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INTRODUCTION TO NAVIGATION WEATHER i

Down through history, weather has always been a critical factor in war
just as it has been in the present conflict in the case of the Japanese attack
on Pear| Harbor, and Allied invasions of Sicily and Normandy. Weather is
especially important in the battleground of the air. It is essential in plan-
ning the flight, whether it is a C-47 carrying cargo from Labrador to Scotland,
or several air task forces bombing Berlin. Weather is employed in flight
planning so that the various weather factors may be utilized to the best ad-
vantage.

The weather obligations of the navigator do not stop with preflight plan-
ning, however, for he must observe and interpret the unavoidable local depart-
ures from the general route forecast and alter his flight accordingly. Fur=-
thermore, he has a definite responsibility to report his observations back to
the base weather officer as promptly as war conditions permit. The base
weather officer cannot function efficiently without this help.

In order to interpret weather conditions properly, a navigator must have
a general knowledge of the structure and motion of the atmosphere. He must
have an ability to read certain maps, charts and codes. He must be able to
identify cloud types and understand their significance. Also he should under-
stand the flying hazards and flying procedures for each. He must know how to
use a weather brief, and above all know how to use his weather knowledge in
determining winds in flight under varying conditions.

The atmosphere is a mechanical mixture of a number of gases - nitrogen
and oxygen being the principle constituents by volume. The air also contains
a variable amount of water vapor and dust particles. In many respects, the
water vapor is the most important constituent of the atmosphere in spite of
the fact that its weight never exceeds 4% of the total weight. It is water
vapor that is responsible for the clouds, fog, icing conditions, rain, and
thunderstorms. Dust and other impurities exist in the atmosphere in variable
amounts and when their concentration becomes high, visibilities are reduced -
somet imes dangerously low.

The atmosphere is a compressible fluid and therefore is more dense near
the earth than at high levels - ¥ of the atmosphere is below 18,000' and 3/4
below 34,000'. Normal atmospheric pressure at sea level is 29.92 in. of mer-
cury or 1013.2 millibars.

Air temperatures normally decrease with altitude up to about 30,000 to
50,000 feet (depending upon the latitude and the season). This portion of the
atmosphere is called the troposphere. Above this there is an isothermal
layer (no change of temperature with height) which is called the stratosphere,
The boundary between the stratosphere and the troposphere is the tropopause.

The troposphere will be the main concern of this course, since it is in
this portion of the atmosphere that almost all flying is done. This portion
also contains all the weather hazards such as thunderstorms, icing, fog, and
clouds, The rate of decrease of temperature with height is called lapse rate
and averages about 2°C/1000 feet in the troposphere,
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B QUESTIONS : -3-
|
I. MName 4 different benefits to be derived from a weather brief.
(1)
(2)
(3)
(4)
2. Name 4 responsibilities that the navigator must assume concerning weather.
“},fwr BE ARLE 72 REAL cepzqnv AALS, CHARTS qup < odes
(2)<57 DEABLE 7o fﬁfyw.?* feoeh ?'/.-#ﬂ AVY CADEL S TAND THE $
S/GR) EpEAAICE
(3)
(%)
3. What two constituents of the atmosphere, although small in quantity, are
responsible for much of our adverse weather conditions?
o
(2) Du3T PART/CLES
4. Is the density of the atmosphere uniform throughout? /f/‘?
5. What is the normal sea level pressure? /% 7‘1{..,/Jﬂ'tfﬂfﬂ 2323 0f
/ 6. How does temperature change with a]titude?_ﬁfﬂff
7. Weather changes occur in what part of the atmosphere? €o 2o S7AHrEE
8. What is meant by "insolation"? J¥AM 54 A4€
9. Change 129C to the Fahrenheit scale.'}%dﬂ 4332 = 53.6 F
10. If it would take |2 grams of water to saturate a kilogram of air that
actually contains 8 grams, what is the relative humidity? == = f_'“‘ﬂ A 4
- 8- 3-Wx4
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o= AN INTRODUCTION TO THE SYNOPTIC WEATHER MAP

The synoptic weather map gives the most complete picture of the weather
possible for a given area. |t is prepared four times daily, (0030, 0630,
1230, 1830 GCT). There are a great number of stations that make weather ob-
servations and send in this data by means of teletype.

The dominant features of the weather map are in color. These important
characteristics are: pressure centers, fronts, air masses, precipitation, thun-
derstorms, fog, and dust storms. The color for each of these features is repre-
sented on WX 2-2.

The patterns on the map are made by the isobars (lines which connect
points of equal pressure). These isobars are drawn for pressure intervals of
three millibars in order to present a picture of the pressure areas on the
map. The high pressure areas and low pressure areas are represented by blue
H's and red L's respectively,

An air mass is named for its source of origin, hence we have mP (mari-
time polar), cP (continental polar), mT (maritime tropical), and cT (continen-
tal tropical). The air masses from cold source regions are labeled in blue,
whereas those from warm source regions are labeled in red. The third letter
"k™ or "w" of the air mass designator indicates whether the air temperature is
cold or warm as compared to the earth's surface over which it is passing.

A front on the weather map indicates the boundary zone between two air
masses. Fronts are important because wherever different types of air come to-
gether, weather dangerous to flying is more likely to appear.

A warm front, indicated by a red line, is a front along which warm air is
replacing cold air. A cold front, indicated by a blue line, is a front along
which cold air is replacing warm air. The stationary front, indicated by al-
ternate red and blue dashes (see color code), is a front which is not moving.
An/occluded front (purple line) is caused by a cold front overtaking a warm
front.

The station model gives all pertinent data of a given weather station for
the time of the map. It is arranged as shown in WX 2-3. The temperatures are
given in degrees Fahrenheit and the pressures are given in millibars and tenths
of millibars. The height of the low clouds and the visibility figures given
in one digit are coded. The navigator should give considerable attention to
the following:

l. Wind direction and velocity. 3. Temperature and dewpoint.
2, Amount of sky covered by clouds. 4. Height and type of clouds.

B-44 | ~WX-2
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el < COLORED SYMBOLS USED ON WEATHER MAPS

Cold front

Warm front

Stationary front

Occlusion
Cold front, just developing or weak e & o o o 9
Warm front, just developing or weak ® o © @& o o
Stationary front, just developing or weak ® o © o ® @
§ P : ¥ /! o of A
Cold front, dissipating =ty
W front issi i Y4 L / [ i i
arm front, dissipating 7 ;o S vz
Occluded front, dissipat ¥ AT SN PO e < g
ccluded front, dissipating - v 7 v vi
Upper cold front V33T AT swedd
Urper warm front  ——
A Upper occluded front —
Continuous precipitation : - Drizzle ,
Intermittent precipitation ﬁﬁzzaﬁﬁ? Showers V
Fog : ' ) Thunderstorm ‘ Z
Dust or sand . - Lightning <
High pressure area Polar air F:}
Low pressure area Tropical air 'T'
- g-uy Y-WX-2
S =t s F - 1289
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=T STATION MODEL
WIND VELOCITY
BEAUFORT SCALE
WIND DIRECTION
PERATURE FO
ERERA H1GH CLOUDS
TOTAL AMOUNT OF / MIDDLE CLOUDS
SKY COVERED / CLOUD DIRECTION
(TENTHS) ug ATMOSPHERIC PRESSIRE
HORI ZONTAL VIS181LITY 953 " TENTHS OF MILLIBARS
UNITS & TENTHS MILES . 2.0/5 % % +28v CHARACTERISTIC
OF TENDENCY
VISIBILITY o ——==4 H*4

NMOUKT BAROMETRIC

35 TENDENCY (NET CHANGE)
PRESENT WEATHER 3 HRS TERDENCY
DEM POINT 0 SEGAY OR ENOED
o s ¢ s o ass. N\ HONT MECIITATON
HEIGHT OF CEILING N ol e o
100'S OF FEET
HEIGHT OF LOMER CLOUD
QUESTIONS
|+ Weather maps are drawn every (7 hours.
2. Fog is shown on the map by_JELLOLw shading.
3. The symbol TR indicates a fﬂ”ﬂéf{iﬂkﬁ 2t
4. A cold front is colored_fL Y& ;
5. A warm front is cmured_ﬁL__.
6. An occluded front is colored JURPLE :
7. A large blue "H" stands for high [CREAS URE ’
8. Air coming from the north Pacific is marked 22K :
B-Ul E=WX-2
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QUESTIONS -9-
9. mTk indicates air Cﬂf-ﬁéfe than the ground over which it is moving.
|10. Green shading indicates Pff":--"H?'_ﬁ?’f"“,,gfﬂﬂﬂﬂyﬂaﬂ

19.
20.

8-4y

Air from central Canada blowing rapidly down to lowa would be labeled

L Lk

The pressure pattern is shown by L IO8AES -

F
What is the dewpoint shown on the accompanying station model? 3'&4 JF

What is the wind direction shown on the station model?_J £
What is the temperature on the station model? 3/ af

What does an asterisk on the map indicate? |V A

How many layers of clouds may be reported on the station model? ,é g

. What scale is used for temperatures on the map? -F

G ‘Q; 4 :
How are showers shown on the map? ALK ROl p,-g_f/‘f"'"

Al
How is intermittent precipitation shown? /M A ﬁ:fﬁ:*’ g

NOTES

6-WX~2

| S D
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=10~ AN INTRODUCTION TO THE VERTICAL CROSS SECTION
The vertical cross section supplements the weather map by giving the
third dimension and adding tops of clouds, icing zones, turbulence, and winds

aloft. It is insufficient by itself because it tells nothing of conditions
either side of the proposed route. It is not a routine form, but it is pre-

pared on request. A good vertical cross section is valuable especially when
determining the best flight altitude.

NOTES

| -WX-3

F-1292
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~12- QUESTIONS |
l. The vertical cross section forecast form is numbered FOLM g3 "}4 : b
2. When does the forecaster make a vertical cross section? VAoV REGUEST 2
3. Fill in the following table with the appropriate symbols or description

of coloring:

Weather On Wea map On Cross section

Turbulence ' AN

Fog YELLow =

Icing :_,: V/ w W

Rain LREEN (A

Showers GkeEw) V

Cold front BLYE BLUE LME

Warm front .3/ Reo LivE

Snow #ik";fff’d, ¥

Thunderstorm Kiﬁgfgu“ K N

Freezing level = BRoLEN GREEN LE

Answer the following questions by reference to WX 3 Fig. |I:

U. Where would it be most dzngerous to try to fly under the cluudﬁ?éf 7¢ -’-f ‘J/

4vp THG 7o LG b

5. How many degrees do the mean winds at flight altitude shift between zone |
(OL-ZF) and zone 2 (ZF-LV)?__ Fe*

6. Why are no icing symbols below the 0°C line? fe/a/€ Sorg WoT occodé
ArLaer Jh/f &/VE i

7. Where is the greatest turbulence? @ £ J 70 £/ ool s #=o=6

8. Does the forecaster think that breaks in the clouds will be found at or
near TVG? JES —~Jrcquie <Aually .5 74 85 Ahte  THERE .

9. How high does the tallest cloud go? /3 0e? F7,

3 -4y 3-WX-3 e
F - 1294
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<182
10. Do the clouds obscure the mountain peaks near PFR? /#Z&JS .
I1. The freezing level is JSoo& feet higher at ZF than at OL, be-

cause the cold front has passed 0L,
L s Pl
2. Rain is forecast for the zones << 77 A AT :
NOTES
o
4
=<

8-uy 4 -WX-3

$i=d203
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A 0 ;6T Higecrd

=14%- EXPLANATION OF PIBALS (WINDS ALOFT REPORTS)

}BR _,-/’p /S?EL\\ /“JQ\
Station | Time level |Direction | Yelocity| Level |Direction | Velocity | Direction | Velocity
lubbock | 1600 | Surface 250° 9 mph | MOOO ft 300° 58 mph 310° 102 mph
Texas BCT M3L
Two or | This is| The Two These The The third | The last | 50 was Velocity
three the second | figures two first and fourth | two added to digits
fetters | time group | give the digits | digit digits digits | the show 08
identi- | of the | of the [direction | give the | of each | from the in any direction | and the
fy the |obser- | message | in tens of | actual B-digit | right in group, number big di=
station | vation | always | degrees. velocity | group any group | except because rection

in zerc | gives Always of the indi- | give the the the wind number
A list |merid- | surface |add a zero | wind cates direction | identi- | was owver adds 100
of call |ian data to get the | except the in tens of | fication | 99 mph. mph—-
letters | time, and direction | when the | level. | degrees. group, total
is always | from which | velocity | ™4™ is | Always add | give the | Whenever 103 mph
posted | In has a the wind is 100 |also a zero to | actual adding a at 5000
in the |weather| rero as | blows. mph or used to| get the velocity | zero gives | 1. MSL.
waather | this its Calm is over, mark direction | of the more than | The
station, | time first |coded 00. |only the |the in degrees | wind in | 360% sub-| level of
zone is| digit. | If the last two | 14, 000- miles tract 500°| U-digit
lubbock |denoted [sors!Ts |velocity |digits | foot A plane per hour | to get the| growps
is 3241 | by "Z% | The of the are sent | level, | flying 2 | unless true di- is de-
feet surface |wind is in this | Al true it is rection termined
above in this | over 99 position,) levels | course of | over 99 | and add by pre-
sea report |mph, 50 is above | 300 at mph, 100 mph to | ceding
level, is 3241 | added to the this level get the or fol-
ft. MSL.| the direc- surface | would have true lowing
tion code are MSL. a direct velocity. | 5-digit
number, head wind. GroAips.

The first thousand-foot level MSL, 200 feet or more
above the surface, is reported in the third group.

A1l thousand-foot levels MSL reached by the balioon
observation are reported in order, up to and in-
cluding 15,000 feet MSL; above this enly 5000-foot

group indicating the reason:

When no observation can be taken, the
identification group will appear as in a
reguler message, followed by a Y-letter

levels M3L are reported. In five-digit groups, the PIBA no balloons PIED smoky
Ist digit marks the level as fol lows: PICO low clouds PIRA raining
PIDU thick dust PISE unfavorable sea
0 surface, 10,000 ft. K 20,000 ft., 30,000 fi., ... PIFI not filed cond itions
7 2000 ft. or 12,000 ft. PIF0 foggy PISO snowing
§ 000 ft. or 14,000 ft. PIHE no gas PINI high or gusty
6 6000 ft, PIIO0 instrument surface wind
B 8000 ft. trouble
5 25000 ft., 35000 ft., 45000 ft., ...

Pibals are run at approximately OWDD, 1000, 1600 and 2200 GCT, and the reports are available in most

weather stations about an hour and a half later.

8-uy

J=WX=4
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WINDS ALOFT it

WX 27 P. 123 is a Winds Aloft Chart, The original was 20" by 30".

Winds aloft charts show the general flow of air over the country for
nine different levels. Even though it may be marked for clouds, the last
map is used for the 20,000 foot level. These charts are drawn every six hours
from the pibal reports.

The arrows fly with the wind and the numbers give the velocity of the
wind in miles per hour.

WX 4-106

EOI6 OI4I0 1822 62127 2130 82130 2229 02237 2241 22247 2953 42264 2285 07306

DL10 03220 3436 23331 3130 42929 283| 62732 2533 82432

TROY 01916 1917 22017

LS22 PIRA

RP 21 02708 2816 62922 3016 83016 3410 03316 3332 23250 3778 43282 3174 03190 53198
PDRO3 00905 21113 0710 43608 3314 63222

NOO4 0I704 1919 22026 2318 42610 2614 62716

IFO4 PICO

WX 4-106 DECODED

EL PASO DALLAS TEXARKANA RENO BEL RIO NEW ORLEANS
1100 CWT 0500 CWT 2300 CWT 1800 CNT 2200 CNT 2300 CWT
ALTITUDE | DIRECT| SPEED | DIRECT| SPEED | DIRECT | SPEED | DIRECT] SPEED DIRECT | SPEED | DIRECT | SPEED
SURFACE | 180° | romp | 320° | 2oMPH | 190° | 1ommi | 270° | 8 wen | 0002 | 5 Mew 1709 |4 MPH
1000 MSL 3% | 38 90 |17 150 [ 19
3000 330 | 31 200 |17 1B EE 20 | 2%
3000 30 | 30 070 | 10 20 |1
1000 290 %0 | B %0 |10
5000 180 | 22 20 | 31 90 |16 330 | 1% 260 |19
6000 210 | 27 770 |32 290 |72 320 |22 270 | 18
7000 210 | 30 7%0 | 33 300 |15
000 710 | 30 740 | 32 300 |18
9000 770 | ® 390 [0
10000 20 | 37 330 |16
11000 790 | 41 330 |32
12000 2% | 47 320 |50
13000 220 | 53 320 |78
14000 220 | 6% 320 |82
15000 220 | 85 310 |74
20000 730 | 106 310 |30
75000 310 |08

St. Louis, I700-CWT, Raining.
Springfield, Mo., 2300 CWT, Low Clouds.
8-44 2-Wi-y
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=|6= NOTES
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QUESTIONS
(Use WX=27 P. 123 to answer gquestions 2, 6, 7, 8, 9, 10.)
At 0730 CWT a navigator receives a Pibal report marked 1000 Z. His plane

attains altitude of 6000 ft. at 0900 CwT, How old is the wind observa-
tion?__Z 44K = ;

On the Winds: Aloft Chart, does the arrow fly mth the wind or into the
wind?_tr iz 4 it ;

Is the wind velocity reported in statute miles or knots? I7AT U7 ANET o
Decode the following by completing the charts on the fol lowing pages:

IH DBYO® 01916 1917 22017

HUQY Q1917 2025 21944 2346 42642

WC03 01915 1928 22042 2340 42732
3-WX-u4

F - 1298
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. =17=
DLO% 02408 2521 22632 2635 42736 2636 62739

IF05 PICO

NOO% OI70% 1919 22026 2318 42610 2614 62716

LSO5 PIRA

PDRO3 00905 21113 2710 43608 3314 63222

DXw22 00000 0104 20000 O4OB

LIZ1 02820 2722 22724 2626 42623 2731 62758 2764 87701

FOI6 00000 20803 0805 40608 0208 60107 0211 80214 3316 02615 2810 22510
3424 43426 3425 03423

ABI6 02404 62811 3016 83225 3228 02737 3137 23040 3047 42957 3058 03195
58133

SMI7 OI614 1622 41733 1836 61837 1930 81926 1930 02024 2028 22126
MNIS 03106 3410 83612 3311 03512

TZBI6 00903 0301 60303 3602 83305

AQI6 OI313 41425 1424 61522 1524 81209 1512 02208 2207 22306

PSI6 PICO

MMI5 00715 0730 21040 0832 41130 0830 60529 0428 BOUZ5

END

What is the best altitude to fly a true course of 338° from HU to DL ac-
cording to the above pibals? L

What is the wind at 12,000 ft. MSL at Houston, Texas (Station 243; 30N-
95W) 7

Why do the Colorado stations appear on the 6000-foot chart but not on the
2000 and 4000-foot charts? :

By how many degrees does the wind change between 2000' and 6000' at
Del Rio, Texas (station 261: 29N, 10IW)?

What is the general air flow at 2000' to Y000' over Texas? )

What is the general air flow at 6000" to I4000' over Texas? x

8414 Y=-WX-4
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=8~

WINDS ALOFT

sTATION [V

4 U

b €

TIME

oho

0400

p 380

SURFACE

/90"

(6N

/Jao

JPHEA

1000!

