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Table 2.1 Meteorological variables with their notations and units in parentheses
KMA observations wind direction (WD, 22.5°), wind speed (WS, m/s), pressure (PA, hPa), sea-level

pressure (PS, hPa), air temperature (TA,°C), dew point temperature (TD,°C),
surface temperature (TS,°C), daily range of temperature (Tdif,°C), relative hu-
midity (HM,%), water vapor pressure (PV, hPa), amount of precipitation (RN,
mm), total amount of cloud (Ctot, 1/10), visibility (VS, 10m), sunshine time (SS,
hr), solar radiation (SI, MJ/m?), haze (HZ)

China GTS observations  wind direction (WD), wind speed (WS, m/s), haze (HZ)

Air pollution materials nitrogen oxide (NOX, ppmV), sulfate (SULF, ppmV), PM10 concentration (PM10,
pg/m?)
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PMI10 sx°l 9%= PIABE uF3AF QA 850 hPax|Fe] & T AFol shdshe A=wt ARS8
th 5, ASAIES WD=1%, of¥ WD=02.2 o5& AJ4sto] AHg-sk3lrt.

2E A5+ AFAE (hourly data) oy, B N 2R 2BV} BE EXFE 7|7te =z
2012d 5¢€ 195E 2013d 8¢ 129, 20149 1€ 195 20143 79 31471A]9] A8 & /\]»—9—'6]-
Atk Al 7 AmAA 7SS E‘}%*%/\] (korean standard time, KST)2 EAA &, 2=
A BAAYE FP3te] 279 SA3LE AABATE 1740 7144 1o} daE ke 7ok =
W 71335219 A9 A 07 14A7H], S5 GTS Ame A 0A1FE 1241744, ti7]1d 3]
2d AgE g A AsE 474 ARSslnh

2 Q1 PMI0 55 02 @ololiE BEE oz A0AEE AR WBste] 4840,
Fo® DAL BB AFE 2o BE AZAE 4§ o1l 147 HLAAS Pl
ths3 Zo] WEAlS £33ttt U JRSA 9 B 7S o] 835t ¢ T’Li}%, AR} 4
SEE o 83lo] AR 0¥ AAAUY. FF, AW/GS AT BINE, 29, A%, L9
A 45 HAAE ARSI YHA] gEFAAEL 4T AUAE AT T2 GTS A8+ &
3, ATRAL AT, B4l A7 HIAE NS, AALD ASAL 17 JIAE A5
Atk A A PM10 55+ 74854 A5 XM, A5 HEA 45 HAWAE AR, T
= pg/m’ o]t}

2.2. PM10 1529 Ndys) 7%

ﬁmiD} it Alzu 041% 2 AR flEted t -1
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A3 gHeE OFEXE 7= 2P EY (log-linear model) S I H3H T ZIAFE
i3t 2A g A& Jeongd} Choi (2009)E #3232 ulehcl).

AR, AAARE o4 FIAAEIY F9x IARY (£HA=120 pg/m*)S 47 SHHo=
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A71EE TEHAE 7SR HolEHE £8S wl dolEHMNSTE A4E3] dEE =S, PM10¢] 155
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AEE F Ry vuE v 22 d &4 B 71EE st

A, =A% B2 Aolsl AHE B AALTRE A5 ol22) AFEE A2 v
th AAE %]% B3 A5 A¥gx d FA, A4S AHEL, F EYAAN AESAV LeEY w

152 ASAHAEE vusct

=4, RMS E (root mean square error)E H]E_T?_D‘r. RMSE+ o&2 x| WS Aol tdlk 2] 3 <l
oz HA AsAdA By g dysE HEAHS AT ge AgdErt. & RMSEY) 284
= HAAEQA A& AF =7t wrial At

AR, AZFA ASAE FYA] 1202 7|22 o|HFAE R HESHY] Table 2.29} o] o] AR EF
£ A T, A5 BUEEE AESt vl gttt Murphy (1993)& £2 ASEFY =24 AA

