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424 Qe Aldio] XA 7= HE2 7S 4 e HolH Y
TR &%, A7E JVHAIFIL UAK(Fredriksson et al, 2017;
Velasquez et al, 2018; Kumar et al, 2019). °|¢} t&o] 7}4] Q&=
HolH2R7E o] Q= AHEE FEIHL 2YE A= WHe $a4
Al FHEL JqtHKhan et al, 2017; Sharma & Pandey, 2020).
20169 AlAEAZE(World Economic Forum, WEF)DoJA 42} AHA
g F9 A2 tFH sHEA A9 YT} 7&EStEE HHE
Zle ==l SAlo] diet =97t E4%2& o|FoFtH(Prisecaru,

2017). &S, AAECz I8 Qe JEHE 7|Hes Bgrp= 93|

flo

1) MAZHZEZS 0fE AA J2tRPHF| RIS SXZA| CHEANN D27 20| CHEA
THO2t 1T 22ICt 20169 CHEAZZIA ‘4X} AMASHO| O|5H(Mastering the Fourth
Industrial Revolution)& FHZ =2lotiCt. 0[0] 4xt MAHT2 CIXE HHQER AL
F)ol 7|8eto] F2|1N 7t CXEN 37t MESsH 32t ZATL d0jeiXls 7I&88Ee
AlCHEEDT FolotIct.



¥ dZ4A(McKinsey Global Institute)= 201549 (H|je] &)
A wle] Hsks I=9] AMdEY wiEo 108 o #lE3, 3008 © =
™, 30008 © & Aolztal Aot HDobbs er al, 2015).

ojZ|gt HlHo|Ee} XAART|&S] WL et AEA oY Al
Hol &8 4 3= dlol"e o7t Woldl w2t golHE Eot ay
Hog &g 4 Q= HWete] Higt ool SVt ATHKim er al,
2014). 53], AERJAEHYUE BT gt FE7|E 7]6He] ol 7l AA]
Zro g WAL ol £ HAS Sl A9 JAEAS sste
of 8% QtKTien, 2003; Hochtl er al, 2016; Young et al,
2019; Westbrook et al, 2019).

dolge & o, s840l FIHoE Jrleke HlolEH HH
(deluge)®] BFo1M ZAE F&d] A4staL ol a8 + e 4

J
it
K

dlol8E uefstal Adet 7|HE B8 BAde=HA 2] 3 =
E3h= HolEAtoldAet Z2 Fobh diFEAL AtkBell er al, 2009).

mebA =21ARl AALE VHter @RS Foli ARYY AEES =

AHAAQolu AAS FHsk= Hol oA FAY 7|xA=TE 2 & U=
glolg 7|gte] Fd £, 24, 4, TRl U 58740] o1& HF
E]31 QIti(Hahn, 2008; Zerhouni, 2009; Shin & Gwag, 2017). I+A

o HBH AL S Yukd A%, BEolt B AW 2JEAo|

2)

2 XMe Richard Dobbs, James Manyika, Jonathan Woetzel7t H{OH |H= “No
Ordinary Disruption: The Four Global Forces Breaking All the Trends”O|LC}.



ol weh JAFZ0] Ao RS AXSHUHGray & Chambers,
1997; Jette et al, 2003). o]& Bt ATAHolw AP &2 4
g Fof AWE HaslolHA AHA9] A FAA7I7] flste] FEU
glolg, A#&o| ZIAS) AHAS vEstke SAVINE BA SH
(Evidence-based policy making)e] 8753l th(Sanderson, 2002;
Pawson, 2006; Fobia et al, 2019). °olo| SA7I5t Z4 S=Hol&t F

= /Mstal Hshy] {8 A5 &3l 2olRl H1Y &8 TS S
AE 7IHto R ohofet AAy ngdl, ZRAE figt 2o] oAb

AL L35ty AAE £Ho= Aoz Ao K Davies, 1999; Banks,

AAoll w2t SA(Evidence)ol Higt iAol wheFstal 1 7 2t
7] ©t2tH(Head, 2010; Foundation, 2014; Office, 1999; IH=HAA
T, 2015). "= FAVINE FAEYHES(Commission  on
Evidence-Based Policymaking, CEP)2 $A= 808 “FH9 1=

Jgelt Ae Wt dold FAHOE §8F AHE BAF

A2 FAAES} 52 729 A 42 &5 doiAe HH 7EkS
= HEAR BH AU YuistHA, HHolH, I3 HelH &2 Y
glolej7F SA7|6E Aol Hio] Hrh= e HEs| FHS L U ®
gt OECD YAEAAZAAYE(Committee on Digital Economy
Policy, CDEP)= 77159 F&Z s & FAo] digt i1E5d
FEECIH), dloleE BAstal B71e A2 A, 234 /A4, 1
2l B AR AFA 19 o7t 8F"EHA FASIAT(van der
Hoeven, 2007).
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283}, AFold, AATECl W& 7t HA7ENational

ol e Wit Ao FHE HEsto] w9 tpfet Atsel A &

£ UEFoE HgotHA AFHolr AHAQL ARt RS
oA AlA"E BROA S FAAS A wetd Ba7F dtk(Boon
& Edler, 2018). A|A®l AFil(Systems thinking) &2 A|AH Y
(Systems perspectives)= AFEC|Y @A AA| A1 WofA HigtE 1
AAES FHshe OFt 9459 42AE8S mefto gy olzjt 4
o2rgo] AA| AAR ot S F=A Yool AA|F 2 X4
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28 FHAA SHEE = e ZAE AoAstL HolHAIIA THE

olg3tel ShAYS AN Y| &M W ATE FPstant.

A

' v
- L i
HE YT R U SE LSS Yot EfolEIAfoletA
I 1 sz
v Yy N ‘ v o
o o
s a7 K31 SopH| #=
Al HiX|et o] 82| ZH| HAIZFHZ O 2H 2 FEHAS 25| QIEH el HEA 71E 2l
= X9 17,7714 = X2 17,7717H = QIIATIAY 30,7937} = D sYUEEL0]E 5
= 3} 5977, Wil 1,149 = O|2(T2A)A|M 535374 = X[3HE DEM 5ma * =1 RIAXIE 5171
= 3G 661574 = 361001 £S5 2 Gjo|y * OHIZ2 24174, Hold 574 = HEAE HO|E 200074
g Eoia B HES 24 + M} +
p-median B2t%|%{s} = Hapgmot S5 20|
dude nEdt Ald9 AR nEs 58 Nt SEIUI|He it HEA S HEASHIZ |
Hm e 4 gaolaox My {2 esAl A8 N HarE ol 50| Z HA
pS J

[Figure 1-1] The major ingredients of this study, “Data-Driven System Analysis

for Regional Issues”

2% 718 o2 HolgAtoldid] |xste] Mo trFat 1A
= A5k g3 FAR HHES wAR FALOR HolEaold
2

S
2]
o et Heol HLA B At UEHA B4, AEUA 43=

A3 AGEA 2 9 3 Pk Aol ARE FHeq 57
d AZe] AAE F7h wldo] AT BAT FHRE U
A, FYIAC] oldd FFS MALA LIF AGALAAT 7

et 23 HEE B9 AHEAE =E5kL R3Skt
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M 1 & GOJEAO|HA

AAARQ fFES 71 9= AAA The economist= 20179 5
ol ‘Aol 7HE 7HAIE AEE HolEEke 7IAE Ao Ho]
B9 Fo4= AFSIATh 43S Aldlel AHESA7I&S STt
A 7S 5 e HolEY FR(Variety)?t £X=(Velocity), =71
(Volume)7t S7Fst= Hlol8 274 9] W3} &ofA HlolE

Z|(Value)E F&3sh= HlolEAto]d2(Data science)”t W51l

doleAtolddaet: &oje oY SR HE FAS 4
ool A TFE 7| AFstglon sheTsle} 5] Fe SE
2 Aguidsty Ack(Figure 2-1). WA John Tukey(1962)=
(Statistics) #oFollAl BAH FEE o9 FAHLARE Hi HolH
H(Data analysis)olghs 2L SHES AIRksHAA 5435t

Mosteller & Tukey(1968)%] &&A A<l

|3

“Data Analysis, Including

5)

MdoM 7bg 7EXIQE AHE2 o 0l #®/7b Ofd HIO[FO0|Tt

valuable resource is no longer oil, but data.”, The Economist, May 6th 2017.

“The world’s most

Available at: https://www.economist.com/leaders/2017/05/06/the-worlds-most-valuable-

resource-is-no-longer-oil-but-data
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Statistics’o|A dlojg BAL EAAHog HYFYZA ISH“Data analysis
is intrinsically an empirical science”, 1962. p.63)°l2til 7|&3IA
ok ol% 1990dd) Futo] SATAEC] AFEH A= A di+t=
glolejAle] Aito A 8Ha] AeHd(Mathematical rigor)oll tHeh A
S =95tAA Fr#AA FHAtkKelleher & Tierney, 2018).

EA AR Jeff Wu(1997), Chikio Hayashi(1998) % William
Cleveland(2001)& &AS &okoflA dloJgjAte|d A= §olE AMES
Atk (Macnaughton, 2017). £}, HFH Hsto] miiolztal E2=
T34 (Turing Award)e /4% Jim Graye Elo|EAIALE Hote]
ul HA diHoJACEE, olE, A4l 81 tbloje)oz Agolstal Ffeo
Wt ®E Ao v 9lo, 1 olf= AH7|&S] WEY HolE H
Z(data deluge) W&ozt FAAHHey et al, 2009; Bell er al,
2009). E3 =9l HolE M7t F WA HL71(2018)= ( HlolF

[

et Bole SHr) MGl delgutsolst 1AHel £ 2
25e A83 BABS oJulshs Ao] oheh HolHE A, tgdtol
A% 2o A7k] e Gl st AR, A, A9 BEAS

S|
=
hasts A9l 39 oletn FIshsint,

gloleAto]dre] tigt Hoj= Aol wet thFetA|e, olg FHD
W Z99] dlojgAtoldie theFet FEHQ it Hloje 2R E A|A3}
f-835 oid 93, A H9, gags ¢ Z=
AAE Betete 8dEckE 49T 4 Ack(Dhar, 2013; Leek, 2013;
Hayashi, 1998). $48t2 John Tukey2 A|AQl Donoho: 20154
Tukey Centennial WorkshopolAl Tukey(1962)9] ZA&of ot 509
o] ol FEE Tukey? ©lolg &4 Eopo A9 MyA=l

filo
o
N
_o|_‘g
N
)
r&"
L
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Milestones of Data Science

1962
John W Turkey

1966
Peter Naur

1974
Peter Naur

1992
The lapanese-French Statistical Symposium

at French

1997
C. F Jeff Wu

2001
William S. Cleveland

2007
Hm Gray

2010
The Economist

written by Kenneth Cukier

2012
Harvard Business Review

written by Tom Davenport and D.J. Patil

2014
IEEE

2015
Springer

2017
Springer

2019
Martin Raubal

" Data analysis is an “empirical science”

¢
s
o

intreduce Datalogy that “The science of the nature and use of data”

“Data is a representation of facis or ideas in a formalized manner
capable of being communicated or manipulated by some process.”

Sketch of a modern definition for Data Science.

A new science with basing en concepts and principles of statistics
and established data analysis with wide use of the power of
computer equipment widely.

Title of lecture: “Statistics = Data Science™
The characteristics of statistical work are as a trilogy: data coilection,
data modeling and analysiz, and decision making.

“Data Science as an independent discipline, but an extension of the
field of statistics to include advancesin date computing”

Data-driven science as a fourth paradigm.

A science uses the compuitational analysis of large dato as primary
scientific method and to have g world in which all of the science
literature is online, all of the science data is online, and they
interoperate with each other.

New kind of profession as the duta scientist

The role is defined as a professional who combines the skillsof 2
software programmer, statistician, and storyteller/artist to extract
the gold hidden under mountains of data.

Data Scientist: The sexiest job of the 21° Century

“A data scientistis a new breed and that a shortage of data scientists
is becoming a serious constraint in some sectors, but describes a
much more business-oriented role”

Launching the IEEE international Conference on Data Science and
Advanced Analytics.

Launching the International Journal on Data Science and Analytics.
To publish original work on data science and big data analytics.

Launching the International Jjournal on Data Science and Analytics.

Expand the domain of data science in geographic information, called
“Spatial Data Science”

[Figure 2-1] Milestones of Data Science in researchers and journals and their

definitions
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A3t ggo] gojy Ao|dad] 79g 2HsHE FA
HEA 1t 15 EASAES ol
Dol B glojele] v, Zul, X, W Azeh wEe} ge 34

o] 29 AL QAR Eotytty vyt

Donoho(2015)= HlolEAte|AAT &2 Qu]oA|e] &4 HHE 2
BFARA YREC] oY v 79 E52 EESe Sk wofEtal
Aol5t9itk:1) dlolg ®A1} ZH|(Data exploration and preparation), 2)
dlolg ¥} WH3HData representation and transformation), 3) H|o]g
£ 0|83t 9AHComputing with data), 4) A&E o]&st XFSKData
modeling), 5) TlolH AlZge}l ZFEIHolA(Data  visualization  and
presentation), 6) H|o|EJAle|AA0f tist TSKScience about data science).

ool 9tk Holseirt

Holelatol iz Bofol A 2§ 7F53t Helest welee] Pz &
Z¥ti glow], ojgt wiEol tieRet B4 WHe AHE A9 4] 1
2g dolelt thyuel et Fejz mes] AsET ik ol 5

SO WHH AGRAL A P wASE

:l'l ey -1
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M 2 Z CIO|EAIO[HA 7]Eie]

XHZH olZ= ?let HWHE

[ S

1. BZY WIS A% UEYI 24 J|H

HEAINetwork)s  ==(Node), FA(Link), AZ(Path), &F
(Capacity) § THLLE0] 45 dZsel BH 715e 2P 5
o] AAH(System)O.2 ZH FEHE uiditt A& S0l =2 9 F

E=oF A2 FAe4S0] AR dEst EAT Vs ¥ce 1EY

o

(Transportation network) -2 SAIW(Telecommunication network)
<ol At ol#e HEYI B4 AA"HE FAoks FA48AEY] o
7HA] B AeAE-Z YEYD FHE RESH ALY FHEA

sdste Ag71d % shfolh

i

=(Node) : HEHZ B4 di4f°] He Re Z5(Activity)

-

¢ FALink) : HEHT E4dY0] He e 852 A5k d2A

ik
i
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* 73=(Path) : A2AZo wet 552 AEs] WIFYol 2= 55
s 8%(Capacity) : 244 link7t 383 4 9= A 59 Hu

A2 (Accessibility)Z of# 71A] QuloA A4o] XE)d HLA, 7
AA AL, 7Ie-AdA J2A4, AR A=d HEA, Aold A2 5
o=z FEI 4= AH(Niles & Hanson, 2001). o]=3t ofFst oJw]o] A
LA NQIOIA FolAE 715t vdRt eE2 alEste] ojwd £A
Ao =gstr] Y3k AE'gkal Folstal ti(Hansen, 1959). 1 FofA]
T HEYA 7I¥e F A Afelo] A=
2 24371 fste] ZlsietelE, Lol E, PLALN, FEEY T o

It 7oz A

o 5 (o]
e B3 ATAS AFHo

stel 7b¢ 43 e f2eltiel 4479 (Fuclidean Distance)E o1&
29It Wesolowsky, 1973). f2ede H4iAE
18T A9 EAAGNNE DY 29 HuA B FHS 2ATL,
seye] PHTe FEs] ARE AE 9P MG Roto]

E3} gL HEAS AGolNE 2 ot WA 4 Uk

ot
re
44
N
N
|

(e}

AL A dre] A A e ARG S e A
224e] 9 71¥el $8AR(Circuity Facton)®] o] Satn A7

A2 BAo &L= HFricker, 1986; Ballou et al, 2002;
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Giacomin & Levinson, 2015; Jeon et al, 2017). S3As$E F &
A7 3 ARt AA 29 B3 HZ¥ AR Zo|9 HE&S
Attt Kim er al (2013)2 =W =29 vigo=s A= o9, & &
9, dZA] EHE Uro] SIARE APYotdoH, Jeon er al(2017)

o A9 FTALL NAT SIASE APt

AN

AAl E2ARE EARHHA ALY tHAgS 2 F
o] AR 4¥E wrgokA] Zeths dAVF 245 o] dAE S5
5t7] flote] A 49 FEE Eol7] sl YT IR E 15T
GIS ®A7]o] Wga HAAERAY 4PgsHs 7|¥S o8t ol
59 Lt 229 134U Google, NAVER, Daum¥} Z2 A
AZNA AFote AZAHAE 79to g AAZ2ATSE 745t F

o,
H
i
A
o
e
2

H24d 2400 At HEe Hste] dAEzAZol =20 AljtEe
ke gst] £=(AHARE FsIAH. of7]o] FHIZole HAIRE
£ ol&sto Al AAIRE

= 7jure] A BAS SYRoRA WA 4P Bk P B

lo AP

I:
ol

=
WESE

1P

-~

olgiat Aylue A4 BA AL YEHIS 7o
A sAsiero] 82 4 9t Sa9 TEd] WE 4ol ¥
olgol Tt AL AUANS FANS AHsted BT 4 At

Hu

gt A
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!

o

EQF SHORSE Zo] ARt Jide] S8% EACME AAIRE nESE
HolHE oldotd AlHER SFoEAMMA diet IS AT
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2. N2uX 23S 7

rP.E
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+_>|"'-
JA
-|'.°£
N
IF

AHe BAo| wet A dolge] ulgo] Havt Hn] 7o Hrj7l o
= Ao] PRt SaAe] Uo] B Fo] PRl APAHT
g 2EA 44e Wi 2EAMEY A4S A4 REAE ohiet ol

AE PRt 3HA BB GAl A EEoloF dtk(Yoon & Lee,
2010).

Ir

AAJA ] gt 3 o]22 Von Thiinen(1826)9] sdYUA0l2&
AZro &2 Alonso(1964)2F Muth(1969)9] FAHUACIZE, Huff(1963)2]
FAYARE AEEAC et FAUAICIE, Weber(1929)2] 3440
E 5ol 3tk 71E9 XIS HIEeRE Teitx(1968) IIHE
(Public sector)¥ WIHE-E(Private sector)?] Aldo] 7Hx EAdo] th=

o2 334 AXelRS FAsterh

TeAEel YARGL A BAFS, dold, ol vet BR

S otk BARSC] mE FFAM YARFL Aula £eF oo

Az F4HE HEHIRE 7PY oldEFo R tE F
AR w2t 22 B, 71skeks] g, GIS &
T A

gEAQD TIAAE AAEFS GUAEY  AAZAE  siEste
Weber % 9 Rawls HEH TOFAEY AAEAIE sHdstks AAH
21 (Location-Allocation Model, ©]s} LAM)°] Sitt.

olr
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* Weber 2% : 08 G40l 292 B3 FRALL ol87 Aol

o] FEYEE Faoste B FHAEY A AHS e A&

* Rawls 29 : 33t FHAo 2de 23 FEe 3SAHAE
ol-&st=t £l fF T3AIETY o8& Aol FHAEIATE

HashiA B9 FFALY A AFL R dsud

o AHMERPCAM) © B7H TeAT 9HA0] 24e 9 B3
M3t 0|84 Aole] § FAANS HaTehs tho] FFAAY o
A AHE Fe olitudy

LAM 7]gte] Ado] A% 87+ wrol dag 74d YEYD 7
22 7MH3E oA oA P-median BF, TGIALJR LY, HYA
Hwe Lol fmHos FgHT

o

e P-median B8 : ZTZAAT} AJAHo]&A} AlolQ] &= EF AT TS
SEAEAE 840 A= 2F
o TUAAEYA Y : AHolEAe FEFAYHEA FRAE HAa
sete sl YNHS e 2

AL BY AL o] 8RRt TFAIE Aole] HHIs| A EE
A wa O 23S WA= MY HelA H3Y dAE
2E

=

e

2L

Bash et a/(1980)2 F8 AEE9 AXE AFT uf HZAT
A, AL IHo|oF o, ol X P9 AH|A 3 HAE FLES|L

IOl MFE AR 5. 240 Heo] Ade aE4y

fol
o

fr

)

1 &
- 23 - A 2



BBES ALEeE FFAEA ditt AR A= AEY HA0 whEt
ABAE 22 HAZAEY JAEA] Hitt A7 Aok 2 33A]
Aol gt JA= A, I, BExd, uRE3E 52 ohRt 3341
A5 AlEote AES tigCR st tk(Tali er al, 2017; Ramezani er
al, 2021; Abdelkarim, 2019; Mishra et al, 2021). =g Z-8AHA
o TRAET 22 SRAY o]gof Hitt AH A9 YA digt A
+7F o]FojA 1L UtHAskari er al, 2017; Sayarshad & Chow,
2017; Oliveira Lage, 2019).

