


A. The logiic le (or Water )

380.000 km*® = total water evaporated

380,000 km® =
, total pracipitation Evaporation/Transpiration
Evaporation p / J
320,000 km? fgfgcdig-ge;riop
96,000 km

Pracipitation
284.000 Kmy

Runoff
36,000 km”

Infiltration

o
W\ Oceans
L

1. A huge system powered by Energy from the Sun in which the
atmosphere is the link between _0ceans and _continents

2. A continuous exchange of water among gceans , the
atmosphere and the _continents .

3. Water leaves Earth’s surface by:
a. _Evaporation  from surface water.
b. _Transpiration _from plants

c. _Evapotranspiration : The combined total of evaporation and
transpiration for aregion is usually used in climate data.

d. Water returns to Earth’s surface as precipitation (after cloud
formation).




3. Water Budget (Balance)

a. A _gquantitative (mathematical) depiction of the water
cycle.

b. Amount of water cycled through the atmosphere yearly
IS Immense (380,000 cubic kilometers) even though
the amount of water vapor in the air is asmall
fraction of this total water supply.

c. Average annual precipitation over Earth is equal to
the quantity of water evaporated.

(1) Over continents: precipitation is_greater than evaporation

(2) Over oceans:;_evaporation is greater than precipitation
(Runoff from land areas keeps the ocean level constant).




' ®)
ot L]

1.

Change in Phase (State) of Waiter

Requires the addition or |oss  of heat

a.Calorie/JouleThe amount of heat necessary to
raise the temperature of one gram of water
one degree Celsius. \

Correct this in your notes

b. Latent Heat:

(1) Heat exchanged between water and its
surroundings when water changes phase.

(2) Latent refers to “hidden” heat.




jes in State
_SUblitnatiOn
Heat absorbed (-680 cal)
GAS

LIQUID
{water) (water vapor)

Melting —_— Evaparation
Heat absorbed Heat absorbed
Jrap—— (540-600 cal)

{80 cal)
Freszing CA ‘Condensation
Heat released Heat released
{80 cal) ; 4 (540-600 cal)

Depasition

Heat released (-680 cal)

Raleases latent haat to the environment
—— Absorbs latent heat from environment




jes in State
_SUblitnatiOn
Heat absorbed (-680 cal)
GAS

LIQUID
{water) (water vapor)

Melting —_— Evaparation
Heat absorbed Heat absorbed
Jrap—— (540-600 cal)

{80 cal)
Freszing CA ‘Condensation
Heat released Heat released
{80 cal) ; 4 (540-600 cal)

Depasition

Heat released (-680 cal)

Raleases latent haat to the environment
—— Absorbs latent heat from environment




‘Sublimation
Heat absorbed (-680 cal)

LIQUID
{water)

Evaparation
Heat absorbed Heat absorbed

(80 cal) e (540-600 cal)

Fraezing ¢ Condensation

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

Depasition

Heat released (-680 cal)
Raleases latent heat to the environment

— Absorbs latent heat from environment

(water vapor)




‘Sublimation
Heat absorbed (-680 cal)
LIQUID GAS
{water) (water vapor)

Melting - = Evaporation —— =
Heat absorbed Heat absorbed
(80 cal) - - (540-8D0 cal)

Freezing " Condensation

Heat released = Heat released
(80 cal) o L (540-600 cal)

Heat released (-680 cal)
Raleases |atent heat to the environment

—— Absorbs latent heat from environment




~ Physical

G SPECIFIC HEAT
(Joules/gram = °C)

Carbon-14 - [Uguidwater | 418 |

- |Solidwater ice) [ 211 |

A Wetervapor | 200 |

o [Dyar | 101 |

Equations
.o _ distance between foci
Eccentricity = length of major axis

change in field value

Gradient = distance

Heat energy gained during melting .
Heat energy released during freezi . 334 J/g
Heat energy gained during vaporization . 2260 J/g

Heat energy released during condensation . . . 2260 J/g

change in value

Rate of change = fime

" mass
Density = Joiume

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

ELEMENT CRUST HYDROSPHERE | TROPOSPHERE
(symbol)

2010 EDITION
This edition of the Earth Science Reference Tables should be used in the
classroom beginning in the 2009-2010 school year. The first examination for
‘which these tables will be used is the January 2010 Regents Examination in
.| Physical Setting/Earth Science.




