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Estimating Carbon Emissions at Urban Scales by Nighttime Light Satellite
Imagery and Analysis of Influencing Factors
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Abstract

As recent climate problems continue, global carbon neutrality has been advanced to reduce the greenhouse gas
emissions causing abnormal climate. By 2050, all cities must achieve carbon neutrality, but to move toward a carbon
neutral city, it is essential to estimate the amount of carbon emissions per city and analyze the influencing factors.
However, current methods of estimating carbon emissions encounter difficulties in city-level analyses. This study
estimated carbon emissions using nighttime satellite images to address limitations of previous studies and current
greenhouse gas emission calculation methods, and analyzed urban factors affecting carbon emissions using a spatial
regression model. The results show that the carbon emissions of Korean cities are increasing over time, and their spatial
distribution varies greatly by region. A spatial regression model of the influencing factors identified significant impact
of energy consumption, industrial structure, land use, and transportation on carbon emissions. As a result of analysis,
carbon emissions increase as energy consumption, productivity of the secondary industry, and the number of automobiles
increase. In addition, the higher the compression of land use, the stronger the reduction of carbon emissions, and the
higher the diversity of land use, the higher the carbon emissions. This study is meaningful in presenting a new method for
sub-space unit estimates to remedy limitations of current carbon emission calculation methods. This carbon emission
estimation method sing night satellite images is expected to effectively provide basic data for land use planning and policy
research to attain carbon-neutral cities.
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FomFEA 2, 2022), Y- FA- A A DS vl &S
& F73h= AlolvhLal, 2004; &4 €], 2022; Zhang et al.,
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Table 1. Variables

Large category Detail category Variables Unit Reference
Dependent T BT DN value of nighttime satellite image DN NOAA
variable (CE)
Urban area ratio (URBAN) % KOSIS +
Landuse compaciness % National Geographic %
Landuse (LU_COMPACT) Information Institute
Landuse complex . National Geographic
(LU_COMPLEX) BB Information Institute -
Independent Energy consumption Electrical energy (ELECT) GWh KEPCO +
variable Economic capacity GRDP per capita (GRDP) Million won/person KOSIS +
. Value-added of industry -
Industrial structure compared to GRDP (INDUS) Million won KOsIS +
Transportation Number of registered cars (VEHIC) Numbers KOSIS +
. Environment budget per capita - Ministry of the Interior .
Environment budget (ENVIR) Million won and Safety
DNZFS 8831 274712 AFgslgct B olo] 4] &851=¥  Table 2. Descriptive statistic
+59 SAFE wost7] 3l 71284 242 HAASIAY  variables Mean S.D Max Min
(Table 2). F5HQ SavlE 72 Bt 5,446 22 CE 5,446 46 7.800.88 60,652 565
A= oY, REFHA) Bl 2 A0 Yeh XY A3} URBAN 3478 319 100 4
7t & RALE wdEr, LU
_COMPACT 1048 18.36 11253 0.66
EAJHHH LU
3. =A4&E compLEx 372 129 857 191
L SUAIGIAD RIS EFA = % ELECT 642586 11,808569 9433441 12688
2 ELAH s
1)3; "'"“"? 28 H " HE2 Ili GRDP 3655 16.45 10383 1642
= A oRE 9139% 5Fo] Bk 7745
o VI:_;Q ;Jﬂ? jcjc}i; %-‘il_ OM 151 ﬁj;j_ :Ja:ﬁ}i INDUS 3,473,895.13 8,330,218.74 77,563,145 1,702,240
ORt A A EE Y2 E=AIE R
’ ouA] 48] Bl F]eh Q17 SHES a2 9T B Hj‘-" VEHIC 14745164 32410638 3124157 5809
=, ofuR] 4H] & 7|E} 217} a1, ERAHjEL
' = = Glon = ENVIR 8815 6385 31363 1468

A7 FE Y BWRio] Ak, & AollA 883t ot Y4
%AF NPP-VIIRSE= NOA A2} NASA©] o3 wald Aoz, A
Pl w2 AR EA A et eaulEs oj e g
AL 7HActaL H7HE Il AcH(Wei et al., 2021). NPP-VIIRS
A2 ol 23 1A] 3027 24 14] 3080 RS 5
3to] 5 A W33k glom(Miller et al., 2012), 20129
o] 2k27F AFE AL glck. NPP-VIIRS AlAE Q52 A
AEoA diabE & oz =S DNB(Day/Night Band)o]l
EAA] OB 7|1SIHARE, 2020).

