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Steam Fog over a Lake




The Hydrologic Cycle
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Water’s Changes of State

Sublimation

Heat absorbed (-680 cal)

LiGuiD GAS
(water) (water vapor)

Melting Evaporation

Heat absorbed Heat absorbed
(80 cal) (540-600 cal)

Fraezing gl I= Condensation

Heat released - - Heat released
(80 cal) ) (540-600 cal)

Depaosition
Heat releasad (~680 cal)

Releases latent heat to the environment
Absorbs latent heat from environment

Copyright © 2007 Pearson Prentice Hall, Inc.










Copyright © 2007 Pearson Prentice Hall, Inc.

Condensation of Water Vapor
Generates Fog




Frost on a Window Pane
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Absolute
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. Mixing

io = 20g/kg

¥ «— Mass of water

Size of - vapor = 20g

parcel = 1m? ' :

- Absolute
Mass of humidi 20g/m?
parcel f st

'3
(dry) =1 kg - ﬁ pe Mixing
ratio = 20g/kg

Copyright © 2007 Pearson Prentice Hall, Inc.




Gauge shows

a0c
EIJL
b L, Higher

gaturation
or

Evaporatis
condensati
balance

Copyright @ 2007 Pearson Prentice Hall, Inc.

Relationship
between
Vapor Pressure
and
Saturation



Saturation mixing ratio (at sea-level
pressure)

Temperature °C (°F) Saturation mixing ratio g/kg

i . Saturation
Vapor Pressure
Varies with

| Temperature

10 (50)
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Hot desert air
with low
relative humidity
will actually
have a higher
water vapor-content
than frigid air
with high
relative humidity




Relative Humidity

(a) Initial condition (b) Addition of 5 grams (c) Addition of 10 grams
of water vapor of water vapor

1 Temperature _ J[
| o5°C | i

1 kg air

5grams /' 10grams 20 grams
H.O vapor H.O vapor | [ H.O vapor

! Evaporation —.

1. Saturation mixing ratio 1. Saturation mixing ratio 1. Saturation mixing ratio
at 25° C = 20 grams® at 25° G = 20 grams" at 25° C = 20 grams*

2. H,O vapor content = 2. H,0 vapor content = 2. H,0 vapor content =
5 grams 10 grams 20 grams

3. Relative humidity = 3. Relative humidity = 3. Relative humidity =
0= 25% %20 = 50% 20/20 = 100%

*See Table 4-2
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Changes with Added Moisture




Relative Humidity

(&) Initial condition

smperature

7 grams
H. O vapor

. Saturation mixing ratio
at 20° C =14 grams®

2. H.O vapor content =
7 grams

3. Relative humidity =

Copyrigh

(o) Cooled to 10°C

7 grams
H.O vapor

at 10" C =7 grams’

2. H,O vapor content =

7 grams

3. Relative humidity =

iy = 100%

(o) Coaled to

3.5 grams
H. O vapor

3.5 grams

. Saturation mixing ratio
at 0’ C = 3.5 grams*

2. H.C vapor content =
3.5 grams

3. Relative humidity =
; = 100%
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Changes with Temperature



16 (61)
14 {57)
12 (54)
10 (50)
8 (46)
G (43)
4 (39)
2 (36)
0 (32)

-2 {29)

Temperature “C (°F)

.

Lowest gémperature
6 AM. Noon

Highest
relative humidity

Relative humidity

Lowast
relative humidity —

12 6 AM, MNoan

T

Highest temperature

Daily Changes
n
Relative Humidity
with
Temperature

6 PM.

& M.
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Cold
Drinking-glasses
Chuill
Surrounding
Air
to the
Dew-Point
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Condensation on Cold Drinking-glasses



Dew-point thresholds

Dew-point temperature

< 10°F Significant snowfall is inhibited.

> 55°F Minimum for severe thunderstorms to form.
> 65°F Considered humid by most people.

> T70°F Typical of the rainy tropics.

