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+ raditienally define:

climate has been defined as the average weather:
tlemperature, precipitation, cloudiness, and how these
variables change throughout the year.

« . New, earnth-system science define:
It leads to a much broader definition.

climate Is a system consisting of the atmosphere,
nydrosphere, lithosphere, and biosphere. Physical,
chemical, and biological processes are Involved In
Interactions among the components of the climate
system.
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The planetary water supply Is
dominated by the oceans.

O7 % of all the water on the
Earth IS In the oceans.

The other 3 % Is held as
freshwater in glaciers an
Icecaps, groundwater, lakes,
soll,the atmoesphere, and within
life.

Reservoir

Oceans

Ice Caps and
Glaciers

Groundwater
Lakes
Soil Moisture

Atmosphere

Streams and
Rivers

Biosphere

JEQHNIST e

Volume (cubic km x
10,000,000)

Percent of Total

0.00004




lorie tirne-scale influsnecs

he ©cean and ©cean Life Strongly Influenced Earth's
Climate ©ver: Billions ofi Years

Over millions of years, the concentration of gases In the
atmosphere Is determined by: life. If life did not exist,
especially life in the ocean,

On a deeper level, oceanic microbes Iirreversibly altered the
geochemistry of earth and the biogeochemical cycles of
H,C, N, OandS.



Irnooriarnt oararn

1- Carbon dioxide, the most common gas on
Venus IS rare In earth's atmosphere because
oceanic animals have used carbon dioxide to
make vast layers of carbonates in the form of
limestone, dolomite, and marble. Without life,
our atmosphere would be similar to that of
Venus. Most sedimentary rocks were laid
down In the ocean.



2- Free oxygen O, which is not found in the
atmoesphere of other planets, Is produced by life. It
IS found In the atmosphere because of production
by photosynthesis and the deposition of organic
carbon on the the sea floor and the eventual
Inclusion of the organic carbon into continental
rocks by plate tectonics acting over many millions
of years.



3- Oxygen In the atmosphere led to the
formation of earth's stratospheric ozone
layer which protects all life from solar
ultraviolet radiation.



gz Sirorgly Influsnes

tn's Prasarnt Clirneis

flhe ecean drives the atmoespheric circulation by
neating the atmosphere, mostly in the tropics

1- Most of the sunlight absorbed by earth is absorbed at
the top of the tropical ocean.

Most of the ocean Is a deep navy blue, almost black. It
absorbs 98% of the solar radiation when the sun is high
In the sky:.



Heating eheanthssuniace by solarradiation, im\\/mz, calculated from the
ECIVIEA0earreanalysis eliatinespheric data. Nelice that moest ofithe heat
aDSEILE LY At geES INtethe tropical eCean:

Net surface solar radiation Annual mean



http://oceanworld.tamu.edu/resources/ocng_textbook/chapter05/Images/Fig5-8A.png

gz Sirorgly Influsnes

tn's Prasarnt Clirneis

2-The ocean loeses heat by evaporation Trade
winds: carry the evaporated water vapor to the
INIErSINORICAIN CONVENGENCE. ZONE where It
condenses as rain. Condensation releases the
latent heat and warms the air. Warm air rises,
further drawing in warm wet air, releasing more

heat.
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http://whyfiles.org/174earth_observe/4.html

I"efil: Rain in the
tropics warms the
atmosphere and
drives the Hadley.
circulation.

RIQNT: The Hadley
cells (circulation) are
a major part of the
climate system.
Click on image for a
Zoom.



http://oceanworld.tamu.edu/resources/oceanography-book/Images/3d_hadleySmall.jpg

« S0 much heat is released by rain in the Inter-Tropical
Convergence Zone that it drives much of the
atmospheric circulation. This circulation Is called the
Hadley circulation.

« Heat released by rain in higher latitudes drives storms
and winds.

« Heat released by rain in hurricanes and
thunderstorms drives these storms.



25-year-average ofrain rate.

Precipitation Annual mean




25-yearaverage efineating ofithe atmosphere. Notice the high
correlation withrain rate shown above. Rain and absoerption ofinfrared
radiation heats the atmesphere, moestly in'the trepics. This heating
drves the atmoespheric circulation.

Column integrated heating Annucl mean




2in Sirorgly Inilusrice

i's Prasearnt Clirnzaie

3-The oecean also leses heat by sending out
Infrared radiation (energy), mostly in the tropics.
The infrared radiation Is absorbed by water
vVapor In the tropical atmosphere, further heating

the atmosphere.

4-The winds drive ocean currents, and together
they carry heat from the tropics to the polar
regions. See The Climate System below.



fhe ecean stores and
[ransports heat.

Temperature in the atmosphere, even global changes
In temperature are slowed by the exchange of heat
with the ocean. Thus, 18 times more heat has been
stored In the ocean since the mid 1950s due to
global warming than has been stored in the
atmosphere. Most of the heat trapped by
greenhouse gases has gone into the ocean, not
the atmosphere.



1- The tropics are warm because they
rleceive so much sunlight.

2- The poles are cold because they receive
much less sunlight, and because the polar
atmosphere Is transparent to infrared
radiation. They radiate away much more
heat than they receive from the sun.



Earth’s Energy Balance

Earth’s energy balance

P Pp—— radiation from sun
heat gained from
the sun (red line) }Je{quy
and lost to space average
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| byearth |
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LATITUDE

This plot shows the zonal average of heat transported by
the atmosphere and the ocean in units of petawatts (PW =
101> Watts) (solid black line), by the ocean (red dashed
line), and by the atmosphere (blue dashed line), averaged
along lines of constant latitude. The ocean is important for
carrying heat out of the tropics, and the atmosphere is
Important at latitudes greater than 20°.



Infilence ofi GreenheUse Gases
ESpecially \Water: VVapor

« hiew they might cause climate change
There Is there ideas for comparing:

1= Earthiwith ne atmosphere

If earth had no atmosphere, If it had a land surface that reflected
some sunlight like the real earth, and if it were in equilibrium with
solar heating, the average surface temperature of earth would be -
18°C (0°F), far colder than the average temperature of our earth,
which is 15°C (59°F). Worse, the surface would cool down to around
-160°C (-250°F) soon after the sun set because the surface would
radiate heat to space very quickly, just as the moon's surface cools
rapidly as soon as the sun sets on the moon.



2= EarmiwithrarstatiC atmoesphere and no

e

If the earth had a static atmosphere with the same gases
It has now, but with little water vapor and no ocean, the
average surface temperature of earth would be 67°C
(153°F). This i1s much warmer than our earth. The planet
would be so hot because greenhouse gases In the
atmosphere help keep heat near the surface, and
pecause there Is no convection, and no transport of heat
by winds. Adding winds cools the planet a little, but not
enough.



SE Eamiwithran atimoesphere and ecean
Earth has an atmosphere and ocean, and the average
surface temperature Is a comfortable 15°C (59°F). Water
evaporates from the ecean and land, cooling the surface.
Winds carry the water vapor to other latitudes, and
sometimes high up into the air, where heat is released
when the vapor condenses to water



This very large thunderstorm was photographed by astronauts

flying over the Indian Ocean, east of Madagascar (25.0N,

56.0E). The storm is about 65 nautical miles on a side and has

a top that reaches into the stratosphere at 45,000 to 50,000 ft.

and casts long shadows in the low sun. Such storms carry heat

from the tropical seas high into the atmosphere, cooling the
surface.



http://oceanworld.tamu.edu/resources/oceanography-book/Images/10064673_m.jpg

El Nino/Southern Osclllation
(ENSO)

« El Nino'is the appearance in the Pacific interior of an
anomalously warm tengue of water that changes the
convective atmospheric cell above it. In nermal
conditions, the atmoespheric convective loop involves
upwelling of warm air over the western Pacific which
moyves eastward at height and downwells over the
eastern Pacific.



During El Nino, due to the warm water pool in the basin
Interior, two convective loops are produced, with
upwelling of warm air over the pool, and two branches
moving at height both westward and eastward, finally
downwelling over the western Pacific and Central
America. EI'Nino Is succeeded by Its opposite phase, La
Nina, in which the warm pool is replaced by a cold one.
This coupled osclillation of the atmosphere-ocean system
has an irregular periodicity of a few years and has
profound conseguences on the fisheries and the
economy of central/southern America.



Monsoon

The Asian monsoons may be classified into
a few sub-systems, such as the South
Asian Monsoon which affects the Indian
subcontinent and surrounding regions, and
the East Asian Monsoon which affects
seURem China, Korea and parts of Japan.



http://en.wikipedia.org/wiki/Indian_subcontinent
http://en.wikipedia.org/wiki/Indian_subcontinent
http://en.wikipedia.org/wiki/People%27s_Republic_of_China
http://en.wikipedia.org/wiki/Korea
http://en.wikipedia.org/wiki/Japan

Seuth Asian Moenseon

The southwestern summer monsoons occur
from June through September. The [har
Desert and adjoining areas of the northern
and central Indian subcontinent heats up
considerably during the hot summers,
Which causes a low pressure area over the
northern and central Indian subcontinent.



http://en.wikipedia.org/wiki/Thar_Desert
http://en.wikipedia.org/wiki/Thar_Desert
http://en.wikipedia.org/wiki/Thar_Desert
http://en.wikipedia.org/wiki/Indian_subcontinent

Onset dates and prevailing wind currents of the
seuthwest Ssummer menseons In India.
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The southwest monsoon IS generally
expected to begin around the start of June
and fade down by the end of September.
The moisture-laden winds on reaching the
southernmost point of the Indian
Peninsula, due to Its topography, become
divided into two parts: the Arabian Sea
Branch and the Bay of Bengal Branch



http://en.wikipedia.org/wiki/Indian_Peninsula
http://en.wikipedia.org/wiki/Indian_Peninsula
http://en.wikipedia.org/wiki/Indian_Peninsula

East Asian Moensoon

TThe East Asian monsoon affects large parts of
Hde=China;  Phllippines, China, Koerea and
Japan. It Is characterised by a warm, rainy
summer monsoon and a cold, dry winter
monsoeon. The rain occurs in a concentrated belt
that stretches east-west except in East China
where It IS tilted east-northeast over Korea and
Japan. The seasonal rain is known as Meiyu In
China, Changma in Korea, and Bai-u in Japan,
with the latter two resembling frontal rain.



http://en.wikipedia.org/wiki/Indo-China
http://en.wikipedia.org/wiki/Indo-China
http://en.wikipedia.org/wiki/Indo-China
http://en.wikipedia.org/wiki/Philippines
http://en.wikipedia.org/wiki/People%27s_Republic_of_China
http://en.wikipedia.org/wiki/Korea
http://en.wikipedia.org/wiki/Japan

[The onset of the summer moensoon IS marked by a
period of premonsoonal rain over South China
and Taiwan in early May. From May through
August, the summer monsoon shifts through a
series of dry and rainy. phases as the rain belt
moyves northward, beginning over Indochina and
the South China Sea (May), to the Yangtze
RIver Basin and Japan (June) and finally to
North China and Korea (July). When the
monsoon ends In August, the rain belt moves
pack to Seuth China.



http://en.wikipedia.org/wiki/Indochina
http://en.wikipedia.org/wiki/South_China_Sea
http://en.wikipedia.org/wiki/Yangtze_River
http://en.wikipedia.org/wiki/Yangtze_River
http://en.wikipedia.org/wiki/North_China
http://en.wikipedia.org/wiki/Northern_and_southern_China

Super cyclonic sterm (VD) Category
5 cyclone (SSHS)



http://en.wikipedia.org/wiki/India_Meteorological_Department
http://en.wikipedia.org/wiki/Saffir-Simpson_Hurricane_Scale

A storm with near-perfect symmetry and a well-defined

eye hovering over the warm waters of the Caribbean or
In the South Pacific I1s not unusual, but Trepical Cyclone
Gonu showed up in a rather different place: the Arabian

Sea. Though rare, cyclones like Gonu are not unheard of
In the northern Indian Ocean basin.



Most cyclones that form In the region form

over the Bay
hose that ta
Sea, west of t
be small ano

of Bengal, east of India.
Ke shape over the Arabian
ne Indian peninsula, tend to

fizzle out before coming

ashore. Cyclone Gonu was a rare

exception.



Cyclone Gonu

Cyclone known as Super Cyclonic Storm Gonu was the
strongest trepical cyclone on record In the Arablan Sea,
and was also the strongest named cyclone in the
northern Indian Ocean.The second named tropical
cyclone of the 2007 Nerth Indian Ocean cyclone season,
Gonu developed from a persistent area of convection In
the eastern Arablian Sea on June 1. With a favorable
upper-level environment and warm sea surface
lemperatures, It rapidly intensified to attain peak winds of
240 km/h (150 mph) on June 3, to the India
Vieteonelegical Department



http://en.wikipedia.org/wiki/Tropical_cyclone
http://en.wikipedia.org/wiki/Arabian_Sea
http://en.wikipedia.org/wiki/List_of_most_intense_tropical_cyclones
http://en.wikipedia.org/wiki/2007_North_Indian_Ocean_cyclone_season
http://en.wikipedia.org/wiki/2007_North_Indian_Ocean_cyclone_season
http://en.wikipedia.org/wiki/Convection
http://en.wikipedia.org/wiki/Sea_surface_temperature
http://en.wikipedia.org/wiki/Sea_surface_temperature
http://en.wikipedia.org/wiki/Rapid_deepening
http://en.wikipedia.org/wiki/India_Meteorological_Department
http://en.wikipedia.org/wiki/India_Meteorological_Department

. Gonu weakened after encountering dry air
and cooler waters, and early on June 6, It
made landiall on the eastern-most tip of
Oman, becoming the strongest tropical
cyclone to hit the Arabian Peninsula. It
then turned northward into the Gulf of
Oman, and dissipated on June 7 after
making landfall in southern Iran.



http://en.wikipedia.org/wiki/Landfall_(meteorology)
http://en.wikipedia.org/wiki/Oman
http://en.wikipedia.org/wiki/Arabian_Peninsula
http://en.wikipedia.org/wiki/Gulf_of_Oman
http://en.wikipedia.org/wiki/Gulf_of_Oman
http://en.wikipedia.org/wiki/Iran
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Cyclone Phet (IMD: Designation:ARB 02, JTWC
designation:03A) Is the second-strongest
[repical cyclone on record to develop within the
AlapianiSea; only Cyclone Gonu in 2007 was
more intense. It initially moved to the northwest
direction near Oman but Is forecasted to turn
more to the North before reaching the Arabian
Peninsula and later to a northeastern track onto
RPakistan and the Indian state of Gujarat. "Phet”
IS a Thal word, It means Diamond.
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conclusions

Frem this simple discussion we can conclude:

J we must understand how earth, with its
atmosphere, greenhouse gases, ocean, life,
winds, and currents all interact to produce our
climate. The ocean Is one big part of the earth
system. The ocean, atmosphere,and land are
connected through the climate system. Changes
N ONne area cause changes everywhere else.
Everything IS connected, and everything
Influences everything else.



ORENEXAIIIIE:

Physical Climate System

Climate

Atmospheric Physics/Dynamics

'Y Human

Activities
Global Moisture SC -l R

Change

Terrestrial

TR
Energy/Moisture 28 A0

1

Stratospheric
Chemistry/Dynamics

Biogeochemical Cycles Pollutants

(from Earth System Science: An Overview, NASA, 1988)



As a result of these connections

«  Earth has a surface temperature that Is just right for life.
\Water vapor from the ocean Is essential for setting the
earth's temperature.

* The tropical ocean supplies almost all the water that falls
on land.

* The ocean absorbs half of the carbon dioxide released
by our burning of fossil fuels. This reduces global
warming caused by carbon dioxide.



« SO0 much heat Is absorbed by the oceans, that
the the warming of earth's surface by
greenhouse gases Is slowed down. 84% of the
energy available to warm earth's surface has
gone inte the ocean during the 48 years from
1955 to 2003; 5% has gone into the land; 4%
has gone into the atmosphere; and the
remainder has gone into melting ice
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