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Lake Superior almost 
completely frozen over 

February 9, 1979

63 degrees F at Canby, MN 
February 9, 1991

-59 degrees F at Leech Lake, MN
February 9, 1899

15” of  snowfall  at 
Albert Lea, MN  
March 6, 1909
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Chronology of Minnesota Weather and Climate-Related
Disasters: A sample listing since 1976
1976 Drought-Creation of Extension Climatologist Faculty Position
1978 flash floods in Rochester area (Zumbro R. July and Sept) 
1979 flooding, late planting, delayed harvest
1980 drought in western MN counties
Threat of snow loads in winters of 1981-82, 1983-84. 2000-2001, 2010-2011
1983, 1995, 1999, 2001, 2005, 2011 Heat Waves (Health and Livestock Stress)
1984 drought in western Minnesota
1987 , 1989, 2013 severe winterkill of forage crops
1988* drought statewide
1989 Red River spring flooding
1991 floods in southern Minnesota
1992 Chandler tornado
1993 floods on Minnesota and Mississippi Rivers
1995 derecho Itasca State Park and heat wave
1997* statewide spring floods
1998* March tornado outbreak in southern MN
1999 derecho in BWCA and heat wave
*Denotes over $1 billion in losses



Chronology of Minnesota Weather and Climate-Related 
Disasters: A sample listing  (continued)

2000 Granite Falls Tornado
2001 spring floods on Minnesota and Mississippi Rivers
2002 flash floods in northern Minnesota
2004 flash floods in southern Minnesota
2007 Flash floods in SE Minnesota (simultaneous with drought)
2005-2012 Drought response every summer
2009 Red River spring snow melt flooding (66 days Moorhead)
2010 Tornado Outbreak (48 on June 17th, 113 total), Red River Flooding
2011 Red River Flooding/Hennepin/Anoka Tornadoes
2012 Flash floods Cannon River and Duluth (simultaneous with drought)
2013Winterkill, April Ice Storm, Prevented Planting from a wet spring
2014 Wet Spring, Prevented Planting, June Flooding



Disparity in the pace of climate change and the response to it



Temp trend is upward and more frequently above the 
90th percentile



Seasonal Temperature Trends in MN

Winter (D,J,F) Spring (M,A,M)

Summer (J,J,A) Fall (S,O,N)



Trends in average winter minimum 
temperatures Rochester, MN 

Period of Record

1951 - 1980

1961 - 1990

1971 - 2000

1981 - 2010

1951 - 1980

1961 - 1990

1971 - 2000

1981 - 2010

1951 - 1980

1961 - 1990

1971 – 2000

1981 - 2010

Ave Min Temp in Deg. F

Jan 1.9

Jan 2.7

Jan 3.7

Jan 7.7

Feb 7.6

Feb 8.1

Feb 10.6

Feb 12.4

Mar 19.2

Mar 21.3

Mar 22.6

Mar 24.3



Trends in average winter minimum 
temperatures Milan, MN 

Period of Record

1951 - 1980

1961 - 1990

1971 - 2000

1981 - 2010

1951 - 1980

1961 - 1990

1971 - 2000

1981 - 2010

1951 - 1980

1961 - 1990

1971 – 2000

1981 - 2010

Ave Min Temp in Deg. F

Jan -4.3

Jan -0.9

Jan  0.3

Jan  3.7

Feb 2.3

Feb 5.3

Feb 8.2

Feb 9.3

Mar 15.1

Mar 19.2

Mar 21.0

Mar 22.0



Trends in mean monthly temperatures at Austin, MN 
1971-2000 normals vs 1981-2010 normals (F)

Month             Min Change      Max Change     Mean Change
January                   +3.0                 +2.1                      +2.5
February                 +0.1                  +0.2                      +0.1
March                       -0.1                   -0.1                       -0.2
April                         +1.3                  +0.2                      +0.7
May                           +0.9                  -0.8                       +0.1 
June                         +1.6                  -0.4                       +0.5
July                           +1.1                  +0.2                      +0.7
August                     +1.6                  +0.4                      +1.0
September             +1.3                   +0.6                     +1.0
October                   +1.7                   -0.3                      +0.7
November               +2.1                  +1.7                     +1.9
December               +2.2                  +1.4                     +1.8                              



Trends in mean monthly temperatures at Willmar 
1971-2000 normals vs 1981-2010 normals (F)