> 75°F Considered oppressive by most.
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Dew Point Temperatures



Heat index

Relative Humidity (%) With prolonged
. . exposure and/or
B0 | 65 | 70 | 75 | 80 physical activity

Extreme danger
Heat stroke
or sunstroke
highly likely

Danger
Sunstroke,
muscle cramps,
and/or heat
exhaustion likely

135 Extreme caution
: Sunstroke,
126 | 131 muscle cramps,

il el
95 | 98 110 [ 113 | 117 possible
91 | 93 | 95 | 97 102 | 105 | 108
88 | 89 | 90 | 92 | 94 | 96 | 98 | 100 Caitice

84 | 85 | 86 | 88 | 89 | 90 | 91 | 93 Fatigue possible

|82 |82 |83 |84 |84 |85 |86 86|87

T
=
e
=
@
el -

@

Q
5

l_
=
<

Copynght @ 2007 Pearson Prentice Hall, Inc.




Sling
Psychrometer
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Adiabatic Temperature Changes

Lower air
pressure

Rising air Sinking air
parcel 4 parcel is
expands < compressed
and cools and warms

Ty

22°C

T l Higher air

pressure

50
Surface — S28
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Dry and Wet Adiabatic Rates
T

Wet
adiabatic rate
(temperature of
rising air drops at
5°C/1000 meters)

Condensation
level

Dry
adiabatic rate
(temperature of
rising air drops at
10°C/1000 meters)

_."T':-u-
Surface S
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Lifting Processes
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Orographic



Heavy Precipitation in Mountains
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Snow Pack 1n the Rocky Mountains



4000 m

3000 m

2000 m

1000 m

Cooling at wet -
adiﬁhéﬂﬂtil'; J Heating at dry
rate & A JE8 ™ adiabatic

Startin - 4 Final
temp. / i ;
30°C

. ____;__»“i

Dew point at mndpnadﬂhn level = 20°C
Dry adiabatic rate =
Wet adiabatic rate = 5 3;1|‘!DD i
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Rain Shadow Desert

Death Valley




Warm air
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Frontal Wedging
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winds ~ winds
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Convergence




Convergence
over
Southern Florida
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Solar
heating

_ Condensation
lewvel
Rising
thermal

Convection



As long as
air
In a
balloon
1S
hotter
than the
surrounding air,
1t will rise
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Environmental lapse rate
5°/1000 m

k\ T /
Rising air Expands “
2000m  15°C 10° cooler < and cools
than environment to 5°C

Tendency

Rising air
1000 m 20°C 5° cooler
than environment

Air parcel

forced .
. upward 25_?# ”

Suface =266 e — - - ___ . .

Copyright © 2007 Pearson Prentice Hall, Inc.

Adiabatic
Cooling




Atmospheric Stability

Envi 11
nV|rGELE?giDDa.EJﬂEe rate ABSOLUTE STABILITY

Hising
air 13°
coaler

Rising
air 12° -12°C

Wet rate cooler
E-EC.-"TUCIG m

- B°C
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Rizing
air 10°

T cooler '
Cold air
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Dry rate e
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Absolute Stability

Environmental
lapse rate

Condeneation
leed

Dry adiabatic
rate

=20-10 0 10 20(°C)
a)] Temperature




Environmental lapse rate
12*GA000 m

A

u Dry rate
28°C 10°c/1000 m

Surface

Tendency

ABSOLUTE INSTABILITY

Rising air 16°
warmer than
environmerit

Rising air 10°
warmer than
environment

Rising air 4°
warmer than
environment

Rising air 2°
warmer than
environment

Wifet
adiabatic
rate

Candensatian
lena]

Solar Oy
heating adiabatic
Ervironmental | rate
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—-10 0 10 20 30 40(*C)
{b) Temperature
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Absolute Instability




Enviranmental lapse rate
9°C/1000 m CONDITIONAL INSTABILITY

Environmental
[ lapse rate

Rising air 7
Warmer
Wet
adiabatic
Rising air 4 il
Wanmear
Wt
BGiM
Higing air 1°
warmar

Rising air2® 20°C Condensation Condensation
cooler level levet

! Cry adiabatic
/ Cold air retes

22°C

n Diry rate
31°C
10°GA1000 m

Surface #48°C

-10 0 10 20 30 40(°C)
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Conditional Stability




An Unstable Atmosphere
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