53] 4o digt 2dgy ZA0)A GISe $8% Jg2 @9
(Church, 2002; Murray, 2010; Tong & Church, 2012), GIS9] d|o]
Bl 8, A4S " 37 B4 752 B YA B9 #2935 &
g BolotA st tH(Panichelli & Gnansounou, 2008; Yeh &
Chow, 19906).

Cooper(1963)+= UA|-8iE(Location-Allocation) FAoA AAXFFS
Zol7] ot =eHH 4 (Extremal equation)® S AE(Heuristic)
S AT I FoIA Teitz & Bart(1968)2 P-Median &4
A gt FE48 71 F g2 ASEE Vertex substitution FH
HE AAstAT. o]% Densham & Rushton (1992)+ Teitz &
Bart(1968)9] Vertex Substitution® JFHAE 7|Ho] UHEY

p-mediandl] A5 k2L Urln ANFES Zol Bl Y
Wore BT 5 At A2 Y FIiY BDS Asid

Chukwusa & Comber(2018)2 9=+ Leicester?} Leicestershire A
of &F9mAH|A(Emergency Medical Service, EMS) A]do] i3}
A 9D HFEA £9F AEste] AJA9 JA-TY BAE HootTh

N 1R
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1 A AF 85 T A A0 wE AR wHo] A
8 AR HARY dqFgHts Ae HEH. ol EMS A4
Zol AldE o8 Vi 89 ARHA ®SE A5t Al JAE 2

4% Wast ok AT

o

e
Kl

N,
—l>4
B
o
1o
:L
M
o?li
e
P
30
rlr
3a!
ofl
fijo
-
A
ol
)
o
o,
il
)
%
2
>,

Aokl Sl Aok ot Alofo] Qi AR THato] RYEY Avs)
QEERE

< skt

Choi & Park(2018)2 1:5,000 =2YEQT 7|¥tog F7F UA|-Hj
BE2gE dste] S HIA Y-S E=E&SHITE olF {o UA-HiER
P9l Minimum Impedance (P-median)¥} Maximum Coverage %'

of Wt s E5AH YA FEAE AHGsHAT.

Bolouri er al(2018) AWAE WFLE oy YA THZA| 7hdH
498 F82 Aol A 43}, THAZEY T A7 43 &
BHA9] AW WY st} T2 vF BHTSEE UEA7E YA
i 2ES &5 o] BEE 5ol o8 $EA Jhed 5X3Y
7FEA O] mEt 2A o] FHAE Ajtele FHA fAEAE A

olEfst AUYAE I3 FUHA 7S A FHY AFHE, o]
FEA, AMoBUE 5 Tste] A4 WiX9} o8] EAZ
Shoulel 28 4 9tk 53] AR AU ALIAL LAY olg=
AHSHAL ol 84E Eol7l s olFaloF s Fol crarat AMYA
sete] that BAle] 8% & ok



3. 39t WIIE fst Mapd™ot 71|

Ay 7HLife Cycle Assessment, ©]5}F LCA)= A|&Eo|Y AH]A9]
AR >@=R AQF, 25 A 9D 2E, 7R, 55, 19, H{7], HEE
oA AFEEHAY HiEE= YA 9 oY
HaE 1

o] 0|59 FAHY BAIFS A TS AYHoE FHS: W

>
)

>~

N
S~
oo
o
i)
I-
o,
lo
il
o,
o
ooox
[T
to
o2,
(i
o
rlo
=)
N
E]
l‘l
L
1&
o{t

Hoo|ti(Ilgin & Gupta, 2010; EPA, 2012; Mattews et al, 2014;
Klopffer & Grahl, 2014). LCAE A #EZESH]+F(International
Organization for Standardization, ©J3} ISO)IA A H2]HA(ISO
14000 Series; Environmental management) 24 29 Aslo =2 A

Ayl et Yol FAsE AYET Ak,

ISO 14040: LCA - Principles and framework

* ISO 14041: LCA - Goal and scope definition and inventory

analysis
* ISO 14042: LCA - Life cycle impact assessment

* ISO 14043: LCA - Life cycle interpretation

6)

ZH|EZ35H7 |2 (International  Organization for Standardization)2] 1S014040:
LCA-Principles and FramworkO|A] LCAE “A technique for assessing the
environmental aspects and potential impacts associated with a product, by
1) compiling an inventory of relevant inputs and outputs of a product
system, 2) evaluating the potential environmental impacts associated with
those inputs and outputs, and 3) interpreting the results of the inventory
analysis and impact assessment phases in relation to the objectives of the
study.”2 H9O|olSLCt.
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e [SO 14047: LCA - Examples of application of ISO 14042
e SO 14048: LCA - Data documentation format
e ISO 14049: LCA - Examples of application of ISO 14041

LCAE &83% Al toht AlE, Z2AA9 AM 2 AR A
SAYE AA 9 sehdnt #EE AELCAPLCA), H7I1E A A

AN2”S] A B7EE % H71ELCAWLCA)S AaiEdo] 5%
A9l FAARisk) FEE g BULCA 502 IA &S 4 ot

LCAE A B4 4 HAYHEAH(Goal and scope definition), A4
E22 8 M(Life cycle inventory analysis), DI JFH7HLife cycle
impact assessment), 12|31l 3|4 (Interpretation)?] 49AZ FLEET}
(Figure 2-2).

Goal and Scope Definition Interpretation

= Defining the goal(s) of the project
Determining what type of information is needed to inform the Decision Maker
> Determining the required specificity
= Determining how the data should be organized and the results displayed
= Defining the scope of the study v
= Determining the ground rules for performing the work
‘ » Evaluz:;(;ci)gevgllch
v Identification of o
5 | | f Significant Issues = Completeness [ [
Life Cycle Inventory Analysis = Sensitivity
T < = Consistency
= Developinga flow diagram of the processes being evaluated
Developing a data collectionplen |
Collecting data
Evaluating and report results
Life Cycle Impact Assessment Conclusions, Recommendations, and
Selection and Definition of tmpact Categories Reporting
Classification
= Characterization

-p = Normalization
Grouping
Weighting
Evaluating and Reporting LCIA results

[Figure 2-2] Life cycle assessment (LCA) framework and process defined by
International organization for standardization (ISO 14040) sourced by Kim et al
(2018)
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22 49 H9 H4(Goal and scope definition) : LCAY =X 3}
7121t &8 Foks FAStels TARA, HEHdH E49 WY, F

A, 71% @9(Functional unit) 5 Has| AAgH}

Ay BEE=E24(Life cycle inventory analysis) @ A" A|AHO
A-EYE= BE YA, EE, AE HE 2 FHed HEESY T
ot &2 Ect FFdlots GARA, dRtdo s 8% A4, 4,
S AL 9 E584 Ao tigt i 59 HAE XPH

A JFH7HLife cycle impact assessment) @ A B2EA
dACIA FEE ofdA & A A8} HiEEo] 2 mAl= A
A JFS 71eF, ATH, §2 FFol wEtA JH4Ho=E mofsial 3
7¥ohe golnt. dRtAo g JFrte A Ertel H4nh Hejo| o
o] SAHIYY HIFHEHE LEEREA ZAB}E  ERSke E£F8
(Classification), &7 ¥==0°| g T vA= T =5 4
Folol= 543K Characterization), 18|11 SFFF9 HFE F8EE
A sh= 7 7HWeighting) 5 Al GAZ 4.

S A(Interpretation) @ A2FBP7ol| gt s F2 2 # L} I
o she, AFHY 9 o] BEAEolok 51al, ofsfsty] Yok Fiet.
A B7Ee] B gt sS4 BriAutet vlwste] Ay fa4
AESH =, BE5EA AR OE AF Ex ALHTY F44
Al Bt Zhsotet. GRFEAC] gist sfdole SHITFY HFH Bt
FAEAY A F8790] tist DA ;| o5t A, AFE A

g2} 7hAdef dict HE 5ol ZE 5 A

filo
J

O,

l> -lii

Oget 2ol AFolut Auzo it 84

of,

F= B7rtaLA LCA
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7t AEEoH, sHEF GA] AFo] HiF F4 E A A A
B Q79 ZIVIR BAE dig &4 tel "ol =AY
(Kim, 2000; Notarnicola et al, 2012). o]°] 1990Wt*#E {H=7}
E 407 BT BAES e ® 3 LCI9 LCA W&o 1&
53 FF9E H7PE £ SoHlim er al, 2010). TARES] LCA
o} g BAE AQYAAAEY] digh LCAY AAHAAE AYATA (YA
%l

At BirdA)] 284S AL 3o & B AHEAE AYst

ox
o,
N

LCAE ol&3% w4t A4 S4IFS THYNA BF #3= L Q)
o} QA= H|ZE(Hanserud et al, 2018)2} ti&Eo] W(Charles et
al., 1998; Brentrup et al, 2004), (Blengini er al,2003; Roy et
al, 2009; Harun et al, 2021), YA ¥ HYg&=(Nienhuis & de
Vreede, 1996; Hanegraaf et al, 1998) 5 thost HAES iAto
2 LCAZ} 3=tk oA Shim er al(2010)9) LCA =YL &
3 FASETEF BHE AR ottt AE E F715 A (Yoon &
Yang, 2012), ZAEESA(Son er al, 20198 F4°=E LCA 7|49
AT =2 EWA=S FUIstelH LCA tiidel | A& 49U &
(So er al, 2010a), 3(So er al, 2010b), 15(So et al, 2010c), 7
ZHSo et al, 2010d), AEAHLEZEVIE(Kim & Yoon, 2011), "=
(Yoon er al., 2012), ¥Wi5=(Son et al., 2013) 5°] Ut

LCAE T2 &E 52 Ao st 3444357t Butk obye} 3=t

#H & (Environmental labeling)d Q1%7]#S utgstr] st A%

HEo R A AFEET YtH(Davis er al, 1993). AFhHE 4:0ist=t|
P

Vg B2 BHIFS WAL, AF1EY Ha 24 5L M 3

1
- 29 - A 8-



ol5l7] 9J35le] LCA 71Ho] AMRHtKBratt er al, 2011). £3] &4z
o] 5 Hofol e4eh#lE(Carbon labeling)S LCA W Eo] 7]%3}19]

AT AFS] Aol 24 Agse A vigse €2 5 24

o= ALolth, FUWoA FARES AACRE AlFcta Q= EAHRI EF
A FEAE JASAZHN 5Y EofolA sAME A4k o
LANAE AZAZ17] Y5t AlxoltiLee et al, 2019; Lim, 2016;

LCAZ ol83le] BWsT §7153 2L A8 A4 Balo] e

. Yoo et al(2012a) A &AS o2 AP F5F, 77150l
et JetaE SauEFE HWSeH, Yoo er al(2012b)= B
s BS o E HgauEFS B71d o Top-down #2419 =71 B+
#2 Bottom-up HA9] &7t AHYEARE v olE &l w4t
ES s 3 AaAISAEY 5 UdS7IES FHFeE 47

7] Rl dBd Ut WA 5719 BElE £l Bastl o
i

ol AR, Kim er al(2018)2 &S "oz dds Hi¥ =4
=5

AZ(SF, 5 97199 AR

10
)
riot
o,
o
nIfE
o[)l

2SO, ol W9 W AL v BRI,

:
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7te] e dolHe W FEEE SAET o B3 4
gt AFAHRMER] FA] ALHOE AH|EHIL 9]
24 7l Zuolelet AMAIHEDS 7¥to R [CAS 49
99| sdLE I3 Wst= BHA =AE

yrrskal sjawete AAE 5= .
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4. BEH J1& OIdsS et SAX =2 7|4

S A 8K (Statistics)> Aol He JHQl HYT] E4& mefsh|
A ZidezRE HEZ 4, A, 89, 45t #E E4S
upolskal o5 o]gsto] YT EA4S FEche dHe WS AlSst
= StRolti(Hays, 1973; Moses, 1986; Moore, 1992; Romijn,
2014; Dodge, 2000).

A A 71e€B A Descriptive  statistics)¥  FEFAS}
(Inference statistics)® 2% 4 YtH(Mann, 1995; Upton, 2008).
Z1Ee ATt e AR E4S gA wtd 5 JA=EE ARE HY
Jjzel o] AZFor HH(Visualization)otil FARF(Statistic)d+
22 FAE 895t Eopoltt. Ve AsoA = BT 45 UE
U= E(Parameter)E 4571 918 8% HolH9 BFatolu =4,

o I 5 5L ottt 254 BHoRRE FEH #
29 AHHE AR8sto] FH(Estimation)stAY 7HdHZX(Hypothesis
testing)s &9 ZATEO /4L umolst= EofEA WE=EH A

. ZEEASL BuRy, 47

=)
9
N
f
b
o
lo
i
O,
>,
o
Mr
e
-
)

22
e
e
i)
e
rd
9,
v
i
ofr
A
e
9,
=
)
H
)
H1
)
=
ot
(-'O
o[\
N,
N
o
rlo
)

_ 32 _ _.x—g 3 :.-._ -:: _-:!



20159 22 AJREC|N Wo| AHEHE whHolth Yoon er
al(2019)°] W=W Qe GAP AZES 93] HA| 72709 WAAGE
et Agshsto] AFHoR WRGLS ABUh HARor Ails
ARAZAE A By srlolA EEEE SgH FEYoHE o
2 42" 2A7LA WjETO] BRES o8t AT 5HUEY] 247}
2 WjEEe J1EoR Ags AZV|ES AL Yt = W9 B

oz JIF7IEs AL AUtk

= o -t LA o 11 O [e] H LA
A%712S RIS v ol oleldt A9 w9 T B
de AEste] Axe] FFAU AS57IES sk Aside @l 3

- 33 - M 2 tH



2 A e s

SECRIL WATIOMAL LIMNVERSTY



33



2 A e s

SECRIL WATIOMAL LIMNVERSTY



H 1 MHEH XIHUAIR] M2l Hel 2 A

QA 715 Fre 2 AT YHSuh er al, 2003). ESH So|&XH7)
TARRIO] Pt FAATINY & AEEFEH SAOM =
49 A Ao R HATHJTHKIim & Lee, 2004; Lee er al, 2013;
Kang et al, 2016; Sim et al, 2017). &X9& o2 3+ AGA
TARAZ 19508H] 0 A FARNEANG' 22 A& ' 1960EH] ‘Al

=
HEEAEAY 9 ZIAE-RANFAY T FulFdE JNeR

Y
o
~J
(@)
T
o
=
d
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WE,
i
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At
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=
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pu—
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T

St 19874¢ 109 299 dH(AI123

2003 FofgErh dxiel AA

=itk 2000 o]

1

[e]
[e)

A =2thLee et al, 2006). &°f
AT

3],

O]

]

pas
=

E
-
=
=

o] thoFstEith(Song, 2017).
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& A #ENCY, sEAGE R ARE IS4 SR
e FEAGMTAY dd AY H AR AT AR 7S

vl A 245 A oHs] £PEA] k2 o=z mobHEcth Lee(2009)

9} Oh & Rho(2014)= ol 7o} ogupg o] A7 AS s}
#, Cha(2017)= B33 FolA B3]

Ay o]277HA] A FHo] FFLARH| et FIE BIISIH

Lee(2019)= HARZHEEEH A
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BAHE 242Y 2 IAHIANAY SEA GNTAG ] A FAYF
= ZF BARA16HRE A19t) F752] FFAFH7HHBIA 100
o SZTA4 W& vtge=z EA5tYtHGovernment Performance
Evaluation Committee). 313 =HTA] HiA o= JHE FAHL&F H]
At F, 24=5E, 44, FH4IA 0 digt H8= gL o, o]
T FEANEARI Y B W8S skt

el AAEey ZEolA9 AF DB ¥ AeAm A& 59 F5
St H(Ministry of Culture, Sports and Tourism). =53 H ] A1
b 7| 2AES 2004 8ol 7PN A e} AR ETE FAHL
2 20049FH 2008714 AlgE AR 7R SAHEA R o=
TFAElow, o] gEg Rl A23F 7|2AEZ 20099 12490 A A
A3} AAAARE SACE 20099FE 2013W7HA] AlPE A Y
A SAIAL QNS TSI BEE Y Re] A3AF 71 AYS 2014
W 1290 AL} AATHAEEE oF 20149HE
2018Q97HA| 9] “A 9T SAUAY S AASHRLH, FA/AGF A4

1 &5 1)
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2 YEFGTH(Statistics Korea, 2017).
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Qingyang, 2014; Seo, 2017; Sipple et al, 2019). s5o|&A Y9
sHgCo R A%t WS S} AR FE= QIS A7
o] Hi, AHE QIFHFATE ThA] AFAHe] gt =879 H
RS0l WA YA &S ASHAZIHEA ETHA| St g

S Hasis Wgos AdHE okedte 722 @] wold

o
P S

B~ Ho

- 70 - ] 2-1]



(Alsbury & Shaw, 2005; Jeong, 2002; Jeong, 2014; Kvalsund,
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QItHChoi, 2008; Oh & Kim, 2017).
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A7 PEAo] T A7 FE olF SOoiKHAlexander &
Alexander, 2001; Berry, 2006; Jeong et al, 2011), EA|2} 5&XA
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[Table 4-1] Service item and its attribute information

provided by the Ministry of Education

of school district data

No Service item (Mandatory choice) Attribute information
1 ID of school Yes Text

2 Name of school Yes Text

3 Division of school Yes Text

4 Establishment date Yes YYYY-MM-DD
5 Establishment type Yes Text

6 Principal/branch school Yes Text

7 Operational state Yes Text

8 Land-Lot based address of school No Text

9 Load-name based address of school Yes Text

10 Code of municipal ministry of education Yes NNNNNNN
11  Name of municipal ministry of education Yes Text

12 Code of education office Yes NNNNNNN
13 Name of education office Yes Text

14 Creation date Yes YYYY-MM-DD
15 Modification date No YYYY-MM-DD
16 Latitude Yes NN.NNNNNN
17 Longitude Yes NN.NNNNNN
18 Reference date of data Yes YYYY-MM-DD




202192 7€ A=9 2sotie F 59777MaFAF A7t &
d FolH, o] 7keHl 60%°l Est= 3,593719 2Sstrt EAA G
RIS o, FEA A= 40% HFohe 2,384707F HIAISHAL
Ebdth(Table 4-2). HiF-29 ¥ies Ade, 35 4
FHE, $EFE, dgtee 52 4oz Agd Zor mopdn

rlr
o,
lo
l
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[Table 4-2] Open and Closed primary schools by province in 2021

Operating school Closed school
Convince
Urban Rural Urban Rural
Seoul 608 - 1 -
Busan 284 21 17 3
Incheon 220 - 1 -
Gwangju 156 - 5 -
Deagu 198 32 4 6
Daejeon 150 - 4 -
Ulsan 91 32 5 13
Sejong 30 19 0 1
Gyeonggi 910 352 7 63
Gangwon 113 234 6 219
Chungbuk 93 177 6 125
Chungnam 98 316 2 64
Jeonbuk 167 250 4 40
Jeonnam 111 296 2 141
Kyeongbuk 153 352 12 208
Kyeongnam 211 303 11 179
Total 3,593 2,384 87 1,062
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[Table 4-3] Service item and its attribute information of school district data

provided by the Ministry of Education

No Service item (Mandatory choice) Attribute information
1 ID of school district Yes Text

2 Name of school district Yes Text

3 Type of school district Yes Text

4 Code of province (Si-Do) Yes NN

5 Code of city (Si-Gun-Gu) Yes NNN

6 Code of municipal ministry of education Yes NNNNNNN
7 Name of municipal ministry of education Yes Text

8 Code of education office Yes NNNNNNN
9 Name of education office Yes Text

10 Creation date Yes YYYY-MM-DD
11 Modification date No YYYY-MM-DD
12 Spatial object ID Yes NNNNN
13 Reference date of data Yes YYYY-MM-DD
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[Table 4-4] Public school districts of primary schools by province in 2021

Elementary school

Province Total
School district Joint school district
Seoul 560 50 610
Busan 296 10 306
Daegu 220 5 225
Incheon 259 3 262
Gwangju 151 11 162
Deajeon 146 16 162
Ulsan 117 2 119
Sejong 49 10 59
Gyeonggi 1,315 306 1,621
Gangwon 356 44 400
Chungbuk 242 69 311
Chungnam 388 23 411
Jeonbuk 405 28 433
Jeonnam 426 56 482
Kyeongbuk 427 50 477
Kyeongnam 497 78 575
Jeju 117 8 125
Total 5971 769 6,740
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A I FA kRIQIF HIFO] &2 FEAY Az w=t 4
239 715 ¥HAH(in er al, 2014). °olo] @t FE2AAS g
2 A9 S 4% A+ Kim er al, 2015; Jeon et al, 2016;
Kim et al, 2016; Kim et al, 2017; Kim er al, 2020)°14= 34
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o £44EE 92 HolHE °l&’lth Jun(2016)2 AR A =717}
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(a) Traffic road network map provided by ITS national transport

information in Gangwon

58

(b) Road layer of 1:25,000 digital map in Gangwon

[Figure 4-1] Road network map integrated by ITS map and digital map in

Gangwon province
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A 9 {9 &4 F4F £ T GRS 80(Geodetic Reference
System 1980) BFA| 718k TM(Transverse Mercator) SEAZE A
9 FJ(Geocoding)dte] EAo] Al23}%ct.

