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ABSTRACT

Estimation of future land cover based on climate change scenarios is an important factor in climate change
impact assessment and adaptation policy. This study estimated future land cover considering Shared Socioeconomic
Pathways (SSP) using Scenario Generators. Based on the storylines of SSP1-3, future population and estimated
urban area were adopted for the transition matrix, which contains land cover change trends of each land cover
class. In addition, limits of land cover change and proximity were applied as spatial data. According to the
estimated land cover maps from SSP1-3 in 2030, 2050, and 2100, respectively, urban areas near a road were
expanded, but agricultural areas and forests were gradually decreased. More drastic urban expansion was seen in
SSP3 compared to SSP1 and SSP2. These trends are similar with previous research with regard to storyline, but
the spatial results were different. Future land cover can be easily adjusted based on this approach, if econometric
forecasts for each land cover class added. However, this requires determination of econometric forecasts for each

land cover class.
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1.M 2 2| 7122] SRES (Special Report on Emission Scenarios)

AUy eE tiAsle] IPCC (Intergovernmental Panel on

tlolst ulg] Alstef thsk Alue] e AA3} o]o) ulE W} Climate Change) A|52} H7}2 314 (The Fifth Assessment

A 715 Rstel| whE ©] W F7) v E2hEAe] u) Report, ARS)o|| W2 7|5 H3} Aluhe] @ A A= Zgho] o]F

o}e- o5} FH} (O'Neill, et al., 2014; Riahi et al., 2017). o] Zof| wlz} o]of| Halsl= Bl ARl A% 2 HA
3], AuEl e A dPgollA AV BERt ARl o] ZasHA AL qlck

olof] whg 24 H oIS A= FA Y 9 a0 AR vl Aye]es= A F 7H] Ho= FHEE A

Qo] Q3% 8RS 3t} (Morgan and Keith, 2008). ~12]1L A= 7] & LA7A B Halo| uet njg 7] 9 7}
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TE 343 UZEs=74E (Representative Concentration
Pathways, RCP) Alutg]2o|m, SR 7| S Ha} 215 2 &
A7EE 250l TS ARlA o5 B Fgat dAAste] ml o]
EPet ARRIEAl AEE SR ARIEAIEE (Shared
Socio-economic Pathways, SSP) Aluf2]2o]th (Moss et al.,
2010; Kriegler et al., 2014). ©]&3t AU &5 7| &S}
eF 9 Hopy Wk, LAKA A7 9 F15st 48 4
) ] whdEhze, RCP Albeles] A 9 o] SSp
Avfel 2ol Alsislels] the] Zlzol ol ASEAH 2
Q12 MefsA] L vje) 715 Arkgo] FE SHEEolg)
(Moss et al., 2010; van Vuuren and Carter, 2014). 124} ¥
<+ SSP Alupe]of whe} ARG 2peA] QI A, =AIS
A olibsleta uiET 5 ARRE AR ale] mjgl 7o) o]
FRoll weba SSP AU @ E-8-5 917 AEZ tgsHAl
o|FojA|aL Qlrk

AlEZE A0 Qlo] SSP AU 2o AT BT Yl
EXJolg WIS FHs= A2 Fasith YyFog EX]
& 9 EXo]§ Ame ARRFAIA S sk, A4
Akl dofA 574 |S] Aol B-8-FIT} (Kashung et al.,
2018). 53], 7] S} wh2 Aejebr o] wiskel AE| A4
Al 2Us oA e dEAtaR SEE o] HFEl 3
7V 7Fs3HA) Skt (Swetnam et al., 2011). A EX|o]-g-0]
nlefol = FAlES 7Hgskal RCP Aue] s 53 2 ¥
3= HOStAY, AU eE B8l BEAOl8-S HIE RHY
32l RCP AU & FA|o vt 7% (Kim and Choi,
2013), 71 9ol Ajuz] o] wef 7] 5rste]| g EX|o]g-
HSES Bire e F=AX] st 9 AR e BAlSE
EZol§ Y EX|uE Wl 4L thekstA -8t (Yoo
et al, 2015). WA, 7|5Hsl gk Hh @ ohe ko] =
T g FEEE v EXUE 9 Ex|o]gof gt
AL 2o} AEeEelE SSP AL of 7[REsto] G4
o]ok 3t} (Oh et al., 2011; Jones and O’Neill, 2016).

