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How the MPCA uses environmental data, 
artificial intelligence, and technology to 
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Minnesota Air Quality Forecast/Alert Program:
Then and Now

• EPA Unfunded Mandate

• MPCA contracted with company 
in California in 2008

• Two forecasts: Twin Cities and 
Rochester

• Advisories/Alerts Issued by MPCA
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• Wild fire smoke air quality events

• 2015 and 2016

• Advisory/Alert issues

• Lack of forecasts outstate

• Need for greater 
outreach/coordination

Minnesota Air Quality Forecast/Alert Program:
Then and Now
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How to tackle this program expansion and change?
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A Minnesota Game Plan!

Technology Changes: 
Artificial Intelligence (AI)
Geographic Information Systems (GIS)

Agency Operations: 
Meteorologists from Beginning to End of Process
Improved/Expanded Communication Platforms

Social Science Engineering
Improving the Message/Understanding of Air Quality
Outreach Efforts
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Air Quality Forecast/Alert Program Update Plan

• Expansion Statewide

• Platform Enhancements

• Alert Improvements

• Outreach
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Air Quality Forecast/Alert Team Gets to Work!
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AQI Forecast Locations
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Artificial Intelligence Model

• MPCA developed air quality prediction 
model based on artificial intelligence, 
aka machine learning

• Why AI?

• Accessibility

• Computational Requirements

• Timing

https://www.datacamp.com/community/open-courses/kaggle-python-tutorial-on-machine-learning#gs.P=TWxSM
https://www.datacamp.com/community/open-courses/kaggle-python-tutorial-on-machine-learning#gs.P=TWxSM


What kinds of data?

• Big data with complex relationships

• Works with both labeled (columns 
have names) and unlabeled data

• Greatest advantages when working 
with non-linear relationships



What does it do?

• Makes predictions about unseen data 
based on a training dataset

• Classification

• Predicting a variable with discrete categories 
(Binary or Multiple)

• Regression

• Predicting a continuous variable 



Popular Machine Learning Algorithms

Classification and Regression Trees Bagged Trees and Random Forests

Boosted Trees



Machine Learning Process

• Data cleaning and formatting

• Exploratory data analysis

• Feature engineering and selection

• Compare several models on a performance metric

• Tune hyperparameters – Accurate but generalized

• Evaluate best model on testing dataset
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Comparing Models
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Random Forest Gradient Booster Linear Regression Ada Boost Meta Learner

6.443995214 6.442858339 9.930166752 7.035516182 6.436340709

7.101674211 7.176707917 13.96335067 7.867280244 7.369435568

5.516791527 5.469323462 8.772796995 6.278891794 5.799712041

5.469902629 5.418276628 5.733912359 5.5655482 5.696760843

5.285691647 5.864016884 9.420037806 5.419331127 5.746872176

6.213243821 6.4393464 15.45402106 7.758729871 7.435699325

6.349275168 6.450106273 12.98109095 6.639090054 6.634659901

6.976525196 6.74492849 16.45651986 6.548365864 8.019037875

8.502352367 8.361541377 15.4961812 9.0865194 8.168140153

7.046996657 7.166647039 12.47390683 7.473726695 6.958237151

5.440936349 5.314450072 11.6195854 6.772308833 5.589507019

6.451503223 5.922731868 14.98786152 7.222412979 6.2840639

7.358272684 8.379222921 18.97124093 5.664890491 8.119004181

5.978837993 6.298290541 11.32630277 5.944167591 6.721532635

6.838910291 6.602610754 10.55562523 6.460993868 6.582231162

6.009376621 6.256959088 10.09890809 6.1286733 6.269647023

6.948622275 7.118117678 18.30247535 7.211340691 7.157499678

6.414735066 6.801539039 16.11231493 6.389049044 7.115090029

6.42936514 6.446482306 12.72749889 6.593727959 6.678096268
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Ozone Relationships

Parameters

Month

Maximum Daytime Temperature
Higher generally means more ozone formation, lower means less ozone formation. 
The warmer it is, the faster the reactions that create ozone occur. 

Average Daytime Relative Humidity Generally, higher relative humidity leads to decreased ozone formation potential.

Average of the Noon 24-hour Background at 
10m and 500m

The higher the background ozone, the higher the local ozone the following day.