HA 7 949 BE HAl(pixel)?] 71E€5A AHE 7R
5 &9 EA ARE AR o 94942 DN(Digital
Number) 32 4 U] =g n|etnz $4=9] 712 713
4 Q7] qEO|THRFA - A%k, 2022). B ¢itollA] ARESE glo]
Bl A7 8980, Y7 AAHEE QU AL E T
g8z 2ol A i A B wlAr Ak E9 Sk Fol ofv]
AA=EG LB dlolg AAE A BA 2 iz Y3}

| ASkHElvidge et al., 2021).

NPP-VIIRS 94942 94 7]5ke] #AE dlojgolnz,
B Aol BExof oA AR grid)3HE SaviEF =g 1=
&17] QA E2(polygon) 22 MgSH= 2H¢jo] Basigl
o}, F7FEA(Zonal statistics as Table)E AAI8H0] 1km x
lkm F74ed e Qe A g 5315t o F7HEA19
WS DNgEe| Beto = 4RE3ieltt,

ORTt A Q4 TllolE 9 g2 Q1] A A e SEat wd
H A EF, oA 4H] W gk v P2 AT 4= QAT
(Zhang et al., 2017), Eraul&ESF GO R L83 4= A
of disix= A5 dal7t dasih webA euetelA dA)
A2 g o2 AMBIIAL Qs =7 247ES QMR b
ol & &85l ATEAS HAIBIT 3T Q=] Holg
+ A A= GoET FREN Jlone A Xk EJ AL
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SR st st 2 Aol SR A
B2 28l ArcGIS 10,42} SPSS Statistics 25 22X E o] & &
L%t th3 o2 =71 LA7IA AHIER] AR S 7[E0E oF
7t 9 71Nt AuiETe BAste] By W39 7S Bl
St BAAE St o2 T bojE 2F Jouk
E(cross-sectional data)?t A1 BAE (time-series data)E 4
Y3t o AR R =7 fiZo] SASE B-&3] 3RS
283131t F-testS B8] Q2P o|YRY F oA7}e] 3L
A7 EASHs 23S 2H2l8lal, Hausman TestE 59 1L
HaTEys EANREY F AU LFPS EE3IGHelF]
- =5, 2013).

2) BZE=H

AaE ddo 2 SaulEdE 783 T, GeoDadl 371314
42 B3l SaujETol 9% A= EA 2909 dis] =9
S, S| E2 7139 3 gHo=n A aYEo] &
AL & 4= glar 240 o)== dlojE e A 3L T
flolug, £4 AN TS ol MEE U A9 #AE
7Rk g 4= Qiok, AdiE YAY AdE 9138 7L Sle
37t glojee S5 243 £42& 7HA e o= £4& 7
A & Jehis AL Tobler(1970)2] 2|28 #1142 (the first
law of geography)o|th, ‘ZE 212 1 4o T} BE Az @
d=o] AT, A= 7H7te] Sl ASE B e AEEYE
O 22 A4S e HEE A=UHel3d  =54,
2013). o] £4L& 7= 37t dlolHE A3 3= &
S51 TG B 2219 F7HA AR HAE 4 %
o 3 A1) E4F A5 AP 2dY 2
ol HIEE= 277 DSz, U3 ARY S &3t 9]
3 o /E B 4 UTh(HYA, 2007 WA - e, 2023).
gx3 Bgoz FIHAALH(Spatial Lag Model, SLM)7}
7222 (Spatial Error Model, SEM)©] $itt,