AR 2k e] wjg) EXulE 9l x| o|&2 7} SSP
AluE]e 9 AEElS Fol g QT Al EAIE)
oiteieta: viE T A oS A wEe o] Yyt
Zlo|t} (O'Neill et al., 2014; Riahi et al., 2017). 241 Z} SSP
AUl & 2A7E S 7158t A5l theh Ake] 4]
ko] 2L SSP1L “Sustainability’ 2 HHE|Q oM, F7t
2=39] SSP2= ‘Middle of the road’, ZF Fido] & SSP3=
‘Regional Rivalry’= UZHo{XIt} (van Vuuren et al., 2017;
Fricko et al., 2017; Fujimori et al., 2017). ¥FH, 247}~ 7

% Rge AN /15Wst A3 Bo] 2 SSP4B
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‘Inequality’=  HIJjo] 792l SSP5E  ‘Fossil-Fueled
Development’ 2 A<t} (Calvin et al., 2017; Kriegler et al.,
2017). 53], SSP 2t AU 9] At = AR 2Helo] &
3t w3l IMAGE, MESSAGE-GLOBIOM, AIM, GCAM,
REMIND-MAGPIES] 34 3143} Aabsl $H402 <15
It} (Riahi et al., 2017). E3h AR 2F9] HElF Qo=
7t 7= A o2 ARt ARAEA Alue|eE sl
om, fejuet AA| g QA g7 AT Lol A AA1 A
oz Sff SSP AU E Rskal nlef ARRIEA| e
ZA3}1 Tt (Chae, 2016).

ExuE 9 Exjolg FAE SSP AU vt HHH
u} 7]& SERS 7|RF HEllgfofA] SSP Alue] @ e Awt
£ thgsHA dsshe WFe R Yoprtal Qirk SSP AU
Qo] ZIRKRE AX|F = ASZE BEAOlE 4 A
LUH2 (Land-Use Harmonization 2)7} tEZ O &2 AL L
YT 7} SEEdO] At mEgof tE A IR &
A olg d|& ARE NSk Art (Hurtt et al., 2018). =
oA =l SSP AlutE] e AE oA AERElE HE
For njef BEXuE o] ARHA| S FAlof o] F
o]} (Kim, 2016). o] 2HAJof|x] ExJol-go tigt AEa]e}
Q12 AtstA HrgE e, SSP1E] o= AAE B
olg W7} gl Wi, SSP3oJ A= QI Zra AJol= 1}
ZSHA| AIZHA] HAlo] SE= 5 AR Akl e] el
Zgolgh o] ML Qlrt. wehA], SSP AjuE]e oA
SERS Alug|Q 7|4k AkEE EX|o]g W3} FZo|Lf, RCP
715 Al eof AAIRE AR 9 EXujE $5) £, Ex|o]
& 3t a7t AR A 52 SSP Al of BH 3
E= "Q7} Q) (Oh et al, 2012; Shin et al.,, 2012; Kim
and Park, 2013; Lee et al., 2016).

A5t U oS i8] Haet ssp AL o
29 ¢3f4= Cellular Automata, Markov Chain, Fuzzy
Logic 52 83t 37t vl & oS3t EAJolE oS
|xog Qx| Scenario Generator, CLUE, SLEUTH,
Landuse SIM 5-2] =g J1%0f Qlo] SSP AU 2.9] AEF]
2Rl ARHA oIS A, BAlol8 &4 e 5= 4
sho] 2R A, w4, AH 59 ¥t A HESo
L AJFolct (Park et al,, 2011). 2|2 & H Lo
Wl SSP AJute] 9] ARSI A] A& Aaks BEES 918k o
b 89ls HESHL oofkt ARl Hielo] oIzt
Scenario GeneratorS 2-8-5}0] SSP1-3¢f 3fdsl= u|d] &
Aol & 2Aelgick. o) Bl 715vish a 7} 9 ek
4 lek 715t A %ol 9lof SsP Alukeleol 7]k

>
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2. 93 g X HHH
2.1 Scenario GeneratorE 2% ¢ Hitd

Scenario Generator+= H|=+ National Capital Projectol|A] &
A 9 EAjol g MG upo R Al A4ke] NS B
7}5l= InVEST (Integrated Valuation of Ecosystem Services
and Tradeoff) =] 3 W& (supporting tools)o|t}. &=}
QFAA 22T gl Python I=5 S8f A=l 3lom,
nel g QApA Al BRIt EX|o]8-2 557 sl A
MAHez de| AMEEI T} (Vigerstol and Aukema,
2011; Sharp et al., 2016). £3], Scenario Generator= u]zj] &
Alo]-gof| thgt 40| AEejeielo] whepa] vl A A-5-5A
A4 7hssid, 3t cr AvE =5 o Qloks HolA
F87Fsol =2 ez dHA Utk (Bhagabati et al,
2014).

