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I INTRODUCTION 

The Federal Aviation Agency in its rmssion to modernize the 

national airway system, manage and regulate the national air traffic 

and provide for maximum safety of the navigable airspace, is planning 
to expend a major effort in the development of the supersonic transport 
by providing fiscal support and program leadership 

An important part of this program is the determination of the 
necessary meteorological support for supersonic transport operations 
and its implementation In a recent study1 the FAA has established 
the requirements for Weather Information and Weather Services of the 
airspace users in the period to 1975 This study identifies the super- 
sonic transport as one of the new types of aircraft to be in operation 
mthm this period with an estimated target date of 1970 To insure its safe 

operation at the expected elevated speeds and altitudes adequate meteoro- 
logical support must be provided and must be planned for at an early stage 

The supersonic transport represents a maJor increase in complexity 
compared to the present subsonic Jet airliners. Its development w-J1 

involve a number of revolutionary concepts in basic design configuration, 
as well as in the design of such subsystems as propulsion, cooling, 
pressurization and navigation equipment Its complexity and advanced 
performance, requiring a one billion dollar development effort according 
to latest estimates, will make it mandatory that aside from participation 
by the aircraft manufacturers and the air carriers, the government ml1 
have to assume a major role in the management and implementation of such 

a proJect, and in the furnishing of adequate weather support 

The high supersonic flight speeds with the accompanying aerodynamic 
heating of the skm require accurate knowledge of the ambient temperatures 
over the entire flight profile Operation at extremely high altitudes ne - 
cessitates more frequent and more accurate coverage of the meteorological 
conditions and parameters at these altitudes Considerations of fuel eco- 
nomy and attenuation of the sonic boom make it imperative to have a clear 
picture of inversions and the location of the tropopause within the climb-out 
region 

This report outlines requirements for weather information for the 
supersonic transport intended to serve as a basis in the formulation, imple- 
mentation and operation of an adequate weather support program In order 

1 “Analysis of National Aviation Meteorological Requirements through 
1975” Contract FAA/BRD-139, Borg-Warner Controls, Santa Barbara, California, 
August 1, 1961 
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to establish the boundames of the physxal environment, a brief descrlptmn 

of the operatIona lxmts of supersomc alrcraft regardmg speed and altitude 

1s presented Subsequently a typlcal supersomc alrlmer with speclflcatlons 
covermg weight, sue, and performance 1s described The estxnated total 
number of transports to satisfy world travel needs are then presented III 
tabulated form 

In order to ldentlfy the speclflc needs of the supersomc transport 
for meteorological support the various stages of Its performance are 
described, correspondmg to current estmnates of Its nmss1on proflle 

At the same time the pertinent meteorologlcal parameters are ldentlfled 
and enlarged upon as to their effect on supersonic transport operations 

In summary, a table 1s presented llstlng the maln meteorologlcal 
parameters and the performance phases to which they apply along vnth the 

region of valldlty of the parameter and the time period during which the 
InformatIon 1s desired 

The first part of an appendix. which 1s added to this report, establishes 
an operatIona proflle for the supersonIc transport begInnIng with “Ground 
Gperatlons” and endlng with “Approach and Landing” at the termlnatlon of 
flight The second part 1s presented in table form, llnklng the declslons 
to be made vnthln the operations proflle with the meteorologlcal lnforma- 
tlon requred 
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II DESCRIPTION 

The environment In which the supersonIc transport ~111 operate can 

best be deplcted by a graph showng maxmmm altitudes for given speeds, 

Figure 1 The graph 1s based on the assumption that the alrcraft’s weight 

per umt wmg area, the wmg loadmg, ~111 be an average of 50 pounds/square 
foot and that high altitude flight ~111 be accomplished with an average lift 
coefflclent of 0 3 

It 1s seen that at a flight speed of Mach = 1, correspondmg to approxl- 

mately 580 knots, the maxm-um altitude is 50, 000 feet Altitude lmmts 
Increase as speeds go up until at Mach = 4 the maximum altitude has become 
110, 000 feet At this speed the temperatures generated by air frlctlon are 

on the order of 800 degrees F, high enough to have an effect on the fatigue 
strength of currently envIsIoned materials for supersonIc transports This 
point therefore, may be consldered as an upper altitude and speed barrier 
Brlefly, the altitude lxnlts at the various supersonIc speeds are 

H = 50, 000 feet at Mach = 1 
H = 80, 000 feet at Mach = 2 
H = 100, 000 feet at Mach = 3 
H = 110,000 feet at Mach = 4 
H = 120,000 feet at Mach = 5 

The advent of the supersonx alrllner and Its operatlonal use can be 
reasonably projected to the period around I970 Its technlcal feaslblllty 

corresponds entirely to the state-of-the-art from the standpolnt of alrcraft 
conflguratlon, heat reslstant materials, pressurxzatlon systems and the 
avallablllty of high thrust Jet engines The tlmlng ~11 depend prlmarlly on 

such factors as flnanclal conslderatlons, natlonal prestige and the role of 
the government In the development of the alrcraft, since the development 
costs by far exceed the flnanclal capablllty of one or even a group of the 
maJo= alrcraft manufacturers The Federal Avlatlon Agency has recently 
been designated to assume a maJo= share of the planning and admlnlstratlve 
work Involved In the development of the supersonIc transport 

As a typlcal basis for the estlmatlon of such a tume table, the develop- 
ment of the present subsonlc Jet transports may be cited here Alded by the 

research and englneerlng effort spent on such mllltary Jet bombers as the 
B-47 and the B-52, the design of the Boeing 707 turbojet transport was 
started In 1952 Two years later, In 1954 the first prototypes were flight 

tested During the subsequent period of four years, flight test and develop- 
ment work continued until In the fall of 1958 the first operatlonal Jet trans- 
ports were dellvered to the alrllnes Thus. a period of SIX years elapsed 
from the lnltlal design to the operatIona stage of the subsonlc turboJet 
passenger alrcraft 
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Applymg this time table to the supersomc alrlmer and takmg Into 

account the fact that a conslderable amount of technlcal data from current 
supersomc mllltary alrcraft ~111 be avallable, a period of eight years 
for the operatIona readmess of the alrplane appears to be a reasonable 
estimate If the start of development work 1s placed In the 1962-63 period 

the Umted States could have supersomc transports In operation by 1970 

A typlcal speclflcatlon of the supersonx transport, based on present 
estimates, 1s as follows 

Design ConfIguratIon 
Over-all length* 
Wmg span 
Gross weight 

Empty weight 
Maxu-num thrust 

Number of engmes 
Usable fuel weight 
Number of passengers 
Maxu-num runway length required 
Range Mmwnum 

Maxxnum 
Crulsmg speed 
Crulsmg altitude 

Canard type 
200 to 240 feet 
100 to 120 feet 
400,000 to 500,000 pounds 
200,000 to 250,000 pounds 
150,000 to 180, 000 pounds 

SIX to eight 
1613, 000 to 180, 000 pounds 
130 to 150 
8,000 to 10,000 feet 
2000 miles 
4000 miles 
Mach 2-3 (1200-1700 knots) 
60, 000 to 80, 000 feet 

