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TERRAIN CLEARANCE AND VERTICAL SEPARATION OF AIRCRAFT 

INTRODUCTION 

1. This circular describes a method for assessing the height 
of an aircraft above the terrain during all stages of a flight and for 
ensuring adequate vertical separation of aircraft during flight while en 
route. This method, which was developed for world-wide application and i s  
now in use in most areas of the world, i s  the product of several years study 
by three technical divisions of the Air Navigation Commission of ICAO and 
various regional air  navigation meetings. It was developed with a view to 
eliminating the hazards created by the use of several different methods in 
various parts of the world and to facilitate international aircraft operations 
in general by introducing standard procedures . 

2 ,  The basic purpose of this circular is to assist  national 
administrations, i ts  various departments and operators in applying the 
relevant procedures which have been published in Par t  I of ICAO document 7030. 
It contains a somewhat detailed discussion of the principles on which this 
method is based but in the interest of brevity it does not attempt to cover 
the various other methods which were discussed at length during the development 
of the method described. 

3. Bearing in mind that this circular may be found useful a s  
a general reference on the subject of I1altimeter settingf1 by readers ranging 
from those having little knowledge of the subject to those quite familiar 
with the method described, the material has been arranged in such a way a s  
to facilitate reference to discussion of any one of the several aspects of 
this rather involved subject. The principal part of the circular i s  only 
concerned with a description of the method; detailed discussions of the 
several associated subjects will be found in appendices. Examples illustrating 
one or  more of the subjects discussed will be found in attachments to this 
circular . 

TERMINOLOGY 

4. Early discussions in ICAO of altimeters and their various 
uses indicated that several terms commonly used in such discussions were 
being assigned quite different meanings and that the meaning of such terms 
varied from one country to another. Accordingly, prior to undertaking an 
examination of existing methods or to developing a world-wide method, i t  
became evident that standard definitions of such basic terms as  ffheightff 
"altitudew and ffelevationu would be required. The following definitions 
were adopted for use in all ICAO documents and a r e  found in the ICAO Lexicon 
of Terms (Doc 7200). 
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Height - The vertical distance of a level, a point or an object 
considered as  a point, measured from a specified datum. 

Altitude - The vertical distance of a level, a point or an 
object considered as  a point, measured from mean sea 
level. 

Elevation - The vertical distance of a point or a level, on or 
affixed to the surface of the earth, measured from 
mean sea level. 

5. Mention should also be made of those signals found in the 
Q Code which a re  related to the various altimeter settings now in use. The 
Q signals of the Aeronautical Code, which have now been in use for many years, 
were developed for use in air-ground radio-telegraphy. While three-letter 
groups such as  "QFEII for example a r e  used in messages relating to a particular 
type of altimeter setting, familiarity with this code gradually led to the use 
of such terms a s  Ira QFE altimeter settingv1 when referring to an altimeter sub- 
scale pressure setting corresponding to barometric pressure at  a particular 
place and time. Likewise the term "QNH altimeter setting" has been adopted 
as  a term meaning another type of sub-scale setting and both terms have now 
been adopted as  common terminology. * 

6 .  The three different types of altimeter settings used in 
the method under consideration a re  QNH, QFE and 1013.2 mbs. As indicated in 
the following table, each setting will result in an altimeter indication which pro- 
vides a measure of the vertical distance above the particular reference datum 
shown. In every instance the te rm "altimeter indicationl1 means the reading 
obtained from an instrument, bearing in mind that this indication i s  seldom if 
ever the true vertical distance. 

Altimeter Settinlj Reference Datum Altimeter Indication 

QNH mean s.ea level altitude 

QFE QFE reference height above QFE 
point reference point 

1013.2 mbs. 1013.2 mbs. vertical position relative 
(29.92 ins. ) to flight levels, height 

above pressure level of 
10 13. 2 mbs. or height in 
standard atmosphere 

* The origin and meaning of these and other Q Code signals relating to altimeter 
setting i s  discussed in further detail in Appendix D. 
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7. It will be seen that if the terms "altitude" and "height" a re  
always used in their defined sense, there i s  little possibility of confusion 
as  to their meaning in view of the following simple relationship. 

Setting; Indication 

QNH - Altitude 

QFE - Height 

1013.2 mbs. - Flight Levels 

DEVELOPMENT AND USE OF THE ALTIMETER 

8. The functions performed by an early-type altimeter were 
comparatively simple and the accuracy required of such an instrument was not 
great. I t  indicated height in the standard atmosphere and the difference 
between the reading obtained prior to take off and that obtained while in flight 
provided a useful indication of the height above terrain. With the advent of 
instrument flight the need for more accurate indications of the vertical position 
of an aircraft, both relative to the terrain and to other aircraft, became an 
important consideration. These new operational requirements were met by 
developing an altimeter which could be adjusted to select any of several pressure 
reference data other than that of sea level in the standard atmosphere 
(1013.2 mbs. ) and by the introduction of ground services which provided the 
altimeter settings during flight. Whereas formerly a pilot was required 
to estimate heights above the terrain using altimeter indications associated 
with a reference datum, the vertical position of which was unknown, he now was 
able to select a reference datum on the surface of the earth by obtaining either 
a QNH or a QFE setting while in flight. Additional refinements were also 
incorporated into the design of altimeters which resulted in greater sensitivity 
w d  readability. 