Scenario Generatore= EX|TE o]go dz] &gE=
cellular automatas 7]EO7 %7| A|FQ 7|FEX|TEE

Story line based on SSP
(S5P 1-3)

Target wban area
(based on population and rate of expected uban population)

225

(baseline land cover)7} HS} | E -] (transition matrix)o]| A1
A 2 Exjolg Weh 7o) WBEL 2 (change matrix)
& x1o] W3} H3FA] (transition likelihood)ol] J3] 712 =
Fofit= FHj2 JLEE) o, EX|o]g IS {51
3}= A|2kQ ¢l (constraints)¥} W3S 71<4:35l= 0]8-2¢] (use
factors)o]] 2|3} n|PEX|o|- R (future land use)S =5}
=} (Fig. 1).

ZF Ay o g AEe]eRelo] wet jeta 9 Mo}
22 s LA S5kl 2Eejeiele] i AR}
olell T EATH WA o S A8l 2 AEe]
ZRelo] mg EX|olg {3 Sl e Wl HIlE
gAi Ygalor, ojfo= EX|o|§ ¥l Aokaly} 7HEa
Qlo] WEPA ] FAtRRE WgHr: VEEA|YEE=
201092 7|02 st9lon, o] 303 Y52 Bl 7t
7k e AlREE H el AFE7EAR] 2030, 2050, 2100 Ol
gt AiE E==51Glt: dfd Al 71 SSP AU &
Higo g Exjus 9 o]gof gt 37t Huls)E 484gh
Kim (2016)2] -2} v|awste] EX|uE {3 7+ WA 14

55 vlastolck
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Fig. 1. Flow of estimating future land use and land cover using Scenario Generator.
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SSP AJute] .ol Ex|o]gof thgt AR 2pe] 72 A
E2|2}Q1L Riahi ef al. (2017)1} O’'Neill er al. (2017) A7)
Al ZRIEE 4= qlek E3E, o] & FAISIRE AlS%E B0l <
S ISl TAISRES vi o R EX|o|§atk gt A
U] & AHE It (Jones and O’Neill, 2016). $-2u&}7}
allg3= OECD =7}¢] SSP1-3¢2] AEg|alel &, SSP12 ¢l
T7F 7V gl S7FgllE Ak WhEA ZgE|o] A
7HRAZ QI AFEE AR, SSP3= QI+t 7P ol
sl tial A7EA] W Ao 17t AA] k] ar 24k
e FEE UEb e, SSP2E= A FAIE A5k FH
2 A= Sl

F-2uEke] SSP AU Qof|A = o]e} H|SEE AR 2|Eke
= AABEL gl=dl, SSPloflA= JAIE AR QI /9%
7t ARl AZIHA F7F FA7F AT Ao,

L ro

SSP2j A= &‘ZHQ}
&, SSP3o A= APEQ] =

& EAAZ R FAE fA1E Ao
Al % FER AZEA] SRkt
L2 F7ke] fhad ZoR o&3519dtt (Chae, 2016). H|=
AR Ze] SSP A2 7Rk J%L aﬂwﬂxﬂ S SSp
Alupe]e. 71k QI ofiZo]| Blsf Q1 Fagke Wk FA| A
ok Zlos verdou, kel —EEIEPL‘%] A=
W HlSsiA] Uit b 2 dtelxs 22l
S EEoHA 283 4 SlE Zler wdsigich

7129l Saual SSP AUl 7HE Exjolg oo
cellular automata A1} Ex]o]-& 7+ Ho| F21& E3) SSP
Ageled] Aeeegle FEsI oY, AT Ahew
LUH20|| A ARt A= Q1 53 59 8ol wht A]
AGA A7HA] 4t HEedo] 53Tt (Kim, 2016; Hurtt et
al,, 2018). wheba] & glroll A= lghetol] wh 71 ]
< A #5 E A vlE R ARlste] HAT 2Hle] B
Z]0]g of| =2 42331 Jones and O’Neill (2016)2] HFA1S-