It IS dlffxult at this stage to make accurate predlctlons concernmg the 
total number of supersonx transports required to satisfy the mcreasmg al= 
traffic demands on Umted States contmental routes and mtercontmental 
flights Smce this number to some extent determmes the meteorologlcal 

coverage of supersomc transport operations, a table 1s presented here 
llstmg the estimated domestic and foreign requirements, based on 1975 

traffic estimates 

The table shows the traffic densltles of the maJo= air routes as of 

1959 The number of supersomc transports has been computed from the 
number of flights per week, distance flown, and the passengers transported, 
on the various routes The resulting numbers are adjusted for the official 
FAA estxnates of traffic mcreases In the 1975 period The total number of 
170-210 alrcraft appears to be a reasonable estimate based on the fore- 

gomg conslderatlons, which 1s also m lme with current estxnates from 
other sources 
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Table 1 Estm-nated Number of SupersonIc 
Alrlmers Requred by 1975 

Mam Routes 

U S Transcontmental 
Run 

Status as of 1959 

Number of Number of Estunated Number of 

AIrlines Flights per Supersonic Transports 
Week Required 

5 473 17 

Trans -Atlantic Run 

N E Umted States 
to Florlda Run 

Callforma-Hawall Run 

Orlent, South America 
and others 

14 217 8 

3 401 8 

7 82 4 

6-10 104 15 

Total Estimated U S 
Requrements, 1959 

Total Estimated U S 
Requirements, 1975 

Traffic 

52 

130-150 

Estimated Foreign 

Requirements, 1975 
Traffic 

40-60 

Total Estimated Requirements for Supersomc 
Transports m 1975 170-210 
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III PERFORMANCE AND EFFECTS OF METEOROLOGICAL 
PARAMETERS 

Several features of the supersomc transport alrcraft, expected to be in 
operation m the period around 1970, make It more sensltlve to enroute 
meteorologlcal parameters than conventIona alrcraft Such features as 

acceleration through the speed of sound wrth the resultmg some booms, 
supersomc flight speeds which cause problems m aerodynamic heatmg, 
extreme crulsmg altitudes to 80, 000 feet, and the short time periods m 
whch long distances are covered, mnpose new requirements on the com- 

plex of meteorologlcal mformatlon supplled to the alrspace users The 

followmg dlscusslons ~111 deal m some detail with these features In 
addltlon, the chief meteorological parameters as they affect the various 
performance stages of the alrcraft ~111 be treated together ulth a proJected 
performance proflle 

A GENERAL CONSIDERATIONS 

Acceleration through the speed of sound 1s accompllshed prior to 
reachmg crusmg altitude and supersonx crulsmg speed of Mach 2-3 
The shock wave which 1s formed at and above Mach = 1 extends from the 
alrcraft to the ground, travels with the alrcraft throughout Its supersomc 
flight phase, and produces the so called “some boom” on the ground The 
mtenslty of this boom can vary from a barely audible rumble to an explo- 
slve shock capable of shattermg wmdows, dependmg on the speed of the 

alrplane, Its physlcal sme and attitude and, most Importantly, upon Its 

altitude The graph follounng, Figure 2, Illustrates how altitude affects 
the mtenslty of the boom produced by a typlcal supersomc aircraft (1) 

The curve labeled “popular theory”, which has had long tmne acceptance, 

accounts for the disturbance created by the volume of the alrplane and 
neglects the effect of alrplane lift The other curve 1s the result of 
recent research 

Shocks producmg a pressure rise up to 1 lb/ft’ constitute the llmlt 

of the tolerable level,they are felt as a distant explosion or thunder The 

graph shows that this level 1s exceeded until an average altitude of 35, OOO- 
40, 000 feet 1s reached At lower altitudes, supersomc flight ~111 produce 

higher mtenslty pressure shock waves reachmg a pressure of 30 lb/ft’ at 
sea level 

On the ground, the some boom travels with the speed of the alrplane 
The area of maxm-um mtenslty 1s directly underneath the flight path of 
the alrcraft It decreases with lateral distance from the flight path until 
It disappears due to atmospheric refractlon This “boom area” can be 
displaced laterally by crosswnds but Its width and mtenslty ml1 not be 
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Figure 2 Some Boom Intensity vs Altitude 

materially affected by wmds An alrcraft crulsmg at Mach 3 at 70, 000 feet 
produces a “boom area” of about 70 miles in undth As mentloned before, 
the boom mtenslty also depends partly upon the alrplane’s attitude Thus 
a shallow climb at supersomc speeds Increases the mtenslty of the boom, 

smce It causes the shock to reach the ground at a more acute angle In a 
sxmlar manner, steep clxnb angles lessen the effect of the shock Tempera- 
ture mverslons Introduce smxlar effects m that a refractlon of the shock 
wave takes place m these regions 
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Supersomc speed of the alrcraft results m Increased skin frlctlon 

which leads to mcreased aerodynamic heatmg, causmg skm temperatures 
to rise from 200 degrees F at Mach 2 to 500 degrees F at Mach 3 Smce 
skm frlctlon 1s greatly affected by atmospheric density which varies with 

temperature, It 1s xnperatlve to have an accurate knowledge of tempera- 
ture proflles along the entlre route Figure 3 shows structural tempera- 
tures encountered by supersomc axcraft flymg at 70, 000 feet altitude 
Temperature also affects the thrust and fuel consumption of the engme 

800 

600 

Dlstanze back 
of leadmg edge 

0 
1 2 

Mach Number 
3 4 

Figure 3 Structural Temperatures fcr S~personlc Transports. Altitude 70, 000 feet 
(NASA TechnIcal NO+~ D-423: 

Flight at higher than standard temperatures can reduce the range by as 

much as 15% because of mcreased speclflc fuel consumption and decreased 

thrust There 1s conslderable truth m the sts+ement that the supersomc 
transport may be flown more by temperature than by air speed 

Acceleration from subsomc to supersonxc speeds 1s most efflclently 
accomplished at the tropopause or the altitude of lowest temperature with 
Its associated high density This region can vary from 20,000 to 80,000 

feet dependmg on the latitude and season of the year Ir. the middle latl- 
tudes the tropopause 1s usually found between 25, 000 and 50,000 feet (2) 
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Smce the fuel flow rate durmg acceleration through M = 1 becomes from 

4 to 5 times higher than durmg cruise flight, It 1s of paramount importance 

to the pllot to have accurate forecasts of the locatlon of the tropopause, 

U-I order to avold excessive use of fuel durmg this phase of the flight pro- 
file Errors or uncertamtles m determmmg the tropopause may lead to 
a reduction 1x1 range of up to 200 rmles or a decrease in useful load of 
from 3000 to 5000 pounds 

A typlcal example of the varlatlon of speclfx fuel consumption and 
total fuel used by a supersonx, Mach 3, alrlmer on a 3400 mile flight 1s 
shown III Flgure 4 (3) It 1s seen that for the short tmne period durmg 
the clmnb and acceleration phase, covermg the first 300 miles of the 
flight, hourly fuel consumption reaches a peak of 220, 000 pounds/hour 
This drops to 50, 000 pounds/hour durmg the cruise phase and reaches 
a low of 5000 pounds/hour durmg the fmal approach at rmmmum engme RPM 
Almost 40% of the entlre fuel load IS consumed durmg the cllrrb and acce- 
leratlon phase This graphxally illustrates the necessity for followng 
the most efflclent climb and acceleration procedure for which accurate 