9 .  In view of the large variation from one region of the world 
to another in the operating conditions encountered and ground facilities and 
airborne equipment available, it was not surprising to find that over a period 
of time several different methods for determining terrain clearance and for 
ensuring vertical separation of aircraft were developed, each designed to 
satisfy the requirements of a particular region. 

10. In areas where the necessary air-ground communications were 
lacking or did not provide adequate coverage, and where air  traffic was com- 
paratively light, the use of a QFF setting for terrain clearance and vertical 
separation purposes was adopted. A QFE setting was normally used for landing 
and due to limitatione of the altimeter in use, a QNE setting was used for 
landings at high aerodromes. * 

*See - Appendix D for meaning of QFF and QNE altimeter settings 
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11, In a reas  of high traffic density i t  was found that closely 
co-ordinated communications, meteorological and a i r  traffic services were 
required to satisfy the operational requirements associated with such areas.  
Given such services, i t  was found that a QNH altimeter setting provided the 
most useful altimeter indications for both terra in  clearance and vertical 
separation purpos es,  

12. The use of several different methods in  various parts  of the 
world presented s erious difficulties to international operations, evidenced by 
the fact that in  certain instances airline operations manuals were required to 
specify a s  many as  three  different procedures to be followed on a single flight. 
Since such lack of standardization could well result  in serious e r r o r s  on the 
part  of both ground personnel and flight crews, ICAO undertook to review all  
the methods currently in use, plus several proposed new methods, with a view 
to arriving a t  the one method most suitable for world-wide application. This 
study led to the development of procedures for the following distinct purposes, 

a )  determination of ter ra in  clearance during take-off and landing, 

b) determination of the vertical position of one aircraft  relative to 
another during en-route flight, for vertical separatinn purposes, 

c) determination of ter ra in  clearance during en-route flight. 

BASIC PRINCIPLES OF THE ICAO METHOD 

13. The principles on which the ICAO method is based may be 
summarized a s  follows: 

a )  For take-off and landing, a QNH altimeter setting i s  always 
made available to a pilot for ter ra in  clearance purposes, 

b) For  landing, a QFE altimeter setting i s  made available to a 
pilot on request, for ter ra in  clearance purposes. 

c) During en-route flight, in  areas  where QNH reports a r e  available, 
QNH altimeter settings for the route flown a r e  made available to a pilot 
for ter ra in  clearance purposes. 

d) During en-route Plight, in a reas  where suitable QNH settings 
cannot be made available, theTnformation required to ensure adequate 
terrain clearance, using an altimeter setting of 1013.2 mbs. , is provided 
prior to take-off and where possible during flight. 
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e) During en-route flight, vertical separation of aircraft  i s  based 
on altimeter indications obtained from an altimeter set  on 1013.2 mbs. ,  
and a i rcraf t  a r e  flown a t  specific pressure  levels which a r e  defined by 
a system of "flight levelst1. 

f )  The instrument used to indicate the vertical position of an 
aircraft  relative to a flight level o r  to the terra in  may be either a 
sensitive altimeter, a 'flight level indicator, or  any suitable combination 
-of the two so  long a s  i t  provides the required indications. 

Pr io r  to discussing the application of the method a brief explanation of the 
specific uses of each of the three different types of altimeter setting namely 
QNH, QFE and 1013.2 mbs. i s  in  order. 

USE OF A QNH ALTIMETER SETTING 

14. Prior  to take-off a pilot will se t  the pressure sub-scale of 
his altimeter to the QNH setting for the aerodrome in order that i t  will indicate 
altitude, and when on the aerodrome the altimeter will quite naturally indicate 
the elevation of that aerodrome. In flight he will compare the altitude of his 
aeroplane with the elevation of obstacles on the ground a s  shown on charts and 
will thus be able to determine his ter ra in  clearance. Since a QNH setting i s  
based on the atmospheric pressure  at a particular point, generally speaking, 
the reliability of the altimeter indication will decrease a s  the distance from 
this point increases. For  this reason additional QNH settings should be 
obtainable along a route in order that the altimeter may be reset  and the 
reliability of its indication maintained within safe limits. Pr io r  to landing, 
a final QNH setting will be obtained from the aerodrome. This will enable a 
pilot to obtain a reliable indication of the altitude of his aeroplane which 
he will compare with the elevation of obstacles in the vicinity of the aerodrome. 
Thus the same type of altimeter setting can be used for ter ra in  clearance 
purposes throughout all  stages of a flight, take-off and climb, en route, and 
approach and landing* 

USE OF A QFE ALTIMETER SETTING 

15. In the event that a pilot prefers that his altimeter indicate 
the actual height of his aeroplane above the runway during the final approach for 
a landing, he will use a - QFE altimeter setting. This setting i s  obtainable on 
request from the aerodrome and i s  intended to be used only when he has been 
cleared to commence his final approach. Having se t  his altimeter to a QFE 
setting, i t  will, for al l  practical purposes, indicate the height above the 
runway. This height can be compared with the heights of obstacles in the 
immediate vicinity of the aerodrome which a r e  shown on instrument approach 

*The derivation of a QNH and a QFE altimeter setting is discussed in 
Appendix A. 
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charts. On landing his altimeter will indicate zero height. The use of a QFE 
setting i s  restricted to final approach and landing because whereas instrument 
approach charts indicate both-the elevations and heights of obstacles, charts 
covering areas not in the immediate vicinity of aerodromes indicate only the 
elevations of obstacles. 