Month             Min Change      Max Change     Mean Change
January                   +3.4                 +1.5                      +2.9
February                 +0.8                 +0.9                      +0.8
March                      +0.9                  +1.2                      +1.0
April                         +0.7                  +1.5                      +1.1
May                           +0.1                  -0.1                        NC 
June                         +0.5                  +0.2                      +0.3
July                           +0.7                 +0.5                       +0.6
August                     +0.4                 +0.7                       +0.5
September             +0.9                  +1.0                      +0.9
October                   +0.5                 +0.5                      +0.5
November               +1.3                 +2.3                      +1.7
December               +2.1                 +1.7                      +1.8                              
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Minnesota State-Averaged Temperature Trends
1895-2013

Maximum Temperature Trend Minimum Temperature Trend Difference (Max minus Min)









Great Lakes Region (32°F threshold)
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Length Spring Fall Source: K. Kunkel, Midwest. Reg. Clim. Center



Average change in the length of  the growing season 
for the 48 contiguous states in the USA (EPA)



Autumn date when 4” soil temperature falls below 50°F
From Northern Iowa



Consequences of Warm Winters and Higher 
Minimum Temperatures

• Change in depth and duration of soil and lake 
freezing

• More rapid breakdown of crop residues
• Later fall nitrogen applications (soil temp too high)
• Change in survival rates of insect pests, parasites, 

plant pathogens, and soil microbes
• Reduced energy use for heating (HDD)
• Increased number of freeze/thaw cycles (damaged 

roads)
• Change in Plant Hardiness Zones
• Longer growing seasons
• Change in exposure times to mold and allergens



Geographic Disparity in Precipitation Change-IPCC 2013



Average Annual PPT 1891-1920, in Average Annual PPT 1921-1950, in

Average Annual PPT 1951-1980, in Average Annual PPT 1981-2010, in

Avg. Annual PPT, in
< 20
21 - 25
26 - 28
29 - 30
> 30

Source: MN-SCO





Winter-D,J,F Spring-M,A,M

Summer-J,J,A

Fall-S,O,N

Seasonality in MN Precipitation Trends



Change in Annual Precipitation
Normals at Milan, MN

PERIOD AMOUNT (IN.)

1921-1950 21.53”
1931-1960 23.57”
1941-1970 25.53”
1951-1980 25.13”
1961-1990 24.12”
1971-2000 24.71”
1981-2010                    26.14”

21 percent increase since 1921-1950
Extremes 7.91” in 1976, 39.58” in 1995



Change in Annual Precipitation
“Normals” at Faribault, MN

PERIOD AMOUNT (IN.)

1921-1950 24.80”
1931-1960 27.06”
1941-1970 29.49”
1951-1980 30.30”
1961-1990 31.00”
1971-2000 31.67”
1981-2010                    32.63”

31 percent increase since 1921-1950 period
Extremes: 10.81” in 1910, 42.20” in 1951



Change in Annual Precipitation
“Normals” at Waseca, MN

PERIOD AMOUNT (IN.)

1921-1950 27.55”
1931-1960 27.82”
1941-1970 29.94”
1951-1980 30.62”
1961-1990 32.45”
1971-2000 34.69”
1981-2010                    35.72”

30 percent increase since 1921-1950 period
Extremes 17.43” 1976; 50.46” 1991



Quantity

Type (liquid,frozen)

Intensity (9-15”)

Frequency (74-145 days)

Duration (10 days)

Seasonality (shifting)

Landscape relationship

(interception, absorption, 
runoff, evaporation)

Measurable 
Attributes of  
Precipitation







Access to NOAA-Atlas 14
On the Web is cursor-
based graphical and 
tabular access to the most 
current data base from 
NCDC

WEB SITE:
http://www.dnr.state.mn.us/climate/noaa_atlas_14.html



NOAA
Atlas 14

Data for
Mankato, MN



from Brooks et al, NOAA-SSL, 2012



48 on June 17, 2010

First ever EF-5 Tornado in Canada, 
(Elie, Manitoba) June 22, 2007

First 4 inch thunderstorm rainfall
Churchill, Manitoba, Aug 24, 2010



Shift in 
Precipitation 
Recurrence 

Intervals

Three one  
thousand year 

events since 2004



MN Counties 
designated for 

federal disaster 
assistance in 

2012

All are associated with 
drought except those 

with 

which designates 
for flood or severe 

storm



St Louis River at Scanlon, MN
90 fold difference in  5 months

-largest extreme variation in 
volume flow in 105 years

Nov, 2012

Jun, 2012



Consequences of Changes in Precipitation 
Quantity and Character

• Altered irrigation, tile drainage, runoff, 
sediment, and shoreline  management

• Change in storm sewer runoff design
• Mitigation of soil erosion
• Mitigation of flooding potential
• Impact on insurance risk and claims