200 x lo3 

2 

t? 
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I 

d/i=; d/‘=b JFuel r;Pw Rate JFuel r;Pw Rate 

/ / 
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400 v 3000 3400 
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Figure 4 Typlcal Supersomc Transport Fuel Requirements 
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knowledge of temperature 1s a primary requirement 

Among the other unconventional characterlstlcs of the supersomc 

transport are Its extremely high crmsmg altitudes, 60, 000 to 80, 000 feet, 
and the relatively short time m which long ranges on the order of 3000- 
4000 miles can be covered The high altitude performance emphasizes the 

necessity for more upper atmosphere mformatlon than IS presently avall- 

able, such as turbulence, wnds aloft, weather hazards, and ozone More- 

over, the high speed and short flight time leaves the pllot little txne for 
declslons based on In-flight weather mformatlon He should therefore, 
have complete weather mformatlon along the entlre route 2 to 3 hours 
prior to take-off 

In summary, we may quote here from Reference 3. “This alrplane 

appears to fun&Ion very much like a proJectlle Once launched It must 

proceed along a very precisely controlled flight path with little or no 
delays and with a large degree of dependence on automatic flight control 

and stablllzatlon systems and rapld automatic traffic control over the 
entlre route The capablllty of the pllot to assume manual control vnth 
the safety, economy, and schedule rellablllty required of commercial 
transportation 1s highly questlonable ” 

B PERFORMANCE AND METEOROLOGICAL EFFECTS 

In the followmg descrlptlon the performance proflle of the supersonIc 

transport 1s presented together with the effects of Its meteorological en- 
wronment 

1 Pre-Take-Off 

Prior to a transcontmental trip a complete O-4 hour forecast 
must be avallable covermg the entlre route, mcludmg the termmal area, for 

the preparation of an accurate flight plan, the determmatlon of payload, cf the 
fuel reserve and the climb-acceleration-cruise pattern At the destmatlon, 

down txne on the ground between flights 1s to be kept below 45 mmutes for 
maxmmm utlllzatlon of the equipment For the return leg before the air- 
craft takes off on Its round trip, 7 to 8 hour advance forecasts must be 

avallable Prior to a tram-Atlantic run, 6 to 8 hour forecasts are required 
before the trip IS started m New York A typlcal performance proflle 
for the supersomc transport IS shown m Figure 5 The various phases 

of this proflle are dlscussed below 

2 Take-Off Run 

Runway length requirements of the supersomc transport are not 
expected to exceed the present FAA lmmt of 10, 500 feet mammum length at 
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Figure 5 Typlcal MISSION Proflle of the M = 3. 0 Supersomc Transport 

sea level (4). Because the expected thrust/weight ratlos of 0 3 - 0 4 

are higher than for present subsomc Jets, take-off runs ~11 likely be 
shorter However, the supersomc Jet engme 1s highly sensltlve to 
temperature so that on hot days the lmnlts of 10, 500 feet may be ex- 

ceeded The graph, Figure 6 shows the take-off runway lengths re- 
qulred on a standard hot day (98 degrees F) for subsomc and super- 

sonoc Jet transports wth thrust/weight ratios rangmg from 0 2 to 0 4 
Take-off speeds for the supersomc transport are expected to vary 
from 160 to 190 knots However, current NASA studies mdlcate the 
fess lblllty of the variable aspect ratlo wng, where the span IS mcreased 
on take-off through rotatable wmg panels Use of such an arrangement 
would materially decrease the take-off speed 

Temperature affects take-off roll as well as take-off gross 
weight Figures avallable on present Jet transports mdlcate that a +5 
degree F devlatlon from normal would affect gross weight by about 2500 
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Figure 6 Take-off Runway Length Requlrem nts, Subsomc and SupersonIc 

Jet Transports for Hot Day 

pounds Temperature llkewlse affects the clmnb angle after take-off 

Elevated temperatures lead to reduced clmnb angles which aggravate 
the noise problem over populated areas 

The effect of gusts and cross wmds on take-off ~111 be less 
pronounced than for the present subsomc Jets The reason lies II-I the 

design conflguratlon of the alrcraft The low aspect ratlo, delta shaped 

wmg possesses a shallow lift rise reactmg more slowly to angle of attack 
changes than straight, high aspect ratlo wmgs Moreover, the absence 

of geometric dihedral and the slender, pomted fuselage of the supersomc 

alrlmer keep the effective lateral area to a mmxnum, thus malntalnlng 
relatively low lateral forces due to side gusts 

3 Climb 

For best efflclency, the alrcraft ~111 clxmb at high subsonic 

speeds, Mach 0 8 to 0 95, to an altitude determlned by the height of the 
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trOFOpZLUS6?, usually above 35, 000 feet It ~111 then level off and accelerate 

to a supersomc speed of about Mach 1 5 Subsequently,a clu-nb -acceleration 

pattern 1s flown until full crmsmg speed of Mach 2 5 - 3 1s reached at 
60, 000 to 65, 000 feet (Figure 5) The entlre climb phase ml1 cover a dls- 
tance of 200-300 miles dependmg on gross weight of the alrcraft Clxnb 

angles ~11 be steeper than for subsonlc alrcraft because of higher engme 
thrust Average climb angle values of S-10 degrees are expected to be 

reached as compared with 5 degrees for subsomc Jets In this phase, the 

danger of property damage from sonic boom effects ~11 be greatest Figure 
7 shows two typlcal climb patterns deslgned to avold the damage-produclng 
comblnatlon of low altitude and high speed During climb the plane may be 

exposed to the effects of various meteorological elements The more em- 

portant parameters are described below portant parameters are described below 

AcceLeratlon In AcceLeratlon In 
Level Fllgx 

I 

/ 
Acceleration In 
Steep Clxnb / 

Mach Number Mach Number 

Number and Number and 

Figure 7 Clunb Schedules to Avold Damage to Property from Supersonic 

Boom Effects 

Icing condltlons predent a problem, although not a serious 
one because of the relatively short twne requred to traverse through the 
regions of ice formation Only about five minutes are required by the 
alrcraft to reach sonx speed During approxunately three minutes after 

take-off the alrcraft may be exposed to lclng condltlons Experience vnth 
mllltary high speed alrcraft has shown that no more than & layer of l/32 Inch 
of Ice ~111 form on leading edges and Jet Intakes under these condltlons 
De-xers on engine Intakes, wing and tall surface leadlng edges, and wnd- 
shields ~11 be required and accurate InformatIon on lclng condltlons during 
clunb 1s a requrement 
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Abrupt changes m the temperature proflle ~11 affect clunb angle, 
fuel consumption, noise level and the mtenslty of the some boom They 
must, therefore, be known to the pllot 

Preclpltatlon such as ram, sleet, hall and Ice poses a serious 
problem m supersomc flight The exact mtensltles and locatlons of pre- 

clpltatlon must be known along the climb path Actual flight experience 

has shown that ram ~111 destroy the plastic enclosure of the plane’s radar, 
the radome, vnthm 20 mmutes at Mach 2 flight speeds, and the erosIon txne 
of the radome In the case of hall IS zero Moreover, severe damage to 
the skm has been sustamed by mllltary supersonx alrcraft flymg through 
hall Thus, preclpltatlon at high speeds must be avolded at all costs and 
prior knowledge of the &strlbutlon along the clmnb path 1s essential 