FIGURE 1 
Height in Actual 
Atmosphere above 

Altimeter indication pressure datum of 
when set  to 1013.2 mbs.  1013.2 mbs.  

Metres 

1371.6 

Standard Atmosphere Curve - A - Feet Metres 
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1 k------- -_lo00 304.8 

1500 Flight Level 5 - - - - -  -- 500 152.4 

1000 Flight Level 10 

Flight Level 5 500,. 

0 Flight Level 0 
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-500, 

Atmospheric Pressure - eL. 
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FLIGHT LEVELS 

16, The system of flight levels referred to in paragraph 13 e) 
consists of a series of essentially parallel, constant atmospheric pressure 
levels separated by specific pressure intervals, with flight level zero located 
at the datum pressure level of 1013.2 millibars. Accordingly the term "flight 
levels" has been defined as  follows: 

"surfaces of constant atmospheric pressure which a r e  related to a 
specific pressure datum and a re  separated by specific pressure  interval^^^. 

Once .on a flight level, one needs only to maintain a constant altimeter indication 
in order to stay on this level. Since it i s  intended that the systern of flight 
levels should be so arranged as  to permit the use of a sensitive altimeter as  
a flight level indicator, the separation of consecutive flight levels has been 
based on a specific distance interval as  indicated on the dial of an altimeter. 
For example, flight level zero corresponds to an altimeter indication of zero 
and flight level 5 corresponds to an altimeter indication of 500 feet or 
152.4 metres. 

17. The derivation of this system of flight levels i s  illustrated 
in Figure 1. Curve A represents the pressure-height curve of the Standard 
Atmosphere, the curve used in calibrating an altimeter*. When exposed to a 
pressure Y the altimeter indicates a height of 500 feet (152.4 metres) above 
the datum 1013.2 millibars. When exposed to a pressure X the alti- 
meter indicates a height of 1000 feet (304.8 metres) above the same-datum. Thus 
i t  may be stated that consecutive flight levels 5 and 10 for example) a r e  
separated by an indicated distance of 500 feet I 152.4 metres) or more precisely 
a re  separated by a specific pressure interval (Y-X) which corresponds to a 
vertical distance of 500 feet (152.4 metres) in the Standard Atmosphere. This 
part of Figure 1 indicates the situation found in a Standard Atmosphere only. 

18. Since the system of flight levels i s  found not in a hypothetical 
standard atmosphere but in an actual atmosphere, the position of flight levels 
in the latter i s  of more practical significance. This i s  represented by the 
second part of Figure 1. Due to variations in atmospheric temperature from 
standard conditions the pressure-height relationship found in an actual atmos- 
phere i s  normally not that found in the Standard Atmosphere (Curve A) and 
may be something similar to Curve B. Since the pressure interval between 
consecutive flight levels is fixed (Y-X for example) and since an altimeter is 
actuated by changes in pressure and not changes in height, the position of 
flight levels 5 and 10 in an actual atmosphere will be found by extending the 
pressure lines Y and X to intersect Curve B. It will be seen that in this 
instance the distance between flight levels 10 and 5 is not 500 feet (152.4 
metres) as  it was in the Standard Atmosphere but i s  considerably greater, 
even though the pressure interval between these two levels i s  still Y-X. 

* See Appendix A for discussion on the calibration of an altimeter. 
See - Appendix B for discussion on the Standard Atmosphere. 
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Figure 1 also indicates that regardless of the atmospheric conditions involved, 
an altimeter, when exposed to a pressure Y will always indicate a height of 
500 feet (152.4 metres)  above the pressure datum 1013.2 millibars even though 
the actual height above this datum may be more o r  less than this value. It i s  
important that this relationship between an altimeter indication, the corres-  
ponding pressure  and the actual height be well understood. 

19. Figure 1 indicates that variations in atmospheric conditions 
result in an increase or  decrease in the vertical distance between flight levels, 
but makes no mention of the position of flight level 0 (pressure  level of 
1013.2 mbs. ) relative to the surface of the earth. The position of flight level 0 
relative to any point on the earth's surface a t  a particular t ime is dependent 
upon the elevation of this point and the atmospheric pressure.  As indicated in  
Figure 2, flight level 0 i s  above point A, which i s  located a t  sea  level, due to 
the fact that the atmospheric pressure  i s  above standard. Although point B i s  
in an a rea  of even higher general atmospheric pressure ,  flight level 0 is below 
i t  due to i t s  elevation. I t  will also be seen that the spacing between consecutive 
pressure levels i s  greater a t  B than a t  A. This subject i s  discussed a t  some 
length in Appendix C with the aid of examples taken f rom meteorological records. 
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20. Flight level 0 i s  located a t  the atmospheric pressure  level of 
1013.2 millibars and consecutive flight levels a r e  numbered 5, 10, 15, etc. 
The corresponding altimeter indications (using a pressure  setting of 1013.2 
mbs. ) a r e  a s  shown in  the following table: 

Flight Level 
Number 

Altimeter Indication 
Feet Metres 

Figure 3 illustrates the use of flight levels for vertical separation purposes 
while en route and the use of QNH and QFE settings for take-off and landing . 
In this example, flight level 0 happens to be 200 feet above aerodrome eleva- 
tion or 200 + 100 = 300 ft (30.5 + 61 = 91.5 m) above mean sea level due to 
the fact that the atmospheric pressure i s  greater than standard. 

