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Meteorological “Winter” 2023-2024:
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Accumulated Winter 
Season Severity 

Index (AWSSI) as of 
March 24, 2024 from 
the Midwest Regional 

Climate Center 
(MRCC)

The AWSSI combines snowfall, snow depth, maximum temperature and minimum temperature into a 
single number whose goal is to objectively quantify the severity, or mildness, of the winter season in a 
given location. The MRCC says that “ …the severity of a winter is related to the intensity and 
persistence of cold weather, the amount of snow, and the amount and persistence of snow on the 
ground”. This index uses data going back to 1950.
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We know this past winter was mild in the UP. But how mild was it?

As of March 24, 
2024, the AWSSI for 
Ironwood, Herman, 
Marquette, and 
Sault Ste. Marie all 
indicate a record 
mild winter.

https://mrcc.purdue.edu/research/awssi


Upper Midwest seasonal average temperature and seasonal average 
temperature departure from mean, Dec. 1, 2023 - Feb. 29, 2024

Most of the UP 
experienced an 
average seasonal 
temperature between 
20ºF and 30ºF. This 
represents a 
departure from the 
mean climatic 
average temperature 
of between 6ºF and 
10ºF for most of the 
UP.
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Upper Midwest monthly temperature departure from climatic mean, Dec. 
2023, Jan. 2024, and Feb. 2024

December and February were particularly anomalously warm in the UP, with temperature departures ranging 
from 6ºF to 11ºF above the climatic mean, and high temperatures being concentrated in the western half of 
the UP. January’s temperature departures, though still positive, were much closer to the climatic normal.
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At the locations examined, average 
seasonal maximum temperatures ranged 
from 4ºF to 9ºF above climate normals.

Location Avg. Seasonal Max. 
Temp. Anomaly (ºF)

Ironwood 8.6

Iron Mountain 7.6

Hancock-Houghton 9.1

Negaunee (MQT WFO) 7.7

Munising 6.6

Manistique 4.3

Location Avg. Seasonal Min. 
Temp. Anomaly (ºF)

Ironwood 10.4

Iron Mountain 10.9

Hancock-Houghton 10.4

Negaunee (MQT WFO) 9.1

Munising 8.4

Manistique 8.0

At the locations examined, average 
seasonal minimum temperatures 
ranged from 8ºF to 11ºF above climate 
normals.

Average Seasonal Maximum and Minimum Temperature Anomalies - 
specific locations around UP

The stations were chosen because they were spread 
spatially throughout the CWA and because they have 
long, reliable historical temperature records.
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Temperatures at Ironwood broke the record for maximum daytime high temperature five 
times this season: 12/8, 12/15, 12/27, 2/9, 2/28
Period of record: 1901 - present

Seasonal Time Series for Ironwood, MI – western UP
The following series of graphs show daily maximum and minimum temperatures from Dec. 1, 2023 through Feb. 
29, 2024 as well as climatic normal temperatures and record daily high and low temperatures.
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Seasonal Time Series for Iron Mountain-Kingsford – south-central UP

Temperatures at Iron Mountain-Kingsford broke the record for maximum daytime high 
temperature six times this season: 12/26, 12/27, 2/1, 2/21, 2/23, 2/28
Period of record: 1899 - present Marquette
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Temperatures at Hancock-Houghton Airport broke the record for maximum daytime high 
temperature ten times this season: 12/8, 12/14, 12/15, 12/23, 12/24, 12/25, 1/31, 2/7, 2/8, 2/9
Period of record: 1887 - present 

Seasonal Time Series for Hancock-Houghton – Keewenaw
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Temperatures in Negaunee at the Marquette WFO broke the record for maximum daytime high 
temperature eight times this season: 12/7, 12/14, 12/17, 12/25, 1/31, 2/9, 2/20, 2/27
Record dates to 1961.

Seasonal Time Series for Negaunee (MQT WFO) – north-central UP

Marquette

May 2024



Temperatures in Munising broke the record for maximum daytime high temperature 
at least seven times this season: 12/15, 12/25, 12/26, 12/27, 2/1, 2/9, 2/28
Record dates to 1911.

Seasonal Time Series for Munising – north-eastern UP
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Temperatures in Manistique broke the record for maximum daytime high temperature zero 
times this season.
Record dates to 1896.

Seasonal Time Series for Manistique – southeastern UP
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Manistique – top ten highest seasonal average maximum daily 
temperatures

Even though single-day maximum high 
temperatures did not break the 
historical record in Manistique this past 
winter, it was still a warm winter.