PHYSICAL CONSTANTS

Heat energy gained during melting

Heat energy released during freezing
Heat energy gained during vaporization
Heat enerqy released during condensation

Density at 3.985€
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Latent Heat Gained or Lost Can be Calculated
Using the Following Equations

» Latent Heat for solid =—= Liquid
Q=m-H;
— Where:
e Q =Heat Lost or Gained
« m = Mass in grams
* H;= Latent Heat of Fusion
» Latent Heat for liqguid === gas
Q=m"H,
— Where:
« H, = Latent Heat of Vaporization



Sample Problem

* How much heat energy Is required to
vaporize 10 grams of ice?

— First determine the amount of heat necessary
to melt the ice.

Q = Mo Hf Grams cancel

leaving calories
Q=(108)334 )

10=3,340J |




Next determine how much additional heat
must be added to the liquid water to change
It from liquid to gas.

Total Heat = Heat required to melt the ice plus the

Q=moHv

Q = (10\3\)(2260_%}_

Q=22,600J

heat required to evaporate the water.
Q=3,340J + 22,600 J

Q=25940J




Good Morning ©

» Please pass both Text HWs to the right..

 HW tonight...

— “Atmospheric Moisture Wksht.”
* 1. Finish Part A (UPCO RB -on Dew Point # 1-15)
« 2. READ finding Rel. Humidity using Sat. Vap. Press.
« 3. Complete Part B. (# 1-3)

Today:

* finding Rel. Humidity using Sat. Vap. Press.
« finding Cloud Base Altitude

« Can we make a cloud?

 Why is Seattle, WA so rainy?



Liquid water evaporates
A

E

Water is completely liquid.
Added heat raises its temperature

O
<
o
=
T
QO
Q
5
et

Ice melts and heat is stored as latent heat

' —r 1 T 1
10 50 60 70

Added heat increases the Time (m|n)

temperature of the ice




* Try Properties of Water Questions
(ESRT packet)



C.

1.

Humidity: Water Vapor iin the Air

Humidity : The general term to describe the

amount of water vapor in the air. Meteorologists
use several methods to express the water-vapor
content of air.

We will consider three methods to express the
water vapor content of air

» Mixing Ratio

» Specific Humidity

» Relative Humidity



a. Mixing Ratio

(1) The mass  of water vapor in a unit of air
compared to the remaining mass of dry air.

(2) Expressed as:

Mixing Ratio = mass of water vapor (grams)
mass of dry air (kg)

(3) Not affected by changes in pressureor temperature




b. Specific Humidity

(1) Mass of water vapor in a unit mass of air
Including water vapor.

(2) Amount of water vapor is usually very low, only
a few percent of the total mass.

(3) Considered the equivalent of mixing ratio




Absolute Humidity

* The Ratio of mass of water vapor to the
volume of air —water vapor mixture

e grams/meter?

* Absolute humidity in air ranges from zero
to roughly 30 grams per cubic meter when
the air Is saturated at 30 °C.



Mixing Ratio vs. Absolute Hurnidity

Sy

| ™
s o «— Mass of water
Size of g . Vvapor=20g

=2 3 !
e . - , ° ~ Absolute
&
-*

Mass <|>f . humidity = 10g/m®
parce ‘
(dry) =1 / Mixing

F
”

&

Size of

Barad =i vapor = 20g

Absolute

Mass of j 4 | } idity = 3
parcel 'humldlty 20g/m

(dy)=1ka ¥ P - Mixing
| “J  ratio = 20g/kg

Mixing ratio is not affected by changes in pressure as the parcel of
air rises and expands.



2. Vapor Pressure and Saturation

\

Water vapor
Nitrogen \ : ] e
. | ’ ~ \Air containing
' water vapor
molecules

Liquid Water

Vapor pressure may
range from only 1 mb
to 16 mb of the total
a. Vapor Pressure: air pressure reading.

(1) The partial pressure that results from the addition
of water vapor molecules.

(2) The part of the total atmospheric pressure due to
water vapor content.

Air parcel




tlon (how does it occu

Initial
Conditions |2 Evaporating

Gauge shows
rising
vapor

pressure

H O vapor
evaporatmg
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air is saturated when:

the rate

Gauge records ! Gauge records
saturation | saturation Gigher
vapor pressure ~ & turated vapor pressure
for 20°C | Seldipte for 30°C A [ saturated
: iy vapor
pressure

Evaporation and Evaporation and
condensation in condensation in
balance balance




(c) Saturation Vapor Pressure is Temperature Dependent
50

(oY)

()

Water vapor

4

Water vapor
(grams/kilogram)

N
o

S N
o

-40 -20 0 20 40
Temperature (°C)

() Astemperature_increases, the rate at which water
molecules leave the liquid _increases .

() Vapor pressure in the air above increases until a new

equilibrium js reached.

(iii) Therefore, at _higher temperatures it takes _more

water vapor to saturate the air.