MSL |/ fo’

/7

Veo®

/200 §o°
15 1o

2000'

MSL g0

/7

y jo*

3000’

MSL

bso

4000’

MSL

760

5000

MSL

6000'

MSL

7000'

MSL

8000’

MSL

3000

MSL

10,000"

MSL

11,000

MSL

12, 000"

MSL

13,000"

MSL

14,000’

MSL

15,000’

MSL

20,000'

MSL

25,000'

MSL

30,000°

MSL

35,000'

MSL

40,000

MSL

8-4y

H=WX~4
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WINDS ALOFT

=-|9=

STATION

TIME

SURFACE

1000"

M3L

2000

M3L

3000

MSL

%000'

MSL

5000"

MSL

6000’

MSL

7000"

MSL

8000'

MSL

9000"

MSL

10, 000"

MSL

11,000"

MSL

12,000’

MSL

13,000'

MSL

1%, 000"

MSL

15,000'

MSL

20,000

MSL

25,000'

MSL

30,000’

MSL

35,000’

MSL

40,000'

MSL

8-44

6= WX~4

F-1301




1302

~20=

WINDS ALOFT

STATION

TIME

SURFACE

1000"

MSL

2000'

MSL

3000'

MSL

4000°

MSL

50007

MSL

6000'

MSL

7000°

M3L

8000"

MSL

9000'

MSL

10,000"

MSL

11,000"

MSL

12,000

MSL

13,000’

MSL

14,000'

ML

15,000"

20,000'

25,000'

30,000’

52|55

35,000’

MsL

40,000'

MSL

-4y

7-Wx-4

F-1302
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@D
STATION| CLASSIFICATION TYPE OF B.I.TI'—TIMEI CEILING SKY CONDITION VISIBILITY | WEATHER OBSTRIC~ Bimmic TEMPER- bEW WikD A
OF REPORT REPORT TIONS T0 | PRESSURE | ATURE | PoINT LTIMETER | REMARKS | SPECIAL DATA
Vision SETTRG |
Lists If no "S5PL"y | The first| This ites is| If no sysbol appears in this The value | Whén ap- |When they | Baroretric | Temper-
of classification | mesning| 2 digits | the height position, the ceiling is zero | of propriate |apply, the| pressure alu: ::;nt :i’::::i;::lu“ the wind :::tl Remarks lefl data
station| tetter is used,| Special| give the | in himdreds | or else the sky canhot be ob- viskbility | the wea- |[following | reduced to | is te 4 North & “:: :u congrising
ident(-| the station Is | Report, | date of of feet of served due to some obstruction | below ten | ther is are used sea leval |given given Ll et ot i rans= prassure
; - G ! mitted | change and
fice= not located at | sppears | the month | the lowest to visibl ity miles Is indicated Jin this s given to the | to the o Hortheast altinetar | dhakastert
tion an airport when and the level below | The sky condition is Indi- given in by one or |elemant: by a group | nearest | nearest| +-w East northesst rasd trie | ExgHiah 1|;":|n,:||:-
letters | designated as | crucial| last four | 10,000 feet | cated by the follewing symbols: | miles. wore of of three |degres | degree |+ Fast altitude .“MP_' e ;hm
are a controlled | changes | the time |above the Q Clear, Clowds, if any, the fal- [BD Blowing| digits: | Fahren- | Fahren- | +% East southesst PRI jevls by
posted | mirpart. hava on the 24 | station at cover less than 1/10 of The Tow [ng? dust tans, heit | heit. % Southaast by three | abbrevi- |type, cloud
in occur- | hour whlch the the sky. absence of BN Blowing| units, and 1% South southeast digits ations, ﬂ,l:.'.{ml
weather| € satisfac- red in | clocks total @ Scattered. Clouds cover a figure A Hail sand tonths of | & minus| A minus 1 South represen- | and naxlmun oF
sta- tory for con- | weather cloudiness 1710 to §/10 of the sky. | for AP Small 488 Blowing | millibars |sign{-) | sign(-) | T South southwest ting symbals, |winisum
tions. | tact light. condi- | The from the @ Broken. Clouds cover visipl ity hail srow Invalved, |indi- indi= 7 Soithwest units, temperature,
Usually this tions | letter surface up 6/10 to 9/10 of the sky. | indicates | E Slest LD Dust cates a | cates a| ™ Wast southwest tenths, | Lists of |5000-foot
requires the since | indicates | covers more | @ Owercast. Clouds cover that the L Drizzle °F Fog Thus reading | reading| ~* Mest and hun= | abbrevi= | pressure
cailing to be the the time | than 1/2 the more than 9/10 of the sky. | visibility | R Rain OF Ground | 152 means | below bl ow Y Hagt northwest dredths ations at selected
1000 foet or Inst 208! sky. B0 Overcast, lower broken, is ten fiQ Rain fog 10152 mb, |zere. | zero.  Narthwest of inches. are a- | stations,
batter, and report. | E: Eust- (D Overcast, lower scattared. | miles or squall [65 Drift- ™ Marth northwest vailable | and other
visikility 2 ern war 1F the O Broken, lower broken. nore, =R Rain ing 979 nmeans The velocity of the wind | Thus for in- |data, are
mi. or batter, | When time, clouds balow | XD Broken, lower scattered. showars snow 997.9 mb. ia givan in miles par 108 means | spection |coded at
this C: Cen- | 10,000 feet | O Scattered, lower broken. | The latter | & Snow H Haze nour. “C® is used for 31.08 at the | certain
( H: requiring item 15| tral war |cover less D Scattered, lower scattorsd.| *v" immed- (5P Snow iF len fog| etc. calm f the velocity weather |limes and
obsarvance of | missing | tiee, than 1/2 the | The word ™high" is used ta iately pellets [*K Smoke |s esiimated, the lstter | 000 maans| station, | sent
Irstrument ne M: Maun- |sky, this mean 10,000 ft. or higher. follosing |S§ Snow + Thick | This E will follow the 30, 00 Immed iately
! flight rules. crucial| tain war |item is ﬂ.‘y’ High scattered. the figure gquall ar element is velocity figures. Thae fol lesing
Usually, ceil- | change | tiee, oml tied. @/ High broken. for 459 Snow heavy | omitted by When appropriate, the 996 means| symbols | the report
ing 500 ft. or | has oc-| P: Pa- @/ High ovarcast, viaibility showers| - Light | stations character of the wind is | 29.96 are proper, by
better and curred | ¢ific war | One of @/ High overcast, lower indlcatas | T Thun- not indicated by a minus [-) shown on | deaignated
vielbility one [ since | time five letters broken. s fluctu- dor-  |Obstruc- | aquipped for fresh gusts, and a | etc this stations.
nlle or better.| the precedes the Eifd) High ovarcast, lowsr ating vi- storm |tions not | with . plus {+) for strong chart, These data
last Thin calling scattared. sibility |[IL Freez- |modifled | mercurial gusts. Otharwise the Sent only are intended
% take-off report. | miement | figures: @/ @ High broken, lowsr broken, | which doss ing by mither | barometers wind varfes less than by Exemples:) prisarily "
and landing Is sent |A Airplane [@/OHigh broken, Tower nat vary drizzlel + or - ten miles par hour In 15| stations | OV | for fore-
i F'J..'.‘_“ﬂ report, srattared, by more | 2R Fresz- |are called seconds. equipped | Bky casting.
he E Eltintcd.mﬂlgh scattered, lowar than 114 ing modarate. Hind shifts at the re- with scat-
@meort  |M Measured broken. nile to rain porting station are narcurfalj tered
conse st by balloon @/T High scattersd, |ower sither + foavy given, immdiataly fol- | barase- | varying
other or 1ight, scattared, side of - Light lowing the other wind ters., te
than the | P Precipi- | If & plus slgn (+) precedes | the data, by an arrow show- brokea.
sched- tation | a cloud ayshol, the cloud is | reportsd  |Meather Ing the wind direction ove
uled tiee| causes | dark. |f a minus sign () value. not sod|- prior to the shift, fal- By
celling, | precedes a cloud symbol, the | If the fled by \owed by the tise at brokan
W Indafinity cloud is thin, wisibility [alther + which the shift cecurredy varylng
base of | Estinated height of lower varles or - i Tha Intensity of the i ::.“
clowds | scattored clouds Is given by a | wore than |called hift la glven by a e
s ragged.| figure representing hundreds | |/% mile, |woderste. ainus (<} for mild, no
- U waeif a0t of feat, Imadistsly preceding| Tt will bs :iv 1I'=r ?:}“::r;:""
; the symbol{@). This helght | sxplained he plus {s) ‘
> nest not ba confused with the | In remerie imndlately fol lowing
S 8l ling becsuse no lettar the time zone lottar.
2 The:ra acconpanion (.
port glven above Is deciphered as folloum:

]
VIIbITity wo mides varlable, thunderstom, light :::‘:mh.:n'“ on \netrumants, sppoisl repart, 12th day of the month, 1624 Eaatarn Mar Tine, calling eatinated 3000', cvercest, lower scattared elowds at IS0,
¥imd hITE from the south st 1618 FWT, aitimete “orarar 1ot bloving dust, barometric pressure 1016.2 mil1ibars, tenparatucs 6A%F, dew point 60°F, wind wast nortiwmat at 22 wh, atreng guats, mderate
v roeathing 20.96%, the cvarcast (v dark to the northwsal, cccaslonal lightning in olovde. Bikk "m
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ABHREVIATIONS

i i bols, is characteristic of
nsive use of sbbreviations, as ue!r as syml i t k :
wua!hs:i:of#. Care is needed in interpreting some of theac; esnec:ul!y adjictlvns
and adverbs formed of directions. SEAN means "southeastern”, not "southern®.

Some common word endings arel

NS iness or ness _
k; :;}:; S G ing fadd WG if word ends in &)

Nt aFn WD ward
Following is & partial 1ist of abbreviations and phrase eantractiong:
ARV above OMSH diminish
ACTY a:t;ve g;: :E“:!
alaft ar
:t; along DRIL drizzle
ALETG altimater setting DSIPT dissipate
ALT altitude DSHT distant
ANS air mass DUPE duplicate
APCNO appreach control trans= BURG during
mitting facilities not DWPHT dew point
operative until further ETD estimated
notice Fi& airway and terminal fare-
APOBS airplane weather obser- casts
vations TFANOT Thol typa Waskuh not e
ARET airpert tive until further notice
AVG average TFAROK fan type marker resumed
BiH become operation
BETOVE broken clouds to overcask FC fractocumulus
*RERMR beacon light burning but FC3T forecast
not revalving until further FILLY field and lighting facili-
notice ties
“BEBOK beacon resumed normal oper- FIND hourly seauence weather
ation report not filed
*BENBY beacon Tight not burning FLD field
until further notice FLG falling
*EINOYC breaks in overcast FLRY flurry
BLK black FQT freguent
BLO below FRMG forming
BNTH beneath FROFA frontal passage
BRGT bright FRSH fresh
BRE break FRST frost
AREN broken FRZ freeze
ERM barometer Fs fractostratus
“BRONO broadcast not operating GHD graund
until further notice GROEG ground fog
"ERODK brosdcast resumed operation GHRL general
BTR better GROL gradual
BTWH be twean 65T gust
o beyond HIR higher
Cavy cgl]Ing and vlaibl!itr un= HHD hundred
limited {eeiling, if any, HRIN hor izan
10,0007 or higher and visi- HURCH hurricane
bility 10 miles or greater HYY heavy
E;: c:ntact flight rule HZY hazy
chan ge *ica icin
*cis eailing *lE61E *tin: in clouds
CIGUN ceiling unrestricted *1LGIP iging in precipitation
Etg cloud 1R instrument flioht rule
clear ILSKO instrument landing system
oH cunulonimbus manmatus not operative until further
pb {ng?::ﬂﬁumulul} notice
con an IHCR increase
mﬂl ::T;.:Eg.:: in clear ::g;"-'lll’ il
M Instrumant
gg: =0r:1ttinﬂ IKTMT Intermittent
CTBELIE  chaar fo semttarsd el i kil
VR 2 © scattered clovds :g:ﬂ :n the overcest
mprave
gga :::'::“ IREG irregular
DR dagrey t:;ﬂlu rTgﬁu and fog mixed

BeSY 2WE-%

LGT
LMT
“LTRG
L¥L
LWR
LYR
HaX
MDT
HIM

M156

“MsL
HTH
MXD
NMRS

*Hoopy

*HOTAM
08S

*DBSC
08sT
ocLD
oTP
oTR

*ove
OVHD
VR
PH
AL
PCRH
POW

*PIREPS

PRES
PSBL
P56
PTCH
PTLY
PHLT
gTR
QUAD

*RABND

"RACF1

*RAGFO
*RACOM
*RAFRL
*RAGOK
*RAICE
*RANDI

*RAHOT

RAQHS
"RARAL

RCY
*RCYNO

"RCVOK

Vight

Timit
Yightning
level

1awir

layer

ma i mum
moderate
minimum
missing

rove

mean sea level
meuntain
mixed
numerocus

not operative
notice to airmen
observe
obscure
abstruct
oceluda

on top

other
overcast

over head

over

pilot balleon seguence
reports

probahle

precipitation

priority delayed weather
pilot reports

prassure

possible

passing

patech

partly

portion

prevalent

quarter

quedrant

radio range and volce com-
mynication facilities not
operative until further
notice

radio and communication
facilities not operative
until further notice
radio and communication
facilities operative
radio and communication
facilities

radiosende obzarvation
lowast freezing level at
radio range resumed opera-
tion

radiosonde observation
icing at

radio range has probably
shifted from published
bearing

radlo renge not operating
until further notlice
radicapnde observations
radio range appears unre=
liable

recelve

radio receiving facilitiss
not operative untll further
not lce

radio recelving facilities
rasumad oparation

REDIS
REMOA
RGD

kNG

RNWY
“ROWLY

PO

R3G
"RSOPN

RAUF

SESD

$CT
SFC
SHFT
SHLW
SHWR
SLGT
SLT
SLW
SHW
SQAL
5T
STM
STH
SVR
*THD
THOR
THY
THM
*THSD
THTH
TLTP
THP
*TO¥C
*TRG
TSHWR
*TSTM
*TURBC
TURBT
UNL
UNRSTD
URSTDY
VLHT
VRBL
VRG
VB
"ySRY
VSROEK
*YSRSTD
WER
WEHOA
WK
“WHD
WRH
WRS
ACP
ALHT
X8T
*Z0HOK

“Z0M0T

reference dispateh
raference notice to sirmen
ragoed i

relative humidity

range

Fufway

receiving only

rapid

fgdiusnnde reports
rising

resumed operation

rough

subside

sequence collection reports
scatter

surface

shift

shallow

shower

slight

slest

51w

anow

squall

strang

storm

station

severe

thunderhead

thunder

thick

thin

thousand

threaten

teletype

temperature ¥
top of overcast

topping

thundershower
thunderstarm

turbuleance

turbulent

unlimited

unrestricted

unsteady

violent

variable

veering

vigible

visibility

vigibility reduced by smoke
visibility restricted
weathar

weekly notlce to alrmen
werak

wind

warm

worse

excopt

excel lant

exist

station location markar,
ultra high freguancy,
rasumed operation
atation location marker,
ultra high frequency, not
operating until further
notice,

y0€1 )

— =
——
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HOURLY WEATHER SEQUENCE REPORTS -23-

Teletype reporits are sent every hour. |In bad weather, extra reports
called "specials" are sent in the interim between scheduled reports, &ll
these reports are posted as received, in code, and are the only source of
really fresh weather information. WNavigators and pilots read them before
taking off. The table where these reports are posted is where flying men
"sweat out"™ the weather.

NOTES
EVER) Hou & ro EHEGK oW FoRcAs7S

LATEST CHECK oA WEATHEP Def=ts FileHT

LA FrekTol) — SETELANES BF CElLivd Al w;.fmn}f
C EoMThcT) CEfL NG fads B Me ke CILIBNITY T Mk

F

JI'F'L‘II [?f.l?’ﬁtﬂfuﬂ'j dod Fes = jedw S dad 3 g ga
C B kG — LAweIT {ﬂ}"ff FF corB S Fader ©oveEda Fex Apw
TELrHy =F THE TESF

' Baide F==F] ‘o Logs THEL 7 Miip

/_.ef Al SERLITY 1S LERS THA bMHES
r

IF YHIBLTY 8 faarees TRE¥ 10 AL pe REpRT eraen f The MEAErss FRTT QE SWE

IF csreims 4y PPEHTR THEN roiea g {ff-&-f'.ﬂ"ﬁ;'f_f AR TED

(2 B Jﬁf {:Efﬂ»{_, e Cleel | Afabg fones F7. drdsong Lfil ¥ Ad el
D — SCATTERsY, "econms” ocrr ypame w O (Fef citmp parave sgery
'@ — ﬂﬁﬂﬂf‘-.,ﬂ.:.gm LIS '.}' ‘_ﬁﬂv
$—_ ﬂLngcmﬂ o ‘-i"’lﬁ”’?

~E fra Al — sy g PERA TE

8-4Yy 3-WX-5



0L Iz=ud

hh-8

G=iMh

NOTES

QUESTIONS

Decode the following reports and complete the chart provided. If the report is not classified, decide
on the correct classification and enclose the classification letter in parentheses. The first report
has been entered in the chart as an illustration.

LN 700 227/17/9+%10/01L/SNW CVR 1

AQ C 09 254/20/14+11/017/K SW

Eﬁscgﬁﬁﬁggggﬁngcz1umm3u 105/70/69tx16/983/ET700 SCUD 3 HND
TUT E15@0R- 0L1/50/116¢5/963/CLDS TPG RDGS ElL0G6D

AF EL5-@11/2sW- 129/2/1[~26+/985/ B03 5007

TTV SPL E350/021/2K- 058/56/54%11 CM OVHD CLRG W
AF P1U®11;gg{- 1£5;56/2h£2/§39 i

T kA
C E1 1 w1 ® FROPA 2407500
£a ¢ E1 R- 980??1?351x?5/3 T;GIG ggg s

=k %0 (D=1 a0 PO =

& & & & & & & & & @ @

i

-hz-

90¢1
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HOURLY WEATHER SEQUENCE REPORTS, (CONT'D) -27-

NOTES

QUESTI0ONS SYMBOL NAME

I. More than nine tenths of the sky covered with clouds. @ OVERCAFT

2. Clouds cover six tenths to nine tenths of the sky. @ BRoKEN

3. Clouds cover one tenth to five tenths of the sky. @ SCATTERE]

4. Clouds, if any, cover less than one tenth of the sky, (O  CLEAR

5. Which cloud deck is the lower? QQ @
6. Check the cloud decks which would make a ceiling:Q QO ;0 ‘/;9 "/_

7. When clouds are reported as @/, what is the height of their bases above
the surface? oayeR ro.cco FT .

8. When AQ (see "Partial List of Station Identification Letters") reports
"Milgs ", what is the height of the base of the clouds above mean sea

level? _jg &od FT ‘
9. What is the difference between (a) —@/ and (b) @/ ?:f LEST THEN o2 FT,

o
|10. What is the difference between (2a) E20@ and (b) E20+& Tousetons7 # Migie w &

Il. What is the meaning of the remark "TSTM DSIPTD"? 20wk el B/ isiPATEY |

84y 2-Wi-6

F-1308
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-28- :

12, TS X 01/16GF+ 125/36/3673/990/BROOK
(a) Why is Tulsa closed? VIS/BiiTY ir %mﬂ

(b) What is the meaning of "BROOK"7Bfusscas T K€syMED pPERAT on)

|3, PDW CQN NO N 291130E M7® 132/61/564%29+/991/CiG RGD/ 315 5001
Ea; What is the name of the station?

What is the time of the report?

(c) Why is the field on instruments?

(d) How was the ceiling obtained?

(e) What is the character of the wind?

(f) Translate the remark.

iy, DV N WSBO3R-F-K- 173/Ll/1,2+7/002/E8® CLDS 0BSCE MTNS
a) What is the meaning of the W?

b) What is the classification?
c} why is the field so classified?
What is the height of the ceiling?

(e) What is the height of the broken clouds?

What does the "K-" mean?
Decode the remark.

}f; What is the height of the overcast?
g
h)

5, AG C ®/ 196/73/694x14/016/FQT LTNG CLD TO GND W AND SW
* PIREPS LARGE TSTM RABNO ZONOT

(a) What is the ceiling?
(b) wWhat is the visibility?
(c) Write out the remarks in full.

16, TUT w120l TR=- 112/59/56+%9/989/R INTMT @ TPG MTNS T MOVD SW

(a) what should be the classification of this field?
(b) Write the remarks in full,

(7. WD X SPL 131519C W15+@1VSQ+E 063/18/1542671514C+/971/WND
OCNLY L5 ONE 10755 5005 RAGOK BRM RSG RPDLY
(a) What is the time of the report? CWT
(b) What is the meaning of the plus sign in "Wis+@" 7
; What weather is reported first?
What weather is then reported?
) What is the wind direction at the time of the report?
i wWhat velocity does the wind occasionally attain?
)

What is the average velocity of the wind?
RAGOK means
BRM RSG RPDLY means

8-y 3-WX-6
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18, DGM O 098/58/55C/981/SHLW TRACES GNDFG LOW PLACES N AND NE
(a) What is the ceiling?

~29-

(b) what is the sky condition?

(c) What is the visibility?

(d) Write the remarks in full.

ja. WD N WS@2VTRW+ 023/65/65¢1l~/95/FEW SCUD E3 RANDI

{a} What is the visibility?
b) What weather is reported first?

{c) What other weather is reported?

“ (d) What is the height of the lowest clouds reported?

(e) What is the barometric pressure?

{f} What is the character of the wind?
What does "RANDI" mean?

DWX SPL 291LJ,0C A5@3R-F- 122/6
2 PIREPS TOVC %%u MSE$5 /62/60+25+/9E9/BROND VSBY L N

(a) What is the time of the report?
(b) What should be the classification of the field?

CWT

(c) Approximately how thick is the cloud?

(d) How was the height of the cloud determined?

(e) What is the visibility looking north?

(f) What is the character of the wind?

{g; What is the average velocity of the wind?
(h) What item of equipment is not operating?

. GC N SPL 2L,0952E E6€m11/2TRW
1. 96 Qumzlp 95 /2TRW+ 129/6l/62716/992/E15® THDS

(a) What is the time of the report? CWT

(b) What is the height of the ceiling?

c) What is the height of the overcast?

d) What is the height of the broken deck?

What is the visibility?

What other weather is reported?

(e)
}f} wWhat weather is reported first?
q
(h) Write the remark "THDS ALL QUADS™ in full,

22. UM C SPL M23@TC 10E/58/5875/98L/DSNT LTNG NE OV® RANOT
(a) What is the visibility?

(b) What is the pressure?

(c) What is the ceiling?

(d) Explain the indication that the ceiling may change.

(e) What is the meaning of RANOT?

(f) Write in full the rest of the remarks.

8-4y Y=WX~-6
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. NAS SPL 290800C ET7eLT 997/63/604x17=1707L5C/952/T NI DSNT
B R OCNL LTNG OLD 10 GND C1G VROL 770 167 : ;

(a) What was the time of the wind shift? CWT
b) What is the barometric pressure?
el How should the field be classified?

What is the character of the wind?
What is the direction of the wind now?

(f) What was the direction before the shift?
(g) Write the remarks in full,

oy, PC X SPL PB+®1/2VE+SW 983/2l/20%25+116120+/936/0CNL SNW
* SQAL RARAU

(a) There are four plus signs in this report.
Clearly state the meaning of each, taking
them in order, and name the weather
to which each applies.

(b) What is the present wind direction?

(c) What does "RARAU™ mean?

g5, DKX SPL PGOT2A-IL-F- 135/30/27-+%22/991/EL108 WND SHFTG
* GRDLY/ 3191l 6006

(a) Give the height and coverage of the higher deck of clouds.

(b) ®Give the height and coverage of the lower deck of clouds.

(c) What is the weather reported first?
(d) What is the weather next reported?

9g. DON C O 058/L)./21-+#5E/975/FEV HI THN CLDS K LYR ALF SW

(a) What is the meaning of the "5E"?

(b) If there are clouds as it says in "Remarks™, why is the sky reported
clear?

(¢) Write in full the meaning of "K LYR ALF SW",

97. C6 C ELOZ/®5 976/53/Llit213/9LL/BINOVC OCNL THODR LTNG NE
DRK N THRU E

{a) What is the barometric pressure?
(b) Which deck of clouds is the ceiling?
(c) What is the height of the other deck?
(d) Write the remarks in full.

8-44 5-WX-6
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pg. CG X WOOIF+ 201/=15/=15%7/053
(a) What is the ceiling?
(b) What is the visibility?
(¢) How many degrees below freezing is the temperature?
(d) What is the altimeter setting?

‘99, CG N E10D28Q+ 203/=9/=-10+35+/012/vSBY SWi11/LL Nw2 NE13/L SE L
(a) What weather is reported?
(b) How many degrees below freezing is the dew point?
(c) Write the remarks in full.

30, BH N SPL 291209C ESHD3R-F=- 122/60/50%19~-71205C-/9E9/VEBY
NEZ2 =GSE RANOT

(a) In general, is the overcast dark or thin?

(b) What was the wind direction 5 minutes before the

time of the report?

{c) There are five elements modified by minus signs.

Give their meanings. Give them in order.

(d) what is the meaning of "RANOT"?

g3y, 9% € SPL E308/T7R- 152/€6/624~12/997/RW SW SE AND N
(a) Write the remarks in full.

