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After Unit 13 you should be able to:

O

Be able to use Selected Properties of Earth’s Atmosphere, Planetary
Wind and Moisture Belts in the Troposphere, Temperature, Pressure,
Key to Weather Map Symbols, Average Chemical Composition of
Earth’s Crust, Hydrosphere, and Troposphere, and Surface Ocean
Currents charts from the ESRT.

Be familiar with the function of the ozone layer

Understand the transferences of energy: conduction, convection,
radiation

Understand the Greenhouse Effect, identify greenhouse gases, and
understand factors that impact climate such as ocean currents,
latitude, and altitude

Understand the impact volcanic eruptions can have on short term
climate

Understand how air pressure is measured, the key differences
between high and low pressure, and the factors that impact air
pressure

Understand how air pressure plays a role in weather prediction and
wind as well as tools used to measure wind speed and direction



After Unit 13 you should be able to (continued):

O

Understand and decode air mass symbols and fronts and understand
what changes occur as they pass a weather station

Be able to accurately draw isobars and calculate gradient for
pressure, temperature, etc.

Understand the role prevailing winds play in weather prediction

Be able to plan and execute safety precautions in the event of a
significant weather event such as a hurricane, lake effect snowstorm,
and tornado

Be able to fully encode and decode a weather station with symbolic
representations
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Unit 13 vocabulary you should be able to use and understand:

Atmosphere
Altitude
Troposphere
Stratosphere
Mesosphere
Thermosphere
Ozone layer
Radiation
Convection
Conduction
Density
Greenhouse effect
Infrared radiation
Greenhouse gases
Water vapor
Carbon dioxide
Nitrogen Dioxide
Methane
Transparency
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Local

Regional

Latitude
Insolation

Angle of incidence
Barometric pressure
Air pressure
Barometer
Atmospheres
Millibars

Inches of mercury
Isobars

Gradient

High pressure
Low pressure
Clockwise
Counterclockwise
Coriolis effect
Cold front

RN OO O O 0. O 00 0.0 0.0 O CsEat

Warm front
Stationary front
Occluded front
Wind

Wind vane
Anemometer
Thermometer
Cyclone
Anticyclone
Prevailing winds
Jet stream

Air masses
Continental air mass
Maritime air mass
Arctic air mass
Polar air mass
Tropical air mass
Atom

Molecule
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Tornado
,4 station
8 del
Loud cover
95\ Visibility
o Temperature
> Dewpoint




Our atmosphere is incredibly unique and hospitable. Without our atmosphere, life
would not be possible on Earth. Fortunately, the gravitational pull of the Earth
holds our atmosphere against the planet.
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Unique Layer: The Ozone Layer

" STRATOSPHERE

= The ozone layer is located in the
stratosphere

= Ozone (O,) protects organismson
Earth’s surface from the majority of
the Sun’s ultraviolet (UV) radiation




To truly understand weather and climate, you must first understand the methods
of transference of heat energy that take place on and around Earth. Once heat is
transferred, it impacts the density of a substance causing it to change its properties
and positioning. This applies to solids, liquids, and gases.




e EARTH'S ENERGY BUDGET

. Reflected by Reflected Reflected from
atm osphere by clouds earth's surface
6% 20% 4% 64% 6%
Incoming Radiated to space

solar energy from clt:]uds and
100% atmosphere

Absorbed by
atmosphere 16% Radiated

A Absorbed by
clouds 3%

Conduction and g
rising air 7%

directly
to space
from earth

Radiation
absorbed by
atmosphere
15%

Absorbed by land
and oceans 51%

Method #1: Radiation

» Radiation is the transference of
energy in waves through the
atmosphere or atoms in solids,
liquids, and gases

= Absorption of these waves by atoms
can produce heat

* Main sources of radiation: the Sun
and decay of radioactive elements
within the Earth
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Absorbers, Radiators, and Reflector

All objects (bodies) emit radiation. ;}

thermometers | Certain characteristics can make some
| bodies better radiators or reflector