FH AEE, 228, AP 59 A9 s E4S Hhsto]
AGAZE A7) Y8 ArcGIS™9] Network AnalysisE ©]83F
oh. ORI T() o2 RE ZF 250 F2 HU(G7HAY A =2 F
SA (@) E AT &, 7P 7R BSAA7A9] AAl =2A2(D)
S ARESIATHA] 4-1). © Yot 25sHgo] Aslket= shaol oist 4l
Al A= A2sty] fste] st EE HigloR
ol f3 XEHOA AFst= FFHIH F e e IE
S SHP S o]&ste] 5349 9 355+ 9E 7|t g A

A

g 9ysta, 9 FAPY AolA vhed g FuAAY 3

D, =mind,, (4-1)
Where, d;; is real road distance from community center of village

(i) to elementary school (j) and D; is minimum value of real road

distance (d4;,) from village hall to elementary school.
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Educational Development Institute(2014)°] W=H st 9] ¢4

o] AF BEE IHsta] &9 Sohde] S4d wiAsiH, ste] &

I QlTh ol 25%n HdxEATE st AT i
e STAR FESt e RE Uhe uF 7R AL QlT
(Table 4-5). 3] H=EAZ7} 400m olstd HL H¢ 57
1,500m ©oAQl A% ‘e FHFozm FRI HmEAZ AR
ozt g stu {A9 FAORHE FAUA FAZAY o =R

53} 798 BREAY EA0RAYRHLS o8] 243 &, B3k

A

ot

e}
T

ol wIHToRFH FSAEAZA =A< HZA(Physical

[Table 4-5] The criteria of physical accessibility regarding to legally defined

commuting distance to educational facilities (catchment distance).

Distance Range™ (m)

Criteria
Elementary school Middle school High school
Excellent less 400 less 800
Fair 400-800 800-1,600
Normal 800-1,000 1,600-2,400
Vulnerable 1,000-1,500 2,400-3,000
Very Vulnerable over 1,500 over 3,000

* The distance range is maximum walking distance covered by commuting time. In
the accessibility evaluation standard, we set as ‘normal’ when it takes about 30
minutes on foot for commuting time to elementary school and on public
transportation for commuting time to secondary school.
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accessibility) B7}5t1A SHES/NEL(2014)°14 AASE -39 &
st HAE V|Ho g oo ulS S|z RE 7P} 7ke Stk 9] AlA
z=2A8E AHES &, o9 2(Excellent) BE ‘O]9 F°K(Very
Vulnerable) 7H4] 5520& B7} 7122 AAste] nSA|E7R9 &3}

R T

2.4.1. ol0|H2|E F2|AE p—median M ¥1EE

ISFPAL SHAY = AEF BFAE EYstAA P-median
problem< Z-&ott. Hakimi(1964)7F 4£7H3t P-median &A= 3+

X%E] ;(]-_(_% a2 75' og /\]-_9_01— 2~ 011— H]—O]-___ E}\FI ],1— E_7}J4xqg}

Hu

A F otHe WHolth(Kim & Lee, 2020; Afsharin, 2019).
P-median &A= o= AlES AAT & Ue o2 FEYA 7hedH ¢
QAZRE FAO FFHEOoZ HE AHRY =95 FFAD ¢ U+e
p/i olste] Ald YAE ZAHeHIrawan, 2016; Mladenovi¢ et al,
2007: Reese, 2006). o] WHZ F2 FEA, £%A, ARAIE, A
BAE S 2 STAIEET otdzt Hold, Fgelufd, AHAF
z

ZHAAES A BA 5o AF Ae&HHPark er al,

_>,i‘
on,
olﬂ
m
rlo
(-'EI
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e nejstel ofe s 7kt BE FIAUL Aavt St Gus
FHog s AU B At by 2 ug ud 5
Agste B9e 7457 9914 Whitaker(1983)7 Tillard(2003) 5
o Avold AR FHAER WES olgsigth o Felad

p-median ¥IZEL Hat S ME 2 S UIE WA B

X = [1, If a SC}'IOOI is located in location j (4-2)
J 0, otherwise.
__ |1, If a village ¢ is allocated in the nearest neighbor school j
Y, = _ (4-3)
J 0, otherwise.

where, All demand nodes (i) and schools (/) consist of a set ("iEN)

and a set P (V]'EH, respectively. The decision variable X] is a binary
integer that determines where the school is located, defining 1 if a school

is located in location j and O otherwise. The decision variable Y; is also a

binary integer, defining 1 if a village ¢ is allocated in the nearest neighbor

school 7 and 0 otherwise.
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A} A BE AR oY SarAel & At A4 E=
Agg oujgitt. ol & BaA} HSHE Y] F o5AY FL
BEA7} Fold BHHoR FHG ASAVAS AT S AL o

)it

Objectives :
Z:mini;j;@j # (4-4)
Constraints :
=, ;=1 VieN (4-4(a))
X :p -
2 (4-4(b)
Y, —X <0 YieN,"jeP (4-4(c))
X ={0.1) Viep (4-4()
v, =1{0,1} YieN,VjepP (4-4(e))

Where the objective function () in equation (4-4) seeks maximize
student access to schools by minimizing the commuting distance (Dij)
between demand node (7) and supply node (7). The commuting distance
refers to the summed shortest real road distance from a village to the
nearest school. This means that the shorter the total commuting distance,
the shorter the student's total travel distance or average distance, which
can provide spatially balanced educational services. This constraint (4-4(a))
ensures that a demand node (7) is allocated for some schools. The
constraint (4-4(b)) ensures that only p schools are located near the closest

school. The constraint (4-4(c)) implies that demand node (Z) can be
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allocated by school (7), which also ensures that total demand is assigned

to a school.
2.4.2. p-median ¥12|F2 A &AL

7]& p-median ¥AFEL FR-FF A9 Hd H=E HolHE o]

&sto] A JAE AFD 4 Aoy, AHYL HFFTHAZL ool AY
71& 384 5 14T AES AASH] HsiAe FEIAET TS o
2ot 52428 p-median ¥4l
£+ 1l-median algorithm< 7|¥I02 A4L900] AHAES AHS & F
SAESHA FAF o] A 71 &2 HiAlsk: FAoltHMurray er
al, 2019). olo] EEAHE Aotz 25w st AT FH

a9 24 BA9 g T AT FA2H p-median FTAFS

Step 2) m= 14 S7HIIY. THF F e AFH =59 &

Step 3> z,, 9 Aol ZFo A g2 4 FHLE jo] st

YD,& A o, 9 AL wE ol m—1749] St

i=1

2 oju dA% ZolW, m p-median 12} FA] g2l
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[Figure 4-2] Flow chart for the heuristic p-median algorithm for

consolidation and closure prioritization in primary schools
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[Figure 4-4] Commuting accessibility by real-road distance in 2020
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[Figure 4-5] Changes of Commuting Accessibility between 2000 and 2020
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[Figure 4-6] Accessibility Grades based in 2020 Commuting Environment
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[Figure 4-10] Location of the study area: Chuncheon, Gangwon province in
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A 4.1km?’e22 9F 0.51km? AHAZ YolFon HIE &2
52.0km?*°llAl 51.3km*C.& 97t EojEQith
A 43km=z 9F 900m AE S/8I¥oH HEAFO AL

12.1kmo)A] 10.4kmZ 1.7km A%E ZAsF3H
SHRASE 719r9] A o] STt A At dult pol7t EA|

A E7] 45t p-mediang °]-&sto] A7} FASE= SRS
Adgstden 71E9 ket HWSHtHTable 4-7 & Figure

4-12). 3 A3} 2HAY oF 26.9%%1 299.7km*9] X Fo|A s AH

[Table 4-6] Comparison of coverage area and commuting distance in urban and

rural areas under the reference situation and optimally simulated situation

Reference situation
Location of school

Optimally simulated situation

Urban Rural Urban Rural
Coverage area (Unit: km?)
Average 3.63 52.00 4.14 51.25
Standard deviation 5.22 33.02 7.24 43.88
Maximum 21.65 119.69 28.78 181.20
Minimum 0.18 5.70 0.61 3.21
Commuting distance (Unit: km)
Average 3.36 12.09 4.29 10.43
Standard deviation 2.95 13.94 4.46 11.31
Maximum 12.94 72.32 17.10 50.34
Minimum <0.1 < 0.1 < 0.1 < 0.1
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[Table 4-7] Consistent and inconsistent coverage areas of schools based on

current districts compared to optimal districts in urban and rural areas

(Unit: km?)
Area Consistent area Inconsistent area Total
Urban 40.82 35.36 76.18
(53.58%) (46.42%) (100.0%)
Rural 774.65 264.30 1,038.95
(74.56%) (25.44%) (100.0%)
Total 815.47 299.66 1,115.13
(73.13%) (26.87%) (100.0%)
oz qle) 14 /e Sug Fa d W Sag FeejoRt sk Ao

2 Uetgth 7129 szt Ayt Sert YA sk WAL 815.5km?
o7 AAAA(1,115km?Y 73.1%%2 EAEHon, EUsE= WIS
299.7km’O.2 26.9%% AAohe Zoz EAHL ol A% 5&
oz FRET A ZAXYG9] ALl X W] 40.8km’E =

AR G9] AAHA 76.2km’ol thst] 53.6%7F LA A0R FAH
Rom, EUX HlEZ 354%% ZAHUT. FEAGoM= HAAHA

1,039km’l tiste] YAoh= H[EL 74.6%E EAEGOH, EYA=

3.23. €d Hu ={ AUZ0] OE HuW =9 H|W

ARAE 42-379 AL wet shst A2 a7 Shug
oz EUTS AAsta Yk olo] TS wEA AWs T o}

A7t FAH3] Fadte HEAGY s stat M ol Hu

Az o]l Aoz AYPHIL Atk o|= st wHuo] F7td
=
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Legend i
__ | Optimal school boundary b U 0 4 8 16

| Current school boundary
(a) Comparing current districts and optimal districts

Legend
Coverage areas of school district
____| Consistent areas

I Inconsistent areas

(b) Consistent and inconsistent areas between current and optimal districts
[Figure 4-12] Consistent and inconsistent coverage area between current and

optimal district
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Legend
,; Real consolidation and closure sequence of primary school
L Primary schools in rural areas

E Road network
[ ] Administrative district in Chuncheon

(a) Real consolidation and closure sequence

Legend
,; Optimal closure prioritization of primary school
L Primary schools in rural areas

Road network
[ ] Administrative district in Chuncheon

it
(b) Optimal prioritization of consolidation and closure sequence with spatial

fairness
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Legend

Road network

,; Optimal school closure prioritization considering residents
& Primary schools in rural areas

[ ] Administrative district in Chuncheon

(b) Optimal prioritization of consolidation and closure sequence considering

resident population with spatial efficiency

[Figure 4-13] Comparison of real consolidation and

optimal prioritization of primary schools
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(a) Distance changes following school closings in urban areas

I
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5.5 -
45 =

3.5
0 2 4 6 8 10 12 14 16 18

Average commuting (km)

Number of closure school
-e-Optimal sequence -#-Real sequence

(b) Distance changes following school closings in rural areas

[Figure 4-14] Distance changes of the real and optimal sequence for primary
school closings in urban and rural areas. The orange line shows the distance
change after closing primary schools. The blue line indicates the distance

change under the optimal sequence for school closings.
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Legend

: Locations of primary shcools -
Road network ;
Coverage areas of school district o,
Consistent areas w‘ oS 0 4

8 16
I Inconsistent areas K ters

[Figure 4-15] The issue of school allocation in a joint school district
according to the consolidation and closure of primary schools. The green
areas indicate inconsistent school districts. The red line indicates schools
that can commute in the joint school district. However, it is hard for
students in the joint school district to commute to allocated schools because
there is no road network or it is farther away. Thus, the blue line indicates

the school we propose based on the optimized method.
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1.1. 818 H 294

q =l
AT A&t A8 SaAAE A& AdH= e $8% 8
Aoltt. SFYEA A (Emergency medical services system)+= A Foj
A SEET WA afFo|L A&SH omE AlFsh] fsiA Q™
(Manpower), A&, Zu|2 971Hog 283t 4 r= Aux|si= A
= et SERAAE SEARARIATE AlTEHE A4 T 24
'"HYH AA(Pre-hospital phase)' @t "HYHA(In-hospital phase) =
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ol$3he WA, SRR BLHL Mt Aol Hyel 3
FAAS ABS] QA WA A NN A7 Az ot
v, 22 SFR A ol§ AT A7 A4k AR AFOE Bt

Hot o]l& H6iA SEYmE HIAH2 AAY dA IE AHA THsA
(Service availability), Ad9 AW 7Fsgt A5 HY(Population
coverage), A7t 71dF A9 SF9Yw AL (Time based geographic

delivery of emergency)& 123t}

SHIYE HHA Brke Bl SHYRAHAY FIEE A
HHe EAL & SFYRAIHY YA Eazol gt AolE Lo}
gttt gh=9] 49 OCED =7Fs 7hedl 9=ol&9 H4dT o+
AvtRoR 435 Zo& BriE1 glou, ol QIF7F WHE EAX
oo =7 H SJgllgo] YFH| AAFLE Y JEAH|A F
BS whe H]go| 7] wEo|thKim er al, 2015). =9 ti@HY
2 ojdat T2 HYUAE2 20199 7|ECE F 3,69971A0]H, o] 7}
20 TEPE2 90.4%, L WYL 85.2%, J¥F A2 88.8%7t
ZA AEEol 9lo] A & 7H9] oZAHA A= ule At
(MIS, 2019). et 529 Gofst ouAld ERZE ls) HAZ &7

T BN AES ARE B ¢ s SFAETASY olEAHTE

AN

it
mE

Y Hz7t o= AMS JEsfop stk (Lloyd-Jones et al.,
2006). =9 mERIF APYA 7heHl SFAXA7E B8gE A3HES
2 Ao 95t AFRM= 20069 14,9067801A4 2016 24,259
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HOoR oF 63%7} F7IetRoH, mide] oF 6%¥ FET]
FAcK(Statistics, 2017). E3 5&9 13k 20199 7|E02 oF
23.1%2 ZA 10.9%°] Hlsto] oF 28] o] & FoE FAIEGIOH
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I Yk ol 2 A JFssHAY NEE B INT 4 e AMGE
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FOARAIAY HEE v o R ZEEY MdS F8oto] APTl ot
g, SHAY A Al AY Y 30% oAl Qlh Aol SFoBAlH
7HA] 30& oy Ego] E7FsSHAU, 60% ool HYE SFomAlE
Tdo] B753E x19og AAsta JthMHW, 2017). o714 =gzt
SA7E HAATE A Y(Origins)oll A AH] SFmAE E= AT
H 35 YRAHZAY R HAKZERE AARE £QA7H0E AYE
o, "=oA 993 AlFHSF 44%)7F SFARAMUAS AT AL
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olF fdl =AY FEFREY T4 AFUE AlH, 54, 119
A, 244, JAF4E, =28k, 193 A& E HolHE o]&st
WHTable 4-8). AFUE AE s ZAAIGY 3249 FFEAAE
(T AR v AEE ol&silth. ARUEAEE v 1
S0] olgste w3k B, 489 EEIULE 53] wEAFAAE 4
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Gyeonggi-do

Seoul Special City
Feoul) Gangwon-do

({GWD)
Incheon Metropolitan %
(ICM) Chungcheongbuk-do

(CCBD)

Gyeongsangbuk-do

Chungcheongnam-do
e (GSBD)

(CCND)

Daegu Metropolitan
Daejeon Melropolitan MGM)

(DD
Ulsan Meiropolitan
(USM)
Gwangju Metropolitan

(G Busan Metropolitan

(BSM)

Jeollanam-do g

GLND) c;“'eong‘-ﬂngllm-do
(GSND)
Legend
Rural area
0 30 60 120 180 240 [ 1Urban area

Kilometers [ | Provincial-level divisions

[Figure 4-16] Location of provincial-level divisions in South Korea except for
Jeju island. South Korea consists of 17 first-tier administrative divisions: 6
metropolitan cities, 1 special city, 1 special self-governing city, and 9
provinces. The gray and pink areas indicate rural and urban areas, organized
sub-municipal level divisions (Dong; neighborhood in Urban and Ri; village in
Rural).

gAlE 2  AAste] £ ARESHA
(Administrative Welfare Centers)x= HAUPHE (Ministry of the
Interior and Safety, MIS)OIA ZHEE AFstal Jyow, o] FH+
I FHE A aAA] A HEE ASstal Aot o] 7REE A
Hof| xIE= PHYEAAME JEE FE510, A9S HESH= AFY

Hgagz  Agsigd. sEAde  ARUHAHE P44z

T

 EAAEY AR
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[Table 4-8] List of available data (facility, population, and traffic speed data) to
analyze the vulnerable areas for emergency medical services (EMS). The facility
data include data about community centers and medical centers. Each type of
data includes a description of the data, the number of available statistics
(urban and rural), and reasons for exceptions. The data were provided by the

Korean government, and the source of each type of data is shown.

Number of Available Data

Category Description Source
Urban Rural Exception®

Facility data

Coordinate information MIS?/
Community center on community centers in 3,507 15,171 907 RAISE®
urban and rural villages

Coordinate information
Emergency on emergency medical

medical facilities including local 397 112 14 NMC*
center emergency rooms and
regional medical centers
Medical
119-safi i inf i
center 9-safety Coordinate information 709 1112 110 NFAS
centers on 119-safety centers
.. Converting addresses to
Community coordinate information of
health _ 287 3,195 321 MHW®
local community health
center
centers
Traffic speed data
Roadmap Polyline information 531,843 links - ITS’
Traffic speed Text information 358,143 links - MLIT?

! Each facility for assessing accessibility of emergency medical center in island and
military zone excepts in this study.

