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Development and Assessment of Real-Time Quality Control Algorithm
for PM,, Data Observed by Continuous Ambient Particulate Monitor
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Abstract A real-time quality control algorithm for PM;, concentration measured by Continu-
ous Ambient Particulate Monitor (FH62C14, Thermo Fisher Scientific Inc.) has been devel-
oped. The quality control algorithm for PM,, data consists of five main procedures. The first
step is valid value check. The values should be within the acceptable range limit. Upper
(5,000 pg m™) and lower (0 ug m™) values of instrument detectable limit have to be elimi-
nated as being unrealistic. The second step is valid error check. Whenever unusual condition
occurs, the instrument will save error code. Value having an error code is eliminated. The third
step is persistence check. This step checks on a minimum required variability of data during a
certain period. If the PM;y data do not vary over the past 60 minutes by more than the specific
limit (0 pg m™) then the current 5-minute value fails the check. The fourth step is time conti-
nuity check, which is checked to eliminate gross outlier. The last step is spike check. The
spikes in the time series are checked. The outlier detection is based on the double-difference
time series, using the median. Flags indicating normal and abnormal are added to the raw data
after quality control procedure. The quality control algorithm is applied to PM;, data for Asian
dust and non-Asian dust case at Seoul site and dataset for the period 2013~2014 at 26 sites in
Korea.
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Table 1. Summary for quality control algorithm of observation data of reference.
Reference Range Step Consistency Persistence Spatial
Fiebrich and Crawford (2001) O O x O O
Feng et al. (2004) O x O X O
Lanci and Lussana (2009) O x O X O
Liljegren et al. (2009) O x O X O
Lee et al. (2010) @) x O O @)
KMA (2011) O x O O O
Nie et al. (2012) O x O x O
Jiang et al. (2013) O x O O x
Chae et al. (2014) @) O O @) X
EAAAE Bol 0RAR A2 9 oA uAe] B 8a7] alA WA} ADASHANR o] Fo]
£ Eote] AFARS HYEE A =d F At 2 F DAY FEAEE TSI Shin et al. (2014)
(WMO, 2013; KMA, 2015). 2 PMy, 05, NO,, CO, SO, 53 72 tI712d =2

IFEE AR SRE Q] v 71 dASAE
gt F2dE] A7 FYEAKTable 1). 2F2s
up Fob @ Feksut viste] A 753k Mesonetel| A

AFHAZIAL, SAZAL, ASHAM, TR, B
v vlmzAl ol ZIE s FAw Al
S 73l th(Fiebrich and Crawford, 2001). Feng
al. 2004)S == A 7267 71 3B=A4 2 1070

14 84E e R saAe] FHAEE At
Lanci and Lussana (2009)= °©]g&&lole] T2 714
5ol A8 3dAY] Abeste AR FE8y 4
22 7|aretdnt. Liljegren et al. (20098 1] =Fol| A
sieted 7= Al vdUS 23S 9% 718
5 FHAYE A o] a
87141 717¢ a2l sl seAle] FH e
24319t} Lee et al (2010)2 335k
2178 2, 71539 AL FHERE A 9
2 7AE FE8Y daEEs Nty
ARE o]g3t] ZAAFS AAISFA T Nie et al. (2012)
< Global Telecommunication System (GTS)ol| 2.3
FFARE e R suAle] ERAYE AAE
NOAA CMAP (CPC Merged Analysis of Precipitation)
2 GPCP (Global Precipitation Climatology Project)
59 =2 UXEE Hol= New Global Daily
Precipitation (NGDP) At5.& AJ4FSHSAT}. Chae et al.
(2014)2 WISE H537173AA A B - == =
5ol A8 F e el FAATAN=E S AL
stk 7143 oM = 20053 5E thddt 71383k
ge® 19714 el Az, FAARE v
* AABEL ATHKMA, 2011). Yol <
7Vde s e R sk FEAARE
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Fig. 1. The location of selected PM,, station for this study.