1

= Surfaces that absorb the most ,-
energy from the Sun are dark in |

e
\y

..‘.1

-
~ |shiny aull color, dull, and rough in texture
¢ |surface surface

N ;Q

8 * These surfaces radiate energy
| : easily as well (such as infrared)%f

.o'n

Smooth or shiny and light colo
surfaces reflect rad:atton mor e

aluminium tubes




Column of air
expanding over
hot surface

Air flow replacing
rising air

Method #2: Convection
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=  Warmer, less dense substances ri '- A

T

and transfer their heat energy
upward

Commonly found: atmosphere
(rising warm air, cloud formation a
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Method #3: Conduction
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Transfer of energy through ato
contact with each other ‘
Example: metamorphism of rocl?ﬁ'"

contact with magma; as distance
conduction from magma increases, the grade of

Ge sy

metamorphism decreases
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Climate Change

The Greenhouse Effect

o Absorbed Radiation

The Earth absorbs radiaton
:hi‘ sun

2] Reflected Radlation

Greenhouse gases absorb some outgoing
radiation

Greenhouse gases
Greenhouse gases emit absorbed radiation.
This warms the earth and it's atmosphere

3
e
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The Greenhouse Effect: Creating a

Hospitable Earth

= Atmospheric gases insulate the
Earth in a phenomenon known as the
greenhouse effect

= The sun warms the surface of the
Earth as its rays strike the ground and
oceans

* Infrared radiation bounces back into
the atmosphere where it is absorbed
and reemitted by gases that are
present




. N
Greenhouse gases positively influence

climate on Earth (increase
temperature) 4
The #1 greenhouse gas is water vapor
Others include: g

= Carbon dioxide (CO,)

= Methane (CH,)

= Nitrogen Dioxide (NO,)
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MAUNA LOA OBSERVATORY, HAWAII
MONTHLY AVERAGE CARBON DIOXIDE CONCENTRATION
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incredible rate

Concern has arisen because W‘r
found a correlation betwee-
atmospheric CO, concentratic
a possible increasing average
temperature
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Other Influences on Worldwide Climate

= Volcanic eruptions cool worldwide
climate as particulates and sulfur
dioxide are released into the
atmosphere, reducing transparency

Photovolcanica 2014
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- Regional Climate Factors

Ocean currents increase humidity in
an area and moderate climate
(warmer or cooler based on the type
of current)
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Elevation / Altitude

Cities located higher above sea level
experience cooler climates, low
elevations experience warmer
climates
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Mean Annual Global Insolation ('_:. ’-_GM

= |atitude has the most significant
impact on climate

" Recall that the Sun is directly
overhead latitudes between 23.5°
North and 23.5° South depending on
the time of year

» The more direct the rays (lower
latitudes), the warmer the climate
(also more evaporation)

Energy density (Watts / m2)




Holar Declination Ansle
{Horthern Hemisphere)

"Winter Solstice
&=-2352

-

Burnmer Solstce
= +23.52

Angle of Incoming Solar Radratton.;»,
(Insolation)

‘« -
x ‘M '#

r,

» The more direct the rays (hig he’ "'*
angle of incidence), the warmen‘
climate ( also more evaporatlon)
The rays are more direct during tk

summer for the Northern Hemis; r




While climate is the long-term description of temperature and humidity trends in
an area, weather is the short-term description of these factors in an area. There are
many vdriables to consider when generating a forecast.




Average Chemical Composition
of Earth’s Crust, Hydrosphere, and Troposphere

Introducing Air Pressure

ELEMENT
(symbol)

CRUST

HYDROSPHERE

TROPOSPHERE

Percent by mass

Percent by volume

Percent by volume

Percent by volume

Oxygen (O)

46.10

94.04

33.0

21.0

Silicon (S)

28.20

0.88

Aluminum (Al)

8.23

0.48

Iron (Fe)

5.63

0.49

Calcium (Ca)

415

1.18

Sodium (Na)

2.36

1.1

Magnesium (Mg)

