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Abstract

Cities are constantly evolving, with growth, vitality, decline, and shrinkage occurring as interrelated phenomena.
While urban vitality and revitalization have been extensively studied, research on urban decline and shrinkage remains
comparatively limited. Existing studies on urban decline have primarily focused on diagnostic indicators, such as physical
aging, population decline, and reduction in the number of businesses, to assess patterns of decline. However, studies on
the subjective perception of urban decling, particularly in relation to urban landscapes, remain limited. Given this gap, it
is crucial to identify the causes of urban decline by analyzing the factors that influence the public perception of declining
landscapes through subjective evaluations of urban scenery. This study quantitatively analyzes how people perceive
declining urban landscapes and identifies the key factors that influence these perceptions, using street view images
of Seoul. A survey was first conducted to assess urban landscape decline based on streetscape images. The Trueskill
algorithm was applied to quantify perceived level of decline. Subsequently, machine learning was used to analyze the
primary factors influencing these perceptions. The results of the analysis are as follows. First, perception of decline
decreased as the proportion of physical environmental elements such as roads, green spaces, sidewalks, and cars
increased. In contrast, an increased presence of elements such as buildings, bicycles, walls, and fences was associated
with a heightened perception of urban decline. Second, an analysis of the importance of contributing factors indicated
that roads, sidewalks, green spaces, and cars were the most influential in shaping perception, in that order. Third, the
relationship between the proportion of physical environmental elements in urban landscape images and perceptions of
decline was found to be non-linear. This study presents a methodology for evaluating urban landscape decline based on
people’'s subjective perceptions and provides policy implications by identifying the streetscape features that substantially
influence perceptions of urban decline.
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1. 432 SHA EE(EHS:Y)
Table 1. Characteristics of survey respondents (unit: person)

Division Male Female Total
10cH 92 4 96
Ages 10-19 (16.5%) (0.6%) (7.64%)
20cH 210 449 659
Ages 20-29 (36.5%) (67.4%) (52.4%)
30cH 124 93 217
Ages 30-39 (21%) (13.9%) (17.2%)
4004 84 51 135
Ages 40-49 (14.2%) (7.65%) (10.7%)
50CH 0|4 80 69 149
Ages 50+ (13.5%) (10.3%) (11.8%)
2 590 666 1,256
Total (100.0%) (100.0%) (100.0%)
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g 52 A Haee 2 AlE UEL A & d4e
GPT-40E E83}o] 7273 ofv]A] W A== =23 87
A2 e E M2 FE8I%. olF f3 AET ZEZEE
F WHRIOIHE=RY] (& ). FHoE Jeg ZEIEE
7Y2733 ofulA] Ui 1AEE 222 7 A AEHE HeE
WBHES AAE T Ade YR 1WA ZEZEFT R
© B3R 4B A BHE EEshs ZEZES WA
ZEo)7] o] FFH o2 Ao E8SIATHE 2).

4) 7|1715ks A siAMTEsSt 7 [AlEHE

2 A= HEZT 9T v]AE E0A 480 B4
317 913 71ASMGE BlA7Hsdt Z1AISREE ARB3ILt. 714
52 B83HH A5HQ FEANA Hetar] ol2Kd A
2 IAE ERIF £ 9loH vjAdg o2 motul= M Zke]
AE AT 4= ook, XY FAE SIS B4 ¥ AA
A& ) BRI 4= 9 ov(Park et al., 2023), ©15 53f o]A
dFeks o2 A7t ERIE 5= ol & AFeAe AF3E
w2t A 742 71 A8 AR W78kl Aol 7Y 2
EeE AEsio] HEZT 9Fad B4 YR g, 2
Ao AMggEE 71 A8 B2 XGBoost, GBM, RF o[t}
ol BE oy RES o BdE Fsks HFE 7ot
XGBoost E2] 7919 e SgolA FENE YugE 5
shtolct, GBMS] TQl =R 3 AJZh HAJ 3o EAE
53t wdo|h, GBML tjefst ofst sl & eald oz &
FOHHA] dZo] ZRE dlolde] 7EA1E Fofsle] 2F7E 7N
Agl Uzith, RFe 22 gatE|Ee g o 79 BR7le s
oA AF AR garelFolct, PFE 71 FolA WE S=
71 oH w2 A3 A5 7L Tt ¢ Al 71A] 714
Shgo] F5H2 oY /Y 24 Er| RdE A8k i E
4 Ee] BdRY ¢ F2 A5S =&%the Aot a8y 7]
Aghgd Aite] =& S wetd ¢ gl Edufiel: 84
o] e},

uEhx] 2 dAFoie EHRAE SMsl] Y3 s47sdt
1A AR TR 7 AIEE Y] FF= SHAP,
LIME 5°] 9t} o] F SHAPE €A AMS-E 4 =S HijxE
o] 917] W20l SHAPE AHg-3te] 37 Q147 Ee13 g3 7
Al 7ke] w4 E PAIE B89t SHAPO= Global SHAPS}
Local SHAP7} $lt}. Global SHAPE ¥4 71e] 27| ¢laby
< Yehfie] He] o] 2 SAUE oA RE wiEd
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B 2. GPT-4o0 25 P LETE OJ0|EH & H|S1 GPT-40 4+ Hlw
Table 2. Final command prompt for GPT-40 and comparison of semantic segmentation ratio and GPT-4o score

Final command prompt

This street landscape image contains objects such as car, wall, road, building, grass, sidewalk, tree, and sky.

| want to evaluate the urban landscape using this image.

Please analyze this image and quantify the condition of each object on a scale from 1 (very poor) to 5 (very good).
If an object is not present in the image, assign it a score of O (not present).
The output format must be in JSON as shown below, and each score should be in float format.

Do not include any additional explanations output only the JSON.

##0utput format

{'car"car score], “wall"[wall score], "road"[road score], "building™[building score], “grass"[grass score],

"sidewalk™[sidewalk score], “tree™[tree score], “sky"[sky score]}

(A) (B)
Street view image Object Ratio Score Street view image Object Ratio Score
S Building 1391% 3 Building 31.15% 45
' Road 30.95% 2 Road 34.05% 45
Sky 10.63% 25 B siy 12.40% 45
Wall 18.28% 25 Wall 0% 0
Sidewalk 0.95% 1 Sidewalk 392% 4
Car 0.65% 1 Car 0.88% 4
Tree 12.92% 2 Tree 11.52% 4
Grass 2.18% 1.5 1 Grass 1.18% 4
W 7he] A dado] 9122 YEHAT Local SHAPE ¥ B 3. Trueskill 202152 X5 A2 XA A}
4= 710 T B AR E o] 83o] Uit Y& 71202 @ Table 3. Survey results using the TrueSkill
E&o] AFE7E Sl ] BAE vehdith BB, 9% Division File name Mean Std.
of St 22| BAE vEhli Hehdo 2 vepdt), E3 1 144068 36.846 1197
WA ] o] Ao Sle HEE Hvhd wiAdE 84 5 141702 35733 1103
R 3 37775 35576 1315
IV _E'I_.M?:III_I. 4 91495 35194 1131
T 5 45980 36.091 1.636
1, FEH ME|ZE SEZAL
736 64495 13.680 1427
2 Aol AEgmel g Qe 2uy adg wast 107252 147 1548
7] 9180 Trueskill Fe|&E AHSBIGcE Fuba) HEge 4738 hs A Ll
B2} A7) Trueskill TEI5E HgT A @ P 70 117028 8377 1482
o}, YE|EL 718 WRgk 259 REWA 8,304 AlFkeict B 740 167395 4904 1243

T olu A7t Bol AB4S Fokn) EEWAHE wokd
o} £ ATlAE Baao] £oFI4S B Aol AlEichy
HEjG Aaolth, 2 Aol FRahe F4U4E Al
on A|EH4E Bolsigct,

4, AERA} Fate] A4 AES 948} Splic-Half $419]
AR BAS Sgslgc YRR Areld HHo) F W
F2% 7, 2 159 HEES 1] AVVAR Tole ABE

Moz EAs AWEA Fi, £ IF 1Y e
0.996(p<0.01)°2 F-2u|gt ko] AHHAT} Sh&o] I
o}, E3h A AF=F 34317] 18l Spearman-Brown U
= G833}, Split-Half 412 AA| Ato] Autof] ofigh 412
Eol7] wigo] HA o] diFt AR =E 7] flsiMe B
Z-g3fioF gFthPronk et al., 2022). WA Spearman-Brown
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e 28319101, 0.998(p<0.01)9] A1Z =7} Uit o)
AERAL A7 Y222 o dWE 7t AE Uitk
A& AARIH,

the (0" 32 ARt AE2AF Ae] 334 R0\,
HEH7 woHdS HESIATHL QAR FHdE vkt
o WA LSS HERS7 Ere AL ofvlskal AERE 7
Holhil AP AL Erich, vh, Bt des HEH
S7h R ZE ofulsie] HESHA] R Folztal A4tk
A& W, A mEE, NERHSTE 52 A9 AT
BET 5 7S A G FAFE s AS &+ AUk 3
B X949 71273 o|u| A& FRIRE AR, Wil FE7L FE3%E
Rlzate] Rgol AN, ol 3T A9 E8F =¥
7} 3L HERE Folztal QARithE Ae AR R
HER7L H2 AYL: -, AT AR, S 59 A
Aol AFE e AL AT = Uk 3T 2| 7127
ojulAE BRIRE At AR 2322 Huo] FUHNU
o, Aragdat sy ol AAsH RefeL- P 4 E5HA
W 73TolEhal Q1AstH T A QA4S FERIHE ZE AlAH
jit,

Legend
Administrative
[ Admin. ‘Gu
] Admin, ‘Dong’
Land Cover
I Greenary
[ Hangang River
Decline Score

Bl 49-194

N 194-243
I 243-289
Bl 289-368

2. 2jo|EH Eeiut EE|2E i o2 ™

1) GPT—o B4 ZZ

B Q7004 GPT-4o= 2214 273 2412 AbeQuality) &
W7ks17] 918 AMEEIIC, GPT-40% Alglo] £33 B9
U8 7154S AFe7) 999 AElEsolel ol ATEAS
AL, A, (2 9] YFLE GPT-4o 0} 2151E4
o] o5 S Szt Aulolch, WML 45400,
TRHIE GPT-40 B8 71270}, T 4:0) 2448 Shelzt
A, % G4 25 A0 SARIE 24 Holul $4}
o g e Stk 5 Ao SAe] ARt A
GPT-407} 2t 214 §7 20| Aelg U7be] 204 2
A3} AR A0 BRI 918 AR, theo (3

% 0] L8 TS GPT-4o 14:2} AE)84:9] ol 4t
£4 Azoltt. 1 AW, HEALY GPT-40 W4E
0.5875(p<0.01)2] oIzt o] ABBATE U RO B
O ol GPT-409] T& 7H54E AT 4 USE AUt
3},

8 3. T ME|ZR AZZALAIZE
Figure 3. Visualization of subjective urban landscape decline survey
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Dedine Scosw (piginall
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G5V Imege Decire Soom
{4) Moving Average Lines for GPT-4o Seore and Decline Score (B) Correlation Graph Between GPT-4o Score and Decline Score
13 4. GPT-40 F2t AlEFE ZHo] A7 24
Figure 4. Correlation analysis between GPT-40 score and decline score
2) 2|0|2X 28t GPT—o H T AW AE, A, 3k, 9 59 SAR vl&o] gokon &}

the (4= Q17to] 7Fa AEEkgckar 143 AT GE 4 AgHd 291 HEEA ol EJL 71 AESHA] ghghrial
o] (A)2h 714 AEISHA) holehin QAlR ATHCE 0] (B)e]  Aldsh AP HE LR S AZ 50| £MZ o] ¥9%
o}, % 7}2Ae ol g vlae A b AEsigcka 94 o oJulEH 28 dujel pEw, A7k 2jad] B g

#4.9n|2X 28 Aot GPT4o He 2t
Table 4. Semantic segmentation ratio and GPT-4o score

(®)
Street View Image After semantic segmentation Decline score
b ) 36.846
Object Ratio Score