21. The aircraft  a t  flight level 45 is overflying the aerodrome 
and continues on this level with no change in  altimeter setting. Another a i r -  
craft is approaching the aerodrome from flight level 35 and intends to land. 
Since the exact height above aerodrome of this and other flight levels i s  not 
self-evident, a more accurate height indication must be used for landing. 
The aircraft  descends to flight level 25 ( the  transition level) and on leaving 
this level the pilot changes his reference f rom an altimeter se t  to 1013.2 mbs. 
to one se t  on a QNH setting. He now reads "altitude". The aircraft  continues 
its descent to the "transition altitude" (1600 feet in this case) f rom which i t  
will commence i ts  final approach to land. During the final approach a QFE 
setting may be used instead of a QNH setting, should the pilot prefer to read 
"height above aerodromeu instead of "altitudel1. 

22. The aircraft  taking off completes the same procedure in  reverse.  
A QNH setting is used until the aircraft  passes through the transition altitude 
when the pilot's reference i s  changed to an altimeter se t  on 1013.2 mbs. and 
thereafter the aircraft  i s  flown on flight levels. 

Transition Altitude 

23. The transition altitude which i s  located a t  a fixed height 
above an aerodrome i s  defined a s  follows: 

"The altitude in  the vicinity of an aerodrome at  o r  below which 
the vertical position of an aircrafteis controlled by reference to altitudes, I' 
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FIGURE 3 
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To reduce the possibility of aircraft approaching the aerodrome below this 
transition altitude, it should be kept as  low as  possible. On the other hand 
i t  should not be lower than the altitude a t  which the final approach procedure i s  
commenced and 1500 feet (457 m) appears to satisfy this requirement at  most 
aerodromes. In some instances, however, local conditions may necessitate 
the use of a higher transition altitude. 

Transition Level 

24. The transition level, which i s  defined as  "the lowest flight 
level available for use above the transition altitude1!, i s  usually not fixed in 
view of the fact that the whole system of flight levels can move up or down 
with changes in atmospheric pressure. In practice "the lowest level available 
for usef1 i s  determined by aerodrome control taking into account local require- 
ments. In Figure 3 a case is illustrated wherein a separation interval i s  
incorporated in the airspace lying between the transition altitude and the transi- 
tion level and the transition level is  therefore level 25. In this case aircraft 
can be positioned or held at  the transition altitude (1600 ft) and simultaneously 
at flight levels 25, 35, etc. as  well, but a re  forbidden to approach on flight 
levels 15 and 20. However, in the event that the aerodrome control authority 
does not wish to include a separation interval between the transition altitude 
and the transition level aerodrome control can select flight level 15 as  the 
transition level (200 feet above transition altitude). If this i s  done, it i s  
obvious that aircraft can then be held at either the transition altitude (1600 ft) 
or the transition level (No. 15) but not simultaneously at  both. Experience 
has shown that in areaa of high traffic density, the use of the lower transition 
level permits the use of all airspace, eliminates the possibility of aircraft 
(en route or intending to land) approaching the ael'odrome below the transition 
level and can rimplify air  traffic control procedures, Thus, in practice any 
flight level located between 1 foot and 1500 feet above the transition altitude 
can be selected as  the transition level. 

25. In certain areas  of the world variations in atmospheric pressure 
a re  relatively rmall and, provided traffic and other considerations permit, a 
fixed trrmrition level may be used, For example, if meteorological records 
tndicrte that flight level 15 i s  likely to be above the transition altitude on 95% 
of oecarionr, then thir level can be adopted as  a fixed transition level and 
will be urable except on those infrequent occasions when exceptional meteoro- 
logical conditions a re  encountered. 

Transitton Procedure 

26, The fttranrttionu illustrated in Figure 3 i s  basically a change 
in the pilotlr reference from Ifflight levelsft to " a l t i t ~ d e s ~ ~  and vice versa and 
may or may not involve a resetting of an altimeter at a particular time. If 
two altimeter8 a re  available, one may be set to  the aerodrome QNH long 
bedor e rerehing the tranrition level. If only one altimeter i r  available the 
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FIGURE 5 - AERODROME SURROUNDED B Y  HIGH TERRAIN 

- Atmospheric pressure  below standard - QNH for aerodrome = 991.5 
- Transition Layer  1400 ft. (427 m) thick 

Flight Level 160 - Transition Level No. 100 - Transition Altitude 8000 ft. (2438 m )  - - 4 holding altitudes - holding levels beginning a t  Level NO. 100 

