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Overview of Forecast System

UW Met Ensemble Models outputs
(23 ensemble members and
1 ensemble mean)

Air Now
Real Time Observation Data
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Twice per Day
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UW Meteorology Models

Currently 23 ensemble members and 1 ensemble mean
Initialized at 00Z and 127
Each forecasts 72 hours

Time of arriving
— 00Z forecast : ~09 - 12 MST
— 127 forecast : ~21 - 00 MST

Utilization
— Morning forecast : using previous day 12Z Met forecast
— Afternoon forecast : using current day 00Z Met forecast



O3 Forecast
Machine Learning Models Used

Neural Network Models Decision Tree Based Models
Dense Neural Network e Pure XGBoost
Model

e Random Forest
1D Convolutional Neural

Network Model

Recurrent Neural Network
(LSTM)

e Boosted Random Forest

Baseline Model : Persistence




O3 Forecast
Data Used in Model Development

From Kai and Ranil (Thanks!)

Meteorology Parameters :
— UW WRF Production Run

Training Data Set : 2017 and 2018
Validation : K-Fold
Testing Data Set : 2019



O3 Forecast
Features Used

11 Features :

— Previous 24th hour O3
—T P, RH, PBLH, WS, WDIR

— O3hourly_mean (grouped by Month,
Weekday/end, Hour)

— Month (1-12), Weekday (0-1), Hour (0-23)



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



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



St. Lukes Meridian O3 Site
Year 2020 Model Performance (1)

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

46 8.61 129.58 0 0.32 0.48 11.38

pure_model_am_day2
32 6.64 70.34 -0.01 0.25 0.72 8.39

pure_model_pm_day2
32 6.48 67.53 -0.01 0.24 0.73 8.22

pure_model_am_dayl
34 6.35 65.38 -0.02 0.24 0.74 8.09

pure_model_pm_day1l
34 6.31 64.35 -0.02 0.24 0.74 8.02

bi ted dayl
B —— - 4.27 43.04 0 0.16 0.83 6.56

bi ted dayl
s 2.76 27.96 0 0.1 0.89 5.29

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
ist

. 31 5.68 57.01 0 0.14 0.61 7.55

pure_model_am_day2
20 5.65 49.92 0 0.14 0.66 7.07

pure_model_pm_day2
20 5.26 44.11 0 0.13 0.7 6.64

pure_model_am_dayl
24 5.19 42.6 0 0.13 0.71 6.53

pure_model_pm_day1l
24 5.05 40.3 0 0.13 0.72 6.35

bi ted dayl
B —— T 4.78 38.55 0.01 0.12 0.73 6.21

bi ted dayl
s I 3.09 16.76 0.01 0.08 0.88 4.09
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relevant elements

false negatives true negatives

Precision
Recall
F1 Score

true positives false positives

precision - recall

selected elements F=2. .
precision -+ recall
How many selected How many relevant
tems are relevant? items are selected?

A measure that combines
precision and recall is

e Recall = ——— the harmonic mean of precision
and recall, the traditional F-
measure or balanced F-score

Precision and recall o

Source : Internet


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

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

e 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.

e KSS measures the ability to separate different
categories. The range is from -1 to 1 where O
means no skill, and 1 means a perfect score.



St. Lukes Meridian O3 Site
Year 2020 Model Performance (2)

AQl Classification Metrics for All AQI Class

Forecast accuracy HSS KSS
persistence 0.88 0.35 0.36
pure_model_am_day2 0.85 0.3 0.37
pure_model_pm_day2 0.87 0.35 0.41
pure_model_am_dayl 0.89 0.38 0.4
pure_model_pm_day1l 0.88 0.37 0.39
bias_corrected_am_day1 0.89 0.38 0.4
bias_corrected_pm_day1l 0.94 0.68 0.77

AQ] Classification Metrics for AQl Class 2 (Yellow)

Forecast AQl_class precision recall fl-score support

persistence AQl class 2 0.41 0.44 0.42 75
pure_model_am_day2 AQl class 2 0.32 05 0.39 24
pure_model_pm_day2 AQl class 2 0.37 0,52 0.43 25
pure_model_am_dayl AQl class 2 0.43 0.48 0.45 25
pure_model_pm_day1l AQl class 2 0.41 0.48 0.44 25
bias_corrected_am_day1 AQl class 2 0.43 0.48 0.45 25
bias_corrected_pm_dayl AQl class 2 0.62 0.84 0.71 25




