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Bottom Line Up Front

● Sharp snowfall gradient near the Lake Superior 
shoreline

● Wind gusts of 40–50 mph combined with heavy, wet 
snow led to numerous power outages and hazardous 
to impassable road conditions

● Subsequent melt-off of record snowpack resulted in 
flooding impacts

● Prolonged period of rain, snow, and high winds 29 April–2 May over Michigan’s Upper 
Peninsula (UP)

● Snowfall totals of 9–18” over the western UP, 24–48” over the north-central; May 
snowfall records broken in some areas

Credit: James Salzwedel



A Spring of Extremes

Warm and dry Warm and dryCool and wet



A Spring of Extremes

Record April Snow 
Depth: 44” 1 Apr

All gone 
by 16 Apr

Record May Snow 
Depth: 20” on 2 May

All gone by 9 May



Time-Mean Synoptic-Scale Flow Pattern

500 mb Mean Heights 5–15 Apr 2023
NCEP/NCAR Reanalysis

500 mb Height Anomaly 5–15 Apr 2023
NCEP/NCAR Reanalysis

UP on western flank of positive height anomaly max during early/mid-April



Time-Mean Synoptic-Scale Flow Pattern

500 mb Mean Heights 16 Apr–3 May 2023
NCEP/NCAR Reanalysis

500 mb Height Anomaly 16 Apr–3 May 2023
NCEP/NCAR Reanalysis

Transition to Rex block-type pattern with anomalous troughing over the Great Lakes and ridging 

over much of central/eastern Canada



Time-Mean Synoptic-Scale Flow Pattern

500 mb Mean Heights 4–30 May 2023
NCEP/NCAR Reanalysis

500 mb Height Anomaly 4–30 May 2023
NCEP/NCAR Reanalysis

Massive ridge took over much of central/western Canada for the rest of May. Mean northwesterly flow over the UP implied 

subsidence, accounting for the dry stretch. This pattern was coincident with the start of the historic fire season in Canada.



500 mb Flow Evolution

21Z 28 Apr
Western North America 
ridge builds downstream 
of pair of vorticity 
maxima in the Eastern 
Pacific



500 mb Flow Evolution

12Z 29 Apr
Building western Canada 
ridge forces area of shear 
vorticity southeastward 
into the Northern Plains



500 mb Flow Evolution

00Z 30 Apr
Vorticity consolidates 
over Iowa, midlevel low 
cuts off over Wisconsin 



500 mb Flow Evolution

00Z 1 May
Midlevel low continues to 
strengthen over Lower 
Michigan. Eastward 
progress blocked by high-
amplitude ridge over 
eastern Canada. Southern 
stream vorticity 
maximum ejects up the 
Eastern Seaboard. 



500 mb Flow Evolution

12Z 1 May
Massive cutoff low 
remains stationary over 
lower Michigan as 
eastern US vorticity 
maximum gets absorbed 
into the circulation 



500 mb Flow Evolution

00Z 2 May
Vorticity maxima 
continue to retrograde 
into the upper Great 
Lakes around the slowly-
weakening low. Low 
remains blocked by bent-
back ridge over eastern 
Canada. 



500 mb Flow Evolution

18Z 2 May
Vorticity maxima 
continue to retrograde 
into the upper Great 
Lakes around the slowly-
weakening low. Low 
remains blocked by bent-
back ridge over eastern 
Canada. 



Integrated Water Vapor Transport

12Z 1 May
Tropical moisture 
transported northward 
via atmospheric river, 
wrapped back around 
retrograding low into the 
Great Lakes  



Integrated Water Vapor Transport

> 90th percentile IVT…from the north! This feed of moisture with Gulf connections was 
key to the extreme precipitation amounts observed during this storm.



Lake 
Superior 
Elevation: 
~600’

Gogebic Range
~1500–1700’

Porcupine 
Mountains: 
~1500–1900’ Mt. Arvon 

(MI high point)
1979’

Herman COOP
1740’

Upper Peninsula Topography

Michigamme 
Highlands: 
~1500–1900’



Lake 
Superior 
Elevation: 
~600’

Gogebic Range
~1500–1700’

Porcupine 
Mountains: 
~1500–1900’ Mt. Arvon 

(MI high point)
1979’

Herman COOP
1740’

Upper Peninsula Topography

Michigamme 
Highlands: 
~1500–1900’

WFO MQT 
~1400’ 

Marquette 
Lakeshore
~600’ 

Inset: Marquette County
Pop. 67,000
Size of Rhode Island



Round 2: Northern UP, 01.00Z–02.18Z

● Midlevel low center elongates and 
drifts east

● Spokes of vorticity wrap around the 
low and move over the UP from the 
northeast

● Continued robust moist conveyor 
belt
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Round 2: Northern UP, 01.00Z–02.18Z

● Area of frontogenesis in the 700–
600 mb layer accounts for uptick in 
precip coverage 01.00–12Z

● Little frontogenesis noted 
thereafter, coinciding with precip 
focused on orographically favored 
areas
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Round 2: Northern UP, 01.00Z–02.18Z

● 925 mb omega highlights 
orographically favored areas in 
north-northwesterly low-level flow

