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Model performance evaluation metrics

We used three statistical metrics suggested by Emery et al (2017): correlation coefficient (R), 

normalized mean bias (NMB), and normalized mean error (NME) for the evaluation of the CMAQ. 

The statistical metrics are defined as follows:

R =                             (Eq. 1)
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NMB (%) =                                   (Eq. 2)
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NME (%) =                      (Eq. 3)
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For the WRF, we used metrics based on absolute values, mean bias (MB), and root mean square 

error (RMSE), rather than metrics based on relative values such as NMB and NME following Emery 

et al. (2001)’s work. The definitions for these metrics are

Bias =                       (Eq. 4)𝑀̅ ‒ 𝑂̅

RMSE =    .          (Eq. 5)

𝑖= 𝑁

∑
𝑖= 1

(𝑀𝑖 ‒ 𝑂𝑖)
2

𝑁

Emery et al. (2001; 2017) proposed guidelines for the statistical metrics to comply with, which 

were utilized in sections 3.2 to evaluate the performance of the CMAQ and the WRF. The guidelines 

are shown in Tables S1. 
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Table S1. The evaluation guidelines for predicting wind speed, PM2.5, and nitrate by model 
recommended by Emery et al. (2001; 2017).

For wind speed

R MB RMSE

Benchmark Benchmark Benchmark

None 0.5 m/sec≤± 2 m/sec≤

For PM2.5

R NMB NME

Goal Criteria Goal Criteria Goal Criteria

>0.70 >0.40 < 10%± < 30%± <35% <50%

For nitrate

R NMB NME

Goal Criteria Goal Criteria Goal Criteria

None None < 15%± < 65%± <65% <115%

For O3

R NMB NME

Goal Criteria Goal Criteria Goal Criteria

>0.75 >0.50 < 5%± < 15%± <15% <25%
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