2 Ministry of the Interior and Safety (MIS)

Rural Areas Information Service (RAISE)

National Medical Center (NMC)

National Fire Agency (NFA)

Ministry of Health and Welfare (MHW)

Intelligent Transport Systems (ITS)

8 Ministry of Land, Infrastructure and Transport (MLIT)
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gote  FAIEAI/NE FHYHEAIAR(Rural Areas Information
Service, RAIS)®| AHEZ ©]&3I3lth. & AFolA= 20199EE 7IEL
2 AFE 3,507719 FFEAMMEL} 14,264719] w32 AFUE
AlElz AAste] & 17,7717 v "2 #4513

Medical Center Al42 354, B4, 119SHHAIH HolEE o|&
sttt 3L FYS5Yo 7 YU(National Medical Center, NMC)oJA
Asstal ow, HAAE HAEXE(Ministry of Health and
Welfare, MHW)olA Algstal, 1199F8AEH= A% (National Fire
Agency, NFA)oIA AlFstal et

P>

TEHE golH: T2WLel IEETAHHE o]f3Hrt. TERYEL
TENFHY As5d wBAA T AH(ntelligent  Transport
System, ITS)oIA AZst Qom, WELEHPLE ZEFERO] JEH
X F/HAH|A(Traffic and Road Information Service, TRIS)OIA A|
Bk k. EEYEL 20199 71E9 HolHE AMgstRoH, e
BI/AB|ACA SEHEE FEoto] AMESHY

2.2, A2 AxIHE #Het 2 FHA|

2 AFoMe sEuEIE, FEEAAE, I, B4, 119 kA
AE 5 AAZEE AZst= 7I1#A OpenAPI(Open Application
Programming Interface)E &9l AA] FAHRE FE5l0 AF
J(Geocoding)& 53 TM FHE=Z WHEolo] ARESIHtHFigure 4-17).
Open APIE Hl°] 7] et BES YHELR M &

B4 A5 AR =Red -84 SHOE TS Heket

i, F571Ho] o] 8Ael HHEE AZEY & AT ARl

N

gt
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Seation Retrieve address E fon data by

i ; data using Open C ion to
information APIg P Xml or Json XLS(excel) data Data store
Database

YES Converslon to
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structured
data

Address Join data
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SHP(spatial || Geocoding = Merge dataset
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domain Open
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ion other (Geo Data Baes)
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[Figure 4-17] Flows of geocoding process to converse address to coordinate

system using location information database
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No Name Address T

1 MEAlE MESEA 33 MBHZ 110 E2EFL
2 MEgrjsta MESEA| ot TR EE2gFEL
3 s HIEA CHE22 94 EEgFEA
4 sEUsHE Hot=e 47T 58 693 AdHFEa
5 =EZHATH HENHE LEA] 29135 175 Rz
6 SASQIENE  BMUIGA ZMT OHMIS 24262 KWFL

8] 3£ HE WBE, Geocoder-Xr va2 — (F)X 2aH 2 - o x

& v= o F2-3E . F2EE Address Vs o ] QMR vuEmm

221 SHP 1% (CwsamplewGeocoder.shp \ | O utks
F: 2% | O 228 sV Iy BHEE MY

No N Name Address Fe ¥E  SE un

1 1 MENY HEREA BF 4FAE 110 EER52 12697. 37.566. WA

2 2 REL L] HESEA BUF BAE CEWR2 12695 MASA. ULE

3 3 suw B CHE22 94 CEWT2 12026 36504 UHE

4 4 sEngy HERE YHP FF 693 HUFE 12005 35831 UEHE

5 5 EEURATH  WIVC USAH WARETS NWFL 12677 35022 AHE

6 6 PUEQUISNE BUTAN DHTF BMIE 24262 NWFL 12898 35213, AHE

EST DB TS BX 120200 128
KIEE DB % €K : 20214 1I

AHZ 29 A0S 6AM - 22PMO & NB0I0| 31 WD 28 A|
& SE NBPLICL B, X 100UL &5 XA 20| M2 ] fgn=wn  @en

[Figure 4-18] Examples of geocoding process using Geocodr-XR tool
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[T { LINK Attribute
7 Node *LINK_ID

[ +UP_NODE_ID
*DOWN_NODE_ID

NODE Attribute

*NODEID .

Data link

TURN Information
*NODEID
*TURN_INFO

N, *ONEWAY

[Figure 4-19] Construction of road network map and dataset with up and

down node and link attributes
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Raw data of real speed Revised data of real speed Road network map for real speed

Link_ID Link_ID
Time | 1000000100 Time | 1000000100

00:02:00 24 36 00:05:00 24 36!
00:06:00 32| 36 00:10:00 32| 36|
00:13:00 23| 39 00:15:00 23] 39
00:17:00 25 32| 00:20:00 25| 32
00:22:00 28| 34 00:25:00 28| 34
00:27:00 30| 36 00:30:00 30| 36|
00:33:00 23] 39 00:35:00 23| 39
00:38:00 32| 36 00:40:00 32| 36|
00:42:00 24 36 00:45:00 24 36/
00:48:00 32 24 00:50:00 32| 24
00:51:00 23] 25 00:55:00 23] 25 Py
00:58:00 15 29 01:00:00 15 29| Data join
01:02:00 31 30 01:05:00 31 30
01:06:00 22 28 01:10:00 22 28|
01:11:00 32 36 01:15:00 32 36/
01:17:00 25 32 01:20:00 25 32
01:22:00 24 37 01:25:00 24 37,
01:26:00 24 3 01:30:00 24| 31
01:31:00 32 24 01:35:00 32| 24
01:37:00 23| 25 01:40:00 23] 25
01:42:00 28 28| 01:45:00 28| 28
01:47:00 15 29 01:50:00 15 29
01:52:00 25 32 01:55:00 25 32
01:58:00 29| 25 02:00:00 29| 25)
02:02:00 29| 37 02:05:00 29| 37
02:08:00 29| 25 02:10:00 29| 25
02:12:00 22 28 02:15:00 22| 28]
02:18:00 23] 39 02:20:00 23] 39
02:22:00 24 31 02:25:00 24 31

- Velocity DB
od
lmw— 3 A : 7 — —

T 0035 | T 0040 | To0045 |
a22| 3

ElEE

€€

EiEle

SEEiEE

2EE

[Figure 4-20] Road network with real speed on the road to converse real

speed data by link and road network map
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ojtfoll x3tEl= dlolHE AYsto] At HFigure 4-20). FHL
2 AAE HolHE =299 LINK IDS} dZste] A4 1558 &4k

H4HEE T E2TE 755K

~ 126 — i A —E’T-E



2.4, 2AZt SELdEMHIA H2 HEHI 23
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th. Network Analyst= =290 2 & A2 &4, 7P 7Pk A
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o|Fste BEE AASIAH. olFA AT FERE ol&sto] ¥ A
HoflAl LAYtz SHEAY 5% &Y WEF HolHE L sto] A

Y SFOIBA 7R 9] EEAIZHS AP ST

SEBAIEATIA Y AIHE A
Aoz $85l7] ol ArcGIS W2l Model Builder 7|5 AR5
Model Builder= #4374 & n&wio] HQastAY dF =S ©
52 ¢ R EH BALZ Al SP5ke & o] HAY o o
H9] }FE tholol1d FEim AAdste] E43EE o7 W
S5 FFstal M40 Aoy wHdo] WM 55 &olstA & 4 Sl
G0l Atk ofof 5E ¢ ARtE HIA EA4EDZ Origin &
I3 Destination RIS $¥stke ZEs 245t HEHA
A Asor st AuE AFste 842 FASHATHFigure
4-21).
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for.igin iterate

\'.

fDestination iterate

\ etwork Aualysis

[Figure 4-21] Model builder for calculating network analysis from origin to

destination of emergency medical services by 5 minute time slot
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[Table 4-9] Description of national minimum and evaluation method and

means of emergency services in rural areas

Sector Health and welfare

Core item Emergency service

In the event of an emergency patient, basic
emergency equipment is prepared, and ambulances
with professional personnel arrive within 30 minutes

National minimum  to provide first aid services shall be at least 97%.
In the case of an island area, a system for
transporting patients using helicopters and ships
shall be established.

(The number of cases within 30 minutes of arrival

Evaluation method
on site / Total cases) x 100

National Fire Agency (NFA): Address (administrative
Evaluation means village) and arrival time (or average time spent)
data of EMT-P for each event

2 4 9k Hlee 97% oloR Atk EANYY A B A of
8% WA ol$AAS TEUATH T ANIAHTable 4-9). SFAA
AFF) it AAPEe 299 2EA5% 2EAL ARAA 30

H
B ool mXT A4 AL otk olEist YN £9HY ¥

19 2dido] =2 &= SleAd dig o7& A ez

3) SFoA=HAX| 7IE 4F

WA 27 Wgol weh vheuelR SFYRANA 2ol tha Hoky
< B7IeP| #ste] REERE SFARAEZAY HEAol 302 oy
Tgdo] E7153F x|doz HAASILt EIF HE2XYS fgjito R kolx

ARl 7)ol Wt SEeR FHAE AHEY] fste] 119 HAlE
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AFE uEgd7A 9] HEAol 30% oIl Age =7 HAE VIES

st 2ot SRRAuA HavlE BEE Aoz Asiich

ol#jgt B4 Azt Well A7 mgshe A4S A ] st
U] AFolAE E2He 7vte g BAS Sgstal AtHKim er al,
2015; MW, 2017; Joen et al, 2018). &1} o] BHEL =29] ¥
A AFEE(Limit Speed)E ©]-85t0] AMYE7] W&o AAF LBSE
EE 5 BYgokA] Zethe @AV Aok websd 2 AtoA= W AR
£t tlEo] WEPRIA AuroA AFote WEHEHYEE 085

of A4 AepolELEc] BE 58 Belo] AL AL,

252 sEd8 89

ToATEA 2 AT SRpeh A2 2SRRI EEEol
5~108%S #totd(Gottschalk er al, 2002; May er al, 2018;

Eisenberg er al, 1990), 395329 &2 AT IESESE

Byt opet 27189 §Ro] w2k & gtk olo] 7] $3H
N §% 9% Al ZEolRo] et ol 4 e 47149 gol
2 S AHCASDE Bste] AARE WA W HopA o Wst U
SRR HEIES BAstUrHTable 4-10).
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[Table 4-10] Description of emergency cases considering first-aid and transfer

systems
Emergency
Case Description
P First Aid
Case 1 A patient moves to the nearest emergency center X
using a personal means of transportation.
An emergency medical technician-paramedic (EMT-P)
is dispatched, but a person near the patient
Bystander) immediately provides first aid accordin
Case 2 (BY ) yp g 0

to the first aid instructions given by a telephone
operator (dispatcher). After arriving onsite, the EMT-P
transfers the patient to the nearest emergency center.

An EMT-P is dispatched. After arriving onsite, the
Case 3 EMT-P provides first aid, and then transfers the 0
patient to the nearest emergency center.

An EMT-P or an additional healthcare provider from
a community health center is dispatched, provides
first aid on-site, and then the EMT-P transfers the

patient to the nearest emergency center.

Case 4

e L. 2y oo £ dFelde 7P #Ale] AR (Optimistic
situation)S E9JsH7] Yste] IAZEE 7Y 7R AFHYHe] &5

sol, BAERE M Phe S0 ol$RTky st

™
>~

CASE 12 7] 3% glo] At Ay SFAR olFot: A=
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A, 71&9 FFm FHUAA AT 5O A4S HARSITE CASE
2+ SE8X FHRBystander)e] §FAF A U(Dispatcher)2]
SEAA 8P w2t 13 FFAAE st Bl o] E&o
of FFARE SFATHA] olFdshs A¥oltt. CASE 3= +HHY0] &5
oto] SFEANA EF SFAA T FFAR FFAMNA olFole A
YPANERE 7P 7R Agdd S B

Ak o=9lge] B5l0] BYolH $THN F TFHUl TIAE S

)
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1SN
rlr
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A AR oF 50% ol g2 AAITHKoh er al, 2005).

AguH 7 AR Sk BEE B4R SA] AHadeS A
T AEEE 2 =9 4+ Jor, AED(Automated External
Defibrillator)& °©]&sh= 4% 3U17IHA] &Y 4 UtH(Eisenberg er al,

J&S AAT BF FEE0]
29 3~4% Hastal, Avadess HASHH ge BRole &9
8~10% Hadte= Aoz HIEI QtKlarsen er al, 1993; ERC,
2000). WA 2 Aol E ABA SEEA] FHel, A, B4

s
& o] 27|H82 & 4% B9 AMFEC] 3%¥ A4t 7HYstA

on, 27|H13°] = BF 1T 10%4 FEIThal 75t
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H, HA4, 1190HAIE ] |32 24519 tHFigure 4-22). A9 &
Fo=2AE (Figure 4-22(a), 1199FAAME (Figure 4-22(b)), HEAA
(Figure 4-22(c))= 27k 50971, 1,7027H, 3,1567W7F §1*[st= Ao=
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79.6%7F AFStL e Alr AT HHH HALE FEAHO
2,879707F f1AIste] 91.2%7F AFste ALz ZAESIT 119HAlH
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(a) Emergency medical center

Lo
*  EaFey crater
Harsl aiea LN ] 'y S
Lram ares

(b) 119-Safety center

- 135 —



1 epind
¢ Locw bralih orsler

L]
Faral aren i
Urbas sees

(c) Community health center

[Figure 4-22] Distribution of medical facilities in Korea. The yellow and gray
areas indicate urban and rural areas, respectively. The individual medical
facilities are represented by dots. Red dots in (a) are emergency medical
centers, blue dots in (b) are 119-safety centers, and green dots in (c) are
community health centers. There are 495 emergency medical centers, 1,702

safety centers, and 3,156 community health centers.
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Average speed of road network in Seoul city Every 5 miniute speed distribution of speed limit of 60km/hr (6:00AM-22:00PM)
T0
Limit speed

Specd(km/hi)

[TV WL A I D v a1

#7:00 0900 11:00 13:00 15:00 17500 19:00 o

Every 5 miniute speed distribution of speed limit of 80km/hr (6:00AM-22:00PM)
100

Limit spaed
s Limit 9mged

z

Speed(km hr)

biid'  sdd i v o P - il
Average speed Legend
19 I S N 773 Averagepeed W Masiowm speed 8 Minisuum speed

(a) Vehicle speeds in the road network measured at a 5-min unit by road
type in Seoul (Urban)

Average speed of road network in Hongcheon-gun Every 5 miniute speed distribution of speed limit of 60km/hr (6:00AM-22:00PM)

—— e e e

80
- Limit speed
= ) e —
8
=
= b1
£ w0
E
20 .
4 fmww«%
7 ~ry T
o
w00 09:00 100 13:00 1%:00 1700 19:00 21:00
Every 5 miniute speed distribution of speed limit of 80km/hr (6:00ANM-22:00PM)
S LA S N I, P e e
L.0] v - e - - " = 4= -—
=4
Z 60
g WW
T 40
=
#
20
0
Ay oT-bo 0900 1100 1300 15:00 1700 19:00 21:00
Average speed Legend
1221 I 9.5 Averagespeed B Muxinm speed W Minimnm speed

(b) Vehicle speeds in the road network measured at a 5-min unit by road
type in Hongcheon-gun (Rural)

[Figure 4-23] Vehicle speeds in the road network measured at a 5-min unit
by road type in urban and rural areas. The average speed of roads is shown
in blue to red on each road map. The distribution of the actual vehicle speed

is indicated by road type (speed limit of 60 km/h and 80 km/h) on the right
side in the line graph.
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[Table 4-11] Average area of coverage services of emergency medical facility
located in each province following accessible time (within 10 min and 30 min)

of speed limit on road and real traffic speed in rush hour

(Unit: m?)
Speed limit Real traffic speed
Provi
105;):: :;cien Morning rush hours Evening rush hours
emergency within within (8:00 AM) (18:00 PM)
center 10 min 30 min gy within@ within@ within
10 min 30 min 10 min 30 min
Seoul 233.93 2,868.69 50.13 951.80 47.81 882.19
Busan 202.97 1,690.68 67.13 839.29 66.41 874.72
Daegu 239.68 2,431.89 60.15 1,194.49 5434 1,182.81
Incheon 236.41 2,336.14 68.18 983.46 59.48 1,074.36
Gwangju 229.57 2,469.46 73.66 1,393.32 81.34 1,553.91
Deajeon 216.80 2,322.47 65.27 1,189.67 64.50 1,142.32
Ulsan 219.85 1,778.83 88.25 1,110.87 77.26 1,059.94
Sejong 21439 2,614.26 86.46 1,630.04 85.11 1,639.26
Gyeonggi 24112 2,602.33 76.04 1,082.02 78.25 1,231.03
Gangwon 168.24 1,137.43 100.37 1,013.29 95.14 1,005.01

Chungbuk 217.38  2,082.56 103.95 1,383.79 103.51 1,431.30

Chungnam 22241 2,308.61 129.23 1,735.51 129.67 1,745.52

Jeonbuk 214.21 2,115.27 120.44 1,594.40 119.10 1,621.91

Jeonnam 19433 1,673.63 12481 1,363.35 12296 1,358.62

Kyeongbuk 190.11 1,745.59 109.73  1,412.69 103.65 1,372.92

Kyeongnam 200.12 1,823.61 110.50 1,274.80 106.47 1,219.31

Average 216.68 2,164.20 88.06 1,197.85 86.16 1,218.82
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onf, EAe}t =X 7] Aol & A OFE YEHTHTable 4-12). =
2 AREEE 71E0R2 MY AuA HFAHL oF 8167km’CE A
= ZEWZ oF 8.75%F AA[qt}. I8y AA 1E5E &kof "t
EET A9 MulA HA 9L B oF 10,500km* FE(SF 10.7%)
2 g, AgEa AulA HAGS AHEH, AL FAREY
A, BFFGA, ABAY B EEE AHOE SHYEAERREE
308 oWl RE Ao FIT 4 Y& AR UEyth 1=y 4
TO] A9 9F 27% ool oA SFYRAHEEEH 308 ool H
o] Vb5t AR EAHoH, I FE BYEE(T 15% o), B4
HE(OF 8% oY), AHEE(SF 6% BE) <=2 et
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[Table 4-12] Average underserved area of emergency medical services in each
province following accessible time (within 10 min and 30 min) of speed limit

on road and real traffic speed in rush hour

(Unit: km?, %)

. Speed limit Real traffic speed
Province . -
located in Morning rush hours Evening rush hours
emergency within  within 30 (8:00 AM) (18:00 PM)
center 10 min min withifl 10 withifl 30 withifl 10 withifl 30
min min min min
Seoul <0.0 <0.0 15.3 <0.0 23.8 <0.0
(<0.0) (<0.0) (2.53) (<0.0) (3.94) (<0.0)
Busan 30.7 <0.0 161.8 <0.0 160.4 <0.0
(3.98)  (<0.00)  (21.02) (<0.0)  (20.83) (<0.0)
Daegu 262.5 <0.0 428.9 1.2 434.6 2.9
(29.70) (<0.00) (48.52) (0.14) (49.16) (0.33)
Incheon 135.4 6.3 136.4 17.2 138.9 13.9
(12.74) (0.59)  (12.83) (1.61)  (13.07) (1.31)
Gwangju 80.0 <0.0 91.3 <0.0 97.9 <0.0
(15.98) (<0.0)  (18.22) (<0.0)  (19.55) (<0.0)
Deajeon 90.8 <0.0 166.6 0.8 162.7 0.7
(16.84) (<0.0) (30.91) (0.15) (30.18) (0.14)
Ulsan 260.3 3.7 446.8 5.9 455.2 6.0
(24.54) (0.35) (42.11) (0.55) (42.90) (0.57)
Sejong 162.0 <0.0 335.7 <0.0 314.1 <0.0
(34.84) (<0.0)  (72.20) (<0.0)  (67.55) (<0.0)
Gyeonggi 3,599.5 157.4 5,615.8 189.1 5,498.0 189.2
(35.33) (1.55) (55.13) (1.86) (53.97) (1.86)
12,148.6 4,568.8 12,851.8 4,612.7 12,876.2 4,534.7
Gangwon
(72.19) (27.15) (76.37) (27.41) (76.52) (26.95)
Chungbuk 4,948.5 309.3 5,821.2 533.5 5,874.7 566.9
(66.80) (4.17) (78.58) (7.20) (79.30) (7.65)
Chungnam 4,927.6 87.3 5,981.1 233.1 5,973.9 235.3
(59.90) (1.06)  (72.71) (2.83)  (72.62) (2.86)
5,134.4 173.6 6,014.6 454.3 5,995.2 491.9
Jeonbuk
(63.63) (2.15) (74.54) (5.63) (74.30) (6.10)
Jeonnam 7,035.0 381.0 7,926.8 578.4 7,946.1 574.3
(57.03) (3.09)  (64.26) (4.69)  (64.42) (4.66)
Kyeongbuk 14,532.6 2,5744 16,017.5 2,921.1 16,085.3 3,095.2
(76.35) (13.53) (84.16) (15.35) (84.51) (16.26)
Kyeongnam 6,416.8 355.5 7,438.6 873.3 7,464.0 862.0
(60.88) (3.37)  (70.57) (8.29)  (70.82) (8.18)
Total 59,764.8 8,617.3 69,450.2 10,4206 69,501.1 10,573.0

(60.67) (8.75)  (70.50)  (10.58)  (70.55)  (10.73)
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Legend
+ Emergency medical center
[ Accessible within 10min
[0 Accessible within 20min
0 25 50 100 Il Accessible within 30min
Kilometers B Undersenved area

(a) Emergency service area by speed limit on the road

+ Emergency medical center
[JAccessible within 10min
[ Accessible within 20min
I Accessible within 30min

0 25 50 100
Kilometers B Underserved area

(b) Emergency service area by real speed in morning rush hour (8 AM)
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« Emergency medical center
[ Accessible within 10min
[0 Accessible within 20min
100 Il Accessible within 30min
Kilometers B Underserved area

0 25 50
(c) Emergency service area by real speed in evening rush hour (18 PM)

[Figure 4-24] Distribution of emergency service area by speed limit and real
speed on the road in Korea. The underserved area indicated that cannot be

accessible within 30 minutes from emergency medical center.
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3.2.2. MgESERt ARt WS

P

S52 200 M2 AHIA 30f ol

E29 ANEES AN BESE Suo] we SFRALY §F

oRAHIAE 308 ool WY
45seT 20208 ATARTL

% gl Ade Aua HopKdow

ol-g3to] g AH|A FFA|H A

ZHT 9 54 99 AT B2 AMRgtHFigure 4-25). E29] A
FSES ANZE BESE S0 weh gFlRAHA AL o] o
20 A% Fol7h U AFS Aula HRITE HaA Lrehdct

T2 AFAEEE 7]1E0Z 308 o]

T 740 Jom EAEISY &
T 4-o] go=Z oF 1.94f 2
517188 & °F 0.5%). E3F &

30000

4 285E A9 AL F 13

2 AR B AGATE F 25
S20lth2020d Thatuls AAAT
AZFEISE B 2AIE ] okl o

25000

20000 -

15000 -

10000 -

5000 -

M Speed limit
| Real traffic speed (Morning)
Real traffic speed (Evening)

0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 60-65 65-70 70-75 75-80 80-85 over 85

[Figure 4-25] The underserved population of emergency medical services within

30 minutes by age considering speed limit on the road and real traffic speed

during rush hours (morning at 8 AM and evening at 18 PM)
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3.3. DISHH AR uSHE OE 2=F2fX] ot

E2go] ANEE} AASES JHoR ARUY AN $FU7t
A 302 o] Eeeh ot SRR AUNE LAHstArHFigure
-26). $FHF 4% F Case 19 wet FA7F HH ST ol
ATEE 71202 SFAR AL 6597 AHOR B
WFigure 4-26(), 44 &= 712(QA 6% 05 104744 3
Yo At 34347 Aol Ao BrEsickFigure 4-26(b)).