2. AR

71734788 2003 7 AHE AR A7 A
= 270 ARl FFE315471(FH62C14, Thermo
Fisher Scientific Inc.)& AX|3lo] u] 58w} 7] 5
PMy, & 27312 2k P Y2ksl A5
10 um ©J3k1 YA )
o7 A e %7}01%1 PMIH é%k%
22 YA =2 dIES
(Kim et al., 2014). 7|43l &
4719 S48 = vh= 2k Pr%-E—J%X 71¢]
A& 3l o7l 4 3717 S =
Z2F el ZAo] 10 um 0]‘3 el o
279, olojzEo] 2hH B
A EaE dees &
AE71% SA3k &9 A B PMy S5 (ug
m)Z AFE3th(National Institute of Meteorological
Sciences, 2014).
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Table 2. Information for the observation by stations (as of the end of 2014).

Altitude

Time for beginning

Time for instrument Time for station

Station (m) of observation replacement’ relocation’
(year.month.day) (year.month.day) (year.month.day)
Sokcho 18.06 2006.12.21 - -
Gwangdeoksan 1,066 2004.05.29 2014.12.29 -
Daegwallyeong 772.57 2005.06.14 - -
Chuncheon 77.71 2006.12.21 - -
Baengnyeongdo 144.86 2003.04.16 2013.12.06 -
Seoul 85.8 2008.05.13 - -
Ulleungdo 222.8 2005.06.14 - -
Gwanaksan 622.38 2003.04.16 2013.12.26 -
Suwon 34.06 2008.05.13 - -
Yeongwol 240.6 2007.02.26 - 2011.09.15
Uljin 50 2005.06.29 2005.11.20 -
Chupungnyeong 244.73 2004.07.15 2014.12.29 -
Andong 140.1 2007.02.26 - -
Gunsan 23.2 2003.04.16 2013.12.06 -
Daegu 64.08 2007.02.26 - 2014.12.05
Jeonju 53.4 2008.05.13 - -
Ulsan 34.57 2008.05.13 - -
Gwangju 72.38 2004.07.15 2014.12.29 -
Gudeoksan 518.46 2005.06.29 - -
Heuksando 76.49 2003.04.16 2013.12.06 -
Jindo 476.47 2008.05.13 - -
Gosan 74.29 2003.04.16 2013.12.26 -
Jinju 30.21 2007.02.26 - -
Ganghwa 47.01 2003.04.16 2013.12.06 -
Gyegryelbi-do 103.56 2004.12.24 2014.12.29 -
Cheonan 81.5 2004.07.15 2014.12.29 -
Yeonpyeong-do 20 2014.12.29 - -

'Replacement of same type instrument.
Relocated within observation field of same station.
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gl

A= #=H 93HA] A AK(Valid value check), 71
71o121 ZAH(Error code check), A&7 FAH(Persistence
check), A17F 944 AAKTime continuity check), ¥
+ %t AAKSpike check)®] HAat= 4@ Th(Fig. 2).
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Fig. 2. Flowchart of quality control for PM,, data.

AudE FZE=e] o= o]Fofzl AeE A
Ho 2 st oy B AEHAETL 919] o 94
1 AElE At vehd A= BIAA] #tel
il Feste] o4AtsE R BREATH

Al A ARl Zlé"é ArRs GA 717 5L 7
W37} A=A oJRE HARSHE Zlolth. Zahumensky
(2004)= 7174 #ZF8 4 HE A 71817 OiE)

Table 3. Status code of PM,, instrument.

of AANEFE AR AYste] FAYAY Bk
3 oAtk B AP

sfel BA 1A 5
> 9FIL Ynta

3l
Zahumensky (2004)¢] F3ILE =&
<t PM,, =9 M-FFo] 03 A4S
et} oAHRtEE {4
vl A SAQ Al A& Arbe B35 AR
olg@l A& AAsIZ] el A7k AEEE HAh=
Zlolt}, o] @AM = Jiang et al. (2013)014] ARE-g
FA#E PHES FLATI(D)~2)]. A7F 2 (2)e
A A mpRTh FAY ow 1 ke Aatolet
I Btk AEe AARE sl J)Ee
Jiang et al. (2013)°] AAJe AL AE-SHA T