Turbulence must be known beforehand and avolded Aslde 

from the passenger comfort factor, exposure to frequent turbulence causes 
fatigue m the structure, especially at the elevated skm temperatures, and 
shortens the service life of the alrcraft Maxm-mm turbulence levels must 
be known to the manufacturer to mcorporate sufflclent safety margms m 
the structure durmg the design stage Furthermore, strong turbulence 
can momentarily alter the angle at whxh air enters the supersomc engme Intakes 
This may lead to engme flame-outs Advance knowledge of turbulence regions 
1s essential for flight safety and comfort 

4 Cruise 

Inltlal crulsmg altitude of 60, 000 feet 1s reached approximately 
ten mmutes after take-off and after covermg a distance of 200-300 rmles 
The optmmm flight pattern for fuel economy 1s a cruise-climb path startmg 
at 60, 000 feet and reachmg an altitude of 80, 000 feet at the destmatlon In 

this pattern the alrcraft ~11 fly at constant mdlcated alrspeed roughly equlva- 

lerlt to an Increase from Mach 2 5 at 60. 000 feet to Mach 3 at 80, 000 feet 
However, in the Interest of safety and posltlve separation, the supersomc 
airlmer ~111 probably be required to fly a level cruse pattern wth step 
clunbs to the fmal 80, 000 feet cruise altitude 

The most slgmflcant meteorological factor for this phase 1s 
temperature A hormontal and vertical temperature proflle along the flight 
path ~11 be reqmred to evaluate the effects of temperature on engme per- 

formance, thrust, fuel flow, and aerodynamx heatmg From present avallable 

data on jet alrlmers a devlatlon of *5”C from standard temperature results m 
a change m fuel flow rate of *3 5% to *5% For the transcontmental trip this 
would amount to an average of ~t3000 lbs varlatlon of fuel consumed over that 
planned In the case of the supersonx aIrlIner, whose fuel flow ~11 be more 
than five tunes that of present Jet transports, the varlatlon from planned fuel 
consumption on a transcontinental or transatlatnx trip 1s conservatively estunated 
to be aboLt f7500 lbs This 1s roughly one thrd of the entlre expected payload 
This means that either 7500 lbs of fuel more than planned ~111 be consumed or 

that 7500 lbs of unnecessary fuel must be transported in place of payload 
Maximum expected temperatures at altitude must be known for the establishment 
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of design crlterla A maJor aircraft manufacturer has used an excess 
temperature of At = 40 degrees F over ICAO standard temperature 

values In the design of the B-58 supersomc bomber From flight 
experience ulth the F-106 and the B-58 in level flight and zoom-ups 
to extremely high altitudes, It has been ascertamed that this IS a 
sufflclently high valde to cover most of the recorded devlatlons from 

standard temperature M&tary experience over the contmental Umted 
States mchcates that a maxu-num Increment of 15 degrees F above stan- 
dard atmosphere values 1s rarely exceeded If better temperature In- 
formation becomes available. design llrnlts may be more closely defined 
and engme performance more accurately determmed for better high 
altitude performance 

Clear air turbulence at crusmg levels ~11 be troublesome to 
passengers and the aircraft’s structure Both fatigue stresses and wmg 
flutter may result from excessive turbulence, whxh becom? s especially 
pronounced with the extremely thm alrfoll se&Ions required by lngh super- 

some aircraft U-2 pilots report that clear air turbulence at 60, 000 foot 
levels and above has been heavy on many occasions. As yet no satls- 

factory method has been found to forecast this phenomenon whch extends 
Into the crulsmg altitude level of 60, 000-80, 000 feet Clear au turbulence 
1s usually found In regions where vertical and horizontal shear are sum.~l- 
taneously present It 1s also found where lugh mountam ranges or peaks 
(such as the high Sierras near Bishop, Cahforma, or Telescope Peak m 
the Panammt Range near Death Valley) produce standmg waves m the 

upper air layers. 

Wmds aloft ~111 affect the cruse performance of the supersomc 
transport aucraft to some extent While their effect 1s not considered to 
be se11ous their chstrlbutmn, magmtude and chrectlon should be known along 
the route for accurate flight plannmg and performance calculations 

Cloud tops and preclpltatlon m the form of xe crystals are 
occasionally found at crusmg altitudes. They constitute cllscrete hazards 
to the alrcraft, prlmarlly because of the accompanymg turbulence and 
erosion Avoidance of clouds and preclpltatlon must be considered m ad- 

vanced planmng rn flight the alrcraft ~111 be unable to turn through even 
a small angle of bank wzthout producmg excessive drag wth a resultmg loss 
of speed The turn 1s costly Smce the small margm of excess thrust at 
lugh altitudes requres subsequent long periods of acceleration to normal 
crusmg speeds ulth attendant high fuel consumption Moreover, considerable 
losses m range are mvolved for even a small dlverslon on account of the 

large radius of turn A supersotllc alrcraft at Mach 3 must turn through a 
radius of nearly 90 miles to pull a moderate load factor of 0 15 g at a 30 

degree bank angle Calculations show that for a crulsmg speed of Mach 3 
and a bank angle of 30 degrees, the lmtlal distance at whxh a maneuver 
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must be started to provide a one mile lateral separation between two 

alrplanes on a head-on colllslon course, IS 30 miles (3). The time In- 

volved IS on the order of one mmute Such distances are beyond visual 

range capabllltles and the short time Involved does not enable the pllot 
to take corrective actlon This pomts out the necessity for closely 
momtormg flight hazards from ground radars and forecastmg their 
locatlon In advance of the flight 

Pressure altitude readings and possible errors in altuneter 

mdlcatlons pose addItIona problems to alrcraft separation at high 

altitudes Figure 8 shows the capabllltles of pressure altimeters to pro- 
vlde altitude separation Mmunum current separation values are shown 

Future I ’ 

I 
I 
, Present 

SF Near Future 1 / 

I-Reqwred Separation 

Maxunum Altitude Error between Two AIrcraft, 1000 feet 

Figure 8 Altx-netry Errors of Two AIrcraft, 0 3% Probablllty (NASA 
TechnIcal Note D-423) 

by the dotted lme plotted versus cruse altitude Thus, 1000 foot aeparatlon 

1s reqwred below 29,000 feet and a 2000 foot separahon above 29,000 feet. 
The curve labeled “present” shows separation errors of current pressure 

altuneters m three out of 1000 cases. There are two altitude ranges where 
posltlve separation above the mlnlmums IS not provided In these cases They 

lie in the 11,000 to 29, 000 feet altitude zone and In the region above 52,000 
feet, where the supersomc transport ~11 cruse, These errors pomt out 
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the need for xnproved mstrumentatlon, pressure pxk-offs and repeat- 
ablllty of readmgs Current development work carried out by NASA 

towards greater preclslon mstrumentatlon, 1s expected to provide se- 
paratlon substantially below currently requred mmmxxns, as mdlcated 
by the curves labeled “near future” and “future”(3) 