Afternoon Mixing Height (ignoring small 
radiation inversions)

Deeper mixing actually tends to make ozone potential slightly higher as it normally 
means the day is warmer. 

Mode of Daytime Wind Direction
Ozone is generally higher when wind is from a southerly direction vs. other directions. 
This is partly related to worse background sources to the south and southeast, but 
also is related to warmer temperatures.

Change in Max Temperature from Previous 
Day

If there’s an influx of warm air, we’re more likely to get higher ozone values locally, 
than if there’s been a cool down which could indicate a potentially clean frontal 
passage. If we’ve been experiencing well below normal temps, be careful of large 
temperature increases, as AQI may be forecast to be unrealistically high.

Percent of Daytime Hours With Low or 
Medium Clouds

More clouds means less solar radiation, and less energy to promote ozone production. 
Low and mid clouds are more opaque to solar radiation than high clouds, so focus on 
the low and mid clouds.



Ozone Relationships



PM2.5 Relationships

Parameters

Average of the noon 24 hour background at 
10m and 500m

The higher the background concentration, the higher the PM2.5 concentration.

Visibility (24 hour average)
Lower visibility normally leads to higher PM2.5. Worst cases normally have sustained 
visibility below 5 miles.

Change in Max Temperature from Previous 
Day

Warm ups normally lead to higher PM2.5 than cool downs.

Daily Average Mixing Height (Soundings)
For the winter, lower mixing heights means higher PM2.5. Worst cases have sustained 
less than 50 mb of mixing. For the summer, higher mixing can lead to higher PM2.5 
values in cases of smoke mixing down.

Daily Average Precipitable Water 
(Soundings)

Higher PWATs tend to be associated with higher values of PM2.5.

Daily Average Relative Humidity Higher relative humidity normally leads to higher PM2.5 values.

Daily Average Wind Speed Higher wind speeds normally lead to lower PM2.5, unless background is moderate.

Daily Mode of the Wind Direction
Southerly wind direction usually leads to higher PM2.5 than other directions, though 
calm conditions can also lead to higher PM2.5.

Previous Day Wind Direction Mode
Persistent southerly flow could indicate a persistent increase in PM2.5, depending on 
background.

Percent of Daytime Hours with Low or 
Medium Clouds

Usually less mixing with more low clouds, so the higher the percentage the higher the 
PM2.5 values. 



PM2.5 Relationships



Data Sources

• Training Dataset

• Hourly Ozone and PM2.5 measurements

• NWS meteorological data

• Upper air soundings

• Forecasts

• NAM and GFS model forecasts (surface and 
soundings)



AQ Forecast Process

• Current weather conditions are analyzed

• Weather data are processed from forecast 
model output

• Background concentrations are estimated

• Weather inputs and background are refined 
if needed

• AI model is run and AQ forecast is created



Model Results



Air Quality Forecast



Artificial Intelligence Model

• Challenges

• Frontal Boundaries - Ozone

• Wildfire Smoke – PM2.5



Air Quality Alerts: Update, Creation, and Dissemination
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Air Quality Index (AQI) Interagency Workgroups

• Learn more about the health effects 
of air pollution 

• Learn what effects improved AQI 
forecasting may have on health 
outcomes

• How do we measure health 
outcomes based on MPCA AQI 
advisories/alerts

• Learn more about the health effects of 
air pollution 

• Develop consistent messaging between 
departments

• Define target audiences and expand 
reach of messaging to new audiences

• Develop an Interagency Communications 
Plan on Air Quality Alert messaging

AQI Alert & Forecast Messaging GroupAQI Threshold Research Group
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Air Quality Index (AQI) Interagency Workgroups

New Ozone and Fine Particles TemplatesAdvisory Eliminated

26



• Map creation began in Spring 
2016

• Using GIS

• Utilizing various data layers (National 
Weather Service, State of MN, Tribes)

• Analysis/shapefile/export process

• Collaboration with graphics dept

• Integrate on many platforms

• Social Media

• Website

• Media/NWS

Maps for Air Quality Alerts
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Maps Used on Various Platforms
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Maps on TV!
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Alert Platforms for Apps/Print/Video/Phone/Radio/Traffic Signs
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Outreach: Education and Expanding the Message
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Interagency Coordinated Communications