● Actual precip amounts modulated 
by availability of deep layer 
moisture (e.g., greater amounts 
over the north-central compared 
with the west)



Round 2: Northern UP, 01.00Z–02.18Z

28 Apr 29 Apr 30 Apr 1 May 2 May

Quick increase 
in ascent, 
moisture

Deep ascent 
intersecting 
DGZ

Freezing level 
plummets

Mainly 
orographic lift 
below DGZ



Round 2: Northern UP, 01.00Z–02.18Z

Moist conveyor belt 
evident in the parcel 
ending at 1000 m

Low-level cold airmass 
source of Hudson Bay 
evident in parcels 
ending at 250/500 m

P-type transition from rain 
to snow occurred quickly 
due to cooling from 
dynamic lift, latent cooling 
due to evaporation and 
melting, advection as 
winds went northerly and 
strengthened
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Observations
0015Z
1 May 2023

KMQT 0.5° Z KMQT 0.5° CC

Increase in CC 
coincident with 
increasing lift, 
changeover 
from rain to 
snow



Observations
0216Z
1 May 2023

KMQT 0.5° Z KMQT 0.5° CC

Increase in CC 
coincident with 
increasing lift, 
changeover 
from rain to 
snow



Observations



Observations



Records

POR: 1961 
to present



Observations/Records

Station Snowfall Appx. liquid 

equiv. as snow

Appx. SLR

Herman 52.0” 6.45” 8:1

Carlshend 29.3” 5.90” 5:1

WFO MQT 28.7” 4.45” 6:1

7.2 SW Ishpeming 22.7” 4.09” 6:1

11.1 SW Munising 19.0” 4.32” 4:1



Impacts

Credit: Daniel Jablonski

Credit: Evan Kutta

● Difficult to 
impossible 
travel conditions

● Traffic accidents
● Heavy/wet snow 

difficult to 
remove

Credit: James SalzwedelCredit: James Salzwedel

Credit: James Salzwedel



Impacts

● At least 10k power 
outages

● At least a third of 
customers in 
Marquette/Baraga 
Counties lost 
power

poweroutage.us



Impacts

Images and quotes from North 
Country Trail Association 
Marquette Chapter Facebook Page

● At least 10k power outages
● Extensive tree damage“Jack pine stand completely 

obliterated”

Credit: Nancy Kreft

Credit: Brad Slagle

“Climbed over hundreds of 
downed trees”

Credit: Michael Sekely

Credit: Michael Sekely



Impacts
Image Credit: TV6

● Subsequent thaw was not 
accompanied by additional 
rainfall, so flooding impacts 
were mainly minor

● However, there were fairly 
widespread reports of 
nuisance/basement flooding

● One instance of a house 
evacuated due to water 
backing up at a lake outlet

● Lots of standing water during 
mosquito breeding season 



Predictability

● ECMWF EFI/SoT highlighted potential for an unusual 
event as early as the 168h forecast

● Highest values shifted east between the 84h and 36h 
forecast

● EFI values approaching 1.0 indicated all ensemble 
members were beyond the model climate

EFI (Extreme Forecast Index): 
Difference between EPS and M-Climate CDF

SoT (Shift of Tails): 
Comparison of top 10% of EPS and M-Climate CDF
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Predictability

● HREF mean and PMM forecasted extreme snowfall 
amounts. PMM was a bit overdone.



Predictability
WFO MQT 
~1400’

Marquette 
Lakeshore (~600’)

01.01Z 
NBM

Significant challenges 
related to p-type and 
resulting accumulation 
near the lakeshore



Messaging Challenges

● Sharp gradients in snowfall amounts 
and resulting impacts

● Long-duration, multi-hazard storm with 
areas of impact varying in space and 
time

● Unusual/historic/unprecedented event

● Temps in the 80s two weeks ago -
many may have thought winter was 
over

● Headline management 



Messaging

● WFO MQT began highlighting potential for impactful weather as early as 27 April in 
Hazardous Weather Outlook 

● AFD compared this storm to previous May storm of record in the UP

● As impacts unfolded, stronger wording was used



Messaging

WFO MQT 
social media 
post 30 Apr 
7:19 am



Messaging

WFO MQT 
DSS briefing 
slide 30 Apr 
10:47 am



Messaging

WFO MQT 
social media 
post 1 May 
3:15 pm

Reach (this post): 
486,740

Reach (all other posts from 
April 30–May 1 combined): 
81,025



Conclusions/Credits

● Historic late-season winter storm brought record 
snowfall and high winds to the UP, resulting in 
dangerous travel conditions, extensive tree 
damage, and numerous power outages

● Slow-moving cutoff low entrained Gulf/Atlantic 
moisture, providing favorable conditions for a 
long-duration, heavy precip event

● Spatial extent of heavy snowfall was modulated 
by terrain

● Cooling due to dynamic and orographic lift, 
latent cooling due to melting and evaporating 
hydrometeors, and a cold air supply modified 
little by a cold Lake Superior were all factors that 
led to the precip type remaining mostly snow

● Evan Kutta, WFO MQT
○ Proofreading

● Nick Langlieb, WFO MQT
○ Technical support

● Ryan Connelly, Aviation 
Weather Center

○ Code for graphics production

Conclusions Credits


