Historical and Projected Future Climate Changes

‘ Jeffrey A. Andresen
Dept. of Geography
Michigan State University

MICHIGAN STATE

@S MICHIGAN STATE UNIVERSITY UNIVERSITY

Lo AgBioResearch EXTENSION

INTEGRATED SCIENCES + ARSE




Outline

 Historical Trends
* Future Projections
« Climatic Variability/Extreme Events



Historical Trends



Some Notable Pre-Instrumental Trends
In the Great Lakes Region

Tropical humid conditions during the Carboniferous and Devonian®®
eras.

Frigid, glacial/periglacial conditions as recently as 12,000 years ago
during the end of the Pleistocene era.

During early portions of the Holocene era, climate in the region
warmed rapidly, resulting in a relatively mild and dry climate which
lasted until about 5,000 YBP. Great Lakes levels fell until the lakes
became terminal or confined about 7,900 YBP and vegetation in the
region gradually transitioned from boreal to xeric species.

Beginning about 5,000 YBP, climate cooled and precipitation totals
Increased, favoring the establishment of more mesic vegetation.

During the late Holocene, the region experienced a period of
relatively mild temperatures from approximately 800A.D. to 1300 A.D.
followed by a period of relatively cool temperatures from about
1400A.D. until the late 19" Century.



(é; Anomaly (°C) relative to 1901-2000

Jan-Dec Global Mean Temperature over Land & Ocean

e

1.0
0.8

0.6
04
0.2
0.0
-0.2
-0.4
-0.6

-0.8
'1 -D l I | | | I I
1880 1900 1920 1940 1960 1980 2000

NCDC/NESDIS/NOAA

IIIIJ[IlI

e o
1l i el o Al

l””"'liilm\num"- e a8 2t

I.|I.|III|I

f
—
-
-
—
—
—
e
-
=
—
—
e
f——
f—
=




10

Mean Temperatures vs. Year, Michigan
1895-2012
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Mean Annual Temperature (C)

Mean Annual Temperatures
Ontario Locations

Y

oo
]

w— TOrOMO
—— New Glasgow
e Sioux Lookout
— Sudbury
6 2 e \Nindsor

0 1 I I 1 | 1 I I

1940 1950 1960 1970 1980 1990 2000 2010
Year



Seasonal Changes in Mean Temperature
1895-2010 (°F/year)

Season
State Annual Winter Spring Summer Fall

A 0.009** 0.014 0.014** 0.004 0.001
IL 0.004 0.005 0.011* -0.001 -0.001
IN 0.003 0.006 0.010* -0.005 -0.001
Ml 0.001 0.008 0.007 -0.006 -0.008
MN 0.014*** 0.022* 0.015** 0.008* 0.006
MO 0.005 0.008 0.010* 0.002 -0.004
OH 0.008*** 0.011 0.014*** 0.002 0.003
Wi 0.009*** 0.019* 0.013* 0.002 0.002
Reg. Avg. 0.007 0.012 0.012 0.001 0.000

N Relatively greater changes in

winter, spring




Grand Traverse Bay - Years Frozen by Decade
1851-2006
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Changes in Great Lakes Ice Coverage
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Frost-Free Season (days from normal)

Great Lakes Region (32°F threshold)
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Date of Side Green vs. Year
1901-2012, Traverse City, Ml
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Precipitation (mm)

Annual Precipitation vs. Year, Michigan
1895-2012
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Precipitation (mm)

Mean Annual Precipitation
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Frequency of Wet Days and Wet/Wet Days

Caro, Ml
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Midwestern States Inches Midwestern States Inches
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Annual Number of Days with Snowcover >=1" vs. Year

Chatham, Ml
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LAKES MICHIGAN-HURON WATER LEVELS - MARCH 2013
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Frequency of Days PAW, ., < 0.50 Potential PAW
Ann Arbor, Ml, Silt Loam, 1900-2009
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Impacts of Climatic Variability
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Worldwide Weather Disasters, 1980-2010
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Figure 4-8 | The overall losses and insured losses from weather- and dimate-related disasters worldwide (in 2010 USS). These data for weather- and dlimate-related “great’ and
"devastating’ natural catastrophes are plotted without inclusion of losses from geophysical events. A catastrophe in this data set i considered "great’ if the number of fatalities
exceeds 2,000, the number of homeless exceeds 200,000, the country's GDP is severely hit, andfor the country is dependent on international aid. A catastrophe is considered
"devastating’ if the number of fatalities exceeds 500 and/or the overall loss exceeds US$ 650 million (in 2010 values). Data from Munich Re, 2011.



Future Projections



Global surface warming (°C)

Multi-model Averages and Assessed Ranges for Surface Warming
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Higher Emissions Scenario® Projected Temperature Change (°F)
from 1961-1979 Baseline
Mid-Century (2040-2059 average) End-of-Century (2080-2099 average)
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Lower Emissions Scenario® Projected Temperature Change (°F)
from 1961-1979 Baseline
Mid-Century (2040-2059 average) End-of-Century (2080-2099 average)
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Projected Temperature Changes
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Model-Projected Mean Temperature Differences
Pontiac, Ml 1990-2099
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Projected Temperature-Related Changes
2041-2070 vs. 1971-2000

Annual Average Temperature Days Above 95°F
s

(Prvor and Scavia. 2013)
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Projected Preciptation-Related Changes
2041-2070 vs. 1971-2000
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Projected Great Lakes Levels
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Weather Anomaly or Climate Change?

 Itis very difficult to distinguish anthropogenic signal
from natural variability

 Ultimately, the physical processes and mechanisms
responsible for weather and climate are the same

- Changes in the frequency of some extremes are
consistent with long term trends

* Recent extremes are also generally consistent with
future climate projections

* The recent weather extremes and climate change are
likely not mutually exclusive: “...Although global
warming is likely playing a role in this event, it
probably did not play a major one. Meteorology, not
climate change, is the main ingredient in the March
2012 U.S. extreme warmth”. Of climate change, he
said, “. . . its contribution to the magnitude of current
conditions is quite small (but not zero) indeed.” Marty
Hoerling (NOAA ESRL)



Projected Future Weather Extremes-
Related Impacts (IPCC, 2012)

Virtual Certainty: increases in the frequency and
magnitude of warm daily temp. extremes and
decreases in cold extremes.

Very Likely: Increase in the length, frequency,
and/or intensity of warm spells or heat waves. Mean
sea level rise will contribute to upward trends Iin
extreme coastal high water levels.

Likely: Increase in the frequency of heavy
precipitation and the proportion of total rainfall from
heavy events, and in avg. tropical cyclone maximum
wind speed.

Medium Confidence: Intensification of droughts, and
decreases in the global frequency of tropical cyclones
and the number of extratropical cyclones.



Summary

Extreme weather conditions during 2012 were
consistent with some historical trends (e.g. warmer
spring temperatures) while differing from others
(summer drought).

Overall, the Great Lakes region has become warmer
and wetter during the past few decades, with
warming of about 2.0°F has occurred between 1980
and the present.

Much of the recent warming has occurred during the
cold season, leading to less ice cover on the Great
Lakes and an earlier spring warm-up.

Annual precipitation rates increased from the 1930’s
through the present, due to both more wet days and
more heavy precipitation events.

Most recent GCM simulations of the Great Lakes
region suggest a warmer and wetter climate in the
distant future, with much of the additional
precipitation coming during the cold season months.
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