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Overview of Forecast System

O3 Sites (50) PM2.5 Sites (130)
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Site Selection Criteria:  Having at least 3 years of data and continue to operate in the future

Spatial Coverage



Overview of Forecast System
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Machine Learning Models Ensemble
For each site 26 met models run on 6 ML models = 156 model runs

Twice per Day

UW Met Ensemble Models outputs
(26 ensemble members)

Air Now 
Real Time Observation Data

Email 
Notification

Spreadsheet 
for each 
Regional 

Office

Simple
Online 
Map

Private Web Server

Data Process – In and Out



UW Meteorology Models
• Currently 26 ensemble members
• Initialized at 00Z and 12Z
• Each forecasts 72 hours
• Resolution: 4km

• Time of arriving
– 00Z forecast : ~09 - 12 MST 
– 12Z forecast : ~21 - 00 MST 

• Utilization 
– Morning forecast : using previous day 12Z Met forecast
– Afternoon forecast : using current day 00Z Met forecast
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O3 and PM2.5 Forecast
Machine Learning Models Used

Neural Network Models

• Dense Neural Network 
Model

• 1D Convolutional Neural 
Network Model

• Recurrent Neural Network 
(LSTM)

Decision Tree Based Models

• Gradient Boosting
• Random Forest
• Boosted Random Forest

Baseline Model : Persistence
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O3 and PM2.5 Forecast
Inputs Used

11 Inputs : 
– Previous 24th hour O3/PM2.5
– T, P, RH, PBLH, WS, WDIR 
– O3/PM2.5 hourly_mean (grouped by Month, 

Weekday/end, Hour)
– Month (1-12), Weekday (0-1), Hour (0-23)
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Ensemble

• Three layers of Ensemble
• Ensemble already employed in some Machine 

Learning Models, such as random forest
• Ensemble of Machine Learning Models: 
– Produce the final model output from multiple 

machine learning models for one set of input data

• Ensemble of Meteorology Models
– The distribution of prediction 
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Bias Correction for Day 1
• Replace prediction with 

known observation

• Apply bias correction to 
directly following several 
hours based on known bias 
of previous 3 hours

• New treatment : Apply bias 
correction for the rest hours 
based on previous day’s 3-
hour window hourly bias 

8

0

10

20

30

40

50

60

70

80

07
-1

5 
00

07
-1

5 
02

07
-1

5 
04

07
-1

5 
06

07
-1

5 
08

07
-1

5 
10

07
-1

5 
12

07
-1

5 
14

07
-1

5 
16

07
-1

5 
18

07
-1

5 
20

07
-1

5 
22

O
3 

(P
PB

)

HOUR (LOCAL STANDARD TIME)

O3 Hourly Concentration 
Meridian (AQSID 160010010)

Forecast at 07/15/2021 Morning
obs pure_model_am_day1 bias_corrected_am_day1



Retraining Model Annually

• Why
– Machine Learning Model needs a lot of data
– Model Performance may drift overtime

• When and How
– Each January
– Using previous year’s data as test data set and free up 

part of original test data into training data set
– Tune up model parameters
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Model Performance 
at 

St. Lukes Meridian 
for

O3 Models Used in Year 2021
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St. Lukes Meridian O3 Site
Year 2021 Model Performance (1)
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Hourly Regression Performance Metrics

Daily Regression Performance Metrics

Forecast max_error mean_absolute_error mean_squared_error normalized_mean_bias normalized_mean_error r2_score root_mean_squared_error

persistence 52 8.99 144.53 0 0.3 0.46 12.02

pure_model_am_day2 48 7.19 81.76 -0.1 0.24 0.69 9.04

pure_model_pm_day2 47 7.15 81.13 -0.1 0.24 0.69 9.01

pure_model_am_day1 47 6.98 77.18 -0.1 0.23 0.71 8.79

pure_model_pm_day1 46 7.1 79.08 -0.12 0.24 0.7 8.89

bias_corrected_am_day1 47 4.66 48.54 -0.07 0.16 0.82 6.97

bias_corrected_pm_day1 45 2.95 31.19 -0.03 0.1 0.88 5.59

Forecast max_error mean_absolute_error mean_squared_error normalized_mean_bias normalized_mean_error r2_score root_mean_squared_error

