Intelligent and Interactive

Air Quality Forecasting

~ |MPCA use of environmental data,
artificial intelligence, and

technology to predict air quality

and inform the public
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Air Quality Index (AQl) Forecast Locations

MPCA Air Quality Forecast Locations
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Artificia

| Intelligence (Al) Model

MPCA developed air quality prediction
system utilizing machine learning, an
artificial intelligence model

Why machine learning?

Accessibility

Computational Requirements
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The DataCamp Team

#The target is set to the colunn with the 3 howr average concentrations

#as thot s the coldnn the AT needs to learn from and {t°s what we're

#trping o predict.

target_reg = train["Max fvgsHr™].values

#The feoture Fforest {5 the set of paraneters the AI should wse to moke

#its predictions.

features_forest_reg = train[["Month","Temp F Sunup Max","Rh Sunup Avg","Background 18M 508M Awg 24Hr Ozone Heoon Fpb™,
Weight_wal = np.arrayi(train[“Weight”].values)

#hic then set wp @ random Forest regressor controlling the depth, the

#minimem sanples reguired to moke @ begf in o decision tree, the

#nunber of decision trees, and the random stote.

forest_reg = RandomForestRegressor({max depth = 1@, min_samples_leaf = 5, n_estimators = 1228, random state = 1)
#The AX model {s Fit o the doto wusing the poraneters above.

my_forest_reg = forest_reg. fit(feastures_forest reg,target_reg, sample weight = Weight_wval)

#peintiny Forest_reg.feature importonces )
#printiny forest reg. score(features Forest_reg, target_regl)

#The test feotures are the Feotures in the met dotoset thot the A should

#use o predict the target.

test_features_reg = test[[“Month™,"Temp F Sunup Max™,"Rh Sunup Avg"™,"Background 1@M S88M Avg 24Hr Ozone Neoon Ppb™,"Mi
#The model Fit above {5 then used to maoke the predictions.

pred_forest_reg = my_forest_reg.predict(test_festures_reg)

# Cregte o doto Frane with two colunns
DayIndex =np.arrayitest[“Index™]).astypeiint)
my_solution_reg = pd.DataFrame(pred_forest_reg, DayIndex, columns = ["Max AvgsHR"])

# birite your solution to o csv File with the nane my_solution_reg.csv.
#Initially each Forecast site getrs on individual forecast Ffile created.
my_solution_reg.to_csw("M:/fgency_Files/Cutcomes/Risk_Ewal_#ir_Mod/Air_Modeling/&Q0I_Forecasting/Tree Data/Forecast/AQ


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

Air Quality Forecast Process

Current weather conditions are analyzed

Weather data are processed from forecast model
output (variety of meteorological model guidance)

Background (air quality monitor-derived)
concentrations are estimated

Weather inputs and background are refined if
needed
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Air Quality Forecast Display Platforms
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What Exactly is Being Forecasted?

v'Wildfire smoke impacts
v'Prescribed fire impacts — in state/regional

v'Ground-level ozone
v'Winter stagnation
v'Recreational/winter time wood burning

v’ Agricultural activity impacts — dust during harvest, fall fertilizing

v'Dust storm impacts

v *Special Events: Industrial accidents, etc.



Wildfire Smoke Tested the Program in 2017, 2018, and 2019

Minnesota AQI report PM2.5 results in ug/m3
Freliminary results for Thursday Aug 09, 2015 Site Obs count Monitored MPCA Ensemble Big RF GradBoost Robot
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Heavy Smoke Transports South into Minnesota

Ontario @ Forest Fire Info Map

Ministry of Natural Resources and Forestry
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Current conditions
Last Updated: 07/06/2019 9AM CDT
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Things Learned and Future Items to be included as
Additional Tools and Techniques to
Improve Analysis and Forecasting

Minnesota Oogle Machine results:

Expand the air monitor/sensor detection network

More web cameras and weather stations

Utilize more remote sensing data




Air Quality Monitoring/Sensor Network
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Remote Sensing: Satellite Data
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NASA MODIS

GeoColor/True-Color
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Band 7: Shortwave IR
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MPCA Actions

v’ Continued research on
air quality forecasting

v Improving Al modeling

v Adding more data/obs

v’ Increased meteorologist
experience

v' Outreach/Education

Future — What does it hold for AQ
Forecasting and Alerting

Increased Frequency?

» Wildfire smoke pollutants
» Warm season ozone

» Wintertime stagnation

» Agric/Industrial Effects

Evolving Climate
in Minnesota

Warming Temperatures
(Winter & Summer)
Increasing Moisture
Droughts?

Wildfires in North Woods

Beyond Minnesota

* Wildfire threats
* Regional transport of

ozone pollutants

* Dramatic storm events




Thank You!

Nick Witcraft David Brown Daniel Dix

Nicholas.Witcraft@state.mn.us David.L.Brown@state.mn.us  Daniel.Dix@state.mn.us

m MINNESOTA POLLUTION AQl Email: agi.pca@state.mn.us AQl Phone (Meteorologists) 612-251-5703

CONTROL AGENCY