O‘ﬂET
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Fig. 2. Trend line based on population and rate of expected urban population.
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Fig. 3. Land cover maps for tracking previous trends and baseline.
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S BEe R Aol A 0255 st 2 85017+
E]o] AlEo|d Aiks Tt Ao 7 WA uE A
7HA] Mk tlEe o= glont, pEuete] ARt s A
A d=Es SRS AZE AR wEbA, -2
2ke] Aol 7= tin] A A71eE A 9S dide s
Alke gtk

SSP ALzl L. Ql9t 34 Af== =] SSP AR L AR
7} TASA (International Institute for Applied Systems
Analysis) SSP public databaseo]| 4] A|&3l= 10 ©@9]9] A
Al SSP Alube] @of| A1 9] -l Qlh A B A A

Table 1. Land cover classes’ change rates in 1980s, 1990s, and 2000s

1980s 1990s 2000s
class Area Area Change rate from 1980s Area Change rate from 1980s Change rate from 1990s
Urban 2,133 3,460 62.22% 4,155 94.77% 20.06%
Agriculture 23,843 21,869 -8.28% 21,348 -10.46% -2.38%
Forest 67,085 67,007 -0.12% 68,590 2.24% 2.36%
Grassland 3,793 4,371 15.25% 2,886 -23.91% -33.98%
Wetland 875 502 -42.59% 339 -61.24% -32.48%
Barren 1,298 1,697 30.73% 1,660 27.85% -2.21%
Water 2,111 2,232 5.77% 2,167 2.69% -2.91%
Table 2. Change matrix for transition likelihood composition
2000s
Class

Urban Agriculture Forest Grassland Wetland Barren Water

Urban 31.16% 1.94% 0.26% 3.25% 3.24% 6.74% 1.62%

Agriculture 38.65% 66.69% 8.55% 37.94% 14.05% 47.02% 11.19%

Forest 13.95% 21.06% 87.93% 37.00% 6.67% 27.24% 8.68%

1980s Grassland 5.28% 5.82% 2.50% 16.36% 1.56% 0.66% 1.87%

Wetland 1.61% 1.41% 0.08% 1.10% 38.58% 2.74% 11.07%

Barren 6.18% 2.11% 0.33% 2.59% 3.29% 9.24% 5.83%

Water 3.16% 0.97% 0.35% 1.77% 32.61% 6.36% 59.74%

Urban 52.93% 3.10% 0.34% 4.45% 3.50% 11.43% 1.79%

Agriculture 22.17% 73.33% 5.60% 27.51% 10.90% 27.79% 7.28%

Forest 7.14% 15.70% 90.61% 28.24% 4.44% 16.41% 4.96%

1990s Grassland 5.81% 4.81% 2.85% 34.33% 1.37% 6.74% 1.71%

Wetland 0.77% 0.65% 0.04% 0.88% 63.07% 1.71% 1.87%

Barren 10.24% 1.86% 0.29% 3.57% 1.96% 31.86% 1.79%

Water 0.94% 0.55% 0.27% 1.03% 14.76% 4.06% 80.59%
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Q17 GDP 52] Zabgo] fARHS Skl 3 = A A
=2 AAste] &85 Q‘;E} (Chae, 2016; Jiang and O’Neill,

2017) L A e i M b R G L
= Al AIZFA] 3ol disfiA= A 1980 et ks
2 5 R EAuEE AT HAS ARSI
™, =} SSP ALt 2ol A AASk= QG- Al AH=E HIE
O 3k ofuf, SSP Alute] e QI o] |7}
E= 203004 2050714 FAAE whEE, ool A
Aot v = F3t o7t 2 asE s AlRtstgl o
o, 2] o= FA sEske Aoz ZHYskltt
(Fig. 2).

23 3t X7 A=

= AN 7IEEA| 9 EE 0] H ol Rl Als
Sk 20009 i EAMELRE 7lEo2 S85k3It
E3, =S Bfole 7IFHe 9F 9 FoMd BUE
°J5t 712 Kim et al. (2017)2] APALoA g5 A=
lkm e s 7202 At 7|EEAERES & 7
Al =5 101,097712 Agkstct. Al7FA] (urban) 4.09%,
%=A] (agriculture) 21.09%, AFE (forest) 67.84%, 33|
(grassland) 2.88%, <5A] (wetland) 0.32%, L}A] (barren)
1.65%, =< (water) 2.13%=2 & 7702 EX|o]& ez 14
=} (Fig. 3).