persistence 37 5.72 62.67 0 0.13 0.66 7.92

pure_model_am_day2 23 5.98 57.03 -0.09 0.14 0.68 7.55

pure_model_pm_day2 22 5.76 53.18 -0.08 0.14 0.71 7.29

pure_model_am_day1 22 5.61 50.8 -0.08 0.13 0.72 7.13

pure_model_pm_day1 22 5.69 51.55 -0.09 0.13 0.72 7.18

bias_corrected_am_day1 22 4.86 40.27 -0.06 0.11 0.78 6.35

bias_corrected_pm_day1 17 3.03 17.71 -0.02 0.07 0.9 4.21



St. Lukes Meridian O3 Site
Year 2021 Model Performance (2)
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AQI Classification Metrics for All AQI Class

AQI Classification Metrics for AQI Class 2 (Yellow)

Forecast AQI_class accuracy HSS KSS

persistence ALL 0.86 0.5 0.5

pure_model_am_day2 ALL 0.9 0.58 0.51

pure_model_pm_day2 ALL 0.89 0.54 0.47

pure_model_am_day1 ALL 0.9 0.58 0.52

pure_model_pm_day1 ALL 0.89 0.55 0.49

bias_corrected_am_day1 ALL 0.9 0.58 0.52

bias_corrected_pm_day1 ALL 0.89 0.59 0.61

Forecast AQI_class precision recall f1-score support

persistence AQI class 2 0.5 0.5 0.5 48

pure_model_am_day2 AQI class 2 0.66 0.58 0.62 43

pure_model_pm_day2 AQI class 2 0.61 0.53 0.57 47

pure_model_am_day1 AQI class 2 0.65 0.58 0.62 48

pure_model_pm_day1 AQI class 2 0.63 0.54 0.58 48

bias_corrected_am_day1 AQI class 2 0.65 0.58 0.62 48

bias_corrected_pm_day1 AQI class 2 0.57 0.69 0.62 48



St. Lukes Meridian O3 Site
Year 2021 Hourly Time Series
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Three “normal” 
days followed by 
wildfire impact 
days”



St. Lukes Meridian O3 Site
Year 2021 Daily Scatter Plots
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Model Performance 
at 

St. Lukes Meridian 
for

Retrained O3 Models
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St. Lukes Meridian O3 Site
Year 2021 Model Performance 

Original vs. Retrained(1)
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Original Model Hourly Regression Performance Metrics

Retrained Model Hourly Regression Performance Metrics

Forecast max_error mean_absolute_error mean_squared_error normalized_mean_bias normalized_mean_error r2_score root_mean_squared_error

persistence 52 8.99 144.53 0 0.3 0.46 12.02

pure_model_am_day2 48 7.19 81.76 -0.1 0.24 0.69 9.04

pure_model_pm_day2 47 7.15 81.13 -0.1 0.24 0.69 9.01

pure_model_am_day1 47 6.98 77.18 -0.1 0.23 0.71 8.79

pure_model_pm_day1 46 7.1 79.08 -0.12 0.24 0.7 8.89

bias_corrected_am_day1 47 4.66 48.54 -0.07 0.16 0.82 6.97

bias_corrected_pm_day1 45 2.95 31.19 -0.03 0.1 0.88 5.59

Forecast max_error mean_absolute_error mean_squared_error normalized_mean_bias normalized_mean_error r2_score root_mean_squared_error

persistence 52 9 144.76 0 0.3 0.45 12.03

pure_model_am_day2 44 6.9 76.27 -0.1 0.23 0.71 8.73

pure_model_pm_day2 43 6.78 74.26 -0.1 0.23 0.72 8.62

pure_model_am_day1 43 6.68 72.04 -0.1 0.22 0.73 8.49

pure_model_pm_day1 42 6.74 72.71 -0.1 0.23 0.73 8.53

bias_corrected_am_day1 37 4.3 46.32 -0.04 0.14 0.83 6.81

bias_corrected_pm_day1 40 2.67 28.19 -0.02 0.09 0.89 5.31



St. Lukes Meridian O3 Site
Year 2021 Model Performance 

Original vs. Retrained(2)
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Original Model Daily Regression Performance Metrics