In 2023-2024, Manistique experienced 
its fifth warmest seasonally-averaged 
daily maximum high temperature on 
record. 
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This graph shows the 
sea surface 
temperature of Lake 
Superior throughout 
2023 relative to the 
1995 - 2022 average. 
On Dec. 31, 2023 Lake 
Superior SST was at 
~40ºF, with the 
average being ~37.5ºF 
(bottom right).

2023 Lake Superior Surface Temperature
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Looking at the tan line in 
the bottom left quadrant 
of the graph, we can see 
that the lake surface 
temperature in 2024 is 
(so far) warmer than 
most other years 
depicted here.

The red and green curves 
highlight the entire year’s 
curve of the maximum and 
minimum SST on the day 
the data was accessed.

2024 Lake Superior Temperature, with Past Years and Historic Average
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The winter of 
2023-24 was 
among those 
with the least 
ice cover on 
Lake Superior.

Lake Superior Seasonal Historic Ice Cover



While Lake Michigan’s 
ice cover for winter 
2023-24 was much 
closer to average than 
Lake Superior, it was 
still well below 
average.

Lake Michigan Seasonal Historic Ice Cover



Maximum ice coverage 
on Lake Superior 
typically occurs between 
the end of February and 
early March. For Lake 
Michigan, this usually 
occurs between  
mid-February and the 
end of February. This 
past winter, maximum ice 
on the Great Lakes 
occurred in late January 
thanks to anomalously 
warm temperatures for 
most of the winter, except 
for a cold snap in early 
January.

Lakes Superior and Michigan Historic Maximum Ice Cover
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For the 2023-24 
season, maximum ice 
cover on the Great 
Lakes occurred on 
approximately Jan. 23, 
2024, with almost 14% 
of the lakes covered in 
ice.

2023-24 Great Lakes Ice Cover: a spatial view
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Upper Midwest accumulated precipitation and accumulated precipitation 
percent of mean, Dec. 1, 2023 - Feb. 29, 2024

Most of the UP 
experienced seasonal 
liquid precipitation 
accumulations between 
3 and 5 inches, with 
higher amounts along 
the Lake Superior 
shoreline of the eastern 
UP. These amounts 
represent between 50% 
and 75% of normal 
accumulations in the 
western UP, and 
between 75% and 100% 
of normal accumulations 
in the eastern UP.
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Upper Midwest accumulated precipitation and accumulated precipitation 
percent of mean, Dec. 2023, Jan. 2024, and Feb. 2024

December in the Upper Midwest was largely anomalously dry, with some regions experiencing below normal 
precipitation; in January these geographic patterns mostly swapped geospatially and showed more divergence 
between values. In February, the entirety of the Upper Midwest showed well below normal precipitation 
accumulations. For the UP, December was somewhat dry, with January being drier, and February even drier.
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Ironwood Water Year Historic Snowfall, Oct. 1 – April 30

Between 1917 and 
2024, the 2023-24 
water year at 
Ironwood ranked as 
receiving the least 
amount of snowfall, 
with 66.3 total 
inches.

Between Dec. 1, 2023 
and Feb. 29, 2024 
Ironwood experienced 
20 days with 
snowpack of less than 
one inch, which was 
the 2nd most of any 
season between 1917- 
2024. Marquette
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Iron Mountain Water Year Historic Snowfall, Oct. 1 – April 30

Between 1900 
and 2024, the 
2023-24 water 
year at Iron 
Mountain ranked 
as receiving the 
6th lowest 
amount of 
snowfall, with 30.9 
total inches.

Between Dec. 1, 
2023 and Feb. 29, 
2024 Iron Mountain 
experienced 53 days 
with snowpack of less 
than one inch, which 
was the most of any 
season  between 
1900- 2024.Marquette
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MQT WFO (Negaunee) Water Year Historic Snowfall, Oct. 1 – April 30

Between 1970 and 
2024, the 2023-24 
water year at 
WFO MQT ranked 
as receiving the 
6th lowest 
amount of 
snowfall, with 
126.5 total 
inches.

Between Dec. 1, 2023 
and Feb. 29, 2024 MQT 
WFO in Negaunee 
experienced 11 days 
with snowpack of less 
than one inch, which 
was the 2nd most of 
any season  between 
1970 - 2024.
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 Delaware (Keweenaw) Water Year Snowfall Oct. 1 – April 30

This data is available from the Keweenaw 
County Road Commission. Snow depth 
data is not easily available.

