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ABSTRACT

KEYW ORD

Purpose: In order to forecast the energy production of photovoltaic systems, precise solar radiation prediction is

A

required with the expansion of solar power generation systems and the application of distributed power. In this study, LAS

tr2gEd

the current status of air pollution in urban areas is analyzed, and the correlation between air pollution and solar radiation 4 oy oy A A

. . . . . . o AT

is analyzed. Method: The air pollution level is analyzed by year and season, and the correlation between atmospheric

elements such as atmospheric pollution and meteorological factors is analyzed. The correlation is analyzed by using ~ Solar Radiation

SPSS 25 statistical program by season. Principal component analysis is used to analyze the main factors affecting
extraterrestrial ratio. Result: The air quality of urban areas is generally improving; however, the concentrations of some

Extraterrestrial Ratio
Air Pollutant
Correlation Analysis

air pollutants such as O3, NO,, and PM2.5 are increasing or remain steady. Because seasonal factors affecting solar ACCEPTANCE INFO
radiation are different, a seasonal solar radiation prediction model is required. As a result of factorial analysis of winter  Rocaived Jan 25. 2019
variables, all variables were classified into three factors, namely gaseous pollutants, particulate pollutants, and  Final revision received Jan 31, 2019

atmospheric water vapor.
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Fig. 1. The PM10 and PM2.5 yearly concentration
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Fig. 2. The gaseous pollutants yearly concentration
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Table 1. Seasonal air pollutants in Seoul

Season Descg’ip_tive PMI(g PM2.§ (0 NO, Cco SO,
statistics | (Mg/m’) | (ug/m’) | (ppm) | (ppm) | (ppm) | (ppm)
Minimum| 17 710002 | 0010 | 03 | 0.004
Maximum| 569 8 | 0.033 | 0070 | 13 | 0014

Winter | Average 53 28 0.013 | 0.037 0.7 0.006
S:f:t?;i 39 15 | 0007 | 0013 | 02 | 0.002
Minimum| 14 8 | 0006 | 0013 | 03 | 0.004
Maximum| 198 71 | 0071 | 0080 | 1.1 | 0013

Spring | Average 63 29 0.031 | 0.036 0.5 0.006
Eg‘l‘gﬂ 29 13| 0011 | 0011 | 01 | 0.001
Niimum| 9 5 ] 0012 | 0011 | 02 | 0.003
Maximum| 86 50 | 0.064 | 0.042 | 0.6 | 0.008

Summer| Average 36 22 0.035 | 0.024 04 0.005
Standard | 10 | 0010 | 0,006 | 0.1 | 0.001
i © 5 ] 0003 | 0011 | 03 | 0.003
Maximum| 117 70 | 0.041 | 0077 | 1.0 | 0.008

Fall | Average | 38 21 | 0020 | 0032 | 05 | 0.005
g;i?fggfl 18 11| 0008 | 0012 | 02 | 0.001
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Fig. 3. The number of days above the bad grade of PMI0
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Fig. 5. The annual solar radiation trends
3. ti7|EE A 7|&AUXI0| M2 LA EM
3.1. A

2 QoML )9 Gt e kol 2 DA WIS
4a17] 9190 714 ATSHE U2 DAL gt 24
Fe o Foat 479 9] o5l et waetn R £ @)
L o] Ase] OF AAFE RSN SAstol g