32'&3 g1SPL 291105C ET00100 200/16/354%15-/011/RAFRZ 127 MSL
(a) What is the date of the month?
(b) What does the minus sign mean?
(¢) Transiate the remarks,

33, AG N SPL AS&/O2R- 125/63/62t711/993/C1G RGD TOP LWR CLDS
LO 5L RAINING FROM HIR CLDS

(a) How was the height of the ceiling determined?
(b) Which is the ceiling, the overcast or the broken deck?
(c) At what level is the top of the lower deck of clouds?

34, CO C E33006 053/53/1161#18/969/RW= ES0G OVO

(a) What is the meaning of "RW-"7

(b) Why is this reported in remarks instead of the regular position for
weather? =

(c) What is the meaning of @QVD?

8-44 6-WX-6
F-1312
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LOST

DV SPL 29120L4M PIREPS 10N DV BASE @ 85 MSL MOT RIME ICGIC
Write in full.

NA SPL 2%15LLC PIREPS 1CG- TO ICG DKX TO NA 30 MSL TMP 27
ICG BLO 30 MSL

Write in full,

g7, PS SPL 071012C PIREPS TMP 2C 60 MSL 3C TOMSL
Write in full.

38. KC SPL 011021C PIREPS TOVC 20 W DM 55 MSL
Write in full,

Decode the following reports and complete the chart provided, I|f the report is not classified,
decide what the correct classification should be and enclose the classification letter in paranthaaes.
Report number

Te
C.

e

CESESES £

L]
L
-
L]
L]
L]
-

39 has been entered in the chart as a model.

BH C SPL 291106C w1hﬁmga-x- 115/59/571211/9868/PCPN INTVMT ET70D
TJ C SPL E12+0 146/78 Zu4aa5+r12255-/995/FIREP3 HVY TURBC

@D ¢ SPL E1006K- 159/L6/L1%27+/999/DRK CLD £ RANDI

U0 SPL 231013C Aaﬁm1n¢q 203/L2/35%20/012/BINOVC PIREPS TOVC
37 MSL ANOTHER LYR ABV VSBY UNRSTD BTWN LYRS

LG N E9@3R- 0B1/16/LLi+=17/976/SCUD Iy HND HIR @ VSBL THRU BBRKS
R S e

KX C E25C5R=- 1?2/5T/56+ nna/Fua FRMG IN VLYS E=NE

DOX SPL A3&1-0iL- 128/6l/63+79/990/FPIREPS TOVC 30 TWRG CU ALL QUADS
UM ESS@/0EF-K=- 163 /6& %Tﬁ11/DDG/FEW SC 3 THSD BINOVC

uo A3umm1/uTan+ 132/85/61722+/998/THDS SW ET00

-EB -

el
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GIVE HEIGHT
: gg AND. AMOUNT WD
= CLDS ﬁhﬂa lé’LDS DBSTN |u -
- ABY T DMPNT
STH | c18 £ig | CIG Gll-g VSBY | WEA Vg" SPRD | DRCTN| VEL | ALSTG RMRKS
By ; Indef- ; Y Light | Light ,
1m;?£{:m it im’gé TE% ﬁgg None | 3 n:ﬁ]l sv:ugke 2°F | 55N m;r}l! 20.88 | Precipitation intermittent
1400
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=34~ REPORTING THE WEATHER

The accuracy and value of a forecast given to airmen depend on the acen-
racy and completeness of the information available tn the weather officer.
Even in the !inited States and in England, where hundreds of stations make
regul ar reports of observations from the around, reports from planes in flieoht
are often necessary to accurately locate fronts, cloud layers, and other nhe-
nomena that affect flying. In some theaters of war, the weather officer has
little information except the reports of returning airmen. Therefore it is
extremely important that navigators learn to make accurate, legible, and in-
telligible observations in flight. To attain this end, the student will make
weather observations during training flights and supplement these by practice
on the ground.

Navigation weather observations should include the following, in order:
(1) Place, date, time; (2) Clouds; (3) Visibility: (4) Weather and obstruc-
tions to vision; (&) Special phenomena.

In the first group, when recording a surface observation, give the call
letters of the station, the date of the month, and the time of day. While in
flight give the time of all observations and the location when practicable.

The time of observation made in flight will be in GCT, as are all entries in
the log. With permission of the instructor, observations from the ground may
be marked in CWT. Thus IV 061430C would mean Ellington Field, sixth day of the
month, (430 CWT; I5E DHN 2015 would mean |5 miles east of Hondo, 2015 GCT.

Second, all layers of clouds will be reported, giving amounts, tops and
bases. After clouds are studied, the names of the clouds observed will be
noted,using the approved abbreviations. |f there are no clouds, CLR or O
will be entered. The amount of each cloud layer will be reported by SCTD or @
RRKN or @ , OVC or @ . The top and base of each layer will be recorded in
hundreds of feet MSL, with the top as the numerator and the base as the de-
nominator of a fraction. The letters M, E, and U will indicate whether the

M I
level is measured, estimated or unknown., Examples: SCTD E%%, OvC Fgo»

Mug 9 L
kN 5. © 59, O M30*

Third, visibility (VSRY) will be estimated and recorded in miles. The
word "unlimited" will not be used. Visibility will be defined as the length
of the radius of the circle of objects on the earth that can be recognized from
the place of the observer.

Fourth, the abbreviation for the existing weather and obstruction to vis-
ibility should folliow the visibility, e.g. VSRY ISH, VSBY SRW, VSRY OF.

Finally, any phenomenon occurina at the time and in sight should be re-
corded. For example: moderate turbulence (TURRC), heavy turbulence (TURRC - |,
light icing (1C6 =), heavy icing (1C6 +), thundersterm |5 miles to the south
(TSTM 158), thunderheads to the west (THDS W), fog bank IC miles south of
Atlanta (F BNK 10 S AG), distant lightning to the southeast (DSNT LTNG SE),
thick smoke layer at 3500" (THK K LYR 35 MSL), clouds obscuring mountains
(CLDS ORSCG MTNS), freezing level at |4,000' (FRZG LVL 140 MSL).
g2-44 |=wX~7
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During flight, weather observations should be recorded whenever any change
takes place in the weather or when any special phenomenon is encountered or
noticed for the first time. Routine observations should be made so that not
more than 30 minutes elapse between observations.

NOTES
QCUESTIONS
. CLOUD NAME ABRREVIATION

Al tocunmulus AC

Cirrus Cl

Cumulonimbus CR

Cumulus cu

Stratus ST

B-uu 2-WX -7
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1847

Read the observations:

El4

o

DHN 130600C (DAC Eyyg VSBY 26F

E200

2, DMS 070900C D CU Egg VSBY I0H

E250

y
3. U0 091600¢ DCB F3g @ €y VSBY 15 TRW 10 E

Record the following observations:

4.

Ellington, 1Bth day, 1100 CWT, scattered cumulus with estimated bases
and tops at 2500" and 4000', scattered altocumulus with estimated bases
and tops at I4,000' and 15,000', VYsby |15 miles, thunderheads visible to
the southwest.

Hondo, 26th day, 2300 CWT, scattered altocumulus, Vsby 20 miles, distant
lightning to the east.

Read the following in flight observations:

7.

8.

M100
1900 @ cv M 30 YSBY 20H LGT TURBC BLO CLDS

15 5E JA 1100 O VSBY BK F BNK S AND E

(35-50N; 83-40W) 1800 @ 57% VSBY 20 CLDS OBSCG MTNS I0E

Record the following in flight observations:

9, At 1200, stratus bank to the south and east:; scattered altocumulus with
bases measured at 14,000 feet, tops estimated at 15,500 feet; Vsby 10
miles with light smoke layers at 500 feet,

0. 10 miles E of Tyler, Texas at 2000, an undercast of stratus clouds with
tops estimated at 4000 feet, an overcast of altocumulus with base meas-
ured at 10,000 feet, light drizzle, freezing level at 9000 feet.

g-ky 3-WX-7
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USE OF WEATHER SERVICE AND INTRODUCTION TO AAF WEATHER FACILITIES =-37-

The purpose of this period is to acquaint the student with the facili-
ties of the weather station. Before the trip, the student should have some
idea of what he is expected to see and learn. Notice how various observa-
tions are measured.

Barometric pressure.

Wind velocity and direction.

Base of clouds with ceiling light and clinometer at night.
Base of clouds with ceiling balloon.

Temperature and dew point.

Pibals.

Learn when and in what form the following reports are received:

6-hourly synoptic map data.
Pibal.

Radiosonde.

Weather Bureau forecasts.

Become acquainted with the various charts by which the weather station

attempts

1)
;21
3)
>

to put its teletype data into usable form,

Synoptic weather map.

Cross section.

Adiabatic chart,

Winds aleft chart.

Pressure charts for upper levels.

Understand the scheme used for reporting hourly weather observations.

(2
(3)
(4)

8~y

When observations are taken.

How the region is divided into circuits.
Procedure followed when sending.

When special observations are sent.

NOTES

I-WX-8
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TEMPERATURE EFFECTS -39-

The amount of solar heat received at the surface of the earth derends on
the inclination of the sun's rays and on the amount of cloudiness. Even
places receiving the same amount of heat will vary in temperature if they hawe
different types of surface. Water heats slowly, especially if deep, vegetated
areas more rapidly and bare regions most raridly of all.

Good absorbers of heat are also good radiators, and the bare regions that
are heated most rapidly will also cool most rapidly after sunset. Deep water
scarcely changes temperature and well vegetated areas have a moderate varia-
tion in temperature between day and night. Also a cover of clouds will re-
tard cooling at night just as it reduces insolation during the day. Deserts
have extreme variation in temperature between day and night not only because
the surface is bare, but also because they are so situated that they have
very few clouds.

Variations in surface temperature cause variations in air temperature,
hich in turn cause variations in air density. Warmer air is less dense and
ill float up like a balloon or like the draft in a chimney. The warm ajr

hat rises muyst be replaced by air subsiding to take its place and the result-
ing circulation is called convection.

|-

‘_-‘-""-\-.

o Sch \\
/5/

Figure |. Sea Breeze Caused by Convection.

The horizontal movement, especially when it is on a large scale, is
called advection. Advection also includes the movement from warm to cold sur-
faces, as for example, from the warm Gulf Stream to the cold Labrador Current.

8-u4 |-WX~3
F- 1320
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The balloon-carried device for measuring the temperature, pressure, and

humidity of air aloft is called a radiosonde.

with it are called "raobs" for short.

Reports of the observations made

The lapse rate of temperature with altitude varies greatly, especially

in the lower levels, but averages about 2°9C/1000'.

Since warm air rises,

heating is carried upward rather rapidly, while cooling is usually noticeable
only near the surface.

HEIGHT
10, 000"
~
T
-
2000 "\-.11
""“x.h AVERAGE LAPSE
e RATE:  2°C/1000"
5000 ==
=
l“'.
e

4000" —

|

| ¥ 1SOTHERMAL LAYER
2000" t

4
. ’ _~" . | INVERSION
-A% 4o 0% #5% +8%
Figure 2. Might Sounding.

Surface inversions are caused by radiation or advection, upper inversions
are caused by turbulence, subsidence or frontal surfaces.

HEIGHT
10, 000"
H‘h""'-...
/000" =
&000" 7 h"""-.
¥ S
§000" |—LAPSE RATE — ~| JUPPER INVERSION
3%/ 1000" +—u_] -
2000' i [
e - -'"-...__
B Sy
——
-6% 0% 6% 12% 18%
Figure 3.

B4y
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<
Since inversions occur with frontal surfaces, they are important to navi=
gators. The wind usually changes sharply when the temperature changes sudden=
fye " 5

See WX-I3 for further discussion of vertical currents.

NOTES

QUESTIONS

I. The term insolation means

2. Upon what two factors does insolation depend?

(1) (2)

3. Which type of surface, land or water, heats more rapidly?

8-4y 3-WX-9
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4.

5.

8.

9.

10.

.
Iz.

13.

14.

15

16.
17,

18.

20.
8-4y

1528

Which heats and cools faster, open fields or heavily vegetated tracts?

Are wihter minimum temperatures experienced on clear or cloudy nights?

Why are desert temperatures so cool in the early morning? Give two
reasons.

| )
2)

Which holds heat better, a surface that heats rapidly or one that heats
slowly?

Which is more effective in heating the atmosphere, the direct rays of the
sun or a warm surface?

Due to unequal heating during the day, would up-currents be normally ex-
pected over a barren field or over an adjacent water surface?

On a hot summer afternoon will there be advection currents from water to
ad jacent land areas or vice-versa?

Do convection currents stop as soon as the sun sets?

At what period in the day are convection currents usually strongest?

Would convection currents be expected over the Gulf Stream at night?

What is the averzge lapse rate?

When is the lapse rate usually greatest, 0001 to 0600; 0600 te 1200
1200 to 1800: 1800 to 24007

When is the lapse rate uswvally least?

The temperatures of the upper atmosphere are obtained by an instrument
called a RA/Do SOLIDE . The report of the observation itself is

spoken of as a gAo[i< report.

A layer of the atmosphere An which temperature increases with altitude is
called an JA/UVERS/ 2

L

What layer of the atmosphere has the greatest variation in temperature?
LoHAER

Give one reason for an upper air inversion.

L-WX-9
F-1323
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WINDS AND PRESSURE 43

Although atmospheric pressure cannot be directly and simply associated
with air temperatures, it is agreed that temperatures over the earth's surface
in a large measure account for differences in air densities - hence differ=-

ences in atmosopheric pressure. Wind is a horizontal motion of air caused by
pressure differences. Air tends to flow from higher to lower cressure just as
water tends to flow down hill. The speed with which this air flows depends
upon the change in pressure per unit of distance (pressure gradient). The

steeper the gradient the stroncer the wind. This force which tends te move
air alono the pressure gradient is called the pressure gradient force.

If pressure gradient force were the only force involved in wind direc-
tion, winds would blow perrendicular to isobars directly from higher to lower
pressure. However, due to the rutat ion_of the earth, winds are deflected to

the right of pressure gradient in the nn;ihaﬁn_hﬂmlanhﬂnﬂ and to the left in

the s . This deflection, called Coriolis effect, is prnpur-
tional to the wind velocity,

Frictional effects of the earth's surface slow down the air flow and
hance reduce the Enrinlls effect in th& Inuer atmnsahere. Rﬂsultant surface

2 : | ey g A W R R
lEﬂhaFE at nn angle dependlng unun the terrain and the amoun riction:
10-30° is common. The circulation will be clockwise about h:ghs and counter-
clockwise about Jows in the northern hemisphere. The circulation is reversed
3 0 e equator. Gradient winds are winds apnarently free from surface

friction, which are parallel to lsuhars. the Iuﬂest_level
at which - -

e

Buys Fallet's law states that if one is in the northern hemisphere and
places Ei: Back to fﬁe wind, lower pressure will lie to his left and higher
pressure to his right. These dtractlnns are reversed south of the equator.

e

-

Winds are reported by the direction from which the winds are blowing.
Barbs on the wind arrow on surface maps indicate the wind velocity by means of
the Reaufort scale. Each full barb counts two, and a half barb counts one. A
conversion from Beaufort numbers to mph can be approximated by multiplying the
next two Beaufort numbers above the wind in question and dividing their pro-

duct by 2, e.q. Beaufort 3 = &—%—ﬁ ==Id'mph.

Whenever the hemisphere is not specified, assume northern hemisphere.

NOTES ¢ }fg:i
Fles vRé ‘Wﬁutﬁ?,‘ %M M-M

8-kt | -WX-10
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e NOTES v

I

QUEST I ONS

|. What causes winds to blmﬂ/u.-m W
What deflgctsg’d:wdirectlon of the pressure gradient?

R=144 2-WX-10
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3. Upper Ziﬂds le ParZel %,isuhars but surface winds do not. Why?

4. Why are winds aloft pearly aliz stronger than surface uinds?W

5. What is a gradient uinuwﬁﬁiﬂﬁﬁ

6. What determines the velocity of a gradient wind? Jﬁau.qnnnc

45

7. What gradient wind is expected on the east side of a high?_

B. Navigators often judge wind by waves on the ocean. Will the difference
between, surface and gradient _winds be greater or less than.guer land, and
"hf?_ﬁd‘-‘-m:zﬁ“‘-.;ﬂ LM%«-};M

9. Surface winds diverge from centers.,

0. Surface winds converge tnward%—»r” centers.
Ile In thE !urézfrp Hemisphere, the air circulates around highs in a
; direction. :

12+ In the Ngrthern Hemisphere, the air circulates around lows in a
&i&hdirﬂﬁﬂﬁ-

I13. If a low pressyre cell is centered to the west, the wind will be from
the 2o 2
4. In the southern hemisphere, surface winds 5piral_M.—-;a

into a low.

I5. On the average, the gradient level may be considered as cvﬁé"“*""‘::P feet
above the surface.

|6+ Flying witpy a heading of 360° and a wind of 270° places low pressure
of plane's position.

I7. In the southern hemis:here; pf the wind is blowing from 090%, high press-
ure lies to the

18. o~  The wind is from__ L0 °at i 5 mph,
19. { The wind is from F%Z © at _R8  mph.

20. Give the wind direction and velocity for W o , 272 © 7€  mph,

8-1 3-WK-10
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-Ui- WINDS AND PRESSURE

Due to unequal heating in different latitudes, air from the polar regions
is heavy and cold as compared to air at the equator. At the earth's surface
there is a constant tendency for surface air to move from the polar regions
toward the equator and equatorial air to rise and flow back toward the polar
regions at high levels, Due to the rotational effects of the earth this cir-
culation is not a simple wnicellular circulation but breaks down into differ-
ent cells causing high and low pressure belts and wind zones as indicated on
the accompanying diagram. This circulation assumes an earth of the same uni-

form surface throughout.

Prevailing

wWesterlies

Northeast Trades

Y

Southeast Trades

The pressure belts and the wind belts migrate with the seasons, but this
migration covers only a few degrees. For example, the northern hemisphere
sub=tropical high lies south of the Mediterranean Sea in the vinter and north
of it in the summer.

b,

B4y |=WX=11
F-1327



-“-

I,

7.
8.

3.

0.
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NOTES

QUESTIONS

In which hemisphere are the prevailing westerlies better developed?

What winds prevail over the North Atlantic?

Why does the west coast of the United States have milder winters than the
east coast?

Where are the high pressure belts of the world located?

Where are low pressure belts of the world located?

According to the primary circulation pattern, what are the prevailing
winds at the following places?

Hawai i 209N, 156%
Fiji Islands 1895, 178%
Canary lIslands 289N, 159%
Falkland Islands 5295, 58%
San Francisco 38°N, 122

Describe the winds in the doldrums belt.

¥here do prevailing easterly winds occur?

In July and August, where are the pressure and wind belts as compared to
their average position?

Why are the prevailing winds stronger and more dependable in the southern
hemi sphere?

3-Wh-11
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WINDS ARD PRESSURE -49..

Many of the high and low pressure cells which appear on world pressure
maps are a direct outgrowth of primary circulation. These cells may move
north and south with the seasons but throughout the year will be found in the
same general latitudes - lows 55-65° and highs 25-35%, north and south. Also
these cells are found, on the whole, over the oceans rather than over conti-
nents because the temperature of water varies less.

Figure |. Prevailing pressure systems of the world in winter.

i |
g
) A4
L | — " I

Figure 2. Prevailing pressure systems of the world in summer.
8=4y ! I-WX=12
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The high and low pressure areas that build up over large continental -
areas are semi-permanent. High pressures are common over land during the win-
ter seasons and lows develop over hot arid lands during the summer.

Local land and sea breezes are a result of temporary differences in
pressure due to differences in temperature. Other things being equal, winds
will blow from cool land to relatively warm sea at night, a land breeze, and
reverse themselves during the day by blowing from the sea to a relatively warm
land, a sea breeze. When land and sea temperature differences build up rela=~
tive high and low pressures that are reversed with the season, cold, dry off=-
shore winds blow during winter and warm moist onshore winds blow during summer
months. This type of wind and pressure control is called a monsoon. Asia has
a true monsoon climate.

Mountains also have a modifying influence on pressures and winds.
Breezes from the mountains, mountain breezes, are frequent during summer
nights and breezes up the mountain s opes, uallgx_hggg;gi, occur during the
day. These are due to the heating and cooling of the air in close contact
with the earth's surface. Mountain breezes, or air sliding and falling down
mountain sides, sometimes build to high velocities if terrain and geperal wea-
ther conditions are favorable./ /., N -l padfr G TR S f;:
Primary circulation as studied in WX-11 results in a gradual depletion of
air in equatorial regions and an increase of pressure in Polar regions. In
order to equalize these pressures, masses of air from polar regions break out
at irreqular intervals and flow back toward the equator in high pressure cells. -
These are the migratory or fleeting highs which appear on the daily synoptic
map. These highs move into the middle latitudes and are pushed eastward by
prevailing westerly winds. Occasionally they are even deflected back north
before dissipating. Conflicting circulation between two migrating highs sets
up convergence along their borders and frequently develops low pressure
troughs and centers. These lows move along with the highs and are usually the
focal regions of bad weather.
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QUEST| ONS

l. Where are the so-called permanent lows of the world?

2. Where are the so-called permanent highs of the world? .

3. What causes the Canadian high pressure area during the winter months?

%. During what time of year will India and Burma have onshore winds?

84y 3-WX -1
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5. What causes a reversal of winds from night to day along the coast lines?

6. What is the origin of the migrating highs which show day to day movements
on current synoptic maps?

7. How do migrating lows develop?

8. Which direction do migrating highs generally move?

9. How do the permanent high and low pressure centers of the world shift with
the season?

10. What is a Bora or Williwaw wind?

1. Are the pressure cells due to primary circulation evident over land or
over water?

I2. What kind of pressure do large continents develop in winter?

13. How far do land and sea breezes extend from shore?

4. Where is the most effective monsoon and why?

I5. Do polar outbreaks occur in cells or as a steady outflow?

6., How do the winds of a migrating high blow?

I7. |If the controlling high is centered to the east, what is the direction
of the gradient wind?

18. Which way will highs and lows in the tropics tend to move? Why?

I9. Which have better weather, lows or highs?

20, At Midway Island, 289N, 177°, will the trade winds be more dependable
in January or in July?

8-41 : §-WX-12
F-1332



1333
VERTICAL CURRENTS -53-

Air converges at the surface in a low pressure area thus causing a rising
current of air. At high levels, this current of air spreads out. This air
then subsides to take the place of the outflowing air from the high pressure
areas at the surface. The rising air and the subsiding air are the large
scale vertical currents of the atmosphere.

Vertical currents may also be formed as a result of terrain, fronts,
and thermal heating. These vertical currents are on a relatively small scale.
These are the vertical currents that cause the turbulence in the air, so notice=-
able to navigators.