HIP EE A JAdoll= QI 4o e EX|o]g WA
AE R A7 HAS A8slelen, T 99 EX|olE

N
o 5 W 200 Kiometers
w E
S

3
b

)

Slope limits

Elevation limits

Natural limits

Protected area

o] B9l 7120) MRS SAI3HE Ao s
k. o]5 I8l A 1980 e} 1990 TS EA| T E oA
NZEATE A4 20008 7Ke] WslE Ea) 2 B4
o]g Fejo] Ao HIke-Z Ao (Table 1), ZF B4
5] 7o) Wst BPYS MEYAE THstol ANTHS W
3 AL Tl B ZR-AS ekt (Kim
2016; Table 2).
1980t EX|TERE 7|EEXTE (2000 )7HA] A
FiAle] Z7), A9 et 4o Ueptoly 1 o
EAWES 57} 9 77} Wzl ZhEA Ui 5 A7)
of uheh 2 Eo| WakeS Hgitk B EXTEE 4o
skeat 2o 4kle] Aools = 9 =7 AlelA 1
o] 1980'd 65,680 km’o|A] 20001 64,220 km’© & 2|<57]
O 7 745t (Korea Forest Service, 2016). o= 9144
ol 7Hksto] AL 2R EX| v EEe; thefet 34 9
ARR] HolofAl 7]elsle Aolet B 4 Utk Jeon et
al, 2013). kA B QoA SSP AlUE] 9.0 At
91 7 A EA|lse] b st Hapy slel= 71 B
9 ol Exjo] &S] gt i F7kR skl
AtollAl= AlIZHAOl Tt Q- Hl&o] FAlo] HE R,
*17}11% S-uEtol A ZpR|eH= HAo] & A, F4], 274
of thet A3 reiste] WshiER A0 Wekes 245
T} (Sagong, 2004). E=3h AJ7HA] QloflA thekel EX|u] &
o] aste] UA] Bt 82.8% A, A Ht 29.9% 7t
5o FAE ST AW AFE Al Aol =xskiict

—— Urbanline

Road

Proximity factors

Fig. 4. Mas of land cover change controls (natural limits and protected area) and proximity factors.
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(Oh et al,, 2011). o2 =3) HspjEL 0|4 28 EX|o]
& FEiQl AI7FAY] Fof HERE2 SSP AluE] e QI+t 7
of whZ Al7FA] HAof| e} WSk = A o2 S50, 5
o] Aoz 2-10% T, 4H9] Aol 0-2% daz A
oot 1 elof HEHo] & A9 A= 78 EX|o§
Feo] wistol whet SE-S R4S on, U] oE &
o A FAolA SHES th=A| A-85leleh Wl AR
2 1-971R|9] A2 A= leH, 1980t} 1990 e}
2000l 7+ ©i3} mjEE A0 HFe-S Fal A= Uk

AR B AR o, YEHCR sl
AlRt=]o] glo] ol A BEAUE 2 "ol A=
ShEo| & ZOoE WE= XY it dojubr] g Al
okgolo gz HAAEIATE (Park et al., 2011). AFQoloa
ST 9 AAFS, SR A] S, R SR,
ARG E S R, AR EEAR Y, SARETAY, oY
FEEOAY, AT 15 PIAE L8318l sid Al
q2 F& A, 27|, FA) Tl Gtz Ag=olv, 34t
Ao thE EX U e E£3F ZFstarl Qi) E3L 1k
ARkt At w2 HAIE A-8-5k3ltt (Kim, 2016). ©]-§-8
¢ BEX|o]§ HIBkE 7HE5ske 8RO V]E EX|u|EofA
EA] A3t 29S S-851eltt (Fig. 4).

3. &t

H| A 7p7ke- mlef AlFdQ1 203092t 2050, H m]ef A]
¢l 21009 vl EX|u]E o)& Aiks =&kl S
3to] Aoll= ZF 7HsAoll whekA Alve| o Adids 2}
ol H O} A2 Scenario Generatorol| A AAA3F #x}
Zo] £A| 9 W ERg FHlom SEL ol L
Wt B4 FoR Eeyo] wHt FEAS FH0R &
Ao} Shfo] Upehkon], F4 9 A% A|ofo] g waloq
FAE EAlR AgEE s 230k 53, ol B
- SSP12} SSP2¢]| H]iA] AI7FA] HA| 7} & SSP3of|4|
Hop Fee|A =gyt (Fig. S).