BHAA A5 FIEEY AR X B AFolAe dE5FA JHAd SHE T 53 E
= (Accuracy), B-AZHE (probability of detection, POD), &9 F1l& (false alarm ratio, FAR)& 11
#Jetgitt. Accuracy’s 23] AAH 9 FFEE LEhf 1, PODE A4 15 PM100] 55 1S
u
Py

o] 2o 1% PMI10ogtal &8 52 vehdth. FARS 23oA %% PM10o| gt o
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245 o2 EQo| T A7) AMAL e 2.
hits+correct negatives hits false alarms
Accuracy = & , POD= ————— FAR= ——
total observed high forecast high
Table 2.2 Contingency table for forecasts vs. observations
Observed
high (>120) low (<120) total
high (>120) hits false alarms forecast high
Forecast low (<120) misses correct negatives forecast low
total observed high observed low total
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Ao Aol A, F<Lo] PM10 #5219 728 e 72 A, 55 713352 ARl B
e FRHA £ARD o) FAE A W5 (PMI0, SULF, NOX) BT §9)8 482 theon,
ol £ARW |23 Abgol BT BFFS Uehuith. AHE =% (Table 3.19] W)
Atololl thgg4d 3 EAI7H t‘“ﬁﬁ}t’i AR 108 T 2 |E Al AT
2274014 73 PMI0 FE7F A1%40] 918 Aolehs 7L AUt 1 hede] PMI0 5 #
2309 RAAGT} 04842 A B2 ADTAL et AR0] o2 HFAE s,
Table 3.1 Significant variables based on correlation analysis for Seoul
variable LPM PM10 LHZ Vs SULF Tdif NOX HZ_BJ WS.QD
corr. coef. 0.484 0.481 0.343 -0.288 -0.204 0.200 0.177 0.165 -0.142
p-value <.001 <.001 <.001 <.001 <.001 <.001  <.001 <.001 <.001
variable TSmin HZ_QD PV Ctot WS_BJ SS PS HM
corr. coef. -0.128 0.111 -0.109  -0.085 -0.085 0.066 0.064 0.062
p-value <.001 0.004 0.004 0.026 0.027 0.086 0.097 0.107

Az2myel AL F7E7) Yol ARE FTARE (2012 ~ 20139)9F AEAR (20149)2 P
Ze AN 2229 7% G} FHARYS AUNAL SAE AEHeH o
29} B2AE FUE (67 pg/m) S 71207 o] oL SRR e ATe 77 Table 3.29}

Table 3.2 Contingency table of multiple regression model for training data

Observed
high (>67) low (<67) total
high(>67) 154 71 225
Forecast low (<67) 61 183 244
total 225 254 469

Table 3.3 Contingency table of multiple regression model for validation data

Observed
high (>67) low (<67) total
high(>67) 105 30 135
Forecast low (<67) 16 61 7
total 121 91 212

FholAlE AR A Fo 945& AAT} (p-value=0.072)
2 Q). FExEE A7 20| AZABNA 2
Z,:

Ui FALS HolEE RFo o]-z%x—lo]a}jr_ 3}
o ok 299 OP‘WOl ez AXNARE o]&dto] JSEF S A3tsrt.

AAZAEE ol&ste] FIARIS AFA 7%4— Table 3.49} Zth. mdeo] AF ol My
R*E 41% Axelv, HF dFAae 55 714B5X9 49 Jvke A9 ek o, 4
Hog A7l @ "ol By oA dee st Wl A9 E mEIete] A @
g5 UeEl= 223748 A49E 23 PM10-LPM-NOX-Tdif-VS-WS-HZ-SS-SULF ¢o2 &
FollAe] AR G ol Ak HAT 5 ek

PM10 234 ¥l

299 FA34ET} Yokl £A2W o 5XQ SULFY NOX9| 7]/ &
T7b g4EH RABYo] AEH2 PMI0 557 H0H A4S & % Stk ol ohE o Zelak] o
Fol did ez #AM SULFe} NOX7F A Aghs sho] $87F &<0] 71}, SULF2F NOX7}
PM10 A YolEZo]7] u&o] PM102. & 3}8HE2-8 to] Jdo vy 1ukE AAEAL AT o] AF
24A7) Wl HAAS L3 5k A4 5 gk
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Table 3.4 Estimates of parameters in multiple regression model

Standardized R?

Parameter  Estimate SE P-value Estimate (adj R?) RMSE
Intercept 48.129 5.700 <.001 -

PM10 0.626 0.061 <.001 0.454

LPM 0.291 0.036 <.001 0.291

NOX -136.058 28.921 <.001 -0.192

Tdif 2.095 0.632 0.001 0.141 0.4122 98,864
VS -0.006 0.002 0.004 -0.105  (0.4043)