5 Descent 

Durmg descent, the angle at which the some boom strikes the 
ground becomes more acute This leads to an Increase m the mtenslty 

of the boom effect Thus, mnmedlately upon entermg the descent pattern, 

the some boom 1s felt more strongly on the ground It 1s mandatory that 
deceleration to subsomc speeds be mltlated at higher altitudes than durmg 
the clunb phase where climb angle works m the dIrectIon of a decrease 
III boom mtenslty Current proJected performance profiles call for a 

transItIon to subsome speeds above 50, 000 feet m order to mmmmze po- 
pulatlon annoyance, especially m densely populated termmal areas 

For purposes of fuel economy, It is desirable to descend at 

highest possible subsomc speeds, or around M = 0 95 However, severe 
turbulencem the lower altitude regions may dictate a reduction to M = 8 
or less m order to keep gust loads on the aircraft low Smce the engmes 
are deslgned for optmmm fuel flow at high speeds and high altitudes, the 
descent and approach phase constitutes an off-design condltmn with re- 
latlvely poor fuel economy, particularly If holdmg 1s required at the 
30,000 foot level and at speeds below Mach = 8 Present holdmg practwes 
of l/2 hour duration are consldered too costly for the supersomc transport 

For example, holdmg 30 rmnutes at M = 0 8 at 35, 000 feet ~11 require 
an addItIona 20, 000 pounds of fuel Currently the FAA, m a research pro- 

gram, 1s obtammg data on reserve fuel required by the B-58 supersomc 
bomber under various holdmg condltlons with the object of determmmg 
reserve fuel requrements for supersomc transports 

Figure 4, deplctmg total fuel consumption shows that over l/3 

of the fuel 1s consumed durmg climb and acceleration, l/2 on the crwse 

phase and only 8 percent of the mltlal fuel remams on landmg (3) Thus, 
the ablllty to proceed along a precise flight path and to land m a pre- 
asslgned slot wlthout holdmg may spell the difference between proflt and 
loss As an example, an economic study conducted by a maJor alrcraft 
manufacturer showed that a reduction m reserve fuel by only 7500 pounds 
could cut direct operatmg costs by a substantial five percent 

6 Approach and Landmg 

Durmg descent and approach, the supersomc transport essen- 
tlally becomes a subsonic alrlmer except that slnkmg speeds ~111 be higher 
than those of present Jets by 10 to 20 percent Thus, cellmg and vlslblllty 
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mm~mums ~111 probably have to be higher smce greater heights and 
distances are traveled 1x1 the same period of time 

Temperature m the termmal area and on the runway must 
be known for glide path performance, touchdown speed and landmg run 
Higher runway temperatures, resultmg II-I reduced air density over the 

runway approach area, lead to an mcrease m landmg speeds and there- 
fore landmg runs of the alrcraft. Moreover, they put the pomt at which 
the fmal approach should be started farther ahead of the landing area 

Also, the alrcraft’s tires and brakes are affected by temperature and 
on present supersonIc bombers pose a severe heatmg problem The 
pllot should have temperature readmgs ahead of and along the runway 
m order to determme his glide angle and touchdown speed 

The landmg runway length requirements of subsomc and 

supersomc Jet transports on a standard hot day are shown -in Figure 9 

15 

Subsonlc 

-1 

5 1 
T 

O 100 

I I 

120 140 160 
Landmg Speed, knots 

Figure 9 Landing Runway Length Requirements, Subsonlc and 

Supersonic Jet Transports Hot Day 

Touchdown speeds of 140-155 knots are reached wth landmg run length 

exceedmg 10, 000 feet These values are conslderably higher than those 

attamed by present subsomc Jet transports Current alrlme practice 

llmlts the landmg speeds of Jet transports to 145 knots However, re - 

search currently 1x1 progress at NASA on variable sweep conflguratlons 
mdlcates that they may be the solution to the problem of reducmg landmg 
speeds and take-off speeds If the aspect ratlo :s Increased durmg these 
phases 
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Gusts and cross wmds on landmg ~111 affect the supersonx 

transport to a lesser degree than present subsonx Jets because of Its 
lower aspect ratlo and relatively small lateral area as dlscussed under 
“take-off” It 1s expected that present cross wmd and gust llmlts ~111 
not requre modlflcatlon 

c SUMMARY OF METEOROLOGICAL PARAMETERS 

The followmg tables summarize the meteorologlcal parameters, their 
r eglon of valldlty and their sampling frequency as applied to the perfor- 
mance phases of the supersonIc transport While the list does not claim 
to be complete, It presents the maJor parameters of temperature, winds, 
gusts, turbulence, preclpltatlon. Icmg, humldlty, cellmg, vlslblllty, 
cloud tops, and ozone The flight segments llsted, are take -off, climb, 
crwse, descent and landmg 
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Table 2 Meteorologlcal Parameters 

Meteorologxal 
Parameter 

Temperature 

Wmds, Gusts 

rurbulence 

?erfor- 

mance Phase 

Take -off 

Climb 

Cruise 

Descent 

Landmg 

Take -off 

Climb 

Cruse 

Descent 

Landing 

Take-off 

Clunb 

- 21 - 

Region of Valldlty 

On runway at engme height 
Several locab.ons along run- 

way and climb path 

From sea level to cruse 

altitudes (60, 000 feet) 300 
mile radius around termmal 
Lapse rates, mvers~ons 

On course up to 4000 miles 
distance Altitudes 60, 000 
to 80, 000 feet 

Altitude 50, 000 feet to sur- 
face 300 mile radius around 
termmal 10 miles ahead of 
runway for glide path angle 

Several locations along ap- 
proach path and runway 

Several locations along run- 
way Vertical proflle to 

500 feet above runway 

Wmd proflle to 60, 000 feet 
300 mile radms around ter- 

mmal 

Winds aloft 60, 000 feet to 

80, 000 feet along course, 
over distances up to 4000 

miles 

50, 000 feet down to surface, 

300 mile radius around ter- 
mmal 

10 miles ahead of runway 
Several locations on run- 

way 

Cloud turbulence and clear 
air turbulence to 60, OO@feet, 
300 ml.radlus around term 

Samplmg 

Frequency 

l/ 12 hour mter- 

vals 

1 hour Intervals 

1 hour mtervals 

1 hour Intervals 

l/l2 hour mter- 

vals 

Contmuous mom 

:ormg,lO mmute 

lverage with guE 
i~strlbutlon 

1 hour mtervals 

1 hour Intervals 

l/2 hour mter- 

Jals 

~ontmuous mom 
:ormg,lO minute 

iverage wth gus 

------- - ---- 

l/2 hour mter- 
ral s 



Table 2 (Contmued) 

Meteorological Perform- 
Re gmn of Valldlty 

San-p lmg 
Parameter ante Phase Frequency 

Turbulence CIYllSl2 Clear air turbulence, wnd 1 hour mtervals 
(Cant ) shear, 40, 000 to 80, 000 feet 

altitude along course 

Descent 50, 000 feet altitude down l/2 hour Intervals 
to surface, 300 rmle radius 
around termmal 

Landmg On approach path, 20 m&s l/ 2 hour Intervals 
ahead of runway 

Preclpltatlon Take -off Runway surface condltmns l-2 hour mtervals 
water, amw, ice, sleet 