2.33

0.33

Potassium (K)

2.09

1.42

Nitrogen (N}

Hydregen (H)

Other

Air is a mixture of gases, prtman
nitrogen and oxygen

the Earth
This pressure is called air Dre




= Air pressure (more appropriately
barometric pressure) is measured
using a barometer

Glass tube

Mercury

»
S




Pressure

~ |millibars
{rmb)

1040.0

1036.0

1032.0

1028.0

1024.0

1020.0

inches

{in of Hg")

30.70

30.60

30.50

30.40

30.30

30.20

Barometric Pressure Conversions

Barometric pressure can be measur
using the following units: |
atmospheres, millibars, and mches
of mercury

Unfortunately, the units are not
uniform or equal, so a conversion
chart must be used (ESRT)
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Barometric Pressure in Forecasting

= Air pressure is the best predictor in
the general forecasting of weather

" In basic forecasting, you can make
some assumptions in your predictions
using only barometric pressure

United Stateﬁai(g.urrent Fronts Mixed
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Familiarizing Yourself With I[sobars

= Recall that isolines isolate different
measurements
= [sobars are isolines isolating different

‘g barometric pressures

| b NGB = Drawing isobar rules are the same (if
\ “& N N Y true, go through)

United States Current Fronts Tue Apr 8 07:02:08 EDT 2014
Rain Mixed Frozen

. . *\ Weather Underground”
Heawy  Light Heayy Light Heawy W wurdeege curd o




Meteorologists term pressure
centers high or low depending on
the barometric pressure values
associated with that particular
system (above 1 atm = high
pressure, below 1 atm = low
pressure).
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Rotation of Pressure Centers

X s

Into a Low pressure cente

Out of a High pressure cer |

counterclockwise
High pressure rotate
clockwise "
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Cause of Rotation

=  (Coriolis effect

&




Current Surface
LT RAIN/DRIZZLE .MOO/HVY RAIN _|RAIN/ICE/SNOW LT SNOW/FLUR _'*

06 Oct 2006 13:00 GMT / 06 Oct 2006 10:06 AM EDT

TSNOW _[FOG

The
Weather
Channel

High Pressure Centers (Anticyclones)

» Associated with fair, dry weather

" High pressure systems lack
moisture making the air more
dense, slightly cooler at times

| = Remember: High, dry, clear sky

weathercom




Current Surface
Low Pressure Centers (Cvclones)
" ’.,f ' T, 7/

'
1

= Changes in temperature, may
initially be slightly warmer

-

.

‘*

| = Moist, less dense air, cloudy,
precipitation likely

The
Weathor
Channel
weathe
0G Oct 2006 14:06 GMT / 06 Oct 2006 10:06 AM EDT o
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Warm A A & a that show the advancing char’i' n

_ characteristics. Of these the
| Stationary T‘T‘T

important are cold and warm f n
| Occluded Aadhalbd 8

e




Cold A A A A

Warm

Stationary — W™ w ™ v
Occluded _A o &b

Fronts are defined by the
characteristics of the air that follovy~
them. s

Cold: Cooler air follows

Warm: Warmer air follows |
Stationary: Boundary between
opposing cold and warm fronts
Occluded: More rapidly moving
cold front overtakes the warm
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Cold Front




Cloud Development
Because of Frontal Lifting

Advancing of Warm Moist Air

Warm Air

Behind Warn/ S :
g Cold Air
Front Ahead of Warm Front

Direction of

Frontal Movement
Map Symbol >

Warm Front

T
o

Warm Fronts

warm air .
Cloud formation and poss:ble <k

light precipitation on the leading
edge ok




Cloud Development
Because of Frontal Lifting
of Warm Moist Air

Advancing
Cold Air
Behind Cold
Front

Receding Warm
Air Ahead of
Cold Front

Direction of
Frontal Movement > Cold Front

Map Symbol

Cold Fronts

~
bt

=
3
(&

Leading edge of the cold froﬁ,é,"ﬁ
brings more violent storms
from rapid rising of air above"
approaching cool air '

g
\
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Pressure modeled?