WS_QD -0.215 0.076 0.005 -0.086

HZ_QD 6.949 2.739 0.011 0.078

SS -7.135 3.859 0.065 -0.075

SULF -8013674 4115817 0.052 -0.064

300 —

250 —

200 —

150 —

100 —

PM10 concentration

50 —

Figure 3.1 Time series plot of multiple regression model: observations (gray) and forecasts (black)

m

HAEA 8} A FA 9] AALIY-L Figure 3.13% 2ty 583 FAG 714 UehA] oken, A&
A A2 AR TEE PM104 NS 7F Bl S B8 4 Itk PMI0 $E7F A EoAe o
A7 2 W A% & 4 o), DeEelAE A3 A7 HadEE s Bl vk

e ARY O3 BY AYIHYL LANEF I ARAL 5D, AR 043 2 4B
242 B9 54 AL 3183 ATk ISP AL e A BYAF 3.3
2 o= AAG ATHe 27 Table 3.59 Table 3.63} 2tk

Table 3.5 Contingency table of threshold regression model for training data

Observed
high (>67) low (<67) total
high (>67) 153 75 228
Forecast low (<67) 62 179 241

total 215 254 469
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Table 3.6 Contingency table of threshold regression model for validation data

Observed
high (>67) low (<67) total
high (>67) 104 28 132
Forecast low (<67) 17 63 80
total 121 91 212

3127 Zo] 2aNYRYE vedte] F LR 594 AHEAH (p-value=0.072) F o] LT
EE FOFE 0.05004 th2rka & 5 glok. £8A I RFAE BH | Aol grFHens

0
soto] 23S A Zir/}. A PM105% (LPM)Oﬂ/ﬂ THAE VLR ARE W

Table 3.7 Estimates of parameters in threshold regression model (LPM<120)
Standardized R?

Parameter  Estimate SE P-value Estimate (adj R?) RMSE
Intercept 51.365 6.129 <.001 -

PM10 0.651 0.064 <.001 0.494

NOX -154.553 28.761 <.001 -0.242

LPM 0.247 0.056 <.001 0.175 0.3658 97.098
VS -0.008 0.002 <.001 -0.151 (0.3574)

Tdif 1.670 0.523 0.002 0.122

WS_QD -0.215 0.076 0.005 -0.095

SULF -9138422 3955155 0.021 -0.082

HZ_QD 6.455 2.728 0.018 0.079

Table 3.8 Estimates of parameters in threshold regression model (LPM>120)
Standardized ~ R®

Parameter  Estimate SE P-value Estimate (adj R?) RMSE
Intercept 2628.311  966.412 0.009

PM10 0.649 0.150 <.001 0.492

PS -2.544 0.942 0.009 -0.473 0.3553 41.615
1% -2.109 1.044 0.048 -0.348  (0.3109)

LPM 0.363 0.141 0.013 0.277

300 —

250 —

200 —

150

100 ‘

PM10 concentration

50

O_

Figure 3.2 Time series plot of threshold regression model: observations(gray) and forecasts(black)



296 Keon Tae Sohn - Dahong Kim

N

LPMe] 28X Bt} ZAY 28 w] 2¥ A A= Table 3.73 2ty AdH FF d&5AA] &
Z3}4|4= PM10-NOX-LPM-VS-Tdif-WS-SULF-HZ_QD <202 R 3Ae] AAel JaFedo] 3
g1 AT 4 k. LPMo] 282t} 2 u] 28 A3 A= Table 3.83} o, 289 RMSE7}
416152 AHo g Z & vEeRdTt. A&5AAe] 2E3ATe A2 PM10-PS-PV-LPM 2
2 oy, ol B3 1E% PMI0 A5 ARSsto] AHE oA SAxte}t F3FARFY oS AR} Aol
of @2 Ao|7} Y& zLOJBMDP Figure 3.2¢] A AE418S AHE W 94 IJARYPNANE oA
3] 5% PM10 4 &0] Ao SE = HAFES AHE 4 9t

