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Abstract

To propose an effective ensemble methods in predicting PM,, concentration, six experiments were designed by
different ensemble average methods (e.g., non-weighted, single weighted, and cluster weighted methods). The sin-
gle weighted method was calculated the weighted value using both multiple regression analysis and singular value
decomposition and the cluster weighted method was estimated the weighted value based on temperature, relative
humidity, and wind component using multiple regression analysis. The effects of ensemble average methods were
significantly better in weighted average than non-weight. The results of ensemble experiments using weighted
average methods were distinguished according to methods calculating the weighted value. The single weighted
average method using multiple regression analysis showed the highest accuracy for hourly PM,, concentration, and
the cluster weighted average method based on relative humidity showed the highest accuracy for daily mean PM,,
concentration. However, the result of ensemble spread analysis showed better reliability in the single weighted
average method than the cluster weighted average method based on relative humidity. Thus, the single weighted
average method was the most effective method in this study case.
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decomposition
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Fig. 1. The nested model domains for Domain1 (D1), Domain2 (D2), Domain3 (D3) and Domain4 (D4). The right figure is
enlarged details of the target areas of D4 and the yellow circles indicate the air pollution measurement net-
works and red circles indicate automated surface observing system. Black and red lines mean the WRF and

CMAQ model domains, respectively.
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Table 1. Details of the grids and physical options used in the WRF/CMAQ model.

D1 D2 D3 D4

Horizontal grid 124 %131 73 X85 85%79 85%79
Horizontal resolution 27km 9km 3km 1km
Vertical layers 44 layers
Microphysics WSM5 WSM 6/Lin et al.

WRF Radiation (long/short wave) RRTMG/RRTMG
Planetary Boundary layer YSUMY]J
Surface layer option Revised MM5/Eta
Land surface option Noah/RUC/Pleim-Xiu land surface model
Cumulus option KF
Horizontal grid 118 X125 67x79 79x%73 75X 69
Horizontal resolution 27km 9km 3km 1 km
Vertical layers 27 layers
Chemistry mechanism SAPRC99

CMAQ Aerosol module Aero5

Other options

- Horizontal advection: hyamo

- Vertical advection: vwrf
- Horizontal diffusion: multiscale
- Gas-phase chemistry solver:

EBI (Euler Backward Iterative)

Table 2. Details of the ensemble experimental designs.

Averaging methods

Weighting methods

EXP1 Arithmetic

EXP2 Single weighted

EXP3 Single weighted

EXP4 Cluster weighted (Temperature)
EXP5 Cluster weighted (Relative humidity)
EXP6 Cluster weighted (Wind component)

Multiple regression analysis
SVD

Multiple regression analysis

Multiple regression analysis

Multiple regression analysis
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Table 3. Details of the single member designs.

PBL/Surface ~ Micro-physics Land
layer DI D2~D4  surface
Member01 (MO1) WDM6 Noah
Member02 (M02) Lin et al. Noah
Member03 (M03) WDM6  RUC
YSU/MM

Member04 (M04) Su/ 3 Lin et al. RUC
Member05 (MO05) WDM6  Pleim-Xiu
Member06 (M06) Lin et al. Pleim-Xiu
Member07 (M07) WSMS  WwDM6  Noah
Member08 (M08) Lin et al. Noah
Member09 (M09) MY1/Eta WDM6 RUC

Lin et al. RUC
WDM6  Pleim-Xiu
Lin et al. Pleim-Xiu

Member10(M10)
Memberl1 (M11)
Member12 (M12)
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Fig. 2. Statistical evaluation between the observed and predicted (a) hourly, (b) daily mean PM,, concentration during

total analysis period at 35 monitoring site for D4.
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Fig. 3. Taylor diagram plotted for meteorological factors
(T2: temperature at 2 m, RH2: relative humidity at
2m, WS10: wind speed at 10 m) and hourly, daily
mean PM,, concentration during analysis periods
(07 ~10 Mar, 2013; red) and weight periods (28
Feb ~06 Mar, 2013; blue). The azimuthal position
gives the correlation, while the radial distance
from the origin is proportional to the normalized
standard deviation. The distance between the
observation and a given point is proportional to
the root mean square error (RMSE) between the
observations and the predicted having the corre-
lation and standard deviation of the given point.

