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Figure 3. Rate of Temperature Change in the United States, 1901-2008

This figure shows how average air temperatures have changed in different parts of the United
States since the early 207 century (since 1901 for the lower 48 states, [ 905 for Howail, and 1918

Temperature change (°F per century):
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Disparity in the pace of climate change
e and the response to it




Observed U.S. Precipitation Change, 1991-2011 vs. 1901-1960 Average

Draft Third National Climate Assessment, 2013
U.S. Average
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RECENT SIGNIFICANT CLIMATE TRENDS
IN MINNESOTAAND THE WESTERN
GREAT LAKES

- TEMPERATURE: WARM WINTERS AND HIGHER MINIMUM
TEMPERATURES

DEWPOINTS: GREATER FREQUENCY OF TROPICAL-LIKE
ATMOSPHERIC WATER VAPOR

*MOISTURE: AMPLIFIED PRECIPITATION SIGNAL,
THUNDERSTORM CONTRIBUTION
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Presentation Notes
The three most significant recent climate trends in Minnesota and the western Great Lakes.



Minnesota, Average Temperature, January-December

1895-2015 Trend 15HIT =2 (HH)

Binomial Filier +0.2°F Decade Ave: 40.1°F
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Temp trend is upward (about 2°F per century) and
more frequently near historical warmth
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Presentation Notes
Mean annual temperature values in Minnesota are more steeply upward in the past three decades based on all observations in the state.  In the last two decades the mean annual temperature in Minnesota has exceeded the 90th percentile six times.


Minnesota, Climate Division 9, Average Temperature, January-December
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Trend in annual temperature for southeastern MN
Upward by about 1°F per century




Q Minnesota, Average Temperature, December-February
1896-2015 Trend TR =200

Minnesota, Average Temperature, March-May
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Seasonal Statewide Temperature Trends in MN

Minnesota, Average Temperature, June-August Minnesota, Average Temperature, September-November
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Presentation Notes
Minnesota’s temperature rise is heavily weighted to the winter season (D,J,F)


Trends in mean monthly t'e'rﬁpergﬂturesﬂét Winona, MN
1971-2000 normals vs 1981-2010 normals (F)

Month Min Change = Max Change Mean Change
January +4.8 +2.2 +3.5
February +3.3 +0.8 +2.0
March +2.1 +0.7 +1.9
April +2.5 +1.5 +2.0
May +1.7 NC +0.8
June +1.8 +0.2 +1.0
July +1.8 +0.1 +0.9
August +2.2 +0.3 +1.2
September +2.9 +0.6 +1.7
October +2.2 -0.1 -1.0
November +2.3 +0.4 +1.3
December +3.4 +1.4 +2.4
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Presentation Notes
Upward trend in new mean monthly temperature normals for St Cloud, MN.


degrees F per century

8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0
-1.0
-2.0
-3.0

Minnesota State-Averaged Temperature Trends
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Trend in episodes of dewpoints of 70 F or higher

Annual Hours of Dew Point Temperature => 70
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Presentation Notes
There is a more pronounced upward trend in episodes of dewpoints of 70 F or higher.  Tropical like air, that leads to warm nights and high Heat Index Values.



Dewpoint Temperatures
Greater than or equal to 80 degrees F
Since 1996

DP 80 F or higher.
Readings have been
statewide with
highest frequencies
in central and
> southern counties

State Climatology Office - DNR Waters



= Frequencies of tropical-like dew points (70 F or Fi.gh_er) and
associated Heat Index values for the Twin Cities since. 1945w s

Year Hours -with-DP-of—Range of Heat
70 F or greater Index Val s:(F) AT
1947 256
1949 303
1955 345
1957 243
1959 3L
1960 -« _ 229
1978 o>
1983 392
i 1987 302
. 1995, - 387
“1997 264
1999 254
2001 357
2002 512
2010 256
2011 347 98 — 118 (*134)
401 248 99 - 105

2014 213, o 199 - 111
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Presentation Notes
Spells of high dewpoints and Heat Index values, are more driven by extreme dewpoints than extreme air temperatures.