Air, when it is lifted, cools at the rate of 3°C per thousand feet, pro-
vided clouds do not form. Upon the formation of clouds, the air cools at the
slower rate of |.59C per thousand feet. When air subsides, it warms according
to the same principles.

If air is warmed to a temperature higher than that surrounding it (e.g.,
a barren field surrounded by woodlands), it will rise. It will continue to
rise until its temperature is the same as that around it. While it is rising
the layer of air through which it is passing is referred to as unstable air.
When the air reaches a level where it is as cold or colder than the air a-
round it, then that layer of air is referred to as stable air.

If the plotted "raob™ shows a lapse rate greater than 3°C per thou-
sand feet, the air is unstable since any air that is 1ifted will not cool
faster than 3°C per thousand feet and thus will continue to rise. Such air
will be very choppy or turbulent.

|f, on the other hand, the "raocb" shows a lapse rate less than 1,59¢C

per thousand feet,then it is stable, since any air that is lifted will cool at
a faster rate and will tend to sink back. Such air will be smooth.

Thus by picking out a layer on the "raob" where the lapse rate is less
than 1.5°C per thousand feet, one generally may be sure of smooth flying.

NOTES
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QUESTIONS

l. MName three causes of vertical currents.

| ZEREA I 2. _FROMTS 3. THERLAL

2. What is dry air?
3. What is moist air?

4. May air which is originally dry become moist by forced 1ift?

5. What causes air to cool on being 1ifted?

84y 2-WX~13
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6. What causes air to warm on subsiding?

7. At what rate does dry air cool on being lifted?

8. At what rate does moist air cool on being lifted?

9, What are the flying conditions in stable air?

10. How is flying in unstable air?

RAOB LC |500Z
SFC 20°¢C
2000' MSL 13
4000 10
6000 1l
8000 10
10000 7
12000 3

Il. |s the layer of air between the surface and 2000' stable or unstable?

12. Is the layer of air between 4000' and 6000' stable or unstable?

I13. What can you say about the air between 10,000 and 12,000'?

I4. According to the LC raob, what altitude would be the most favorable for
flying?

|15. If rolled,turbulent clouds were present in the atmosphere, where would
the smoothest air be: underneath, in, or on top of the clouds?

RAOB JA 03002
SFC 27°¢C
500"'MSL 3|
2000 28
5000 I9
10000 7
12000 7
18000 -2

16. Between which two levels will the air be the roughest?

I7. Between which two levels above 1000' MSL will the air be the smoothest?

I8. What name is given to a temperature distribution like that shown for JA
from the surface to 500 ft?

19, If the surface temperature increases by mid-afternoon to 99°F at JA and
if the air is gquite dry, what will be the condition of the air up to
10,000'7

-4y 3-WX-13

F-1335



1336

-56- SUMMARIZATION PERIOD
-
This period is designed to give the student an opportunity to get a con-
nected view of what has been studied and to clarify points that may be hazy
in his mind if adequate time has not been available for discussion. It is the
responsibility of the student to look over the previous discussions and ques-
tions, noting in the margin of his workbook any material not clear to him so
that he may know what misunderstandings to have cleared up by discussion.
NOTES
N’
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QUESTIONS

|. What weather data should the navigator obtain from the weather station?-

2. What is meant by "standard atmosphere”?

3. What is meant by “\azf on a winds aloft chart?

4, What features of a weather map are in calor?

5. What information may be obtained by the navigator from the isobaric pat-
tern of the surface weather map?

8=y 2-WX-13s
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6. What data are placed on a vertical cross section and how are these data b
obtained?

7. At what times during the day are pibal data obtained?

8. What determines the height to which pibal data are obtained?

9., |Is the wind direction expressed to the nearest degree in the pibal code?

For questions 10 to 14.

TUT M15@D6R- oh?/ﬂsjﬂaf'r/zéﬁfcws TPG RDGS NE E60®
MS E10D/03RW- 100/60 981/FROPA 0810C

MP 700 230/15/9+%12 15/smw CVR 2

oL @©/3/L6F 122/50/50C/988

i0. The classification of the reports above has been omitted. Classify the

reports on the basis of CAA minima. TUT s M5 s MP ’
oL .
iIl. Be able to read the remarks.
-
I2, Give the ceiling heights in the examples above. TUT , MS i
MP , OL -
43, Give the height of each layer of clouds at TUT.
I4, What is the temperature-dew point spread in each case? TUT 2
MS ., MP , OL ‘
15. Explain the difference between advection and convection.
I6. What is the lapse rate of temperature with altitude for
" (a) the average or standard atmosphere?
(b) ascending clear air?
(c) ascending currents within a cloud?
84y 3-Wi=13s —
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17.

19.

20,

21.

22,
23.

24,

25,
26,
27,
28,
29.

30.
3i.

844

-59- -

How can a navigator use the temperature aloft data to determine levels
which will provide smooth flying?

Under what conditions existing in late afterncon would one expect a fair-
ly large drop of temperature during the night?

By knowing the wind at any given place,what deduction can one make con-
cerning the isobaric pattern?

While flying at 4000 feet from WC to JA,a double drift shows the wind to
be 170° 20K, |f the altimeter setting at WC was 29.96, what reasonable
conclusion can one make about the altimeter setting nt JAT

What is the circulation around highs and lows in the northern and
southern hemispheres? MNorthern hemisphere
Southern hemisphere

What and where are the prevailing westerlies?

What and where is the doldrums belt?

Describe the weather and flying conditions in the doldrums belt.

Where are the trade wind belts usually found?

At which of the following latitudes are vertical currents most common?
(a) Equatorial belt, (b) 20-40°N, (c) 50-65°N, (d) Polar area.

What are the principle causes of vertical currents?

What types of clouds give evidence of fairly strong vertical currents?

State Buys Ballot's Law.

What wind is denoted by K//C::r?

Be able to analyze hourly weather sequences and pibals in light of their
effect on the route, flight altitude, etc.
Y-Wx-13s
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=60~ CLOUDS
The capacity of air to hold

water depends upon its tempera- o
ture - the warmer the air, the
more moisture it can hold. 1000 gm 1000 gm of air at 1013 mb pressure
of dry air at 1013 mb pressure and
86°F temperature will contain 27 gm Jfgf;f”!F l ‘hhhhhﬁah
of water vapor (moisture) when it is
|100% saturated, whereas if the tem- B e
perature of this air is reduced to - - S
66°F only 13 1/2 am of this mois- = B6% - - - B6°F - - 86°F
ture can be held. In example C, 2 & NS [ = m =
the air holds only 50% as much = T o - 133 gm - 13 gm
moisture as it can, hence its rela- i Lol
tive humidity is 50%. The tempera- - _100% - - 100% - - 0%
ture at which a parcel of air = |--~==4 |. e
reaches condensation when it is ST T
cooled (without being lifted) is the 2
dew point. The dew point of parcel X c
A is B6°F, B is 66°F, C is 66°F. Figure |
The dew point of a parcel of air
indicates the amount of moisture in
the air, while the difference between
temperature and dew point, called the "temperature-dew point spread", indicates
how near saturation the air is or the relative humidity of the air. The dew
point can be increased by evaporation of water from water surfaces, falling
rain, moist ground, or vegetation.
-

Although, as seen from the diagram above, the amount of water vapor in the
air is rather small, most bad flying weather is associated with moisture in the
atmosphere. Clouds and fog are indications of layers of air saturated with
water vapor. All air operations are affected by them., Clouds and fog are formed
by the condensation of water vapor onto minute water absorbing particles.

These particles are generally too small to be discerned by the most powerful
conventional microscope. This condensation occurs when the air is almost
or quite saturated. In other words, clouds and fog are formed when air is
cooled so that the relative humidity is almost, if not quite, 100%.

Air may be cooled by (I) contact with colder surfaces, (2) evaporation of
falling rain, (3) mixing with colder air, (4) radiation of heat into space
and (5) expansional cooling caused by lifting. While fog may be produced by
any of the above methods, clouds are usually produced by expansional cooling
as the result of lifting. This 1ifting may occur when air moves up a slope of
the terrain, moves up a frontal slope, moves upward due to thermal convection,
or moves upward when air converges into a low pressure area from several direc-
tions. Assume a parcel of air at sea level to have a temperature (T) of 869F,
dew point (DP) of 78%F, and relative humidity (RH) of 78%. When this air moves
up the slope to B,assuming no heat to be added or taken from the air, the T will
be 81°F, DP 77%F, and RH 88%. At 2000' above A the air will be cooled so that
saturation will be reached and clouds or fog will begin to form. It is danger-
ous to attempt to fly under clouds formed in this way because the terrain often
8-Uy [=WX=14 -
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- projects into the clouds. Warm moist air may also form clouds in the same
manner when it moves up the slope of a wedge of colder air.

T #88%
bP 7R
R T7RY

.

Sea Leve)

r

Figure 2

Most rain comes from clouds that contain both ice crystals and water

droplets. Water tends to form on the ice crystals increasing their weight

o’ until they fall as rain, snow, sleet or hail depending upon air temperatures
and vertical currents. The size of a drop of rain or hail is often used to
estimate the strength of vertical currents within the clouds. If the air has
only small vertical currents, the rain will be of small size and rather continu-
ous in nature. The clouds associated with this type will generally be strati-
form. |f vertical currents are stronger, as in cumul iform clouds, the rain
will fall in larger drops and be showery in nature,
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-62- NOTES

THE JTRaNMNGER THr VELTrcAl COREevTI THE LARSGEAR The
AR/ B&op s

QUESTIONS
What constituent of the air causes bad weather? i 7714 Uffﬂﬂfe

2, How does moisture get into the atmosphere?

3. Other things being equal, how does the temperature of the air affect the
amount of moisture it can hold%Z : Z vk

a

4. What serves as an indicator of the amount of moisture in the atmosphere?

5. What is meant by the statement that the dew point is 7472 ¥

6. In what ways can saturation be reached?

7. MName five means by which air can be cooled. (1)
2) (3)
4) (5)

B. Name two sources for increasing the dew point of the air by evaporation.
(1) (2)

9, Are all impurities in the air condensation nuclei?

I0. What would be the effect if the air were free of condensation nuclei?

Il. Which is of more importance to navigators, the temperature, the dew point,
or the temperature-dew point spread? 7€AML —Dge. Fa/MT JPREAL

2. What is the effect of an unusual abundance of condensation nuclei in the
air?

I3. Does condensation mean rain?_4/9

4. Will the temperature-dew point spread at the surface ordinarily be greater
in afternoon or early morning? dffg‘fd{agﬁ

I5. Rain which is showery in nature indicates what degree of turbulence?
LLaL

16, Mame four ways air can be lifted. [l;;#dﬁﬁ.f HELTI A &
({ ﬂma_m v T hl (3lpzzisa FReIT

i7. To give heavy or even moderate rain, how high will the top of the cloud
extend? 4 07 FREE Z/ 4G LE VB

g=lu J-Wi-14
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Clouds differ from fogs only in location. Both result from either the
cooling of air close to or below its dew point, or the moistening of air until
the dew point is close to the temperature. If the condensation occurs more
than fifty feet above the surface of the earth, weather men call the resulting
formation a cloud. So a formation called a cloud by a man in a valley may
well be called fog by a man on the hilltop.

The classification of clouds is based upon their form and appearance,
However, there is a general relationship between the form of clouds and their
height, as shown by actual measurements, so that a classification according to
form and appearance is also, in effect, one according to height. Note that
this relationship is general, for actually the height oFf any particular type
or form of cloud will vary with the latitude and with the season, chiefly due
to the variation in temperature.

FAMILY A* HIGH CLOUDS 22 -~ "

Bases average above 20,000 feet.
Composition: Ice crystals.

« Clrrus
Cirrostratus

|
2
3. Cirrccumulus

C/

Cirrus, plates |, 2, 3, 4, B, detached clouds of delicate and fibrous
appearance, without shading, generally white in color, often of a silky appear-
ance. Before sunrise and after sunset cirrus is often colored bright yellow
or bright red. These clouds are 1it up long before other clouds and fade out
much later; some time after sunset they become gray. At all hours of the day,
cirrus near the horizon is often of a yellowish color, due to the distance and
to the great thickness of air traversed by the rays of light.

Cirrus appears in the most varied forms, such as isolated tufts, lines
drawn across a blue sky, branching feather-like plumes, curved lines ending in
tufts, etc.; they are often arranged in bands which cross the sky like meri-
dian lines, and which, owing to the effects of perspective, converge to a
point on the horizon.

As a rule, when these clouds cross the sun's disk, they hardly diminish
its brightness, and celestial observations on the sun or the moon are quite
feasible. But when they are exceptionally thick, they may veil the sun's
1ight and obliterate its contour. This would also be the case with patches of
altostratus, but cirrus is distinguished by the dazzling and silky whiteness

f its edges.
of its edges .S

Eirrﬂstrntus;#giatas 4, &, 6, 7, a thin whitish veil, which does not blur
the outlines of the sun or moon, but gives rise to halos. Sometimes it is
quite diffuse and merely gives the sky a milky look; sometimes it more or less
distinctly shows a fibrous structure with disordered filaments. During the

8-uy | ~WK=15
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day, when the sun is sufficiently high above the horizon, the sheet is never
thick enough to prevent shadows of objects on the ground.

A milky veil of fog (thin stratus) is distinguished from a veil of
cirrostratus of a similar appearance by the hale phenomena, which the sun
and moon nearly always Ernduﬂe in a layer of cirrostratus,

1‘%‘* &
Cirrocumulus, plates 7, 8, is a cirriform layer, or patch, composed of

small white flakes or of very small globular masses, without shadows, which
are arranged in groups or lines, or more often, in ripples resembling those
of the sand on the seashore. Real cirrocumulus is uncommon. It should not
be confused with small altocumulus patches on the edges of altocumulus sheets
as in plate 16. Instead it is associated with cirrus or cirrostratus.

General: Cirrus clouds are always composed of ice crystals and their
transparent character depends upon the degree of separation of the crystals.
Often it is impossible to tell just when a plane enters or leaves these
clouds.

If they increase and lower, high clouds may be a good indication that a
warm ;ront is approaching,

NOTES
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Cloud Photographs Furnished By The Grourd Training Technical Advisory Unit, Pendolph Field, Texss
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Plate 5 Cs Cirrostratus 2

Plate 7. Cc Cirrocumulus associated
with cirrostratus
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Plate 6.

Plate 8.
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with cirrostratus
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8.
9.

QUESTIONS -87-

What is the composition of the high clouds?_/CE CRYFTHLS

What is the average height of the base of high clouds? _£822¢2

Which one of the high cloud types is rather rare in occurrence?

Will high clouds yield precipitation? (7

What significance has a thickening veil of cirrostratus?gf@iedc s’ 2 F
e lft FRoNT

How will cirrus and cirrostratus affect navigation by celestial aids?

What is the characteristic appearance of high clouds that distinguish them
from others?

With what type cloud do you associate a halo? C/@pes7ed 7S

What appearance do high clouds have at sunrise and sunset?

10. Which cloud shows instability at high levels? c/tgogfvm ]

12.

13.
4.

15,

(2)

On what two things is the cloud classification based? (1) A€ ¢47
7 Y Pe
What is the difference between cloud and fog? wipajc

In what season do high clouds occur at the lowest elevations? o /i/7 28

In what latitudes do high clouds occur at the lowest elevntinns?.ﬂﬁﬁﬂyzz

What is the abbreviation for -
Cirrus_CJ

Cirrocumulus_C ¢

Cirrostratus (7

+ Practice identification by covering the name and symbol on the picture, and

identifying the image.

8-44 5-Wi=15
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FAMILY B: MIDDLE CLOUDS

Average levels 6,500 to 20,000 feet,
Composition: Water droplets or water droplets and ice crystals.

4. Altocumulus Ac
5. Altostratus 45 &—(rN] L7k
6. Nimbostratug,

Visiow /Ty ArL 25 J0.

Altocumulus, plates 9, 10, 11, 12, 13, 14, I5, 16, is composed of a layer
or patch of flakes or rather flattened globular masses., The layer is compara-
tively regularly arranged and the smallest elements are fairly smal] and thin,
with or without shadows. These elements are arranged in groups, in lines, or
waves, following one or two directions, and are sometimes so close together
that their edges join. The thin and translucent edges of the elements often
show color, which is rather characteristic of this class of cloud,

At the lower levels, where altocumulus may be derived from a spreading
out of the tops of cumulus clouds, it may easily be mistaken for stratocumu-
lus. The rule usually adopted is that the cloud is altocumulus if the small-
est well-defined and regularly arranged elements are not greater than ten
solar diameters in their smallest diameters. In applying this rule, leave out
the detached elements which are generally seen on the edges, and count ten
solar diameters as the width of three fingers when the arm is held extended,

Near the upper limits of middle clouds, altocumulus resembles cirrocumu-
lus, It may be distinguished in the following way: (1) It has no connection
with cirrus or cirrostratus; (Z) It does not evolve from cirrus or cirrostrat-
us; (3) It is composed of water droplets or water droplets and ice crystals,

dltostratus, plates 17, 18, 19, 23, is a fairly uniform veil, gray or
bluish in color. Through this cloud, the sun or moon shows vaguely, with a
faint gleam, as though through ground glass, unless the cloud is very thick
and dark, in which case the sun may be entirely hidden.

Rain or snow may fall from altostratus, but when the rain is heavy, the
clowd is so thick and low that it is called nimbostratus, However, heavy snow
may fall from a layer that is definitely altostratus,

When altostratus is high and thin, it resembles cirrostratus but hale
phenomena do not occur in altostratus. ®when a warm front is approaching,alto-
stratus usually follows, and looks as if it were formed from cirrostratus,

Altostratus is the best cloud for concealment because it is usually con=
tinvous, extensi sufficiently dense and smnuth.W.fmm?y—m-Jn,-*ﬂ.
mﬁf{
Nimbostratus (Ns) is a low, shapeless, rainy layer of a dark gray color
and nearly uniform. It is the type of thing that cannot be photographed,
When it gives precipitation, it is in the form of continuous rain or snow.

Even when it does not give precipitation, it looks as if it were going to do
Eh“.“. l-'ﬂx- Iﬁ'
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so. There is often precipitation which does not reach the ground. In this
case the base of the cloud is always diffuse and looks wet so that it is not
possible to determine the limit of its lower surface.

The usual evolution is as follows: A layer of altostratus grows thicker
and lower until it becomes a layer of nimbostratus, Beneath the latter there
is generally a progressive development of very low, ragged clouds caused by
the evaporation of rain faliini_frum the altostratus. These are isolated at
first, then fuse together into an almost continuvous layer, Nimbostratus can
generally be seen through the breaks of this layer. These very low clouds are
called Secud.

A sheet of low altostratys may be distinguished from a somewhat similar
sheet of nimbostratus by the following characteristics: nimbostratus is of a
much darker and more uniform gray and shows nowhere any whitish gleam or fib-
rous structure: one cannot definitely see the limit of its undersurface, which
has a wet look, due to the rain which may or may not reach the ground. Nimbo-
stratus hides the sun and meon in every part of it, while altostratus only
hides them in places behind its darker portions, they reappear through the
lighter parts. A cloud layer, even a continuous one, which has no fibrous
structure, and in which rounded cloud masses may be seen, is classed as
al tocumulus or nimbostratus rather than altostratus. Flying in nimbostratus
is unpleasant due to icing, turbulence, and extremely poor visibility,

NOTES
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Plate 4.

Plate 11. Ac Altocumulus ;

Ac

Altocumulus, high.

Note resemblance

to clrrocumulus at top of picture

Plate |0.

Plate 12.

Ac

Ac

>

AMtocumilus at 7000", cumulus
at 3000'. Taken from BODO!

Altocumulus: s
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Taken from 70007

at sunset

Plate 3. Ac Altocumulus, height S0Q0'. Plate |4b. Ac Altocumulus dissipating (ig“
=/

Plate 15 Ac Altocumulus with around fog Plate |8. Ac Altocumulus merging é
in early marning into altostratus
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Plate 7. As
Thin altostrates
with scud below
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Plate 8. As
Complete velil
of altostratus
becoming thicker N
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3. How is cirrostratus distinguished from high altostratus?

4. What significance is attached to a thickening altostratus?

5. Which of the middle clouds is least likely to yield precipitation?

6. Which middle cloud is best for evasive flying? /7o S74A7 v

7. How is nimbostratus distinguished from altostratus?

8. Can celestial work in navigation be done through an overcast of altostra-

tus?

9. What does altocumulus indicate concerning the stability of the atmosphere?
10, Which of the middle clouds will give the lowest cei]ings}!ﬂqn,j?mﬂr,;
Il. With what cloud is altocumulus easily confused?

IZ. Which cloud, so far studied, has the most turbulence?

13, Which cloud, so far studied, has the most icing danger?

I4. Why do clouds form under nimbostratus?

I5, The cloud in the upper right of plate |6 might be confused with

16, Complete this table:

Name Abbreviation Class
Altostratus

Cirrocumulus

Cirrus

Nimbostratus

Al tocumulus

Cirrostratus

17, Practice identification by covering the legends of the pictures and naming
the clouds.

I18. Record the observation of plate |4 made at 1600 ACT from a F/A of 20,000',
The bases of the clouds below were measured as 15,000' and the tops as
15,500',

8=y ' 6-WX-16
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=7 Y 's.ﬂ ) Gj'pn FAMILY C: LOW CLOUDS

Bases average below 6500 feet.
Usual cnmnpsitiun: Water.

7. Stratocumulus
8. Stratus

Stratocumulus, plates 20, 21, 22, 23, is a layer, or patches, of globu-
lar masses or rolls, more or less regularly arranged. Even the smallest of
the elements are fairly large and are soft and gray, with darker parts. They
are arranged in groups, lines, or waves, aligned in one or two directions.
Very often the rolls are so close that their edges join together. When they
cover the whole sky, as they often do on the continent, especially in winter,
they have a wavy appearance.

The elements of thick stratocumulus often tend to fuse together com-
pletely, and in some cases this layer can change into nimbostratus, The cloud
is called nimbostratus only when the cloud elements of stratocumulus have com-
pletely disappeared and when, owing to the trails of falling precipitation,
the lower surface no longer has a clear-cut boundary.

Stratocumulus can change into stratus, and vice versa. The stratus being
lower, the elements appear very large and very soft, so that the structure of
regularly arranged globular masses and waves disappears as far as the observer
can see. The cloud will be called stratocumulus as long as the structure re-
mains visible.

