 |0.0130f 10
transport
Water cargo
0.0142| 6 |0.0178| 14 0.0090| 10 |[01774| 4 |0.3857| 3 |0.0403| 6
transport
| Air cargo
3 0.0014| 15 ]0.0032| 12 |0.00027| 15 0.0235| 11 |0.0032| 13 |0.0018| 13
@ transport
§| Transport
, 0.0084| 10 ]0.0061| 11 |0.00078] 11 |0.0102| 9 0.0061| 11 |0.0275| 7
service
Warehousing
Material |0.0053| 11 |0.0068| 15 |0.00118] 9 [0.0057| 12 |0.0352| 10 0.0083| 11
Handling
Parcel
_ 0.0016| 14 |0.0031| 14 |0.00036| 13 |0.0144| 6 |0.0120| 12 [0.0030| 14
service
Sum 1.5542 3.3948 0.28234 1.3591 3.1869 2.7774 2.1009
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Table 18. An Exogenous Analysis of the Supply shortage effect in 2019

Warehou
Rail cargo | Land cargo | Water cargo | Air cargo Transport .s1ng .
. Material |Parcel service
transport transport transport transport service .
Handling
2019 @) @) 0O 0 @) o O
3 S | = | 8 | = | 8| =1 8| | 8| =] 8| =
Q. Q. 2. a. Q. Q. 2.
g g ! g =t g !
Agriculture [0.0159] 7 |0.0356| 6 |0.00471) 7 |0.01051| 8 |0.0407| 9 [0.0373| 7 |0.0195| 7
Mining 0.0056| 12 {0.0137| 8 |0.00088| 12 [0.00073| 15 |0.0090| 13 |0.0044| 12 ]0.0011| 15
Manufacturing |0.9756| 1 [2.3688| 1 (021630 1 063579 1 |[1.7017| 1 |1.2351] 1 |0.6946| 1
Power Gas
0.0768 4 ]0.1959| 3 |0.01355| 5 |0.02134| 5 |0.1320| 7 |0.0706| 6 |0.0699| 4
Steam and Water
Road construction|0.0042| 13 |0.0123| 10 [0.00104| 10 |0.00281| 13 [0.0080| 14 |0.0060| 11 |0.0036| 12
Rail construction|0.0012| 16 |0.0033| 15 {0.00029| 15 |0.00083| 14 |0.0024| 16 |[0.0018| 15 |0.0011| 14
Subway 0.0005| 18 {0.0014| 17 |0.00012| 17 [0.00036| 17 |0.0010| 18 |0.0008| 17 ]0.0005| 17
Port construction/0.0006| 17 |0.0016| 16 |0.00018| 16 [0.00036| 16 |0.0014| 17 |0.0008| 16 |0.0005| 16
Air construction|0.0001| 19 |0.0004| 18 |0.00003| 18 [0.00009| 18 |0.0002| 19 [0.0002| 18 |0.0001| 19
Construction |0.0688) 5 ]0.1864| 4 |0.01450| 4 |0.04788| 4 [0.1217| 8 |0.1022| 5 ]0.0680| 5
Services  |0.6164| 2 [0.5324| 2 |0.04720 2 036535 2 |0.4938| 2 ]0.3827| 3 |0.5054| 3
Distribution [0.1079| 3 |0.1728] 5 |0.01541| 3 ]0.17090, 3 |0.2167| 4 |0.4599| 2 [0.5696| 2
Passenger [0.0136)] 8 [0.0260| 7 |0.01319| 6 [0.01201| 7 |0.1394| 6 |0.0244| 8 ]0.0131| 8
Rail cargo
0.0002| 19 (0.00002| 19 |0.00008 19 |0.0031| 15 [0.0001| 19 |0.0001| 18
transport
Land cargo
0.0173| 6 0.00262| 8 |0.00756| 10 [0.1690f 5 |0.0162| 9 [0.0126| 9
transport
Water cargo
0.0118 9 [0.0135| 9 0.00581| 12 0.2242| 3 [0.1379| 4 [0.0105| 11
transport
| Air cargo
] 0.0019] 15 [0.0038| 14 |0.00034| 14 0.0225| 11 |0.0033| 14 ]0.0018| 13
&'| transport
S| Transport
i 0.0097| 10 {0.0070| 12 ]0.00091| 11 ]0.00955| 9 0.0060{ 10 [0.0244| 6
service
'Warehousing
Material |0.0084| 11 [0.0105| 11 |0.00182| 9 |0.00724| 11 |0.0383| 10 0.0106| 10
Handling
Parcel
i 0.0026| 14 |0.0046| 13 |0.00052| 13 ]0.01473| 6 |0.0133] 12 |0.0038| 13
service
Sum 1.9389 3.5903 0.33362 1.31392 3.3386 2.4933 2.0068
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Table 19. Backward linkage effect analysis