3.3. 28§ n|xZ

2y vuE At £ARY, FIARY, £EHA IJARY AFAEe] HAFAeke] FAATt
RMSEE 4F&3te] Table 3.99] Zejstqict. e AR %04 RMSE 2t=2 A8 AxA2 4
3137 Zth W74 38X 2 el CMAQS PMI0 X&) 9} &9 A#ATE 0.4810] 3}
skal, RMSE® 47.724%2 37 Ueht dS2 g or ARt 4171 Aot $39 YL JdAs
7} 0.642% Z7}5l9 o] RMSE+ 28.8642 Zra ]—93\1’/]— 283 3ARES] RMSE+ £3]ARHEHE
t} 0.292 7H2319c).
Table 3.9 Model comparison
Model N Number of SSE RMSE  corr. coef.
parameters
CMAQ 681 - 1551067 47.724 0.481
Multiple regression 681 9 559031 28.864 0.642
Threshold regression (LPM<120) 618 8 444892
Threshold regression (LPM>120) 63 4 100443 28.572 0.653
E E 444892 + 10044
\/ SSE1 + SSE» :\/ 892 +100443  _ oo o (3.1)
n1+n2—p1—p2—1 618 +63 -8 —-4—1
A7 miF} noe ARTOIAL, pr13} pove B Agolth F Y thE oS X 2k B5A Abolo] b
A=+ 47 Flgure 3.3, Figure 3.43} Zt}. PM10 557t AsEdul= 2 XpolE HolA] g 2AAH
Holu, isxd FHAE 8PS W 59 L=t 25 THEHASES € F Utk FFHe
= 9% o £uA N7R0] FIARYR} PR A28 woln Yo
300
250
,g 200 o .
] i .
8 150 Ve B < o
o o [ o
L o o °a S 2, s °e, . °
100 L ."f'b' . *
50 A o *
.
0 -
T T T T T T T
0 50 100 150 200 250 300
Observations

Figure 3.3 Scatter plot of multiple regression model: forecasts vs. observations
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Figure 3.4 Scatter plot of threshold regression model: forecasts vs. observations

Table 3.10 Contingency table of obsetvations and forecasts using multiple regression model

Observed
high (>120) low (<120) total
high (>120) 20 16 36
Forecast low (<120) 43 602 645
total 63 618 681

Table 3.11 Contingency table of obsetvations and forecasts using threshold regression model

Observed
high (>120) low (<120) total
high (>120) 23 16 39
Forecast low (<120) 40 602 642
total 63 618 681

Table 3.12 Skill scores for multiple regression model and threshold regression model

Accuracy POD FAR
Multiple regression model 91.34% 31.75% 44.44%
Threshold regression model 91.78% 36.51% 41.03%

il

ARG EE X IARFAA BAE ASX 2} #FESAE EE A (120 pg/m®) 2 Ve A= 7+

7} Table 3.129} Table 3.133%} 231, RERE o]g3to] &9 AT E vus ZE Table 3.149F

o} 283 AR 3 AEE thy] Accuracy 7} 0.44%P =93, POD7} 4.76%P =o} 23 9] 3

o] Fols & 4 Arh FAR Egt 84| 3R] T3|ARY thy] 3.41%P ol 39 41&

°l Eﬂ S5 RIS T BYPA Y ASX e A5 o|ARTRY EF7F 2 AolE ARA T,
= PM109A 28X 18 23 o] F3ARYHET} = e Sttt

ul

o

4. A&

o ALY PMI0 $E o528 AL 9stel 3HARYH 29X A2y
st WL Asfelrh. Bye] B FEa] Pstel I AFREA, FF CTS 2
SR 5T ol ZAAZ Tt £EA HARFAA PMI0 S
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FIARYRG P J o, DeEoA FadSHEE F2 3] |l ofd ZAZ doldr). ¢
SEY NS 155 PMI0SE st S22 R A7 B35 9 AAA s8) i 23 251
deoenz AAAN AFAART DeEd wje S P T THE FE= Zo] viEAsic) o]
H A7 A 8 FARES 1S o 2sE PMI109) st o574 o) ist 7HsdS Bt
th o] ¥l E PMI0 5EASE A=xo2 rfjstax} vt Ao wpet uAHAS] ¥lo] ok
A A= B2 old Tt 1yt 2otk olE Eof, AR GL Ao o3 t) 7)o go] Fol %t o
S v A0R odEe] I A5 F7F SFHTE FA vAWUR] BE &S S FARY
AN =2 FFL7 nFe Aeo|lng o FAH ASERAL 5t FT AT g 23S vy
3t }; stk vy 3 81 2y 5 SR st A&HQ A7 283, WA}
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Abstract

The objective of the present study is to develop statistical quantitative forecast
model for PM10 concentration over Seoul. We used three types of data (weather ob-
servation data in Korea, the China’s weather observation data collected by GTS, and
air quality numerical model forecasts). To apply the daily forecast system, hourly data
are converted to daily data and then lagging was performed. The potential predictors
were selected based on correlation analysis and multicollinearity check. Model valida-
tion has been performed for checking model stability. We applied two models (multiple
regression model and threshold regression model) separately. The two models were
compared based on the scatter plot of forecasts and observations, time series plots,
RMSE, skill scores. As a result, a threshold regression model performs better than

multiple regression model in high PM10 concentration cases

Keywords: PM10, quantitative forecast, skill score, threshold regression model.
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