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Abstrad 

An in-flight observation program to collect bservations of the presence, or 

absence, of clear lines-of-sight at several angles in the vertical plane has been 

completed. Approximately 72,000 observations were collected over a period of 

aLout 15 months. Observations were taken hy flight crews of the Air Force, Navy, 

and Pan American Airways. Data were obtained over most of the Northern Hemi • 

sphere, except the area from 30°E to l l0"E. 

All observations taken within a 10° latitude-longitude sector were grouped 

together by altitude and season. The relative frequency of a clear line-of-sight 

is plotted in the appropriate area on maps for various lines-of-sight. The number 

of observations on which the relative frequency is based is shown in parentheses. 

The relative frequencies are intended to serve as estimates of the probabilities 

of clear lines-of-sight. These estimates should be r.onsidered as a first approxi­

mation since, (a) the observations were taken in a very subjective manner, 

(b) the estimates are based only on about one season of data, and (c) cloud 

variability may be quite large within some 10° sectors. 
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Clear Lines-of-Sight from Aircraft 

I. INTRODUCTION 

In an attempt to provide consultation on the impact of cloudine1a on the deaien of optical and infrared ground based and ah-borne detection and trackin1 1y1tem1
1 

it became apparent that cloud data compiled from 1tandard 1urface weather obaer­vations are not very applicable in obtaining desired e1timates. Lund (1965, 1966) and McCabe (1965) provide statistical models for estimating the probability of a clear line-of-sight using sunshine and cloud cover observations. Thia paper de­scribes and presents data from an in-night observation program covering much of the Northern Hemisphere, initiated to collect observations of the presence, or absence, of clear lines-of-sight from aircraft at several different angles above and below the horizon. 

2. DAT A COLLECTION 

The most economical and practical method of obtaining line-of-sight data was the employment of USAF aircraft and crews on routinely flown missions over fre­quently flown routes in the Northern Hemisphere. The USAF Military Airlift Com­mand, Strategic Air Command, and Weather Reconnaissance Squadrons provided 

(Received for publication 14 July 1967) 
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the bulk of the observations. Pan American World Airways. Inc. participated on 

a noninterference, best effort, no cost to the government basis. The U.S. Naval 

Ice RecoMaissance Unit also contributed to the program. 

The type of observation obtained was the yes-no (check-ofO type, that is, can 

blue aky at 90 • above the horiz.on be seen? yes (clear) or no (not clear)? Can the 

eround (ocean) at 00 • below the horizon be seen? yes ( clear) or no (not clear)? 

Since a great many observers with little or no meteorological training would be 

involved, this type of observation was selected as it does not allow very much 

subjectivity. 

All observations were taken in the vertical plane at five selected angles of 

vision and generally in the direction the aircraft was traveling. The five lines-of­

aight were (a) 00• below the horizon (ground at -90 •). Cb) 30• below the horizon 

(ground at -30•), (c) horizon directly ahead of aircraft, (d) 30• above the horizon 

(blue sky at+ 30•), and (e) 90• above the horizon (blue sky at+ 90•). During cruise 

these observations were made once an hour, GMT, or in conjunction with standard 

(RECCO, AIREPS, or COMBAR) meteorological observations which are very nearly 

hourly. During climb and descent, observations were taken at 1000; 2500; 5000; 

10,000; 20,000; and 30,000 ft if time permitted and the observations could be taken 

safely. Figure 1 is a copy of the data collection form used by participants. Data 

collection began in April 1965 with all participatL,g units active by September 1965 

and was terminated in October 1966. 

Approximately 72,000 observations v.,ere obtained, all over the Northern Hemi­

sphere from 2o•E westward through o • to 11o•E longitude and from the equator to 

so•N latitude, This area was divided into 10• latitude-longitude sectors. F'ew 

observations were obtained between 30• and 11o•E longitude. 

Approximately 27, 100 observations were taken during the winter season 

(December, January, February); 14, 100 during spring (March, April, May); 

13, 400 during summer (June, July, August); and 17, 600 during fall (September , 

October, November). Probabilities of a clear line-of-sight were computed for 

each 10• latitude-longitude sector, for each angle of vision, each season, and the 

following layers of altitude: below 1800 ft, 1801 to 3600 ft, 3601 to 7400 ft, 7401 

to 14,999 ft, 15,000 to 24,999 ft, 25,000 to 34,999 ft, 35,000 to 44,999 ft, and 

above 45,000 ft. Probabilities were not computed for sectors having less than 

10 observations per season. No distinction is made between daytime and night­

time observations, direction of travel of the aircraft, or location of aircraft 

within the ector. These probabilities are presented by s eason in Appendices A, 

B, C, and D. 
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INSTRUCTIONS: All observot ion1 1hould be token in the vert icol plone in the direct ion the a ircroft i1 heod ing . Toke cruise observat ion, at regular observing/ report ing t ime . UH the ~uide ol right lo determine onglH of 1ighting at hor izon, i 30° and - 30 . Nut, toke the 1ky over ­head and ground below ob1ervot ion . Check appropr iate column on form below ofter logg ing t ime and po1 ition . Then check 1 of 3 predominant ob1truct ion1 to vis ion , if oppl icobl, . 

To Horlao" 

CH[CK OH[ COLUMN V 
OHL Y IN ll[COIID 

SKY , GIIOUHD 011 
HOIIIIOH VISII L[ AT 
,i11sr QUICK GLANC[ . 

MAIL COMPL!TIO ,011M IACH MONTH T01 
A,CIIL tCIIIWI 

■no• "-..__ ___ __,I ' 

D[fOAIIT : !lit,, J, .... !:'.-,,,., 
AIIIIIV[ : II.It,, Slofo, C-r,y/ 

OIIIIIIVIII 

HOUII 

IOIIT) 
LAT I.ONO 

NOT CL[ AII 
IHOT CLIII 

SKY , GIIOUHO •> II HOIII· 
ION NOT V I Sl ■L[ AT 
,i11sT QUICK GL ANC[ , 

L . G, HANSCOM ,i1LO 
■10,0110, MASIACHUHTTI 0171) 

LIHIE o, SIGHT OISHVATIOHS 
CIG VIS TYl'I AIIICIIA,T 

CIG VIS , LT NO/ TIIACK 

I DATI IGMT ) IOIIGAIUIATION 

-111 0 + .,o IKY OIIOUNI l'IIIDOIIINANT AL TITUDI HOIIIION 
OVIIIHIAO HI.OW OIITIIUCTION 

3 

IIISL I 
Cl.II NOT NOT NOT NOT NOT Cl.II Cl.II 

Cl.II 
CLII 

Cl.II 
Cl.II 

Cl.II Cl.II 
Cl.II Cl.DI l'CII• HAIi 

1000 

II 
2500 

! 5000 
.J 10000 u 

20000 
30000 

Ill 
Ill 
5 
I: 
u 

30000 
20000 .. 

z 
Ill 10000 
lil 5000 Ill 

··--0 2500 
1000 . 

Figure 1. Line-of-Sight Observation Form 
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3. ANALYSIS 

More than 7ZOO observations were taken during the winter season from aircraft fiying between 25,000 and 35,000 ft. This is the largest number of observations collected for any season and layer. Figures 2a, b, c, d, and e depict an analysis of the estimated probabilities (relative frequencies) for this layer, These are the only data of sufficient density to permit large scale map analy!tis, Figure 2a is an analysis of the observations taken at the -90 • v,ewing angle during the winter season. It reveals that the highest probabilities of a clear line­of-sight straight down are over land areas with probability decreasing !ls ocean areas are approached. In mid-United Sta';es and Canada the probability of seeing right under the aircraft is greater than 50 percent, on the east coast approximately ZO percent, and on the west coast approximately 30 percent. Areas of poor air-to­surface visibility cover much of the Atlantic and Pacific Oceans. A comparison between Figure 2a and Landsberg's (Berry et al, 1945) mean cloudine88 in percentage of sky cover for the month of January shows good general agreement. Areas of poor air to surface visibility, that is, Gulf of Alaska, Pacific north of Japan, and from the east coast of the United States across the Atlantic to Great Britain, generally coincided with areas of high percentage of mean cloudiness. In the mid-United States, Canada, and part of Mexico where the probability of a clear line-of-sight is highest, as seen in Figure 2a, Landsberg' s chart compares favorably showing le88 than 50 percent mean cloud cover. 
Surprisingly, Figure 2b, an analysis of the observations taken at the -3o• view­ing angle, is very similar to Figure 2a except in the Pacific Ocean along approxi­mately 170 •w longitude where the pilots report seeing the ocean ahead of them at 30 • below horizon much more frequently than seeing the ocean directly below them, a reversal of the expected results, In scattered and broken cloudiness the vertical extent of clouds should offer greater obstruction than a straight down line-of-sight which could be blocked only by the plan view of each cloud. Undercasts would, of course, tend to eliminate this difference. No explanation is offered for this anom­alouY result. 