3. Relative Humidity

a. Ratio of the air's _actual water vapor content
compared with the amount of water vapor required for
saturation at that temperature.

b. Saturated air has a relative humidity of 100 percent.

c. Relative humidity can change as a result of:

(1) Changing the amount of moisture in the air

(2) Temperature change of the air



ging the Amount of Mo

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

l Summary
= | As the water vapor content
T of the air increases, the
/... | relative humidity increases

; Temptl
H

5 grams
H,O vapor

k) — - Cvaporation —~ Evapard
- . 4 Temperature Saturation

1. Saturation mixing ratio 1. Saturation mixing ratio 1. Saturation mixing ratio | _"C (°F)  Mixing Ratio (g/kg)
at25°C = at25°C = at25°C = —40 (—40) 0.1
20 grams* 20 grams* 20 grams* —30 (—22) 0.3

2. H,O vapor content = 2. H,O vapor content = 2. H,O vapor content = 30 (__ 4) 0.75
5 grams 10 grams 20 grams —10 (14) 2

3. Relative humidity = 3. Relative humidity = 3. Relative humidity = 0 (32) 3.5
5o = 25% 1% = 509% o= 100k 5 (41) 5

10 (50) 7
15 (59) 10
20 (68) 14
25 (77) 20
30 (86) 26.5
35 (95) 35
47




ing the Temperature of

(a) Initial condition (b) Cooled to 10°C (c) Cooled to 0°C

Summary

As the temperature
of the air decreases, the
relative humidity increases

“ 7 — 3.5 grams
- T4 L _4 \— .0 o

1. Saturation mixing ratio 1. Saturation mixing ratio 1. Saturation mixing ratio
at20°C = at10°C = at0’C = Temperature Saturation
14 grams® 7 grams® 3.5 grams® °C (°F) Mixing Ratio (g/kg)
2. H,0 vapor content = 2. H.O vapor content = 2. H,O vapor content = [ —4 (—40) 0.1
7 grams 7 grams 3.5 grams —30 (—22) 0.3
3. Relative humidity = 8. Relative humidity = 3. Relative humidity = | —20 (—4) 0.75
s = 50% 7 =100% *3/35 = 100% —10 (14) 2
0 (32) 35
5 (41) 5
10 (50) ‘
15 (59) 10
20 (68) 14
25 (77) 20
30 (86) 26.5
35
47




hanges in Relative Hu

Relative humidity Temperature - 1667
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Dehumidifiers




Humidifiers

AIR-O-8WISS




Heat Index

Relative Humidity (%) ev:::)tgs?.:;:loa%%/egr

0 45 | 50 [ 55 60 65 70| 75 80 85 |0 | 95 [100] Hyaca actuiy

Sunstroke
muscle cramps,
and/or heat
exhaustion
possible

Z
g
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e
[}
o
5
-
i
<

Caution
Fatigue possible




D. Dew Point Temperature

1. The temperature to which a parcel of air must be cooled
to reach Saturation

2. As air cools to this temperature, condensation or
deposition occurs.

Formation of _clouds , fog ,_dew , or _frost .

4. Dew point is a good measure of the amount of water
vapor in the air.

a. Directly related to the _actual amount of water vapor in the air.
b. It's easy to determine.
c. It's plotted on the weather map station model.

5. The closer the dew point temperature is to
the air temperature |, the higher the relative humidity.

6. Dew point temperature will not _exceed the air
temperature.

=




Dew Point Temperature on the
Station Model

Station Model

Temperature (°F)

Present weather . 28
Visibility (mi) ‘\\_:__1_\*

Amount of cloud cover
(approximately 75% covered)

Barometric pressure
196 (1019.6 mb)

Barometric trend
2 +19/ (2 steady 1.9-mb rise
Dewpoint (°F the past 3 hours)
.25 Precipitation
Wind speed .L/ \ (inches past 6 hours)

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

half feather = 5 knots
total = 15 knots

l:whole feather = 10 knots} Wind direction




E. Measuring Humidlity

Hygromeiters are Instruments
Used to Measure Humidity



* Wet-Bul

1. Sling Psychrometer

b indicates the moisture

Content

* Evaporg
tempera

* Drier air
evapora

_ tempera

Ovy bulb themmamaeter
gives cumrend alr
wemperature

Wick s

dipped
m water

~ l

Tharmomalars s g
awung araund handle

When swung, water cvaporaies from the
wick, cooling the wetbulb themometer.
Urnier 2irresulbs 1n lower temperyiure