3 A4 SE 7JEke] HoE|e ZAKoe iRl bEAdow U

SN

f
oM.
o

Mo ok
lo

)
i)

0|2 5B 9] AA £xg HE 059] At SFo7F ke
o] 7} w2 AoZ EAEHFigure 4-27). ZAAGAAE 2F 6
Al 3589 48709] uhEolM SFRE HAF TAEE Aoz EAE
Ao, FEAGL 2F 64| 258 3,570709] koA §FY=E FHF

A7 HAEE Aoz EA4EAH.
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AFEol 7] WZoN(4057M4, AAY 79.6%), sEolA ZAlR AUst
© 29 $E5F0] Wobdo we FHFRHor FriEs A o] F7t

Legend Legend

Emergency medical vulnerabilities based on limit speed Emergency medical vulnerabilities based on real speed
B Vuloerable area B Vulnerable aren

Rural area Safe area
0 20 40 80 0 20 40 B0
Urban area ——— Kilometers Urban area ——— Kilometers

(a) Vulnerable areas based on speed (b) Vulnerable areas based on real
limits of roads speed of roads

[Figure 4-26] Vulnerable areas depending on the road traffic flow speed. The
yellow and gray areas indicate urban and rural areas, respectively. The red
areas indicate vulnerable areas of EMS, where an emergency patient could not
arrive at an emergency medical center within 30 min. (a) shows 659
vulnerable areas (4 urban areas and 655 rural areas). (b) shows 3618

vulnerable areas (48 urban areas and 3570 rural areas).
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3800 80

3600 70
3400 6l
3200 50
3000 40

2500 - ! 30

The number of vulnerable rural villages
The number of vulnerable urban villages

2600 20
07:00 09:00 11:00 13:00 15:00 17:00 19:00 21:00

Legend M Rural area Urban area

[Figure 4-27] Number of vulnerable areas of EMS in urban and rural areas
based on the real road traffic speed in five-minute units. The number of
vulnerable areas is marked as an orange line for urban areas and as a blue
line for rural areas. The time slots when the number of vulnerable areas
reach a peak during afternoon rush hour (17:00-20:00). The highest is 6:35

p.m. (48 villages) in urban areas, and 6:25 p.m. (3570 villages) in rural areas.
(= Jo | ; =2 4
3.4. X|9E Sa=aXlo ARIE HESE =4

3.4.1. =3t AZitE dEE Bt

z7] SFAA 7 % EMTY &5 o7 w=t g & s 471
Al AS(CASE)el diet SEefudAte] BEHES ASsIAH(Figure
4-28). CASE 19 Hat AELEL ZAIAFAA 36.55%, FEA oA
© 4.91%% ZAHNCH, ZAIXHo] &Aool Hlsta] °F 31.64%7F

2 Aoz BEANEQH(Figure 4-28(a)). CASE 25 AH&3t A9 ZA
AYL 59.43%= CASE 1Hth oF 22.88%7F Z715t= ZAos EAE9]
AT

Z]
on, BHEAFL 22.22%2 17.31%7F F7tele oz EAF
(Figure 4-28(b)). 53] &&A|o] CASE 13 H|WsH 4.58) 75§

3 + )
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2850 Z715t0] AMagEe] §5o] et Y2 Hfol7t FAH
Aol7k the AR B 4 otk webd 7129 AT @ Ao wet 7]
2 ZARANAA7} BHPS 2o, olFUHA| A, o
AED B3 A&4Ql &S Fotel 2719 SFANT sFssictd A
2882 3712 & Ik A et Rolth

CASE 39 A9 ZAAYGL 31.78%, w2AFL 7.28%% EAEC
o (Figure 4-28(c)), P2t & CASE 49] AL TAAIAL 35.03%, =
EAFL 10.76%2 EA=cHFigure 4-28(d)). CASE 39 ZAJA|Y <
ZFol= CASE 19 ASHET oF 5%7} A= A& UeWT TA|

doll= SFARAIAHY o] FLUsHA EEE|o] SlojA Q3] AW
=219 Z=FAIZE F7IR Qlete] YEEEC| FAadsHs ZoF wotHT

CASE 49 ZAIR Y9 Aol CASE 394¢} mx7iAZ, S39&
Jl = HAYERIY LAY F7IRE AA Al AESEC] Fadh=
Aog Yehgdoy, H&AYoA= CASE 19 wvlste] oF 2871 Z7}
st= Aoz B 5EX99 FLole ARAet SFA7IAS A

Aol A% WAL Ao YL olgaAThE 2] ole] AEEL
9 % ek o9t AZEo] Fuiclo] Z7HHel 27] Hlee AW 7
Ego] 4u) ol Z7k5HA k. webd A&

=
S HMH Aol BT WasHL o|F 9lste] B, B
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(d) Case 4 (Average rate; urban 35.0%, rural 10.8%)

[Figure 4-28] Survival rates in urban and rural areas by emergency response
case. The survival rates in different timeslots are shown according to the
emergency response cases described in Table 4-10. Among the four cases, the
highest survival rate is Case 2, which is when a patient receives

cardiopulmonary resuscitation (CPR) by someone near the patient.

~ 151 — ; ,:H k= 1” 'E.Jr



47¥419] ol CASE 1°] dirlste] Zt 54" tiA Wt
el JEFo| gEZ vifs AL AHETA CASE 1S 7|10z
CASE 2, CASE 3, CASE 49 3% AELE 4= vustHth(Figure
4-29). CASE 29] %% case 19] H|s| A=20o= 12,4397]9] vhofA]
REE0] F716He Ao EAHAHFigure 4-29(a)). ol AA uke
o] 70%7F BEEC] S7ok= ALR TP oA AgomH A =
HQlol EMT & Aol 7] SFAAE ABFo=HN HEES ST

A
% 9l
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rlr
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Fo
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lo
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N
rlr
-z
Sid
o
il

EMTY &5 & @AM z=7] S5AAE = CASE 39 4%
CASE 10 H|3f Z75He Aog YEyto
o, Q3|8 FYEgo|] Hhshe AIL 2627702 EAEAKFigure
4-29(b)). CASE 3& H&3gt AL 4 IFF, A7 = 5 ZAAY
A Q3]E BEEC| Faste Aol UEH, ALAdoME ST Y
I} ZAAGo] FAlo] Ao Ao R Uehdtt

m w

xjeto 2 A2 RE 71 ke BA Q=Ql El EMTY T8
W= CASE 49] A9ol BEEC] S7Hste X192 5309712 &A=
H, Zaste A9 2217712 EAEAHFigure 4-29(c)). Z=AIAY
(A&, FAh . HF B7DolAE 23818 AEEC] Faste Al

Uehdth &, ZAAYGL EMT B 27 9g8Rl9] Tgo] SFoaAA
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Chauges of survival rate (%)
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(a) Changes in the survival rate for Case 2 compared to Case 1
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(b) Changes in the survival rate for Case 3 compared to the Case 1
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Changes of survival rate (%)
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(c) Changes in the survival rate for Case 4 compared to the Case 1

[Figure 4-29] Survival rates in emergency response cases compared to Case 1.
The blue areas represent the areas where the survival rate increases through
expanded emergency responses by local individuals compared to Case 1. Red
areas represent areas where the survival rate decreases. In both urban and
rural areas, the emergency response in Case 2 was found to be the most

effective in improving the survival rate.
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EMT-P &5 AIZFe @53} dukelo] o3t AED A9 F84= &
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sto] Belx Az} dold IEs} Wopqt A0R etk 3 7]
2o] Mok A% 712AY SR AVSEE 1E0E EMS o
Wk AR EEARS weish 2o} $FRAGM Bt A

sam7lste Ao vekdth

B 22§ g2 Holg AAE F5 d4 4gE Eo 9 HgT 5 A
+ Ugoz MAE & Stk AA, 1F ASE QIS AAAZ] ¢

B ofyzg}l 1199PdAlE| oA EMT-PY &5 8] AIFE 1L
o met FFHoz SFTA Y2E FA wrgstA Eotgeh. A,
] Moyt o=QlE, FH] 5 AlE9] o= Agdl whet AP} o
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H1H 98 2aKRe g8
SAZ ADE ZRAEA AIAH M5 B
1. M2

1.1. 818 H 294

71EY BAvt FEAAE SEA SA0] AR HAZ ] gt 4w
Zpo]l Yzrt Z7retel| wat 2AFF oz A9 APArtete] AR FAH 7}
Z7Fotal QtH(Lockeretz, 1986; Hinrichs, 2000; Thilmany et al,
2008; Bond er al, 2008; Mann et al, 2018). © Yo7} ZAdl np

EoA HH AEe Hi 12" meoA T COVID-19 H#3
(Pandemic)22 QI8 AH|AES] Ao Higt 70 wigo] HfHos
2 AHE S st "HEsHA AAdAE Fulz o s uf
ool Wotx QIokButu er al, 2020; Godrich er al, 2020;
Duda-Chodak er al, 2020; Zwanka & Buff, 2021; Fanelli, 2021).
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AEA sAE R AAARREE ZoA, FEAR, AU
4 IAE AAH 2HAA HdEdtilinda &
Hobbs, 2002). 7|&£9] At ERfv 49¥30E SAES $ggo=
A QIANE Aol 84 Eoto WE g &3%0] 7Hsotthe
Act. Iy ole BT IFY AAe sAE AWrEY oF
45~72% BArr §& HSS EA AASHL Ut E3L, o @A &
SAAE ANHA FEEE LHAHA] AZE= Ha 3Y o] Al
Zrol A9 AFY AAEo] JFE v tHAmorim er al, 2012
Amorim et al, 2013). °|&lgt 7]&9] AR {EAAY WAE 5
sto] §8HISS ATAA AR £ FHAIZIL AH[RA QHA
St A £2 AES HE ARF Yol FF6taa w4 AANE 493t

St Sl

o
9
sgsE 9 5

I
%,

i

@o

o

—_—

ol

AR AAHY R AAL YSoNE EFSHL SARET BE w4t
=9 &4 "ol AAHE AT LFALEA -5 teftt AR o]
UHWolf er al., 2005). sitES FAL Fujo] HlsiA Adido= 4}
EF 7Mool @A FH]8-2 Erh. o]&4l oflzt A7t wat FHo]
H2A] A5tE7] ol & § &4T HSol SARE BIsiA ot Al
7tHoz &0 @2 Ak iy Jti(McKenzie er al, 2017;
Mitrannavar & Yeledalli, 2014). 4tR|o|A Z|&ot= A faoes Fi
FY F2 Ao FEsto] TSRttt ARol oy dA] APl whet
vl Aol 22bd 4 Sl ESH AF9] A0l EEIEA Fet B
A} AH|R} ARo]9] AEQ AlAME, d E2 F7]o] tisto] o]Ao]
A= 4 AJHBrown, 2003; Ernst er al, 2006). A7ko] wh &9
o] siEeh= B4R B4 iR AR Qe o] E7ish

=
™, AEol ool 3UZ B¢ BilATE M2 dEe oAl ESshal

)
e,
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W g 4 glome A 5 PRt S]sloR Sk

FEUAS Zo] B8 APHE AAY WAL ofds 7129 =

FETe olEIERE FHA TIPt on| FAE Ut sAEe] 7HE2

Foju fA ] vls] d 71Fo] dong g ArtE 7ol
de @A AeEE Ax FFDANAY HES EoleA Hiolt

T3 A5 oA SFEAE
A=, SAESY AAEE 15
7} " Q35K Han et al, 2020).

1

7129 "uigS o83t AAY WA ofHs] fEHlE= skt
AL QleBEE, A2 FH EFAAHEE F5T a7t . olE
ol M2 FHY siHE AAHE A= 2 FHo| Ao EA
870l UAEE AREEA] Fa AHAE] e FFAFY(Latent
resources) FAoHA 8ot WHEES AYT 5 AdtMa er al,
2019; Ma er al, 2020). 2&=A ¢ U= FFALS BRIY S/

of wtt E-ast AH] Y9 PHIE Eol1, TFHOEE AFF FBQ
o|] F7toll 7194& £ Sl Aol UtH(Yang er al, 2009; Van
Duin et al, 2019; Choi er al, 2020). & E°], HEZ FFAY

o% © o4 vU8oR AgA U A4A, WA, BH, HE 5ol

olX

o SFAY FOIA BAE eho] BEIET AAUL Hr|HoE &
L FAFLDOE/ AN B TN A= 5 5 ek
o] gExkt SRAR F3ko] Belso] glo.

o
AR SAoA FrA¥AR AFdole &5t 5459 7

30
off

e

’

-
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T A&/ AR AT &
o o] glojyt w2t Fof Hjgt
| W2 d4doltt. 18y IoTe}
ICTE 7IHte & 3t fRastts AREsHAY S/3t71 #'t 7le2 S3H
AAZE KA A H| A 4 5 Gt JEAGS LHAe] AAPEE o&
o ZAERY(Last miles) 718Fe] FAJuiE(Intermediate delivery)©l
7Fs5tA wHEtHRopke & Pisinger, 2006; Suh et al, 2012; Schor
& Fitzmaurice, 2015). E3F, UAVeF A&F3 5 JAd & 09 7
o] I wet AY YoA AlEFS skl gAl BHjsk=d ol&
S 4 QAH(Yoo et al, 2018; Peng et al, 2019; Wang et al,
2019; Kirschstein, 2020; El-Adle er al, 2021).

rh

ATNAE FF L5403} =22 ol8d Ane FHol HiE
Atk 2AAEAAgroSLSE AR, 7% dujgTie] L5ue, &
2AZE 9 ouA A8 HEE B AW A% Wrbstast wt
ol 98 WA Az FEY HiHE e5AAH(AgroSLYol e T
2 A ER, eAA2HY 4% WAk Sstel 7 gAMe
AT HolHet Susjor & YHES /14T W nAdYaS 75
th mhetos 7129 SAF Suie o83 WiI AgroSLSIHe]

dgo] B eAWH, £8AZ D U AL ST vwshy
1=]

A ek, olF o) EEWH AYYRE ol§F UEAD ARE BHT
St 2R AAUL. B SUE FIAG A0S WYL 20
-3 PRAL ] 5 Aade] 45 BHTA Ath
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2. 24 &8 A Xi=

2.1. AgroSLS AJAEI JLX M|

)
rlo

AREQIEY 719Ee] 7S A= o8] ojHYd &8 3%t
ojuf Apitol gt &8-S 7FsSHA skl AtH(Alioto, 2017; Cai er al,
2019). o3t AAZE HHe}F F7HAQ GFHRE o8& E&AA
gt &89 AHIE MER AR SSAIAER] AFE ZXAEA A7
of Wrgstazt siiek. olo 7]&9 574-3HE EAAAH(Masson et

al., 2017)& WAWHYste] FARET YEHD 79| 77 A<
|

AntE BRI o5, B S, A4, A L BRALD 5 2R 4

okl 24 ICT 71, AN, JESA 3

2,
9
N,
m?>
fllo
e
oo
_0|L
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i
Sl
fols

45 AP olF &5 EFHES Edtte A2 FRHE ke &
=2 AoT 4 Af(Lee er al, 2018; Korczak & Kijewska, 2019;
Leyerer, 2020). AAE AHIE EFAARS AA| 1&/A]QHA9 W
U= 7|8e R St HAAZEe R {F ARSI 3= AgE F

el ol BAAAY] sAES 7P
H23 Aot BRI R &5 & e siE EF AaEE 7RSSt

Al 2tk

[©)

Astea ARHOR 4ES ALY 4

—

AgroSLS9| &A= sAES BAANA e FHsHEY, =8,
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U7 Sum 2L AW 719 59 M Mhe B s (y

MR S50 FOluEMA)O] 87 ERAACHEEMS B b

AEL 2049 QUEEHED 25 F HE WA AL o
g

SHH(EY, 8 528 LHAA AYs A A,

i

71&9] g 7t o A AAL AgroSLse| AA= =

22 Aolde 7HtHFigure 5-1). A=l AAZAHAAEC] A
gt AAAE visel At 2SFEAY oF 60.7%)01FaL FHA

o, B3 9AF FAY AAY BEF ME IR it o
57.1%2 AAstdeh. $AZ Aol A9 BANREE A $AF A
aold A F A9 SAZOR S & F LIAGY e

Hub® o]&gtt. o]F A H9 AF LA =oA A

AgroSLSS| A% A9 W 7 7k FHHL
Hog cte Ao IF 2 VN R AEo] *5H F HA
oMl 2T HiSo] grE. °o] HAAHoM Hi 3EARE AP, 3

59 o9 FAH 24wt

2.2. AgroSLSe| &3k HItI T3

A gAY E At Figure 5-2). ZHAYI= ZA oA B
2 " ©A, 2AAEHA ALFY] 28 4 Ho[HE oldfst|
At 24 A ofF DA, AgroSLSE 35| fIgh dHlole &3 &
A, MEHAD £4 7Ivte] 2d A A, Jidd Zdo] Algdold &
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Farms Consumption

(a) Direct transaction phase for logistics

Intercity Bus e L W
Terminal = T
intercity Bus
Terminal

Origin Destination

(b) Regional transportation

e
e

5

ty Bus e TRe

o / Terminal T M
o

Intercity Bus \
Terminal "

Farms Consumption
(c) AgroSLS phase (Combination of (a) and (b))
Logistics phases
Local distribution
Regular distribution
Flows and Attributes

—_— Primary flow Truck, drone, etc. Cargo
- Secondary flow Intercity bus Loading space
-—-3 Regular flow Intercity bus Passenger space

[Figure 5-1] Schematic representations of direct transaction and AgroSLS

process
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Conceptual Framework for Evaluating AgroSLS

Logistics Structure and Data Understanding
Structural = Location {Secondary data)

Characterization = Actor {Secondary data)
= Activity {Realtime data)

Traffic Netwark
= Multi-actornede faddress, coordinates, et}
= Multi-actorlink {distence, Iimitspeed of rood, fight route, rood rovte, ete}
Transportation
= Loecal {mode-truck, motorcycle, and drone, fuel economy, ete.}
= Imtercity {express bus, fitel econamy, cargo capacity, schedule, atc}
Data Collection Parcel Information
= Attributes(tvpe tize, packoge, ete )
Activity Process
= Realtime location {Realtime parcel tracking)
= Time by activity (Realtime data)}
= Spatial Property freaitime loadable capacity; latent and scoupying space, ete}

Network Modeling
Meodel Development = {ptimization slgorithm for Iogistics network problems

= Network integration between local and intercity netwerk
Envirenmental Load [carbon diavide (C0:), porticuiates (PMs), and others)
Simulation Delivery Cost {marginal delivery cost by step)
Delivery time [delivery tine in same day)
Comparing AgroSLS to Direct Transaction
1 A = Environmental perspectives
Evahuation = Econonlic perspectives
= Sgcial perspectives

[Figure 5-2] Conceptual framework for evaluating environmental, economic, and

social impact of AgroSLS performance
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(COYot WAHAI(PM)S}F #2 @R FoIFS FEAHA(G-1). °1¢ o
=0 FE T SA HiSol 7 AR FHF & 284 AR
tH4](5-2)). ERL 712 AAH AALt B

e AESHES FATHA(G-3)).