_. , Forecast Heat Index - Wed Jul 20
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The Great Heatwave of "11. Heat indices will top 100 again today from the Great Plains eastward to
the Great Lakes, Ohio Valley and southeastern USA, gripping the eastern 2/3rds of America.

Created: 07720011 ot 03:28 UTC

July 19-20, 2011
Heat Wave

Heat Index:
112°F Faribault
114°F Mankato
114°F New Ulm
114°F Waseca
117°F Owatonna
118°F Red Wing
110°F Albert Lea
114°F St James
114°F Fairmount
121°F Austin
134°F Moorhead



Historical Minnesota
Heat Waves:

1883, 1894, 1901,
== 1910, 1917, 1921,
S A 1931, 1933, 1934,

'MI““ES“T 1936:1937,1947,
- 1948

FATHER ALMANAC 1959, 1964,

i
it

Completely Updated for the New Normals 1 9 76 ’
1988,

(pattern is episodic but
increasing in frequency)
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Presentation Notes
200 year weather history of the state is available in this book, including dramatic events and episodes of the 19th Century…The state has experienced many heat waves.  The ones noted in red font were driven by high dewpoints not high air temperatures, and they are increasing in frequency.
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Q Minnesota, Precipitation, December-February Minnesota, Precipitation, March-May
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Presentation Notes
Fall and Spring season are notably wetter, while summer and winter are mixed signals.
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Minnesota, Climate Division 9, Precipitation, January-December

N 1895-2015 Trend 1901-2000 o D
Binomial Filier +0.44" Decade Avg: 31.01" Precip

40+ 1
0 T 1000

57 ﬂ + 900

[ C—
8

=
30 ) ’ v 3
| 2
o]
=700 &
257 3 u
- mu
207 = s00
157
1 1 1 1 1 1 1 1 1 1
1900 1910 1920 1930 1240 1850 1960 18970 1980 1930 2000 2010

Annual precipitation trend in SE-Minnesota
Upward by 4.40 inches per century




Change in Annual Precipitation
Normals at Winona, MN

PERIOD AMOUNT (IN.)
1921-1950 30.34”
1931-1960 30.57”
LYERT 31.29”
1951-1980 32.81”
1961-1990 34119
1971-2000 34.61”
1978-2007 34.64”

14'percent increase since 1921-1950
period



Increase in heavy rainfall by region

o9 B 10-14% M 15-19% B 20-29% M 30-39% R +40%

Source: National Climate Assessmant, National Climatic Data Canter
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Total Rainfall
June 2014

y .{ | | (preliminary)

]
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MNDNR State Climatology Office - July 7, 2014

June 2014
Wettest month in history
on a statewide basis

Hawley 10.95”
International Falls 10.24”
Kabetogama 11.93”
Granite Falls 10.99”
Belle Plaine 15.16”
Glencoe 14.61”

MSP 11.36”

Luverne 13.84”
Redwood Falls 14.24”
Waseca 12.93”
Rushford 12.76”



Historic Droughts

(Associated fires)

1829, 1852, 1856
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200 year weather history of the state is available in this book, including dramatic events and episodes of the 19th Century….droughts have always occurred, some amplified by associated fires.