2000 2005 2010 2015 2019
@) @) @) @) @)
. o) o) o o) o)
Industries % 7 % = (ED"'z =~ % = % )
s R F R B R E|R|E|R
B El = B El
Agriculture 0.840 14 0.873 15 0.877 15 0.905 15 0.907 16
Mining 0.795 16 0.540 16 0.825 16 0.894 16 0.914 15
Manufacturing 1.250 3 1.264 2 1.216 2 1.201 2 1.154 3
Power Gas
0.950 13 0.969 13 1.030 10 0.991 13 1.052 6
Steam and Water
Road construction | 1.004 10 1.038 8 1.028 12 1.041 7 1.028 8
Rail construction | 1.238 4 1.175 4 1.125 3 1.036 9 1.010 10
Subway 1.282 1 1.188 3 1.125 4 1.036 10 1.010 10
Port construction | 1.014 9 0.972 12 0.975 14 1.018 11 1.033 7
Air construction 1.050 8 1.031 10 1.028 11 1.041 6 1.028 8
Construction 1.058 7 1.035 9 1.059 7 1.039 8 0.979 14
Services 0.817 15 0.808 18 0.738 19 0.796 19 0.781 20
Distribution 0.761 17 0.773 19 0.785 17 0.821 17 0.818 17
Passenger 0.968 12 0.945 14 0.980 13 0.981 14 1.006 12
Rail cargo
1.187 5 1.050 7 0.704 20 0.724 20 0.793 18
transport
Land cargo
0.968 11 0.976 11 1.047 8 1.098 5 1.093 5
transport
Water cargo
1.281 2 1.391 1 1.435 1 1.299 1 1.288 1
transport
5 Air cargo
z. 1.148 6 1.136 5 1.110 6 1.115 4 1.142 4
=2 transport
| Transport
. 0.650 19 0.635 20 0.754 18 0.808 18 0.793 18
service
Warehousing
Material 0.732 18 0.827 17 1.039 9 0.997 12 1.004 13
Handling
Parcel service 1.074 6 1.122 5 1.158 3 1.166 2
Industries average | 1.002 0.970 0.984 0.985 0.978
Logistics average | 0.994 1.013 1.030 1.028 1.040
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Table 20. Forward linkage effect analysis

2000 2005 2010 2015 2019
@) @) @) @) @)
Industries e = 3 = 3 =~ 3 = o 7J
%. g. %. %. g.
=1 B = =1 B
Agriculture 0.762 6 0.675 8 0.601 8 0.625 7 0.6083 8
Mining 0.964 3 1.046 3 1.174 3 0.996 3 1.0691 3
Manufacturing 6.172 1 6.851 1 7.586 1 6.513 1 6.3711 1
Power Gas Steam
0.772 5 0.770 5 0.825 5 0.880 5 0.8638 6
and Water
Road construction | 0.438 15 0.412 16 0.3711 16 0.412 16 0.4014 16
Rail construction | 0.438 15 0.412 16 0.3711 16 0.412 16 0.4014 16
Subway 0.438 15 0.412 16 0.3711 16 0.412 16 0.4014 16

Port construction | 0.438 15 0.412 16 0.3711 16 0.412 16 0.4014 16

Air construction 0.438 15 0.412 16 0.3711 16 0.412 16 0.4014 16

Construction 0.529 9 0.471 11 0.414 13 0.452 13 0.4458 13

Services 3.170 2 2.940 2 2.534 2 3.093 2 3.3204 2
Distribution 0.772 4 0.902 4 1.006 4 0.998 4 0.9599 4
Passenger 0.503 11 0.510 10 0.462 10 0.520 11 0.5053 11
Rail cargo
0.474 12 0.420 15 0.381 15 0.414 15 0.4029 15
transport
Land cargo
0.533 8 0.638 9 0.555 9 0.610 8 0.6171 7
transport
Water cargo
0.460 13 0.700 6 0.651 7 0.591 9 0.5619 9
transport
— .
[} Air cargo
z. 0.449 14 0.432 14 0.389 14 0.429 14 0.4167 14
=2 transport
| Transport
. 0.722 7 0.677 7 0.710 6 0.819 6 0.8650 5
service
Warehousing
Material 0.525 10 0.452 12 0.442 11 0.548 10 0.5342 10
Handling
Parcel service 0.450 13 0.415 12 0.461 12 0.4514 12
Industries average | 1.218 1.248 1.266 1.241 1.239

Logistics average | 0.527 0.538 0.506 0.553 0.555
5. A&
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