ELG) = Z%w(z) (5-1)
()= ¥ 0+ e 0) (5-2)
MC<)Y .C,) (5-3)

o 2d Frl oA

zd grh dAAE o] gAA F7gE AgroSLSO| RS, &
AT, HASHIE gide o8 V1€ A 2AAHY EFF
7

S1e, 29417 244182 vwsto] AgroSLSY) A& 7FsAS

2.3. AgroSLSQ| AZEA

7 geted Em yEYas Auom Had EAL sPsaon,

AgroSLSS] FFZQl vnE A3l 7IE€S FEARAERY] A= S
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7R e FJA Bao] LPEolof gty FA BEHLS ArcGIS™ 9
Network AnalystE ©]-&o}3t}t. Network Analyst& E=2of T2 %]
A AR &4, 7P 7R AldE ool AEAage B4 53 Z2
EQF 7|dte] F7HEHE Al5dt= Extension®|tt. Network Analyst
9] 7] 7H&Hl New Route 7]5= °©]&3t%th. New Route 7|52 7t
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Vg e Ael BL AP AaA0] AL RS AR,

AgroSLSO] WHFt Bl E 93 SAHANRIERS el &4 fIsiA
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Ao ARgo] 7hssith

)

S FAAAER] g2 HHlE Hlile Buide A Jes(®
A=holl HelE 7R, Bz it $A=9 HEidRE &
Sto] AR o R Hido] Hoh wEhbA Fuixte] HElE 55H7] fsHA
= "gujg2E Apdol] FoJsta, I &Ao wet vjdEojof it} oY
St B4E& 954 Network Analyst®] 75 7F2Hl Vehicle Routing
Problem(VRP) 7|52 ©l&3t3tt. ©] 7|52 FgAolA &gt iS4t
Zol Azt Aok &2 AF AAEF AT 5 Ak stolA IAES
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AgroSLSOlA+= FFA91A Huld E= Eu[doA R A= EE
= Ol&SteE HAAEO Utt EEZ o8 59 HAHE FEEA
£ ArcGIS™9] Spatial AnalystZ ©]&3}%t}. Spatial Analyst= A&
I #AAH oFet EAEFE AlS Sk Extension®=E, ©] 7H2H| Least
Cost Path(LCP) <€18&S ARgsth LCP €1ElE2  Cost
distance raster? Cost back link rasterE ©]-&sto] A=2E AASHct.
Cost distance= H|-8HHO|A 7} 77FS- AA7HA] 2+ A9l FH A 4
A8 v]E&S AAREY. Cost back links 7Fg 77k A20] Ot 4
4 "G FEOA tE ARl o] ARl o] FSto] FHFAHoR
FAHgo] A} He FARE AR
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Kest o] Huldo|q =2o] £usto] 7+ Axpuo] wHsa At
2o WAl o Hude Bisie megaz pAselon
ArcGIS™Y BENHE olgdte] Hiug S AASATHFigure
5-3).

OQutput
backlink
raster

N

Cost Distance

Qutput
distance
raster
=

<

Cost Back Link

[Figure 5-3] Least cost path Algorithm for drone delivery using Modelbuilder of
ArcGIS
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B4R T 5 CHAS AH 2uRolA

o AL AU HFCHY S8 B Y 4% HBAHE o
83l0] ol5alA Hrt. olF A9 LATONN BAIAAL SAF 49
g E(1E 2 ol§stL, WA AEF 7N 53 @) =
=

oY WL e o BYo] uet o) F 249 A EYL ol
83tm, ALgake Aol wet Ui Ago] mewolof dich. whehd
GE 2557 5 A AE |E0E oFAu] U oA
AgHS AASNAT. olF SASA A% A FAE SR duE
2 ol 8319tH(Table 5-1). BB A AT Fejol wheh wast
ol YHH(EE BN AVt Gl hus TREC tpEe) g
S @ BE BEE gElA wavt e Yeid gEz 29
H7] ] £ ATolAt et JaFo vl Btk

o
U

E¢o] 580 W2 o]
Age theol 4549 2ol

|
Et:; d. (5-4)
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Where FE, is energy consumption by truck for parcel delivery, wf; is

energy consumption of truck by loading weight, d; is traveling distance.

2.4.2. HA 289 OHX| AEE

oZisks ERt SAC] 5. Iy diFEe] #A skEFAee] A

9] AZskEe AY E= 47t WA & o= Rlste] HAE olE

[Table 5-1] Energy economy of truck by weight and loading capacity

(Unit: km/L)
Capacity Cargo Ref{éi?;?tor Rigﬁ;‘;t)or Wing body
1.0t 9.0 8.5 8.0 8.3
1.4t 8.3 7.9 7.2 7.5
2.5t 7.2 6.8 6.2 6.5
3.5t 6.8 6.1 5.5 5.8
5.0t 5.5 49 4.2 4.5
8.0t 4.5 4.1 35 3.5
11.5t 3.5 3.0 2.3 2.7
14.0t 3.0 2.8 2.0 2.4
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[Table 5-2] Energy economy by bus type (express and intercity bus)

(Unit: km/L)
Energy economy Intercity bus City bus Reference
Average 4.36 2.36 Lee et al(2013)
Average with Idle 5.12 241
Choi(2014)
Average without Idle 5.19 2.64
ol AFSEA g BTHIASE Fol WA Frh. mebs 2

TFolAE H2oM ARBEA] ge AAZskE 1t sAtEl EETE &

o] FRlaAnel &4 FEARE 1595 olste] AFgoz s of
7] W] Wao it T4l o wWE EAREI} ATEHA ¢
I Qo wEbA] 7129 AFolA AFEHIL e AHAERE ol-&sHAth
Lee et al(2013)= w29 AFd #HEg zmeolslr] 98] 2=k OBD
HAE Eoto] *PHolHE AlEstl oH, Choi(2014)= CAN AS
718 AR & Ago] Fabsto] Aol Au] JEE AAISHATHTable
5-2)

ol

EG, WA ARANAE HAF] et WS NE0E AF 7Y A
gajold ARS AT YcHTable 5-3). ABEE Avle wwl o
3~0km/LE ANHL 9om. BFHoE BE 5.14km/lelch. wety
2 ATolHE AFHE Ao BE 5.14km/LE ST,

243. EE 280 OE oHX] A2

Ego|yt WA o] wE EFFFolu ARt X olsHd=
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[Table 5-3] Energy economy of bus model by manufacturer

(Unit: km/L)
Energy Economy Combined
Model
Urban Rural Motorway | €nergy economy
Hyundai County 7.95 9.31 8.92 8.72
Hyundai Aerocity 2.67 3.24 3.26 3.06
Daewoo Hi-Decker 3.46 4.42 5.73 4.51
Hyundai Universe 3.35 6.65 6.12 4.99

met 25 £k ols Ao AHlE alHste] ARt o,

L oS =8 710 disiA AidAage] did A 3=
now, & AFoA = Fu7t 23 FAL == 5= doFshr] o
ol gF=(Payload) ¥4 FA olido] Hojof gt &3], wikEs 5
HiS= ot 2719 FAZE 24 3kg AEolEE olHY 2 =2 HAZE
7Fssfiof dtth wEbAd 7|Eo| E4" ' AT JhedE SEFATE
4.0kg7HA| 7+ Xu(2017)7F AFet tEdw EECE AAst] 74
ol AHPayload 4.6 kg, Air speed 22.2m/s, Range 12km, Epm
525]/m).

olo] =29 Ao AAE AR AT 7IELRE Ao e 58
CFA)E 71822 4Hgstlrh. Qin(2018)2 o|F184E ol&sto] 47

OJET} 5% oS W oA ALY Hlwsiglon, sPo oZahs
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A% 54 o5l 288k oA 60% FEI NS A8 Ao
2 BAE9T. o8 So] WA|Zo] 4559 Aol 44 0§ 434 o]
>

o] ORI E EHty ARGRITAL 7S, 2] olF o= 255]& ARED

1, 3 ol52 60% H&S 85t 315] ARESto]l ¥ 405.28]5 AME
Sttt o|AY HA|ZHe] =7)of| wet o|A| ARgEo] £ $22] o]5

N
=

12} BEithy Aste] B2 oux A8E theol A(5-5)7 2tk

/P (90— 2 P)
Ea=g Wt 90 .

(5-5)

Where £, is energy consumption by pitch angle of the drone’s flight,
£ P is pitch angle of the drone’s flight, W is a hovering power of drone,

and W, is a cruising power of drone.

|

Ol

TE29 NAAE= AP 1o wEbd HAEoloF jith &
T2 Afolo] thefRt A@ Aol= QIste] WA|ZFLTE WHSHA Hoh &
AFolM= LCP &g Eol osiA Atesd F2E 7€z WY &
2bg Atolo] A1 FAHE(Cross-section)d W}t olF AHE<S A4
A, 4749 B H FAA 7R mx]Ze] wit o] Eet o|A|F F

Al oA AEFoE AP S TH(Figure 5-4).
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[Figure 5-4] Drone route by cross section and height
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Legend
Population
B 6 - 100
[ 101 - 500
501 - 952

0 25 5 10 [0 953 - 2000
e e Kilometers I 2001 - 4500

(a) Consumption place: Seoul

Legend
Population
B o-25
[ 25-50
50 - 100
0 5 10 20 o et [T 100 - 500
e ] Kilometers N I 500 - 650

(b) Production place: Pyeongchang

[Figure 5-5] Consumption and production places and their population

distribution ((a) Seoul and (b) Pyeongchang)
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[Figure 5-6] Regional intercity bus route in urban and rural terminals between

Seoul and Pyeongchang
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A A=A ZF AAZA] =gl 1ol gl HiE F=7F H-ZFofof
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[Figure 5-7] Iteration process to randomly deliver the agricultural product

parcel from producer to consumer with Monte Carlo Simulation

ot =2 AUAE vlF] AEste, AdEE 4t & 5 e,
ZHERE 402 MCSE #38% o Ath(Figure 5-7).
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3.3. 7I=2| A 25t AgroSLS| 2&
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et BRTLS ddoR A= Guige] e EAAEARS) &
< FYHh. SAHS A SHASH, BEA S, AQAFoE
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(a) Post office and main hub distribution: Seoul
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(b) Post office and main hub distribution: Pyeongchang

[Figure 5-8] Post office and main hub distribution ((a) Seoul and (b)
Pyeongchang)
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o] AZRE Aol otH, MR = 2524, A= 1728XE AHoF
et 7 AAOA AEEHUE7AlE H9 14.3km, AREHUES
3.67km, FA+= 1,92km EolHq Q= HLE EAEIrhFigure
5-9(a)).
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AAZS ASof s, GALLS 16225242 Aok 3t} E3F AR}
oA FASHUEZAE ¥ 8.05km, FAEHTES 10.21km E

A Qe AoR BEAEHA(Figure 5-9(b)).
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(a) Coverage area and range using drone for AgroSLS in Seoul
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(b) Coverage area and range using drone for AgroSLS in Pyeongchang

[Figure 5-9] Coverage area and its range using drone for AgroSLS in Seoul and

Pyeongchang
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Legend Post office 1 route (PO1)
— Post office 2 route (PO2)
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Fostoffice = Post office 3 route (PO3)
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[Figure 5-10] Optimal point and its delivery route by post office in Gawnak

city, Seoul
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(a) Average delivery time using conventional postal service within Seoul
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(b) Average time by delivery route using conventional postal service within Seoul

[Figure 5-11] Average time by administrative district (City) and its delivery route

by using conventional postal service within Seoul
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3.4.2. AgroSLSE 0|25t ALA|7t

1) SA2 MAXOIHY E2 28

BYA L) EEL olgdtel NS Wt o|FY A7 TR
(Figure 5-12 & Table 5-4). 1 A% 2 AxolA guldry S2g
59 olFohe A Wit 83%o] anw:



20 20

Time (min)
=
G
¥
(%
Average time (min)

0 ———
HG Terminal JB Terminal JP Terminal

Legend

l Averagetime B Vovingtime

[Figure 5-12] Moving time to deliver agricultural products by drone from

farms to the nearest intercity bus terminal in Pyeongchang

[Table 5-4] Descriptive statistics of delivery time by drone to intercity bus

terminal in pyeongchang

(Unit: min)

Intercity bus terminal in Pyeongchang
Delivery time

Jangpyeong Jinbu Hwoinggye
average 10.80 2.77 1.45
Standard deviation 6.82 2.51 1.27
max 27.85 12.64 6.48
min 0.03 0.04 0.03

2) SUE YMUX|OIM AHIXTHK] HA 24

HWHA AN E2S o83t Erdo] Had sibe2 A9 o
st A MEA9er 5. HITHA XY AR TE &

AMEHAEN @ GASHAEHUER 424 FHI, olF EES °l&
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[Figure 5-13] Moving time to deliver agricultural products by drone

terminal to consumer in Seoul
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[Table 5-5] Descriptive

terminal in Seoul

statistics of delivery time by drone to intercity bus

(Unit: min)

Delivery time

Intercity bus terminal in Seoul

E. Seoul S. Seoul
Average 6.047 7.663
Standard deviation 3.145 3.737
max 14.750 16.654
min 0.07 0.06

3.4.3. A2 EiH{UT} AgroSLSS| & AQA|Zt HX

AgroSLSt A= =gl whet SARES] HiSAITME V|EoR gk
ol vuE 55U H(Figure 5-14). 712 SAF HujdS o] &3t=
$(Figure 5-14(a)) BFAHY HE=(AR)oM BL=7A= Bt
35.84%0] AQEm, U] AT YFA7HA = 65.78%0] ALQFHIL,
HF=7HA] 71.5780] 2= ek E3 A& FF5=
A WEETA = B 23.9350] AQ5, #Hul 258 93 L4 =7t
I 7.780] AQFE= A0E EAEQH npRHoR 7F A=
Hufg2o] w2 HiSAI7R 34080] AQEFHT ol BHAREE 7E
oz W HAAGY HEFoi AEA G EHI|7HA]
(9.08A17ho] "Qst Aoz Yepyrt.
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rir
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M

AgroSLSE ©l8&3te -F(Figure 5-14(b) BHAIHS| Z+ AR A
7P 7k EuEZA] E2E olget Hat 2542 8.28E0] &8
He Z0E YeEon, Xof 27.82%0] A28FE ZOoE EAESIH
BAAG ABEEHUES 7IE€oE FAS7MA= 103.998°] 485«
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(a) Total average delivery time using conventional postal service (unit: min)
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(b) Total average time by delivery route using AgroSLS (unit: min)

[Figure 5-14] Total average time by administrative district (City) and its delivery

route using conventional postal service and AgroSLS from Pyeongchang to Seoul
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AT B ol §ste] BHAA] FAHOIA LA =2
WA AL ARGt oS SI) LA ey AAZ A
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(a) Energy consumption by postal delivery service: Seoul
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(b) Energy consumption by postal delivery service: Pyeongchang

[Figure 5-15] Energy consumption by postal delivery service ((a) Seoul and (b)
Pyeongchang)
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QA= AEE EAEJHFigure 5-17(a). AZ19 B&XY

= Adx
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B2 oUiAI7E 7P W2 oUAE ARshe BEidRE AEAl S
o fAt &A= B2 A=A (Figure 5-17(0). F7= A
2419 7HE A2 e 7 AT, a5E FAlES T A
Zo| fAISkL At webA A2 WF oM =EEiE Rt olFs 3
2ol HisolsS A% A=t &obA oluAE WA AEEe Ae=

whotziet,

Legend
Ee Local post office

— Delivery route
© Delivery point

(a) Umyeondong post office

Legend
% Local post office

— Delivery route
¢ Delivery point

(b) Sogongdon post office

[Figure 5-17] Post offices that the highest (a) and lowest (b) energy

consumption for parcel delivery
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HITHom FHA AL ATAN MEAH HF=7HA] olEsh] Ht
AR &R oF 1,526.49M] HFroltt. o]F MEHF=olA 2 A[F9]
=5 1A $A=7HA] =25] flsiMe Bt 1624.83M]2 oUAE
Agehe AR FZA4EloH, &aHRoA kEsh]  fsiMe He
1706.76MJ°] HQ3t Aoz HAHAY. =, BAAFANMTH JFS=7HA
= M sitE2 5L AURAE ARSSHAE, 11 olF dd=E AA, ¢
A=, aBRIA =27 |7kA= il gufg=o] wet oA Ak
HARE HolA|l "o ol FS=7HAY ouA] ARgEE ARt aE=H-¢
A= 2uA7HA] 5] 9%t 3G D919 BatoluA] AREE A
A9 M& WFom ZeE ARGEE AUAFe] oAl Aoz &+ 3
CHFigure 5-18). ol FF=olA =7 olgs AR olvAI7h 2
g0l 7] 2ol ol At st YEhve 23z & 5 -

2748

[Figure 5-18] Total average energy consumption by administrative district (City)

using conventional postal service from Pyeongchang to Seoul (Unit: MJ)
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3.5.2. AgroSLSE 0|28t Of|L{X] A2
1) siE YUXoM EE 2S

AgroSLSOIA E&2 ol-&sto] HAAHY 7+ A HoA 7HY 77 H
ng7kA] o]t Ao webd AREE oUAE Het 5.81MJ°] 485
= Ao F BEAEH(Figure 5-19 & Table 5-6). 2129 Huld& 7]
o8 Wt ofvA AREF A AEEUEZA 7.55M], AFEHUE
7HA 1.94M], BAEEZA 1.01MJ°] A8F= Zog Yt 7}
& B2 AUAE ARt EES ol8d sites 55k AR ¥

A GEZAGoln FHd 19.47M] AE AREE ZAog EALQIc)

Legend

Terminal
Grid point
Drone Route
using Energy (unit : Joule)
16146 - 1500000
1500001 - 4000000
——— 4000001 - 8000000
— 8000001 - 12000000
12000001 - 20000000

Elevation
High : 1574.19

Low : 220 20

[Figure 5-19] Energy consumption for agricultural product delivery using drone

by intercity bus terminal in Pyeongchang
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[Table 5-6] Energy consumption for agricultural product delivery using drone
by intercity bus terminal in Pyeongchang

(Unit: KJ)

Intercity bus terminal in Pyeongchang

Energy consumption

Jangpyeong Jinbu Hwoinggye
Average 7553.92 1934.30 1011.29
Standard deviation 4768.78 1755.15 884.84
max 19473.56 8839.17 4533.48
min 20.245 25.561 19.633