Z|9H20, 211, =] TAYLS 2 thd Afolgt Ao 2 e
Uk PM10TH= 2808 RE AFo| 1k wrAel 27} 1het (Extraterrestrial Ratio : ETR)2 AF&SHIITH dAEL di7| &5
U} E5] ASHo] Tk SH s @4 =2 Aoz et T, 2% 2 28, t712F Al oel A7 [23], 7=
o PM109) 4% A2 411 B0 L5 TANET} EoTt © 19, $8G B &, ol=E S5 5 o5 ARA
(24,25]. 194 W AL BEHolE & E-&ota, tf7] dat &
80 AtEEE Duffie®} Beckman [26]9]] 943]1 APH (2]2)¢] 25| A= H
- 2 o)kl (A1 3 PAHe-E Toek.
2
% 50
G 40 B ST Al
2 B ETR= (411
0 | i I B o HOC08 565 o
PMI0 PM25 PM10 PM25 PM10 PM25 PMI10  PM25 « (COS¢COS5Slnw + Sln¢51n6)
2014 2015 2016 2017 180
M Spring ™ Summer Fall Winter
pring §=23.45sin (360 284+n) ............................................. (A13)
Fig. 4. The number of days above the bad grade of PM2.5 and 365
PMI10 for 2014 to 2017 w, =c0571(—tan¢tan5) ............................................... (A14)
o ol xlak Wa
2.3. g”{)ﬂ' a’q'o ]ﬁg} 0:17]/\_1’ H : IC,E] —/F‘ﬁé?i ;ﬁoa]}\]_%]:
1995956 20174744 QB QA1 L4 AT Fig, 5.9 2ol L1 19 o719 o QA
g Aol SUotE Ao ® Yeth A HH| EEste ¢ G, HFAFS(1,367W/m?)
AR 1719 Aol met 24 ==, PM10, CO, SO,9] d8+ n o EA
FLt RS AT AN ARBAT S ACE dHT /2 ¢ AFA ] 9%
Z(2013)2 GA) 307 A&, 24 A9 71§ HEkg BAT 2 5 1 EA9
T} 19908-Z 713 02 ALY F7HEAIE Slskaith20]. 2| & w,e - QEATZ
©Copyright Korea Institute of Ecological Architecture and Environment 71



7Y EE Zerdt 7| Q49 YA &2ty &4
Table 2. Seasonal global radiation and extraterrestrial ratio Table 3. Correlation between atmospheric variables(air pollutants

. and climatic condition) and extraterrestrial ratio by season
. c Honzon.tal. global Extraterrestrial
Season Descriptive statistics radlaztmn ratio Season Winter Spring Summer Fall
(MJ/m"-day)
Minimum 1.66 o011 Total number of days 273 282 208 266
Winter . 15.89 0.67 PM10 -.207 -292 -.079 -.162
Average 3.86 0.49 PM2.5 -469™ -3927 -170° | -209"
Standard deviation 2.95 0.14 0O; S 220" 2807 176"
Minimum 4.36 0.13 NO, -.505™ -276" -127 | -108
Maximum 27.71 0.70 0] ..538" -361" -126 _218"
Spring
s 1821 0.53 SO, 273" 158" | 006 | -.098
Ee G ga 4.93 0.11 Average cloud cover -.800" -790” 747" 687"
Minimum 6.14 0.16 . " N B
Maximum temperature -.226 .086 .168 152
Maximum 28.64 0.70 " - "
Summer Average wind speed 355 .193 0.108 229
Average 18.31 0.46
Mini lati o o . o
Standard deviation 457 0.11 m‘?u‘;mﬁd{fya“ve -624 -592 727 | -465
Minimum 1.24 0.07 *Correlation is significant at the 0.05 level(two-tailed)
K **Correlation is significant at the 0.01 level(two-tailed)
I Maximum 22.70 0.69
F e R=
‘ Average 11.99 048 ALEE AN AT EAV 22 d719E4 2 71
Standard deviation 427 0.12 = Aot Jle AL 2 Ut 55 A&E2 b Al 27
g7 0 Amet AAHE O] ABIATL EL AR ettt 7] @
QAL Hofe] A9} 2 A0 whe ARE Aolsk TSt AR % CO,NO,, Os, PM2.50] DAL} 52 4TPAE vt
Al vrebgeh Wi, AR 0.46 ~ 0.532.2 tf7]4F LARF oy Wk PM2.5E PMI0KE O AR Bl A= G0l 22 A o= 1t
A e dARFC = et As = 4 A Ebt ). o] = PM10¥PM2.5= 7] § Aoz 1155 A5t
A5k AR Ake] i PM2.57H B4 7] g2 o7l & Sk
32. AFE dr|ed= 2 3R e AEEA L goFgo] Atet Wl B40] o] B SIFES 1) %] 7] R o 2 mriE
PAREO] A A4S A% M4 PMIO, PM2.5, O, ot BAEES Ad dakent FBEATE 7P 3tk o
NO,, CO, SO, 5 712 FE4 679} Hoek Hueh HiE AR g Addlle =AY H7AEAZR -t PM2.5, Os,
& ARAYEE E 717 AAS AR, el dg  NO, CO 5 71 LA $7H op|ste] ol A EHe] west
A7 AT} 271 Fuste] AAEATH A7 7R PM2.59] o)5 = YAE A 717] i Zolth, et B4l F7hetel whet o 7] 9]
g xetaty] §lete] PM2.59] TEgho] AlZHE 201495 wgo] A 7] L A= Aol B | w2 ol v AlEe
Bl 2017952 gjato 2 sk, ot Hl7F &l Yo HjLp o Hlo A&d S50 AR Aol w2 Zolt.
2 QIS 7] L JE=7 47 F A E o, S8 R 27F 1A ¢
o gmte Aol el B4d gL agA ge gt el 33 AT HLHR B gAY 908
ABg 2 AFof Al efstat AUEA A4 A fieET AR AT 2 AEY
Table 3.2 AdE dAtgof v2= Hf7] Hgof T A A&HS Ao r datgo] vAe |9 BAE £A617] flst
24 A5 ehd Jloleh, 712 S8 Aol el ek 2 o] 2918 AS AAs 205 E AL F4R B0 ohg
o] AARE I} L —0.687 ~ -0.8002.2 BE A &8 AFHA om 4153k (Eigenvalue)9] 7]FS 12 AAstAt 42134
= WSl 24 A s 7Hee Al AN &2 4 HFA L w2 w2~ (Varimax) 39S 28519t
TAE 2= Ao Uit ol Al =7t ¥a A5 d7] $9 KMO(Kaiser-Meyer-Olkin)¢} Bartlett®] 7oA KMOE
53719 QA AA HBR AAEES Z7AP7] ROl A 07642 0580 ABE Q%M A ¥ASe] st
£Eo] 9% QAL B9 S Ho] FBBASL BoE, oL FY  WYSAh d-olulx] Ae] 2@ EEG APY HEQ
s steete o5 Aols=rt ot di7] Foll 4571 MSA(Measure of Sampling Adequacy)gte] 0.5Ett Z1 oL, 3%
A7} B 1 Ro] AtiE et AALET e ATPAS ey 4 (Communality) AATel A H o) 2] BEA FLo] 0.4092 0.5%
+ A0 & weHnh o FH o= thE Al vls 7] LA =0k o o} 2ot 2125 WA AAstAl 8 QR4 Al Ak
A to /nohr_} A7F e Aoz Uhgrd], o] u]Agt 9Jztel o 22t 891584 At KMO, MSA, 354 25 WE5t%.2m Table
Z|edEAET 57 2240 277 Y 24l 5719 G B 4.9F o] 37119] @Qlo] & EQIth. 21 37119 Q.91 A 24
2ol Ao g Holr}, ©]79.942%°] A== Yer L Qi
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Table 4. Factorial analysis: total variance explained