Figure 2c depicts the probability of observing a clear line-of-sight from the aircraft to the horizon. A clear horizon is defined as one where the distant line along which the earth (ocean) and sky appear to meet is distinct; that is, not ob­scured by clouds or fog (haze). In general there is only a 30 to 50 percent chance of seeing the horizon in much of the belt between 30 and 40•N latitude. The proba­bility increases to about 70 percent at both higher and lower latitudes. Figures Zd and 2e show that, from altitudes of 25,000 to 35,000 ft the proba­bility of seeing blue sky is greater than 70 percent. However, this still leaves a 20- to 30-percent probability of not being able to detect and track an incoming aerospace vehicle, a probability of no small concern. 



Fi~re Za. Probability of Clear Lines-of-Sight from 25,000 to 35,000 ft at an 
An((le of 90• Below the Horizon in Winter 
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l• 'igure 2b. Probability of Clear Lines-of-Sight from 25,000 to 35, 000 ft at an Angle of 30° Below the Horizon in Winter 



I • 
Figure 2c . Probability of Clear Lines-of-Sight from 25,000 to 35,000 ft at th Horizon Directly in Front of Aircraft in Winter 

7 



8 

Figure 2d. Probability of Clear Lines-of-Sight from 25,000 to 35,000 ft at an Angle of 30° Above the Horizon in Winter 



Figure ?e , Probability of Clear Lines-of-Sight from 25,000 to 35,000 ft at an Angle of 90° Above the Horizon in Winter 
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Another analysis, Figure 3, illustrates the probability of a clear line-of-sight 
along the 40 •N latitude circle for the five angles in the 25 , 000 to 35, 000 ft laye r. 
As stated, probability of seeing the ground at -90 • should be greater than at -30 • 
because when looking down at an angle less than -90 • the observer's visibility would 
be obstructed not only by plan view of clouds but by the sides of clouds as well. 
Also, an actual line-of-sight is considerably longer at -30°. Figure 3 does not 
bear this out. This can only be explained by the assumption that the observe r is 
encompassing a larger field of vision when observing at an angle of -30 • than when 
viewing directly below the aircraft. 

As expected, when viewing the sky at + 30 • and +90 •, the probability of seeing 
blue sky is best at +9o•. From these altitudes (betw een 25,000 and 35,000 ft) the 
probability of a clear line-of-sight, looking at 30• or more above the horizon, 
ranges from 70 to 95 percent in the wint er with some pronounced areas of good 
overhead visibility. A distinct horizon is seen, with few exceptions, more than 
50 percent of the time along the 40 • latitude circle in the winter. 

90 

20 -H--H HORIZON 
10 x-x +30· 

s-s +9cf 

O 120 140 160 180 160 140 120 100 80 60 40 20 0 20 
UST Wl~T L0NIITUOt: UST 

Figure 3. Probability of Clea r Lines-of-Sight from 25,000 to 
35,000ft atAnglesof-90°, -30°, Horizon, +30°, and+90° at 
the 40 "N Latitude Circle in Winter 

I 
I 
I 
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Figure 4 (a , b, c , d) depicts 

the collection of all observations 

within the sector between 30 to 

40 "N and 120 to 130 •w (San Fran­

cisco area) for each season. 

Figure 4a represents the analysis 

of about 2000 observations during 

winter in this sector and shows a 

gradual decrease in the proba­

bility of seeing the horizon from 

66 percent at 10,000 ft to 50 per­

cent at 40,000 ft. From 30,000 ft 

the 1Jky overhead cannot be seen 

21 percent of the time and from 

40,000 ft 13 percent of the time. 

At 30,000 ft the ground below at 

- 30° and - 90° cannot be. seP.n 

52 and 56 percent of the time, 

respectively. 

An analysis of spring, for the 
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.... 30 
''b 

IC 0 • ... -90 
LL. - • -3o• ! 20 H HORIZON 

X +30• 
~ s +90• 
◄ 

10 

5 
2.e 

I 
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PlllClNT PAOIAIILITY 

Figure 4a, Probability of Clear Lines-of­
Sight in Sector 30 to 40°N and 120 to no•w 
for Winter Season 

San Francisco area, based on nearly 1100 observations, is provided in Figure 4b. 

40,-e.r--..---,,-~tt--,,---,--~...,...,.~'"""'I The probability of seeing the 

h rizon varies considerably, 

from 66 percent at 10,000 ft to 

_ 30 53 percent at 20,000 ft, to 69 per­

cent at 30,000 ft, to 44 percent at 

40,000 rt. That blue sky can be 

seen above the aircraft, at + 30 • 

and +90° with a higher probability 

at 30,000 ft than at 40,000 ft , is 

some indication or inconsistencies 

in the data. T~is is undoubtedly 

the result of the subjective type 

.,,Q 
IC 0 • ... -90 

LL. -3o• - • 
120 H HORIZON 

X +30• 
~ 
◄ 

s +90• 

10 

5 t-----------4H..,_~•~---t of observation and small sample 

2.~ t::==:;::::::;=:;::::::;;=!:;!!:::;:=:::;~!;::::::I of data • 
O 10 20 30 40 50 eo 70 10 90 100 Figure 4c depicts an analysis 

PERCENT PIIOIAIILITY 

Figure 4b. Probability of Clear Lines-of­
Sight in Sector 30 to 40 °N and 120 to 130 •w 
for Spring Season 

of the summer s eason. Generally 

the probability of s eeing the sky 

at +30° and +90° is about 88 per ­

cent above 5000 ft. At 10,000 ft 
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~2 I0t-----~---------e-----t 

N 

t: 

r :.., 
4 • -3o• 

10 H HORIZON-----..~-----­
IC +30• 

a S +90• 
Llt-------------i~~-.t I 

and lower the horizon is seen 
more than 7 3 percent of the time, 
while at 20, 000 ft it is seen only 
66 percent of the time and at 
30 ,000 ft 41 percent. Only 300 
observations were available for 
this illustration. 

Figure 4d, fall, in the 
San Francisco sector, shows an 
increase with altitude, in the 
probability of seeing the horizon 
from 51 percent at 5,000 ft to 

0 10 20 10 40 80 10 70 10 10 100 
Pf .. CENT PIIOIAIILITY 

70 percent at 30,000 ft, a com­
plete reversal of the altitude 
trend in other s asons . At 
30 ,000 ft the ground below at - 90 • 
is visible 25 percent of the time . 
Blue sky above at +90 • is visible 
85 percent of the time from 

Figure 4c. P robability of Clear Lines -of­
Sight in Sector 30 to 40 "N and 120 to 130 •w 
for Summer Season 

30,000 ft . Nearly 800 observa ­
tions were used in the analysis . 

Figure 5 provides a sum - 40r----r-'T'-,--,,-"T"-,--'""T-.,.._.,.._ 
mary of all 72,000 observ tions . 
The curves are not intended to 
be representative of any given 
season or location but w re 
drawn to d scribe how proba ­
bilities vary with altitude and 
how th y rdate to each other. 
Some interesting results ob -
t ined from this graph are 
(a ) from an altitude of 40,000 ft 
th sky directly overhead cannot 
be seen five pe rc nt of th e time, 
and (b) th ability to s e the 
horizon varies slightly from 
50 pe r cent at 12,000 ft to 
58 pe r cent at 40,000 ft . 