A FTAIEY(SLM)S FE5H50) 3743 27| 4de/d0]
ENE 7ol AREDL, FHLARY(SEM)L 2340 F7HA
7|48 0] DAY B AMSE, 249 3 27|13
< @Al Tt A 1 A4l B3t HlolHE A=
o] ELABIAY, FHA A7)dHe] Pk WS v
= glo] AR dPHsE FUSHA Zehez U8 verd
4= ATHHEA, 2007). F 239 41242t (1), Q)< 2t

v=pWy+BX+e (1)
y=BX+ AW, + @)

FHAAREEY A (DA o= IS FEY A, we
A7 HER gAY o AR S0] AR 3R

156 "=EAE, M58 Hi5E (2023)

QB Qhvtel of3ig met 4 JES YeEasiE 2ol
- olAi%, 2014). B, A Q)2 BLHOARYNH A B
AN SHAS, AW 23pe] BRA| HHElo] Mske 0%
S oJulhy, g2 ]TD(Independent and Identically Dis-
tributed) 22}o]CHZ] A - o] A<, 2014),

1. X[HE BANSE X|= 75

OFt AR HlolElE BaulEE R B8 = 9l
A #E1sl7] 3 =71 2A7ES QHEE] dlolE e} A
& AAEHLh 4 F3 1% 5-994E WellA 0.5059] gho] =
o] F A9 L w2 2oz Rl o ARF
o2 $Isly] Y3 AEEE JFHEAE AAEHIL, 20139F
B 20199712] A2 5% -2 ol 4] 0.438, 0.449, 0.515,
0.552, 0.536, 0.532, 0.5309] A7 =& =3k, ot =7}
24714 QMIEE] dlole vAHAY 2.& 53 Zo] AAR
2749 gho] obd SF ot uiEA 5] FoR AR 4
oJE| & ZRIBlof ghct, upebA] A sauEeE BAskal
S mjotslr| A% ] o2, oftt 914494 diolE
£ SRS 9%8S T 4= 0 Aolekar wakE

o g 7 2471 QMIER] ARE 7|ECE BYS A
At B ATe] ZhE vlastt. A AHER] A=t
ARIAE FRAPAT, BA AL AXA] g2 I A=A =
chefet ARES g7t 8 4= S 871 7] wiiEel] 23
A% vluE F g ¥ o FFAF A7 Byt ot ¢
A 7 eaiEE SRS SHESE, QER] AR
BAEEE TEULE AHAT Ftest 27, Y¥U(One-
way) L EHEE U o] Y(Two-way) LY ALY BT 5
Aoz fosto AP} EAsHE AR WHEHG,
Hausman 3% 232 4Y(One-way)S a2 3o g5
AL Eshs AR WAE Y, IFAE HASSaT
£ Ao AR AT 1R 0]7] gR- Hlo|E ] §4
o2 Q3 YU(One-way) L aTRHo| HHE A, XFA
O 2 y=0.202954x+2074.624 2] REAAlo] LEE|Yct BA A
& vlwsjiE A, 29 7] A A viEsF A 2 A
of vl8f) Eol571= Fot Azl o= HEpt gl AL
2 Uept, B4 A9 gaujEs) A g B SUAHU £X E
& aiefstarz} sioict.

olel T2 AAe] AAS AX F, & AolA 201395E
20219744 1km X 1km 37EPES] SaulEF =S 15
g A2h= (Figure 13} Zo] Yepyt 37 £2& #1187
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(a) 2013

2013 (DN, (Countl)
-0 - 5.0 (190,171)
-1 - 20.0 (16,297}
“20.1 - 40.0{4,368)
401 - 70.0{2.172)
1701 - 100,0 (175)
- 100.1 - 200.0 (48)
2001 - (2)

(d) 2016

2016 (DN, (Count))
-0 - 5.0 (185,826)
-1 - 2000 {(17,855)
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40,1 - 70.0 (3.018)
ST0 - 1000 [#01)
001 - 200.0 (10)
2001 - i)

(g) 2019

2019 (DN, {Count))

-0 - 6.0 (181.718)

5.1 - 20.0 {20,647}
“20.1 - 40.0 {5.311)

: a1 - 0.0 {3.563) %
‘ $70.1 - 100.0 (748) ‘
00,1 - 200.0 (196}
-0 - (18)