2) SME YUK AH|IXZEX] HA 2

ok

BT ol 2Acke G4, A%, FEEYES AR AT A4S

ol 53t Azjet WA Aulo] wEti] AHEHE oURE At 3

A, A%, APeudzix e B9 =272]E 35.791km, FHoA &

A7 = 177.46km FA&7HA= 181.78kmtt. o7l AvlE gt
oz ARETFS Z+7F 263.54M], 1,338M], 1,307MJ2 E4 =]t}

@
ofr
r.t
I->
o
Pal
=2
R
_°
Ho
op

T+ YA AHTFL oF 479MJHER YERGtHFigure 5-20 & Table
5-7). o1& ZZt9] Huldg 7|Eoz AWEY FALEHUIL HF
4.23MJ, FHd 1031MJY oHA7F AREE, GALSHUES Bd
5.30MJ, i 11.65MJ9] AHA7L £HE= ZoE BAFI
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Legend

El Termianl

using Energy (unit : Juole)
44330 - 2000000
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Elevation
High : 757 0 275 55

Low: 0

[Figure 5-20] Energy consumption for agricultural product delivery using drone

by intercity bus terminal in Seoul

[Table 5-7] Energy consumption for agricultural product delivery using drone

by intercity bus terminal in Seoul

(Unit: K])
Intercity bus terminal in Seoul
Energy consumption
E. Seoul S. Seoul
Average 4,228.57 5,359.00
Standard deviation 2,198.95 2,613.37
max 10,314.52 11,646.39
min 50.894 44.330
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3.5.3. A= Bt AgroSLSe| & O|HX| AMEE H|w

SAES 17HOIARE 100707H4] 258 49 AgroSLSSt A= =l
ol W2 F v AEFES FHote TS 100M4 HOsHtt.
AgroSLSE A&st= A B 170 AHolA siHEol sl A& 1
N Aol wisE7] st Bast B oUAE 1,596.77ME 4=

Rom, 10071 AHNA &FEHE FF T 3.962.19Mj°] R AR
EA=Qltt. MCSE Boto] 48 st Axt HAoA 170 ZHofA
EU5to] AMeE 7He B 1008 BHESHe B9 AHIA] YR A HE
P& 77k EHold § @ A9 "HuldE olsstith 18y A i
7b 271 o3 AR Al & F Y EHuER sAE &80 ddE
ot olo] 1003]9] mo] Azt 27 A4 &S she F-9ol 1003
% 2337t BALEYET FAEENES A0 olsdts 2o B4
Hon, 37 AFoAe 528, 471 AFANNE 749, 578 AHoAE
84%o] &= 7f9] Enjgdo] SgEE Aoz yepdtt o] Qlsto] xute]
AR AHEFL TALE T2 GALEHYEZA & A9 Huldzk] &%
§oll met sk olvA] AR B3RS UEttL ol AR F A9
Eln[d7HA] o]&3foF ot oUA] AFHEFO R Wdlele S B & AU
th. ol 10719 AR HiSREE 257 £ 719 Bude] o,
APAQ UAAEF 7S Hols AR EA =

N

)

71& A= S A8oks A9 BF 10 A-oA sANEC] &8
stol A& 170 Aol wiEE7] fote] /Tt oUAE= 1,681.34MJ=E
2AEAoH, 10078 AN &5EH= FF & 11,722.43M]°] HA3t
Aog EARGIth. MCSE Boto] BAS 433 A3t oA 17] A

oA Edste dvole ARG & e SA= HeF=E o]8st
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A e 23y 100719 sAkEC] #iSEHe A ARGl AR 2
= A= 9HiFEE ol&sHA doh. kA "9 Agrt SHESE
Mg AA O A5 FA4tE o] HFo] Hojof 517 wiwol| B 29
g 271 o] &H ) ol2 ISt AFAQl F7FAHZ AUAE AR
Sk= ALE & 4 Qlth. o] AgroSLSOlAl AREH of|x|et H|wstH
th2-9] Figure 5-213 Zth AZstE 19S 7|E02 HW, AgroSLS
£ 0|83t sAES 10071 HiSste A% 719 =g EY oF 369
NUAE Astes o2 EAHIY. sibEo] 107] olstd Hfol=

712 gujie olgsl Aol AL XS ARsl Aoz BAHEgo

- 1

=

1}, 10747 2T o] 52 AgroSLSE o3t Zlo] He ojuine

gt Ao BAEg

14,000.00

[Figure 5-21] Total energy consumption for AgroSLS and potal delivery from
Pyeongchang to Seoul considering 1-100 orders (Blue dots: postal delivery,
Orange dots: AgroSLS)
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AR, AAH S7t TE &7t 2 259 &5 T AEol 0
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2 dFoME R 2SAET B2 o8 M2 IH sitE
LAntE 2AAH 2 (AgroSLS)E AltSHL, 71E =Higate] 25HY, &
SAIZE B o|A] AR BlLE E3 AgroSLSe| Ads2 B ©]
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H 2 E Y dLAARC F=dS Jdet
= x
L

o= —
SAE FE 7|89 NMeistE ASViE Tt

1. M2
1.1, HiE & 22y

mte] 7138t 9 2] fE AAFES 247ks E R U|E
FFH ZOl(UNFCCC, 2015) 71583t & A4 4 7ol Z3kdol
utet theFet EopollA JIFAES} o] ALHo|AAE HFHQ RS
HASHAL QItH(Kang er al, 2012). 53] =L SHFAHERNA 571
o ALAQl 2A7MA EE foto] AIAA HEE 5FAES ggoR
o AvASAE ASA 22 Ut 4E 8 AEE AP Folth

1=
e AA LA WYY B o 2.90%F Ao SYSAT R

=

E ZF=)9] olisletAE Z=dfoF stth(Bae, 2015; Ha er al, 2019;
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Kafle er al, 2017; NCGIR). °o]o| s&dS4tA&EoF 71583t B8 7]
2AY, 71%Hst 9F 9 HSAY ARE TAR 24

Aets 5F71e0 A S 201295EH 59-52 Az 2471A
A 2 AgE 554 ISAIE EYtte & ot AEkgs
F71 Folth(RDA, 2103).

c

2016; Liu et al, 2016). °o] A&t =
234 A57 GAP (Good Agricultural Products) 95& HHS =
SAES QAo E Agtd 5Y7|&S F8oto] A4E sAEo] Fofsh

L S7H BAE ABAEClY of ARk WY HYNE LAsA 7

flo

oA AFSFIL, ojd] WE HAJem AuR] &Rl Ao uE A

HEg 9EF 4 S FAshs Ag7INg 247t

ro
o|N
rlo

ot} =9l Agthk FHFAE 2012 AIHAYES AIRCR 7
MY sAdFIA (60 577t QA5 wtom, 2019¢ 10¥ 7|ECo2
3,82259 w71 (4,721 ha)7t 1S5S |ASHYL AUt HAEAF 57k
58,0553 (20199 71&) ¥ GAP 1% 57k 99,0502 (20194 71%)
AZF B7FrE 9F 5% =02 opzF2 =AY 9

A
= AAoltt, Aeth FAEJIALE Bl A7F 68,904 tCOes] 24

A7 aAg FEAAL Atk WA AR FR7 ABTHA BEo 9
Gojolop shw, S, APdo] AWA/GAP AET e BAE FAAUAZ

- 9210 — '-.-"_E-'-.I_..:'I



S, npeoE AR HU/1ES HE] HARS A
of W} 3 ST BTl HAR Auio] e LAvks HiEol
ol AN Qi BEW W LA &% slEuch Fojopt
Aekd Q15 W 5 Utk o7lH It WF LAA WEY J1ES

4 Wage BT olHd AvEd] we
3 5710 HARO 27k HjEge] U B2 Wb g LAA
MEFS 71F0E Qupt Folof Aol gt AARIel gv] o
1ZHT obF AL Fo eAtARE FEE A9 A

g4 52 T2 & e AlaHon

flo

H

rz

M

©
A
N_\'L
o,
EN

N

FABS FABIL Dol 44 HHE Aol I uAE B2
o] 2 QA AQE el FLH WAL olgsle] FYAA A%

71%e Bist B olgt) g B9 oy 74k
A 5 AEEAC] met srbEE SaE Qo] EQEL 219 oo

rﬁ
O{N'
%
m
)

29 tiEgE 7IEeR JAFE Foske Wdle FEv e 4 A

FE FAE LA A 72 AR 5 dolErt FH8 F 93]
73} oiso] istel AET clgolet Waln glovk oA A

AS71E2 AIAISHA] Z3tal Q= AAolH.
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(Standards &2 Criteria)e 355k AlEFol tiote] AH|AA AEY
AAYEE ALstal, AZXAAY amAdAlA SFFF 45 1ol o
g RS AEshe WAUEES AScte AZ FHLE AHClift,
1993; Minkov et al, 2019; Roe er al., 2014). Ecolabel& Sh=
o 7HY 8% SHIFE Uk, A5V Ha =4 S22 HAE
AoJst7] Yot A H7HLife Cycle Assessment, LCA)7]¥o] AR
= HBratt et al, 2011). ZAEZ3}7|E(International Organization
for Standardization, ISO)& 1SO 14020A12]29] F3hA=(ISO,
2000; ISO 2006a; ISO 2006b; ISO 2016¢; ISO, 2018)% ISO
14040412]22] LCA 71H(ISO, 2006) & ISO ©ARAA #d HES
A7gste] 4B 9 olsfHARNA AFS] 2AHTIA HiEF PHE AT
Sh= RAFAA] Higt =S4 #4842 AEHo® /WSl AtH(Liu et
al., 2016; Thegersen & Nielsen, 2016).

SAECIAE LCAE °]-&ot sAMES] BAHIEHS AFYst= A+
Wol HP=ojgtot, FAF 7S &8st QAFALS] V&S 4
Aot= W A= ZotR 7| dlEth 9=9] Carbon reduction label,

IZA0 Indice carbon, 2949 Climatop, UY|=r9] Climate

fr

conscious carbon label, 2429 Climate declarationi} Zo| o]H]
o] F7MA ARFB7E olEste] AlFe daHlEdS HrIoto] @
AFAAEE AP Foly ole HiFE SAES ddor ok EI
2HEF ASS 7IEHEF(Baseline)ol AAHEHA &2 AFol HisHA

A HIEREE Fche S U, SSAIEY Bt 247E )

/\
=
STHT IAY AEEH 2A47IA HATEEIFMinimum reduction

]

targe) DA AEo] Rojsl AE LLEIAS gt ok
HaEo] gt BAAFL Woleks PEe AFsEo] gokat HAE]

i
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Auiell gt GWP, PM, AP, EP & BAME AuiAl 7|07t & g%
35 AMYsle AFdE APEo] @1 At (Bennetzen et al, 2016;
Biswas er al, 2008; Carlson er al, 2017; FAO, 2017; Goglio et
al, 2018; Kim er al, 2018). 184 A= S4ET= 9] A4
D30 WAsHA wEgste] Al Al FYEE 29 ¥ "WAF A E
Attt old FAkE AHl AA s7FE HEE & ds S 7 Bol
gHgojof shut AAHor AFAG HEY 5 FHSP= oH7] We

2 urgste] AR UBFS BolF 4 9k 7|E A YL op7Ix

AN

sto] AA 5719 BdE FAH= A FETHESFAHY BEsF

HoR AF/1ES A vHoR, ol Ft B J1EY B
=

ATolA ASHe EAH FE 7u] A%71ET] vuE Bl B
PAF 0] BEAHS T AU $AR AF71E0 FAH fAe

AASAT,
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2. B4 o

I%
o

N (=

2.1. &7t 8s&3 HI0JE

AR Y] S7F W 2A7FA WA Aeh] fjote] AT
gojA e I7lels 5EAEAEARYY A4 BUF FRI @7

Q% BEYO|HE olgalgty. ANE 4= HBE AAS] Ystol

+E Z2AstL, 2T AjHeE gt A (=E)E #E,E
it olF Z+ A9 sd7IeAlEA olFFEHY ddFEdS
K

1 OEE 5719 AE AN R
=
[e)

)
=)
re
)
)
oz,
2
ot
oj
N
re
ox
s
o
i
2
=

m
rl
-

2,
S
off
N
N
W
fru

2.2. AKS MAIC

SAbE AAEA A S 247FA HiE S FE SARET
“F(International Organization for Standardization, I1SO)lA A& st
ISO 140409+ ISO 14044 =A|mzo] uwet HagH7HLife cycle
assessment, LCA) WHEZ 7|9t & SIHFACT, 2017a). A H7}
= AlF Be ALH Ao 24 oyx|el FEAde] AR o2
A7t AFSIFS AFHoE HUshs WHOIHHSAIC & Curran,

2006; Sala & Castellani, 2019). oJof AEtAEALE QoA ARES}

— 9214 — A -.';".' _.:; w]



rr
N

A7 st At AN s 2 AA (IS
oA, 71 SR 5)9 AFAR] e R

S 2stel FAHQ 7|
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o
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i)
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e
(.
fol
—_>'1I',

i 21%
>
il
ft

N
rlI.
o
il
rfo
>
N
[>
S e

=
o,
ot
i)

o] AethEARE Q1S5S AlgsotE I77|HR sEEAERSL &
A71eAESHAHo| A Tt X Ho] wEl AR ESEE AuidA
Ay A7FA &SRS APYSITHFACT, 2017a; FACT, 2017b). 3f

AN SAE0] A8 W, LAk MiEF AP, 84

“ - O v hs

1o

oft

Al(System boundary), A7tA HiEF A4 52 EEEE FAHC=E
AAISHL Qlth 7B+ 2AVEA HiETE AMS fiste] 7
(Functional unit, °©Js} FU)E AJ4HF(kg)ol obd AjufH
10a, 171ZHo=® Aofst=H], ol AR Af 7424 5 9S4
of wet AJikgo] A WMEE7| dEo] HAY FAsks SRS ol

whe} sl SAZtAS AT

i)
—~
o
o
O
=8

sAbE AiY] A3 2l A AdEAS sk AmeAz
AL & Ak(Figure 5-22). A BirdAs sits AidA] &
YHE= A A B ALY AHzEEH BADATAE
et olo) vig, FAEHTA, 7| FAA, odA, WS 2
o AE AidAle S0 S zRE HEARE, YA 5 AU
Zlot e sAAY £, A A2E 2T

M

(it H:l

BAE AMA A S LAMAE 2A AEEn GHREE
FEG 5 9ok APHEL AR dao) o) o] o ujy
L CO, CH® 22 47kA0% A2HE AN 502 Iste] EgoA]
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[ Seed |

. System Boundany
Production of Cultivation of

agricultural materials agricultural product
et iy i Plantin ] ~ Disposal of |
N Fertilizer 3 g B | ! n:materlal '..l.-';l5_1__‘::;1

T : Cultivation
<~ Crop prutecllun ™ - Atmospheric
{‘H____ieEca_lf-___.d ; management Emissions

gCE—ET : Fertilization |
CoOte—y | [ Ferllston

e agromaterials

e =5 ; Pest-disease |
S i
Ener } . control
H,,q_____ E‘i__f_,.-—’ ! N
L J—
_‘\Hj_l!ngrm'ultural waler - Harvest |

| Package;nd sales |

[Figure 5-22] Life cycle system boundary of agricultural products. The system
boundary was set as cradle-to-gate (CtG), covering the agricultural materials
production stage and agricultural product cultivation stage, excluding package
and sales. In the production of agricultural materials stage, indirect GHG
emissions included production of fertilizer, chemicals for crop protection,
energy, and other agro-materials. In the cultivation stage, direct GHG
emissions were estimated using nitrous oxide emissions from nitrogen

fertilizer and by GHG emissions from energy combustion.
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sAkE AME 98 289 A A " AREOl e 2A7EA Wi
F A IPCCAA AR A (A(5-0)& TaH, FeAAE 247t
A& HiEA e AYPAFE FH=2 ot 2H(Ecoinvent; KEITI, ME;

RDA, 2013: Son et al, 2019) AlF &5 FF2 Table 5-83F 2t
GHGs = Y (A x EF) (5-6)

Where GHGS is greenhouse gas emissions (kgCOze), A; is the activity
data of the agricultural activity 7, and the ZEF, is the GHG emission

coefficient by agricultural activity z.

[Table 5-8] GHG emission coefficient by agro-material

. Emission .
Category Agro-materials Factor Unit Reference
RDA
Urea 1.01 kgCO,/kg (2013)
Ammonium
2.65 kgCO,/k;
sulphate gC0:2/ke
Ecoinvent
Inorganic Fused phosphate 0.725 kgCO,/kg
Fertilizer Boron 1.6 kgCO,/kg
Agricultural Lime  0.0499 kgCO,/kg ME
Compound 1.27 kgCO,/kg RDA
Organic Compost 0.00336  kgCO,/kg (2013)
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Soluble

Plant concentrate 0.108 kgCOz/kg
growth
regulator ~ Wettable powder 0.165 kgCO,/kg
Emulsifiable
concentrate 0.1 kgCO2/ke
Dustable powder 0.113 kgCO,/kg
Insecticide
Granule 0.118 kgCO,/kg
Crop Wettable powder  0.165  kgCOp/kg Son et al.
protection (2019)
chemicals Emulsiﬁable 0.1 kgCOZ/kg
concentrate
Fungicide Dustable powder 0.113 kgCO,/kg
Granule 0.118 kgCO,/kg
Wettable powder 0.165 kgCO,/kg
Emulsifiabl
st t‘abte 0.1  kgCOy/kg
Herbicide concentrate
Granule 0.118 kgCO,/kg
Electricity 0.495 kgCO,/kWh
Energy Diesel 2.60 kgCO,/L
Fuel
Gasoline 2.13 kgCO,/L
Mulchin low-density KEITI
lasti g polyethylene 0.0172 kgCO,/kg
Other plastic (LDPE)
materials H | |
L omo-polypropyle
Plastic tie ne (HPP) 2.205 kgCO,/kg
Organic 0.018  kgNy/keN
Direct emission from nitrogen ' EN2/KE RDA
nitrogen fertilizer o (2013)
Inorganic nitrogen  0.019 kgN,/kgN
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A¥uE 5 BANA A HEAREORE QIFH oS AN0)E 4]
(5-7)3 o] APYSIH(FACT, 2017a), Hl&zo| it |-a4dE sha-&3t
% 5%E, EPNEAS 5 EAL Table 5-98 #=x3ich N,09] A
ZISHA| 4= IPCC 7ho|=2QloflA AARE 298 kgCO.e/kgNO& At
£3HIPCC, 2007).

44
500222 M, oy X AL X W, X Ey 605 X GWPy ) X

—\" 28
(5-7)

Where S, is the nitrous oxide soil GHG emissions (kgCOze/kgN20) from
nitrogen fertilizers, M._ ,,, is the amount of fertilizer ¢ (kg), AL _ 5 is the
effective nitrogen component in fertilizer 7, WI_,,  is the dry weight ratio
of fertilizer ¢, Ey g, is the soil emission coefficient of N, per 1 kg of
fertilizer (kgNz/kgN), GWPy, is the GWP of MN,O (kgCO:/kgN:0), and
44/28 indicates (molecular weight of NN, O/molecular weight of N,), which
is about 1.5714.

