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Abstract: We investigated statistical evaluation parameters for 3D meteorological and air quality
models and selected several quantitative indicator references, and summarized the reference values
of the statistical parameters for domestic air quality modeling researcher. The finally selected 9
statistical parameters are MB (Mean Bias), ME (Mean Error), MNB (Mean Normalized Bias Error),
MNE (Mean Absolute Gross Error), RMSE (Root Mean Square Error), [OA (Index of Agreement),
R (Correlation Coefficient), FE (Fractional Error), FB (Fractional Bias), and the associated reference
values are summarized. The results showed that MB and ME have been widely used in evaluating
the meteorological model output, and NMB and NME are most frequently used for air quality
model results. In addition, discussed are the presentation diagrams such as Soccer Plot, Taylor
diagram, and Q-Q (Quantile-Quantile) diagram. The current results from our study is expected to
be effectively used as the statistical evaluation parameters suitable for situation in Korea considering
various characteristics such as including the mountainous surface areas.

Keywords : Statistical evaluation parameters, Model evaluation, Regional air quality model, PMzs
modeling
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O ol ARE 753 A& B FOlA &
I+= 26091 7]4& AQMS (Air Quality Monitoring
Station) YEY = 252} 671 t7] 2 HAE2H
ARG =, Mg, oA, F5, 240 A1) S84
=27t EARI, o5 HF S84 Are vAHA 2
99 AnE AR A 452 = ol 8
ik,
e W ARE flsto] & Aol e 5919
7% NRC (National Research Council)@] E 1A
(2007), Emery et al.(2017), Hurley et al.(1999),
Borge et al.(2008), Kryza et al.(2012) 5 A+
8 19 A 20 =EES TR
o] AL 23 A I (National Institute of
Environmental Research: NIER)o|A &% tf7]
Ardal 7lol=ghel 9 e H 1A (NIER 2010;
2013; 2016; 2017) 2 =1 ¥ shax]of 0d o
9] =5(|, Ju et al. 2017; Choi et al. 2016; Kim
t al, 2017)2 x5 ch A da) vd Aol
% Hsot7] ol A oR FFH O ARGE
= A ASARE AAsIeH, A8H Axe
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MB (Mean Bias), ME (Mean Error), MNB (Mean
Normalized Bias Error), MNE (Mean Absolute Gross
Error), RMSE (Root Mean Square Error), IOA
(Index of Agreement), R (Correlation Coefficient)
Z Uehgon, B oLoj|A FE (Fractional Error)
5.9 FB (Fractional Biag)7} AFS-E]aL 9l =1} H o
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Table 1. Statistical parameters for the evaluation of air quality modeling results

Statistics Full Name Formula
MB Mean Bias % 2(5-0)
ME Mean (Absolute Gross) Error %Z |S-0|
RMSE Root Mean Square Error l% (S-0y
. . 1 S-0 o
NMB Normalized Mean Bias Error (%) N 2 ( 0 ) x 100 (%)
NME Normalized Mean Error (%) %Z (J%L) x 100 (%)
FB Fractionalized Bias (%) 2 2 ( 5-0 ) x 100 (%)
NT= S+0
FE Fractionalized Error (%) 2 2| 5-0 [ < 100 (%)
N= S+0
Y(8-5)-(0-0))
I0A Index of agreement - = —
¢ T(IS-S[+[0-0]y
. . 2(0-0)(S-S)
R Correlation Coefficient S(0-0P2 5 (-5~

T AR5 2f8) e g BrAeRe el
M5 $8510] $8-3 B 4 YULHFox 1981;
Hogrefe et al, 2008: 2011; U.S. EPA 2004: 2005:
2006: 2007; NIER 2010: 2013; 2016; 2017).

2. 3R 7|42t Ant AS

Aloatn 7)1 d 2o AR 2 AR E= tE
W 71 A AR AT 7R T S
o 7)dmgo] S Aol Ms F2 AR AL Qi
Tt 714 n el dj®F 22 WRF (Weather
Research and Forecasting; Skamarock et al.
2008), MM5(Mesoscale Meteorological Model
Version 5, Grell et al. 2000) So] 9low, =9
oA A o 2 e o] AL 7] UM(Unified
Model)o] A% Qltt, £3] WRF & A9t
I 7] 2dol CAMx (Comprehensive Air quality
Model with extensions), CMAQ (The Community
Multiscale Air Quality Modeling System) $>3§ ]|
o3t 7|4} A Eixt R E A= 7R E R o
A st AHEH ™, WRF-Chem (WRF-