A = min[PM () — PMyo(t £ 1)| (1)
m(t) =50 + 0.15PM, (1) @)
AR BHAYL FME Fo@ A B9

she o] 91 g Qs BAshE oF Ftel

of. O WA DA oA = Papale et al. (2006)7} A}
23 Wi o] Fd A} (Median Of Absolute
Deviation; MAD)E ©]&3l] H& 32 AN
3709l AEZ0 PMy, AFES] AFolE o]&3t 2(3)
I o] 45 T8 & A4 27E BESHAE Hd
o= sttt o714 Mdis 2(3)lAl 3 <]
F7+ #ol™, MAD= 2(5)°] o= HoHr.

=(PMo(9) = PMo( — 1)) — (PMyo(7 + 1) = PMye(2)) (3)

Error status

Warning status

Operating status

00 Normal operation 00

Normal operation 00

Normal operation

01 Sum status of the data and 01
program memory

Maximum pump power 01

Mechanical filter change

Sum status of sampling and

Mass limit is exceeded;

Plateau check and zero

02 measuring system 02 filter change will follow 02 adjustment of the mass (R°)
04 Sum status of pressure sensors 04 Not used 04 Not used

Sum status of air flow Relative Humidity > .
08 regulation 08 (RH Set point + 10%) 08 Pump switched off

10 Sum status of the 10
sample heater

Not used 10

Manual operation
(off-line, keyboard enabled)

Sum status of temperature

Compensation of the

20 measurement 20 mass signal > = 5% 20 Calibration enabled
Two consecutive plateau checks
40 Reserved 40 are wrong during filter change: 80 Power supply switched on
Rref/R1 <30% or > 70%
80 Not used 80 Not used

Atmosphere, Vol. 26, No. 4. (2016)
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Table 4. 2 x 2 contingency table.

MQC
QC Abnormal Normal
Abnormal Hit (a) False alarm (b)
Normal Miss (c) Correct negative (d)

d>Md - (z x MAD) 25 d<Md+(z+ MAD) (4)
MAD = median(|d — Md|) 6)

=

Papale et al. (2006) A& AHA|7} & J T H
el vEE —Zr’ﬁ at7] flal Al 7HA 9] M2 TE 2
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S 7002 AR H, ol & Ao AP
S FyH oz AEd Aol

9] ol ®A A= AARE starAl sk Alzbe]
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A ZF FF PM, 559 +15% oo T3 2

e Ao 2 sl
Qo] seA o] FAAE HAE FYste] iHEE A
o] Yeheg Wrieks] $ls) MQC AHEsh vl ekl
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Correct negative (d)= :IL'\L‘O]‘oiq- Table 43 Z;L o]

d

O

2x2 BREES AT T, 2(6)~9)°] WL skill
scores Tate] FAHE Aol AYxE et
%]

ACCE dZ9 AHI% PODE ©X3E, FARS &
lﬁig, CSI= AHA Hggsz] Aae2 olush}t. ACC
7} E3L FAR®] W25 2 ApoA AAT 43
2] "Wo] HAsgy & 4 ¢}
_ a+b
ACC= g 773 ©)
POD=a+c ™
_ a
CSI?a+b+c ®)
FAR = 2 )
atb

A& ARE ez AL Al 9 St SEEA
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= H|SA AL E A ste] FAAEE AT F
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29 7ko]m, H]3kAL A E 2008 9Y 82 ¥} 2009 5
2 15t} ek A= 27 AAE F 2 292013~
2014d) 7+e] A8 E ivokl AE 2670 AL
o FAAYE HLS T a1 ARE ﬂy}o}wq
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o

4.1 EAF AL2(2014H 38 18~19Y)

Agol| A H=H zzL/\}A}aq]E H;H sl 23 AAE
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2014 39 18Y 104 1580 ALolA A} #25

Fig. 3. Change of concentration for PM,, during Asian Dust event period in 18~19 March 2014. Line indicates normal data and

markers indicate flagged data.
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Fig. 4. Change of concentration for PM,y during non-Asian Dust event period on 08 September 2008. Line indicates normal
data and markers indicate flagged data. MQC time indicate shaded.