St. Lukes Meridian O3 Site
Year 2020 Hourly Time Series

03 Hourly Concentration
Meridian (AQSID 160010010)
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St. Lukes Meridian O3 Site

Year 2020 Hourly Joint Plots

03 Hourly Concentration Joint Plots
Meridian (AQSID 160010010)
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St. Lukes Meridian O3 Site
Year 2020 Hourly QQ Plots

03 Hourly Concentration QQ Plots
Meridian (AQSID 160010010)
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St. Lukes Meridian O3 Site
Year 2020 Daily Time Series

03 Daily 8 Hour Average Maximum Concentration
Meridian (AQSID 160010010)
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03 Daily 8 Hour Average Maximum Concentration Joint Plots
Meridian (AQSID 160010010)

St. Lukes Meridian O3 Site
Year 2020 Daily Joint Plots
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St. Lukes Meridian O3 Site
ear 2020 Daily QQ Plots

03 Daily 8 Hour Average Maximum Concentration QQ Plots
Meridian (AQSID 160010010)
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St. Lukes Meridian O3 Site

Year 2020 Model Performance Summary
e Better than the persistence method
* Good for Abnormal Detection

e With new data added and model retrained in
each year, the model performance will get
better and better



Overview of Forecast System

UW Met Ensemble Models outputs
(23 ensemble members and
1 ensemble mean)

$ $

Machine Learning Models Ensemble
For each site 24 * 7 = 168 model runs
Twice per Day

Air Now
Real Time Observation Data
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Violin Plot Explained

Present Distribution of Model Ensemble Member Forecasts

(Scale) )
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Value

1.5x Interquartile range Density Plot
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Source : Internet



Demo

Email Notification

Individual Figures

— Daily 8 Hour Average Maximum Concentration Trend
and Detail

— Daily AQl Trend and Detail

— Daily Bias (difference) Trend and Detail

— Hourly Concentration Trend and Detail
Spreadsheet for each Regional Office

— Regional offices pick the sites they are interested in

Simple Online Map



Path Forward

Expand to PM2.5 sites

Evaluate the model performance at January of
each year

Retrain the machine learning models with last
vear’s data added at January of each year

May test it out new features to feed into
models in the future



Questions and Discussion



The End



Supplemental Slides



Email Notification

Machine Learning Air Quality Forecast is here! (Forecasted at 12/21/2020 Afternoon)
Wei.Zhang@deq.idaho.gov

Mon 12/21/2020 1:27 PM
To Wei Zhang
Wei,

This aftermnoon's forecast is here! The result can be found at:

http://10.220.98.54/ml forecast outputs/2020/20201221 pm/

OR through simple online map http:/10.220.98 54/ml forecast outputs/2020/20201221 pm/20201221 pm forecast 0Map html

To access forecasts for previous days, please go to:

http://10.220.98.54/ml forecast outputs/

This forecast is based on a machine leaming method utilizing modeled ensemble meteorological forecasts from the University of Washington. Acute
or event-based impacts, such as wildfires and dust storms, are not considered in the model. This forecast should be used as a starting point and then
adjusted based on local knowledge of these factors.

Hopefully this tool makes vour life easier. Please provide us any feedback you may have.

Technical Services Division
Idaho Department of Environmental Quality
Wei.Zhang@deq.idaho.gov
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O3 Daily 8 Hour Average Maximum Concentration
Meridian (AQSID 160010010)

Forecasted at 07/11/2020 Afternoon

Lol -~ CRB Criteria

-@— QObservation
- Met Model Ensemble Mean
654 © Bias Corrected Met Model Ensemble Mean

70 A

07/04 07/05 07/06 07/07 07/08 07/09 07/10 07/11 07/12
Day
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O3 AQI

O3 Daily AQI
Meridian (AQSID 160010010)
Forecasted at 07/11/2020 Afternoon

85 A —
- CRB Criteria

80 1 —e— Observation

75 4 = Met Model Ensemble Mean

70 O Bias Corrected Met Model Ensemble Mean

65
60 -

30 A

25 A

07/04 07/05 07/06 07/07 07/08 07/09 07/10 07/11 07/12
Day
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O3(ppb)

O3 AQI

O3 Daily Forecast Bias
Meridian (AQSID 160010010)

O3 Daily 8 Hour Average Maximum Concentration

20 1 —@— Bias of Met Model Ensemble Mean

07/04 07/05 07/06 07/07 07/08 07/09 07/10
O3 Daily AQI

20 1 —@= Bias of Met Model Ensemble Mean

07/04 07/05 07/06 07/07 07/08 07/09 07/10
Day
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O3 Hourly Concentration
Meridian (AQSID 160010010)