XE 7|1=

Chemistry) 2R F tf7]d mdlat 23 A5 o]
714w o] 7| AR QA St 71
g A SyejH o ZA AFSE I Qlrt, whet
A WRF 7)/d2de tf7]d o] dataz A3
ARGE B T 7] A R O] AL Aokl 215 A0
& yAEo] Qltkal & 4= Qi

WRF 2&E& 5317 Y= 27] 7173748
BAxAC] Hast, S AF+AES U 7]
Aol dALE 283z UM (Unified Model)
o A=, 52 u|=k NCEP (National Center for
Environmental Prediction)o| 4] A|-&3dt= FNL A
A A= (6A17F 744 9] 1,.0°x1,.0° AR} s =)
GFS (Global Forecasting System) ol|& A&7} 9]
o] 8=t} (Chen et al. 2017). 1 2] ECMWF ERA-
Interim(ZAA} A= oF 75 km) AEA] Z}EE 2ty

o] ZgHL, Tt 7R EY £ AR HE5S
o AL 5 gl ) A BEAARE W4 71
oA Gt = 707N At 7S
AWS (Automatic Weather Station)ol|A] A 7]|& 2

2 245k g AR} dERl, oS FF
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Table 2. Reference values of several statistical parameters for meteorological variables
Wind speed (m/s) Wind direction (deg) Temperature (K) Humidity (g/kg)
FICT* MTN** IRICIE MTN IRICIE MTN IRICIT MTN
MBY +0.5 +1.5 +10 +10 +0.5 +2.0 +0.8 +1.0
MED +2.0 +2.5 +30 +50 +2.0 +2.5 +2.0 +2.0
RMSE> 2.0 50~110 25~35 10.0
NMB (%) N/A*** N/A N/A N/A
NME (%) N/A N/A N/A N/A
I0A2 0'%;1?'7 0.7~08 0.8 0.9
R224 0.5 0.6~0.7 0.8~0.9 N/A
FLT* : flat areas with no mountainous areas
MTN** : mountaneous area
N/A*** : not available
Z4: Not found in previous studies.
U Emery et al. (2001)
2 Borge et al. (2008)
3 Miglietta et al. (2012)
9 Kryza et al. (2012)
g2 MBej vlal] ¢F 1.5 — 5ol $3hd 7|25 4 7|EAE EEfste] ol BHA| e ojof & AL
$3 FoE Slgn], Aok e 2 4R Wt = waEr
27 45 QAT 10A2] Z4$- djFio] 7]4 v
ol dhatel 0.7 o4, ABARR)E B4 05, 1 2 WIRSRI KR RS
9] 0.6 o4& 939t MESF MB 5% 541} AR 7] mEel CMAQ 32 CAMx S-9]
78] Apol& 53] FHEsto] AAE ALz gely] BV S A5 A% 7IeAs WY 2R
olth, et SeutetAY Atelx|elo] Be 490 Emery et al.(2017)9] o] tjiE 57} 71227
714 wao] thste] Beat 90 712XE AEst 7 AAIS] fokEo] 9tk 5] Emery et al. (2017)
A T v S oy 7|Ab o] tiste] malg A A= 7IEAE EH3E(goals)'?}t 7|F(criteria)’ S
Y7t w4 B2 Alr BAEE A= 75 2 F2sto] AT 714 Fik(goals) 71
ek, oA Qolo] Wekeh 490 Bah Ago] & Ak 3] SUE B md AvE A OR Y
Ashe 490 BE A U4 oxb g AEe A stol 49l 1/39) Belo] BAR HaAlolu, V%
HETH Table 20 A|AE o] = BEeF o] A o] (criteria) = 4] oF 2/39] Hdo] 2% FAAE
B3 ol 71 ED e oxj] WIS ATHH ol 83klth, AAE 47k A BSAE Z NMB,
o2 o shfjsto] Agstozn Fekst x| w) 7| NME, FB, FE9|| tjsto] &= 712 A$-2 723t 7]%
Fo| Bt Aoo] 7jando] Astrs) oo 7k 2|9} 7 9] H|Qjof| A & AMEEH= LA B4 A
Skl 5 7l melo] WAE SsA HeEUe e ZXESY 71EAE Table 30 AL
& 4> Qlth(MceNally 2009; Environ and Alpine Emery et al (2017)2] A7AM &, B33} 7]
2012). o Wetofl A 7)1 A =]k UHS}, Z2 A FAE ol&sto] 2dl AiE 7 5A ASARE 5
ZHHS7E AsE UL wobd B4 AEARe 1E S RET T BEE PR A9AY Sy o
AE Iz A 6?7154— A o] 5 At Tl A= el she AT 71E At 28
AR, AYBFUAY TH) 2L el B4 @ A2 BEETh Emery et al 2017)o 4% S
vt Atk go] ke QJelelrle) Lol wek 1 4 B B Avke ge ndY A3 FojA BE
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Table 3. Reference values for several air quality variables