Fig. 5. Change of concentration for PM;, during non-Asian Dust event period on 15 May 2009. Line indicates normal data and

markers indicate flagged data. MQC time indicate shaded.

gon, 20149 3¥€ 199 05A] 308714 ALEHAUT
39 182 00A~10A17kA1¢] A 7H 8 PM,, T == 10~
96 ug molR oL}t 114 HaF PM,, FEE 200 pug
m 2 FA3A S8 18A17F4] 200 ug m™ 014
A3lEkE e 71839 thFig. 3). MQC A58 HE
st A3 PMy, F=7F ol-AIZ ] BIs) F4 A 57t
sttt o] A= A FUSE QIg EFES] PM,
o] #AZH Ao|7] wjizel MQC7} o] FAAA] ket

o] AHIE e R suAe eSS 4835ty
AAAE AASIAT FEAAF 23 F4EA 7%
AL Aoz Q77 AE e OF TR w

Bek2 gelste] LehhAtkFig. 3). Ab 717)

8643] = AA} o2 AHR AL 86232 =
2] A3 giFEe ghol A4 ez A HATH
A4 gz AHR e F A Al 7)7]eH

ok 22 ol AAlEE vehd
o] g gdolsta &

4.2 H|ZAL ALl

4.2.1 20083 9¥ 8

2008 9 8 00A~14X17FR12] A7V PMy, &
e 53-65pug mE AL JJ2H, 134] 508~
144 5087k4¢] PM,, 5 95~358 ug m & o]#
AlZke] Hgghell vlal =A JEbsTh T8 2008 9
4 8Y 144 558~15A] 50%7HA] 1217+ &< 0 ©l3F
2] PM, %ol 712 E ) tHFig. 4). 20083 9Y 8Ye] A
T AgolMe FAE ASEA FUAIRE o]wfj o] MQC
ARE AEZ A7} 134 508~144 45871A] oF 14
7+ &< MQC7F FAE RS 1T F AT
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HA GAR] BS S SHA AARlA 1570, 717197
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Table 5. Frequency and ratio of flagged data for PM, by step.

Case 18~19 March 2014 8 September 2008 15 May 2009

Step Frequency Ratio (%) Frequency Ratio (%) Frequency Ratio (%)

I 0 0.0 15 5.2 0 0.0

I 2 0.2 12 42 15 5.2

111 0 0.0 0 0.0 0 0.0

v 0 0.0 1 0.4 0 0.0

v 0 0.0 0 0.0 0 0.0

Table 6. Skill score of quality control by observation stations.

