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Earth’s Climate: the BIG Picture
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Climate 101: Radiation, Clouds, Greenhouse Gases,
and Aerosols

The Earth’ s Radiation Budget
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The Earth receives almost all its energy to heat
the planet from the sun: (solar radiation).




Greenhouse Gasses Keep Earth’s Climate
Comfortable for Humans

THE GREENHOUSE EFFECT
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Only ~0.05% of the Earth’ s atmosphere by mass is composed of
greenhouse gases (excluding water vapor) and carbon dioxide is the
most prevalent. Don’ t mess with greenhouse gases!




Consensus: Global Warming is the real deal!
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Scientific Consensus:

There is little doubt that our

Earth on an global scale is
warming and it is due to
increased, human produced
carbon dioxide.

BUT......Scientists have not reached consensus on
timing or regional or local impacts where we live!




Climate Models: Used To Make Forecasts

Global

Input what processes we
know into climate models

And see how well what
we know represents
what we observe




Going from Global Scale to Regional Scale
Adds Complexity and Uncertainty!

DIURNAL CYCLE

And these are only the
Atmospheric Processes!
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Clearly, the “picture” we
are trying to understand
gets substantially more
complex as we go from
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global to regional scales!  \we don’t live in average: we want to know what will
happen where we live!




The Term “Global Warming ” Can Be
Misleading As We Go To Smaller Scales!

On the global scale, increased greenhouse gases result an increase
of the average temperature of the Earth if it was a static system.

But temperature change itself isn't the most severe effect of change to
Earth’ s climate. Changes to precipitation patterns and sea level
are likely to have much greater human impact than the higher
temperatures alone.

Therefore, it is more appropriate to think of increased greenhouse
gases causing climate change, not just global warming.




Is It Global Warming or Climate Change—What’s
The Difference?

GLOBAL
WARMING

Increasing greenhouse gases will theoretically lead to a warmer atmosphere,
but the Earth is not a static system. Increased heat (energy!) will quickly be
distributed and used by other processes: melting ice, heating oceans,
evaporating water, sunlight interactions with clouds and aerosols, and other

factors that drive weather.




Connection Between Climate and Weather

Climate is usually defined as the "30-year average weather” where you live.
When you watch weather on TV, the weather forecasters always talk about
the normal or average high and low for that day.

Weather

The weather is the day-to-day Weather Climate
variance in the local ;
occurrence of temperature,
cloudiness, humidity, rainfall,
pressure, etc.; weather is
what you get where you live.

The variance in weather is
predictable as long as
the climate is not changing.

Diagnosing Estimating
the Past the Future
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Weather and Extreme Events

The weather is normally predicable
because the climate is not changing.

“ 3‘77 /l _‘—v2:;7 ‘L a ——‘Z__;_:‘ o
68.2%
. 954%
997%

p+20 pn+ 30

Imagine this to be a plot of 100
years of rain event amounts on
the X-axis and the frequency of
occurrence of those amounts on
the Y-axis. The larger the
event, the smaller the chance.

The 100 year flood is defined as the
1% (or less) exceedance probability
of the occurrence of a single
weather event (i.e. a rainfall
amount) for 100 years of data.

But what happens to weather if the
climate is changing?

Current thinking is much higher
frequency of weather extremes!




What Are the Odds?

Preliminary Significant U.S. Weather and
Climate Events for 2013
DROUGHT

Drought conditions greatly improved across the Intermountain
West, much of the Plains, and the Southeast. From January 1
to December 31, the percent area of the contiguous U.S. in
drought shrank from 61.1% percent to 31.0%. Drought
conditions worsened in the West.

WATER LEVELS

In early 2013, Lakes Michigan and Huron
reached record low levels in the 1918-present
period of record, according to the U.S. Army
Corps of Engineers. All of the Great Lakes had
water levels well'below average.

SNOW STORMS

Back-to-back winter storms impacted
the central U.S. on February 20-23
and 25-28. Each storm system was

responsible for dropping over one foot

of snow across a large area:

SNOW

The spring snow cover extent for the
contiguous U.S. was the 8" largest in
the 47-year period of record. Many
locations had more snow during the
spring than the preceding winter season.

TORNADOES

A late-season tornado outbreak on
November 17 in the Midwest spawned
over 70 tornadoes. IL, IN, and KY were

the hardest hit, with seven fatalities reported.

WET

Above average precipitation was
widespread across the Southeast,
Midwest and Northern Plains
where numerous cities had their
wettest year on record.

HURRICANE SEASON

The North Atlantie:Basin had 13 named storms,
two hurricanes, and ne.major hurricanes. The number
of named storms was above average, while the number
of hurricanes was below average.

EXTREMES

CO had a year of extremes. In June, the Black
Forest Fire destroyed over 500 homes near
Colorado Springs, the most destructive wildfire
in'state history. In September record-breaking
rainfall and flooding impacted the Front Range.
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CA had its driest'year on record
with 32.8% of'average
precipitation. The Rim Fire burned
over 255,000 acres near Yosemite—
the third largest fire on record in.CA.

