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Fig 2.15: Essentials of Meteorology
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The atmosphere absorbs energy only at
certain wavelengths and transmits at others
This figure shows what percentage of energy
is able to travel through the atmosphere
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This slide shows how much radiation is absorbed by the atmosphere at
different wavelengths.

Example, at 0.1 pm the atmosphere absorbs 100% of the incoming
radiation from the sun.
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Fig 2.11: Essentials of Meteorology
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Outgoing IR energy

Fig 2.12a: Essentials of Meteorology
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Fig 2.12b: Essentials of Meteorology
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absorption and reemission of
infrared radiation by water vapo.

emission
of infrared
radiaton :
absorption absforpltlon
of solar odgot _ar
radiation radiation

(a) Earth with no atmosphere (b) Earth with atmosphere

What happens when the “blanket gets too thick?

Fig 4.7: Weather: A Concise Introduction
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We’ve discussed the composition of the atmosphere

&

How energy is transferred throughout the
atmosphere

Now we’ll discuss how composition and the seasons
affects surface temperature

(I know....I’'m excited about this, too!!!)
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Observer

Zenith — the point directly over your head
Solar Zenith Angle — the angle between the sun and a point directly overhead

Copyright ® 2019 University of Maryland Fig 2-13 Meteorology: Understanding the Atmosphere
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High sun
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The intensity of light reaching the surface decreases as the
sun lowers in the sky

As SZA 1‘ Intensity‘l’

Fig 2.21: Essentials of Meteorology
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At the pole, a sun beam is
spread out over a larger area.

Sunlight in the tropics is more
intense because the sun is higher in
the sky than near the polar regions.

Less solar energy makes it through
the atmosphere to the poles than
the equator.

The polar regions have a higher
albedo than the tropics. Why?

All of these together lead to an
energy imbalance

<>

In the tropics, a sun beam is Fig 4.8: Weather: A Concise Introduction
Cop concentrated over a smaller area. 23
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Sunlight in the tropics is more
intense because the sun is higher in
the sky than near the polar regions.

absorptio .
ofvisile | Less solar energy makes it through

radiation | the atmosphere to the poles than
the equator.

of infrared
radiation

' The polar regions have a higher
albedo than the tropics. Why?

All of these together lead to an
energy imbalance

Fig 4.9: Weather: A Concise Introduction
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The Seasons
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In winter, the sun is lower on
the horizon and sun beams are
more spread out.

i

<>
In summer, the sun is high in
the sky and solar energy is
more concentrated.

Fig 4.11: Weather: A Concise Introduction




The Seasons
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Temperature —>

Incoming solar energy

Outgoing
earth energy

Energy rate ——
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Daily Temperatures
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Sunrise

Sunset

Solar energy is most intense at
noon.

Suns rays are more “focused” at
noon.

Solar radiation (incoming
radiation) greater than surface
radiation (outgoing radiation)
until later in afternoon.

Lowest temperature occurs
shortly after sunrise when
outgoing radiation is greater
than incoming.

Fig 3.2: Essentials of Meteorology29

Air temperature data

* Daily mean temperature determined two ways

1. average of max. and min. temperatures for the day

2. average of 24 hourly temperatures

* Daily temperature range — difference between max. and min.

temperatures

* Monthly mean temperature — average of daily mean for the

month

* Annual mean temperature — average of monthly means

* Annual temperature range — difference between coldest
monthly mean and warmest monthly mean

30
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Fig 4.14: Weather: A Concise Introduction

Daytime Temperatures

As the sun rises, the ground
warms.

Air in contact with ground
warms, too.

On calm days, air above the
surface is cooler

On windy days, the air is mixed
so the difference in temperature
between the surface and air

— above is smaller
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Air temperature

35
Temperature

Nighttime Temperatures

Thermometer
As the sun sets, the ground

cools by radiating it’s heat to
space

Shelter

Air radiates some heat to the
ground and the ground radiates
this heat away, too.

As the night progresses, the
ground and the air just above
the surface cool more rapidly
than the air above.

Increase in temperature above

the ground is called a “radiation
inversion”

Fig 3.5: Essentials of Meteorology34
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Fig 4.14: Weather: A Concise Introduction
5

Role of Clouds

./ "Vr\-. 'a

LN

IR radiation

Cooler night

Fig 3.14: Essentials of Meteorologjé 6




Daytime Temperatures: Clouds

(@)

More solar radiation is
reflected...

Clouds have a high albedo and will

C_::@ reflect incoming solar radiation

... less is absorbed...

e

...maximum daytime temperatures
are not as high: days are cooler.

Fig 4.15: Weather: A Concise Introduction

Nighttime Temperatures: Clouds

Clouds prevent heat from surface
from going out to space

3

...more is emitted
down...

A

...minimum nightime temperatures
are not as low: nights are warmer.

Fig 4.15: Weather: A Concise Introduction




Temperature: Cloud Influence

— Grand Rapids, Mich. (GRR): Lat 43°N — Long 85.5°W — Elev. 240 m
— Madison, Wis. (MSN): Lat 43°N — Long 89.5°W — Elev. 261 m
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Fig 3-14 Meteorology: Understanding the Atmosphere

Average Temperature (°F)

Temperature: Latitude Variations

— New York, NY: Lat 40.78°N — Long 73.97°W — Elev. 40 m
— Miami, FL: Lat 25.80°N — Long 80.27°W — Elev. 2 m
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Incoming Solar Energy (W/m?2)

Temperature: Latitude Variations

— New York, NY: Lat 40.78°N — Long 73.97°W — Elev. 40 m
— Miami, FL: Lat 25.80°N — Long 80.27°W — Elev. 2 m
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Miami

Average Temperature (°F)

Temperature: Surface Variations

— In Salah, Algeria: Lat 27°N — Long 2.5°E — Elev. 280 m
— Miami, Fla.: Lat 26°N — Long 80°W — Elev. 2 m
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Temperature: Surface Variations

Temp Temp Temp Temp
°k J FMAMUJJ A S OND °<C % J FMAMUJI J A S ONUD ©°C
90 1 L L 1 L 1 1 L 1 1 1 L 90 1 1 1 1 1 L 1 1 L 1 1 1
i 30 30
Annual temperature range:
80 ] 8°C (14°F)
25 8 25
70
20 J 20
15 i NN 15
10 50 = . 10
] Ponta Delgada
(Azores)
= 40f 5
0 0
30
-5 -5
ol P S S S J—
J FMAMUJIJ AS OND
Month Month
(a) St. Louis, Missouri, 39°N (b) Ponta Delgada, Azores, 38°N

© Cengage Leaming. All Rights Reserved.

Fig 3.17: Essentials of Meteorologjgf 4




b

Temp Temp Temp Temp
2F J EMAMJJ A S 6 ND < °F J FMAMUJIJ A S ONUD <
90 P - RO T - ) pom R O A ™ B e W

Record high: Record low: |30 Record high: Record low: |30
" 39°C (103°F) —3°C (27°F) - 42°C (107°F) -24°C (-12°F)
25 —125
70 NE
20 —20
60 15 60—~ B 15
A San Francisco 10 0 10
40  Average annual B 40 5
temperature: Average annual
15°C (58°F) temperature:
0 15°C (59°F)
08 Annual temperature range: + .
7;.(? (12°F) B Annual temperature range:
_5 22°C (42°F)
20 T T T T T T T T T T 20 T T T T T T T T
J FMAMUJU J A S ON J FMAMJ J A
Month Month

~ Average Temperature

— - - — ~

(a) San Francisco, California, 38°N

© Cengage Leaming. All Rights Reserved.

(b) Richmond, Virginia, 38°N
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