A Car 0.26% 2

= Wall 2.04% 3

A= Road 27 77% 2

72 Building 44 49% 3

Ft|  Grass 0.00% 1

B Sidewalk 0.44% 2

L2 Tree 0.00% 1

dl=  Sky 18.61% 2

(B)
Street View Image After semantic segmentation Decline score
" & 4904
Object Ratio Score

A2F Car 0% 0
Wall 5.68% 45
Road 570% 4
Building 599% 4
Grass 0.68% 45
Sidewalk 37.75% 45
Tree 36.46% 45
Sky 7.94% 4
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Bg0] 23 Bl R= o]Fo|R e HESHA] YFUThL Q4]
gh= 2oz YeRith E3H GPT-40 <ol W2 QI7ho| 4
E51A] gokriar #ekst A @O GPT-40 A7t 953 ¥4 ¥
7F=]Siet,

3. Mzl 717leks 28 Eot

AERAL AUIEH £, GPT-40F 3310 H9d & 4+
e (& 59 g 2 d7olA HEB 9FE o= =
2|2 B3 a1 24517| ffsiAl AR BlF1e} 71 A S EE ARt
Stk ARG 2y} A 7] 71ASkES) e vlaskal, A
HEo] 2 RS AEste] E4 B8t 24 2y 41
2 ol B2 HaSP| Hl8] wEhEE 248k
e 7IASES Shad o, A9EE Eol7] flst] 24
She BY9 wipolry, dF W] 2 wpehd 22 o
ABEE 7P = T & AollA 222 wetulEE s
3l Grid Search® ARESIFITE ol 2FFHIA}; Sk We]
JPEE Al TP EE SoUrPaA 714 sl B2 3
2 o] mEtu| e E Aok Wiolth & A7ollAl= Grid Search
§ ARSIl 4 71 AshG ER 7P 2 A EE Bole dlol
I EE AR &, 71AIske 239 e AFsigeH &
Aol A ARERE StolH ufetulEl = (3 63 2T,

& ol 71AIse Bl ok 82 W3] sk

B 5. H4 ol & &X
Table 5. Definition of variables and data source

Skt 71 dlolH 2 23tgic), St 7} dlofEl] Bl&-2
APdT el wet 8:29) HlER2 FEIHL. F dolE e
80%2 Bl 53t T o] sigH dlojeE & AYsheA
2R1317] $13) 20%2] W7} HlolE = F2& Zegsict, ulehA
E A= 3 dlolE e gt AEE R 7[ASs 2¥9
Ageg vtk

7|AEs 2¥9 s Blisly] 9%t A&EE R, MSE,
MAEE ANt R'E SYPHg7 5848 doht 49
SH=AE B7lshe A Eo|tt, MSEE 2A4H52] B2 oju|sly
MAF:E 24 B9 ARk ouightt, & A= 9¥ade
B3] A%t BYE 13535p7] g R7L 7HE & 71 Asks
2HE HEZA T v 209 gL B4
9%t HF myo = ARt E3 £ AFoME GPT-40
H4E 7I5AE 283 HeE SR E83l9ern ol
ASF o2 Brlsly] 9fe) u|EA] B HEthE SYeE
Y83 23 U8k F 2y A9 vlwsiqct, 1 3
i} & B3 BE XGBoost7} LR, GBM, RFRU} 93+ A
g9& 71 A oE Yo ou|E3 58 HRTE SR
2 243 BYRT GPT-40 FTE 7122 28L& o =g
o] o] ¢ Eobdl AL RISk ol 83 87 44
o] v &4k AMgSle] A E7E EAsH: AR B2 3 4
A9 Hl& e E 25 L83t HER TS B4 20 A
3 £4o] 7HsTE AR, wEbA] ofu|E3] BEE ulgo