(b) 2014

(e) 2017

(h) 2020

(c) 2015

2014 (DN, (Count))

00 - 5.0 (167,575
-1 - 20.0 (16,862)
20,1 - 40.0{4,637)

2015 (DN, (Ceunt))

0,0 - 5.0 (186,390}

-1 - 20.0 (17,485)
2001 - 0.0 {4,833)

0.1 - 700 (2.769) " 0.1 - 70.0 {2.963)
701 - 1000 (372) ‘ 01 - 100,0 (418)
00,1 - 200.0 (75) 001 - 200.0 (106)
-z001 - -2001 - {5

(f) 2018

2017 (DN, (Count))
0.0 - 5.0 (183,013)
-1 - 20.0 (19,818)

201 - 400 {5.187)

2018 (DN, (Ceunt))

0.0 - 5.0 (182458}

-1 - 20,0 (20,073)
+20.1 - 40.0 (5, 208)

an.1 - 70.0{3.368) ' a1 - 70.0 {3.538)
70,1 - 1000 (647) ‘ 701 - 1000 (743)
001 - 200.0 (160) 00,1 - 200.0 (185)
2001 - (10 200,01 - {15}

(i) 2021

2020 (DN, (Count))
-0 - 5.0 (181,808)
5.1 - 2000 (20,565
20,1 - 40,0 {5.407)

2021 (DN, (Count}}
00 - 5.0 {180,152
-5 - 200421839
B 20,1 - 400 {56050

201 - 0.0 (2577) : a01 - 0.0 1760
701 - 100.0 (581) ‘ 01 - 1000674
1001 - 200.0 (178) 1001 - 3000 (158)
-z001 - () =001 - (1)

Figure 1. Carbon emission estimates by nighttime light satellite imagery
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<0(25,170)
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Figure 2. Rate of increase by pixels

Theo 2 ARE 50 mE Ao SAu|EF HelE AT
27| S8 gAY F718S AAE® § S REIHFigure
2). 4 AL 9zt gl EsFo] F718 A Holal Ho] 1l
5 T7He0] AT Ao}, v A gL 9zt 'ha
v &) Ak A Qo FRict, e 5 FHoE Y
o] gol fAFHL glo, ARE FgEr), A= A91F
gauEo] 22 x|golnt, HH {4 AL s FH, S
FAA, FFEYA, Al WA FoA FAFE e
g &Rl FASH| S7IR A 92| 54L& Tefsly] f18) B
AT At T4 4L s sEUS AL 74 g
AL giiE FUEAY A= e, B4 S 98 A
T HEFo] HHEA] AZElojof & o= watdd,

s A HAS 2A3E At 2 FRAlEA, WY 1
HAAEA, FFAEA], HE PIIEA, A=A, FF
F HRIEA], A HIZAEA, SEIAEA, FERAEA
T A7) +EA AmALL AR A AR AEAE FHOR
g &R0l FAsH| F7IR A2 YEiTh ARelAE o
g A RIS 4] 98 R g oz AwA] HEAAE
Bishal glom, ol EAl9) 297 ik 7 F8
Holo] =3t ik, FEAPE AR FA FEET TS AW
T WA, A=A AEANY B2 TaF Y SHoA 29

158 r=EAE, 5 M3 (2023)

Pt FE R Q7 B EE ASARITAL AZE = T o
ZhA] AEA] ARG el dis] = A1E]t =271 Wagh Ao
o, FEEt R AEA] 2 A gEtaL G fEA
/93 2 A A oF & Aoz dhEn

2. 3UEHES

B Ao g Aol vlagid 27 A% glolg Ztztof o3
TR ARG S 2 g5l0] BAuETo] JFL vjHE= 290
Eolatarz) ik, 3| HEE S A gt AARAL W
Srof] FZH] 27| o] A 20| B2 Moran's | H5&
53 4590 3748 A7 RS B8t Moran's 1
Al 10014 1 Alol9] & AYEd], 19 77heS AHT
S FIE0] AA| g FRo] A FARE S Kol Ao 3
At F(+)e] F7HA A7|TAAE 7HAE FeE it
A7)4o] A8 ok Lol 00l 717he glol WEH
(AA4 <, 2020). 2 AFoflAE= A I A9)(Queen Conti-
guity) g 83t A HE-AE F5319 o0 (e
9], 2019), o1& &3t B AT eh2ujEF0] Moran's [ 3+
Y3 0.6342 A YErcHFigure 3). & g 2] oflA] WA
Sh= BRAEIETR2 QI3 2| %o] 24| GFL vHE Ao B
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Figure 3. Moran's | analysis result