150 -h 

140 
-d- - 

130 L 

120 - 
110 C 

Lowest usable Flight Level approaching from this direction 1 

T W S I T I O N  ALTITUDE 
--/- 

1,- 

<-- .- Lowestin'i t ialap- 2133m - QNH -- preach altitude ---- for aerodrome 6000ft. 
1628 m 

3000ft. 
9 14 m 

Elevation 9 14 m , 

I 

+~/ 
- 



16 ICAO Circular 2 6 - ~ ~ / 2 3  

change in reference must be accompanied by a change in altimeter setting 
or  alternatively either the transition level or  transition altitude can be se t  
on a simple adjustable index on the face of the altimeter.  The same applies 
to the use of a QFE setting; on descending f rom the transition level one alti- 
meter  can be se t  on QNH and one on QFE. Figures 4 and 5, further il lustrate 
the application of the basic principles to differing situations. 

27. The advantages of a transition a t  a horizontal boundary over 
a transition a t  some vertical boundary a r e  evident. Whereas a pilot may have 
some difficulty in determining his position relative to a vertical boundary, he 
will always know his position relative to the transition level. Furthermore,  
no special procedures a r e  required .in the case of a i rcraf t  flying ove,r but not 
landing a t  an aerodrome. 

APPLICATION OF THE METHOD 

28.  As indicated in paragraph 13 the method under consideration 
makes use of three different types of altimeter settings: 

1) a QNH setting for ter ra in  clearance purposes and approach 
and landing; 

2) a QFE setting a s  an alternative to a QNH setting for approach 
and landing only; 

3) a setting of 1013.2 mbs. a s  the pressure  datum of the system 
of flight levels. 

In applying the method, the use of these three settings i s  co-ordinated in 
such a way a s  to ensure that a pilot will be able to maintain adequate ter ra in  
clearance and vertical separation a t  all  t imes even though the operating con- 
ditions and ground services available may vary greatly from one a rea  to an- 
other. The method i s  flexible in that i t  permits a pilot to make use of the 
most accurate and most suitable information available to him on any route. 
It also allows variations in the detailed procedures which may be developed by 
a i r  traffic and meteorological services to account for conditions peculiar to 
a locality. For this reason the following description of the application of the 
method does not attempt to describe a l l  of the alternative methods of applying 
the basic procedures. Instead examples of such detailed procedures taken 
from national regulations and air l ine operating manuals have been attached to 
this circular. 

29. The basic procedures on which the method is  based, a s  con- 
tained in P a r t  1 of ICAO Doc 7030, have been reproduced a s  Attachment 1 to 
this circular.  These procedures have been adopted by the majority of ICAO 
Air Navigation Regions. The following description of the application of the 
method consists of a simp1 e explanation of these procedures indicating the 
interrelation of the operational, meteorological and a i r  traffic aspects of this 
subject. 
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Pr e-flight 

3 0 .  The cruising levels a t  which a pilot intends to conduct his 
flight will be listed in a flight plan in terms of flight levels and not altitudes. 
o r  heights. The flight levels listed will depend upon such considerations as 
a i r  traffic density, topography, and the amount and type of altimeter setting 
information available prior to take-off and while en route. Since a pilot is 
responsible for insuring that he has adequate terra in  clearance a t  al l  times, 
he will be primarily concerned with the vertical position of the flight levels 
he will use, relative to obstructions along the route. The a i r  traffic service 
i s  concerned with the number of the lowest flight level which will provide ade- 
quate terra in  clearance and therefore can be assigned to a flight. The number 
of this level i s  determined with the aid of information obtained f rom the 
meteorological service. 

3 1. When adequate QNH reports a r e  available en route a pilot 
will be able to check the vertical position of the flight level which he i s  using. 
When no QNH reports a r e  available i t  b a y  be necessary to fly a t  a higher 
flight level in order to provide an adequate margin of safety. On most high 
altitude flights the position of the lowest usable flight level is of little impor- 
tance. The examples found in the attachments to this circular will indicate how 
this method may be applied to the many different types of operating conditions 
which a r e  likely to be encountered. 

32. Prior  to take-off a pilot will acquaint himself with the height 
of the transition altitude above aerodrome elevation (expressed as  an altitude) 
and the number of the transition level (expressed.as a number). 

Take-off and Climb 

33 .  The number of the transition level will be made available to 
a pilot in the routine take-off instructions. Pr ior  to commencing the take-off, 
the altimeter will be set  to the current QNH alt imeter setting for the aerodrome. 

34. During take-off and during climb up to the transition altitude, 
the vertical position of the aircraft  will be referred to in t e rms  of I1altitude" in 
all air-ground communications initiated by either the pilot or  by an a i r  traffic 
services unit. Aircraft approaching to land also use a QNH altimeter setting. 
Thus the vertical position of al l  aircraft  at o r  below the transition altitude will 
be expressed in terms of altitude. 