Why the ea rth's su rfa c 
can be s n with a higher prob­
ability, above 20,000 ft , at an 

_10 
ft) 

/; 
0 
,c .... 
~ -
!20 

• I- 0 - 90 5 • - 3o• 4 

10 H HORIZON 
)( +30• 

s s +9o· 
2.5 

I 

0 IO 20 10 40 110 eo 10 10 10 100 
PfRCENT PR0IAIILITY 

Figur 4d. Probability of Clear Lin s-of­
Sight in S cto r 30 to 40" and 120 to uo•w 
for Fall S ason 
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angle 30 • below th horizon than 

when louking straight down is 

still unexplain d. 

4. COMPARI 0 

Figur 6 provides a com ­

parison between actual frequen ­

cies of clear lines - o:- sight to 

the ground in the 30 to 40 •N, 

70 lo ao~w se ctor provided by 

these aircraft observations and 

analogous, estimated frequencies 

for Washington, D. C . during 

sumrr !r , derived from surface 

cloud and sunshine observations 

by McCabe (l 965). His relation -

ship of sunshine, cloud cover, 

and sun angle fo r this location 

A,CRL 
-'!d- 10· 
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10 
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PERCENT PROBABI LITY 

Figure 5. Probability of Clear Lines-of· 
Sight over Northern Hemisphere for All 
Seasons Combined (7 2,000 observations) 

AWS and season, indicates an esti ­

mate of the probability of a 

cloud-free l ine-of-sight of about I 
I 
I 
I 
I 
I 

30.,_ ___________ ,... ____ -4 I \ 
\I 

\ 

8 7 percent, looking straight up 

from the surface to an altitude 

of 40 ,000 ft. However, th air­

borne observers (AFC RL curve) 

at 40,000 ft, report they can see 

the ground below at -90 •, only 

..... 
,.,0 

\ I 
I \ 
\ \ 

\ I 

\ I 

\ 

' \ \ 
' \ 

51----~~---.:t~---~ 
2.5 ..,_ _______ ;;;:::i~iA,-------

26 percent of the time. The 

AWS - 30 • curve depicts an esti ­

mate of the probability of a 

cloud-fr e line -of-sight to vari ­

ous altitudes at an angle of 30• 

abov th horizon (same as - 30 • 

1 t=========;::!;:=~ 
O IO 20 30 40 50 eo 70 10 10 100 for an airborne observer) o all 

PERCENT PROBABILITY layers up to 40,000 ft. It indicates 

cl a r lin s from the surface to 

Figure 6, Comparison (Washington, D. C, 
in Summ r ) of AFCRL Exp rimental Data 

and AWS D riv d Frequ ncies 

40, 000 ft of 68 percent, whil the 

airborn observ r r ports h can 
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only see the ground 15 percent of the time from that altitude and angle. These 
differences are astonishingly great, 

Some of this difference may be explained by Lund ( 1966) who states: "Since 
the sunshine recorder does not detect 'thin' clouds, the probability of a clear 
line-of-sight, as defined in this paper, exceeds the probability of a cloud-free 
line-of-oight by an amount equal to the probability of 'thin' clouds, roughly 6 to 
20 percent at the stations under study." More may be explained by the fact that 
smoke, haze, and ground fog are not detected by the sunshine recorder, yet their 
presence can be a serious obstruction to seeing the ground or other airborne 
objects from an aircraft. 

U.S. Weather Bureau (1951) statistics show that the average cloudiness over 
Washington, D.C., during summer, is 5/10, Clear days (3110 or less clouds) 
were reported 35 percent of the time. These statistics, as summarized from 
standard surface observations, suggest a much more optimistic picture of unob­
structed lines-of-sight than provided by observations of the ground by an airborne 
observer. 

A total of 300 aircra~t observations were available for this illustration: 
43 at 1000 ft; 37 at 2500 ft; 59 at 5000 ft; 65 at 10,000 ft; 21 at 20,000 ft; 50 at 
30,000 ft; and 27 at 40,000 ft. Because such a small sample can be unrepresenta­
tive, it was compared with all 72,000 observations (Figure 5) to establish furth e r 
confidence in these unexpected results, much lower prohability of clear lines-of­
sight than expected, The -90° and -30° curves in Figure 5 seem to support the 
AFCRL -90° and -30° curves in Figure 6, although obstructions to air -to-ground 
visibility over the mid-Atlantic coast (Figur 6) in the summer appear somewhat 
greater than the annual Northern Hemispher average provided by the Weather 
Bureau. 

5. \tMARY 'D CO CLU ION 

The relative frequencies of clear lines-of-sight plotted on the maps in the 
appendices of this paper ar based on more than 72,000 in-flight obser ations. 
Nevertheless, the r presentativeness of these es timates as true long term prob­
abilities is open to question. The observations were taken by many differ nt 
observers, from a wid variety of airc raft, at all times of the day and night, at 
all seasons of the year, from points scattered over most of the orthern Hemi­
sphere. The data were summarized by s eason, altitude, angle of vision, and 
10 • latitude-longitude sectors. This necessary subdivision of th data has often 
led to estimates of probabilities based upon small samp es of data. Ther e is 
also a qu stion of the r epr s ntativeness of the 1965-66 obs rvations for long 
te rm climatology. 
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Despite these shortcomings, the observations are unique and the probability estimates provide a first approximation of the true seeing conditions from a cock­pit, Hopefully better estimates will be obtained through future endeavors of this type. 

Some pertinent information obtained from these data are: 
(a) Highest probabilities in winter, of a clear line-of-sight looking at th surface from 25,000 to 35,000 ft are over land areas with probability decreasing as ocean areas are approached, 

(b) In general there is a 20- to 30-percent chance of not seeing blue sky from altitudes of 25,000 to 35,000 ft in winter, 

15 

(c) A distinct horizon is seen, with few exceptions, more than 50 percent of the time along the 40° latitude circle in winter from 25,000 to 35,000 ft. 
(d) Fall, in the San Francisco sector, shows an increase with altitude in the probability f seeing the horizon from 51 percent at 5000 ft to 70 percent at 40,000 ft, a complete reversal of the altitude trend from other seasons. 

(e) If the small sample of aircraft observations, used in Figure 6, is representative of the true relationship between probabilities deduced from standard surface weather observations and the actual probability of air crews to see the ground, estimates of clear lines-of-sight from the air, based upon standard sur­face weather observations, are very greatly inflated and will lead to badly under­designed visual and infrared detection and tracking systems. 
(f) A check of statistics of clear days, as summarized from standard sur­face observations, reveals that they provide a much more optimistic picture than that provided by observations of the ground by an aircraft observer as indicat d by these n, 000 observations. Since, on a cl ar day th re should be no obstruction to lines-of-sight, it appears that what is a clear day to a ground observer is not a clear day to an airborne observer. 
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Appendix A 

Winte, EstimatH of Probability of a CINr Line-of-Sight 

In this • ppendix are given Northern Hemispher maps of estimates of the 
probability of a clear line-of-sight for winter (December, January, February) at 
five selected angles of vision: (a) ground at 90 degrees below the horizon (-90•) ; 
(b) ground at 30 degrees blow the horizon (-Jo•) ; (c) horizon; (d) sky at 30 de­
grees above the horizon (+30•) ; (e) sky at 90 degre s above the horizon (+90•), 
and for eight altitude layers: below 1800 ft; 1 01 to 3600 ft; 3601 to 7400 ft ; 
7401 to 14,999 ft; 15 ,000 to 24,999 ft; 25,000 to 34,999 ft; 35,000 to 44,999 ft; 
and above 45,000 ft. The Northern Hemisphere is divided into 10• latitude­
longitud sectors. The values given in thes s ctors are estimates of the proba­
bility of a clear line -of-sight. Values in parentheses indicate the number of ob-
s rvations taken in that sector. Probabilities were not computed for sectors that r port d 1 ss than 10 observations. 