Station Hit False alarm Miss Correct negative ACC POD FAR CSI
Sokcho 1,919 1,120 57 201,673 0.99 0.97 0.37 0.62
Gwangdeoksan 16,901 6,301 135 181,911 0.97 0.99 0.27 0.72
Daegwallyeong 6,998 238 99 195,557 1.00 0.99 0.03 0.95
Chuncheon 3,900 8,633 0 184,364 0.96 1.00 0.69 0.31
Baengnyeongdo 5,977 1,646 62 194,041 0.99 0.99 0.22 0.78
Seoul 3,023 832 40 200,208 1.00 0.99 0.22 0.78
Ulleungdo 18,525 2,708 47 179,630 0.99 1.00 0.13 0.87
Gwanaksan 9,454 27,661 164 166,138 0.86 0.98 0.75 0.25
Suwon 1,917 1,661 33 203,409 0.99 0.98 0.46 0.53
Yeongwol 2,688 604 59 190,700 1.00 0.98 0.18 0.80
Uljin 2,980 238 76 204,312 1.00 0.98 0.07 0.90
Chupungnyeong 5,355 669 31 197,652 1.00 0.99 0.11 0.88
Andong 1,613 325 93 205,500 1.00 0.95 0.17 0.79
Gunsan 1,675 388 199 202,061 1.00 0.89 0.19 0.74
Daegu 3,499 14,734 136 188,111 0.93 0.96 0.81 0.19
Jeonju 2,327 9,754 28 182,187 0.95 0.99 0.81 0.19
Ulsan 2,192 2,313 27 195,418 0.99 0.99 0.51 0.48
Gwangju 7,574 1,469 29 188,473 0.99 1.00 0.16 0.83
Gudeoksan 17,405 2,173 307 175,772 0.99 0.98 0.11 0.88
Heuksando 3,731 713 33 198,628 1.00 0.99 0.16 0.83
Gosan 8,574 1,113 153 190,880 0.99 0.98 0.11 0.87
Jinju 2,955 1,170 63 201,874 0.99 0.98 0.28 0.71
Ganghwa 2,415 983 246 201,144 0.99 0.91 0.29 0.66
Gyegryelbi-do 6,648 5,809 61 184,508 0.97 0.99 0.47 0.53
Cheonan 4,428 12,365 30 184,120 0.94 0.99 0.74 0.26
Jindo 7,122 6,239 24 186,522 0.97 1.00 0.47 0.53
Average 5,838 4,302 86 191,723 0.98 0.98 0.34 0.65

AANA 1270, AIZE A58 HAIA 17 HEE
At BHENEAHN2E #Zo] E/F53 Opg m™
olte] e 71Z3 144] 558~15A] 5027kx|9F &
Zo] o]Fofx)7] gFo} o] 7|EEHA| & Ay L=
HLHA HAteA o7 #oZ AESHAT ol Al
7ol BlE =L PM,, EE Hol: 134] 505~144]
S0R7EA19] 717F &<t 71718 AARlA 57 Fhel
HAEFA. 144] 5082] A% o1HA1Ze] PM,, T5%
o Bla) 92 ug m~ o] Frske] 4HA GAQ A7
AEA AARIA 7 o=z HEEHAUT

= 7138ks 7] Al26¢ 43 (2016)

4.2.2 20099 59 15¢

oro] Atge} mIRIAR FA7E BASEA] U
2009 59 1599 A4 03A] 308~047] 258E7}A]
oF X7k AA 184~432 ug m™] ES PM,, kol
71259tk 20099 59 159 00A]1~03A17HA] &) A 7H
A PMyy EEE 95~103 ug m S FA81L dA e
w, 034 Hd PMyy FEE 235ug mE o)A A7t
of vls) 28] A= =2 FS Kol AUTh(Fig. 5). ©I
o] MQC AEE HEZ A3} 03A] 258~044] 30
W7HA oF 1A1ZF B MQC7T A E S 91T
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Table 7. Ratio of flag in case of false alarm by observation stations.
Station Step Step 1 Step 11 Step 111 Step IV Step V
Sokcho 0.1 95.5 0.0 0.3 4.1
Gwangdeoksan 0.0 98.3 0.0 0.0 1.7
Daegwallyeong 0.0 68.5 0.0 0.0 31.5
Chuncheon 0.0 99.4 0.0 0.0 0.5
Baengnyeongdo 0.0 61.9 0.0 0.4 37.7
Seoul 0.0 91.8 0.0 0.1 8.1
Ulleungdo 0.1 91.7 0.0 0.3 79
Gwanaksan 0.0 99.6 0.0 0.1 0.3
Suwon 0.0 94.3 0.0 0.2 5.5
Yeongwol 0.0 74.3 0.0 0.0 25.7
Uljin 0.8 56.3 0.0 0.0 429
Chupungnyeong 0.0 92.2 0.0 0.0 7.8
Andong 0.0 84.6 0.0 0.0 15.4
Gunsan 0.0 84.5 0.0 0.0 15.5
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