Clnnb LocatIon of preclpltatlon Continuous 
centers on course up to 60, 000 mon1tormg 
feet altitude, 300 mile radius 

around termmal 

CIYllSt? 60,000-80,000 feet No - - _ - - - - - - 

preclpltatlon expected 

Descent From 60, 000 feet altitude Continuous 
down to surface, 200 mile momtormg 

radius around termmal 

Landmg Preclpltatlon centers on l-2 hour mtervals 
approach path 20 miles 
ahead of runway 

Icmg Take -off 20 miles around take-off area 1 hour Intervals 

Climb From surface to 20, 000 feet, 1 hour Intervals 
50 mile radius around termmal 

Cl-UlSe Llmltmg altitudes for lcmg condl--------- 
tlons below crulsmg altitudes 

Descent Altitudes 20, 000 feet to surface 1 hour Intervals 
100 mile radius around termmal 

Landmg 20 mile radius around termmal 1 hour Intervals 

---- ---I 
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Table 2 (Contmued) 

MeteorologIcal Perform- Region of Valldlty Samplmg 
Parameter ante Phase Frequency 

Humldlty Take -off (Humldlty affects piston and 

turbme engme performance 
Climb unfavorably by decreasmg the 

mass of Intake air, smce 
Cruise water vapor has a lower mole- ---------- 

cular weight than dry ali- 
Descent On the other hand, preclplta- 

tlon has a favorable effect 
Landmg ZGengme performance actmg 

somewhat like water m~ec- 
tlon) 

Ce111ng, VlSl- Take -off 20 mile radius around take- l/12 hour Inter- 
blllty, Cloud off area vals,lO mmute 
Tops average vnth 

cellmg dtstrlbu- 

t1on 

Climb To 5000 feet altitude, 20 l/2 hour Interval 
mile sadws around take-off 

area 

Descent Cloud tops and cloud bases l/2 hour Inter- 

300 mile radius around terml- vals 
nal 

Landmg Cellmg and vlslblllty 20 mile l/ 12 hour mter- 

radius around termmal vals, 10 mmute 
average wth 
cellmg dlstrlbu- 
t7 nn 

OZOlW Take-off _________-_ , ________ - ____ 

Climb Ozone content of the atmosphere appears to have 
Cruise produced certam physlologxal effects on personnel 
Descent of subsoruc trans-Atlantic jet transports The 

effects become measurable at altitudes above 
30,000 feet 

Supersonic transports cru~smg at 60,000-80, 000 
feet altitudes may requre ozone filters m the 
cabm ventllatlon system for the comfort of passen- 
gers and crew 

The samplmg of ozone as a meteorolaglcal para- 

meter could therefore become a requirement for 
flight altitudes above 30, 000 feet 

T.rrnrllpp 
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APPENDIX - PROFILE OF SUPERSONIC TRANSPORT OPERATIONS 

AND METEOROLOGICAL TABLES 

A OPERATIONS PROFILE 

In order to ldentlfy the declslons whch are dependent on meteorologlcal 
mformatlon an operations profile was outlmed for the supersonx transport 
This proflle consists of SIX dlstmct functions Ground Operations, Advanced 
Plannmg, Pre -flight Plannmg, Take -off and Climb, Enroute, and Approach 
and Landmg Wlthm each fun&Ion, actlvltles were outlmed requlrmg de- 
clslons on the part of the crew which are based on meteorological mforma- 
t1on Speclflcally the fun&Ions with their associated actlvltles are 

1 Ground Operations 

For alrcraft mamtenance,schedule maJo= or mmor repalr of 
engme, alrframe, systems, and support equipment Reschedulmg and 
replannmg of mamtenance actlvztles may be necessitated by unforecast 
condltlons or unavallablilty of meteorologlcal mformatmn 

After determmmg alrcraft parkmg and storage requirements, 
provide severe weather protectlon Inaccurate or lack of mformatlon can 
cause reschedulmg of storage or closed facllltles Flight replannmg or 
reschedulmg may be necessary due to snowed-m parkmg areas 

Determme alrport operablllty Determme usablllty of runways. 
taxlways and ramps Advance weather mformatlon may be required for 
repalr schedulmg 

2 Advanced Plannmg 

Determme If destmatlon alrport ~111 be at or above IFR mmlmums 

Select or confirm time of flight on the basis of advance meteoro- 
loglcal mformatlon for the departure, alternate, destmatlon termmal and 
enroute segment 

Plan flight by selectmg route and determmmg check pomts as 
well as status of navIgatIona alds Select best crulsmg altitude (or altitudes) 
Predict time to climb, select acceleration altitude and predict level off pomt 
Predict descent pomt and time and determme fuel load, allowable gross weight 
and payload 
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3 Pre-Flight Plannmg 

Prior to take-off complete pre-flight check and conflrm or up-date 

all calculatmns on basis of latest meteorological mformatlon and alter routmg, 
altitude, weight and balance as requred 

4 Take-off and Climb 

Tax1 out and select runway, departure heading and taxi route 

Check engme and equipment operation, adJust flaps and trim as 

requred 

Confirm take-off mmlmums 

ConfIrm forecast clurb condltmns, changes m meteorological 

condltlons may require modlfymg climb route and speed 

5 Enroute 

Establish and contmue cruise 

Momtor outslde air temperature for engme temperature llmlts and 

skm heatmg 

Re-set altimeter as requred and correct mdlcated altitude after 

readJustmg altimeter settmg 

AdJust course and speed for wmds 

Establish descent and contmue to a holdmg frx or faclllty If required 

Receive weather reports as required m order to clrcumnavlgate severe weather 
areas If requred, alrspeed should be reduced and ground speed recomputed 

In holdmg pattern establish alrspeed and altitude to munmze effect 

of turbulence 

Conflrm weather mformatlon at destmatlon termmal 

Determme fuel reserve Change m holding speed, due to turbulence, 

holdmg altitude and temperature may require re-evaluation of fuel reserves 

because of mcreased fuel consumption 

6 Approach and Landmg 

Establish approach and determme approach pattern and procedure 
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Obtam latest termmal weather mformatlon, active rurway, 

altimeter settmg, mnd condltlons, runway surface condltlons 

Land and reverse thrust, using brakes accordmg to runway 
surface and alrcraft type 

Taxi to parkmg area 

B. TABLES OF METEOROLOGICAL REQUIREMENTS 

The tables m this sectlon present the detalled meteorologlcal mforma- 

tlon requirements as applied to supersomc transport operation Meteorolo - 

gical parameters with the extent of their spatial coverage, their crltlcal 
llmlts and accuracies required are llsted This 1s done for each function 

of the operations profile and associated actlwtles callmg for declsloas based 
on weather mformatlon The tables do not claim to be complete However, 

they present weather reqwrements correspondmg to the current estimates 
of supersonx transport operation and performance 
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Table 3 Meteorological Requrements of the Supersomc Transport 
Function -- Ground Operations 

Actmty 

Alrcraft 
mamtenance 

Schedule maJo= or 
mmor repan of 
engme, alrframe, 
systems, and 
support equpment 