Between 2007 and 2024, the 
2023-24 water year in 
Delaware ranked as 
receiving the lowest amount 
of snowfall, with 153.25 
inches. Marquette

May 2024

https://www.keweenawcountyonline.org/snowfall2.php
https://www.keweenawcountyonline.org/snowfall2.php


Munising Water Year Historic Snowfall, Oct. 1 – April 30

Between 1912 
and 2024, the 
2023-24 water 
year at Munising 
ranked as 
receiving the 9th 
lowest seasonal 
snowfall amount 
with 101.7 
inches.

Between Dec. 1, 2023 
and Feb. 29, 2024 
Munising experienced 10 
days with snowpack of 
less than one inch, which 
was the 9th most of any 
season  between 1902 - 
2024. Marquette

May 2024



Manistique Seasonal Historic Snowfall, Dec. 1 - Feb. 29

Between 1897 and 
2024, the 2023-24 
water year at 
Manistique ranked 
as receiving the 7th 
lowest amount of 
snowfall in inches, 
with 33.0 total 
inches.

Between Dec. 1, 2023 
and Feb. 29, 2024, 
Manistique experienced 
41 days with snowpack 
of less than one inch, 
which was the 2nd most 
of any season  between 
1897 - 2024.
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Dec. 1 2023

Snow Depth, Dec. 1 – Feb. 29

Jan. 1, 2024

Feb. 1,  2024 Feb. 29, 2024

These 
maps show 
satellite- 
derived 
snow depth 
throughout 
the winter 
season. 
Data from 
NOHRSC's 
Interactive 
Map.

https://www.nohrsc.noaa.gov/interactive/html/map.html
https://www.nohrsc.noaa.gov/interactive/html/map.html
https://www.nohrsc.noaa.gov/interactive/html/map.html


Snow depth from normal
Snow Depth Departure from Normal, Dec. 1 – Feb. 29

These 
maps show 
satellite- 
derived 
snow depth 
anomaly 
throughout 
the winter 
season. 
Data from 
NOHRSC's 
Interactive 
Map.

Dec. 1 2023 Jan. 1, 2024

Feb. 1,  2024 Feb. 29, 2024

https://www.nohrsc.noaa.gov/interactive/html/map.html
https://www.nohrsc.noaa.gov/interactive/html/map.html
https://www.nohrsc.noaa.gov/interactive/html/map.html


Ironwood Winds, 2023-24 (left) and Historical (right), Dec. 1 – Feb. 29

All wind roses generated on Iowa State University Mesonet May 2024.

https://mesonet.agron.iastate.edu/sites/windrose.phtml?station=AMW&network=IA_ASOS
https://mesonet.agron.iastate.edu/sites/windrose.phtml?station=AMW&network=IA_ASOS
https://mesonet.agron.iastate.edu/


Iron Mountain Winds, 2023-24 (left) and Historical (right), Dec. 1 – Feb. 29



Hancock Winds, 2023-24 (left) and Historical (right), Dec. 1 – Feb. 29



Gwinn/Sawyer Winds, 2023-24 (left) and Historical (right), Dec. 1 – Feb. 29



Munising Winds, 2023-24 (left) and Historical (right), Dec. 1 – Feb. 29



Manistique Winds, 2023-24 (left) and Historical (right), Dec. 1 – Feb. 29



500 mb Geopotential Heights Mean and Anomaly, Dec. 1 – Feb. 29

Over the 2023-24 winter season, positive 500 mb height anomalies centered over Ontario 
extended south over much of the Upper Midwest. These geopotential height anomalies 
reflect the unusually warm airmasses over the Great Lakes this past winter. Marquette
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https://psl.noaa.gov/data/composites/day/
https://psl.noaa.gov/data/composites/day/
https://psl.noaa.gov/data/composites/day/
https://psl.noaa.gov/data/composites/day/
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El Niño Pattern, Winter 2023-24

El Niño was a large driver of 
warm temperatures in the 
Great Lakes region this past 
winter. The Oceanic Niño 
Index (ONI), which represents 
SST anomalies in the Niño 
region 3.4, was +1.8 ºC for the 
months of Dec-Jan-Feb. This 
indicates a very strong El Niño 
pattern.