DTy-BUID _Thermometer
Indicates the air temperature




Hygrometer

Dry-Bulb i : Wet-Bulb
Thermometer \ ': Thermometer

Water Reservoir



e Hair Hygromet

The hygrometer
measures the
relative humidty

Fgmity
PRINCIPLE OF HAIR HYGROMETER HAIR HYGROGRAPH



rrnining Relative Humid
a Psychrometer and the

Dewpoint (°C)
Difference Between Wet-Bulb and Dry-Bulb Temperatures (C°)

b Difference Between Wet-Bulb and Dry-Bulb Temperatures (C

Cioo] 77] 54| 32 11l |
EoNcolmcapomeg | [ 1 [ |
-aa-n

[ 751] 34| 28] 23] 18]
mmmmmmﬂ-
--mmmmmmmﬁm EE

Physical Setting/Earth Science Reference Tables




rrnining Relative Humidity Usi
Psychrometer and the ESRT

Dry-Bulb = 20° C Relative Humidity (%) Wet-Bulb =12°C

ry-Bulb < E'ifference Between Wet-Bulb a -Bulb Temperatures (C°

Tempera-
ture(*C) |J o] 1| 2| 3| 4| 5| 6| 7|l sl ol 10| 11| 12| 13| 14| 15|
100| 28

—20
-18 100 40
-16 100| 48
-14 100| 55| 11
-12 100] 61| 23
-10 100| 66| 33
-8 100 71| 41| 13
-6 100 73] 48] 20
-4 100| 77| 54| 32] 11
= 100 79| 58] 37| 20| 1
0 100| 81| 63| 45| 28| 11
2 100| 83| 67 51| 36| 20| 6
4 100| 85| 70| 56| 42| 27| 14
6 100| 86| 72| 59| 46| 35| 22] 10
8 100| 87| 74| 62| 51| 39| 28| 17| 6
10 100| 88| 76| 65| 54| 43| 33| 24113 4 ﬁ = [ O/b
12 100| 88| 78| 67| 57| 48| 38[ 28|f19f 10| 2[* * 7
14 100| 89| 79| 69| 60| 50| 41| 33[f2s5l 16] 8] 1
16 100| 90| 80| 71| 62| 54| 45 337|029l 21| 14| 7| 1

18 100] 91( 81) 72| 64| 56| 48] 40 26| 19( 12 6
1001 o1 82| 74| 661 58] 511 44§] 36 0l 23[ 17( 11 5
22 100] 92| 83 75| 68| 60| 53| 46 33| 27| 21| 15| 10 4

24 100 92| 84| 76| 69| 62| 55| 49|42 36| 30| 25 20| 14 9 4
26 100 92| 85| 77| 70| 64| 57| 51|J45Q 39| 34| 28| 23] 18| 13 9
28 100 93| 86| 78| 71| 65| 59| 53|§474 42| 36| 31| 26| 21| 17| 12
30 100| 93| 86| 79| 72| 66| 61| 55|§J498 44| 39| 34| 29| 25| 20| 16




armining Relative Humidity Usi
Psychrometer and the ESRT

Dry-Bulb = 20° C Relative Humidity (%) Wet-Bulb = 18° C

Dry-Bulb % _ =
Tolpers: @een Wet-Bulb and Dry-Bulb Temperatures (C') —

ture (°C) 120 3] 4] 5] 6] 71 8] ol 10| 11| 12| 13| 14| 15
28

40
48
55
61
66
71
73
77
79
81
83
85
86
87
88
88
89
90
91
01
92
92
92
93
93




ng Dew Point Temperatu
sychrometer and the

Dewpoint (°C)
Ib Temperatures (C

Di
Tempera-
ture (°C)

Physical Setting/Earth Science Reference Tables — 2010 Edition




ining Dew Point Temperature U
Psychrometer and the ESRT

Dry-Bulb = 20° C Dewpoint (°C) Wet-Bulb =12° C
Dry-Bu < Eifference Between Wet-Bulb and Dry-Bulb Temperatures (C°) —

Tempera-
ture (°C)




ining Dew Point Temperature
Psychrometer and the ESRT

Dry'BL”b - 200 C Dewpoint (OC) Wet‘BUIb = 180 C

Dry-Bulb erence Between Wet-Bulb and Dry-Bulb Temperatures (C°)
Tempera-

ture (°C) 3| 4| 5| el 7| 8| 9| 10| 11| 12| 13

175




* Find the relative humidity and dew point
outside with the student psychrometers.



Finding Relative Humidity Using
Saturation Vapor Pressure

* \apor pressure increases as relative
humidity increases.