ek, webs] £ As 7 A7 A= s A
Sk W 40E WR|s| Y8l F0EARE S B8k A
o] Aghsjrial wekE et

tho 2 A 9 olf4kgof disfl 47H4] HIAES 3519
tHTable 3). Jarque-Bera 77 2}, BF 2] Q23 0] AL
£ U237 g AS #9189 Breusch-Pagan, Koenk-
er-Bassett, White 478 A2+= o 4ol 9132 #4183
t}, o]2{g k= OLS 2Fo] opbd ¥ 2F & AMgaljof T
Ju]gtet, E3F Condition NumberS 53 2 o] AREH
HrEY dE3Alde Adstelrt. YRt32 2 Condition
Number &F0] 305t} =9 thg-gA14do] lofar wad &= =
HHo|3]d - .3, 2013), T340l EAI7E g2 BlEt
ek,

SR ARF L FHH o7} 7HR]= ke G A
A S AAE st R, 24 Al g AREE ¥Y 5+
tHg4g - 134, 2019). & AFA= OIS ZFe| figte g,
ot 233t BE-S AEs)7] 3f 4eA el weh Bk
t}, SIM ®&3 SEM 232 LM(Lagrange Multiplier) 774
2 Robust LM A4S AAEMGCHTable 3), 2 A3 = 23 2
F SAACE folgt At &=, FAZl ° FelsHA
LERd SIM 23o] v $4=3F BF 0 & e},

IR R*E= OLS 233 g g S5 4o
AREE]7] o], R?9] v 2 EH= Log Likelihood, AIC2HSC
HE V1R By AdiA APE FASSIATHeAR 2,
2023), YukA o2 F713] | E o) Log Likelihood®] OLS% tf
Ho} 7181l AICF SC7F d4shd 371323 o] A eo]

Table 3. Pre-test for analysis

Error type Test Value & prob  Value & prob

(before) (after)
Mol Condition number 259837 259837
collinearity
Normality — Jarque-Beratest 9213264 021 3264**
SPISERPROON  zorapegte TozaRenRe
Elae:teigfyke KoenkerBassett 1060641  106.0641%*
White test 162.7794%* 152 7794%*
Moran's | (error) S29457FF 2 0457
LM (lag) 2253847 21 4167%**
Spatial Robust LM (lag) 2879197  27.0668"*
autocorre-
lation LM (error) 97972+ 97972
Robust LM (error)  16.0507* 154473
LM (SARMA) 38.5891%* 36.8640*
H0<0.01

A=A BAFCHEE - o)A, 2014), & A= B A
¥ B Log Likelihood %] SLMOllA] 7 =31, AIC, SCZk
°] OLS, SEM, SLM <=0.& Zo}x7] ujief SIME 2 =¥
© 2 AYeA5tHcHTable 4, Table 5).

WA B A% IR A8 AAE vuge o, &
U sl i3l Fuist ARE FRIF 4 qlseH Aol
A A= JERRA] Yokt ok B 0] A9, SrAuiES
o] A9 7+ AR7L A7) qgol B T Aol 3l A gkl
A o2 ZojE5iT) weta] giuiEsat B4 A 291 74
9] FF WAL A3k dlols AR dloleE &8 Fe
7h gl A o2 sl B A FAutg vpgo g vy o)
A3t EFAE ATEH, EXol8UHE EX|olg
E3Eo) A folujdt AnE BRI EXolRYEHEE ©
aufET-2(-)e] 9T WAIE Jeile A & 4 9L, FA Y
EXol(HUE)Y Yrr} woHd4E HauERS Faske
22 A9, SAAEA £2 AFEE BA 232 45k
A9 71 & 542 YR JiEoln, o) EA] 7IRIAE % o
2 489 93 F EXo18 Hokg 9uidic}, B dite
HES TA|7F SAFHEA EE3he o oS Aty Ao
ghe 4ES f59d &= oot v EXol8ER o &
(He] BAE RIT 5= Sled, A5 Py +80] 371
5 &l ARE 2R Yghtt, gt 2 A4
83 EXo| S EFE AR TWeHE Y AELEY ok
TEE Yuiptng FFHEAY] ‘BREA]-8(mixed landuse)
BT tha &pol7} Qirt, ol EFEEQ EX|olgo] Yrii
FAp7loll= FE)7h QlaL, AR SAAE] FEER o]
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Table 4. OLS, SLM, SEM analysis results (before calibration)

