
Weather: Past, Present, and Future
Iron Range Resources and Rehabilitation:   

Nov 8, 2023

Pete Boulay, MNDNR State Climatology Office
Peter.Boulay@state.mn.us 651-539-2150       

Tower-Sudan State Park: May 20, 2023

mailto:Peter.Boulay@state.mn.us


DNR Climatology Website (since 1992)

• https://climateapps.dnr.state.mn.us

• Started watching weather at age 9

• St. Cloud State University

• Degrees in Meteorology and Broadcasting

• DNR State Climatology Office

• 25 years

• Lots of media interviews

• Weather and History
Catch and Release at Lake Vermilion

Courtesy: Nancy Boulay

https://climateapps.dnr.state.mn.us/


General Information

• A little bit of history.

• Really Wet then Drought.

• Climate Trends.

• Current Conditions.

• What does the future hold? 

• Ask questions anytime.

Walleye Chop on Lake 
Vermilion: May 18, 2022

Courtesy: Pete Boulay



The Past

Northeast Minnesota in the 1870s
Courtesy: Borchert Map Library, University of Minnesota. 



The Past

View of Vermilion Lake and a Boulder in Ely: 1890s
Courtesy: Geology Of Minnesota



The Past

View of Vermilion Lake and a Boulder in Ely: 1890s
Courtesy: Geology Of Minnesota

What’s Missing?



The Past

View of Vermilion Lake and a Boulder in Ely: 1890s
Courtesy: Geology Of Minnesota

Trees!



The Past: Flood of July 19-23 1909

Highest one day rainfall total was 10.75 inches at Beaulieu in 
Mahnomen County. This storm also did extensive damage in 
Duluth and killed two children in the city when they were swept 
out of their mother's arms.”



The Past: Flood of July 19-23 1909

Cleaning up after the Flood in Downtown Duluth  
Courtesy: Minnesota Reflections



Storm of September 9-10, 1947

….75 percent of all the 
basements in Hibbing 
were flooded (with water 
and sewage).



MNgage Volunteer Rain Gage Network



MNgage Volunteer Rain Gage Network

Precipitation Observer Network
                  June 2015

                     State Climatology Office
DNR Division of Ecological and Water Resources

1498 Observers
Soil and Water Conservation Districts
National Weather Service
DNR Forestry
DNR Backyard Network
Watershed Districts
Community Collaborative Rain Hail and Snow 



Flood of June 19-20, 2012



Flood of June 19-20, 2012
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Minnesota Annual Precipitation, 1895-2022

1895-1969: no trend

1970-2022: strong trend, +0.39 inches per decade



Then it turned dry…

Precipitation in 2020 and Departure from Normal



Precipitation in 2021 and Departure from Normal



The 2021 Drought The peak of the 2021 
Drought was August. 

Pelican Rapids, above the 
dam: August 17, 2021

Kenny Blumenfeld



Then… Spring 2022: Flood!



2022: Flood in North, Drought in South.



The 2023 Drought (Currently)



The “wettest” of the droughts? 

11/13/2023 22



The “wettest” of the droughts? 

11/13/2023 23



Faster Warming in Winter, at Night, and With 
Northward Extent

Total temperature change since 1895

+1.9° F

+3.1° F

+3.5° F

+4.9° F

+5.9° F

+7.2° F

-0.6° F

+1.0° F

+1.5° F

Annual Average
(through 2022)

December -
February Lows 
(through 2023)

June - August Highs 
(through 2022)



Average Daily Low Temperatures: 1895-2023

How much average 
daily winter low 

temperatures changed 
(December through 

February), 1895-2023

+4.9°
F

+5.9°
F

+7.2°
F
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Minnesota Average Winter Daily Minimum 
Temperatures (December through February, 

1896-2022)

Trend: +0.48° F per decade

All data from NOAA and accessed as state-averaged values via Minnesota Climate 
Explorer
(https://arcgis.dnr.state.mn.us/ewr/climateexplorer/main/historical)

https://arcgis.dnr.state.mn.us/ewr/climateexplorer/main/historical


Loss of Extreme Winter Cold 

Trend of January Minimum Temperatures for St. Louis County.
From MNDNR Climate Explorer  https://arcgis.dnr.state.mn.us/climateexplorer/main/historical



Loss of Extreme Winter Cold 

Map of Emerald Ash Borer Status
courtesy MN Department of Ag  

Emerald Ash Borer 
arrived in St. Paul in 
2009 and Duluth in 
2015.  Greatly aided 
by human transport.



Loss of Extreme Winter Cold 

Five percent of EAB larvae should die when temperatures reach 0°F, 34 percent 
at -10°F, 79 percent at -20°F, and 98 percent should die at -30° F. 

How cold is too cold for Emerald ash borer?



Snow Depth Declining

11/13/2023 30
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November-March Snow Depth Statistics
Duluth

Avg Nov-Mar Snow Depth Days 6" Snowcover Nov-Mar

Days 12" Snowcover Nov-Mar Days no Snowcover Nov-Mar

+63%

-35%

-25%



• Snow data from NOAA/NWS Cooperative Network, accessed via Applied Climate Information System (ACIS) (https://xmacis.rcc-acis.org/). 
• Temperature data obtained from NOAA via Minnesota Climate Explorer (https://arcgis.dnr.state.mn.us/ewr/climateexplorer/main/historical)
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Average Seasonal Heavy Snow Days (4+ inches) and 
Statewide Average November - April Temperature

Duluth International Falls

Rochester St. Cloud

Twin Cities Statewide Nov-Apr Avg Temps (F)

Heavy Snow Increasing, Even as Winters Warm

https://xmacis.rcc-acis.org/
https://arcgis.dnr.state.mn.us/ewr/climateexplorer/main/historical


The Future??? 



Early October Weather?

11/13/2023 33



Early October Weather?
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What about the winter of 23-24?

11/13/2023 35



What about the winter of 23-24?

11/13/2023 36



More precipitation and more heavy precipitation projected

Projected changes in the number of 
days with very heavy precipitation 

(top 2% of all rainfalls each year) for the 
middle of the current century (2041-
2070) relative to the end of the last 

century (1971-2000) under continued 
emissions (A2 scenario).

Source: 2014 National Climate Assessment, Midwest Chapter

Projected changes in average 
annual precipitation

for the middle of the current 
century (2041-2070) relative 
to the end of the last century 
(1971-2000) under continued 

emissions (A2 scenario).

Source: 2014 National Climate Assessment, Midwest Chapter

What about 2041-2070?

http://nca2014.globalchange.gov/report/regions/midwest
http://nca2014.globalchange.gov/report/regions/midwest


https://climate.umn.edu/MN-CliMAT

Climate Mapping and Analysis Tool



In Summary

1. The 2010s were an extraordinary wet period statewide.

2. Dryness began in 2020, picked up speed in 2021 and 

eased in late 2021. A new drought arrived in 2022.  2023 

drought returned again. 

3. After three winters of La Niña, a fairly strong El Niño in 

store for the winter of 23-24.

4. Even though the trend is for a warmer and wetter climate, 

expect variability. 



Any Questions?
Peter.Boulay@state.mn.us

651-539-2150

mailto:Peter.Boulay@state.mn.us