Stratus, plates 25 and 26, is a uniform layer of cloud, resembling fog,
but not resting on the ground. A veil of true stratus generally cives the sky
a hazy appearance, which, though characteristic, may cause confusion with nim=
bostratus. When there is precipitation, the difference is manifest—nimbo-
stratus gives continuous rain or snow, precipitation composed of dreps which
may be small and sparse, or else large and close together, while stratus gives
only drizzle, that is to say, small drops, very close together. When there is
no precipitation, the distinction must be made on the appearance of the base
of the cloud. WNimbostratus has a wet apoearance, is quite uniform and without
definite detail: stratus appears drier and, however uniferm it may be, it
shows some contrasts and some lighter transparent parts.

When stratus is broken into irregular shreds, the pieces are called scud,
These low broken clouds of bad weather may also originate from broken strato-
cumulus, Sometimes they form independently and develop until they form a layer
below nimbostratus, which may be seen through the breaks. They may be distin-
ouished from the nimbostratus by their darker appearance and more definite de-
tail. See plates 19, 27, and 28.

a-uy |-kx-17
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Plate 19, As Altostratus with <= Plate 20. 3¢ Stratocumulus —

scud below . EE
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Plate 21. Sc Stratocumulus — Plate 22. Sc¢ Stratocumulus __O_

SGET



AR e

-~

hn=45

LI=XM=h

Plate 23, Sc Stratocumulus at 3500', Ac As é, Plate 24. Sc Stratocumulus formed

at 8000'. Taken from ysOO' by stratus breaking
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Plate 25. 5t Stratus —_— Plate 26. St Stratus —_—
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Plate 27.
Scud

-

Plate 28.
Rall eloud
associated
with cumy-
lonimbus.

QUESTIONS

i. What is the usual composition of low clouds?

2. At what heights are stratus and stratocumulus found?

3. What is the difference in appearance of stratus and stratocumulus?

g4y 5=WX=17
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How can stratus be distinguished from altostratus?

What is the chief hazard connected with stratus?

How can stratocumulus be distinguished from altocumulus?

What kind of precipitation is commen from stratus?

What is the average thickness of stratus and stratocumulus?

Which type of low cloud, stratus or stratocumulus, would offer the most
turbulence?

How does scud develop?

Why is stratus not suitable for evasive action?

Do clouds ever change from one type into another?

If one were on the ground looking up, would the cloud in plate 26 appear
smoother or rougher than it does on top?

Write out the names for which the following abbreviations stand.

Ac Cs
St Sc
Cc Ci
Ns As

Practice identification using the pictures as before.

Flying at 3000' 20 miles east of AG at 1800 GCT,2 navigator observes
scattered cumulus with bases measured at 4000' and tops estimated at
6000', light turbulence below bases of clouds, visibility estimated at
15 miles and dense haze layer at 4000'. How should this observation
be recorded?

In plate 26, the navigator at 0600 GCT is flying 40 miles east of
Knoxville at 6000" MSL. Record the ochservation.

In plate 23, the navigator is flying with heading of 140° 0 miles north
of Saint Louis, Mo. F/A is 5000'. The navigator 10 minutes previously
noted that the tops of the lower layer of clouds was 3Z00' MSL, Record
the observation.

6-WK-17
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-3 EAMILY D: CLOUDS WITH VERTICAL DEVELOPMENT

Tops vary from low cloud level to high cloud level.
Bases are usually at low cloud level.
Composition: Water or water and ice.

9, Cumulus
10. Cumulonimbus

Cumulus, plates 10, 29, 30, 31, 32. Thick clouds with vertical develop-
ment; the upper surface is dome shaped and exhibits rounded protuberances,
while the base is nearly horizontal.

The parts of the cloud on which the sun shines appear a beautiful white,
while other parts show definite shadow. The base is generally of a gray color.
This indicates that the cloud is quite dense.

True cumulus is definitely limited above and below; its surface often
appears hard and clear cut. But one may also observe a cloud resembling ragged
cumulus in which the different parts show constant change. This cloud is desi-
nated fractocumulus, plates 27 and 28.

Cumulus has a uniform structure; that is to say, it is composed of rounded
parts right up to its summit with no fibrous structure, See plate 30. Even
when highly developed, cumulus can produce only light precipitation.

Tower ing cumulus, or cumulus congestus (£\), is just what its name im-
plies, a tall cumulus cloud. See plates 3| and 32.

cumulonimbus, plates 32, 33, 34, 35, 36. Heavy masses of cloud, with
great vertical development, whose cumuliform summits rise in the form of moun-
tains or towers, the upper parts having a fibrous texture and often spreading
out in the shape of an anvil.

The base resembles nimbostratus, and one generally notices streamers of
precipitation falling from the cloud which may reach the ground. This base
often has a layer of very low ragged clouds below it.

Cumulonimbus clouds generally produce showers of rain or snow and some-
times of hail or soft hail, and often thunderstorms as well. If the whole of
the cloud cannot be seen, the fall of a real shower is enough to characterize
the cloud as a cumulonimbus.

Even if a cumulonimbus were not distinauished by its shape from a strongly
developed cumulus, its essential character is evident in the difference of
structure of the upper parts, when these are visibie. A fibrous structure
identifies the cumulonimbus, while hard outlines indicate the cloud is still
cumulus.

Cumulus, no matter how tall or massive,should never be classified as
cumulonimbus until at least a portion of its top becomes "cirrus-like".

B-44 I=WX-18
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“When a cumulonimbus covers nearly all the sky, the base alone is visible
and resembles nimbostratus., The difference between the base of a cumulonim-
bus and 2 nimbostratus is often rather difficult to meke out. |If the cloud
mass does not cover all the sky, and if even small portions of the upper
parts of the cumulonimbus appear, the difference is evident. |f not, it can
only be made out if the preceding evolution of the clouds has been followed,
or if precipitation occurs. The precipitation from cumulonimbus is character-
ized by showers of large drops, whereas precipitation from nimbostratus is
characterized by relatively gentle and continuous rain.

The front of a thundercloud of great extent is sometimes accompanied by a
rel) cloud of a dark color in the shape of an arch, of a frayed-out appearance,
and circumscribing a part of the sky of a lighter gray. This cloud is illus-
trated in plate 28.

Cumulonimbus mammatus is illustrated in plate 35. This cloud type is one
of the surest indications that cumulonimbus clouds are present or in the im-
mediate vicinity. These clouds are generally found at the base of the cumu-

lonimbus.

While small cumulus clouds are only a nuisance, there is some turbulence
in and under even the smallest, The taller the cloud, the greater the turbu-
lence and well developed towering cumulus clouds are dangerous. The hazards
of cumulonimbus in their probable order of importance are: heavy turbulence,
heavy icing, hail, poor visibility, and lightning. Circumstances vary great-
ly but, in general, if one can neither circumnavigate a CHnulonimqpﬁ nor turn
back, he should next consider flying over the cloud, then below it, and fly
through it as a last and desperate resort. In this last case, his chances
are better if he can enter the cloud at a height where the temperature is be-
low =12°C, or in the vpper third of the cloud.

8-uy 2-WX-18
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Plate 29. Cu Cumulus of fair weather

Plate 31. Cu Bulging cumulus &

£

Plate 30. Cu

Plate 32. Cu

Bulging cumulus note anvil
of Cb in background
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Plate 33.

Cb Bulging cumulus becoming
cumu lanimbys

Cb Cumulonimbus with
mammatus structure E

Plate 36. Cb Cumulonimbus, a tornade
developed from this cloud

-E-E-r

€9¢l



FOCL~H

hh=8

81-xXM-5

—

CHARACTERISTICS AND SUGGRESTED TACTICAL USES OF CLOUDS &
=
k| - 1
HT. COM- | YSBY
MAP oF | TRICK- Tie- | I8 | Wik TACTICAL USE
TYPE ABEREVY SYMBOL | BASE MESS DESCRIPTION [ 11ITY | YDS. 1C6 | THRBC e
Cirrus ci |2 | avove White streaks| Poor | 500- | Nome | Lgt |indicate probability of contralls.
B M i T 1000
Cirrocumu lus Ce (2' Above White pebbles| Poor | 500- Hone Lgt={ Ind icate probability of contrails,
oLt (U (ORGSR (RN 1. 0 SRR B 2 1 .
Cirrostratus Cs — Above White weil Good | 500- Kone Mone| Indicate probability of contralls,
a s |15000 1000
Al tost ratus As ; Above 1000" | Soft gray Good | 100=- Lgt Lgt |Best for concealment yet can be used for
y BOOD! te blanket 200 or |formation flying and high &nough to fly
4ooo' ¥one | under when desirable.
Mimbostratus ¥s v 0= 5000' -| Dark, wet Good | O-I5 | Mdt- | Mdt |Continuity is good for concealment in
BOO00' | 10,000'| blanket Hvy emergency. __!h'-" kgﬂ__i_’i__-;h_ta_m grounded. |
Altocumulus Ac Z G M| Above | 2000"-| Lumpy layer Poor | 20-25| Lgt- Lgt-| Can be used for temporary evasion.
&S [T | A000 | 000" | of cotton | Mt | Mdt |Good if elements are tightly packed.
Stratocumulus Sc = 1000'-| 500"~ Low, dark, Fair | 20-25 | Mdt Lgt- | Most vaed due to frequency and altitude.
Lp | 6000' | 4000' | and lumpy if any | Mat
Stratus St 0= 500- | High fog Yari-| 10-50 | Lgt- Lgt | Continuity is usually good. Know ter-
o lgo00 | wooo able Mat | ifay | rain and watch altitude.
Cumu lus Cu o FOO'-| S00'-| Piles of Poor | 10-20 | Mdt- | Mdt-] A1l factors unfaverable. In the day-
A W0Oo' | 15,000'| white cotton | ifany Hvy Hvy |time, may help locate land.
Cumu lonimbus Cb 500"~ | 10,000" | Fuzzy topped | Poor |0-10 | Hwy Hvy | Pangercus. May be entered in Ci at
= 5000" to | mountain if any top where temperature is below -129C
50, 000" for evasion from fighters,
Breaks in radiation fog may indicote bodies of uatar.
Sea fog at night looks very much like o moss of land and may deceive the navigator.
The winds above stratiform clouds are usually guite different from those below.
Shadous of Cu and Cb clowds frequently look like islands.
If clouds are lined up in either o straight ling or an orc across the shky, waich for a wind shift.

9E€l1
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QUESTIONS -85-

What is the most 1ikely composition of small cumulus? ZZ2C

Hhﬁt is the composition of a cumulonimbus cloud?

How can one tell when a cumulus is building into a cumulonimbus?

What ar? the hazards connected with a cumulnnimhua?,@:ﬁ;’_ﬂ-?_

— -

5. When precipitation falls from clouds of vertical development, it is of a
, é :f type.

6. MName 3 distinguishing features of cumulonimbus clouds. {I}FUZ Z)
MecNTAW SHAPE) {zlﬂ,tmff Glavuu s44re a7 rpE 700
7. How high may cumulus nd cumulunlmbus clouds build? A haif:ndgi’
c,f-’;hqe’ L2l
8. What is the principle cause of cumulus cloud development?
e R P
9, Why do cumulus clouds generally disappear or break up during the night in
the summer time?
10, Would it be muitmzr;%lring underneath a cumulus cloud or over the top?
B e S
1. When a cumulonimbus lies ahead, what is the best procedure?
12, |Is flying under a cumulonimbus safer over land or over water? ‘W"ﬁ;‘
13, Is the visibility in cumuliform clovds good enough for formation flying?
I4. 4re all white clouds safe for flying?
I5. Will cumulonimbus build higher in the tropics, the middle latitudes, or
arctic regions?
I6. During which seasons are thunderstorms most common in the middle lati-
tudes?
17. Are thunderstorms as seasonal in the tropics as in the middie latitudes?
8-44 G-WX-18
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18, What cloud commonly has the heaviest icing?

19, Do the clouds in plate 29 make a ceiling?

20. Does it appear that the clouds in plate 30 make a ceiling?

21, Do the tops of the clouds in plate 3| show any fuzziness?

22, Flying at 9000"' 25 miles east of Randolph Field, Texas at 1700 GCT, the
clouds in plate 3| are seen. The bases were estimated at 3000' with
tops measured at 8000'. Visibility was 30 miles. Record this observa-
tion.

23. Flying east 30 miles west of Selman Field at 1800 GCT, the view in plate

34 was observed. F/A was 1500'. Visibility was 20 miles. Record this
observation.

Plate 37. Condensation Trail

8-y 7-WX-18
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AIR MASSES -87-
GENERAL 2

There are places in the world where large guantities of air tend to stag-
nate over land or water surfaces having uniform temperature, moisture and type
of surface. During the time that a body of air lies over this uniform region,
the air assumes properties which are characteristic of the area beneath it.
Air which remains for some time over tropical deserts has very high tempera-
ture and low relative humidity. Air over the warm Gulf of Mexico will have
high temperature and also high dew point, and air which stagnates over Siberia
or Canada in winter is very cold and dry. A body of air that has generally
uniform properties in a horizontal plane is called an air moss,

The area in which an air mass originates, that is,assumes uniform proper-
ties characteristic of that area, is called its source region. The formation
of an air mass that the region be ext ive and uniform as to type of
sur face and Iigﬁ%ﬁEE-;F%mTE;?hi:ﬁiﬁﬁ:izaiiﬁiiféifj with the accompanying

temp
relatively weak winds and divergent air flow cover the region,

: ! e latitude and whether the
water surface. Four latitude zones are recognized:
: quatorial (E). Only two types of _

Air masses

sour B N 2
rctic (A), Polar (P), Tropical
surfaces are distinguished: i

m) and Continental (c). Air from”- = " °
ﬁBEﬂdﬂ-ii_EEﬂElE%ELEL-Eﬂlﬂi-ﬂEmEEJ while air from the Gulf of Mexico is called P
maritime tropical or mT.

aAS

A ther divides itself in roups: (1) that weather that is
characteristic o e air mass present because of fhe temperature and moisture
prorerties of the air mass, and (2) that weather that is due to the mixing of
two or more air masses of different properties. In tropical regions, where
only one air mass predominates, the first classification is the only type of
weather. On the other hand, the second group is important in the mid-latitudes
(30°-60°) which serve as a region of mixing between pushes of large quantities
of polar and tropical air.

As air masses move from their source regions in the general circulation
flow pattern into the mid-latitude belt, they are modified by the surface over
which they travel. Cold dry cP air flowing from Canada may be heated by the
warmer earth's surface in the United States, and also have moisture added to
lower levels by travel over the Great Lakes. Moist mP from the Pacific when
travelling from west to ezst across the United States will lose much of its
moisture on the western side of the Rockies and appear as a warmer and much
drier air mass over the Central States. B j -
Iu;g.ﬂgﬂificaticnul air masses are further classified as warm (w) or cold (k).
A warm air mass 1S one at is warmer in its lower levels than the surface
over which it is moving. A cold air mass is cold in comparison with the sur-

face.

B4 1-WX=19
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-88- CRARACTERISTICS

The characteristics of warm air masses are:

(1) smooth air in the lower layers due to the small lapse rate or sur-
face inversion.

(2) low stratiform clouds.

(3) poor visibility especially in early morning.

(4) precipitation, if any, light, being generally drizzle, mist, or fine
rain,

The characteristics of cold air masses are:

(1) turbulence in the lower layers with a steep lapse rate of approxi-
mately 3°C/1000',

(2) cumuliform clouds.
(3) good visibility close to the surface.
(%) precipitation, if any, showery.

The designation of an air mass on the surface synoptic map consists of
three letters, e.qg.:

cPk - continental poler cold
miw = maritime tropical warm
cAk - continental arctic cold
cPw - continental polar warm
ete.

Air mass weather in any part of the world is determined by three factors:
(1) the source region of the air mass present, (2) the trajectory of that air
mass and (3) the age, or time spent over modifying surfaces. Cold air masses
are modified rapidly by convective currents, warm air masses are modified only
slowly since surface cooling dampens vertical currents.

NOTES

84y 2-Wx=19
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NOTES -89=
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QUESTIONS
. Name two 5 of an air mass source region,
(g ; / (2)

- L ot tg
2, MName two prere

3. What th#€e properties change very little alon

an air mass? (1) . (2

(3) -
8-uy - ”“J&l“? 3-WX-19
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4. MName the two families of air masses of most importance in the middle lati=- -
tudes. (1) (2)

5., Why are Arctic air masses infrequent below 50° latitude?

6. Would an air mass from the Pacific be a warm or cold air mass on the
North American coast during winter?

7. Would a tropical air mass moving inland from the Gulf in summer be warm

or col dw

8. What direction will Polar air masses mnvetzdfﬁi‘;:zgaﬁy

9. How can an air mass pick up more moisture as it moves along its trajec-

tmﬂ% et Loghiic ff’f‘,g:&.x

0. Which air mass will offer greatest turbulence at 3000', a warm or cold?

il. Which air mass would be more likely to produce fog, a maritime warm or a
maritime cold?

12, What makes winters in the middle latitudes so changeable?

N’
13, What direction of winds should bring the coldest weather in the middle
latitudes?
14, What is the meaning of mPw?
15. What type air mass would invade U/.5. from Canada in the winter?
i6. Why is high pressure essential for the formation of an air mass?
17. What cloud type predominates in warm air masses?
I8. What type of precipitation is characteristic of cold air masses?
19, What three factors should be considered when anticipating the flying con-
ditions in an air mass? (1)
(2) (2)
20. What type of precipitation is characteristic of warm air masses?
2|l. The characteristic cloud of cold air masses is
B-uu YwX=ig
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AIR MASSES IN WINTER , -91-

Air masses may be divided into several classifications. Each has its own
characteristics, which are often greatly modified by the terrain traversed by
the air mass. For example, an outbreak of continental polar air is fundamen-
tally considered as cPk, yet its western portion will be cPw and over certain
regions, may strongly resemble mPw. The modifications that take place in any
part of an air mass after it leaves its source region are due to the trajec-
tory of that portion.

lbum_}@f?_ﬂé&t air mass over thfﬁﬂw&_“._{__wﬂ” d States in winter is cf be-
cause the great mountain ranges in western linited States prevent maritime in-

fluences from extending far onto the continent and also modify the mP air
crossing them so that it becomes hardly distinguishable from cP. On the other
hand, the east-to-west extension of the mountains in Europe offer no such
barrier to the flow of mP air. Consequently, moist mP air with its abundance
of clouds and winter fog penetrates far inland.

At its source,cP air is very stable, with low temperature and dew point.
As the cP air moves southward, the lower layers are warmed, thus reducing their
stability., However cP air moving southward over the United States still re-
tains many of its original characteristics until it is well over the compara-
tively warm and moist Gulf of Mexico or Atlantic.

s ‘“ﬂ;lh: SROW ﬁﬁ GLEAR AND COLD

FLURRIES

Figure |. cP air moving southward.
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Figure 2, <P air moving over the Grest Lakes.
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-92- |, Asia,the Himalayas in winter prevent cP air from reaching India until
it has been greatly modified,losing its little moisture on the mountains.

There northerly winds bring dry but not cold weather except at high elevations.

Moderate is the word that best describes mP air in winter. It is moder-
ately unstable, has a moderately high dew point and a moderate temperature.
In winter, mP air exerts its influence over that part of the United States
west of the Great Divide, giving showers on the western side of the Rockies
and extensive low clouds and fog in the valleys. Pronounced westerly flow
carries mP air over the Rockies and brings clear skies, relatively warm tem-
paratures and low dew points to the central states.

mPK

CLEAR COLD
A -
i |

-20°C

Tursu ence & Y TS
i

] HEAT 8 MOISTURE |f,
RISING

* 0 g o
FASEE A ik : e
ATER TEMB? | 0F .
WATEF =
gt e e e SN
e e

.
e e e A

Figure 3. Movement of mPk air southeastward.
As mT air moves northward over the Gulf states, it often carries its
characteristic low ceilings and fog as far north as the Great Lakes, This

movement of mT air in the winter generally occurs east of a cold front in the
Mississippi valley,

Figure 4
ml air moving
northeastward,

No cT air is found in the United States in the winter, but ¢T is present
in Africa and the Near East. Although unstable, it brings clear skies since
its dew point is low and its temperature is high.

8-4y 2-WX-20
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GENERAL CHARACTERISTICS OF MORTH AMERICAN AIR MASSES IN WINTER -93-
AIR MASS CLOUDS CEILINGS V3BY TURBULERCE SFC THP
P, Canada to Few except over |Unlimited except |Excellent except | Light to moder- |-10° to -80°F
Bulf of Mexico rough terrain 1000 feet to in snow Tlurries| ate in low in source
ssing west of | with strong 2000 feet over |over rough levels. region,
he Great Llakes. | winds. rough terrain, terrain.
ll:?, over the | Cu and Cb. 1500 feet. Good except for | Moderate to  |30° to 50°F.
Gulf of Mexico. K and H in early | heavy in spots
morming over over Bulf.
coasts.
P from Canada | Sc and Cu with 800" to 1500', |4 to 10 miles, |Moderate to 0% to 20°F.
hat has crossed| tops 7000 feet— | often zero in reduced to near | heavy according
the Great Lakes. | 10,000 feet. the Appalachian |zero in snow to terrain.
moun ta ins., flurries.
P from the Cu and Cb, tops | 1000 feet to Good except in | Moderate to 25° to 569F,
Eﬂ:iflc over the | over 20,000 feet | 3000 feet, precipitation heavy. depending on
orth Pacific in coastal often zero in and where clouds direction of
coast. ranges. the mountains. |touch mountains. wind.
P from the Few except when | Generally un-  |Excellent except | Smooth. 30° to Yo°F,
Encifh: east of | lifted higher by | limited. eccasionally in except at
he mountains. cold air., fog and near in- high alti=-
dustrial areas. tudes.
P from the Sc and St, tops | 1000 feet or Fair except in | Rough in low 25° to WOPF,
tlantic. 6000" to BOOO', less, pracipitation. levels.
T from the St and Sc with 500 feet to Fair except in | Smooth except in [55° to 60°F,
Eaciﬂc on the tops H000 feet— | 1500 feet. precipitation. low lewvels with
acific coast. 8000 feet, strong winds.
T from the S§t, S¢, Cu and 100" to 1500°, |Fair except in | Smooth except in |60° to 70°F.
Etlaﬂtic on the | Cb in the Sometimes zero |[precipitation. mountains or vhen
tlantic coast. | mountains. in the winds are strong.
Appalachians.
T from the Guif| St, Sc. 100 fest to Fair except in | Light. 60° to 70°F.
in the Southemn 1500 feet. precipitation
rllim States. and fog.
T from the Gulf| Sc, Cu and Cb. 100 feet to Fair except in | Moderate. 502 to 70°F.
ast of the 1800 feet, precipitation
ississippi. often zero in and when clouds
the mountains. |touch mountains
and in fog.
T from Gulf on | None. Unl imi ted. Good. Smooth, 50° to 70°F.