TORNADOES

On May 20, an EF-5 tornado hit Moore, OK
destroying thousands of homes. 24 fatalities made
this the deadliest tornado of 2013. A 2.6 mile wide,

EF-3tornado hit near El Reno, OK on May 31, causing
eight fatalities; this was the widest tornado on record.

WARM/WET

Alaska had its third wettest and
10" warmest year on record with
a precipitation total 25:1% above
average and atemperature, 1.8°F

aboveaverage.

TROPICAL
STORM

The remnants of Tropical
Storm Flossie impacted HI in
late July bringing up to 3 inches
of rain. A tropical cyclone has not
made landfall in Hawaii since
Hurricane Iniki in 1992.

NOAA’s

National Climatic Data Center
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Weather patterns used
to be known and
therefore predictable

Weather patterns are
becoming more
extreme and therefore
less predictable




Where’s Your Global Warming?

2014 was the warmest globally averaged year since record keeping!

®  Australia: For the second year in a row, Australians saw heat records topple from the Gold Coast to the Coral Coast. The

country kicked off January with an extreme heat wave; temperatures soared higher than 120 F (49 C). Heat waves in the
autumn (March to May) and spring (September to November) also drove temperatures into the record books.

®  Eastern Pacific Ocean: Toasty temperatures developed in the eastern Pacific Ocean, despite an El Nifio that never appeared.
The heat was especially notable off the western coast of the United States. Fishing boats spotted species well north of their

range, such as a giant ocean sunfish offshore of Alaska. For the global ocean, the September to November sea surface
temperature was 1.13 F (0.63 C) above the 20th century average of 60.7 F (16.0 C), surpassing the previous record by 0.11 F

(0.06 C), according to NOAA.

®  Siberia: Central Siberia defrosted in spring and early summer under temperatures more than 9 F (5 C) above its 1981 to 2010

average. Ice on the Ob River began to break up two weeks earlier than normal. The heat may have unleashed methane gas
trapped in previously frozen permafrost, triggering underground explosions that formed spectacularly deep holes.

*  California: The long-running drought in California was made worse in 2014 by record heat. The first 10 months of 2014 were
the warmest in California's history since 1895, further burdening the state's water demands.

®  Northern Europe: The same weather pattern that froze North America in early 2014 brought an unusually warm spring to
countries including Denmark, Norway and Turkey. The sultry spring was the warmest in a century or more in these countries.
In addition, January to October was the warmest 10-month period on record for Central England since 1659, and the warmest
such period for the Netherlands since 1706.
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Climate Disruption?

We have been
conditioned to believe
that not all change is
bad, so perhaps,
Climate Disruption
might be a better
characterization than
Global Warming or
Climate Change!




Where are we, then?

So what might the climate look like in
upper Midwest in the next 100 years?

Remember, the timing and impacts of the
Earth’s changing climate on weather at the
regional and local scale is still speculation.




Regional Climatic Impacts: The Future

What does the average output of over a
dozen climate models used by the
International Panel on Climate Change

predict for the Midwest for 20997? nttpu

globalchange.gov/publications/reports/scientific-assessments/us-
impacts/regional-climate-change-impacts/midwest

 Summer temperature patterns in lllinois will be more like summers currently
experience in southeast Texas: considerably warmer but less summertime
precipitation.

e Under lower emissions scenario, heat waves like that in Chicago 1995 are
projected to occur once every three years; under higher emissions scenario (the
worst case), they will occur nearly three times per year.

e Under high emissions scenario, the balance between precipitation and
evaporation ands outflow indicate that Lake Michigan will drop nearly 2 feet.




Regional Climatic Impacts: The Future
(Continued)
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predict for the Midwest for 20997 n

 Precipitation will decrease during summer leading to water deficits, but will
increase during winter and spring. When precipitation occurs, it will be more

as heavy downpours. Hence, there will be periods of both floods and water
deficits.

\\\\\\\\

» A longer growing season provides the potential for increased crop yields,
but heat waves, floods, droughts, insects, and weeds will present increasing
challenges to managing corps, livestock, and forests.




Regional Climatic Impacts: The Future (Continued)

What does the average output of over a
dozen climate models used by the
International Panel on Climate Change
predict for the Midwest for 20997

e By the end of the century, plants now associated with the Southeast are
likely to become established throughout the Midwest.

» Native species are very likely to face increasing threats from rapidly

changing climate conditions, pest, diseases, and invasive species moving in
from warmer regions.




Regional Climatic Impacts What is the Impact of
Global Warming in the

Midwest?
Think Houston Texas!
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Scientists have NOT |
reached consensus on v s g HiherEnsions

Scenario® Scenario®

timing or regional

Model projections of summer average temperature and precipitation

changes in lllinois for mid-century (2040-2059), and end-of-century

i m pa Ct, b ut We a re g etti n g (2080-2099), indicate that summers in this state are expected to feel

progressively more like summers currently experienced in states south
and west. lllinois is projected to get considerably warmer and have less

SO m e i d e a S . summer precipitation.
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THANK YOU!