[Table 5-9] Direct emissions to soil from nitrogenous fertilizer (RDA, 2013)

Nitrogenous Fertilizers Urea Compound Compost

Content ratio of active ingredient of

46.0 17.7 1.49
nitrogen (%)
Dry weight rate (%) 100.0 100.0 56.9
N2 Soil emission factor by 1 kg
0.019 0.019 0.018
(kgN2/kgN)
GWP coefficient of nitrous oxide (N;0) 298
(kg CO2e/kgN,0)
N Molecular weight (N;0/N;) 1.5714
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2.3.1. AT HY

=7HA AL e F5E Agh AT 24A7E WEF Ve
2T 5|z 2AVA wiEFOIM HdEY HagE AL 37E
B 20% dAEdo s AERTHA(G-9). & F5E IT &
olg] 7|70 59 ol FEZ 2AVIA HiEHe] 7MY w2 §iet
7P 2 siE AlQdeial dE Hae APES) =7HEd 24A7kA o)
ST APgsta Qld. o] HArgat> Bate] AT FIH T2

zt= EGOEA, AR T-R o]4A|(OutlienE I%H R34

%

o wHslo] Ame] AL Wot 4 9t ZEw AARHEn 1 4
Q717r0] 449 ofslel EEo| A9 eAzjac] Hdl wiEUEe} Ha )

WES A i RE ARY LA7LA WEYY ALHFE WY

=
Stof Tb B SR WETFOR ALYSIL qlo] ehTol WY & %

Y

i

&

— Z a(?) if n=5
GHGy, = . (5-8)
- a if n<{5

Where GHGN]- is the national GHG emissions of agricultural product j, @
is the GHG emissions of agricultural product j in each of recent # years. %

is the smallest and largest K" number to be excluded from the sorted
observations, i.e, we can calculate the mean of GHG emissions in 3 years

when % is 1 by deleting the smallest and largest GHG emissions in 5 years.
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2.3.2. SAX FEYHE

1) B=FHY

BRG] oyt Fxof F2 BT FAH 5] BeE HEs
JHolA BEHFS ol8oto] RYT] A FFo= WHS BAF
FE(Statistical inference)zt Sttt olo] HE %
g A8 7P Bl tide #ESC] &2 2479 myTe] £4t
2 Yottt 7ML By A BEAY 71& HAoltHCurran-Everett
et al., 1985). HZA9 £, & FE357 F71eol w2t oyt Ht9
FES|AEI0] HpEEIHAcR vt AT (Central
limit theorem, CLT)o| wel dutxgoz FEo| 307] oAl & HE

(Large sample)¥d 3% T ExE= HEEE 7RS4 QU

YT HdZ FH5H] i LR E 95%9] AlFFE A
&3t Altman DG & Bland JM, 2005; Beaulieu-Prévost, 20006;
Curran-Everett, 2008). EJTo] REHAE R27] g, 1 %X
ZA BEO RFHAE o]8dH, HEFHFY FELAE Rt 4HY
st RS 22517 Y84 Margin of errorg AMYSH o, B
o] EFHAE o]&sty, B REHA0)E HE7] o EEFH

3

o] EEHA()Z ATt 2

Y

9] BEQH0)E AT o] HE
B9 EEQAHo ) REHFO X7 1 ZqH wide] B
(We=iy HFHoz duiyt dojd JU=AE LHFe A®OIH
(Curran-Everett, 2008). o] W] AW Hi(pL ‘FEHH(x) *

Z92Ho.) 9] WY kol ATt o]F 95%2] AFpFof|A ] A=zt

B
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2 EFQAHo0,)ol critical z-score(z)8 o] Bltgkt A &
3 APSETHA(5-9)). olwf A7) Sietghe 95% AlEeE StolA]
A=l HtEeh 2A7EA HiETFo] Hrhal AT & e 7IEHO]

g},

OI= (=20, x+z.0;) (5-9)

Where (7 is a confidence interval that range of lower limit and upper
limit, z is the sample mean, z, is the critical z-score, which is the number
of standard deviations based on the confidence level, &; is the standard
error of the mean, which is substituted with the sample SD (s) instead of
the population SD (o) when is unknown. zc(;; also represents the margin

of error, which is the width of the CI.

2) H|R4FHH

myee] tiE 714e Bag S

AN

Adgt #EO V= dig A9 EA(Validity),  A1F4
(Reliability), d€/d(Accuracy), A (Integrity)?] SHO|A WL F
851K(In, 2016). oA 2T 7€ & o, ZHHe E4S dE

g Qe AET 229 = AG-102 2HT 5 Ao
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2* ><p(1—p)
2
e

2% % p(l — p)
2N

N, = (5-10)

1+

Where /N, is the number of samples, /N is population size, z is the

z-score, ¢ is the margin of error, and  is the SD.
AT E3x7F dHAA] AU 2ol Hs] #EFTT A2 A
5, Adér er al. (2008)= H|E42 A 7189 shuel oA AH‘E
FE22 5o T Qe dde EExE HGEEE A= HEed F
EAEWH(Bootstrap) 7 t}. Bradley Efron (1979)° <3l
Aoty HEAEZ 7] (Finite sample) &2 A2 HE
(Small sample)oflA] i 53} ofo] JZSt AR ALY g HF
HSlo 244 Fold  EAZEY SHHEEE X (Finite sampling
distribution)}  3t=  WHolth el HECoRRE EAFE

(Sampling with replacement)® Z2 7|9 HEAES HE

38,

Me £33

in 7 —
flo
Jo
_?l«‘
FPE

(Bootstrap sample)& F&53}1l, o] FEAEYH FEOZHE AN=ZL H
2B dZ Foke T 9AY A AAZFeE A SR(n times)iHE
2 (Replications)sHd, »n7/i9] HEE 5}
Mol #EBAS S|IAETHCE UEH HEPAY SES|AETIHA
shutel AP "ot ESE w79 EEPHS] EFHAE ol 0]
HFEPAO HEFQAXKStandard error of the mean; SEM)ol| thsth
A7 He

oE
”
e
4
ol
S
%0,
)
o)
ot
X
ne
lo
N

[
ol

o] Ao REAEY RHESIS7L HygES 7T 5 e 4T
9] EEZ9} Diciccio & Efron(1996)7} Aokt REAEY 3142 11
oto] 2,0009 ¥HE-S $=3¥5}gict. o]o] REAE] HEORIE AAME
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FEAEY BES, W, EEUAE °l80t] 95% AlFaEoA9] 4l
g2 AL, AR sikbghE 95% AlFaE StollM BdEt

SA7IA HiETo] Bty BEY 4 e VIEUCE AATT

3. =4 &t

3.1. sit2 3sEs HOIH 7|84 &4
20154 517 5717 F2 BAE A8 24T sAAe =q] o

& 57 "ales e 2 A2E YERETH(Table 5-10).

[Table 5-10] Descriptive statistics by agro-material of 51 carrot farms in 2015.

Category Agro-materials Unit N Mean iavlil:;;ﬂ Min Max
Urea kg 51 11.5 16.5 0.0 66.7
Fused phosphate kg 51 3.5 211 0.0 150.0
Inorganic Boron kg 51 7.5 28.1 0.0 140.0
Fertilizer Agricultural Lime kg 51 6.0 41.6 0.0 300.0

Compound kg 51 167.7 175.0 0.0 1,031.3

Compost kg 51 2,184.0 3,503.2 0.0 15,000.0
Organic
Others kg 51 224.2 1,048.6 0.0 7,500.0
Plant Soluble L 51 180 1247 0.0  900.0
concentrate
growth Wettable
Crop regulator d g 51 271.5 1,307.2 0.0 9,375.0
protection powder
Insecticide  Lmuisifiable e a5gs 5581 0.0 3,000.0
concentrate
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Dustable

g 51 13.4 83.8 0.0 600.0
powder
Granule kg 51 6.6 5.1 0.0 18.0
Wettable g 51 1392 2164 00 8438
powder
Emulsifiable )5 959 1898 00 8889
concentrate
Dustable g 51 614 4160 0.0 3,000.0
powder
Fungicide
Granule kg 51 0.1 0.3 0.0 2.1
Wettable g 51 6833 9705 0.0 43125
powder
Emulsifiabl
mulsifiable -y 5y 5g57 8014 00 33750
o concentrate
Herbicide
Granule kg 51 23.0 150.3 0.0 1,085.4
Electricity kWh 51 39.0 117.1 0.0 5538
Energy Diesel L 51 23.4 249 0.0 150.0
Fuel
Gasoline L 51 2.6 4.2 0.0 18.0
. low-density
Mulﬁ‘i’:g polyethylene m 51  118.0 2537 0.0 8077
other P (LDPE)
materials Homo-
Plastic tie polypropylene hank 51 0.8 2.2 0.0 7.7
(HPP)
=AAER 497 AojstE g Z4zH Median) 23R A4 o

SAHE EUo] tigt FetE W= Figure 5-233 At} ElH|R
o} A=A AA(Insecticide G) L
717F AHgsh AR O] SRk 7L 9l

[e]

olf

g 5ARE FUSH ot FUkel 0

ot 9l oAz rdE WHE g FY
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Median-Standardized Input Amount of Carrot Farming
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= 2 U g § ¢ g 8 7 52 5§ £ T
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[Figure

carrot farming (1,000m")

5-23] Distribution of the amount of agro-materials

input dataset of

in 2015 with box-whisker plots of standardized

variables. The agro-materials input data were standardized with each median

value and standard deviation (SD), calculated by (xi—g)/s. Descriptive

statistics of each variable, such as the mean, SD, and minimum and maximum

values are shown in Table 5-10. The vertical line of each box is the range

from the greatest value to the least value excluding outliers. These outlying

observations, shown as open circles (°) and asterisks (%), represent suspected

outliers and highly suspected outliers, respectively. Abbreviations of variables

in crop protection chemicals indicate types of materials such as granules (G),

wettable power (Wp), emulsifiable concentrate (Ec), and dustable powder (Dp).
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3.2. sitt= MHITAE 247tA F3

Gato] st eAzkA WiEES s AsA wmAolA AEE 9
2o gipoz 9 AME 1,000m’o Asstn 1728 720
AT ES, G Ao Aapge] et AxERAe] EatEs o
AE ARSEe G Aol S0 et AAsielch Y Al Mt

AL} sa4E AEAR 78 Ao eurtag)
AgujEt PSS Agsta o ALEEACA A4 2 2,

2% L 55, Wi DAL A

= BAl digh dxdE H7F Hd 247EA e GeAAY
A ol wheh AR HWAZF A UEbetTable 5-11). 2011
HE 20159 Ael9] 1,000 B AEiAl 2A7ATF 74 A w
g = 2015902 <F 818.8 kgCOze/1,000nt0]th. o]} Hij=
A7 A7 71 A BT Sl 20129024 201599 9F 63.4%
Zo] B335t 519.3 kgCOze/1,000mZ UERGTE HA 247t~ ¥
SolA FAA ABagAe] R AuE AJAle] T2 2A47EA TRY(H
A 28.8-34.6%)3} BAME AuitAlQ] HA4A vEARO] wE opils)
A HPEAY 41.5-50.9%)°1 7HE &2 HlFS AL A

(o Hm

o v

o

201599 51 AE 7MY B®eE 2A7MA #iEE2 810.8
kgCO2e/1,000me]H, o] & F 41.4%= Auf A @A FeAA YAt
7 FASE HuElA 711g ol oF 58.6% = AuiTA] HiA
HIRAHQ}F 5714 A5 A4 Al WAst= A gHiEolth(Figure 5-24).
g Al AHAQD ZHuiEolA] R AHE At w2 2A7FA A

Zo Wi 239.7 kgCOze/1,000mE A °F 29.7%2 A3t} &
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[Table 5-11] National average GHG emissions of carrot farming by agromaterial

type (2011-2015)

Unit: kg CO.e/Functional unit (%)

Stage Agromaterial Type 2011 2012 2013 2014 2015
noreanic 1875 1496 2322 1952 2394
& (34.6) (288) (30.7) (324) (29.2)
Fertilizer
oreanic 219 281 627 365 809
& (40) (54) (83) (60) (9.9
Growth 4.3 4.2 1.4 2.3 2.0
regulator  (0.8) (0.8) (0.2) (0.4) (0.2)
secticide 08 0.8 0.9 0.7 0.8
Crop (01) (02) (<01) (0.1)  (0.1)
Production plt‘lotec.tioln o1 16 01 01 o1
of chemicals — pungicide ' ' ' ‘ '
0.1 03) (<01) (£01) (<01
agromaterial O 03 ) ) ( )
Herbicide %L 1.3 0.2 0.2 2.8
(01) (02) (£01) (£01) (0.3)
Clectricity 104 358 142 147 193
) Y o74 (69 (19 (24 (24
nergy
Fuel 1.3 1.3 1.2 1.7 15
(02)  (03) (02) (03)  (0.2)
2.3 2.7 3.3 004 27
Others  Others 4y (05) (04) (201) (0.3)
Energy Fel 584 603 549 764  69.7
Combustion (10.8) (11.6) (7.3) (12.7) (8.5)
Cultivation Top-dress
of I\)Nith N-type 2253 2332 3847 2749  399.1
agricultural Fertilizer fertilizer (41.5) (44.9) (50.9) (45.6) (48.7)
product
Recvele  Plastic %3 0.4 0.6 0.4 0.4
y (01) (01) (<01) (£01) (0.1)
. 5426 5193 7564  603.1 8188
Total GHG emissions (100.0) (100.0) (100.0) (100.0) (100.0)
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[Figure 5-24] Average GHG emissions of 51 carrot farm households

by

agricultural activity in 2015. The average GHG emissions of individual

agricultural materials are represented as the maximum value in each bar

graph, with a 95% CI representing the error bar graph.
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[Table 5-12] Comparison of certificate criteria for low-carbon carrot farming in
2015.

Unit: kgCO,e/Functional unit

Evaluation Type Baseline SI-PM SI-NPM
Number of samples 5 51 2,000
Average® 648.1 810.8 810.1
chjlt*zzitsetli‘(i::tlics Standard deviation 132.8 461.7 62.1
95% CI - (684.1, 937.5) (807.3, 812.8)
Certificate criteria® 634.1 684.1 807.3

Among the average values, the baseline method uses the descriptive mean of
the 5 years (2011 to 2015). The SI-PM (i.e, statistical inference with a
parametric method) also uses the descriptive means of 51 farm samples in
the targeted year (2015). The SI-NPM (i.e., the statistical inference with a
nonparametric method) uses the descriptive means of the 2,000

bootstrapping samples based on the original samples (51 farm samples) in
2015.

Among the evaluation types, the baseline method is the current certified
method that uses a 20% trimmed mean considering the GHG emissions over
the past 5 years (2011 to 2015). The SI-PM uses the lower limit of a 95%
CI for GHG emissions of each farm (51 farm samples) in the targeted year
(2015) assuming a large sample. The SI-NPM also uses the lower limit of a
95% CI for GHG emissions of the bootstrapping samples based on the
original samples (51 farm samples) in the targeted year (2015).
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kgCO2e/1,000m ] 2AZFAE TAYAZICH, 1109l HFEHA= 461.7
kgCO2e/1,000mE ®i->- =LA Yehgdth 51709 E& 5(n), E29] B
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[Figure 5-25] Frequency of GHG emissions of carrot farming in 2015. The
histogram of the 51 observations is overlaid with a normal curve. Three
values, shown with dotted lines in the graph, indicate the lower limit of a
95% CI, average value, and upper limit of a 95% CI with carrot farming

observations (N=51).
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[Figure 5-26] Frequency of GHG emissions of carrot farming with 2,000 times
bootstrapping samples in 2015. The bootstrapping samples are normally
distributed, as shown by the histogram of 2,000 bootstrapping samples overlaid
with a normal curve. Three specific values, shown with dotted lines in the
graph, indicate the lower limit of a 95% CI, average value, and upper limit of

95% CI with bootstrapping carrot farming observations (N=2,000).
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[Table 5-13] Annual distribution of agricultural meteorology by agricultural

belt

Day

Temperature (C)

Precipitation (mm)

Sunlight hours (hr)

Mid-]July,
2019

Temperature
00-21.2

N 21.3-22.7
[ 228-242

243
. 258

25.7
272

Precipitation
. 0.0-75.0
[0 75.1-144.0
[ 134.1- 2131
1 213.2 - 282.1
M 282.2 - 351.1

Sunlight hours
0011557
[ 1155.8 - 2297.0
[T 2297.1- 34384
[ 34385 - 4579.7|
B 4579.8 - 5721.0

Mid-]July,
2015

213
228
243
258 -

Temperature
. 00-21.2

29
242
257
272

Precipitation
N 00-75.0
[ 75.1 - 144.0
[ 144.2- 213
S 2132 - 2821

I 282.2 - 3511

Sunlight hours
. 00-1155.7
[ 1155.8 - 2207.0
[ 2297.1- 34384
[ 34385 - 4579.7
B 4579.8 - 5721.0

Mid-]July,
2011

213 -
I 228-
243 -
258

Temperature
o00-21.2

227
24.2
257

27.2

Precipitation
m00-75.0
[0 75.1-144.0
[ 144.1-213.1)
I 212.2 - 2821

I 282.2 - 351.1

Sunlight hours
. 0.0-1155.7
[ 1155.8 - 2297.0f
| 2297.1-3438.4]
[ 34385 - 4579.7
I 4579.8-5721.0)
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[Figure 5-27] Sensitivity results of standard error of estimate (SEM) by

number of bootstrapping replications
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Data-Driven System Analysis for

Regional Issues

Solhee Kim

Interdisciplinary Program in
Agricultural and Forest Meteorology

The Graduate School

Seoul National University

The development of big data and knowledge information technology enables
researchers to find effective ways to use data as evidence for making decisions
and policies and solving problems. Data sciences also help scholars accurately
recognize problems with systems, identify key data to solve problems, and
analyze data using appropriate techniques to produce meaningful results.

In agricultural and rural regions, governments also seek derive
quantitative approaches to solve problems by considering regional characteristics
while effectively utilizing limited resources in poor environments such as a
diminishing population, aging, and hollowing in rural areas. Thus, it is
necessary to identify the specifics issues related to the phenomenon based on
system perspectives using data science and to identify quantitative, customized,
and practical solutions ongoing issues in rural areas.

The main objective of this dissertation is to define the
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ecological-social systems issues in rural areas. These problems can be solved
from system perspectives, and solutions can be found based on data science
techniques. First, this dissertation reviewed the literature related to regional
development projects in South Korea and categorized rural issues such as
improving the settlement conditions and creating income sources. Second, for
each issue, the problem was defined from a system perspectives and processes
to solve the problem were recommended based on data science-based analytical
techniques. Third, through this analysis process, the study evaluated the
availability of data from various components of rural systems and their
applicability to appropriate analytical techniques.

In the chapter titled, "A Study on the Derivation and Categorization
of Regional Problems," the impact of Korea's national vision, national goals,
national strategy, and national tasks were presented in each government's
five-year plan related to the composition and implementation of regional
development projects. Through the literature review related to regional
development projects, the regional issues were categorized into two types: (1)
settlement environment improvement by maintaining the living environment and
(2) income creation by diversifying economic activities.

The chapter titled, "System Analysis for the Improvement of Rural
Settlement Environment," two issues were addressed to define and solve
problems in the education and emergency medical sectors. The first study in
the education field analyzed and recommended solutions on the operation or
closure of schools using heuristic spatial optimization techniques to consolidate
educational facilities in rural areas due to the decreasing school-age population.
The second study in the emergency medical field analyzed changes in

accessibility to emergency medical services due to real-time road speed changes
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in urban and rural areas. Emergency medical vulnerabilities and survival rate of
emergency patients were also analyzed, and various emergency scenarios were
constructed to recommend improvement measures based on the survival
probability change analysis.

The chapter on "System Analysis for Rural Income Creation," analyzed
problems related to improving crop distribution and value-added generation. In
the distribution improvement study, a new type of smart logistic system was
suggested using idle space and eco-friendly transportation in a regional network
to minimize the marginal cost of agricultural transportation. Applicability was
also evaluated by comparing the existing delivery networks. The study in the
value-added generation field aimed to establish statistical inference-based
certification standards for low-carbon agricultural product certification systems.
Statistical ~alternatives to appropriate certification criteria for low-carbon
agricultural production certification schemes were also proposed by comparing
the existing national average values considering the uncertainties in agricultural
production conditions.

This dissertation with a series of studies contributes to regional
development and planning and provide the following academic significance.
First, this dissertation presents data science-based quantitative measures to solve
problems considering rural characteristics by applying vatious types of big data
such as real-time traffic information as well as geographical and statistical
information. In addition, a direction to explore practical measures is presented
using examples of quantitative analytical techniques that can be structured and
solved by formalizing regional problems from a systems perspective.

This dissertation also addresses the limitations of existing studies on

rural policies based on administrative statistics and lays the groundwork for
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establishing data-based policies using more quantitative methodologies. The
results can support evidence-based policy decisions tailored to the demands in
various fields including health, welfare, education, and industry in rural areas in
the future. The recommendations also provide reasonable and quantitative

grounds for reforming related laws, policies, and regulations.

Keywords : Regional issue, Data science; System perspective;
Settlement improvement; Income creation

Student Number - 2018-32084
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