Determine alrcraft 
parkmg and storage 
requirements 

Provide severe 
weather protectmn 

Meteorologxal 
Inf0rmat10n 

Hail, freezlng ram, snow 

Surface wmds 

Electrical discharge 

Blowmg sand or dust 

Low temperatures 

Hall, freezmg ram, snow 

Surface wmds 

Blowng sand/dust 

LOW temperatures 

Spatml 
CCWtTage 

Repal ra 

I 

Lreas 

Auport surface S 

Crltxal Lnmts & 
Characterlstlcs 

As reported 

Storms, tornadoes, 
hurricanes 

As reported 

As reported 

As reported 

40 knots, 10 knot gusts 

As reported 

-6’~ 

Accuracy 

1ze, mtens1ty, 
accumulatmn 
5 knots 

ztensity 

ntens1ty 

1°C 

,1ze, mtens1ty, 
accumulation 
1 knot 

ntens1ty 

1°C 

Permd of 
Vahdlty 

hours 

hours 

hours 

hours 

hours 

hours 

’ hours 

hours 

1 hours 
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Table 3 (Contmued) 

Functmn - - Advanced Plannmg 

Actmty 

Select destmatmn 
a1rport 

Deternune If air- 
port ~111 be at or 
above IFR 
mlnlmums 

Plan flight 

Select route 

Meteorological 
Informatmn 

Ce111ngs 

Pressure altitudes 

Temperatures 

Preclpltatmn - frontal 
structures 

Wmds aloft 

Spatml 
Coverage 

Landmg area 

I 

Departure 
corridors, 
enroute flight 
envelopes 

Approach lanes 

Clunb -out 

Enroute flight 
envelopes 

Descent 
corridors 

Landmg runway 

Entme flight 
~IlVdOp~ 

En-route flight 
envelopes 

Crltxal Lumts & 
Characterlstlcs 

400 feet mlnlmunl 

1 rmle mlnlmum 

Each 10,000 feet 
to 80,000 feet 
maxunum 

Each 1000 feet, 10, 001 
feet to surface 

Surface to tropopause, 
2000 feet Intervals 

40,000 - 80,000 feet, 
5000 feet mtervals 

30,000 feet to surface 
2000 feet Intervals 

At engme Intake height 

Hall, ram, snow and 
cloud movements 

Beam component 
Head/tall component 

Accuracy 

50 feet 

l/10 nmle 

1000 feet 

200 feet 

1°C 

1°C 

1% 

1% 

ixlrly pcmtlon~ 
15 n-des 

5 knots 
+lO knots 

Permd of 
Valldlty 

hours 

hours 

: hours 

: hours 

: hours 

: hours 

: hours 

L hours 

i hours 

L hours 



Table 3 (Contmued) 
Functmn - - Advanced Plannmg 

Actmty 

Select best ci-UISII 
altitude or altitude 

Select alternate 
(enroute and des - 
tmatmn) 

Plan acceleratmn 
altitude to Mach 
number greater 
than 1 

Meteorological 
Informatmn 

Wmd shear,turbulence 

Pressure altitudes 

Temperatures 

Wmd shear.turbulence 

Ce111ngs 

Vmblllty 

Surface wmds and gusts 

Temperatures 

Pressure altitude 

E 

1 
D 

E 

Spatial 
Coverage 

:ntx-e flight 
enVdOpf? 

ezparture 
corridors, 
enroute fllght 
envelopes, 
descent 
corridors 
inroute flight 
envelopes 

inroute flight 
envelopes 

,andmg areas 

0,000 - 40,000 
feet altitude 

:lnnb corrldorE 

Crltlcal Lmuta & 
Characterlstlcs 

2000 feet Intervals 
enroute 

10,000 feet mtervals 
to 80,000 feet 
ms2amum 

40,000 - 80,000 feet 
altitude, 5000 feet 
Intervals 

2000 feet Intervals, 
60,000 - 80,000 feet 
altitude 

400 feet mlnlmum 

40 knots maxunum 

Location of tropopause 

5000 feet mtervals to 
40,000 feet 

Accuracy 

3 knots/1000 
feet, +10 fps, 
1000 feet 
1000 feet 

1°C 

3 knots/l000 
feet, *10 fps/ 
1000 feet 

50 feet 

1 /lO mile 

1 knot, +lO 
degrees 
l%, 
*1000 feet 

1000 feet 

Permd of 
Valldlty 

: hours 

! hours 

: hours 

L hours 

L hours 

L hours 

L hours 

hour 

hour 



Table 3 (Contmued) 
Function - - Advanced Plannmg 

Actmty Meteorological Spatnl Crltxal Lmmts & Accuracy Permd of 

hformatmn Coverage Characterlstlcs Vahdlty 

Wmds aloft Clunbcorrldors Beam component +5 knots 1 hour 

Head/tall component i10 knots 

Clear air turbulence Acceleration 30,000 - 40,000 feet, f3 knots/1000 1 hour 

altitude 2000 feet mtervals feet 

Plan descent pomt Temperature Descent corn- 50,000 feet altitude *1Oc 3 hours 

dors, approach to surface, 10,000 

lanes feet mtervals 

Wmds aloft Descent corr’1- Beam component 15 knots 3 hours 

dors, aplxoach Head/tall component *lo knots 

lanes 

Determme fuel InformatIon given above 
load, allowable 1s sufficient 

gross weight, and 
payload 



Table 3 (Contmued) 
Function - - Pre -Flight Plannmg 

Actmty 

:omplete pre-flight 
,heck bust prior to 
ake -off) 

ConfIrm or up -datq 
all calculatmns on 
basis of latest 
meteorological 
mformatmn alter 
routmg, altltude(s: 
weight and balance 
and alternate as 
requred 

Meteorological 
Informatmn 

c e1lmg 

Temperature 

Vlslblllty 

Surface wmds and gusts 

Wmds aloft 

Spahal 
Coverage 

Departure 
termmal 

Destmatmn 
termmal 

Departure 
runway 

Zlunb corridor 

Enroute flight 
envelopes 

Descent 
corridors 

Landmg runway 
Departure 

runway 
Destlnatlon 

runway 
Departure 

runway 
Destmatmn 

runway 
Enroute flight 

envelopes 

Crhcal Lmuts & 
Characterlstlcs 

400 feet mlnlmum 

400 feet mlnlmum 

Engme operatmn 

2000 feet mtervals 
to 40,000 feet 

5000 feet mtervals, 
60,000 to 80,000 feet 

2000 feet Intervals, 
30,000 feet to surface 

Occurrence 
1 mile mlnlmum 

1 mile mlnlmum 

40 knots maxxnum 

40 knots maximum 

Beam component 
Head/tall component 

Accuracy 

50 feet 

50 feet 

1% 

1°C 

1°C 

1°C 

,l°C 
1 I10 mile 

:l/lO rmle 

:l knot, i10 
degrees 

:1 knot, *lo 
degrees 

~5 knots 
:lO knots 

Permd of 
Vahdlty 

hours 

hours 

hours 

hours 

hours 

hours 

hours 
hours 

hours 

hours 

hours 

hours 



Table 3 (Contmued) 
Function - - Pre -Flight Plannmg 

Actmty Meteorological Spatml Crltlcal Lmmts & Accuracy Permd of 
Informatmn Coverage Charactermtlcs Vahdlty 

Preclpltatmn and frontal Entlre flight Hall, ram, snow, and Hourlypcsltmns 2, 4 hours 
structures envelope cloud movements *5 miles 