B
* Isobar maps are n"}i

00Z May 1,1997 Sea-level pressure (solid) and surface temperature (dashed)
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What is an isobar?

Isobars isolate pressures |
. &
are alike

isobar line will be EXACTL
same #

All values connected by th o

i 10 07 ;& P
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: 0 038
437 109F0 +av




Drawing Isobars

= |solines rules apply v

through”
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0

SOUTHERN HEMISPHERE

What is the connection bet
wind and air pressure?

Winds circulate in !%”“f*:
on this diagram




Wind and Air Pressure

*  Winds also flow from a High
pressure system into a Low
pressure system
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= The pressure gradient i m og&
weather system




Closely spaced isobars mean
a steep pressure gradient and
strong winds..r

.l' A
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What is a pressure gradie , i {

8
‘ a

Recall that the grad:ent f 't
and concept applies to m&
different topics and desc},;r;g‘a
how quickly a measurem' nt
changes over a distance
A pressure gradient descr-; be
how quickly pressure ck a nge
over a distance ,

1
Widely spaced isobars
mean a shallow pressure
gradient and relatively
light winds.




MORAPS grid 1, 157 x 93 x 36

o

45.00 km

12 h 0 m forecest valid of 1996011612 from 1996011600
7T AT
= SN

Pressure Gradient

= Widely spaced isobars mean that f-*

winds are relatively weak, while
close isobars indicate high

winds &




Identify locations w
on this map

ith high wir
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=  Anemometer (speed)
* Wind vane (direction)




Primary Cause of Wind

Uneven heating of the Earth’s

surface causes some air to rise

when it is heated while other air
cools and sinks (convection)
The Coriolis Effect causes the
East to West, cyclonic and anti-
cyclonic motion of wind




/——Tropopause

Polar front jet stream

Polar front

Planetary Winds

Subtropical
jtsteams| ™ Planetary winds are de

on the Coriolis Effect as }__ '
the angle of msolatm




/——Tropopause

Polar front jet stream

Surface Winds

N N
. SR
re*

Subtropical

jetsteams |~ @ Deflected as a result ."‘ _

Y

Coriolis Effect




/——Tropopause

Polar front jet stream

Seasonal Change

Polar front

o
1

'_\) absorbing moisture dep

Whether or not air is r

Jcpiio where the most intens
7 from the Sun are
’ This figure is shown at equ
where the rays are most ij
at the equator




/——Tropopause
Sy Polar front jet stream

Polar front

Subtropical GtmOSphere but then W i .;'

Jetsieams farther to the North ors

The moist, warm air a |
equator is a reason for Ny
rainforests being foun t

R o ¥

= Most deserts are at‘3_ i\
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/——Tropopause

Polar front jet stream

Polar front

Subtropical
jet streams

Most storm systems't.
New York arrive from tt
Basic weather predtc ol
look to the SW for o

oncoming weather
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Tropause

Polar front jet stream

Polar front

Subtropical
jet streams

"’ns 2l ¥ 35 .‘.x’“ By i f
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Jet Stream

The Jet Stream is raptdly V
air aloft that generates

w. ..
movement of pressure ce

Jet Streams vary with se

based on heating of the Fa
surface; moving genem \
or South i
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North American air mass source regions. Note
standard air mass abbreviations: arctic {A), continental
polar (cP), maritime polar (mP), continental tropical
(cT), and maritime tropical (mT).

<

s VI

A

Air I\/lasses

= Air masses are named based ol

their source region

= Their source region determts les

their characteristics




Air Masses

- |cA continental arctic

.;" . > t' t |=
- |cP continental polar ¢ = continental = dry

m = maritime = wet

- |cT continental tropical A = arctic = very cold
' P = polar = cool

o T = tropical = warm
~|mP maritime polar

~|'mT maritime tropical

N

TN




What factors impact air pressure?