AZ 

Figure Al. E<Jtimates of th e Probability c.f Seeing the G:--ound Directly Below the Aircraft (-90°) from Altitudes up to 1800 ft, in Winter. \Estimates are based on the number of observations shown in parenthes es) 
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Figure AZ. Estimates of the Probability of Seeing the Ground at 30° Below the Horizon (-30°) from Altitudes up to 1800 ft, i n Winter. (Estimates are based on the number of observations shown in parer.theses) 
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Figure A3. Estimates of the Probability of Seeing the Horizon from Altitud s up to 1800 ft, in Winter. (Estimates are based on the number of observations shown in parentheses) 



Figure A4. Estimates of th Probability of Seeing Blue Sky at 30° Above the Horizon (+30°) fror:i Altitudes up to 1800 ft, in Winter. (Estima\ s are bas d on the number of observations shown in parentheses) 
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Figure AS . Estimates of the Probability of Seeing Blue Sky at 90 ° Above th e Horizon (+ 90 °) from Altitudes up to 1800 ft, in Winte r. (Estimates are bas d on th e number of observations shown in parenth s es ) 



Figure A6 . Estimates of the Probability of Seeing the Ground Directly Below th e Aircraft (-90°) from Altitudes of 1801 to 3600 ft, in Winter. (Estimates are based on the number of obs ervations shown in parentheses) 
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Figure A 7. Es timates of the Probability of Seeing the Ground at 30 • B elow 
th e Horizon ( -30° ) from Altitudes of 1801 to 3600 ft, in Winter. (Estimate.'i are bas ed on the number of ob!<ervations shown in parentheses) 
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Figure AB . Estimat s of th Probability of Se ing th Horizon from Altitudes of 
1801 to 3600 ft, in Wint r. (Estimat s ar bas don th numb r of obs rvations 
shown in parenth es s) 
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Figure A9. Estimates of the Probability of Seeing Blue Sky at 30° Above the 
Horizon (+30") from Altitudes of 1801 to 3600 ft, in Winter. (Estimates are 
based on the number of observations shown in parentheses) 
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Figure A 10. Estimates of th Probability of S ing Blue Sky a t go• Abov th 
Hori zon (+ go •) from Altitudes of 1801 to 3600 ft, in Wint e r, (E stimates a r e 
bas d on th e numb r of observations shown in par nth es s ) 
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Figure Al 1. Estimat s of th e Probability of See ing th e Ground Directly B low 
th e Airc raft (-90 °) from Altitudes of 3601 to ?400 ft, in Winte r . (E stimates 
are bas ed on the numbe r of obse r vations shown in par nthes es) 



Figure Al 2. Estimat s of th e Probability of S ing th Ground at 30 ° Below th e Horizon (-30 °) from Altitud s of 3601 to 7400 ft, in Wint r. (Estimates are bas ed on th numbe , ~f obs ervations shown in par nth s s ) 
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Figure Al 3. Estimat s of the P robability of Seeing th Horizon from Altitudes of 
3601 to 7400 ft, in Winter. (Estimates are based on the numb r of obs rvations 
shown in parenthes s ) 



Figure Al4 . Estimates of the Probability of Seeing Blue Sky at 30° Above the Horizon(+ 30") from Altitudes of 3601 to 7400 ft, in Winte r. (Estimates are based on the number of observations shown in parr.ntheses ) 
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Figur Al 5, Estimates of th e Probability of Seeing Blue Sky at go• Abov th e 
Horizon(+ go• ) from Altitudes of 3601 to 7400 ft , i n Winter. (Estimates ar e 
based on th e number of obser vations shown in par enth ses ) 



Figure Al 6, Estimates of the Probability of Seeing the Ground Directly Below the Aircraft (-90 °) from Altitudes of 7401 to 14, 999 ft, in Winter, (Estimates are based on the number of observations shown in parentheses) 
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Figure• .".. t 7. Estimates of the Probability of Seeing the Ground at 30 • Below the Horizon (-30°) from Altitudes of 7401 to 14, 999 ft, in Winter. (Estimates are bas don the number of observations shown in parentheses) 
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Figure A 18. Es timates of th e Probability of Seeing the Horizon from Altitudes of 
7401 to 14,999 ft, in Winte r. (Est imates a r e bas ed on the number of obse rvations 
shown in parenth eses) 

• I 
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Figure A 19. Estimates of the Probability of Seeing Blue Sky at 30 • Above th e Horizon(+ 30 °) from Altitudes of 7401 to 14, 999 ft, in Winter. (Estimates a r e bas don th numbe r of obse rvations shown in parenth . s s ) 
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Figure A20. Estimates of th e Prohability of Seeing Blue Sky at 90° Above the 
Horizon (+ 90°) from Altitudes of 'i 401 to 14,999 ft, in Winter. (Estimates are 
based on the number of observations shown in parentheses) 
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Figure A21. Estimates of th Probability of Seeing the Ground Directly Below 
the Aircraft (-90°) from Altitudes of 15,000 to 24,999 ft, in Winte r. (Estimates 
are bas d on the number of obse rvations shown in parenth es es) 
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Figure A22, Estimates of the Probability of Seeing th e Ground at 30° Below the 
Horizon (- 30°) from Altitudes of 15,000 to 24,999 ft, in Winter. (E stimates are 
based on the number of observations shown in parentheses) 
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Figure A2 3. Estimates of th e Probability of Seein c the Horizon from Altitudes of 
15,000 to 24,999 ft, in Winte r. (Estimates a r e based on the numbe r of obse rvations 
shown in parenth s es) 
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Figure A24. Estimates of the Probability of Seeing Blue Sky at 30° Above the 

Horizon(+ 30° ) from Altitudes of 15,000 to 24, 99S ft, in Winter . (Estimates 

are bas ed on the number of obs rvations shown in parentheses) 
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Figure A25. Estimat s of th e Probabili ty of Seeing Blue Sky at 90° Abov the Horizon(+ 90°) from Altitudes of 15,000 to 24,999 ft, in Winter. (Estimates are bas ed on the number of obs er vations shown in par nth eses) 
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Fig;.ire A26. Estimates of the Probability of Seeing the Ground Directly Below the 
Aircraft (-90°) from Altitude s of 25,000 to 34,999 ft, in Winter. (Estimates are 
based on th e number of observations shown in parentheses) 
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Figure A27. Estimates of the Probability of Seeing the Ground at 30° Below th e Horizon (-30°) from Altitudes c,f 2:- . ri oo to 34,999 ft, in Wint er . (Estimates are based on the number of observation.i shown in parentheseb~ 
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Figure A28. Estimates of th e Probability of Seeing the Horizon from Altitudes of 25,000 to 34,999 ft, in Wint r . (Estimates are based on th e number of observations shown in parentheses) 
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Figure A29 . Estimates of th e Probability of Seeing Blue Sky at 30° Above the 
Horizon(+ 30 °) from Altitudes of 25,000 to 34,999 ft, in Wint er. (Estimates 
are based on the number of observations shown in parentheses) 



Figure A30. Estimates of the Probability of Seeing Blue Sky at 90° Above the Horizon(+ 90°) from Altitudes of 25,000 to 34,999 ft, in Winter. (Estimates are based on the number of observations shown in parentheses) 
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Figure A 31. Estimates of the Probability of Seeing the Ground Direc tly Below the Airc raft (-90°) from Altitudes of 35, 00<' to 44 , 999 ft, in Wint er. (Estimates are 
based on th e numbe r of obse rvations shown in parenthes es) 
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Figure A32. Estimates of th e P robability of Seeing the Ground at 30° B elow the Horizon ( - 30°) from Altitudes of 35, 000 to 44,999 ft , in Winter . (Estimates ar based on the number of observations shown in parentheses ) 
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Figure A33. Estimates of the Probability of Seeing the Horizon from Altitudes of 35,000 to 44,999 ft, in Winter. (Estimates are based on the number of observations shown in parentheses) 
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Figure A34. Estimates of th e Probability of Seeing Blu e Sky at 30' Abov the 
Horizon(+ 30°) from Altitude s of 35,000 to 44,999 ft, in Wint er. (Estimates 
are based on th e number of obse r vations shown in pa r enthes es) 
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Figure A35. Estimates of the Probability of Seeing Blue Sky at 90 ° Above th Horizon(+ 90°) from Altitudes of 35 ,000 to 44,999 ft, in Winter . (Estimates are based on the number of obs e rv;,.tions shown in parentheses) 
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Figure A36, Estimates of the Probability of Seeing the Ground Directly B low the Aircraft (- 90°) from Alt i tudes Abov 45,000 ft, in Wint er. (E~timat s are bas d on th number of observations shown in parentheses) 
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Figur A37. Estimates of th e Probability of Seeing the Ground at 30° Below the Horh.on (-30°) from Alti udes Above 45,000 ft, in Win ter. (Estimates ar e bas ed on th e number of obser·vations shown in parenthes es) 