3-WX-20
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NOTES

QUESTIONS

Remember 1t's winter.

i

3.

844

What sky condition is to be expected in the Gulf states with fresh cP
air?

What effect do the Great Lakes have on cPk air?

What is the reason for overcast skies and snow from cP air in the mid-
west states of Montana, North and South Dakota and Minnesota?

Why does mPw air yield such heavy rains in the Pacific northwest during
winter?

Where is mT air of Pacific source important in the United States?

G-WX-20
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6. |Is air that flows on shore from the Gulf during winter “"warm™ or "cold"?

7. What is the most common hazard connected with mT over the Gulf states?

8. What causes mP air from the Atlantic to be sometimes drawn into New
England against prevailing atmospheric circulation?

9, What weather characteristics are associated with the "Nor-easters" of
New England?

10. What effect do mountains have on weather?

Il. Name an air mass that will bring most favorable weather conditions to the
South Central States.

12, Name an air mass that will bring most adverse weather conditions to the
South Central States.

I3. What is the difference between mP and cP air in the region of the
Mississippi valley?

4, What type of air is brought to Louisiana and eastern Texas by a southerly
wind?

|15, What type of air will a strong north wind bring to Kansas?

16, What is the most important zir mass in the United States in the winter?

I7. What is the most common air mass in northwest Europe?

I8, Why is the western side of an air mass the most strongly modified?

19, Complete the table using hi, mdt, lo.
AMS T™P DWPNT
cP
mP
mT
cl

20. Which is more stable, polar or tropical air?

8-4y 5-WX~20
F-1375
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2l. Why is it never cold in the lowlands of India?

22. Why does cP air bring clouds and precipitation to western Japan?

23. What kind of weather is brought to southwest British Isles by a southwest
wind?

24%. Which system will give the worse flying weather at ZH? Why?

Figure A,

25. The maritime air from the high in the south Atlantic flows over lower
south America and the Andes Mountains. What climate would you expect to
find west of the Andes?

B-4u 6-WX-20
F-1376
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AIR MASSES IN SUMMER =87-

in the northern hemisphere, in summer, the influence of mT air extends
farther north with the pressure centers and the polar front also displaced
northward. The Azores and Pacific high pressure cells become stronger and
are displaced northward while the Siberian High gives way to a deep low and
the Canadian High becomes less intense.

In general, maritime air is cooler than adjoining land areas and assumes
the characteristics of a "k™ air mass when passing over the warmer land areas,
Conversely, an air mass that has been over land for some time is usually
cooled in the lower levels when passing over cooler water surfaces. Extensive
areas of dense fog are produced in this season over cold ocean currents - the
Aleutian Current, the Labrador Current and the California Current. These
fogs are due to the movement of air on the western side of the large high
pressure cells from the warm water across the cold currents.

SOUTH ——=M IV > MPw—= NORTH

Figure 1. Summer.

In the _summer, the easiern.half of the United States is under the |nflu—
ence of ml air. In the other portions of the cauntry. cT air covers the
southwest: mP air, the west coast section; and outbreaks of cP air, the north-

ern states.
$OUTH > MK - > NORTH
—
A A AL ke
Figure 2. Summer,
8-4u | =WX-21
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-98-

Figure 3. Summer.

More than any other air mass, mT air produces the rain areas in the
United States in summer in the form of widespread thunderstorms. Although it
is extremely dry, cT air is very unstable in the lowest 10,000 feet, causing
heavy turbulence in afternocons with severe dust and sand storms. In mP air
on the west coast, fogs often form over cold coastal waters and blow on shore,
producing a bad flying hazard along the coast. As mentioned above, mP is
usually a "k" air mass over the continent. However, mP enters the continent
in summer farther north than in winter, giving rain in Washington and West
Canada. Over the United States in summer, cP air produces little air mass
cloudiness or rain because its relative humidity is usually low. Passage of
cP air over bodies of water has little effect in summer,.

;EF?? ,::ﬁ;;

R S R
WARH
Figure 4. Symmer.
NOTES
8-4u 2-WX=2]|
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GENERAL CHARACTERISTICS OF NORTH AMERICAN AIR MASSES IN SUMMER
AIR MASS CLOLDS CEILINGS YISIBILITY TURBULENCE
¢P, from Canada. Scattered afternoon | Unlimited except in or | Bood. A few Moderate up to
Cu. before showers. patches of fog. | 10,000 feet in
afternoon.

mP from the Pacific

St, tops 2000 to

100" to 2500", un-

Poor, especially

Slightly rough be-

over the Pacific 5000', fregquent at | limited during day. at night. low and in clouds,

coast. night. smooth above,

mP from the Pacific | Scattered afterncon| Unlimited. Excellent. Generally smooth

east of the moun- Cu. except in lowest

tains. layers in after-
noon,

mP from the Atlantic | Broken to overcast | B0O feet to 2000 feet. | Good. Light turbulence

[Mew England States).

Sc.

below clouds.

ml from the Guif and
Atlantic.

St or Sc in early
morning, Cu and Cb
in afternoon.

Morming 500" to 1500",
frequently unlimited.
Afternoon 2000° to
000",

Excel lent except
below clouds in
early morning.

Smooth In early
morning, rough in
afternoon.

cT from Mexice and
the Southwest States.

B-44

Unlimited.

NOTES

Excel lent.

Smooth in early
morning, rough in
afternocon.

3-wx-21
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- 100- NOTES

QUESTIONS

Remember 1t's summer.

What air mass is of most importance in explaining the summer weather east
of the Rockies?

2.

Why is the modification of cP air, due to passage over the Great Lakes,
less in summer than in winter?

3.

Why is the mP air of the Pacific more stable when it hits the coast line
than it is in the winter?

8-Uy 4-WX-21

!
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12,

13.

14,

15,

7.

19.

20,

-4y

-101=

What is the principle hazard connected with mTk air?

At what time of day would one expect the most cloudiness in mTk g A

What causes mTw air in winter to change to mTk air in summer?

Do mountains have equal effects on air mass weather during summer and
winter?

Which air mass will normally be more favorable to airmen during summer?
mTk or cPk?

Will flying in the afternoon in mT or cP air be smooth or bumpy below
8000'7

What can be said of average visibilities in mT and cP air?

What is the chief difference between mT and cT air?

What happens to the mT air mass source region in the Pacific during the
summer 7

What weather is caused by mTw blowing over cold ocean currents?

Why is cT air so rough at low altitudes?

What air mass brings most dust storms and sand storms?

What type of weather may be expected when mP air blows over a warm ocean
current such as the Guif Stream?

In which season, summer or winter, are most clouds stratiform?

Which air mass has the fewest clouds?

In?which season, summer or winter, are air masses most easily distinguish-
ed

What three factors are important in determining the weather to be expected
in any air mass?

5-WX-2]
F - 1381
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-102- FRONTS

When two air masses of different densities move into the same area, the
colder, heavier air mass displaces the warmer or Ilghtnr one, forcing it to
rise. of m o air masse

Howev this mixing - only along a narr v K as a frﬂnt.

MARITIME  TROPICAL

- G, S e — ]

L;;W;%//ﬁ’//%///%/ﬁ?/

Figure I.

ﬁff!{ J'?.r".a.f"l A

A front is therefore a zone of discontinuity between two air masses, and its
width and extent de gdlifiglg;ﬁﬁﬁg:ihe densities of the two air masses and
e s W ch they are ;gﬁg ing. This zone of discontinuity is not a
vertical wall of air separating the two air masses but slopes over toward the
colder, underlying air. This sloping surface or zone is called the fronial
swrface_and the degree of slope ﬂtpends upon ﬂﬁ?1ﬂ¥ﬁﬂ"ﬁff§FE"muui alr
S. : ' garth's surface is

D33383 . € BCt L : '
thﬁ front. The tern front, however, is oOf éﬁ'hseg for both the surface front
and frontal surface.

A cold !rnqt s_one_in which cold air is re~lncing warm air at the sur-
face, causing the warm air to r se over the underrunn cold wedge. e
other hand, when the colde $s Of air is moving away and permitting the
war : .;;g5 its ;}ﬂi;gh_ e éarth's surface the front between the

air masses is a warm front.
e T A

There are certain characteristics common to all types of fronts:

I, Change in temperature.

2. Pressure dip with frontal passage, / jws [AC7

3. Wind shift.
P
4, Cloudiness and precipitation.
P T ,.Fm ___-""'

5. Turbulence. 27/ . iﬂ-—w-—-tt,,i" .-"'L A .»_.zﬂ —LAE

TR O AP ¢,
8-ty Hpa S = | WX-22
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-103-

- A cold front has weather characteristics depending upon its speed. A so-
called fast moving cold front moves along the earth's surface at a speed of 25
to 50 or more mph. One which moves slower than this is called a siow moving
cold front.

The characteristics of a fast moving cold front are:

l.
2.
3.

i i

Speed - 25 to 50 mph.
Slope of frontal surface - |/40 to 1/80.
Cloudiness.

a. Stratocumulus and fast developing cumulus often extending ahead
of the front 50 to 100 miles, with altocumulus and cirrocumulus
above the lower clouds.

b. Tall cumulus to cumulonimbus over the front.

¢c. Altocumulus and cirrocumulus extend 50 to 75 miles in the warm
air behind the front and stratocumulus and small cumulus in the
cold air under the frontal surface,

d. A squall line often occurs with frontel passage or precedes the
front by 50 to 200 miles.

Precipitation - showery.
Turbulence - moderate to heavy.

Winds - gusty, shifting from south or southwest to a westerly or nor-
therly wind.

Rapid clearing behind the front except when the cold air is excep-
tionally moist or unstable.

.

Figure 2.

Fast Moving Cold Front. MNote: This illustration is generalized. In parti-

. 8-44

cular cases many of these elements may be
greatly modified or missing. 2-WX-22
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- 108~

Definitions: s
Veer - change direction clockwise.
Back - change direction counterclechwise.

cﬁﬁz-qp;;;Ja ;zf’qﬁdzhiﬁi?ggii*:ﬁE?uTis

% & "gzﬁ‘é :"
Chlornd i koo Ml an. O iizﬁifgjzéi;;.u; & H —
zﬁﬁwﬂﬁﬂ/“._‘.“w?éé/
Cf&ju%&..t{__,féﬁﬁw ‘W’x_..u/;hw"”ﬂ

QUESTIONS

|. What is a front?w_j...,t,.? ‘z;j.hu/hﬁ

2, Which way does a frontal surface slope

3. Which air (warm or cold) lies under the frontal surface? w

4, How is a warm front produced? /s m s-a mﬁlﬂ}y,&ﬁﬂ R
— ' L2 o . i
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— 7.
8.
9,
10.

121

13.

4.

15,

16,
17.

18,

20,

21,

22,

23,

o 8-uy

- 105~
Which front usually has the steepest slope, warm or cold? _CH‘-;!

A fast moving cold front has what range of speeds? £ —J @ 457

How far ahead of a fast moving cold front may clouds build? 7 jﬂ#rﬁ‘

How far back of a fast moving cold frqnt will one usually find clearing

skies? S I 75 o 6

What type of clouds, stratiform or cumuliform, predominates along fast
moving cold fronts? ﬁf_ﬁ 5

Why is the air so turbulent with fast moving cold fronts? 7 o ovu e
B ANPDIE ) S s

Why are futnﬁ‘;vlng ccpd fronts hazardous to fly through?
f:z#é el b

What type precipitation is charﬁgteristic of a fast moving cold front?

What type of wind shi‘ﬁrusunlly accompanies a fast moving cold front?
R e 4
In which air, warm or ccg’l’d, will most of the clouds be found? . o

If a 090° wind veers 30°, what is its new direction? .~ 22°

If a 300° wind backs 40°, what is its new direction? 7 55"

With a cold front, do the clouds increase gradually, or dg, they come
rather abruptly with little warning?

After a cold frontal passage, do the clouds clear suddenly or gradually?

——
i

Why is the first cold air that arrives after a cold frontal passage like-
ly to have a higher dew point and a higher temperature than the air that
comes 24 hours later?

wWhat effect does the speed of a_front have on its slope? :Zﬁ zﬂ__ ﬂ;:
& o —— e F £ .

What is the typigal cloud sequezce with a fast v%g cold front? Ahead
of the front Jag,_ﬁ«_._/

At the front <ZOF con low & ' =

Behind the front SEORE A

« §-WK=-22
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-106- FRONTS
SLON NOVING COLD FRONTS
A slow moving cold front has the speed, slope and cloud system of a warm
front. However, in the case of the slow moving cold front, the region of
cloudiness and precipitation are above and behind the surface front,
Characteristics:
(1) Speed - less than 25 mph.
(2) Slope - 1/100 to 1/150.
(3) Cloud system - nimbostratus over the surface front, becoming strato-
cumulus with higher altostratus changing into altocumulus at some
distance behind the front, .
(4) Ceilings - low at the time of frontal passage.

(5) Precipitation - varies from continuous light rain to light showers.

(6) Windshift - south or southwest to northwest, north or northeast.

ALTDOUEVLUE

il Figure 1.

| Cross section of

| clouds on a slow |
| moving cold fromt.

S ——

WARN FRONTS

A warm front is a front along which warm air is replacing retreating cold
air. The associated cioud system covers a much larger area than either of the
cold front types. The precipitation, too, is widespread. Poor visibility is
the third general characteristic of this type of front.

Characteristics of a warm front with stable warm air:
- = T —

(1) Speed - 5-25 mph.
(2) Slope - 1/100 to 1/300.

8-44 | -WX-23
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(3) Clouds -
a. Extent: 400-1000 miles.

- 107~

b. System: cirrus merging into cirrostratus, then lowering, devel-
oping into nimbostratus as the front approaches. The vertical
development may decrease at the front to give stratus at the
time of frontal passage. Fog and low stratus often occur in the
cold air ahead of the front if there is a prolonged period of

precipitation.

CiRRUS g

| 30,000 “fﬁgﬁéﬂf

i Figure 2.
Warm front with |
stable wam air

—

Characteristics for a warm front with unstable warm air are different

enly in cloud characteristics and precipitation.

l. Cloud system: cirrus and cirrocumulus changing to altocumulus and
altostratus, which lower, developing into nimbostratus with cumulus

and cumulonimbus growing out of the tops.

Decrease of vertical

development may give stratocumulus and cumulus at the front.

2. Precipitation! intermittent to showery.

CUMULONIMBUS

lf Figure 3.
Warm front with | 20,000
unstable warm air.

B4y

[FIALTOSTRATUS OR

CIRRUE
i

ALTOCUNULUS

2-WX-23

F - 1387



STATIONARY FRONTS

A stationary front is what the name implies. It is not, for the time,
showing any movement. Its slope, cloud and precipitation characteristics are
similar to those of a warm or slow moving cold front of the stratiform type.

NOTES

QUESTIONS

Z
2. Why is the formation of a secondary cold front more likely to ocour with
a fast moving cold front than with a slow moving one? -

P ; Z - B - ."": . -
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3. Are stratiform clouds with drizzle or cumuliform. clouds with shower ’
characteristic of the secondary cold front? 22: :%zw 2 ﬂ'ﬂ j:#ﬁ?

ipitation differ betwee :
o '%tf?%;lt

%, How does the region of cloudiness and pr
fast and a slow moving cold front?

el Rrde L
5. Are thunderstorms more likely to be found in front of a fast or slow
moving cold front? ,::.‘? B __ﬁ - % \iﬁ_‘____é,

6. What is the approxlmate slope af thu fultuuin 3

A fast moving cold front? S A 2

A slow moving cold front? 2 P P W o

A warm front? ,f;,, —_ ”;,,/'r- A o
i

7. Describe the cloud sequence that is usuallr ubserved with the qpprnach
of a well defined warm front.

_.-?-'A-x !"_'-L e gt "'I__.‘- "f ':-'::"- -..-t_.-f/'_-—'n:" bow i --._.f:_r’i & Mﬂ ﬁru-""- < '/{ﬁ

8. How far ahead of the surface position of a well-defined warm front is
the beginning of the warm front cloud sequence observed?

S TG 00 g by

9. What air mass is usually fnunﬁ overrunning the colder cP air of a warm
front in the eastern states? ' 7 Whether stratiform or cumuli-
form clouds are formed depends upon the j" +c¢ of this over=
running air.

10. Why do stratocumu clouds f:ten form- in jha‘q.ld air mass of a warm
Front?__Alae. : Tt S han (e g
o 7 P
If. Are the cold front thunderstorms more likely to have' Lower or higher
bases than those caused by the warm front?

12. Why is flying within clouds of stratlfnrm apngglance along a warm front
a dangerous procedure?

{' "T'.:-". P WY

13. A stationary cold front will produce a wide area of clouds and precipi=
tation if moist air is forced up the cold frontal slope by the wind flow.
What is the main difference between a warm front and an active stationery
cold front?

-4l 4-HX-23
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Cyclones (low pressure centers) in mid=-latitudes are developed by waves
forming on the polar front, causing a portion of the cold front to be retarded
or actually reverse its direction of movement. Most warm fronts form when e
part of a cold front reverses its direction and begins to move northeast.
Diagrams A, B, C and D show the development of a wave on a polar front. In
diagram A, a cold front is moving south. Something causes a part of it to be
retarded, & low pressure area develops here and the circulation around the low
causes a purtiun of the front to move northeast. |If conditions favor the de-
velopment of this low, the situation develops as in diagram C, with stronger
circulation and more weather around the fow. In C the cold frunt is moving
faster than the warm front and will overtake it causing a part of the front in
D to be occluded.

Section MN through the front in diagram A shows a wedge of cold air mov-
ing against and under warm air. In section PQ there are three air masses:
the coldest air behind the cold front, warm air in front of the cold front and
cool air in front of the warm front. The cold front moves faster than the
warm front, overtaking it and forcing it aloft, producing the occluded front
in section RS.

Warm

Cold Cool Coldest

R TP 7777 720777 9
Caold Front Type Occlusion Warm Front Type Occlusion
Most Common found Occasionally on
est Coast

The clouds accompanying the occlusion will be a combination of the usual
warm front and cold front types. Diagram D is shaded to show areas with 7 to
10 tenths frontal cloud cover. Cloudiness extends farther back of the oc-
c¢luded part of the cold front than the unoccluded part when the low is well
developed. The clouds in the warm sector of diagram D will uaua!ly be scat-
tered cumulus and stratocumulus,

B-uy |-WX-~24

F-1390
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Wave Development e Cold Front
Emm Warm Front
aEEe Occlusion

B-%% 2-WX-24
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=112=
s
| —
QUESTIONS
. How are cyclones developed?
2, How are most warm fronts developed?
8-y 3-Wx-24 e
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3. What type of front is on the eastern side of a wave?

4. What type of front is on the western side of a wave? -

5. What type of clouds precede an occlusion?

6. Whether or not thunderstorms accompany an occluded frontal passage de-
pends primarily upon the moisture content and stability of which of the
three air masses?

7. What type of clouds usually folliow the passage of an occlusion?

8. What causes low clouds to form in the cold air underneath the frontal
surfaces?

9. Why is there so much turbulence below 4000 feet on the west side of a
well-developed cyclone?

-

10, In flying at 3000' MSL from P to Q in diagram C, what type of wind
shifts will be encountered?

Il1. In what way do the wind velocities in diagram D differ from those in
diagram C?

12. Which part of a wave moves faster, the warm or the cold front?

I3, An occluded front is produced when a overtakes a

I4. The weather of a cyclone may be described as a combination of
weather and weather.

15. The clouds in the warm sector of a cyclone are usually and

I6. On the accompanying chart, shade in the probable area with ceilings be-
low 2000 feet.

I7. Along which portion of the front will there be the greatest shift in
wind direction?

I8, Write Cb in the most likely spot for a thunderstorm.

19, Write the proper letter in the center of the cyclone to indicate the type
of pressure center.

20. In flying from X to Y how will the free air temperature change?

B-4y T-WX=-2%

F - 1393
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QUEST

l.

2.

3.

8-44

1394
FRONTS

1ONS

Which part of a2 wave has the most extensive cloudiness?

What is the wind shift with (a) the cold front?
(b) the warm front? (c) the occluded front?

Describe the cloudiness in the warm sector.

What is the cloud system with (a) the cold front?

(b) the warm front? (e¢) the occluded front?

NOTES

I -WX=25

F-1394
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SUMMAR I ZATION PERIOD =1156-

The purpose of this lesson pericd is to review the salient features of
fessons |4 to 25. The following procedure is recommended for the student:
Read the discussions and questions of lessons I4 to 25, think through the
questions listed below, make note of ideas in the material which should be
clarified, and attempt to clarify these ideas during class period.

NOTES

8-y | -WX~26

Ead 205
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-1 18- NOTES

3.

4.

5.

7.

QUESTIONS

Much of your experience with the weather will be in identifying cloud
types. Practice identifying clouds from actual observations and from
pictures. Check with others.

How does the temperature affect the amount of moisture the atmosphere can
hold?

In what ways is the air cooled?

Most clouds are formed and sustazined by a lifting process which produces
cooling and keeps the temperature lowered so that saturation persists.
What are the means by which lifting occurs?

The temperature of clear air is lowered 3°C/1000' while the dew point is
lowered about 4°C/1000! when Vifting takes place. At this rate how far
must air having & temperature of 90°F and dew point of BI®F have been
lifted before saturation is reached?

What is the composition of clouds?

What features of cirrus clouds distinguishes them from middle clouds?

How does vertical motion differ in stratiform and cumuliform clouds?

2-WX-26
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9.

12,

I3.

4.

15.

18,
19,

20,

=117-

Which clouds produce rain?

What is the source region of outbreaks of cP into the United States?
What are the characteristics of this air in summer and winter?.

In winter, mT air from the Guif of Mexico presents what hazards to flying?

How do the characteristic clouds and weather in mT air over the southeast-
ern states differ from winter to summer?

When mP air comes from west to east across the Rockies, what charac-
teristic weather is found on the windward side of the mountain?

What hazards should be carefully watched when flying in a "w" air mass,
especially in winter?

What type of cloud formation can be expected over the Gulf of Mexico in
the winter when a cold cPk high pushes out over the Gulf?

What characteristic weather is expected in winter along the eastern side
of Lake Michigan when cold air from northwestern Canada crosses the ]ake
from the west northwest?