35. Flights in the vicinity of an aerodrome may be conducted 
entirely a t  OP below the transition altitude, in which case only a QNH altimeter 
setting need be used. However, for flights above the transition altitude the 
altimeter setting will be changed to 1013.2 rnbs. on passing through this 
altitude. 
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En Route 

3 6 .  Having passed through the transition altitude an aircraft  
will continue to climb to the f i rs t  cruising flight level listed in  the clearance, 
reporting its vertical position a s  required by a i r  traffic control service in 
t e rms  of "flight levels", e. g. flight level 5, 10, 15, o r  20. During en-route 
flight the aircraft  will be flown at  the flight levels listed in the a i r  traffic 
clearance, until descending to the transition level a t  the aerodrome of intended 
landing. 

3 7 .  The height of the aircraft  above the earth's surface will be 
determined by means of an altimeter set  on a QNH altimeter setting or ,  in 
a reas  where suitable QNH reports a r e  not available, by flying a t  flight levels , 
the vertical position of which has been determined prior to take-off. In certain 
a reas  i t  may be decided that some combination of the two should be used, i .  e. 
such QNH altimeter setting reports,  o r  other meteorological reports a s  a r e  
available, may be used to check the position of the predetermined flight 
levels in flight. The information on which predetermined flight levels may be 
based can vary from MET forecasts for a particular flight to climatological 
date covering a period of 50 years.  As stated previously a pilot will make 
the best use of the pre-flight and in-flight information available to him. 

Approach and Landing 

38 .  During the initial approach to an aerodrome and prior to 
reaching the transition level, the number of the transition level and the 
current QNH altimeter setting for the aerodrome will be made available to a 
pilot by the appropriate a i r  traffic services unit. 

39. Depending upon the height of the transition altitude above an 
aerodrome, an aircraft  may be required to hold a t  specified flight levels and/or 
altitudes. During descent and upon passing through the transition level the 
altimeter setting will be changed from 1013.2 mbs. to the current QNH setting 
for the aerodrome. Thereafter the vertical position of the aircraft  will 
always be referred to in t e rms  of llaltitudelt even though a QFE altimeter 
setting may be used during the final approach to the runway. The use of only 
one unit of vertical distance in all air-gr ound communications initiated by 
either a pilot or  an a i r  traffic controller i s  essential in view of the fact that 
in certain instances a controller may be in communication with aircraft  a t  o r  
below the transition altitude and an aircraft completing a missed approach 
procedure a t  the same time. All vertical distances contained in such commu- 
nications must be expressed in t e rms  of altitudes since a controller cannot 
be expected to remember which aircraft a r e  using a QNH setting and which a r e  
using a QFE. A QFE setting i s  intended to be used only during the final 
approach to land and a t  no time will vertical distances in air-ground communi- 
cations be expressed in heights. 

Missed Approach 

40. In the event of a missed approach, a QNH altimeter setting 
will continue to be used provided the missed approach procedure i s  to be 
executed a t  or  below the transition altitude. Otherwise the procedures 
applicable to take-off and climb will apply. 
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APPENDIX A 

DEVELOPMENT AND USE OF AN ALTIMETER 

1. Since an altimeter has always been one of the most important 
basic flight instruments and since its purpose and method of operation a r e  
rather apparent, little consideration i s  usually given to its capabilities and 
limitations. The following remarks regarding the development of the instru- 
ment, the functions which it is capable of performing, and i ts  limitations a r e  
quite relevant to the subject of this circular. 

2 .  In view of the well-known variation in atmospheric pressure 
with altitude, i t  was quite logical that the instrument adopted for indicating 
the height of an aircraft above the ground should have been one actuated by 
atmospheric pressure. Although such an instrument could have developed as  a 
simple absolute pressure gauge calibrated in either millibars, pounds per 
square inch or kilograms per square metre, the user would have had to learn to 
associate units of pressure with vertical distances. To eliminate !he need for 
such mental conversions on the part of the pilot, the pressure actuated instru- 
ment was calibrated to provide an indication of vertical distance. 

Calibration of an Altimeter 

3. Since the change in atmospheric pressure for any given 
vertical distance in the atmosphere is  not constant, the calibration of such an 
instrument presented a problem. In order to establish a fixed pressure- 
vertical-distance relationship on which the calibration of instrument could be 
based, a "Standard Atmospheret1 was developed. *This Standard Atmosphere i s  
representative of the many different atmospheric conditions found in various 
parts of the world. Due to the fact that the pressure-height relationship 
represented by this atmosphere will seldom correspond to conditions actually 
encountered, the indication provided by an altimeter calibrated in accordance 
with this atmosphere will usually be in e r ror .  Since nothing can be done 
about variations in atmospheric pressure and since the Standard Atmosphere was 
designed to be representative of a mean of many different atmospheres, its uee 
provided the most logical approach to the problem. 

Errors  in Indication 

4. The er rors  resulting from variations in atmospheric pressure 
from standard conditions a re  illustrated in the figure below, which contains 
curvee representing the pressure-height relationship found in the standard 
atmosphere and in aq actual atmosphere, In order to simplify the discussion 

4 - See on Standard Atmosphere in!Appendix B, 
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the atmospheric  p ressure  a t  z e r o  height in both atmospheres is assumed tobe  
same. In calibrating a simple al t imeter  the instrument is adjusted s o  that 
for  any p r e s s u r e  value it will always indicate the corresponding height onthe 
standard-atmosphere curve. F o r  example, whenever the instrument  is ex- 
posed to a p r e s s u r e  C it will always indicate a height A. Likewise, a change 
in p r e s s u r e  of C-D will always resul t  in a change in height indication of A-B. 
One often loses sight of the fact that an al t imeter  is only capable of measuring 
pressure ;  that it functions a s  though i t  were  always in a standard atmosphere 
and therefore indicates only height in such an atmosphere. 