Retrained Model Daily Regression Performance Metrics

Forecast max_error mean_absolute_error mean_squared_error normalized_mean_bias normalized_mean_error r2_score root_mean_squared_error

persistence 37 5.72 62.67 0 0.13 0.66 7.92

pure_model_am_day2 23 5.98 57.03 -0.09 0.14 0.68 7.55

pure_model_pm_day2 22 5.76 53.18 -0.08 0.14 0.71 7.29

pure_model_am_day1 22 5.61 50.8 -0.08 0.13 0.72 7.13

pure_model_pm_day1 22 5.69 51.55 -0.09 0.13 0.72 7.18

bias_corrected_am_day1 22 4.86 40.27 -0.06 0.11 0.78 6.35

bias_corrected_pm_day1 17 3.03 17.71 -0.02 0.07 0.9 4.21

Forecast max_error mean_absolute_error mean_squared_error normalized_mean_bias normalized_mean_error r2_score root_mean_squared_error

persistence 37 5.71 62.53 0 0.13 0.66 7.91

pure_model_am_day2 21 5.57 49.92 -0.08 0.13 0.72 7.07

pure_model_pm_day2 21 5.33 45.93 -0.07 0.13 0.75 6.78

pure_model_am_day1 25 5.23 45.86 -0.07 0.12 0.75 6.77

pure_model_pm_day1 23 5.26 45.75 -0.08 0.12 0.75 6.76

bias_corrected_am_day1 28 4.23 34.16 -0.04 0.1 0.81 5.84

bias_corrected_pm_day1 14 2.6 12.96 -0.01 0.06 0.93 3.6



St. Lukes Meridian O3 Site
Year 2021 Hourly Time Series

Original vs. Retrained
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Original

Retrained



Retrained Model for St. Lukes Meridian O3 Site
Year 2021 Daily Scatter Plots
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Original

Retrained



Model Performance 
at 

St. Lukes Meridian 
for

PM2.5 Models
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St. Lukes Meridian PM2.5 Site
Year 2021 Model Performance (1)
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Hourly Regression Performance Metrics

Daily Regression Performance Metrics

Forecast max_error mean_absolute_error mean_squared_error normalized_mean_bias normalized_mean_error r2_score root_mean_squared_error

persistence 137 5.84 94.7 0.01 0.61 0.24 9.73

pure_model_am_day2 134.9 4.8 70.93 -0.04 0.5 0.43 8.42

pure_model_pm_day2 135.6 4.68 67.02 -0.03 0.49 0.46 8.19

pure_model_am_day1 135.5 4.6 64.4 -0.04 0.48 0.48 8.03

pure_model_pm_day1 135.1 4.61 63.85 -0.03 0.48 0.49 7.99

bias_corrected_am_day1 106 3.1 41.27 -0.02 0.32 0.67 6.42

bias_corrected_pm_day1 106.1 2 25.42 0.01 0.21 0.8 5.04

Forecast max_error mean_absolute_error mean_squared_error normalized_mean_bias normalized_mean_error r2_score root_mean_squared_error

persistence 36.1 3.6 35.23 0.01 0.38 0.62 5.94

pure_model_am_day2 57.6 3.48 40.71 -0.04 0.36 0.56 6.38

pure_model_pm_day2 52.7 3.25 36.86 -0.03 0.34 0.6 6.07

pure_model_am_day1 49.8 2.99 30.75 -0.04 0.31 0.67 5.55

pure_model_pm_day1 49 3.04 30.62 -0.03 0.32 0.67 5.53

bias_corrected_am_day1 25.9 2.02 12.63 -0.02 0.21 0.86 3.55

bias_corrected_pm_day1 21.1 1.49 6.83 0.01 0.16 0.93 2.61



St. Lukes Meridian PM2.5 Site
Year 2021 Model Performance (2)
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AQI Classification Metrics for All AQI Class

AQI Classification Metrics for AQI Class 2 (Yellow)