What air mass predominates over Eastern United States in summer?

Review mentally the structure of each type of front.

Without the aid of a weather map and with only local data, how can one
tell when a cold front passes in winter?

How fast do cold fronts travel?

Re able to look at a surface map and visunlize the zlope of the cold air
surface alond each front.

If pou are novignting in an area of bad weather and note o pronounced
temperature chanée, pyou have probably passed through a front and the
wind has shifted. This shift will be such that, if you continue to navi-
gate on your last computed wind, pou will be flying left of course.

(If you don't believe it, consider several fronts, pick out various
courses and work through the abovel!l)

B-uy
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-118- PROBLEM

Plan a mission from your field to 33-54N, 96-35W, thence to Lowry Field,
39-43N, 104-53wW and return non-stop by the same route. Take-off is 0910 CWT,
indicated air speed 200 mph,

Analysis of the weather depends on synoptic maps for 0030Z and 0630,
temperature charts for 04007, winds aloft chart 10002, and some teletype hour-
ly reports for O730E and 0B30E. From the study of these, develop a clear
picture of the weather conditions to be expected on this mission. The follow
ing questions are designed to help you consider all significant details and
the answers are to be placed in a navigator's log.

l. Write the date and name in the designated places. Zone | is from depar-
ture to 120 nm on route, covering the local area. Zone 2 is from 120 nm
on route to 100° west longitude, covering the plains. Zone 3 is from
|00°W to DV, the mountain and high wind belt. Fill in the Zone | winds
for the 2, 4, 6, 8, 10, 12, |4 thousand feet levels.

2. Since the terrain in Zone 2 rises above 2000', fill in the winds for only
6, 8, 10, 12, 14 thousand feet.

3. Mountains up to about B8000' lie in Zone 3. Fill in the winds for 10, 12,
i4 thousand feet.

4, After studying all the available information, write the expected tempera-
tures for all zones and for each level for which a wind is recorded in
the log.

5., Use the authorized abbreviations and symbols to record the cloud forecast
for each zone.

6. Use the authorized abbreviations and symbols to record the visibility for
each zone,

7. In Zone | Weather, write "None. HI CELL CNTRD IN ——,—TURBC", filling
in the blanks.

8. Fill in Zone 2 Weather.

9. In Zone 3 Weather, include the kind of front running through this zone.

10. Using 10,000" altitude and IAS 200 mph, figure ETA for Lowry Field.

I1. The plane will not land at Lowry Field, but will drop required material
by parachute, and return to base by the same route. Figure the ETA for

return to your field.

|2, Forecast the altimeter setting for departure 0910C.
8-y I-WX-27-28
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e 13. Forecast the altimeter setting for the turning point on the route out,
This goes in the second blank under "altimeter settings”.

I4. Forecast the altimeter setting for DV and put it in the third blank.
I6. Forecast the altimeter setting for your field on return. This is "Dest".

I6. The answers to the last ten questions will go on the back of the log.
This is number 16, This mission will be flown in mP air as one can see
by the synoptic maps. What are the characteristics of mP air east of
the Rockies?

I7. What are the chances of dangerous weather developing on the front that
runs through Zone 37

I8. Predict the time the storm from the north will reach Denver, Comparison
of the two maps will show that the "stationary" front is moving at a
moderate speed.

19, H?ich way does the frontal surface of the storm to the north of Denver
slope?

20. Does the storm {Low) seem to be intensifying or dissipating?

L

2l. What type of clouds may be expected at Lowry Field as the storm
approaches?

22. What is the average temperature-dew point spread for U0, DMS, and DHN?
Check the visibility at these three stations.

23. What is the temperature-dew point spread at DV? Check the visibility at
DV,

24, Is smoke fikely to be an obstruction to visibility at Lowry Field?

25. Give reasons for your answer to question 24,

- g-4y 2-WX-27-2
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PRACTICAL CONCEPTS OF ICE FORMATION i
In the study of clouds, it was noted that clouds were composed of either
water droplets or ice crystals or both. In a water droplet cloud, the drops
vary in size from small droplets (less than 1/50 inch in diameter) in strati-
form clouds with only a little vertical motion to large droplets in cumuliform
clouds of large vertical development. Water drops as a rule may exist in
liguid state to a temperature of =20°C or lower,

In water clouds with temperature well above freezing, visibility is re-
stricted and turbulence is present in varying degrees, but no accumulation of
structural icing results. If the water droplets exist at a temperature from
0°C to -10°C, ice accumulation on wings, props, external instruments and all
external surfaces of a plane is a hazard to flying. The lower limit of this
temperature range in which icing presents a hazard depends upon the plane,
pilot, turbulence and cloud type. Ice crystal clouds, as a rule, present no
icing hazard.

Structural icing may be divided into three types - clear, rime and frost.
Clear ice presents the worst hazard. It is a hard, tenacious, transparent
coating of ice which is difficult to remove. Clear ice formation is caused by
the freezing of large drops of supercooled water upon the external surfaces of
the plane. Conseguently, the worst icing hazard occurs between 0°C and -10°9C
in cumuliform clouds. When the temperature is below freezing at the flight
level, cumulus or cumulonimbus clouds should be avoided.

Rime icing on the other hand is white, opague and granular in appearance.
Because of its structure, its removal is accomplished rather easily by modern
de-icing equipment. When supercooled drops touch the surface of the plane
they freeze into ice. The large drops run over the surface and freeze with
other supercooled ligquid into a clear sheet of ice, while the small drops
freeze upon contact into the granular rimz ice. Rime ice is found in strati-
form clouds and to some extent in cumuliform clouds with temperatures ranging
from -29C to -309C, It should be borne in mind that actual conditions will
give a mixture of clear and rime ice in most cases with one type predominating.

Frost is formed when the plane's surface cools clear air to its dew point,
which at the same time must be below freezing. Frost will accumulate on planes
which are left out in the open air during winter nights or which let down
rapidly from cold levels into warmer levels of the atmosphere. Frost may
prove to be hazardous on landing or take-off by obstructing vision through
windshield or decreasing lift.

Structural icing presents a hazard to flying by increasing the drag, di-
minishing 1ift by deformation of the airfoil, decreasing propeller efficiency,
causing incorrect readings in airspeed indicator and the altimeter,

Carburetor ice, which reduces the flow of air and literally chokes the
engine, can form in weather conditions greatly different from those of struc-
tural icing. Air entering a carburetor is cooled by expansion into the low
pressure area within, thereby making the air 10° to 20°C cooler than the out-

side temperature. Moisture may condense in the cooled air and freeze into ice
g =l 4 I -“!.-25
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if the carburetor temperature lowers to freezing., It is not uncommon for car- -

buretor ice to form in cloudless, relatively moist air with free air tempera-
ture as high*as 159C.

NOTES
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QUESTIONS i
Mo
Fs h‘hat opditions are ecessary for formation of clear and rime ice?
9& e M
2. Which type of ‘ice (clear or rime) is easier to remove? ﬁ,,q.
3. What navigation instruments may be affected by ice? .. .4,,(@? m
4. What type of icing would predominate in cumulonimbus clouds? ("7 A
5., A temperature inversion exists between H000' and 5000' with temperature
of -8°C at 4000' and 43°C at 5000'. No clouds were present, The dew-
point of the air at 5000' is -2°C., A plane which has been flying for
sometime at 4000' climbs quickly to 5000'. What type of icing is most
likely?
6. In flying through a cold front from warm to cold air,will the freezing
level 1ift or descend? [, _ ., ‘:"
7. In flying through a warm fr?n/tc from cold to warm air, will the freezing
level 1ift or descend? “_6_,/__':&*
8. Can temperatures be too co‘{d for dangerous icing conditions? ﬁé
, 9. Why is carburetor icing unlikely in relntwel/,dry air that as a temper-
ature-dew point spread more than /7,_5"{:? —rh s —
PR s =S N 3 > R PSP
0. What type of icing, if any, is predominant in altostratus clouds?
|1. What temperature range is most dangerous from the standpoint of formation
of structural icing? I__g*’:t —r? Y
12. Will clear or rime ice form when a plane flies through freezing rain?
o oS
I3, HII{I, clear or rime ice form in cloudless air that has a temperature of
=-10%C?
e g-Uy 3-WX-29
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-128- FLYING CONDITIONS IN ICING AREAS
—
(6) e
T — + 15000"
+ 12000'
(a) -10%
<4 9000’

' 0°c T 6000
- —_ mgl
- 10%¢ C/ ‘

0%

Diagram |

I. What type of icing should predominate in the three, diagrems in the re-
gions indicated? (a)_ (Pl oq {h]_jé.p—l

(c) (d) (e)

2. What effect does ice have on navigation instruments?

How can this hazard be avoided when flying in icing conditions?

- FBO00"

—+ 15000"

-109¢ —+ 12000'

T 9000

T 6000

0%

<+ 3000'
-10°¢

O m—

- — -

K- MSL

g-44 | =WX-30
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3.

~-129-

Flying at 2000' from M to N in diagram 2, clouds are entered with tempera-
ture of +4°C, How does the temperature vary before reaching N?

What flying conditions will be encountered?

Would a flight at 14,000' be encountering more or less icing hazard than
at 2000'7?

A pilot flying at 5000" from N to M begins to enter freezing rain at T.
Knowing there to be a warm front on surface map at W and having seen the
cirrus and altostratus overcast before reaching 7, the pilot should
change his flight attitude in what way before continuing on to M?

@ — -  tm
...-""-.-_—
. 100 18, 000!
-10%
\-/ <+ 16, 000"
{I.IF -+ 14, 000
-+ 12, 000"

L]
00 i 10, 000'
-

SRS 5000'

Lo B ' T
- 20E

P L

= 400
=+ 2000
— WL
Diagram 3
5. In diagram 3, why is it inadyisable to fly underneath the cumulonimbus
cloud? -~ : 2 7
H{rﬁ?!a [y Y T
Region f would present heavy turbulence. Why would it be inadvisable to
fly through i A ~—— - :
y through region e? D sar ﬁ z Vs
7 ./
What hazards would be encountered at g? Z_‘_{’/
8-y 2-Wx-30
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LOCATION OF TYPES OF FOG

fae

advective
- frontal
= radiation
- steam
ups lope

S e = e

Yo

Fo

TYPES OF FOG AND THEIR FORMATION

On page 60, it was pointed out that condensation is produced when the
temperature of a parcel of air is cooled to its dew point. Condensation
causes the invisible water vapor to appear as visible water droplets. The
only distinction between fog and clouds is the height of the base above the
ground; clouds have bases more than 50' above the surface while fog is lower.
Since fog may make take-offs and landings difficult or impossible for air-
craft, an understanding of its causes and the conditions under which it may
form is essential to aircrew members.

Conditions that favor the formation of fog include the following:
(1) small temperature-dew point spread indicating the degree of saturation of
the atmosphere and the amount of cooling necessary for condensation to occur;
(2) clear skies and weak winds both favoring radiational night cooling: (3)
stable lapse rate in lowest |000' with accompanying small wind velocities pre-
venting fog from being carried aloft into stratus: (4) upslope motion of
winds over terrain, assisting in the cooling of the air: and (6) presence of
smoke in the vicinity. Fogs may be classified as to the cause of their forma-
tion,

841 7 | -WX=3|

F-1410




1411
-132-

The types of fog which are due to a lowering of surface temperature are:

|. Radiation fog. This type is caused by night radiation being favored
by clear skies (at night), surface winds 3 to 8 mides per hour, a relatively
high dew point and the drainage of cool air inte valleys at night. Radiation
fog is thickest around sunrise and tends to dissipate within 2 or 3 hours
after sunrise, due to solar heating.

50" 43° a1" 41"

42°F

Diagram 0.

2, Advection fog. This type is caused by relatively warm moist air
being blown over colder surfaces. When warm moist air from over the Gulf
Stream in the Atlantic blows over the cold Labrador Current, the Grand Banks
fogs are formed. In the winter, when warm moist air from the Gulf of Mexico
is blown northward over the cooler land surface, advection fog is formed.
Diagrams 2 and 3 illustrate another example of this type of fog. In this
case, the air field may be suddenly closed if the wind shifts and carries the
fog across the runways. Advection fog is different from radiation fog in
that it usually is denser and more extensive in area, drifts with wind, does
not require clear skies for its formation and is not easily dissipated by
solar heating.

MOIST vWARM

— Fo&
ATRFIELD s - Ll

CO0OL WATER

Diagram 2.

MRFIELD L :
COOL AT LR

Diagram 3.
B4y 2-WX-31
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3. Upslope fog. Fiqure % illustrates the lowering of the temperature to
the dew point as moist air moves upslope. Upslope fog requires a fairly
strong wind, 15 to 20 mph, is little affected by sunshine and often lifts to
low stratus.

Texas, Oklahoma, Kansas, Colorado, Nebraska and the Dakotas are

ideal locations for upslope fog when easterly winds bring moist air up the
sloping terrain.

UPSLOPE FOG

Diagram 4.

The types of fog which are due to the raising of the dew point are:

. Steam fop.
water.

This type is caused by cold air moving slowly over warmer
foq.

Evaporation of water into the cold air soon causes saturation and
Steam fog presents very little hazard to flying because it rises and
dissipates rapidly, giving only very limited and thin patches.

2, Frontal fog. This type is caused by warm rain falling into cold air
under the frontal clouds,evaporating and saturating the cold stable air to the

point of fog formation. Frontal fog associated with warm fronts is usually of
great depth, frequently merging with higher layers of clouds.

NOTES

8-4y 3-WX-3
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-134- NOTES
QUESTIONS

I. What type of fog is located in the following regions of the map, page
1312 (a) (b) ' (c)

(d) (e)

2. |s radiation fog more likely on a cloudy or clear night? /),:z"; 4

3. What type of fog requires the highest wind velocity? @ z%

4. What time of day is radiation fog most frequently nbsarued?w.,}_.z

5. What wind velocity is most favorable for radiation fog? 7 *ﬂﬁ,ﬁ}f”

6. During what time of year is advection fog over the Great Lakes most
likely? iy /.

7. What type of front produces most favorable conditions for fng‘?% !

8. When air is lifted by upslope motion over terrain, the temperature de-
creases 5.6° per 1000’ while the dew point decreases only about I°F per
[000'. mT air over Little Rock, Arkansas (elev. 265') is moving toward
the west northwest. |f the temperature and dew point of the air at
Little Rock are 60°/50°, will either foq or low stratus be f by the
air flowing to Dodge City, Kansas (elev. 2509')? & .. —

9, What effects do cold water currents near the Aleutians have on fog forma-
tion?

10. |Is radiation fogq more likely to form on hills or in ualleys?_dc%

l_,:._-"? .
How does falling rain produce fog?_ . A
A.M .-
I2. What effect does the presence of smoke have on fon formation?
e e : A
g . 7 >
7ﬁ,=..4- s ~ Z
8-uy doby_3]
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~136- INTRODUCTION TO THUNDERSTORMS

If the one single weather phenomenon that has the most effect on flying
in the United States in the summer was to be chosen, that phenomenon would no
doubt be the thunderstorm. The thunderstorm is dangerous and the proper man-

~agement of a flight in its presence requires particular flying technigues.

Thunderstorm clouds begin with cumulus clouds which under favorable con-
ditions build up into bulging cumulus and finally into cumulonimbus as shown
in diagram A. The cumulonimbus is usually marked by the formation of an ice
crystal and generally flat cloud top. Thunderstorms may occur as an isolated
cumulonimbus cloud only a few miles in diameter or as a line of storms several
hundred miles long without a break. The thunderstorm cloud may have its base
almost on the ground or on a cold dome several thousand feet above the surface.
The top of thunderstorm clouds may be about 10,000' MSL or in some cases as
high as 40,000"' MSL. In many thunderstorms, a low dark rolling cloud with ac-
companying strong qusty turbulent wind may precede the main cloud by & few
minutes and high cirrus may be thrown out from the tops to a distance of 100

miles or more.

(TR iy S S e

Diagram A.

B-4u I-WX-33
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The thunderstorm presents five hazards to flying: turbulence, icing,
hail, lightning, and poor visibility. Updrafts and downdrafts within thun-
derstorms are said to have exceeded 200 mph as determined from the updraft
necessary to produce large hail stones. Opposing vertical currents may 1ift
and drop a plane thousands of feet, put it through strange acrobatics and
shear off its wings.

Any plane that enters the water droplet part of a thunderstorm cloud that
has a temperature between 0°C and -10°C will receive a coating of clear tena-
cious ice. In summer thunderstorms, the icing hazard is seldom serious be-
cause the lower limit of the zone of icing is several thousand feet above the
ground. But at other seasons icing may extend to the surface, thus making the
icing hazard more serious.

Water drops can be carried upward in strong updrafts and frozen into pel-
lets of ice. These pellets descend and collect more moisture. Driven upward
again, the new moisture also freezes. Repeated ascents and descents cause the
hailstones to grow until they become too heavy to be supported by the updrafts.
Hail is present in many thunderstorms even when no hail reaches the ground and
is most often encountered along the upper edges of the cumulonimbus.

Lightning usvally occurs in regions of strongest turbulence. Lightning
from cloud to ground indicates that the thunderstorm is reaching its peak of
intensity (as far as turbulence is concerned) and that the intensity is near
the ground. On the other hand, in old,mature and high level frontal thunder-
storms, cloud to cloud lightning is most common. When cloud to cloud light-
ning exists stable air usvally exists below the cloud even though & wide rain
area is present. Flight under a thunderstorm with cloud to ground lightning
is extremely hazardous because of excessive turbulence. Lightning in itself
presents a hazard to flying in damage to electrical equipment and in causing
temporary blindness of the pilot.

TYPES OF THUNDERSTORMS
Air Mass Thunderstorms (greatest frequency in summer)

I. Thermal thunderstorms are caused by convection due to heating of
surface. This type is usually scattered and occurs most frequently
in the afternoon over warm land.

2. Orographic thunderstorms are caused by unstable moist air being lift-
ed over the terrain, This type occurs on the windward side and near
the top of mountains, is usually scattered, persists in the same lo-
cation for some time and occurs during both day and night with
greater frequency in the afterncon. Orographic thunderstorms in
mountainous country are extremely hazardous to air flights because
updrafts, downdrafts and excessive turbulence exist near the ground
surface.

B-44 2-Wx=33
F-1415



1416

-138-

3,

Nocturnal thunderstorms are quite frequent in the spring and fall of
the year over land and are usually of the high lTevel type. This type
is thought to be released by the rapid cooling of the tops of clouds
at night.

Convergence thunderstorms are very common in tropical regions often
reaching to 40,000' in the convergence zone known as the equatorial
front in the tropics. This type occurs in troughs in wind fléw and
where winds from different directions come together (as in the case
of the equatorial front shown in diagram B), |In both the trough and
the equatorial front, inflowing air is piled up and forced upward,
causing cooling and producing thunderstorms. This type of thunder-
storm is very dangerous, being lined up for several hundred miles,
occuring both day and night, giving large amounts of rain.

Wind Flow Patterns Giving Convergence Thunderstorms

Northeast
Trades

, :' Recurved Southeast
/ Trades

Diagram R,

8-y 3-wX-33
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Frontal Thunderstorms

8-uy

2.

Warm front thunderstorms are initiated by the upward thrusts of the
air as it moves upslope over a warm front surface. Warm front thun-
derstorms vary much in intensity and extent depending on the amount
of Tifting of the warm moist air as well as the degree of instability
of the air. On several occasions, a front several hundred miles long
has become a solid thunderstorm 100 to 200 miles across. Turbulence
within the thunderstorm exists only above the base of the cloud.
Flight in the cold air underneath the base of the cumulonimbus cloud
will usually be free from turbulence and usually free from icing in
the summer,

Cold front thunderstorms are usually very severe. The sudden upward
thrust of air over the steep cold front slope and the convergence in
the warm air ahead of the front both add to the extreme severity of
the cold front thunderstorm. Wwhen tornadoes occur, it is usually in
conjunction with instability preceding a rapidly moving cold front.
0ften thunderstorms may extend 100 to 200 miles in the warm air
ahead of the cold front,

NOTES

Y-wr-33
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QUESTIONS

How can you detect whepr a swelling clmulus is appruauhinggth derstorm

prnpnrt_ians? e 2, % & ——=
Cenrscodls /

How high may cumulonimbus build? & , o omr

During what time of year do most cumulonimhuéfoccur? A

During what time of day do most thermal (convective) thunderstorms occur?

Indi:Zte whether the following types of thunderstorms are usually iso-

lated or connected in a line.

Thermal
Orographic
Convergence
Warm frontal

What type of precipitation accompanies thunderstorms?

Check the following types of thunderstorms that present extreme turbul-
ence when flight beneath base is attempted.

Orographic
wWarm front type
Cold or pre-cold front type

A trough in a wind flow pattern shows a clockwise or counter-clockwise
wind shift?

The equatorial front is a zone of winds. It is char=-
acterized by ascending or descending air?

5-WX-33
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DEVELOPMENT AND CHARACTERISTICS OF THUNDERSTORMS -14i-

Important features to notice in film MN |18C - Part |. Note the condi=-
tions under which thunderstorms develop over land and water and the compari-
son of their violence with the seasons. Pay particular attention to the dis-
tinguishing features of a2 thunderstorm, its appearance from front and rear,
its direction of movement, areas of severe turbulence, and appearance and lo-
cation of the roll cloud. MNote that the thunderstorm is a cloud factory in
itself, producing layers of clouds that may hide the thundersteorm activity

from the navigator.
NOTES

8-44 1-WX-34
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-142- NOTES

QUESTIONS

Is a thunderstorm over water more likely to occur when warm moist air
moves over cold water surface or when cold moist air moves over warm
water surface?

2. During what time of day are thunderstorms over water most likely in sum-
mer T
3. Are thermal afternoon thunderstorms over flat land usvally isolated or
lined up? Should flight, as a rule, be at-
tempted around, under, over or through this type of thunderstorm?
s s
4. In the accompanving diagram, & e
what is the direction of —
movement of the thunderstorm? = e
Bl
S
L SR SN S
8-k 2-WX =34
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~— 5. What is the name given to
part A?

6. How may the intensity of vertical (cloud to ground) lightning be used in
estimating regions of greatest activity?

&

-7. Considering the whole thunderstorm cloud, what part has least turbulence?

8., In the accompanying diagram,
which thunderstorm is most
typical of those experienced
in the Southern United States
in the summer?

In the winter?