— Air with a relative humidity of 25%

« Has 25% as many water vapor molecules as when
it's saturated

— If the vapor content doubles to 50%
 Vapor pressure also doubles to 50%



Finding Relative Humidity Using
Saturation Vapor Pressure

« Relative humidity is a measure of how close the
air is to saturation.

— It's expressed as a ratio of:
e water vapor content in the air to

* the maximum amount of water vapor it could hold at a given
temperature.

« Relative humidity can be calculated if we know

the:

— Actual Vapor pressure (determined by the vapor
present in the air) at a given temperature

— Saturation Vapor Pressure at that temperature.



ituration Vapor Press

°0) Vapor O Vapor
Pressure (mb Pressure (mb

‘O Vapor

Temperature Saturated Température Saturated Temperature Saturated
Pressure (mb

43
4.0
3.8
3.5
3.2
29
2.6
24
22
2.0
1.8
1.7
1.5
1.4
1.3




Finding Relative Humidity Using
Saturation Vapor Pressure
* The ratio of the actual water vapor content to it's saturation

vapor pressure can be expressed using the following
equation:

L Actual Vapor Pressure
elative RuUmIdity = Saturation Vapor Pressure

X 100

« The dew point temperature is used to find the actual vapor
pressure.

— Dewpoint is determined by the water vapor content of the air at a
given temperature.



Sample Problem

« Given:
— Air temperature = 20° C
— Dewpoint temperature = 15° C

e Step 1: Find the actual vapor pressure.

— Use the saturation vapor pressure of the
dewpoint temperature.

— From the chart, this value i1s 16.9 mb.




ituration Vapor Press

°0) Vapor O Vapor
Pressure (mb Pressure (mb

‘O Vapor

Temperature Saturated Température Saturated Temperature Saturated
Pressure (mb

43
4.0
3.8
3.5
3.2
29
2.6
24
22
2.0
1.8
1.7
1.5
1.4
1.3




Sample Problem Continued . ..

e Step 2: Find the saturation vapor pressure
of the actual air temperature.

— This will indicate what the vapor pressure
would be if the air was saturated.

— From the chart, this value i1s 23.2 mb.




ituration Vapor Press

°0) Vapor O Vapor
Pressure (mb Pressure (mb

‘O Vapor

Temperature Saturated Température Saturated Temperature Saturated
Pressure (mb

43
4.0
3.8
3.5
3.2
29
2.6
24
22
2.0
1.8
1.7
1.5
1.4
1.3




Sample Problem Continued . ..

« Step 3: Substitute the values determined in steps 1 and 2
Into the equation for relative humidity.

Vapor pressure of the

dew point temperature \

Actual Vapor Pressure
Saturation Vapor Pressure

Vapor pressure of the /

Dry-bulb temperature

Relative Humidity = X 100




Sample Problem Continued . ..

« Step 3: Substitute the values determined in steps 1 and 2
Into the equation for relative humidity.

16.9 mb
23.2 mb

Relative Humidity = X 100

Relative Humidity = 73% (rounded to the nearest whole number)



F. Adiabatic Changes and Cloud Formation

1. Adiabatic changes

a. Temperature changes without exchange of heat
with the surroundings.

« Temperature rises without the addition of heat.

 Temperature falls without the loss of heat.



Adiabatic Cooling

Lower air
pressure
3000 290
Y
Rising air Sinking air
parcel _ - | parcelis
= 2000 expands 12°C compressed
- and cools and warms
S
()
2 v
1000 22°C
\L Higher air
C pressure
Surface | o2

Expansion of air:
(1) Causes gas molecules to move less rapidly
(2) Air temperature _ decreases

(3) Caused by air _expanding (as it rises) and the
decreasing air pressure around the parcel of air.




Adiabatic Heating

Lower air
pressure
3000 290
, Y
Rising air Sinking air
parcel _ - | parcelis
= 2000 expands 12°C compressed
- and cools and warms
S
= l
T Y
1000 i 2920
»L Higher air
C pressure
Surface e

Compression of air:
(1) Gas molecules more more rapidly
(2) Air temperature _increases

(3) Caused by air being compressed (as it sinks) by the
higher air pressure around the parcel of air.




Adiabatic Temperature Change

Lower air
pressure
3000 290
Y
Rising air Sinking air
parcel v - | parcelis
= 2000 expands 12°C compressed
- and cools and warms
S
= |
s Y
1000 i 2920
Jg Higher air
C pressure
Surface e

2. Dry Adiabatic Lapse Rate
a. Appliesto unsaturated ajr
b. Ascending air _expands causing cooling at 10° C/km.




3. Wet Adiabatic Lapse Rate

S o

5000

4000

Height (m)
W
o
(o)
o

N
o
)
o

1000

Surface

As saturated air rises latent heat is

2°C

12°C

22°G

820

released

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

Lifting
condensation
level

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

l

by condensation.