Forecasted at 07/11/2020 Afternoon

—e— Observation

- Met Model Ensemble Mean
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65

3

03(ppb)

65

g 8 3

03(ppb)

Spreadsheet per Regional Office

03 Daily 8 Hour Average Maximum Concentration
Meridian (AQSID 160010010)
Forecasted at 07/11/2020 Afternoon

—— CRB Criteria
—e— Observation
—— Met Model Ensemble Mean

O Bias Corrected Met Model Ensemble Mean

07/04 07/05 07/06 07/07 07/08 07/09 07710 0711 0712

03 Daily 8 Hour Average Maximum Concentration
Boise_White_Pine (AQSID 160010017)
Forecasted at 07/11/2020 Afternoon

03AQ1

03 Daily AQ!I
Meridian (AQSID 160010010)
Forecasted at 07/11/2020 Afternoon

—— CRB Criteria
—e— Observation
— Met Model Ensemble Mean

O Bias Cormected Met Model Ensemble Mean

07/04 07/05 07/06 07/07 07/08 07/09 0710 071

:

oz

—— CRB Criteria
—e— Observation
—— Met Model Ensemble Mean

O Bias Corrected Met Model Ensemble Mean

07/04 07/05 07/06 07/07 07/08 07/09 070 0711
Day

o2

034AQ!

03 Daily AQ!
Boise_White_Pine (AQSID 160010017)
Forecasted at 07/11/2020 Afternoon

—— CRB Criteria
—e— Observation
— Met Model Ensemble Mean

O Bias Corrected Met Model Ensemble Mean

07/04 07/05 07/06 07/07 07/08 07/09 0710 0711
Day

omn2

03(ppb)

034AQ!

03(ppb)

o3AQ

03 Daily Forecast Bias
Meridian (AQSID 160010010}

03 Daily 8 Hour Average Maximum Concentration

e~ Bias of Met Model Ensemble Mean
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07/04 0705 0706 _ 0707 _ 07/08 0709  07/10
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Day

03 Hourly Concentration
Meridian (AQSID 160010010)
Forecasted at 07/11/2020 Afternoon

—e— Observation

—— Met Model Ensemble Mean
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Simple Online Map

AT

- Calgary

1

I

1

I

1

I

i
OZONE Forecast i
St. Lukes Meridian (160010010) :
Forecasted at 07/11/2020 Afternoon -

I

I

avgShr_max(ppb)||AQI ,::-.--J------.
2020-07-11 50 46
2020-07-12 47 44 3
é.

Daily Concentration Detail and Trend

Daily AQI Detail and Trend

Daily Forecast Bias Detail and Trend

Hourly Concentration Detail and Trend

Note: A new tab will be opened when clicking links above
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¥ §¢0  id ‘1‘/'_ &5
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The Data Science Taxonomy

Data Science

Field focused on methods for

extracting knowledge and insights
primarily from data

Artificial Intelligence
Methods for computer systems to
perform human tasks

Machine Learning
Mathematical models with specified structure learn to
perform tasks from data

Expert Systems
Operate autonomously with
human-specified rules. (e.g.

fuzzy logic)

Deep Learning

Neural networks with multiple
specialized layers for encoding
structural information

Source : Internet




Neural Network

e Dense Neural Network
e 1D Convolutional Neural Network
* Recurrent Neural Network (LSTM)

size 5
/—/H
uuuuu l o e Long Short-Term Memory
%r_/
' >
-
ppppp . )
Il g = 11
[
+ with weights
W, 1 Vanishing
uuuuu IO‘"F’“t W 1 Explod g‘
features
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Tree based Methods (XGBoost)

* Pure XGBoost

— XGBoost stands for eXtreme Gradient Boosting

— Tree built sequentially by minimizing the residue (error) of the
previous tree

e Random Forest
e Boosted Random Forest

Tree 1 Tree 2 Tree 3
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St. Lukes Meridian O3 Site
Year 2020 Hourly Scatter Plots

03 Hourly Concentration Scatter Plots
Meridian (AQSID 160010010)

Year 2020
obs vs. obs obs vs. persistence obs vs. pure_model_pm_dayl obs vs. pure_model_am_day1l
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St. Lukes Meridian O3 Site

Year 2020 Daily Scatter Plots

03 Daily 8 Hour Average Maximum Concentration Scatter Plots

Meridian (AQSID 160010010)

Year 2020
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