FACEBOOK

@MNPCA

@mnhealth

@mndot

TWITTER

@MnPCA

@mpca_aqi

@mnhealth

@MnDOTnews

E-NEWSLETTERS

MPCA

MDH
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MDH Overview

Pre-
Program 
Launch 

April-May 
2017

SOCIAL MEDIA (MAY)

• Coordinated Agency Posts with Air Quality Awareness Week, May 1-5 #AWAW

• 4 MDH Twitter posts, 2 MDH Facebook posts

Total Impressions/People Reached: 6,182
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MnDOT Overview

Pre-
Program 
Launch 

April-May 
2017

SOCIAL MEDIA 

• Coordinated Agency Posts on 
Facebook with Air Quality 
Awareness Week, May 1-5 
#AQAW

Total People Reached: 7,731
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Pre-
Program 
Launch 

April-May 
2017

SOCIAL MEDIA 

• Weekly sponsored Facebook posts (5/1, 5/11, 5/18, 5/251 6/1)

Total Impressions/People Reached: 32,760

MPCA Overview

4227

6618
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12091

4505
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5/3 Sponsored Post: General AQI

5/11 Sponsored Post: Wildfires

5/18 Sponsored Post: Air cams

5/25 Sponsored Post: NWS

6/1 Sponsored Post: AQI Forecasting

Facebook weekly sponsored posts (5/1 – 6/1)
Total people reached 

Organic reach
6314

Paid reach 
26446

0 5000 10000 15000 20000 25000 30000

Facebook weekly sponsored posts (5/1 – 6/1)
Total reach: Paid vs. Organic
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A Look Back: Outreach + AQI Subscribers

Agency Communication 
Push Dates:
• April 5 (MDH GovDelivery)
• May 1 (MDH & MPCA Twitter & 

Facebook)
• May 2 (MnDOT Facebook, MPCA 

Twitter & Facebook)
• May 3 (MDH & MPCA Twitter & 

Facebook)
• May 4 (MPCA Twitter & Facebook)
• May 11 (MPCA Facebook)
• May 18 (MPCA Facebook)
• May 25 (MPCA Facebook) 
• June 1 (MPCA Facebook)
• June 27 (MDH GovDelivery)
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4/5/2017 4/12/2017 4/19/2017 4/26/2017 5/3/2017 5/10/2017 5/17/2017 5/24/2017 5/31/2017 6/7/2017 6/14/2017 6/21/2017

Outreach + AQI Subscribers
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Social Science Engineering Basic: What is AQI?

Pollutants and EPA Health Breakpoints Air Quality Index (AQI)
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Meeting People to Talk Air Quality

St. Paul Energy Fair

National EPA Air Quality Conference

National Tribal Forum

Science Museum of Minnesota

Various Twin Cities High 
School Career Fairs

National Adaptation Forum

Community Events

Healthcare Conferences
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Outreach at the Biggest Fair in the Country! 
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• 2M fair attendees 
in 12 days

• 252,329 at Eco 
Experience



2018 – Wheels Rolling and Moving Forward
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2018: Forecasts, Alerts, and Outreach

• Forecast Accuracy Improvements 
(with challenges)

• Alert Enhancements

• Outreach Continued
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Wild Fire Smoke Tested the Program in 2018
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Wild Fire Smoke Tested the Program in 2018
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Wild Fire Smoke Tested the Program in 2018

Overall Air Quality Trend: 
Improvement since 1999 44

?



Outreach: The Next Frontier

Health Care Community
• Little info or training of doctors/health care facilities or insurance about air quality

• Air quality a significant factor in health of asthmatics, COPD, and heart disease patients

• Strong need for preventative medicine that includes air quality information for patients

• Training is now available – CDC with information

*Centers for Disease Control and Prevention (CDC), Environmental Protection 
Agency (EPA), and many State Air Quality Agencies
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• MPCA and MDH beginning outreach/collaboration with health 
care community of Twin Cities and greater Minnesota

• Goal is to better inform providers and patients

• Variety of ideas for how to share/provide data and education



Thank you!

Daniel Dix, MPCA

Daniel.Dix@state.mn.us

David Brown, MPCA

David.L.Brown@state.mn.us
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