2 BA|TRl APkA), A, A3t 1 9)9] 7]ek B
ws geow FHslel 4R =X WA WAL Qi
vzl 7 g3 WA sk =2 Al EAAY 9 7]E B4
5% ggol WA S71ok 5 W el WA 74t siefs]
Qic} (Table 3).

FEEA TR} 2 EATE 7 HEES Toleiole
785 SSP19] Zfolli= AZFAIZ} 2030W7HA]= 7|ETHH]
12.26%, 21009717 7|ZthH] 20.27% Z7Fske Ao LUpet

o} SSP3oj|A= 2030 7ER] 71&thH] 53.07%, 21007}
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Fig. 5. Estimated future land cover maps in 2030, 2050, and 2100 by SSP1-3.
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Table 3. Summary of estimated future land covers

Classes
Scenario Variables -

Urban Agriculture Forest etc. Overall
Area (km’) 4,641 20,952 68,330 7,174 101,097
SSP1 2030 Portion of each class (%) 4.59 20.72 67.59 7.10 100.00
Change rate from baseline (%) +12.26 -1.74 -0.37 +4.01 0.00
Differences on portions* -0.04 +2.30 +2.92 -5.17 0.00
Area (km’) 4,733 20,847 68,238 7,234 101,097
SSP1 2050 Portion of each class (%) 4.68 20.62 67.54 7.16 100.00
Change rate from baseline (%) +14.49 -2.24 -0.44 +6.07 0.00
Difterences on portions* +0.05 +2.19 +2.88 -5.12 0.00
Area (km’) 4,972 20,559 68,177 7,389 101,097
SSP1 2100 Portion (%) 4.92 20.33 67.44 7.31 100.00
Change rate from baseline (%) +20.27 -3.59 -0.59 +11.39 0.00
Differences on portions’ +0.28 +1.91 +2.77 -4.96 0.00
Area (km’) 4,849 20,840 68,234 7,174 101,097
SSP2 2030 Portion of each class (%) 4.80 20.61 67.49 7.10 100.00
Change rate from baseline (%) +17.30 -2.27 -0.51 +4.01 0.00
Differences on portions* -0.50 +2.53 +2.88 -4.91 0.00
Area (km’) 4,945 20,728 68,190 7,234 101,097
SSP2 2050 Portion of each class (%) 4.89 20.50 67.45 7.16 100.00
Change rate from baseline (%) +19.62 -2.79 -0.57 +6.07 0.00
Differences on portions* -0.40 +2.42 +2.84 -4.86 0.00
Area (km’) 5,194 20,449 68,065 7,389 101,097
SSP2 2100 Portion of each class (%) 5.14 20.23 67.32 7.31 100.00
Change rate from baseline (%) +25.64 -4.10 -0.75 +11.39 0.00
Differences on portions’ -0.16 +2.14 +2.72 -4.70 0.00
Area (km’) 6,328 20,089 67,506 7,174 101,097
SSP3 2030 Portion of each class (%) 6.26 19.87 66.77 7.10 100.00
Change rate from baseline (%) +53.07 -5.79 -1.57 +4.01 0.00
Differences on portions* -7.56 +5.29 +4.85 -2.58 0.00
Area (km’) 7,107 19,549 67,146 7,295 101,097
SSP3 2050 Portion of each class (%) 7.03 19.34 66.42 7.21 100.00
Change rate from baseline (%) +71.92 -8.32 -2.09 +8.16 0.00
Difterences on portions* -8.98 +5.35 +5.68 -2.05 0.00
Area (km’) 7,541 19,114 66,955 7,487 101,097
SSP3 2100 Portion of each class (%) 7.46 18.91 66.23 7.40 100.00
Change rate from baseline (%) +82.41 -10.36 -2.37 +14.75 0.00
Differences on portions* -10.65 +5.47 + 6.66 -1.48 0.00

"Differences on Portions: compared with Kim (2016)
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21tk (Kim and Yoon, 2015; Yoo et al., 2015). Sx}7}%] SSP
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