= Temperature
=  Humidity




How do warmer tem eratures;,, W
ect air pressure? B

Rising temperatures cause ch 1
expand

Expanding air becomes Iess ol
dense and rises
ThlS air creates an area Of |0

pressure




Recall that winds flow mt’
a counterclockwise faano

4 ’
of the suction created by he
wdrm air




\:{onvergence

How do colder temnerat Ires
air pressure? -
E

é.

A ‘:
= Cooling trends cause air t ;"’;.,
compress e
This compression causes the
to become more dense and |
This sinking air creates el :

pressure on the surfa Xo

Divergence




Humid Air: N,, O,, and H,O

J
A
"
Eﬁi‘ -;;\\
Thlme s~
& M0 ke

Humidity and Air Pressure

The space in the lower atmosphere
can only hold so many molecules

= Humid air contains different
quantities of gas molecules

= Dry Air: Mostly N, and O,

* Humid Air: N,, O,, and H,0
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Masses of Molecules

N, =28 g/mol
0, =32 g/mol
H,O =18 g/mol

= When water is present in the
atmosphere, its mass is lower

= This lower mass results in lower
pressure



http://www.globalwarmingart.com/images/a/a4/Oxygen_Molecule_VdW.png
http://www.globalwarmingart.com/images/a/a4/Oxygen_Molecule_VdW.png
http://www.globalwarmingart.com/images/a/a4/Oxygen_Molecule_VdW.png
http://www.globalwarmingart.com/images/a/a4/Oxygen_Molecule_VdW.png
http://www.globalwarmingart.com/images/a/a4/Oxygen_Molecule_VdW.png
http://www.globalwarmingart.com/images/a/a4/Oxygen_Molecule_VdW.png

Mosaic

NWS Radar
0148 UTC 02/25/2007




Hurricanes and Tornadoes

* Very destructive; hurricanes more
widespread damage (in the Fall) after
forming over the Atlantic Ocean,
tornadoes isolated and intense (mostly
late Spring and Summer)

= Seek shelter in strong parts of your
home (closets, near plumbing like a
bathtub, basement)

= Prepare for loss of electricity and lack of
potable water
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Sea Surface Temperatu

re Anomaly (°C)

El Nino and La Nina

* During years where an El Nino event
occurs, the atmosphere and ocean wate
in the middle of the Pacific Ocean warr ~.

-‘..‘ a
3 "

= | aNina events result in cooler water a d

air temperature in the same regions
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Communication is vitally important in weather prediction and preparation. Local
meteorologists are able to communicate conditions in their area through weather
station models.




Features

= Weather stations report a varret;?'" i
information '
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Total Sky Cover

No clouds

Less than one-tenth or one-tenth
Two-tenths or three-tenths Cloud Cover

Four-tenths o

Five tenths How much of the sky is coverefg- by
B s
Six-tenths clouds? 0 "

2%

)
JV
ol

Seven-tenths or eight-tenths

Nine-tenths

Completely overcast

O
O
S
®
D
N
9
0
®
X

SKky obscured




10 k.

15kt

Lk

30k

Wind barbs showing east
winds at various speeds

1 kt = 1.15 mph

Wind Speed

Measured in knots b
Points in the direction the wind i l% m‘
from

1 knot = 1.15 mi/hr

Long Feather = 10 knots

Short Feather =5 knots s
Add feathers for total speed B




| Temperature (°F)

Present weather - 28
Visibility (mi) \E—l\*
Dewpoint (°F) . 227
Wind speed b

whole feather = 10 knots
half feather = 5 knots

total = 15 knots

Amount of cloud cover
(approximately 75% covered)

Barometric pressure
196 (1019.6 mb)

Barometric trend
+19/ (a steady 1.9-mb rise
the past 3 hours)

.25 Precipitation
(inches past 6 hours)

Wind direction
(from the southwest)

(1 knot = 1.15 mi/hr)

Temperature

In degrees Fahrenheit, no degree
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| Station Model
Amount of cloud cover

- | Temperature (°F)