MN Counties
designated for
federal disaster

assistance in
2012

All are
associated with
drought except

those with

Which designates
for flood or severe
storm



Precipitable Water (inches)

ALL Soundings for MPX

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec Jan

01 Jan 00 UTC

Daily Min (Thin Line): 0.06 75% Moving Average: 0.46
Min Moving Average: 0.08 Median Moving Average: 0.32

10% Moving Average: 0.15 Daily Mean (Thin Line): 0.33 Max Moving Average: 1.05
25% Moving Average: 0.22 Daily Max (Thin Line): 0.90

Radiosonde history of PW at MSP since 1948
(Most record high values have occurred since 1990)




Observations — Minnesota Trends

Minnesota Mega-rain Events

August 6, 1866, Southern Minnesota

July 17-19 1867, Central Minnesota

July 20-22, 1909, Northern Minnesota
September 9-10, 1947 Iron Range

July 21-22, 1972, Grand Daddy Flash Flood
June 28-29, 1975, Northwest Minnesota

July 23-24, 1987, Twin Cities Superstorm
June 9-10, 2002, Northern Minnesota
September 14-15, 2004 Southern Minnesota
August 18-20, 2007, Southern Minnesota
September 22-23, 2010 Southern Minnesota
June 19-20, 2012, Northeast Minnesota

*Defined as 6” or greater rains cover at least 1000 square miles and a peak amount
of 8” or greater
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Presentation Notes
The DNR State Climatology Office assembled a list of so-called "Mega-rain" events that have occurred in Minnesota since statehood (1858). The climatologists looked for storm events where six-inch rainfall totals covered more than 1000 square miles, and the core of the event topped eight inches. These are very rare occurrences. Using the historical climate record, newspaper accounts, and diaries, they identified 12 such events in Minnesotas modern history. Of particular note is that five of the twelve events have occurred within the last dozen years. The climatologists feel that this is circumstantial evidence of a trend towards increased frequency of extreme rainfall events, and supports other investigations which cite increases in the frequency of heavy downpours throughout the Midwest.�


Q ° °
Shiftin
Precipitation
Rec u rre n ce ‘1000-yr (approx.) Evenw;;;nﬁ;%?:?ﬂ: Eliztslgfsota in the last decade.

Intervals

Mega Rains since
2002

01234356 7T 8101214 inches

Rainfall Tatals - June 9 and 10, 2002 August 18 through August 20 (800 AM CDT), 2007
»;:

01234567 81701274 mnches
September 22-23, 2010

Total Rainfall State Climatology Office - DMR Waters
June 19-20, 2012

4 B & T & 10  inches
A "by-eye’ estimate of the total area coverad by 107 of rain over the 7 years of 2004-2010 appears to be near 1400 sg.

mi. or about 200 sq. mi per year. Given that the area of the southern 3 layers of counties looks to be approximately

20000 sg. mi. the arsal fraction of the southern three counties coverad by 10" per year appears to be approximately
1/100; i.e. at the rate of coverage for the last 7 years an area equal to the whaole scuthern three county area could be
MNDMR State Climatelogy Office coverad in about 100 years.

@5tate Climatology Office, DNR-Eco/Waters, September 2010

01 2 3 45 6 7 810 inches
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Presentation Notes
There have been three one thousand year rainfall events in southeastern Minnesota counties since 2004.


® Consequences Observed and Assoclated with Climate
Change in Minnesota and the western Great Lakes

Adjustments to storm sewer systems, irrigation, drainage,
runoff, sediment, and shoreline management

Adjustments in public health (Heat Waves, allergy season)
Modified fisheries management

Mitigation of flooding potential

Longer growing season, shift in Plant Hardiness Zones
Change in"biological organisms (pathogens, pests, microbes)
Change in animal migration, hibernation, and foraging
Change In frequency and magnitude of insured losses
Change in drought and fire weather frequencies

Increased use of air conditioning

Amplified variability of watershed volume flows
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Presentation Notes
Action and evidence for response to wetness trend, and increased precipitation variability.
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Presentation Notes
Dismissing or ignoring climate change and its consequences is the wrong thing to do at this time.  At the very least we must plan for climate change adaptation and come up with strategies, city by city, watershed by watershed, region by region.

http://www.cloudappreciationsociety.org/gallery/index.php?showimage=4277
http://www.cloudappreciationsociety.org/gallery/index.php?showimage=1192
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