The added heat slows down the rate of cooling as the air rises

The wet adiabatic lapse rate varies with moisture content
(varying amounts of latent heat released)







4. Lifting Condensation Level
or (Cloud Base Altitude)

a. Altitude at which rising air has cooled to
its _dew point temperature.

b. The lifting condensation level will be the
altitude of the cloud base







Finding the Lifting Condensation Level

ing Cloud Base Altitude




2 Lifting Condens

How to Use the Graph for
Determining Cloud Base Altitude

AItituEefOD

cloud base

temperature
line

—_
£
4
~
@
O
=]
=
=
<

Temperature (°C)



Fmdmg the Llftmg Condensatlon Level

nlngc o0 Buse Altitude DEW POIN




Fmdmg the Llftmg Condensatlon Level

nlngc o0 Buse Altitude DEW POIN
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5. Requirements for Cloud Formation

a. Humid air

b. Condensation (hydroscopic) Nuclei

Salt particles from ocean spray, volcanic dust,
pollen, smoke, etc.

C. _Cooling temperatures: Most often caused
by unstable air.

» So, what is the difference between unstable air
and stable air?




(1) Unstable Air

Envronmantal temperatum ABSOLUTE INSTABILITY
0 Result A A
3 Rising ak 16°
WOOm} -5°C 8c warmer than
erwkonment
Wet rate
Rising ak 10° 6°C/1000 m
300m| 4'C 14°C warmer than
Environmeontal AWECOMErR
pse rate Unstablo
12°CH000 m Rising alr 4°
SOI0RY ~19°C TR warmer than I
- _-/ SIWFONMent
)
) Rising air 2° O
: 330G rarmer than cy rate
L \3 :m'mcm 10°C/1000 m
' VT = - " - " o - >
Surtsce [ 40°Cws Y = A T S, e R

~10 0 10 20 30 40(*
oy Terperature

(a) Airthat has atendencyto rise

(b) It will rise until it reaches an altitude where its temperature is equal
to that of the surrounding air.

(c) Asitrises it will cool adiabatically.




able Air

Environmental lapse rate

v
_ Rising air
2000 m | 15°C 10° cooler
than environment

>
Q
o
D
o
5
=

oA, Rising air
1000 m 20°C 5% cooler
than environment

Air parcel
forced

Surface |




of Lifting

~_ Condensation







(c) Orographic Lifting

4000 m
Windward
3000 m 10°C 10°C Leeward
Cool and Wet / /484~ Warm and Dry
2000 m Y87 N 20°C
1000 m 3 ¥
tarting 2
temp. q//

Sealevel}  30°C . ',/

Dew point at condensation level = 20°C
Dry adiabatic rate = 10°C/1000 m
Wet adiabatic rate = 5°C/1000 m

() Mountain barriers force air to rise on the _windward _side.
(i) Air becomes_unstable

(i) Air descends on the |eeward side and heats by compression (dry
adiabatic rate)

(v) Rainshadow geserts result on the leeward side.




Warm air




ris Forced to Rise Along a Frontal Bou

Environmental lapse rate e T AT ;
T ee/1000 CONDITIONAL INSTABILITY

Rising air 7¢
warmer

Rising air 4°
warmer

Wet rate
6°C/1000 m

Rising air 1°

13°C

o Dry rate airi1°
31°C 10°CH000 M  ter




6. Classification of Clouds

a. Classification by Cloud Form

(1) Cirrus
(a) High altitude clouds made primarily of ice crystals.

(b) Are thin and white due to small amount of water vapor at
high altitudes.

(2) Cumulus

(a) Individual masses and often form on clear days.
(b) Often develop into vertical domes or towers.

(3) Stratus

(a) A uniform layer that frequently covers much of the sky.
(b) Layered clouds due to horizontal air flow



6. Classification by Height

a. High Clouds: Above 6000 meters (20,000 ft): Clouds in
this “family” are thin, white, and composed primarily of
Ice crystals due to small amounts of water vapor and
low temperatures

b. Middle Clouds: Altitude range of 2000 to 6000 meters
(6500 to 20,000 ft)

c. Low Clouds: Base below 2000 m (6500 ft)

d. Clouds of Vertical Development
(1) Do not fit into any of the three height families of clouds

(2) Bases are low and tops extend to the middle or high altitude
range and are associated with unstable air.




G. Fog

A cloud with its base at or very near the ground ,

Physically, there is N0 difference between fog
and a cloud.