Figure A38. Estimates of the Probability of Seeing the Horizon from Altitudes 
Above 4:.i, 000 ft, in Winter. (Estimates ar:e based on the number of observations 
shown in parentheses) 
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Figure A39. Estimates of the Probability of Seeing Blu e Sky at 30° Ab, . the 

Hori zon(+ 30°) from Altitud s Abov 45,000 ft , in Winte r . (Estimates a r e 

ba13ed on th e numbe r of obse rvations shown in pa r nthes es) 
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Figure A40. Estimates of the Probability of Seeing Blue Sky at 90• Above the Horizon(+ 90•) from Altitudes Above 45,000 ft, in Winter. (Estimates are based on the number of observations shown in parentheses) 
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Appendix B 
Spring E1timott1 of Probability of o CINr Lino-of-Sight 

In this appendi'< are given Northern H misph r maps of stlmat s of th probability of a clear line-of-sight for spring (March, April, May) at fiv s 1 ct d angles of vision: (a) ground at 90 degr es below the horizon (-90"); (b) ground at 30 degrees below the horizon (-30"); (c) horizon; (d) sky at 30 degr s above th horizon (+30°); (e) sky at 90 degre s abov th horizon (+90°), and !or eight alti­tude lay rs: below 1800 ft; 1001 to :t600 ft; 3601 to 7400 ft; 7401 to 14,999 ft; 15,000 to 24,999 ft; 25,000 to 34,999 ft; 35,000 to 44,999 ft; and above t:>,000 ft. The Northern Hemisphere is divid d into 10• latitud -longitud sectors. Th valu s given in these sectors ar estimates 
1
of the probability of a clear line-of­sight. Values in parenthesP.s indicate the number of observations tak n in that sector. Probabilities were not comput d f~,.r s ctors that r port d less than 10 observations. 
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Figure Bl. Estimates of the Probability of Seeing the Ground Oirecily Below the 
Aircraft (-90•) from Altitudes up to 1800 ft, in Spring. (Estimates are based on 
the number of obaervations shown in parentheses) 
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• Figure BZ. Estimates of the Probability of Seeing the Ground at 30• Below the Horizon (-30") from Altitudes up to 1800 ft, in Spring. (Estimates are baaed on the number of observations shown in parentheses) 
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Figure B3. Estimates of the Probability of Seeing the Hori2on from Altitude& up 
to 1800 ft, in Spring. (Estimates are based on the number of observations shown 
in parentheses) 
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Figure B4. Estimates of the Probability of Seeing Blue Sky at 30• Ahove the 
Horizon(+ 30•) from Altitudes up to 1800 ft, in Spring. (Estimates are based 
on the number of observations shown in parentheses) 
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Figure B5. Estimates or the Probability or Seeing Elue Sky at 90" Above the Horizon (+ 90") from Altitudes up to 1800 ft, in Spring. (Estimates are based on the number· of observations shown in parentheses) 
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Figure B6. Estimates of the Probability of Seeing the Ground Directly Below the 
Aircraft (-90°) from Altitudes of 1801 to 3600 ft, in Spring. (Estimates o.re based 
on the number of observations shown in parentheses) 
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Figure B7. Estimates o the Probability of Seeing the Ground at 30° Below the Horizon (- 30°) from Altitudes of 1801 to 3600 ft, in Spring. (Estimates are based on the number of observations shown in parenthes s) 
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Figure BS. Estimates of the Probability of Seeing the Horizon from Altitudes of 
1801 to 3600 ft, in Spring. (Estimates are based on the number of observations 
shown in parenthese s) 
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Figure B9. Estiroates of the Probability of Seeing Blue Sky at 30" Above the 
Horizon(+ 30") from Altitudes of 1801 to 3600 ft, in Spring. (Estimates are 
based on the number of observations shown in parentheses) 



Figure Bl0. Estimates of the Probability of Seeing Blue Sky at 90' Above the 
Horizon(+ 90') from Altitudes of 1801 to 3600 ft, in Spring. (Estimates are 
based on the number of observations shown iJ1 par nth s s) 
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Figure Bl 1, Estimates of the Probability of Se ing th Ground Dir ctly B low th e Airc raft (-90") from Altitud a of 3601 to 7400 ft, in Spring. (Estim t s 
are based on the number of obs rvations shown in pa r cnth l'.' li s) 
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Figure B12 • ...; stimates of th e Probability of S eing ti e Ground at 30" B low the Horizon (-30 °) from Altitudes of 3601 to 7400 ft, in Spring. (Estimat s are based on the numb r of observations shown in paren h s s) 
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Figure Bl 3. Estimates of the Probability of Seeing the Horizon from Altitudes of 3601 to 7400 ft, in Spring. (Estimates are based on the number of observations shown in parentheses) 
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Figure B 14 . Estimates of th e Probability of Seeing Blue Sky at 30 • Above the 
Horizon (+ 30•) from Altitudes of 3601 to 7400 ft, in Spring. (Estimates are 
based on the number of observations shown in parentheses) 
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Figure B15. Estimates of the Probability of Seeing Blue Sky at 90° Above the Horizon(+ 90") from Altitudes of 3601 to 7400 ft, in Spring. (Estimates are based on th number of observations shown in parentheses) 
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Figure B16. Estimates of the Prob~bility of Seeing the Ground Directly Below 
the Aircraft (-90") from Altitudes of 7401 to 14, 999 ft, in Spring, (Estimates 
are based on the number of observations shown in parentheses) 
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Figure B 17. Estimat<;?S of the Probability of Seeing the Ground at 30 ° Below the Horizon (-30") from Altitudes of 7401 to 14,999 ft, in Spring. (Estimates are based on the number of observations shown in oarentheses) 
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Figure B1 8, Estimates of the Probability of Seeing the Horizon from Altitudes of 7401 to 14,999 ft, in Spring. (Estimates are based on the number of observations shown in parentheses) 



B20 

Figure B1 9. Estimates of th Probability of s~ ing Blue Sky at 30 ° Above the Horizon (+ 30 °) from Altitudes of 7401 to 14,999 ft, in Spring. (Estimates a r e based on th number of observations shown in parenthes s ) 
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Figure B20, Estimates of th Probability of S eing Blu e Sky at 90° Abov the Horizon ( I- 90°) from Altitud s of 7401 to 14,999 ft, in Spring. (Estimat s are bas~d on th e number of obs rvat ions shown in par nth es s ) 
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Figure B21, Estimates of the Probability of Seeing the Ground Directly Below the Aircraft (-90 °) from Altitudes of 15,000 to 24, 999 ft, in Spring. (Estimates are based on the number of observations shown in parentheses) 
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Figure B22. Estimates of th e Probability of Seeing the Ground at 30° Below the Horizon (- 30 °) from Altit ud s of 15,000 t.o 24,999 ft, in Spring. (Estimates are bas don th numbe r of obse rvations sho'Nn in parentheses ) 
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Figure B23, Estimat s of th e Probability of Se ing th e Horizon from Altitudes of 
15,000 to 24, 999 ft, in Spring. (Estimat s ar f' based on the numb r of obse rvations 
shown in parenth es s ) 
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Figu r B24. Es ti mat s of th P obability of S eing Blu Sky at 30 • A bov t Horizon (+ 30° ) from Alti tud s of 15, 000 to 24, ~99 ft, in Spring. (E stimat s ar bas don th numb r of obs rvations shown in par nthcs s) 
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Figure B25, Estimates of the Probability of S eing Blue Sky at 90° Above the 
Horizon (+ 90 °) from Altitudes of 15,000 to 24,999 ft, in Spring. (E stimat s 
are based on the number of observations shown in parentheses) 
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Fig'Ure B26. Estimat s of th Probability of S ing the Ground Directly Below the Airc raft (- 90°) from Altitud s of 25,000 to 34,999 ft, in Spring. (Estimates are 
based on the number of obc:, rvations shown in parentheses) 
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Figure B27. Estimates of th Probability of S ing the Ground al 30 ° B low lh 
Horizon (-30 °) from J\ltiludes of 25,000 to 34, 999 ft, in Spring. (Estimates are 
bas don th e number of observations s hown in pa r ntheses ) 
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Fibur B28. Estil'!lat s of th e Probability of Seeing th Hori:z ~,. , from Altitudes of 25, 000 to 34,999 ft , in Spring. (Estimates ar based on the numbe r of observations shown in parenth s s ) 
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Figure Bl9. Estimates of the Probability of Seeing Blue Sky at 30° Above the Horizon (+ 30 °) from Altitudes of 25,000 to 34,999 ft, in Spring. (Estimates are based on th e number of obse rvations shown in parenthes es) 