Variables Definition Data source
S484 HEPH EEAI Aol Cifpt QI7Ho] X Q14 SR A SEXA
Dependent variable Decline score Human subjective perception of urban decline Survey designed by a researcher
72 FI2 T H|S x K12 AR Ra Google street view (2018)
Car Car pixel ratio x Car quality score GPT-4o
B B A H|S « B AfEf R Google street view (2018)
Wall Wall pixel ratio x Wall quality score GPT-4o
FE FIE LA H|S x R Al R Google street view (2018)
Road Road pixel ratio x Wall quality score GPT-40
He S WM H|8 x A Algj) B4 Google street view (2018)
Saiua Building Building pixel ratio x Building quality score GPT-40
Independent variables x| RIC| A 1| x K| AJE KA Google street view (2018)
Grass Grass pixel ratio x Grass quality score GPT-40
[l HiT T | x B AJEl R Google street view (2018)
Sidewalk Sidewalk pixel ratio x Sidewalk quality score GPT-40
L= O WM H| S x LI AlEf A Google street view (2018)
Tree Tree pixel ratio = Tree quality score GPT-40
3h= 1S T H|S x BHs Al R4 Google street view (2018)
Sky Sky pixel ratio x Sky quality score GPT4V
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6. 7|75t 28 B2t Aot 5 27 e

Table 6. Results of machine learning model evaluation and adjusted parameters

Semantic segmentation ratio only GPT-40 score weighted

Model R? MSE MAE R? MSE MAE
LR 0.32 16.11 31 043 1269 281
XGBoost 0.71 6.38 198 0.84 348 144
GBM 0.63 734 214 0.67 7.02 205
RF 043 12.27 276 0.51 10.70 2565

Max_depth 4

N_estimators 40

Learning_rate 0.2
Parameters Subsample 0.7

Colsample_bytree 0.4

Gamma 0.01

Min_child_weight

GPT-40 H5E 7ISA 2 W9 W5 SHdss A9t &2
& AT 2P o= AHsrt
4, 2|E|Z2 SR 24
1) 71&8AEA

AR A0 ShA, 2 W] B, EEUA, s F
e BRISIAAL, A= (B 7 I P, 5K 704 4
3% AE2A Aol Trueskill 932815 283 2Ed4

B7.7[E5AEN 2t
Table 7. Result of descriptive analysis

olc}. SYM4L 712 olul o] YulEH e AE3io]
£2¢ £el% 3740019 vl go] GPT-40% 53] £4% 2
2§40 A B4E 7EAZA J gl 71657
B4 A, F5W4el HEH40) BRGES 25,282 Uehto
FUAHE 4672 0)A] Wjugol] Ao 7 AEEse) B
7h 53 o] BT, HIGE 4.91, UG 3,852 L
Eht AlEE4e) B3 FehRold] g AAYS & 4 9
o}, ol Qizko] QIAIBH AEA19] A £ Aol 2K] %S

& AR,

Variables Obs. Mean S.D. Min. Max. VIF
B4tie AERi
Dependent variable Decline score 740 2528 467 491 3685
éi:f’: 740 14.86 15.98 0 86.88 457
Wall 740 514 13.39 0 19495 264
Al 740 10486 3926 0 211.96 231
Road : : i A
U=
i 740 134.59 6414 0 28041 165
=2jua Building
Independent variables i
Bras 740 176 b7 0 62.39 133
=1
Sl 740 156.63 18.09 0 166.36 118
L 740 20.39 3421 0 20277 115
Tree : : : ¥
g}k? 740 6434 324 0 20113 1.06
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SHRe] 71eeA 24 A3 Ao BEUAE 15,982
o WSS Bk AR AuoflA A vlgo] wie-
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FEFUAF 13,392 LER 2| o2 W v8lE-g el
a2 Fatgho] 134.592 7P 2 3h& Uehin] ol= 9]
ARGz wlFo] Ath= A& ofulgitt, Rbgo] Ztj= Baghel
1.76 2.2 b So} Zhtj o] ul-go] thE 89lof vlg] AA|s] W
< oujRict, B Watghol] 15.530]31 EEUAT 18.092 4
oz QPR XS VERH, oA AT vlEE
ABAL S AARITE UR-9] g 20.39, EEHAE
34212 YeP o shs-2 Hitgho] 64,34, A= 32 412
e, ke Blad 52 Bahkd UERlen T
2011322 YEE7] diiEe] A= HlafZQl e Hol= it
B, TR A A EEUE AR el OS5
A8E AT AHlA b EgRE 2RI 2, 58 23
82| ot o34l EA7E a2 FRlsth