Table 4. Classification of RMSER and SDR.
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FAFE Afol= AP 23k RMSERS P42 747

RMSER SDR
<1 The accuracy of ensemble is higher than single member The standard deviation of ensemble is larger than observation
=1 The accuracy of ensemble and single member is same The standard deviation of ensemble and observation is same
>1 The accuracy of ensemble is lower than single member The standard deviation of ensemble is smaller than observation
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Table 5. The results of statistical model calculated by each ensemble experiments.

Experiments Statistical model
1 12
EXP-A E, = EZ;M
B, = 2.37M, — 0.14M,, — 4.71 My, + 6.60M,, — 12.14Mj, +10.01.M;,
EXP-SL +0.77 My, — 3.52 My, +13.79My, — 12.00Myo, + 4.28Myy, — 3.79 My,
(R*=0.83, Pr>F =<0.0001, F'=63.92)
EXPSS E, = %(11.341\@ — 6.24 My, — 9.10My, — 1.24M,, + 8.25 My, +5.92Mj,
— 14.50Ms, — 0.63 My, +9.98 My, + 4.47 My, +0.93M, , + 3.59 M, ,)
E, = 2.71M,, + 1.21 My, + 8.84 My, — 10.50M,, + 43.93 M5, — 45.83M;,
Clusterl — 2.26M;, — 3.10 My, + 0.10 My, + 4.35M, g, + 21.02M;,, — 19.29 My,
Clusters E, = 2.06M, — 1.89M,, — 5.25 My, + 4.57M,, — 16.57Mj, + 18.50.M;,
+1.03 My, +4.20 My, + 16.00My, — 12.86 My, + 4.72My,, — 11.71 My,
EXP-CT E, = 2.03M,, — A.T2M,, — 15.24My, + 17.78M,, — 36.64 My, + 40.53 M,
Cluster3 + 4.46M;, — 3.71 My, + 0.66 My, + 0.33M,g, — 9.97M,, + 6.04M,.,
Clusters B, = 1.54M,, + 2.00 My, — 25.96 My, + 29.42M,, + 284.13 M, — 284.70Mj,
— 44.33 M5, + 43.32 My, — 84.11 My, + 84.43M,, — 164.09M,,, + 161.99 M,
(R*=0.91, Pr> F =<0.0001, F=26.95)
E, = 4.40M,, — 1.16 My, — 5.79 My, + 6.82M,, — 4.50 M, + 3.70M,
Clusterl — 7.25M;, +9.19 My, + 10.84M,, — 11.45M,, + 10.840M,,, — 12.96 M, 5,
E, = 0.85M,, — 2.64My, — 10.67 My, + 11.46 M,, — 42.65 My, + 44.85 M,
EXP-CR Cluster2 — 17.51M;, + 18.26 My, + 18.24 My, — 19.88 M, + 26.46 M, , — 25.12 M,
B, = 6.40M,;, — A.11M,, — 7.61 My, + 6.63M,, — 106.017M;,104.70Mj,
Cluster3 +11.05M;, — 15.83 My, — 3.52 My, + 4.64 M, , + 28.22 M, ,, — 23.68 My,
(R*=0.91. Pr> F =<0.0001. F=41.41)
E, = 1.59M,, + 1.75My, + 20.01 My, — 19.83M,, — 44.07Ms, + 46.53 M,
Cluster! —29.64M, + 27.39 My, + 18.86 My, — 17.47 M, + 18.25M;, — 21.43 My,
B, = 3.56M,, — 4.34My, — 5.82 My, + 6.87M,, — 19.48M;, + 18.56 My,
EXP-CW Cluster2 +14.19M;, — 14.33 My, + 10.55 My, — 6.88 My, -+ 4.01M, ,, — 5.69M,5,
B, = 2.32M,, + 1.43My, + 15.90My, — 13.51M,, — 96.81Mj, + 92.73M;,
Cluster3

— 31.28M,, + 27.65 My, — 73.76 My, + 76.86. My, — 86.74M,,, + 87.31 M,
(R*=0.80, Pr> F =<0.0001, F=30.44)
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Fig. 4. Horizontal distribution of ensemble daily mean PM,, concentration for each experiments on 08 Mar, 2013.
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Fig. 5. Horizontal distribution of ensemble daily maximum PM,, concentration for each experiments on 08 Mar, 2013,
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Fig. 6. Statistical evaluation between the observed and (a) hourly, (b) daily ensemble mean PM,, concentration during
total analysis period (28 Feb ~ 10 Mar, 2013) at 35 monitoring site for D4.
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