OoLS SLM SEM
£ SE B SE B SE
Constant -1367.42 918.756 -1960.18** 819.162 -1084 55 785.288
URBAN -4.6391 7.6612 -4.8019 6.7962 -1.7791 6.9300
LandUse LU_COMPACT -80.8622*** 183820 -106.37*** 16.8733 -84.5315** 163192
LU_COMPLEX 1154.10%%* 265424 1227.40%** 236579 1087.56*** 225037
Energy consumption ~ ELECT 0.1739%%* 0.0348 0.1504%** 0.0310 0.2167** 0.0330
Economic capacity GRDP -7.2284 10.0856 -0.8515 89768 -12.9166 9.0099
Industrial structure INDUS 0.0007*** 0.00002 0.00007** 0.00002 0.00009*** 0.00002
Transportation VEHIC 0.0168*** 0.0012 0.0173*** 0.0010 0.0160*** 0.0011
Environment budget ENVIR -1.4781 22472 -2.1829 1.9968 -1.6519 20568
p (Rho) 0.1003%+* 0.0174
Spatial effect
2 (Lambda) -0.2542%* 01071
R2 0.9603 0.9669 0.9629
Explanatory powerof _ 09 likelihood -1394.76 -1380.52 -1390.72
the model AIC 280753 2781.03 2799 45
SC 2835615 2811.72 282707
Condition number 25983675
Likelihood ratio 28.4910%** 8.0760%**
#p<0.1, #p<0.05, *p<0.01
Table 5. OLS, SLM, SEM analysis results (after calibration)
OoLS SLM SEM
B SE B SE Vi SE
Constant 17911 918.756 1506.69*** Le357r7 1854.51%%* 159.377
URBAN -09415 1.5549 -1.0030 1.3885 -0.3611 1.4065
LandUse LU_COMPACT -16.4113%* 3.7307 -21.3834%** 34474 -17.156%** 33121
LU_COMPLEX 234.229%+* 53.8688 25153 7Akx 481592 220.725%* 456722
Energy consumption ~ ELECT 0.0353*** 0.0071 0.0309%** 0.0063 0.0440%+* 0.0067
Economic capacity GRDP 1.4672 20469 -0.4798 18312 -26215 1.8286
Industrial structure INDUS 0.00002*** (0000006 0.00002*** (0000005 0.00002***  (0.000005
Transportation VEHIC 0.0034** 0.0002 0.0035*** 0.0002 0.0033*** 0.0002
Environment budget ENVIR -0.3000 0.4561 -0.4630 0.4082 -0.3353 04174
p (Rho) 0.0903*+* 0.0163
Spatial effect
2 (Lambda) -0.2542%* 01071
R2 0.9603 0.9665 09629
Explanatory power of _Log likelihood 114119 -1127.98 -1137.16
the model AlC 2300.39 2276.95 229231
SC 232801 2306.64 231993
Condition number 25983675
Likelihood ratio 26.4335%** 8.0760%**