Figure B30. Estimat s of the Probability of Seeing Blue Sky at 90° Above the Horizon(+ 90°) from Altitud s of 25,000 to 34,999 ft, in Spring. (Estimates ar bas ed on the number of observations shown in par nth s s) 
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Figur B31. Estimat s of th Prol 1bility of S eing th Ground Di rectly Below th Ai r e raft ( -90 • ) from Altitud s of 35, 000 to 44, 999 ft, in Spring. (Esti mat s a r based on th numb r of obs rvations shown in par nth s s ) 



Figur B32. Estimates of th Probability of Se ing the Gr und at 30 ° B low th Hori zon ( - 30 °) from Altitudes of 35, 000 to 44,999 ft, in Spring. (Estimat s are bas don th nu mbe r of obs e rvations shown in pa r nth eses ) 
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Figur B 33. Estimates of th e Probabil ity of Seeing the Horizon from Altitudes of 35,000 to 44 ,999 ft, in Spring. (Estimates are based on the number of ob: e rvations shown in paren th eses) 



Figure B34. Estimat s of the Probability of Se ing Blue Sky at 30° Above the Horizon(+ 30°) from Alt i ud s of 35, 000 to 44,999 ft, in Spring. (Estimates ar based on th number of obs ervations shown in parentheses) 
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Figure B 35. Estimates of th e P robability of S ing Blu Sky at 90° Above the Horizon (+ 90°) from Altitud s of 35, 000 to 44 ,999 ft, in Spring. (Estimates ar bas don the numb r of obs rva ions show:, in parenthes s) 
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Figure B36 . Estimates of th e Probability of S ing th Ground Directly Below th 

Aircraft ( -90°) from Altitud s Abov 45,000 ft , in Spring . (Estimat s are bas d 

on th numb r of obs ervations shown in parenth s s ) 
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Figurt B 37. Estimates of th e Probability of Seeing the Ground at 30 • Below the 

Horizon (-30°) from Altitudes Above 45,000 ft, in Spr 'ng . (Estimates ar e based 

on th e numbe r of obse rvations shown in parenthes es) 
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Figure B38. Estimates of the Probability of Se >ing the Horizon from Altitudes 

Above 45,000 ft, in Spring. (Estimates are bas don the number of observations 

shown in parentheses) 
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Figure B39. Estimates of th Probability of Seeing Blue Sky at 30° Above the Horizon(+ 30") from Altitudes Above 45,000 ft, in Spring. (E . timates are based on th e number of obser tions shown in par ntheses) 



Figure B40. Estimates of the Probability of S eing Blue Sky at 90 • Above the Horizon(+ 90°) from Altitudes Above 45,000 ft, in Spring. (Estimates are ,ased on the number of observations shown in parentheses) 
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Appendix C 

Summer Estimates of Probability of a Clear Lint-of-Sight 

In this appendix are given Northern Hemisphere maps CJ! estimates of the 
probability of a clear line-of-sight for summer (June, July, August) at five selected 
angles of vision: (a) ground at 90 degrees below the horizon (-90°); (b) ground at 
30 degrees below the horizon (-30'); (c) horizon; (d) sky at 30 degrees above the 
horizon (+30'); (e) sky at 90 degrees above the horizon (+90'), and for eight alti­
tude layers: below 1800 ft; 1801 to 3600 ft; 3601 to 7400 ft; 7401 to 14,999 ft; 
15,000 to 24,999 ft; 25,000 to 34,999 ft; 35,000 to 44,999 ft; and above 45,000 ft, 
The Northern Hemisphere is divided into 10 • latitude-longitude sectors, The 
values given in these sectors are estimates of the probability of a clear line-of­
sight. Values in parentheses indicate the number of observations taken in that 
sector. Probabilities were not computed for sectors that reported less than 10 
observations. 
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Figure Cl. Estimates of the Probability of Seeing the Ground Directly Below the 

Aircraft (- 90°) from Altitudes up to 1800 ft, in Summer. (Estimat es are based 

on the number of observations shown in parentheses) 
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Figure C2. Estimates of the Probability of Seeing the Ground at 30 • Below the 

Horizon (- 30°) from Altitude s up to 1800 ft, in Summer. (Estimates are based 
on the number of observations shown in parenthes es) 
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Figure C 3, Estimates of the Probability of Seeing the Horizon from Altitudes up 

t.o 1800 ft, in Summer. (Estimates are based on the number of observations 

uhown in parentheses) 



Figure C4. Estimates of the Probability of Seeing Blue Sky at 30 • Above 
the Horizon(+ 30') from Altitudes up to 1800 ft, in Summer. (Estimates 
are based on the number of observations shown in parentheses) 
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Figure C5 . Estimates of the Probability of Seeing Blue Sky at 90° Above the Horizon (+ 90 °) from Altitudes up to 1800 ft, in Summer. (Estimates are based on the number of observations shown in p rentheses) 



Figure C6. Estimates of the Probability of Seeing the Ground Directly Below 
the Aircraft (-90°) from Altitudes of 1801 to 3600 ft, in Summ er. (Estimates 
are based on the number of observations shown in parentheses) 
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Figure C7. Es!imates of the Probability of Seeing the Ground at 30° Below the Horizon (-30°) from Altitudes of 1801 to 3600 ft, in Summer. (Estimates are 
based on the number of observations shown in parentheses) 
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Figure CB. Estimates of the Probability of Seeing the Horizon Between Altitudes of 1801 to 3600 ft, in Summer. (Estimates are based on the number of observations shown in parentheses) 
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Figure C9. Estimates of the Probability of Seeing Blue Sky at 30° Above th e Horizon(+ 30°) Between Altitudes of 1801 to 3600 ft, in Summer. (Estimates are based on the number of observations shown in parentheses) 
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Figure Cl0. Estimat1is of the Probability of Seeing Blue Sky at 90• Above the 
Hori zon(+ 90°) Betw een Altitudes of 1801 to 3600 ft, in Summer. (Estimates 
are based on the number of observations shown in parentheses) 
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Figure C 11. Estimates of the Probability of Seeing the Ground Directly Below the Aircraft (-90°) from Altitudes of 3601 to 7400 ft, in Summer. (Estimat s are based on the number of observations shown in parentheses) 
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Figure C 12. EstimateR of th e Probability of Seeing the Ground at 30 • Below the 
Horizon (-30°) from Altitudes of 3601 to 7400 ft, in Summer. (Estimates ar 
based on the numbe r of obse rvations shown in parenthes es) 
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Figure Cl . Estimates of th e P robability of S ing the Horizon from Altitudes of 
3601 to 7400 ft, in Summe r . (Estimates are bas don the numb r of observations 
shown in pare nth es es) 