Height in 
actual 
atmosphere 

P r e s s u r e  b - 

5. An al t imeter  once having been calibrated to follow the 
rtandard-atmosphere curve shown may, when in service,  be  exposed to an 
atmosphere such a s  that shown by the second curve. When a n  aeroplane 
ascends until the atmospheric p ressure  falls t o  a value C, the aeroplane will 
be a t  a height Y. Since the a l t imeter  functions a s  though it were  in a standard 
atmosphere and has been calibrated to indicate a height A when exposed to a 
p ressure  C it will in  fact indicate a height A. Likewise for  an actual change 
in height of X-Y the al t imeter  will show a change of height A-B. the differ - 
ence between the actual height X and the indicated height B is usually r e fe r red  
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to as  one of the several "altimeter errors"  but i t  i s  useful to note that such 
an e r ror  i s  not due to inability of the instrument to measure atmospheric 
pressure accurately but is due to the fact that it was calibrated in a stand- 
ard  atmosphere but i s  generally used in one which i s  non-standard. * While 
mechanical and installation e r r o r s  of the instrument may be equally important 
they a r e  not mentioned here due to  the fact that they a r e  not relevant to  the 
particular subject under discussion, 

Selection of Reference Datum 

6. The pressure datum adopted for the Standard Atmosphere, 
1013.2 mbs. ,  corresponds to zero height, Since the atmospheric pressure  at 
any given point on the earth's surface i s  continually increasing or  decreasing, 
the position of this pressure datum is likewise rising or  falling and it may be 
either, above or  below the earth's surface. Since a pilot often wishes to know 
his height above the terra in  rather than above such an arbi t rary  pressure  datum, 
a method for selecting a more useful datum was developed, The dial of modern 
altimeters contains a window displaying a pressure  sub-scale which can be 
adjusted to obtain a desired atmospheric-pressure setting, e. g. a QNH o r  a QFE 
altimeter setting. (& illustrations at pages 23 and 24.) 

Functions of the Pressure  sub-scale 

7. The pressure sub-scale is mechanically connected in such a 
way that adjustments in the position of the sub-scale a r e  converted into 
corrections to the height indication in accordance with the pressure-height 
relationship in the Standard Atmosphere. The amount of adjustment of the 
pressure sub-scale required to make the height indication accurate depends 
on the datum selected (. e. g., the surface o r  mean sea level) and/or on the magni- 
tude of the deviation of pressure  a t  the selected reference level f rom the 
corresponding pressure in  the Standard Atmosphere. 

Methods of .Computing QFE Values 

8. The QFE setting of the pressure sub-scale of the altimeter 
is deri-ved directly from the atmospheric pressure  a t  the location where the 
setting i s  to be applied. Since the observations of pressure  a r e  normaljy 
made in the Meteorological Office, i t  i s  usually necessary to reduce the 
observed pressures  to the elevation of the aerodrome. In most circumstances, 
the differences in  elevation between the point where the observations a r e  to 
be taken and the elevation of the aerodrome i s  sufficiently small  that the 
reduction can be accomplished by the addition of a constant correction. Where 
this difference in elevation is greater than about 20 feet (7 metres)  and 
where temperature variations a r e  large, i t  i s  necessary to develop a simple 
correction table using temperature and the observed pressure  as the two argu- 
ments. It should be noted that the pressure value used should be the reading 
of the mercurkal barometer, corrected for temperature, index e r ro r  and gravity. 

* This i s  discussed in greater detail in Appendix C. 
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9. QFE values may also be derived directly f rom a sensitive 
altimeter located on the aerodrome by setting the height scale to zero  height 
and reading the QFE values f rom the pressure  sub-scale. If this practice is 
used, ca re  should be taken to take into account any differences in elevation 
between the altimeter used and the elevation of the aerodrome to which the 
QFE values a r e  referred.  An example of the determination of QFE values will 
i l lustrate the description of the method a s  outlined above. 

4 

Elevation of aerodrome ........................... 500 m 

Elevation of cistern of mercurial  barometer . .  ....... 513 m 

Actual reading of the mercurial  barometer .  ......... 989.0 mb 

Sum of corrections for temperature, index e r ro r s ,  
gravity, etc. .......................................... - 0.2 mb 

Reduction to elevation of aerodrome plus 3 metres*.  . 1.1 mb 

QFE value for aerodrome ............,........... 989.9 mb 

Methods for Com~ut inn QNH Values 

10. The most direct way to obtain QNH values for a given time 
and place is to adjust the pressure  sub-scale of a sensitive altimeter located 
at  the aerodrome until the altitude indication is equal to  the elevation- 
instrument.'#  he QNH value can then be read directly f rom the pressure  sub- 
scale. This method has the advantage of simplicity. However, where more  
accurate pressure  measuring instruments a r e  available, such a s  the mercurial  
barometer,  these should be used in determining the basic information f rom which 
QNH can be derived. It may be noted that special instruments have been designed 
for indicating QNH values directly. These a r e  simply precision aneroid baro- 
meters  which can be pre-set for the field elevation to indicate QNH directly 
on the scale. 