The basic difference is the method and place of
formation
a. Clouds form when air rises and cools
adiabatically .

b. Fog forms from cooling or the addition of
enough water vapor to cause _saturation




Radiation Fog

Further radiational
cooling at top of
fog layer, deepens it.

¢ bottom air until it reaches as cooling continues.
saturation

* Results from radiational cooling.
« Occurs at night.
* Requires clear skies and a high relative hum|d|ty

 The cold and dense air tends to flow downslope and is often thickest
In mountain valleys

« After sunrise it dissipates (often said to “lift” or “burn off’). Fog
evaporates from the bottom up (due to heating of the ground).






Advection Fog

cold surface

westerly wiads

warm cold ocean\y
waler current

* Results from warm air being blown over a cold surface.

« Common in San Francisco, Cape Disappointment, Washington,
winter months in central eastern North America



Upslope Fog

Fog forms
on slope.

Rocky Mountains

Formed when humid air moves up a gradual sloping plain or a steep
mountain slope.

The upward movement of the air causes it to expand and cool
adiabatically. (This is the only type of fog that forms adiabatically.)



Stearmn Fog

8 chitiing condenses -
miﬁli'!mlm Arctic Sea Smoke

3 misingarr

AlIr just above warm water becomes saturated as cool air moves over it.

Air has a “steaming” appearance and is shallow (it re-evaporates in
unsaturated air above)

Arctic Sea Smoke is steam fog formed in winter when cold air moves off
continents and ice shelves of the north into the open ocean.



Dew and Frost
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| Precipitation: Moisture
falling to Earth’s_surface
from clouds.

1. Formation



a.Collision-Coalescence in

»

Condénsation nucleus
0.0002 millimeters

Large cloud droplet
20.05 millimeters

Typical cloud droplet
0.02 millimeters

Typical raindrop
2 millimeters

Warm Clouds (above freezing)

Typical
cloud droplets
(.02 millimeters)

»

Large
cloud droplet
(0.05 millimeters)

Fall faster-than
(@ smaller drops

Drop increases in size

Typical And fall velocity increases
cloyd ~—,—
droplets R The drop flattens
¥
Typical
rain drop

(2 millimeters)

Large
rain drop

(1) Larger drops _collide Wwith smaller (@ millmeters) —

ones, therefore growing in size

(2) D_rOP has to SUFVIVe _\Nater lOSS due o A depression develops in‘the bottom
frictional drag (function of surface 2
tension).

(3) Large drops may _splinter into small § s,
ones which in turn grow by collision o ziizt‘ﬁd‘?ss:ih?éﬁ'

and coalescence.

grow by-accretion

Larger-than 5 mm



b. Bergeron Process inCold Clouds (Below Freezing)
Ice crystals grow at the expense of supercooled water drops.

(1) Supercooled Drops: A liquid below its

Standard freezing point will crystallize in

the presence of a seed crystal or nucleus

&

around which a crystal structure can form. &

However, lacking any such nucleus, the
liguid phase can be maintained.

(@)
(b)

()

(d)

Pure water drops suspended in air <
freeze at -40° C (-40° F) 2
Freeze on contact with solid particles ¢

2

o/

v

2

)

¥ )
Water molecule 7
9

with a crystal structure resembling ice *
(called freezing nuclei) 3

Between 0° C and -10° C clouds consist -
of mainly supercooled water because ~
freezing nuclei are sparse and don’t
become active until -10° C or lower.

Between -10° C and -20° C supercooled
drops coexist with ice crystals

2

2

v

Show
49 crystal

2




The Bergeron Process

proposed by the Swedish meteorologist Tor Bergeron
takes place when ice crystals form high in the cloud tops.

microscopic ice crystals attract more water vapor, causing
them to increase In size.

as the ice crystals increase in size, the vapor pressure
drops (relative humidity decreases).

this allows surrounding water droplets to evaporate,
becoming smaller and smaller as the ice crystals grow.

eventually these ice crystals become large and heavy
enough that they begin to fall towards the Earth’s surface.

they pass through the lower warmer portion of clouds,
attracting even more water vapor, and growing larger still.



2. Saturation Vapor Pressure of Supercooled Water
vs. Ice Crystals

(&) Ice crystals have a lower 4 Aoy ue e AT, S ;
saturation vapor pressure > E g5 e “
above them. v 3 b " B

(b) Supercooled water drops % i 0 Cloud ’
loose water molecules at a ¢ 5 R A T 8 "
greater rate than ice crystals s R g e s . g
which are solid. . HanCHleciEY s 8 R 3

(c) When air is saturated with ¥ T T
supercooled liquid droplets it ~ ~ ¥ ¢ s Wi
IS supersaturated with respect . 7 ;*° s _ s s ¢ 5
to ice crystals. F Bils 3 S R

3.