Forecast AQI_class accuracy HSS KSS

persistence ALL 0.83 0.5 0.51

pure_model_am_day2 ALL 0.83 0.5 0.5

pure_model_pm_day2 ALL 0.85 0.56 0.56

pure_model_am_day1 ALL 0.84 0.53 0.52

pure_model_pm_day1 ALL 0.84 0.54 0.54

bias_corrected_am_day1 ALL 0.91 0.73 0.73

bias_corrected_pm_day1 ALL 0.92 0.78 0.78

Forecast AQI_class precision recall f1-score support

persistence AQI class 2 0.54 0.56 0.55 66

pure_model_am_day2 AQI class 2 0.55 0.57 0.56 65

pure_model_pm_day2 AQI class 2 0.6 0.63 0.62 65

pure_model_am_day1 AQI class 2 0.6 0.59 0.6 66

pure_model_pm_day1 AQI class 2 0.59 0.62 0.6 66

bias_corrected_am_day1 AQI class 2 0.76 0.76 0.76 66

bias_corrected_pm_day1 AQI class 2 0.83 0.79 0.81 66



St. Lukes Meridian PM2.5 Site
Year 2021 Time Series (1)
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St. Lukes Meridian PM2.5 Site
Year 2021 Time Series (2)
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St. Lukes Meridian PM2.5 Site
Year 2021 Time Series (3)
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St. Lukes Meridian PM2.5 Site
Year 2021 Daily Scatter Plots

26



St. Lukes Meridian 
PM2.5 Site

A Peek of Model 
Performance in Year 2022
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Overview of Forecast System
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Machine Learning Models Ensemble
For each site 26 met models run on 6 ML models = 156 model runs

Twice per Day

UW Met Ensemble Models outputs
(26 ensemble members)

Air Now 
Real Time Observation Data

Email 
Notification

Spreadsheet 
for each 
Regional 

Office

Simple
Online 
Map

Private Web Server

Data Process – In and Out



Demo

• Email Notification

• Simple Online Map
– Make it easy to navigate the sites

• Spreadsheet for each Regional Office
– Regional offices pick the sites

29



Path Forward

• Bring in NASA GEOS-FP model output as new 
inputs to improve our model performance in 
wildfire and dust storm impact period

• Evaluate the model performance in January of 
each year

• Retrain the machine learning models with last 
year’s data added in January of each year

• Test and bring in new inputs in the future
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Questions and Discussion
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The End
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Supplemental Slides
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Email Notification
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Simple Online Map
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Spreadsheet per Regional Office
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Source : Internet



Neural Network

• Dense Neural Network
• 1D Convolutional Neural Network
• Recurrent Neural Network (LSTM)
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Tree based Methods
• XGBoost

– XGBoost stands for eXtreme Gradient Boosting
– Tree built sequentially by minimizing the residue (error) of the 

previous tree
• Random Forest
• Boosted Random Forest
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Precision 
Recall

F1 Score

A measure that combines 
precision and recall is 
the harmonic mean of precision 
and recall, the traditional F-
measure or balanced F-score

44Source : Internet

https://en.wikipedia.org/wiki/Harmonic_mean


Heidke Skill Score (HSS) and 
Hanssen-Kuiper Skill Score (KSS)

• HSS represents the accuracy of the model 
prediction compared with a reference forecast, 
which is from the random guess that is 
statistically independent of the observations.

• The range of the HSS is from -inf to 1. A negative 
value means a random guess is better, 0 means 
no skill, and 1 means a perfect score. 

• KSS measures the ability to separate different 
categories. The range is from -1 to 1 where 0 
means no skill, and 1 means a perfect score.
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46Source : Internet



NASA GEOS
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ARSET - Introduction and Access to Global Air Quality Forecasting Data and Tools | NASA Applied Science

https://appliedsciences.nasa.gov/join-mission/training/english/arset-introduction-and-access-global-air-quality-forecasting-data-and


NASA GEOS-FP
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ARSET - Introduction and Access to Global Air Quality Forecasting Data and Tools | NASA Applied Science

https://appliedsciences.nasa.gov/join-mission/training/english/arset-introduction-and-access-global-air-quality-forecasting-data-and


NASA GEOS-CF
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ARSET - Introduction and Access to Global Air Quality Forecasting Data and Tools | NASA Applied Science

https://appliedsciences.nasa.gov/join-mission/training/english/arset-introduction-and-access-global-air-quality-forecasting-data-and


NASA GEOS MERRA-2
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ARSET - Introduction and Access to Global Air Quality Forecasting Data and Tools | NASA Applied Science

https://appliedsciences.nasa.gov/join-mission/training/english/arset-introduction-and-access-global-air-quality-forecasting-data-and


NASA GEOS Output
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ARSET - Introduction and Access to Global Air Quality Forecasting Data and Tools | NASA Applied Science

https://appliedsciences.nasa.gov/join-mission/training/english/arset-introduction-and-access-global-air-quality-forecasting-data-and