9. Which type is more violent?___

I0. Why are thunderstorms less violent and less frequent in winter than in

summer?
ot
Il. A navigator approaching thunderstorm activity at night notices a large
amount of vertical lightning from cloud to ground. 1is he approaching
the front or rear of the storm? Is the storm at its
peak of activity or is jt worn out?
i12. A flight is planned from an :’M
airfield A near the seashore
to B in a valley on the other 54
side of a mountain range. A A d
group of thunderstorms is lo- A T P = ____g
cated in a line as shown. 2 a *
Why would it be better to i ;
fly around the end of range N £ .
MN than across range at C? N %" :
R r
LS /
i
b
13. On the diagram draw arrows showing most probable prevailing winds.
- B-uy - 3-WX-34
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FLYING CONDITIONS IN THUNDERSTORM AREAS

Features-of the Film MN |I9C - Part 2. This film is designed to show
the different methods of "flying thunderstorms”. Although it might appear
to be a pilot's problem, the navigator will find that he, too, can profit
by knowing the accepted procedures of managing flight in the presence of
cumulonimbus activity., Whether thunderstorms are flown around, under, over
or through depends, among things, upon whether the thunderstorms are isolated
or knitted together, the terrain under the cloud, the height of the base and
tops, the urgency of the flight through the area, the type of plane, as well
as the experience of the pilot. Watch the film to find what precautions are
taken to maneuver the various types of thunderstorms.

NOTES

8-44 1 -WX-35
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2.

3.

5.

6.

8.

9

8-4y

QUESTIONS

Why is flight over thunderstorms in the United States usually more ad-
visable in winter than in summer?

Do thunderstorms usually reach greater heights over water or adjacent
islands? Why?

Check the following types of thunderstorms that can usually be flown
best by going around:

Isolated air mass

On mountain peak

On warm front

Along a cold front in winter

Check the following thunderstorms that can usually be flown under:
Tall wall of thunderstorms on the sea

Thunderstorms at night that have cloud to cloud lightning
Orographic thenderstorms,

Enter thunderstorms from the rear a level than from the
front.

A large isolated thunderstorm with a roll cloud is approaching a lTanding

field. Why would it be dangerous for a plane to land as the front edage
of this storm is moving over the field?

=

In flying under the base of a thunderstorm whose base is 3000' above the
level terrain, it is advisable to fly at what altitude above the ground?

In flying through the equatorial front, the orientation of the front
should be determined either from the weather station or from observation
upon approach. With the position of the front determined, at what angle
is it advisable to encounter the front, assuming that it must be flown?

What hazard is often encountered when flight under an altostratus or
altocumulus shelf of a thunderstorm is attempted?

3-WX-35
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TROPICAL CYCLONES - 147~

The tropical cyclone is a storm which develops over tropical oceans hav-
ing nearly circular isobars closely packed around an extremely low pressure
area and very strong winds circulating in a cyclonic (counterclockwise in the
northern hemisphere and clockwise in the southern hemisphere) direction. In
the Gulf of Mexico, West Indies and off the west coast of Mexico, the tropical
cyclone is called a "hurricane”, In the Philippines and East Asia, the term
"typhoon" is used, in the Arabian Sea and India, the word is "cyclone", and
in Western Australia, they are called "willy-willies". They are all similar
in structure, path and violence,

|

|
i
-

Diagram A.

Tropical cyclones,as seen from diagram A,originate over oceans on the
equatorward and western side of semipermanent high pressure cells between 6°N
and 20°N or 6% and 20°S. General conditions necessary for the formation of
a tropical cyclone include a widespread area of calm winds (doldrums) at '
least 6 to 10° from the equator, so that the trade winds from the other hemi-
sphere may recurve ana converge with the prevailing trades., (Note diagram B,
lesson 33.) Tropical cyclones usually form in conjunction with this equa-
torial front or line of convergence.

In their formative stage, the tropical cyclones in the northern hemi-
sphere travel about 10 to |5 knots in a general east to west direction around
the southwestern edge of the semipermanent high, cutting to the right at
about 20° across the flow pattern at 10,000'. At about 25°N, these storms
move more slowly and recurve to the north and northeast after which their
speed usually increases to several hundred miles per day.

8-y -WX-36
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Time and Place of Maximum Frequency of Tropical Cyclones

Arabian Sea July, October, November

Western Caribbean October

Bay of Bengal July, August, September, October
Western North Pacific July, August, September, October
Eastern Morth Pacific September, October

Atlantic (Cape Verde) August, September

Vicinity of Australia Januery, February, March

Western South Pacific January, February, March

Indian Ocean January, February, March

A cross section of a typical hurricane shows a large region of ascending
currents of warm moist air which produce a large amount of clouds, torrential
downpours and winds reaching a velocity from 100 to 150 mph. Extremely low
pressures have been observed at the center of a tropical storm, the lowest
reading on record being 26.18 inches reported during a hurricane near the
Philippine Islands in 1927. A shield of cirrus often extends as much as 600
to 800 miles from the center of the hurricane. The area of heavy rainfall is
usually about 500 miles in diameter.

An interesting feature of a tropical cyclone is the "eye", a calm and
clear region of descending air current, |10 to 20 miles across in the center
of the storm. This phenomenon has been the cause of much loss of life because
people are apt to believe the storm has passed. In the Florida Hurricane of
1935, the sudden increase in storm strength that follows the complete calm of
the "eye" was responsible for the deaths of many people vacationing in that
area.

The tremendous wind speeds produce waves on the sea that extend several
hundred miles in front and to the right of the storm center moving roughly in
the direction of travel of the storm. The frequency, direction and strength
of these waves or swells are used to determine the path of the storm. Normal
waves on the Gulf of Mexico number about 12 to 15 to the minute. A fully
developed hurricane causes 4% or 5 swells per minute on shore at some distance
from the storm center. MNatives use the pitch of the beat of waves against
the shore as a hurricane warning.

In the calm center, the wind velocity dies down but the inertia of the
water causes a rough sea. The converging winds cause a large amount of water
to be brought into the center from all sides - producing a higher level in
the sea surface in the center than outside the storm. I[f the hurricane in
diagram B moves left of land station A, the combined effect of high level of
water within the storm and the strong winds will raise the water Tevel at A
producing a "tidal wave" effect.

8-4y - 2-WX-36
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Due to the relatively Slow forward motion of a tropical cyclone, 10 to
|5 knots, no sane navigator will ever get caught in such a storm. However,
the winds of the outer portion of the storm may be used to increase ground
speed on long flights. Due to the sharp curvature and resultant change of
wind direction, the navigator must be on the alert, when using such winds
or he may wake up 50 miles off course.

Signs of the Approach of a Tropical Cyclone:
I. A high sea, which may precede destructive winds by several hours.

2. (a) Cirrus and Cirrostratus - clouds which may extend far out ahead
of the storm.

(b) The cloud phenomenon to be on the lookout for is an area of
dense clouds which are the body of the hurricane. If this area
of dense clouds seems to be advancing head-on, it means that you
are heading directly into the center of the storm. A change of

course to the right will take you away from the center of the
danger zone and will give you tail winds (northern hemisphere).

3. Wind increasing in velocity.

A SEA

LAND

oy e P

Diagram B,

B-uy 3-wWX-36
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3.

5.

7+

9.

10.
I,

12,

13.

B4y

QUESTIONS ' ~151-

The wind circulation around a tropical cyclone is in what direction in
the northern hemisphere? In the southern hemisphere?

Are hurricanes more likely to

occur at A or B? “Hunﬁjf?.fﬂf,,,;ff
\*//__ Bl
Are hurricanes more likely to - ——= —1I5N
occur at C or D? >
Which of the following months Sl
has the greatest frequency of % 30's

tropical storms as observed at fgffff“iga'"*‘“wﬁx

E: January, April or Septem-
ber?

Which of the following months has the greatest frequency of tropical
storms as observed at F: January, April or September?

Is A located in a belt of easterlies or in a belt of westerlies?

Is C located in a belt of easterlies or in a belt of westerlies?

What is the average speed of tropical storms while travelling in the
belt of easterlies?

How can the winds aloft be used to forecast the direction of movement of
tropical storms?

The eye of a hurricane is a region of air currents,

What type of weather conditions follow the passage of the eye of a hur-
ricane?

How can the pitch of sea swells along the seashore cliffs be used to
forecast the approach of tropical storms?

What range of wind velocities are experienced near the center of a well=-
developed hurricane?

5-WX-36
F - 1427
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PROBLEM
. TR
The student will fly from Knoxville, Tennessee to Fort Worth, Texas. He
will fill out the first page of the log and answer certain questions. Such
answers as do not fit on the first page of the log will be neatly written on
the back thereof.
As a basis for his analysis of the weather, the student is provided the
latest two maps, the latest pibals, some recent temperature charts and some
of the latest hourly reports.
NOTES
.
g4y |-WX-37-38 -
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NOTES

|. What pressure centers (highs and lows) are in control of your route?
Ll awe L2
2, In what air masses will your flight be made? A ‘' #74 gﬂ;f'

What are the characteristics of these air masses?

3. What fronts ”f on your route, or will move across your route?

4. How fast are the various fronts maving?_}g(f'l%

/
5. Will the fronts accelerate or decelerate during your missiﬂn?fa @: &

6. In which direction are the various fronts moving? F4J7 &4y

8-4Y 2-WX-37-38
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8.

9.

10,

12,

13.

14,

15.

17
18,

194

20.

2.
22,

23.

24,

844

Is the activity connected with sach fr?t ahead or behind the front,

Sng wil) fr atay thet warl O e [0elD rae ol Frovr] st of v atm frar)
h’il-l the fronts become more or less active? g m

How high does activity extend? o000

Which way and how much do the fronts slopel s

KiWe wi g snhlie FRIVT
What windshift is connected with each of the frunts?ﬂﬁ;dm -4.;# cold FeopT

Note the type and amount of clouds reported along your route. How may
these be expected to change while you are in the air? ; qozuy

What are the ceilings along your route and what changes do you expect?

Jee 72 Lfov :;:,ﬁuj[}whlﬂﬁﬁj
What is the visibility and how will it change? _'M,E,_,
What will restrict visibility?

Check the temperature-dew point spread along your route and in the ap-
proaching air.,

Will smoke over the destination interfere with the successful completion
of the mission? 7’%.,

Will there be precipitation?
What are the chances of thunderstorms%/
What will be the surface wind wherever¢you might make a forced landing?

What are the winds at possible flight levels?
How will they change?

How much turbulence is expected?

How are the air masses being modified?

Do you know of any local or terrain effects that might be important?

77
What altimeter setfing are you gofng to use? 3 9 po L 7/
Will you change it during flight? ~o IM 3o .30

3-WX-37-38
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-162~ SUMMARIZATION PERIOD
A
An attempt should be made to fit together all ideas studied and to seek
clarification of ideas still hazy in meaning. The purpose of this period is
to assist the student in this clarification of ideas. The following questions
will also assist the student to do this.
NOTES
B~y | -WX-39 .
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2,

QUESTIONS <168

In what ways does icing affect a plane?

What conditions are necessary for the formation of ice?

3. Why is icing a greater problem in the United States in winter than in
summer?
%. How does the icing hazard vary in stratiform and cumuliform clouds of
the same temperature?
5. What charts obtained from the weather stations most conveniently show
where icing will be encountered in flight?
6. In flight, the pilot realizes that his plane is picking up ice too quick-
ly. Why is the knowledge of the existing temperature lapse rate and I
frontal positions important when deciding how to change flight level? {
7. For radiation, advection, upslope, steam and frontal fogq, summarize the
following:
(a) conditions favoring formation
(b) how formed
(c) ideal wind velocities
(d) time of day
(e) time of year of greatest frequency
(f) where
(g) how dissipated
8., Is fog more common in "w® or "k" air mass?
9. Why is fog more commonly associated with warm than cold fronts?
10. A sharp contrast of surface water temperatures is observed in the North
Atlantic where the warm Gulf Stream and the cold Labrador currents are !
near each other. When the winds blow 10 mph from warm to cold uater,_ |
what type of weather would be expected over the cold water? |If the winds
blow 10 mph from cold to warm water, what type weather would be expected
over the warm water? |
I1. What procedure is recommended when flying to an airport where conditions i
are favorable for fog formation? |
8-yy 2-WX-39
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13.

14,

15,

16.

17.

B4y

1440

In respect to the thermal, orographic, nocturnal, convergence and frontal
thunderstorms, review the following aspects:

(a) How is the unstable air lifted to produce the thunderstorms?

(b) What time of day is the greatest number observed?

(c) What conditions favor the development of each?

(d) How can each be best flown?

(e) Are they usually isolated or connected?

How do winter thunderstorms differ from those occuring in summer?

While in flight, how does one go about determining:
(a) the intensity of thunderstorm activity?

(b) the type of thunderstorm?

(¢) whether the thunderstorm will permit travel under the base?

(d) areas of least intensity?

(e) whether icing would be encountered?

(f) whether flight through the thunderstorm should be attempted?

Where are tropical cyclones most frequently found?

What is the direction and speed of movement of tropical storms?

Describe the typical cloud pattern, rain areas, winds and temperatures
that accompany the passage of a hurricane over an island air base,

3-WX-39
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SURFACE WEATHER 0BSERVATIONS

Date, Weather and
time Clouds ¥sby | Obstn to Vision Remarks
# L e T v g B]

F- 1441
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DBY
DEH
DGM
DHH
DEN
DIL
DIP
DJR
DKX
oL

DLX
DM

DMS
DT
DMz
ON

DHD
Doi
DON
DoX
DRD
DRL
0RQ
v

DVF

PARTIAL LIST OF STATION IDENTIFICATION LETTERS

RUM STATION

365 Albuquerque, N. Mex.

43| MAdvance, Mo.
219 Atlanta, Ga.
266 Abilene, Tex.
363 Amarille, Tex.
350 Ardmore, Okla.
Anthony, Kans.
Eif Albany, N.Y.

228 Birmingham, Ala.
288 Burbank, Calif.
809 Boston, Mass.

265 Big Spring, Tex.

445 Columbia, Mo.
534 Chicago, I11.

Cochise, N.M.
528 Columbus, Dhic

251 Corpus Christi, Tex.

208 Charleston, 5.C.
Cassoday, Kans.

Altus, Okla.

Barksdale Fld, La.

268 Roswell, N. Mex.
Greenvilla, Miss.
Lubbock, Tex.
Honde, Tex.

300 Wilmington, N.C.
3an Angele, Tex.
Baton Rouge, La.
Fort Knox, Ky.

258 Dallas, Tex.

2496 Alexandria, la

546 Des Moines, lowa

San Marcos, Tex.
%2 Marfa, Tex.
March Fld, Calif.
Salt Flat, Tex.
Enid, Okla.
Indic, Calif.
Sloan Fld., Tex.
Biloni, Miss,
%1 Del Rie, Tex.
De Ridder, La.

Randolph Fid, Tex.

g9 Denver, Col.
Victoria, Tex.

8-44

LATD

35-03
37-04
33-39
32-2%
35-15
34-19
37-12
42-45

33-34
12
42-22
3z-1s

38-57
Y1-47
32-02
4o-00
Z7-u5
32-3%
38-02

436
32-31
33-2%
33-22
33-38
8-25
Ju-1y
31-0
30-33
37-55
32-5%
3-18
§1-32
29-58
30- 16
33-55
2197
36-23
F3-41
31-5%6
0-77
283-00
30-47
29-32
383-46
28-50

LNGD ALT

106-37 5314
#0-55 359
BY-25 976
99-4} 1750
101-44 3504
97-09 856
9805
73-48 292
B5-45 530
18-22 7%
7102 28
101-30 2537

92-20 785
87-44 678
109-53 4260
82-53 833
97-25 4
B0-02 U8
95-38
99-17 1350
93-u0 |55
108-27 3566
91-00 128
101-88 3241
93-15 918
77-51 72
100-33 1901
91-12 62
85-58 732
96-52 488
92-77 8%
93-39 963
97-52 584
103-54 4354
117-16 1528
105-05 3710
97-52 1287
H6=10

102-12 2856
88-54 21
100-53 960
93-17 193
SR-I7 752
104-53 5299
9-50 104

DWR

STATION

Malnut Ridge, Ark.

DXW Maxwell Fid,, Ala.

2338

=175~
LATD  LNGD ALT

3604 90-5 270
32-23 B86-24 165

782 Ellensburg, Wash.
436 Effingham, 111.
70 El Paso, Tex.
775 Engle, M. Mex.

Frontenac, Minn.
753 Fargo, M. Dak.
259 Fort Worth, Tex.

312 Greenville, S.C.
238 Greenwood, Miss.

Gainsville, Tex.
242 Galveston, Tex.

505 Block Island, R.l.

Hutchinson, Kans.
654 Huron, 5. Dak.
243 Houston, Tex.

Harpersville, Tex

B43 lowa City, lowa

235 Jackson, Miss.
250 Brownsville, Tex.

754 Jamestown, N, Dak.

253 San Antenio, Tes.
Beaumont, Tex.

206 Jacksonville, Fla.

Yus Kansas City, Mo.

418 Charleston, W. Va.

Columbus, N.M.
3% Knoxville, Tenn.

UI0 Lynchburg, Va.
240 Lake Charles, La.
643 La Crosse, Wis.

LaGuardia Fid., N.Y.

340 Little Rock, Ark.
Lone Rock, Wis.

457 lebo, Kans,

386 Las Vegas, Nev.

§34 5t. Louis, Mo.

423 Lowisville, Ky.

540 Milwavkes, Wis.

7-02
39-09
3148
33-12

430
U5~ 54
32-w

3%-50
33-30
83-40
28-15

4i-10
38-01
21
B-19
32-37

41-38

32-00
25-55
Y5-56
2-77
30=-04
30-25

38-23
31-49
35-49

7-20
30-13
4356
NO-84
34-45
4313
38-26
- 14
3845
38-=13

F

120-31

§8-33
106-24
107-02

92-21
96- 48
97-21

82-24
80-11
87-08
94-52

71-3
97-52
98- |4
95- 17
98-53

91-34

90-13
97-28
ELE
98-1m
9418
81-39

94-37
B1-4E
107-35
83-59

79-12
93-09
8i=i7
73-5%
92-16
90-11
95-47
115-02
90-23
B5-40

87-514

- 1442

1735

514
3916
wre

75
299
706

1060
133
833

8

.
1516
1283

62
1396

653

330
12
1494
582
2
31

750
606
425
880

9%
32
672
12
25
713
1164
1869
564
5l5
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NLIM STATION
202 Miami, Fla.

784% Mullen Pass, ldaho
658 Minneapolis, Minn.
223 Mobile, Ala.

773 Missoula, Mont.

377 Nashville, Tenn.
222 Pensacola, Fla.
308 Morfolk, Va.

502 Newark, N.J.

231 Mew Orleans, La,
244 Mavasota, Tex.

699 Tongue Point, Oreg.

483 Daklsnd, Calif.

45| Dodge City, Kans.

553 Omaha, Mebr.

353 Oklahoma City, Okla.
Yichy, Mo.

857 Ponca City, Okla.
688 Portland, Oreg.
%| Del Rio, Tex.
395 Estero, Calif.
78 Phoenix, Ariz.
308 Hatteras, N.C.
779 Kalispall, Mont.
G688 Pendleton, Oreg.
334 Memphis, Tenn.
464 Puesblo, Col.
506 Portland, Me.

Rockford, 111.
272 Rodeo, M. Mex,
488 Reno, Mev.

U4 Rochester, Minn.

574 Rock Springs, Wyo.

793 Seattle, Mash.

434 San Francisco, Calif.

786 Spokane, Wash.

437 Terre Haute, iInd.

268 Roswell, N. Mex.

214 Tallahassee, Fla.
Brinkley, Ark.

Pampa, Tex.
504 Mew Haven, Conn.

8~-44

LATD

25-55
-z
44-53
30-38
§6= 52

96-07
30-21
36-53
¥0-42
30-02
30-24
N6~ 12

I7-u8
7-45
Hi-18
35-34
®-06

96-46
45-38
29-20
35-26
33-26
35-15
48-10
45-4)
35-03
38- 16

§2-20
31-56
3-30

-7

§7-32
37-37
§7-ud

3-19
33-29
30-7
3454
35-34%
Wi-i6

LNGD ALT
80-7 12
1¥5-41 6037
23-12 T
88-04 31
11400 3189

86~
87-18
76-12
T4-10
a0-0u
96-04
123-57

605

uues

12212 7
100-00 2509
95-54 982
97-36 1304
oi-04 120

97 -06
122-36 39
100-53
120-52 ]
H2-03
Te-40 I
114-25 2984
| #8-51 14a5
§9-59
104-36
T0=15 103
B9-05 730
109-00 4126
sy
92-21 1021
109-13 6374

122-16 30
[22-23 18
117-20 1968

B7-24 485
108-77 3566
Be-20 68
a1-12

100-%7 3130
T2-54 13

ToY
TPl

ssEsgdIgadgas

b

¥ S5SEE

BER ==

NLIM STATION
792 Olympia, MWash.
532 Peoria, I11.
Texarkana, Ark.
3% Tulsa, Okla.
Tylar, Tex.
Tuscaloosa, Ala.
Beaummont, Calif.
358 Waynoka, Okla.
233 Tylertown, Miss.
78 Tucson, Ariz.
383 Sandberg, Calif.
Lafayette, La.
234 Meridian, Miss.
237 Monroe, La.
255 Palacios, Tex.

Gage, Okla.
236 Vicksburg, Miss.

405 Washington, 0.C.
2% MWaco, Tex.

450 Wichita, Kans.

35 Wichita Falls, Tex.
264 Wink, Tex.

254 Mustin, Tex.

TE1 Yakima, Wash.
Yoakum, Tex.

B0 Springfield, Mo.
2498 Shreveport, La.

FﬁTML LIST OF STATION IDENTIFICATION LETTERS (Cont'd)

LATD

558
40-43
3-8
®-11
32-22
33-11
33-%
36-38
31-03
32-07
3445
30-12
32-21
32-32
28-45

36-19
32-2%

38-52
31-33
7-38
3354
31-w

30-18

45-36
23-15

ar-13
32-33

2% Sulphur Springs, Tex. 33-10

LRED ALT

200
662
360
674
54

122-53
89-36
9401
95-54
95-25
87-35

116-58
98-50 1533
90-03 395

1 10-55 2555

118=44 4523
92-00 W
8a-40 IS5
92-08 77
96-17 15

99-44 2198
90-48 263

7708 15
97-06 B8
97-17 1392
98-31 1030
103-13 2813

97-42 821

120-30 1076
97-14 387

93-15 1360

93-45 |81
95-36  uss
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