The graphic to the left shows 
sea surface temperature 
anomalies for the four Nino 
regions (see graphic below) 
June 2023 through May 2024. 
This anomaly increases 
noticeably throughout the 
2023-24 winter months.

https://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_advisory/ensodisc.pdf
https://www.cpc.ncep.noaa.gov/products/CDB/CDB_Archive_pdf/PDF/CDB.feb2024_color.pdf
https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php
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What does El Niño mean for the UP?

We can expect a typical El 
Niño pattern to produce 
warmer winter temperatures 
in the UP. From the 
anomalously high 500 mb 
heights, we know that this 
was the case this past 
winter. So we can say that 
our warm temperatures 
were at least in part 
attributable to a strong El 
Niño pattern persisting 
throughout the winter 
2023-24.

https://www.climate.gov/enso
https://www.climate.gov/enso


The map to the left shows that the 
anomalous winter warmth of 2023-24 was 
not isolated to the UP; it affected the entire 
Upper Midwest. The smaller map above 
shows this trend is not isolated temporally; 
six-month temperature anomalies Nov. 
2023 through April 2024 are even higher 
than the Dec. 2023 - Jan. 2024 ones.

National Temperature Anomaly, Dec. 2023 - Feb. 2024

Temperature maps generated through NCEI's Climate Monitoring "U.S. Maps" page.
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https://www.ncei.noaa.gov/access/monitoring/us-maps/


The anomalous warmth of winter 
2023-24 was felt throughout the 
CONUS, as every state saw above 
average temperatures. It was most 
pronounced in the Upper Midwest and 
Northeast states, with states from 
North Dakota to New Hampshire 
experiencing their warmest winter on 
record.

Statewide Average Temperature Ranks, Dec. 2023 - Feb. 2024

Temperature maps generated through NCEI's Climate Monitoring "U.S. Maps" page.
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https://www.ncei.noaa.gov/access/monitoring/us-maps/


Northern Hemisphere Snow Cover Extent Anomaly, Dec. - Feb.
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Abnormal snow cover extent was not confined to America’s Upper Midwest. In December and February, 
northern China and Mongolia underwent noticeably higher snow cover amounts than typical. In Feburary, 
most of Europe experienced anomalously low snow cover. Data from Rutgers Global Snow Laboratory.

https://climate.rutgers.edu/snowcover/index.php


UP Winter 2023-24 Summary

→ December was 7-11°F above normal and received 50 - 100% of normal precipitation.
→ January was 3-5°F above normal and received 50 - 75% of normal precipitation.
→ February was 6-12°F above normal and received 25 - 75% of normal precipitation.

Though the entire Upper Peninsula experienced an extremely mild winter, conditions were less extreme in the 
eastern UP. The western and southern UP and the Keweenaw experienced higher positive temperature anomalies 
and higher negative precipitation anomalies. 

Notably, in the Keweenaw:
→ the seasonal average daily maximum temperature anomaly at Houghton-Hancock was the highest of the 
locations we sampled, at 9.1ºF above the climatic normal
→ the seasonal average daily minimum temperature anomaly at Houghton-Hancock was the second highest of 
locations we sampled, at 10.4ºF above the climatic normal
→ snow data sampled in the Delaware area shows the least amount of the snowfall in the past 18 years

Despite recording between 30 and 150 inches of snow falling in locations around the UP between December 1 and 
February 29, the extremely high temperatures melted existing snowpack. Locations recorded as high as 53 days and 
as low as 10 days with snowpack of less than one inch. Marquette
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So…how mild was it?

This chart shows 
the 2023-2024 
season AWSSI for 
Marquette as of 
May 14, 2024 in 
black with the ten 
seasons closest to 
this seasons AWSSI 
score in colored 
lines. For most of 
the 2023-24 
season, the AWSSI 
sits well below any 
other years’ scores.
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So…how mild was it?

This chart shows the 
2023-2024 season 
AWSSI for Ironwood 
as of May 18, 2024 in 
black with the ten 
seasons closest to 
this seasons AWSSI 
score in colored lines.

Ironwood’s 2023-24 
AWSSI score sits 
remarkably below the 
other years’ scores 
from mid-December 
onward.

So how mild was it?

Extremely mild.
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If you want to know more
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Links to sources 
and more learning 
can be found 
throughout the 
slides in the text 
and on images. To 
the left is an 
easy-reading report 
put out by the 
Midwest Regional 
Climate Center.

https://mrcc.geddes.rcac.purdue.edu/climatesummaries/1583