*p<0.1, #p<0.05, #**p<0.01
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FolRof ujzh o §e2 AES0] AAste] YA | &
Lo S0 AT 4= otk 15t BATYEA RS
7] A EX0ISAIRS] AT Ta7 AR A=
g

ozt aujE ko] IAIE AUD = = AHanF
e A 2y BRA F+)9 Ak vehiiv, Bl &
< oA 4nje} o] the ARATe Ak} JA_ct
(Waheed et al., 2019), whzbr] A&} o)A AR A =
of Zgh = Y AL 98 e T8 g A U IR
7t Qlek, Ao A 2] 83 s e AhRRE o] 247}
& S S1RfEte], W Ao A A B A AR 2
Bsial Ao A BHFE SEEA AYSE ol A
FRlo| A&EA 08, T B|F A FREojop E Ao H
HoHFE Y ), 2020). =3 GRDP o8] AF15E717HA] W=
VE =7} ok A BAE A, BE Rl fojuldt gt
o] EZHRICHE o F ¥s7t FAR R FoAv|Rt WA
AUthe AL iRl AP HAlE SR sMsh]
E SEE B717HA] Hl&o] S7HthE 22 22l 2] Ak gol
F71BIAL Qlths A2 ojuigicy, wbA] 234411 ALY S
€ BaHEE Sl FniRt 9FE v AR st

o2 iE 539 24 FlA= 2 57t 5
7S SauEFOlE Y(HY 9FE v AR vEld
o, ek B2 FHRAE oP sk Hekt AA 7 5
diet WEEF Tl GATHEAIE Al RIEA] sjE =]
oF & AR Ao= AoEn ot & AyoflM AR W
7R} 2 AT E3hE FAFOI R B3} 2|
& SRS GFolThl Bl ol TAE Lo, 202219
7|& FEIFHE] FA0) mE e AREAE] vlF2: o33
6.2%%] AL.2 Hi1E|o] 0|2} o] B4k Hlole £A7H i
Aoz ughE

ERE & dolde 0 A1ERAEE olRE SRR
& AMgstRleng AT W sfio] Wasitt, of W
F7F FuIsHAl dERE 3748 Aol eaulEd 3
7toll FFE vA= Ao HNE 4 UA(jun, 2017; B+F-
71814, 2019). wpebA] ok X9 BAMET ST AA]
A2 Sl EF S7H) oF 10% FE S e 0= £4H
it ¥HE, 1919 GRDP, =AIZRE, 1919 @70t 4523
N 2Y BFoA fefuldt BIE UER|A] e Es BA
& BRISHA] Z5H3ict

V.28 A AMA

o5Y EAle 9SEE RS 715He £A1E oPIAA
A, ARl 71398} EAIE A EAC] 499 82 8

TSRl ik, 73RS EAI= s A AT R Sl @
A, AA =2 e ARIR Hgke AAstart, o7t
2 UE nEh UM E Bagy ARIRY ik Al
E5}L 0|2 oYL it WA= Au] A Mg AESIA. &
SFTHEAR Hop7] f18iA= 2050 7k2] g <= HlE o] 0
o] H= EAIE AZo} i, BaHiEE AEE AdlMe =
A] Th9le] RhauliET S8 9 2.0 digt E40] A=
of jtr}, whEhA 2 AtollMe YA U BY 247~ HiE
Aol A TR AR S Besto] ot S 7
Hto 2 el ERe FAstao, giuE A5E A A
< RS H8] YIS A= EA 89E 48

A AR, fe|uEt mAl o] 'haulEe: A7) S5 nhet
S7HIAL e BojE, gaulERe] 37 22e A
2 o ofsh, 2|9d AL 2 AR YEy: € S
W, sEPN 5 -3FA 9 A0 AFSE e A
BRI 4= low, 11 7o Wele o SoiE|aL 24kE AL gl
53|, g AEARL Fo] WET EAIoA dhiufEo
A F7181L e e ERIT 4 ST el R '
B S22 1dBAEE Bl e b, 309912 Y
< B85 I 80 tis) 2A3AAL, EX|OLE, ofHA] &
B], AR, WF oA Fu|Rt A E BT = A
EAo]§e] USETL wordas gauEd Asel 34EY
YIS F1L, EXo1ES b o50] S71ES B
o] ARl ALZ FAEHUT. ERL oA 2v7} SIS, 2
A9 Aol SHEsS, AT FUIESTS BadlE