Initial eigenvalues
Component
Total % of Variance Cumulative %
1 4.689 52.097 52.097
2 1.413 15.696 67.793
3 1.093 12.149 79.942
4 0.665 7.393 87.335
5 0.464 5.153 92.488
6 0.309 3.429 95.917
7 0.221 2.451 98.368
8 0.093 1.028 99.396
9 0.054 0.604 100.000
* Principal component analysis(PCA) extraction method based on
eigenvalue(>1)
A 25 A9l 9710 W= QB E 2] T 3719 4
wog Sad 4 gl 1 “H FEH AR JHE dREEE
Table 5.1 et on, A& 1ofl= BF<, 03, NO,, CO, 4+ 2
ol PM10, PM2.5, SOz, B 3o AL, Bkl 4519
ot ARl t7F 7IA LdEEol &otdlon, ' 2= o
AgedaEde] Fotdint. SOe 7H24 LF=E oy PM2.59]
Aol dde nAER AR 25 £7E Jos giEn A& 3
2 37 3 $3719) ot Bl Ik LW SRR RRHI.
42 1914 A& 32 ti7] Foll Ffohe 22 5400 w2t 27
9100, G5 W) 4L fAT, HolH Y 49U F4
% nt.
Table 5. Factorial analysis: component extration
Rotated component matrix
Component
1 2 3
Average wind speed -0.875 -0.049 -0.055
O; -0.873 -0.056 -0.278
NO, 0.822 0.439 0.224
(€0] 0.707 0.565 0.305
PM10 0.314 0.817 0.307
PM2.5 -0.094 0.813 0.139
SO, 0.302 0.742 -0.046
Minimum relative humidity 0.094 0.238 0.857
Average cloud cover 0.300 0.032 0.815

* Rotation method: Varimax with Kaiser normalization
**Rotation converged in 5 iterations
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