4y crystal 3 <
(Similar to condensation nuclei A , a

for condensation) RN 9 v A ndniat

Ice serve as freezing nuclei ~ *

(a) Become heavy and fall, break up (air movement) and form more crystals
(b) Become large snowflakes that usually melt before they reach the ground
resulting in rain.



2. Forms of Precipitation

Temperature profile

¢ O ~10°C
X N/
c )
: Y O Snow (14°F)
: & ‘ ;
B \..)
O Q Snow (52 %’
‘ N, o O ( melts el=iE)
-
TS, ’
~
O . AO Rain 15°C
I - = (59°F)
: _D0°C < 0°C 6
nain (-4°F) (32°F) (68°F)

a. Rain

(1) _Liquid  drops with a diameter of at least 0.5 mm (usually not
larger than 5 mm)

(2) Often begins as _snow __ at high altitudes

b. Drizzle is composed of uniform droplets with diameters less than 0.5
mm.




1 Temperature profile
SPSs o A »-4-_-2000 \
Snow (~4°F) ‘\
! \‘\
\‘\
1 \“‘\'\
1 \l\\l'ﬁ
Snow 0:C
—20°C <= 0°C 20°C
Snow (~4°F) (32°F) (68°F)
(1) ice Crystals that have grown as they traverse the cloud.
(2) At temperatures greater than about -5° C, crystals usually stick

together forming snowflakes



Temperature profile

e o

-10°C
Snow (14°F)
| 0°C
Snow (32°F)
| melts
Rain
Rain 392%
{ freezes ( )
-10°C
| _S_leet . (4°F)
—20°C s (°C 20°C
Sleet (~4°F) (32°F) (68°F)

(1) Transparent or translucent, quasi-spherical ice (diameter less than
5 mm)

(2) Originate either as raindrops or snowflakes that have melted en
route to the ground and are frozen as the move through a cold air
layer near the ground.



e. _Freezing Rain_(Also Called glaze )

N W o
* \é‘?\«"t ? ‘\4.'

- \( L Temperature profile
Snow Z11£?:FC)
0°C
Snow (32°F)
melts
. 0°C
Rain (32[:)
-5°C
Gigzs _(23°F)
Ao —20°C G (0°C 20°C
T el y Glaze (~4°F) (32°F) (68°F)

(1) Rain or drizzle that freezes on impact with the ground or objects.

(2) Subfreezing air near the ground is not thick enough for liquid drops
to freeze although the liquid drops become supercooled.



lall  : Formed in large cumulonimbus

clouds

Ice nucleus
> (graupel)

Path of
hailstones

______________ -"_“ ——'7——— ———7——————________ OI?C
A (32°F)
Downdrafts l 3 \ \x/
I/’ X
/ / ok

/ I e
E% / V\. - 278 S ¥
v % ; \ N “\f - 11
\ . Updrafts " &
y R g - '4‘?':., " 4 /
Hail shower \? \ » ¥ "’ 0 ’?‘L:‘*iiwﬁ?@',’p 2 f
- mﬂ-hyﬁj%@ i I ez N \kx‘ _//,,/

(1) Small balls or chunks of ice with a diameter of 5to 75 mm (largest on

(2)

record fell in Coffeyville, Kansas on Sept. 3, 1970 and was 140 mm in
diameter ).

Produced by successive accretion of water drops around a small
kernel of ice moving through a thick cloud. Produces several layers
resulting in an onion-like cross section



3. Measuring Precipitation

a. Rainfall

1 inch of rain

Collecting
funnel

2.0

Measuring
scale

Measuring
tube 1.0
(10 area
of funnel) 10
05 inches

Standard Rain Gauge



Tipping Bucket Rain Gauge

,ﬂ Heated
=+ collecting
4 funnel

Tipping
buckets

0.01 inches
(0.025 cm) of rain







5. Weather Radar

(1) Specific wavelengths are reflected by larger raindrops, ice crystals,
or hailstones (penetrate small cloud droplets.

(2) Echo results (reflected signal)



adar Images

SpENcer -
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Reflectivity Storm-relative Velocity

WSR-88D Imagery of Moore, Oklahoma Tornadic Supercell { 3 May 1999 )

Doppler Radar

Conventional Radar
Conventional radars can show the intensity of a storm, but only in
regards to precipitation.

The Doppler radar measures the speed and direction of the wind in
addition to precipitation, and receives a more comprehensive view of
a storm.