= 7RI

olZgt AIHE S8 tha 22 AAREE AAE 4= Tk A
A, FYE} EAE BAFHEAY A3 oS Adzoln=z
ol iRt EX|o| A Zo| BasiT, ol2Rt A= 25d &
AAIZeA Fx2she AHERL EA0] digt BFAdE S
& e 2A7HE 2= HdEn. 83 JAZE IS oV
She EW AEA AL v AF5H AZE 287t 3
o, AR FARE S HEIA FE FAE 23] SauER
AR 7| 3R ZAIE ABAZIAL 7] diEeltt, S, oy A
83} 71e9 A 9 AR YA 2 M- ghauf
& B0l T8 AT GAolnh, mEkA W IA A
A Af AREE 2asisial dAduA] BREe SEEA A
A8 wole WHEE AfuA] 2v] fAYSEE Wdsior g A
ojct, AA, tgisief] mhE S ARtk A2 FA8E
SHolA ZHRE Wl o ER 87 JAlE B AT F
7171 At Ao 29 Zgto] Wasitt, upxe g, AEA}
At S7he & gauER] AR 9EE v
2 AFAE Bole A2 Bearbaet Aol ey 7
A 8 ARBSHAY 2835 58 AT 52 A E
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£ AIE oPIE & it olv] A AA Aoz AFA= At
B30 A9 AAEE M A7|Ae) 22 ARBAEA
20| Hghe FASL ik, whEkA AR Ahjle] A
FZA717] 213t WAL A2kt Qe B} 2 A o] Zef
7} g asit,

g, & Aolle o] ARl ok WA, o 1894
2 9FA] AFFSo] QT B A3} 2|9 A, A B, o
HA| aH] 5 Gt ARSS AT 4= JeBg, A7 &
Hof wket chefRt A4S olEold 4= Tk E7E ofel dEo
A, B Qe AR Ukl S EAE e ALY HIE
EZ02 B2 gAE uiEshal e WAL FE0] RIS %
k. 7 HAR, A7 dlolg 9 A gojelE o= A
A& AARE A 0.5 752 ST ZEH 3. ol
F AR 7 FouiRt AuuAr EARchs AR BRIE
2Lt vl F2 pEolEhL AEslols 29 77t At
o, =7 2A471s dHER] glofE= AA= S7E Ftol of
d FAE glolE U ARk, TE]al 2A7ES JHIERE
7|02 BAR Hlole|2le] vjuE S8 Aol $3H2 |
7 UERR] QRokgs AR, B E42Ae] 4TS
T3] ¥ 4 3le AeE ugE, o2’ Aol el
S781AL & A7E 8 ot 1894 HolE Y B8 s E
BeleleE A 5 dauiET e B 7he A A
+ Aol HEZ Slept gl & AtelA AAE E 1A
WHEZ AR AHAdste] ot 9G4 71t vl o
G A =T AP, Sl 20| ARES WA =
d & g Ao E AlEdn, vAReE £ AFoie 3719
FT8Z QAL TR S T ofet E2 S WY
371 sk, A9e] Aot v weh 89059 9%
RAE7E O 4 S WHISHA] Xttt mEt I 3
ol RS w3l 5 A YoM 54 29°] n|AE ¥ A=
g AIRA o R EERithy, A9 S48 e AF 1ol 7t
58 A2 g

& G 4] 7Rk RS BASEIIAL ofZt 91494
< B3, olF B3 Ao 243 9% 2
THER RO ojert gltt, 7]Ee] el & g oA WA
He o8 AHE Bt 59 F IR AT < e
MEL A=A HEZ ofu|7) gk, & A ANt 3
2 7122 @] 24A7Es et vlal - 24 d7E
sto] gaujEe) Ao 9 #e| FAIE WES| F 4 UE A=
7\diEct, ERE EA] ©9]9] ©AuiE F70] Zhssidef o
2}, RaujERe] 98 v 890E AEskE b A9 5
3e WHEE o ok wEbA] ot 1494 7R B &
A2 FAFHEA] EEs] $i't EX0SAE % A
ol ZpEQ 7|2AtE 2 B8 A o2 7|gE

162 "=EAE, M58 Hi5E (2023)
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