2) M¥s|HRY BN

O (E )2 AT Aot MA 7|A%G 23S
AR Aol ARAARE S ARgste] 245 AFeH
Aiof =1, A jg= FolA A, 9, A, dE, e, B
E, e BeTh ERw fojuldt #AE Hole Al
uEbton, B 2o PAIRl AC= vl ol A 4,
AL, AE, A, BE, Y59 HjEo] oS HERsE
Roplths A& ojulgit), ol 7ol e AT W, A,
9, A, 48, Y, BE, U5 vl80] 125 HEHA ¢
< ZduolEhal ARt AZ AARITE TEu, AR &
Aol frefulet Was ol EEFERAN, s AlefRt B
a7t Rujdt g Hol7] AF2Q] BANC R HEZH
ofl tigk FFRALZ EAshs A2 HSHY BA40] of#E 4= A
o, whzbA] BlAF AR BAlE AT B8t Tk e,

3) HMHE SHAPRL ZX|X SHAP £4 Zn}

o (" 5= FH R AT XGBoost 71AEHG 23
o] SHAPE A-83lo] £A3 dijo|ct (11 559 A4F2 FY
Z SHAPS] ZAztolct, 297 SHAPS 75, ol uizlg 2o
T ERE B FEo] w2 SAUR wixlEn, &3 9
diaze] M7 oF/ S0 WAE I 4 g}, Yoz
9] Mzho] W7o H AE| et ko] PAR AYPH B AT
oM HEHS7 ol A 9T v Ao HAgd
o}, o= & QIZho] HEFCL Q4B AL Yuidi), HiE
ot 22 o] Mzto] migtAo|H HEHpe SO AR MY
5, HEHS7E Yol Ao 9T vAEs AR A9d
t}, o] & Q17to] HE|SHA] GAThal QA sl AL oju]gi,
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E 8. AE[F0f i3t g7 24 2

Table 8. Results of linear regression analysis on decline score

Decline score

Variables
Coef. t p>itl B

)éff -19.327 =* -4.39 0.00 013
" -19.267 =* -3.41 0.00 011
Wall i ' ) :
)FKELEad -37426 ** -17.41 0.00 -063
U= -10.903 *** -4.99 0.00 -0.30
Building : ) ' '
X
grgss -38261 =* -3.16 0.00 -0.09
E -2 Fr v d 27 <]
Sidewalk 43.629 11.07 0.00 0.34

(=]
i#rje_e -26.988 =* 9725 0.00 -040
g}: -4332 -1.32 0.18 -0.06
const. 3918 30.78 0.00 39.18
Obs. 740
R? 043
Adjusted R? 041

*p<0.1, #p<0.05, #p<0.01

A, AF3AES 2} vjug i, W FaET o
E2A vepsith, A33]q daoAe she2 BAAE f95t
A oo, W2 Fa =S Yehigict, Bhd, SHAP &404
€ %k=9 a5t ¥4 Yebit ol#3l Aol F &4 v
o] ¥ S8 AHY 4|9 Ajoloi] viREr), AFI A= &
ool TEM4 709 HY3 BAE wYsh] Wil 5=
FEEo] St 7140l Ut Wl SHAP #4123 H4=9]
v E A FI7A| A L2{EH S diFt 7|9 =E H7st
7] gl sh=9] 7|9=71 AR o2 A yehd Aoz d
Hr}, ol 4] Wi 9] Jolz QI3 & dFollAl= SHAP &
A& B3l ARt ze ] ol UAA Bd &
TS UsHA AT < AUSIch webA, & Atolx SHAP
4& 398 =28 e FoEs AR 71 sA oA g
57| & vAdg4E HeE ANE 4T 4 U o=
SHAP #4{0] 7|A1ghg LAY oS3 W3l b vdg4dE
7|Hro 2 FAE AFToEM, WA AP o 7
s Fugt FFE AT & ke AFAT dAv
(Lundberg and Lee, 2017; Molnar, 2022).
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Figure 5. SHAP results of physical environmental objects influencing subjective urban landscape decline
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Figure 6. Analysis of SHAP results between subjective landscape decline and physical environmental objects
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