Weather vs. Climate

Global Circulation

Climate parameters

Climate change




Weather - the physiochemical state of the
atmosphere during any short period of time.

Climate - the average physiochemical state of
the atmosphere over the course of the year.




Surface Ocean Temperatures

‘ = Cold near: poJ,e.s
SR S 1-\ l’ % o 2 s

el 1

,a

.
\,\
14
»

‘..

,0ld near poles

http://lwww.seafriends.org .nz/oceano/currents.htm



Atmospheric Circulation if the Earth Didn’t Rotate

Hot air rises in the
equatorial region and
travels toward the poles. ©

Cold air sinks near the
poles and moves toward
the equator.
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Circulation on a Rotating Earth

As the Earth rotates, the
rising and sinking air is
deflected (this deflection is
called the Coriolis effect).

The atmosphere is also
broken into smaller
circulating cells, rather
than circulating in an
unbroken loop from
equator to pole.
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Global Oceanic Clrculatlon
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Wind drives water, resulting in global oceanic circulation.
Water currents are more strongly affected by land mass
than wind currents.




Global Rainfall

Temperature and precipitation patterns are strongly
controlled by global circulation.




Other Factors Affecting Climate
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In addition to latitude and global circulation, climate at any
specific place on Earth is strongly affected by altitude and
topography, which affect both temperature and precipitation.
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Average Annual Precipitation
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Climograph — a graphic
showing average monthly
precipitation, temperature
and sometimes other
climatic parameters

This is a climograph for Charlotte, North Carolina. The graphic
came from a website touting Charlotte’s climate as a plus for

businesses.
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highlands—Summits from
1,000 to 5,000 feet above
sea level
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Biomes = largest level ecologic communities, defined by type of
vegetation and environmental conditions (especially temperature and
precipitation for terrestrial biomes).

BIOME ‘ Temperate Grasslands, Savannas & Shrublands
I Tropical & Subtropical Moist Broadleaf Forests Flooded Grasslands & Savannas
[ Tropical & Subtropical Dry Broadleaf Forests Montane Grasslands & Shrublands
[ Tropical & Subtropical Coniferous Forests Tundra
I Temperate Broadleaf & Mixed Forests I Mediterranean Forests, Woodlands & Scrub
I Temperate Conifer Forests I Deserts & Xeric Shrublands
[ Boreal Forests/Taiga [ Mangroves
Tropical & Subtropical Grasslands, Savannas & Shrublands Rock & Ice

From: Olson et al. (2001)Terrestrial ecoregions of the world: New map of life on earth. Bioscience 51:933-938
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Global Climate Change

The geologic record indicates that there have been
extreme climate changes in the past. These changes have
several major causes, including:

I Mega-cycles in global warming and cooling
I Movement of continents over time

I Changes in elevation due to mountain building

These changes have affected the distribution of organisms
In both time and space throughout Earth’s history.

http.//www.floridawildlifemagazine.com/globalwarming.htm



Ma

Ma

.
MEAN GLOBAL
SEA LEVEL TEMPERATURE

high HALLAM—high

CAMBRIAN |ORDOVIC.|SIL.| DEVON | CARBONIF.|PERM|TRIAS| JURASSIC| CRETAC. |CENOZOIC

67

144

208

245

286

360

408

4381

505

T

570!

~-COOL: WARM

WARM COOL WARM

- :COOL:: WARM - COOL

VAIL —

Today

The Age of Coal

.4

CAMBRIAN | ORDOVIC.| SIL.| DEVON | CARBONIF.|PERM LTRIAS JURASSIC| CRETAC. | CENOZOIC

540 Million Years Ago

Hallam, A. 1994. An outline of Phanerozoic biogeography. Oxford Univ. Press.




~Carboniferous - The Age of Coal.

Most of Earth’s
economic reserves of
coal were deposited in
the Carboniferous and
Permian Periods.

C O § DMP PriIrdJd Cride Q

By dumb luck, most of these deposits are
located in modern North America and
Europe - a historical accident with obvious
S0cCio-economic consequences.

http://earthsci.org/energy/coal2/peat.qif



Global climate change is also driven by paleogeography (the
geography of the Earth of the past). The Earth’s continents
move Iin relationship to each other over time, causing new
seas and oceans to open and close.

The modern Earth is unusually cold compared to times in the
past primarily because both poles are segregated from the
temperate zones.




Pleistocene to Recent

Recurrent ice ages. Small variations in orbital parameters
caused cyclic glacial advance and retreat.

a. Global climate history
Thousands of years ago
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MAXIMUM COOLING OF THE GLACIATION AND PERMAFROST

LAST GLACIATION GLACIATION by O. Conchon, R. Fulton, M.A. Faustova L.L. Isayeva, J.E. Mojski,
S.C. Porter, |.I. Spasskaya, S.N. Timireva, A.A. Velichko, W. Zagwijn
(about 20,000 to 18,000 yr B.P.) PERMAFROST by V.V. Baulin, N.S. Danilova, V.P. Nechayev, T.L. Péwé, A.A. Velichko

From about 20,000-18,000 years ago,
much of the northern hemisphere was
covered in large sheets of ice.




Global drying is another trend of the last few million years

annan/rraire



The rate of carbon dioxide accumulation in the atmosphere has
risen at a rather alarming rate when viewed against the historical
trend of the past half million years.

current level —»

For 650,000 years, atmospheric CO, has never been above this line ... untilnow 1950 —»

C()2 parts per million
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http://climate.nasa.qgov/evidence




This rise in atmospheric carbon dioxide correlates with global
temperature anomalies and global climate anomalies.

Global Land—Ocean Temperature Index
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Tracking the interactions between all of the various groups of sources and
sinks or CO, is quite complex. A linear change in one set of processes may

cause an exponential change elsewhere!




Flux of Carbon (Pg C/yr)
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Non-atmoespheric €O, deoes not lead te) warming!

Adds to atmospheric CO,:

Respiration + Fossil Fuel Emission + Land Use Change

1

Photosynthesis + Ocean Uptake + Land Uptake + Missing Uptake

l Takes away atmospheric CO,:




