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THE ATMOSPHERE

The Atmosphere

v"We need to be aware of and understand
atmospheric processes: decision making.

v' All life is dependent on favorable conditions
in the atmosphere: chemical composition,
air pressure, temperature, humidity and
air movement.

» The atmosphere is a shield: it protects us
from meteorites, UV rays and heat loss.

+« All parts of the atmosphere are
interconnected and linked to
conditions in the oceans.

¥ They are influenced by change
any place on the planet.

» People have had and continue to
have an impact on both weather
and climate.

v Initiating and magnifying global climate
change and local microclimate and
microweather developments.

WEATHER and CLIMATE

WEATHER

What is the difference between

weather

and

climate?

< WEATHER: The state of the atmosphere at any
one point in time.
There are 4 parts to weather: What are they?
Temperature

Air pressure
Wind
Moisture

» Weather forecast or prediction is an attempt to guess
what each of the 4 elements will be like in the future based
on models constructed from recorded data of sequential
events that occurred over a long period of time in the past.

By recognizing and studying these events, we may be able to
predict their recurrence.




CLIMATE
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Elements of Weather

« CLIMATE: The average of all weather events
at a particular location over a long period
(50+ yrs) of time.

v Climates change naturally as weather events
change in relation to earth-sun relationships.

» Climate maps show the distribution of averaged data.

» Climographs give us snapshots of the climate
characteristics of individual locations.

<WEATHER: The state of the atmosphere
at any one point in time.
Weather consists of:
1. temperature
. ABC News Coverage of
2. air pressure SEr WL

Hurricane Michael 2019
. https://www.youtube.com/watc
3_ W|nd h2v=jCNhM_ANvy4 (7 min)

4. moisture
v Each is dependent on the others.
v Each changes as the others change.

Elements of Weather

1. TEMPERATURE: the amount of heat
contained in a substance.
Earth’s surface air temperature varies
with various interrelated relationships
and conditions:
v earth-sun relationships

v'atmospheric conditions
v'surface conditions

Click on the link to animate the
World Monthly Temperature Map:
https:/iwww.gifex.com/images/500X0/2009-11-25-

11263World_monthly mean_temperature.gif

Earth-Sun Relationships

— Angle at which

) 0 & © the rays hit the
surface
— Varies daily and
L\ seasonally as
the sun changes

— < Weak rays, low
anglelatithejpoles < Review rotation,
= : revolution, inclination

— - position in the sky.

< Intense rays, high
angle in the tropics.

and parallelism.

< Less extreme characteristics and
more variation in the middle latitudes.
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Atmospheric Reasons for
Temperature Variations

= Amount of material in
the atmosphere:

= water vapor (clouds)

Carbon dioxide = dust
‘concentration (ppm)

= = carbon dioxide
= other greenhouse gases

Average annual
tomp 1880-2019

Blu: cooler tan average RE: warmer than aver

Norin Pole

= Length of passage
S through atmosphere:
scattering of incoming

solar energy (varies with
the items listed above)
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Surface Reasons for
Temperature Variations

= Land vs. water: heat transfer difference
= Color of surface: reflectivity

change rate (cooling or heating) is 3%°F/1,000 ft

= Elevation of surface: less surface to heat; average

= Orientation of surface: O,
o i i Side in
sun-facing or shadow side Sun-facing & oo n
side (cooler)
(warmer)
Mougtain

HIGH
CLOUDS

MIDDLE
CLOUDS  &ietm
2 5%

Low
CLOUDS

Clouds as a Temperature Control

Cloud tops absorb 3% of solar energy
but reflect 21% back into space

HIGH
CLOUDS

MIDDLE B,
CLOUDS | 3 %

LOW
CLOUDS

insulation and keeping the surface warm.

Changing

Record High Annual Mean Ocean
Surface Temperatures, 2015

Temperature
of the Oceans

4

Ay

The oceans are both a
heat sponge and a heat

3

Estimated Heat Accumulati

redistribution system at

the same time. peol

» The chart shows that nearly
all (+90%) heat absorption
has occurred in the oceans

Land
. Atmosphere

—Oceans
€90%
of total

since 1971.

v’ The map locates the areas
of the ocean with record
high average surface

temperatures.

Atmosphere
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Average temperatures from each decade compared with the 20th-century average.
Ocean temperatures have been consistently rising for at least three decades. Scientists believe that global sea surface

temperatures will continue to increase over the next decade as greenhouse gases build up in the atmosphere.
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Global Sea Surface Temperature

Differences from Average for Sept 2020 Marine Heat Waves

Change in the number of “marine heat wave days” compared to the mid-20th

century. s = No data
36 days 16 days 3 “Bdays 36 days

&
/l

- Difference from average temperature (“F)

> B 5
Ocean temperatures in September 2020 were warmer than
average across much of the planet except the tropical Pacific

Ocean where a La Nifia (LN on map) was occurring. =Y
Source: Climate.gov image using data from the National Centers for Enviro

https://www.nature.com/articles/s41558-019-0412-1 o
Source: Journal of Nature Climate Change (2019) 0

Review slides and

Heating of Ocean Circulation | vouube videosin
Land vs. Water Why the difference?

Water is transparent
(heat energy passes

< Ocean currents help regulate the temperature
of the earth’s surface.

through it) and has a The temperature of the top of the ocean is
e - | circulation system transferred to the bottom of the atmosphere.
PR W e (et 'f distributed). » Ocean currents are generated by earth’s rotation,
kil Land is opaque and wind friction, water temperature differences and
Rl acatic salinity differences.
concentrated at the
surface. » Movements are both horizontal and vertical.
Surface Ocean Circulation Deep Ocean Circulation
(horlzontal movement) (vertical movement)

Copyright© The

YVary ool Arctio Ooasn waerdesns nothe
rope and Greenland.|

Deep ocean circulation is
a “conveyor belt” of sea
water.

Warm surface water is
cooled in the Arctic Ocean
and sinks to the bottom of |,
the Atlantic.

Cold water is drawn to the
surface in the Indian and
Pacific oceans because of

. - . great evaporation in the
Currenfs are desngnated warm and cold by their source region, equatorial regions.
not their temperature. Surface currents influence climate on land.

0s Latitude 20°N arn
Heger, G.C. and Bindolf, N.L. 2005, Science 309: 245-255
More Recent model of deep circulation
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Elements of Weather

2. AIR PRESSURE
is the weight of the atmosphere (14 Ibs./sq in at sea level).
It varies with temperature.

» Warm air rises and lessens surface air pressure =
area of low pressure

» Cool air falls and increases surface air pressure =
area of high pressure.

Global Belts of Air Pressure

Altitude (mi)
w©
Lun) epnuy

coLb
coo COOLER HOT

TROPICS
REGIONS o

Elements of Weather

3. WIND:
Air moving from an area of high pressure to an area
of low pressure (pressure gradient).
— The greater the difference in pressure the faster
(stronger) the wind will be.
— The closer to each other the centers of high and low
pressure are, the faster the wind will be.
— Wind is named by the direction from which it comes,
NOT the direction it is moving.

l,Novth wind \Northwest wind TSouth wind \Southeast wind

Wind Systems

Wind Systems: Areas where wind blows in
a unique and predictable fashion based on
pressure gradients.

o Global wind systems.
o Regional wind systems.
o Local wind systems.

Jet Stream Animation

3
o

The Northern Hemisphere's polar jet stream is a fast-mov-
ing belt of westerly winds that traverses the lower layers
of the atmosphere.

« The jet is created by the convergence of cold air masses
descending from the Arctic and rising warm air from the
tropics.

* This pattern spreads across the mid-latitudes of North
America, Europe and Asia, as pockets of cold air creep
down from the Arctic—creating contrasting waves and flows
that accelerate east-ward due to Earth's rotation.

https://www.youtube.com/watch?v=C HiBj0teRY 25 sec jet stream animation

The visualization uses weather and climate observations from NASA's MERRA dataset to

model 30 days of the jet stream's whirling journey over North America.
Published on Jul 12, 2012 Courtesy: NASA/Goddard Space Flight Center .

Global Wind System

The Companies, Inc, Penmission required for display.
North Pole
90°

Trade w‘mds{ 0° quatorial low

Westerlies

hitps:/www.youtube.com
Iwatch?v=63QNz861ayk

od
Global wind systems have both horizontal (surface) || Sesimee oy

and vertical (upper p ) 11inodel752




Regional Wind System
Asian Monsoon
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Warm ocean - Cooler ocean

Winter

DRY MONSOON WET MONSOON

Some islands experience monsoons on different opposite
coasts during the year because of the changing wind direction.

NOTE: occur on all i except ica, but are not
as intense as the Asian monsoon.
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Local Wind Systems

LAND BREEZE

SEA BREEZE

MOUNTAIN BREEZE

Elements of Weather

4. MOISTURE: Water vapor in the atmosphere
includes humidity, precipitation and cloud cover.
= Very important part of earth environment.
«»Temperature is the controlling factor for
the amount of moisture in the atmosphere
(hot and humid / cold and dry).
» Moisture is moved by wind.

» Condensation and precipitation return
moisture to the earth’s surface (hydrologic cycle).

Air Masses

Moisture is moved b
by air masses. W :
They are designated by |[ " AN
their source area and \ | S 1)
have unique character- m ERD
istics of temperature 1 \

and moisture. ¥

AIR MASS SOURCE REGIONS| R
| A

Warm,
“r wet

CON DENSAT'ON The conversion of water from

a vapor to a liquid state.

-

Warm air containing water vapor (humidity) rises.
2. As air cools, moisture condenses to form clouds.
3. When the air reaches its saturation point (for its
temperature), precipitation occurs.

Wind s

ammm—t
C ion level f 2 s

e ALl

B R —
( Ground

—

OROGRAPHIC

Precipitation

3 Types of
Precipitation

landform
generated

Rising and cooling

Windward

Moist, warm air -

Rain
shadow

CYCLONIC
or (
FRONTAL
air mass
generated

Lseward\
slope (wet)  slope (dry)

CONVECTION
heat generated
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