Figure Cl 4. Estimates of the Probability of Seeing Blu Sky at 30° Above the Horizon(+ 30°) from Altitud s of 3601 to 7400 ft, in Summer. (Estimates are based on the numbe r of obse rvations shown in parenthes s) 
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Figur ClS. Estimates of the Probability of Seeing Blue Sky at go• Above the Horizon(+ go•) from Altitudes of 3601 to 7400 ft, in Summer . (Estimat s are based on the number of observations shown in parentheses) 
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Figui·e Cl 6, Estimates of the Probability of Seeing the Ground Directly Below the Aircraft (-90°) from Altitudes of 7401 to 14,999 ft, in Summ r, (Estimates are based on the number of observations shown in par,'nth eses) 
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Figure Cl 7. Estimates of th e Probability of Seeing the Ground at 30° Below th Horizon (-30°) from Altitud s of 7401 to 14,999 ft, in Summ er. (Estimates are based on the numbe r of obs r vations shown in parentheses) 
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Figure C 18. Estimate s of the Probability of Seeing the Horizon from Altitud s of 
7401 to 14,999 ft, in Summ er. {Estimates are based on the number of obse r ations 
shown in parentheses ) 
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Figure Cl 9, Estimates of th e Probability of Seeing Blue Sky at 30° Above the Horizon(+ 30°) Between Altitudes of 7401 to 14,999 ft , in Summer. (Estimates are based on the number of obse rvations shown in pa r enth eses) 
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Figure C20. Estimates of the Probability of Seeing Blu e Sky at 90° Above the 
Horizon(+ 90°) Betw een Altitudes of 7401 to 14, 999 ft, in Summer. (Estimates 
are bas ed on the number of obs ervations shown in parentheses) 
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Figur C21. Estimates of th Probability of S eing th Ground D1r ctly Below the 
Airc!'aft ( -90 °) from Altitudes of 15,000 to 24,999 ft, in Summer . (Estimat s ar 
based on the nu mb r of observations shown in par nth ses ) 
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Figure C22. Estimates of th e Probability of Seeing the Ground at 30 ° B low the 
Ho1i zon ( -30°) from Altitude s of 15,000 to 24,999 ft, in Summ r. (Estimat s 
ar bas ed on th e number of obs rvations shown in parenth ses) 
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Figure C23. Estimates of the Probability of Seeing the Horizon from Altitudes of 1 S, 000 to 24, 999 rt, in Summer. ( Estimates are based on the number of observations shown in parenth eses) 



CZ5 

Figure CZ4. Estimates of the Probability of Seeing Blue Sky at 30• Above the Horizon(+ 30•) from Altitudes of 15,000 to Z4, 999 ft, in Summer. (Estimates are based on the number of observations shown in parentheses) 
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Figure C25. Estimates of the Probability of Seeing Blue Sky at 90" Above the 
Horizon (+ 90°) from Altitudes of 15,000 to 24, 999 ft, in Summer. (Estimates 
are based on the number of observations shown in parentheses) 



CZ7 

Figure CZ6. Estimates of the Probability of Seeing the Ground Directly Below the Aircraft (-9o•) from Altitudes of 25,000 to 34, 999 ft, in Summer. (Estimates a re based on the number of observations shown in parentheses) 



CZ8 

Figure CZ7 . Estimates of the Probability of Seeing the Ground at 30• Below the 
Horizon (-30•) from Altitudes of ZS, 000 to 34, 999 ft, in Summer. (Estimates 
are based on the number of observations shown in parentheses) 



CZ9 

Figure CZ8. Estimates of the Probability of Seeing the Horizon from Altitudes of ZS, 000 to 34,999 ft, in Summer. (Estimates are based on the number of observations shown in parentheses) 



ClO 

Figure CZ9. Estimates of the Probability of Seeing Blue Sky at 30• Above the Horizon(+ 30•) from Altitud s of ZS, 000 to 34,999 ft, in Summer. (Estimates are based on the number of observations shown in parentheses) 



Cll 

Figure C30. Estimates of the Probability of Seeing Blue Sky at 90' Above the 
Horizon(+ 90') from Altitudes of 25,000 to 34,999 ft, in Summer. (Estimates 
are based on the number of observations shown in parentheses) 
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Figure C31, Estimates of the Probability of Seeing the Ground Directly Below the 
Aircraft (-90") from Altitudes of 35,000 to 44,999 ft, in Summer. (Estimates are 
based c,n the number of observations shown in parentheses) 

------~----------- ·--



Figure C3Z, Estimates or the Probability or Seeing the Ground at lo• Below the Horizon (-3'J•) from Altitudes or 35,000 to 44,999 ft, in Summer, (Estimates are based on the number or observations shown in parentheses) 
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Figure C33. Estimates of the Probability of Seeing the Horizon from Altitudes of 35, 000 to 44, 999 ft, in Summer. (ERtimates art: based on the number of observations shown in parentheses) 
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Figure C34, Estimates of the Probability of Seeing Blue Sky at 30• Above the Horizon(+ 30") from Altitudes of 35,000 to 44,999 ft, in Summer. (Estimates are based on the number of observations shown in parentheses) 



C36 

Figure C35, Estimates of the Probability of '3eeing Blue Sky at 90° Above the 
Horizon(+ 90°) from Altitudes of 35,000 to 44,999 ft, in Summer. (Estimates 
are based on the number of observations shown in parentheses) 



Figure C 36, Estimates of the Probability of Seeing the Ground Directly Below the Aircraft (-90 •) from Altitudes Above 45, 000 ft, in Summer. (Estimates are based on the number of observations shown in parentheses) 



C38 

Figure C 37. Estimates or the Probability of Seeing the Ground at 30 • Below 
the Horizon (- 30 •) from Altitudes Above 45,000 ft, in Summer. (Estimates 
are based on th1~ number of observations shown in parentheses) 



Figure C38. Estimates of the Probability of Seeing the Horizon from Altitudes 
Above 45,000 ft, in Summer. (Estimates are based on the number of observations 
shown in parentheses) 



C40 

Figure C39, Estimates of the Probability of Seeing Blue Sky at JC• Above the Horizon(+ JO•) from Alti!udea Above 45,000 ft, in Summer. (Estimates are baaed on the number of observations shown in parentheses) 



Figure C40, Estimates of the Probability of Seeing Blue Sky at 90• Above the 
Horizon (t no•) from Altitudes Above 45,000 ft, in Summer. (Estimates are 
based on the number of observations shown in parentheses) 
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Appendix D 

Foll E1tlmote1 of ProlHiltllity of o CINr Lino-of-Sight 

In this appendix are given Northern Hemisphere maps of estimates of the 
probability of a clear line-of-sight for fall (September, October, November) at 
five selected angles of vision: (a) ground at 90 degrees below the horizon (-90•); 
(b) ground at 30 degrees below the horizon (-30•); (c) horizon; (d) aky at 30 de­
grees above the horizon (+30•); (e) sky at 90 degrees above the horizon (+90•), 
and for eight altlltude layers: below 1800 ft; 1801 to 3600 ft; 3601 to 7400 ft; 
7401 to 14,999 ft; 15,000 to 24,999 ft; 25,000 to 34,999 ft; 35,000 to 44,999 ft; and 
above 45,000 ft. The Northern Hemisphere is divided into 10• latitude-longitude 
sectors. The values given in these sectors are estimate■ of the probability of a 
clear line-of-sight, Values in parentheses indicate the number of obaervationa 
taken in that sector. Probabilities were not computed for aectora that reported 
leas than l O observations. 
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Figure DI, Estimates of the Probability of Seeing the Ground Directly Below the 
Aircraft (-90•) from Altitudes up to 1800 ft, in Fall. (Estimates are based on the 
number of observations shown in parentheses) 
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Figure DZ. Estimates of the Probability of Seein,= the Ground at 30° Below the 
Horizon (-30°) from Altitudes up to 1800 ft, in Fa.i.l, (Estimates are based on 
the number of observations shown in parentheses) 
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Figure 03, Estimates of the Probability of Seeing th Horizon from Altitudes 
up to 1800 ft, in Fall. (Estimates are based on the nu mber of observations 
shown in parentheses) 



Figure D4 . Estimates of the Probability of Seeing Blue Sky at 30 ° Above the Horizon(+ 30°) from Altitudes up to 1800 ft, in Fall. (Estimates are based on th e number of observations shown in parenthes es) 
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Figure D5, Estimates of the Probability of Seeing Blue Sky at 90° Above the 

Horizon(+ 90") from Altitudes up to 1800 ft, in Fall. (Estimates are based 

on the numbP.r of observations shown in parentheses) 