(from the southwest)
(1 knot = 1.15 mi/hr)

half feather = 5 knots

[whole feather = 10 knots
total = 15 knots

:| Wind direction

(approximately 75% covered)

_ ( Present weather - 28 196 I(':;a(l)r%r)ngtrrrl‘%)p les “J?
‘ aihili ; Barometric trend ’&
| Visibility (mi) \\_:—1% +19/ (a steady 1.9-mb rise P o
Dewpoint (°F) the past 3 hours) i
27 .25 Precipitation A
Wind speed b (inches past 6 hours) )

Precipitation and Visibility

= Use your ESRT symbol bank (present

- weather), visibility in miles

RPN,
e
e
N
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A
358 3
4
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Station Model
My Amount of cloud cover

| Temperature (°F) (approximately 75% covered)
Barometric pressure

Present weather - 28 196 (1019.6 mb)
s e : Barometric trend
Visibility (mi) \\:—1;* +19/ (a steady 1.9-mb rise

Dewpoint (°F) the past 3 hours)
27 .25 Precipitation

ind spee inches pas ours
Wind spe db inches past 6 h )
:| Wind direction

(from the southwest)

half feather = 5 knots
(1 knot = 1.15 mi/hr)

total = 15 knots

[whole feather = 10 knots

Dewpoint

In degrees Fahrenheit, temperature at

which condensation will take place

If this is close to the air temperature it is

possible that precipitation is going to take
‘ ; ,lgce (htgh hum:dxty) | LR

\l €

¥ e b : 45‘ o
‘,r.'l_-. ld-. " ,4 % A Sl b2 Ay 1. ( ”{P ? X :
FH5 e ‘..;\" Wy Sl 3 ' ' R (T 8 ,'N’

A \.$
{4 Y 3




§ % L RSN T S "-',-»’, CRAA S S .
& "'&ﬂm‘-‘l‘ﬂwwﬁ %, e S ';1 hetin @ 7,

Station Model
o Amount of cloud cover

: Temperature (°F) (approximately 75% covered)
; Barometric pressure

Present weather . 28 196 (1019.6 mb)
: i . Barometric trend
Visibility (mi) \\:_1.;* +19/ (a steady 1.9-mb rise

Dewpoint (°F) the past 3 hours)
27 .25 Precipitation

ind spee inches pas ours
Wind spe db inches past 6 h
:| Wind direction

(from the southwest)
(1 knot = 1.15 mi/hr)

half feather = 5 knots

[whole feather = 10 knots
total = 15 knots

Barometric Pressure

You need to convert units before plotting
on the weather station model

If above 1000 mb, remove the preceding
“10”

If below 1000 subtract the first “9”

No decimals on the diagram!

Reading the model: if <500 add a “10” and
a decimal before the last number, if >500

~ adda“9” and a decimal before thelast
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Amount of cloud cover

b Temperature (°F) (approximately 75% covered)

Present weather . 28 196 I(Ezz%)r?sr)ngtrrri]%)pressure
isibili i Barometric trend

Viskily o) \\’—l\i‘ +19/ (a steady 1.9-mb rise

Dewpoint (OF)L 27 the past 3 hours)

.25 Precipitation
Wind speed b (inches past 6 hours)

Wind direction

whole feather = 10 knots
[ half feather = 5 kn ots:| (from the southwest)
(1 knot = 1.15 mi/hr)

total = 15 knots

Barometric Pressure Trend

= Remove decimal, add rising symbol (/) or
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Station Model
Temperature (°F)

Present weather - 28

Visibility (mi) \,\_1\;*
Dewpoint (°F) . 227
Wind speed b
[whole feather = 10 knots:|

half feather = 5 knots
total = 15 knots

Amount of cloud cover
(approximately 75% covered)

Barometric pressure
196 (1019.6 mb)

Barometric trend
+19/ (a steady 1.9-mb rise
the past 3 hours)
5 Precipitation
(inches past 6 hours)

Wind direction
(from the southwest)

(1 knot = 1.15 mi/hr)

Recent Precipitation

= |ndecimal form
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