Ng’dﬁ? ! N(l\(gjl) };(5] 2)) 1(3012 2)) MB? ME? RMSE? | IOAY% R
PM.s (goal) +10 +35 +30 +50 0.70
— 5.5 6.5 20 05 +—
PM. ;s (criteria) +30 +50 +60 +75 0.40
1-hr Os (goal) +15 +35 0.75
1-hr O; (criteria) +15 +35 0.50
8-hr Os (goal) +5 +15 +30 +50 0.75
8-hr O (criteria) +15 +25 +60 +75 0.50
SO, (goal) +10 +35 +30 +50 . 07 0.70
SO, (criteria) +30 +50 +60 +75 ' 0.40
NH;" (goal) +10 +35 +30 +50 0.70
— 3.3~4.0 0.7 —-
NH;" (criteria) +30 +50 +60 +75 0.40
NO,? (goal) +15 +65 +30 +50 s 1s 07
NO;? (criteria) +65 £155 +60 +75 ’
OC (goal) +15 +45 +30 +50
OC (criteria) +50 +65 +60 +75
EC (goal) +20 +50 +30 +50
EC (criteria) +40 +75 +60 +75

DEmery et al. (2017)

2 Boylan and Russell (2006)

HNIER (2010), NIER(2013), and NIER(2016)

G*(Goals”) indicate statistical values that about a third of top performing past applications have met, and should be viewed as the best
amodel can be expected to achieve.

C**(Criteria) indicate statistical values that about two thirds of past applications have met, and should be viewed as what a majority
of models have achieved. The outlying one-third of past applications that exceed the criteria are considered poor performers for
the particular metric and chemical species. See the text for additional information on the metrics and benchmarks.

indicates the statistical reference values are not proposed in previous studies, and

B8 denotes no applicable reference values are generated.

(goals) 7IEAE B4 4o Bl ARE on] D AY=E W] of2& Aol 7], w2}
SlER, o ASAE B 491 1/39 BEAIFS] A LA Ateket o EEdhe NMB &2
AYE i 035 Yeue], ‘o 29 559 NMER 1 7|2XE8 F4 Ao detEd 19
A9 /391 2/39] AT FHA|oF A2 PASE o= EFERAL I0Ax 7R DA 28k 0.7
Atk wh2hA ‘goals’ SHE HEAE A 2 TS 8-S, A AR A F4 0.5
3T SHOR, I3 ‘aiteria’ §HE T ol 1 90 0.6 ol astgl o), G njAHA
FEoz 7K whelth, O ‘aiteria’ 71EAE MR A= 045 3%0}% HET 23y
=S Eohe BEo| A o9l 1/39) B F A o &S ¥ 4 Sith Table 39 Hlg A FE(E)
£ =35 AWt Hug o md ARs FAY 2 Sue] 29 ofvo: AR gfoba] Lo u
o2 WS WE 5 Qe 2A7HE S Sl 2k AR el At 71EA] 4 A7 B as 9

Table 3°] oJ3hd 7| A=A de] MBS ME= & BAIR Aofth, B3 HZ vlqHA 9 SjahdE
71 B 2 AREEA] AL, tiA MBOF  ZA o] A o] RojAWA I Lo SHolA Ta
ME®] gFebel A&l NMB, NMES -2 A4 3ot 2 EASRITh ok&e AL

AL Z e, ol t7| L 9= X937 54
o] Zated = 1 AH| Q] A zjolo] LABI B

o SehE G827} 2 WA
S glome Ak el EAS 2

A ok
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rot
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Figure 1. Schematic diagrams of two plots: (left) Soccer plot and (right) Tayler diagram.
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Figure 2. Examples of soccer plots for WRF-4km resolution statistics from monthly wind speed (top,
left), wind direction (top, right), temperature (bottom, left), and mixing ratio (bottom, right) for
January (%) and July (<) in 2016, over Korean Peninsula domain (Korea Electric Power
Corporation Research Institute, 2020). Inner red box areas represent reference values for
mountainous areas, and magenta box areas denote for flat areas, respectively.
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areas and mountainous areas, respectively.
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