Wmd shear and turbulence Enroute flight 2000 feet mtervals, *3 knots/1000 3 hours 
envelopes 60, 000 to 80, 000 feet feet, +lOfps/ 

altitude 1000 feet 



Table 3 (Contmued) 
Function -- Take-Off and Climb 

AC tlvlty 

Caxl to take -off ponl 
rnd prepare for take 
>ff 

Re-assess take-off 
condltmns, select 
runway and depar - 
ture headmg 

Check engme and 
equpment opera- 
tlon, adJust flaps 
and trim as 
required 

Conflrm take -off 
mlnlmums 

Meteorologxal 
Information 

Ce1hng 

Vwblllty 

Surface wmds and gusts 

Temperature 

Preclpltatmn 

Moisture content 

Temperature 

Surface wmds and gusts 

c e1lmg 

Vlslblllty 

Spatial 
Coverage 

Departure 
termmal 

Departure 
runway 

Departure 
runway 

Departure 
runway 

Departure area 

Departure 
runway 

Departure 
termmal 

Departure 
runway 

Crltlcal Llmlts & 
Characterlstxs 

400 feet mlnlmum 

1 null? mlnlmunl 

40 knots maximum 

Engme operatmn 

Runway condltmn 

Dew pomt 1 o”c 

Engme operatmn 

DIrectIon and speed 

400 feet mlnlmums 

1 mile mlnlmum 

88, ,,,,, 8, 

Accuracy 

50 feet 

1 /lO mile 

1 knot, +lO 
degrees 
1% 

ltenslty or 
agcretmn rate 
1 c 

1 knot, f10 
degrees 

50 feet 

1 I10 mile 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Permd of 
Valldlty 

12 hour 

12 hour 

12 hour 

12 hour 

12 hour 

12 hour 

120 hour 

120 hour 

120 hour 

120 hour 



Table 3. (Contmued) 
Functmn -- Take-Off and Clmnb 

Actmty 

Zllmb procedure 

Meteorological 
Informatmn 

Spatial 
Coverage 

Crltlcal Lmuts & 
Characterlstlcs 

Accuracy Permd of 
Valldlty 

Conflrm clunb 
condltmns 

Temperature 

Icing condltmns 

Departure 
corridors 

Locatmn of tropopause,+l°C 
lnverslons 

Accretmn rate and *1000 feet 
location 

1110 hour 

l/LO hour 

Turbulence 

Hall, snow, ram, cloud 
movements 

Cloud tops 1 

Intensity and locatmn +3 knots/l000 l/LO hour 
feet: *1000 
feet, +10 m1Jes 

Intenmty and locatmn *1000 feet, 1 I10 hour 
*lo miles 

Occurrence *LOO0 feet 1 /LO hour 



Table 3 (Contmued) 
Functmn -- Enroute 

Actmty 

<stabllsh and 
:ontmue cruise 

Momtor outslde air 
temperature for 
engme temperature 
lmnts and skm 
heatmg 

Re-set altn-neter ar 
requmed 

AdJust course and 
speed for wmds 

loldmg 

Proceed to holdmg 
f1x or fac111ty 

Establish anspeed 
and altitude as 
required 

Meteorological 
Information 

Temperature 

Altuneter settmg 

Wmds aloft 

Turbulence 

Severe weather 
turbulence, Lang, hall, 
freezmg preclpltatlon 

Icmg 

Turbulence 

Spatnl 
CCWX2+ 

Enroute flight 
enve :10 

Y 

Holdmg areas 

v 

Crltlcal Llmlts & 
Characterlstlcs 

At 60,000 to 80,000 
feet altitudes 

As received 

Beam component 
Head/tall component 

Intensity and locatmn 

Intensity, size and 
accretion rate 

Holdmg altitude 
approxnnately 30, ooc 
feet, speed approxl- 
mately M=O 95 

Holdmg altitude appmx 
mately 30,000 feet, 
speed approxunately 
M=O 95 

Accuracy 

kl°C 

to.01 Inches, He ? hours 

t5 knots 
t10 knots 

t3knots/lOOO 
feet, +1000 
feet, *10 mile; 

As reported 

Accretmn rate l/2 hour 

intensity 

Permd of 
Valldltv 

! hours 

2 hours 

2 hours 

i 12 hour 

l/2 hour 



Table 3 (Contmued) 
Function -- Enroute 

Actrv1ty Meteorological 
Informatmn 

Wmds aloft 

Conflrm weather Temperature 
mformatlon at 
destmatlon termm- Cellmg 
al 

Surface wmd, gustmess 

Runway vwblllty 

Icmg, hall, freezmg 
preclpltatlon, sleet, 
blowmg sand and dust 

Spatial Grltlcal Lu-mts & Accuracy Permd of 
Coverage Characterlstlcs Valldlty 

Holdmg areas Beam component *5 knots l/2 hour 
Head/tall component +I0 knots 

Landmg areas Engme operation l 1Oc l/2 hour 

400 feet *50 feet l/2 hour 

40 knots, 5-knot gusts *2 knots l/2 hour 

1 rmle *1 /lO rmle l/2 hour 

Occurrence and Accretmn rate, 1 I2 hour 
I boundarles size, mtens1ty 

Snow, sleet, xe, ram 
on runway 

Altimeter settmg 

Landmg runway Occurrence and 
amount 

Over control 
pomt 

As measured l/2 hour 

+O. 01 mches,Hg l/2 hour 

Determme fuel 
remammg 

Temperature 

Turbulence 

Wmds aloft 

Holdmg areas Engme operatmn *l°C l/2 hour 

Occurrence intensity l/2 hour 

Beam component +5 knots l/2 hour 
Head/tall component +lO knots 



Table 3 (Contmued) 

Function -- Approach and Landing 

Actwlty Meteorologxal spaa 
Inform&Ion Coverage 

Crltlcal Llmlts & 
Characterlstxs 

Accuracy Period of 
Valldlty 

Let -down 

Determme sulta - Wmds aloft Descent cor- Beam component +5 knots l/10 hour 
blllty of approach rldors, Head/tall component +I0 knots 

approach lanes 
Turbulence Descent cor- Occurrence and loca- *lo00 feet, l/10 hour 

rldors, tmn +5 miles 
approach lanes 

Vwblllty Approach lanes 3 nules *l/lo nule l/10 hour 

?rlor to landmg, Altimeter settmg Landmg surface +O.Olmches,Hg l/IO hour 
rerlfy runway and 
,btall latest termm- Temperature Approach lanes, Engme operation il°C l/10 hour 
1.1 weather mforma- runway measured at 
:lon engme level 

Surface wmds Approach lanes, 40 knots, 5-knot gusts -+2 knots 1 /lO hour 
runway 

Surface snow, sleet, ice, Runway As measured As measured 1 IlO hour 
hall, ram 

Cellmg 

Vlslblllty 

Land and brake usq Surface wmds, gusts 
;echmques appro- 
?rlate to the Cellmg 
?artlcular airplane 
2nd condltlons Runway vlslblllty 

Tax1 to parkmgarea Surface wmds, gusts 

Landmg areas 400 feet *50 feet l/10 hour 

Landmg areas 3 rmles *l/10 mile 1 /lO hour 

Landmg runway 40 knots, 5-knot gust2 +2 knots 1 j20 hour 

I 

400 feet *50 feet l/20 hour 

1 mile +1 I10 rmle l/20 hour 

Tax way 40 knots, 5-knot gusts *2 knots l/20 hour 
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