1 



Figure 06. Estimates of the Probability of Seeing the Ground Directly Below 
the Aircraft (-90") from Altitudes of 1801 to 3600 ft, in Fall. (E!ltimates are 
based on the number of observations shown in parentheses) 
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Figure D7. Estimates of the Probability of Seeing the Ground at 30 • Below the 
Horizon (-30°) from Altitudes of 1801 to 3600 ft, in Fall. (Estimates are based 
on the number of observations shown in parenthP.ses) 
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Figure D8. Estimates of th Probability of S ing the Horizon from Altitudes of 1801 to 3600 ft, in Fall. (Estimates are based on th e numb r of obs rvations shown in parenth eses) 
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Figure D9. Estimates of the Probability of Seeing Blue Sky at 30° Above the 
Horizon(+ 30°) from Altitudes of 1801 to 3600 ft, in Fall. (Estimates are 
based on the number of observations shown in parentheses) 



Figure DI O, Estimat s of the Probability of Seeing Blue Sky at 90 • Above the Horizon(+ 90") from Altitudes of 1801 to 3600 ft, in Fall. (Estimat s are based on th number of obs rvationR shown in parenthes s ) 

DI I 



OlZ 

Figure DI 1. Estimates of the Probability of Seeing the Ground Directly Below 
the Aircraft (-90°) from Altitudes of 3601 to 7400 ft, in Fall. (Estimates are 
based on the number of observations shown in parentheses) 
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Figure Dll . Estimates of th Probability of Se ing th Ground at 30° Below th e Horizon (-30°) from Altitudes of 3601 to 7400 ft, in Fall. {Estimates are based on th e number of observations shown in parentheses) 
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Figure DI 3, Estimates of the Probability of Seeing the Horizon from Altitudes 
of 360 l to 7400 ft, in Fall. (Estimates are based on the number of observations 
shown in parentheses) 



Figure D14, Estimates of the Probability of Seeing Blue Sky at 30• Above the Horizon(+ 30") from Altitudes of 3601 to 7400 ft, in Fall, (Estimates are based on the number of observations shown in parer.theses) 

015 



016 

Figure DI 5. Estimates of the Probability of Seeing Blue Sky at 90° Above the Horizon(+ 90°) from Altitudes of 3601 to 7400 ft, in Fall. (Estimates are based on the number of observations shown in parentheses ) 
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Figure D16. Estimates of th e Probability of Seeing the Ground Directly Below 
th e Aircraft (-90°) from Altitudes of 7401 to 14,999 ft, in Fall. (Estimates are 
based on the number of observations ~hown in parentheses ) 



018 

Figure Dl 7. Estimates of the Probability of Seeing the Ground at 30 • Below the Horizon (-30°) from Altitudes of 7401 to 14,999 ft, in Fall. (Estimates are based on the number of observations shown in parentheses) 
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Figure D18. Estimates of the Probability of Seeing the Horizon from ,\.ltitudes of 7401 to 14,999 ft, in Fall. (Estimates are based on the number of observations shown in parentheses) 



DZO 

Figure D19. Estimates of th e Probability of Seeing Blue Sky at 30° Above the 
Horizon(+ 30°) from Altitudes of 7401 to 14, 999 ft, in Fall. (Estimates are 
based on th e numbe,· of observations shown in parentheses ) 
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Figure D20. Estimates of th e Probability of Seeing Blue Sky at 90° Above the 
Horizon(+ 90°) from Altitudes of 7401 to 14, 999 ft, in Fall. (Estimates are 
based on the number of observations shown in parentheses) 



DZZ 

Figure DZl. Estimates of the Probability of Seeing the Groun::t Directly Below 
the Aircraft (-90") from Altitudes of 15,000 to Z4, 999 ft, in Fall. (Estimates 
are based on the number of observations shown in parentheses) 



Figure 022. Estimates of the Probability of Seeing the Ground at :;o• Below the Horizon (-30 •) from Altitudes of 15,000 to 24,999 ft, in Fall. (Estimates are based on the number of observations shown in parentheses) 
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Figure 023. Estimates of the Probability of Seeing the Horizo11 from Altitud s of 15,000 to 24,999 ft, in Fall. (Estimates are based on the numLer of obs r vations 
shown in parentheses) 



025 

Figure D24, Estimates of the Probability of Seeing Blue Sky at 30° Abov th Horizon(+ 30°) from Altitudes of 15,000 to 24,999 ft, in Fall. (Estimates a r e based on the numbe r of obse rvations shown in parentheses) 
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Figure D25. Estimates of the Probability of Seeing Blue Sky at 90 ° Above the Horizon (+ 90") from Altitudes of 15,000 to 24, 999 ft, in Fall. (Estimates are based on the number of observations shown in parentheses) 



DZ7 

Figure DZ6. Estimates of the Probability of Seeing the Ground Directly Below the Aircraft ( -90 ") from Altitude!I of ZS, 000 to 34, 999 ft, in Fall. (Estimates are based on the number of observations shown in parentheses) 
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Figure D27. Estimat s of tli e Probability of Seeing the Ground at 30 ° Below the Horizon (-30°) from Altitudes of 25,000 to 34, 999 ft, in Fall. (Estimates are bas ed on the number of observations shown in parenth es es) 
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Figure D28. Estimates of the Probability of Seeing the Horizon from Altitudes of 
25,000 to 34,999 ft, in Fall. (Estimates are based on the number of observations 
shown in parentheses) 
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Figure D29. Estimates of the Probability of Seeing Blue Sky at 30° Above the Horizon(+ 30•) from Altitudes of 25,000 to 34,999 ft, in Fall. (Estimates are 
based on the number of observations shown in parentheses) 
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D31 

Figure D30. EEtimates of the Probability of Seeing Blue Sky at 90" Above the 
Ho izon (+ 90") from Altitudes of 25,000 to 34,999 ft, in Fall. (Estimates are 
based on the number of observations shown in parentheses) 
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Figure 031. Estimates of the Probability of Seeing the Ground Directly Below the Aircraft (-90°) from Altitudes of 35,000 to 44,999 ft , in Fall. (Estimates are based on the number of observationc, shown in parentheses) 



'f 
Figure D32. Estimates of the Probability of Seeing the Ground at 30° Below 
the Horizon (-30°) from Altitudes of 35, 000 to 44,999 ft, in Fall. (Estimates 
are based on the number of observations shown in parentheses) 
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Figure D33. Estimates of the Probability of Seeing the Horizon from Altih:des of 35,000 to 44, 999 ft, in Fall. (Estimates are based on the number of observations shown in parentheses) 
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D35 

Figure D34, Estimates of the Pro ability of Se.eing Blue Sky at 30• Above th a Horizon(+ 30°) from Altitudes of 35,000 to 44,999 ft, in Fall. (Estimates are based on the number of obse rvations shown in parentheses) 
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Figure 035. Estimates of th e Probability of Seeing Blue Sky at 90° Above the Horizon(+ 90°) from Altitudes of 35,000 to 44,999 ft, in Fall, (Estimates are based on th e numbe r of obse r vations shown in parenthes es) 
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Figure D36. Estimates of the Probability of Seeing the Ground Directly Below the Aircraft (-90°) from Altitudes Above 45,000 ft, in Fall. (Estimates are based on the number of observations shown in parentheses) 
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Figure D37. Estimates of the Probability of Seeing the Ground at 30° Below the Horizon (-30°) from Altitudes Above 45,000 ft, in Fall. (Estimates are based on the number d observations shown in parentheses ) 



Figure D 38. Estimates of the Probability of Seeing the Horizon from Altitudes Above 45, 000 ft, in Fall. (Estimates are based on the number of observations shown in parentheses) 
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Figure D39, Estimates of the Probability of Seeing Blue Sky at 30° Above the Horizon(+ 30°) from Altitudes Above 45,000 ft, in Fall. (Estimates are bas ed on th e number of observations shown in parentheses) 
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D41 

Figure D40. Estimates of the Probability of Seeing Blue Sky at 90° Above the 
Horizon(+ 90°) from Altitudes Above 45,000 ft, in Fall. (Estimates are based 
on the number of observations shown in parentheses) 
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