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The Earth System




Climate System and Global Water Cycle
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Temperature Anomaly (°C)
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2005 was recorded as the warmest year in history.
(slide used in 2010)
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2010 was recorded as the warmest year in history.
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Global Yearly Mean Land Temperature (GISS), 1880 — 2015
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Well. How do I know global warming is real ?!

AUSTIN (CAMP MABRY) TOP 14 MOST 100 DEGREE DAYS IN A YEAR 1898 TO 2011
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Global Temperature Anomalies in 2016
(Relative to 1951-1980 Mean)
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Year 2016 was the warmest on record (by the end of 2017).



Global Warming

Arctic Temperature Trends
Winter Datq, 1966-1995

Temperature Trend ('C per decade)
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Arctic Winter Temperature Trends (1966-1995, °C per decade)




Global Warming
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Antarctic temperature change per decade over the past 50 years.
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Antarctic Ice Sheet Melting




Antarctic Melting Days in 20035




Ice Sheets and Glaciers Melting ™7
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Originally calved from the Ross®Ice,  «
Shelf near Roosevelt Island in Magch |
2000, Iceberg B-15A was the world’s *
largest free-floating object at 27 x |
122 km (17 x 76 mi) with an area of '’
3,100 km?.




Iceberg B-15A was the world's largest free-
floating object at 27 x 122 km (17 x 76 mi)
with an area of 3,100 km?, about 4 times of
the area of New York City (800 km?).




Decreased Arctic Sea Ice Coverage

September 1979 September 2007




Sea Ice Extent (million square kilometers)
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Sea Level Rise
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Global Mean Sea Level Rise

From Satellite Altimetry

E
E
-
A
=
<

-104

-20:;4—4 t —— ——t ——t —t—t ——t ——
1992 1994 1996 1998 2000 2002 2004 2006

Year




Why Does Sea Level Rise?




Why Does Sea Level Rise?

Terrestrial water storage,
extraction of groundwater,
building of reservoirs,
changes in runoff, and
seepage into aquifers

Surface and deep ocean
circulation changes, and storm surges

Exchange of water
stored on land as
glaciers and icecaps
Warming ocean causes with ocean water
the water to expand

Subsidence in river
delta regions,
land movements, and
tectonic displacements




Global Mean Sea Level Rise

From Satellite Altimetry
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Impacts of Global Warming &
Climate Change







El Nino/LLa Nina

By courtesy of NASA




Increasing Number and Strength of Hurricanes
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By courtesy of NOAA




Table 1. Change in the number and percentage of hurricanes in categories 4 and 5 for
the two 15-year periods 1975-1989 and 1990-2004 for the different ocean basins.

Basin

East Pacific Ocean
West Pacific Ocean
North Atlantic
Southwestern Pacific
North Indian

South Indian

Number

36
85
16
10

23

1975-1989

Percentage

25
25
20
12

18

Period
1990-2004
Number Percentage

49 35
116 41

25 25

22 28

7 25

50 34

Webster et al., 2005




Increasing Number of Tornadoes
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UNITED STATES TORNADOES
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2011 Tornadoes Outbreaks in the US

There were 1,897 tornadoes reported in the US in 2011 (of which 1,704
were confirmed). 2011 had been an exceptionally destructive and deadly
year for tornadoes; worldwide, at least 577 people perished due to
tornadoes: 12 in Bangladesh, one in New Zealand, one in the Philippines,
one in Russia, one in Canada, and an estimated 553 in the United States
(compared to 564 US deaths in the 10 years prior).

Due in large part to several extremely large tornado outbreaks in the
middle and end of April and in late May, It was also the deadliest year
for tornadoes in the United States since 1936, due mostly to the 324
tornadic deaths that occurred during the April 27 outbreak across the
Southeastern United States and the 158 tornadic deaths in the 2011
Joplin Tornado.

(http://en.wikipedia.org/wiki/Tornadoes_of 2011)




Tornado Deaths in the United States, 1875 to present
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Number of Tornadoes
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Number of Strong to Violent (EF3-EF5*) Tornadoes ‘@'\ NOAA’s
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Year *Beginning in 2007, NOAA switched fromthe Fujita scaleto the
Enhanced Fujita scale for ratingtornado strength.



Tornado Alley in the United States
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Why is the United States so “special”?

The United States has the most tornadoes of any country, nearly four
times more than estimated in all of Europe, excluding waterspouts. This
is mostly due to the unique geography of the continent. North America
is a large continent that extends from the tropics north into arctic areas,
and has no major east-west mountain range to block air flow between
these two areas. In the middle latitudes, where most tornadoes of the
world occur, the Rocky Mountains block moisture and buckle the
atmospheric flow, forcing drier air at mid-levels of the troposphere due
to downsloped winds, and causing the formation of a low pressure area
downwind to the east of the mountains. Increased westerly flow off the
Rockies force the formation of a dry line when the flow aloft is strong,
while the Gulf of Mexico fuels abundant low-level moisture in the
southerly flow to its east. This unique topography allows for frequent
collisions of warm and cold air, the conditions that breed strong, long-
lived storms throughout the year.



Regions of the world with increased likelihood of experiencing tornadoes
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Desert & Desertization

Deserts of the
WORLD
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Desert can be ugly as well.

The Infamous Sand Storm




Desert & Sand Storm
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By courtesy of ESA




Sand Storm into the Ocean




Who is to Blame for Global Warming

and Climate Change ?




The Greenhouse Effect

3 some solar radiation is 6 Some of the infrared

reflected by the atmosphere radiation passes through
and earth’s surface the atmosphere and is

lost in space

Net outgoing infrared radiation:

5 Some of the infrared radiation is
absorbed and re-emitted by the
greenhouse gas molecules. The

direct effect is the warming of the
earth’s surface and the troposphere.

2 Net incoming solar radiation:
240 Watt per m*

- — Surface gains more heat and
: ____infrared radiation is emitted again




BREMN - Greenhouse Effect
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Ozone Hole Over the Antarctic Continent

(1979)

Ozone (Dobson Units)
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The ozone (O;) layer, 15 - 50 km above the Earth, protects us from harmful ultraviolet rays.




Global Air Pollution Map Produced by Envisat’s SCIAMACHY
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By courtesy of ESA

Nitrogen dioxide (NO2) is a mainly man-made gas, excess exposure to which
causes lung damage and respiratory problems. It also plays an important
role in atmospheric chemistry, because it leads to the production of ozone in
the troposphere — which is the lowest part of the atmosphere, extending up to

between 8 and 16 kilometers high.




Latitude

Air Pollution Map Over China & East Asia
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Natural challenges:
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Global warming

Polar ice sheet and glacial melting
Global sea level rise

El Nino/La Nina
Hurricane/tornado/flooding
Earthquake & tsunami
Desert/desertization/sand storm

& many others ...

Enough or not?!




Man-made Environmental Hazards:

Green house effect & global warming
Water pollution

Air pollution

Soil pollution

Marine pollution

Groundwater Scarcity

Desertization

Deforest

Ozone hole
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Many others

We are feeling about these everyday.