11. The method for determining the QNH values f rom the observed 
atmospheric pressure  i s  described in the following steps: 

a )  measure atmospheric pr'essure; 

b) determine QFE value a s  described above; 

- 
* It  has become a common practice when computing QNH (and QFE) values to 

make allowance for the height of the altimeter above the runway when the 
a i rcraf t  i s  on the ground. While no standard allowance has been agreed, a 
compromise between large and small aircraft  of 3 metres  i s  generally used. 
It i s  important to note that the observed pressure i s  reduced to official aero- 
drome elevation plus 3 metres ,  but this additional 3 metres  i s  - not consid- 
ered in the subsequent steps f o r m e r m i n i n g  QNH. 
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Steps followed in the Determination of QNH 

STANDARD ATMOSPHERE 

--- 

Pressure 
(Letters refer to sequence of steps given 
in paragraph 11). 
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c) find the altitude in  the standar d-atmospher e table correspond- 
ing to the p ressure  i n  b); 

d) f rom the altitude found in c)  subtract algebraically the aero-  
drome elevation; 

e)  find the p ressure  in the standard-atmosphere table correspond- 
ing to the altitude found in d); 

f )  the p ressure  determined in e)  i s  the QNH value for the aero-  
drome. 

Official aerodrome elevation ........................ 820 m 

........ Height of barometer  above aerodrome elevation 10 m 

Assumed standard height above aerodrome elevation of .................. altimeter in a i rcraf t  when on aerodrome* 3 m 

Height of barometer  above altimeter in a i rcraf t  on the 
aerodrome (10-3) ....................................... 7 m 

a)  Measured atmosphere p ressure  ................... 932.3 mb 

b) QFE value ...................................... 933.0 mb 

c) Altitude in the Standard Atmosphere equivalent 
to 933.0 mb. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  690 m 

....... d) Altitude c) l e s s  aerodrome elevation (690-820) 130 m 

e)  P r e s s u r e  in Standard Atmosphere equivalent to 
-130 m .........................................em 1029.3 mb 

This procedure i s  i l lustrated in the diagram, which i s  schematic in character  
and i s  not intended for actual use in determining other QNH values. 

* I t  has become a common practice when computing QNH (and QFE) values to 
make allowance for the height of the al t imeter  above the runway when the 
a i rcraf t  i s  on the ground. While no standard allowance has been agreed, 
a compromise between large and small  a i rcraf t  of 3 met res  i s  generally 
used. I t  i s  important to note that the observed p ressure  i s  reduced to 
official aerodrome elevation plus 3 metres ,  but this additional 3 met res  - 
i s  - not considered in the subsequent steps for determining QNH. 
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Preparation of QNH Tables 

12, The procedures described above can be simplified by use of 
a table of QNH values. Such a table can be prepared by determining the. QNH 
value for each value of pressure  likely to be encountered a t  the aerodrome for 
which the table i s  to be used. These values, arranged in  convenient tabular 
form, then eliminate any further computation. As QNH depends only on the 
observed pressure  a t  aerodrome level (and not on temperature a s  does QFF) 
only one factor need be shown in the table. A sample table for an aerodrome 
at 914.4 metres  (3,000 feet) is given in Table 1. 

The Standard Atmosphere 

13. Because of the necessity for using standard-atmosphere 
values in the preparation of the QNH table, a limited portion of the standard- 
atmosphere specifications i s  given in  the Table a t  Appendix B. 
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TABLE 1 

SAMPLE QNH TABLE 

(Elevation of Aerodrome =, 914.4 metres) 
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APPENDIX B 

THE STANDARD ATMOSPHERE 

1. Since pressure-type al t imeters  a r e  used throughout the world 
for determining t e r ra in  clearance and for vertical separation purposes, i t  i s  
essential that the calibration of al l  instruments be based on one and the same 
pressure-vertical distance relationship. Likewise one fixed se t  of atmospheric 
conditions must  be used in  expressing the performance of an  a i rcraf t  in order  
that performance figures of different types of a i rcraf t  may be comparable. 
These considerations led to the development of an empirical atmosphere which 
i s  representative of the atmospheric conditions found in  various par ts  of the 
world. Several such atmospheres, r e fe r red  to  a s  "Standard Atmospherest' ,  
were developed for the  same purpose in Germany, by ICAN and in the United 
States, each differing only slightly f rom the others.  

2. In 1949 ICAO developed the following definition of a Standard 
Atmosphere which was adopted for use by a l l  States: 

Itstandard Atmosphere: An atmosphere defined a s  follows: 

a)  the a i r  is a perfect dry gas; 

b) the temperature a t  sea  level i s  15O C (59O F) ;  

c) the p ressure  a t  sea  level i s  760 mil l imetres 
(29.92 inches) of mercury  (1013.3 mil l ibars) ;  

d) the temperature gradient f rom sea  level to the 
altitude a t  which the temperature becomes -56. 5O C (-69.7OF') i s  
-0.0065°C per met re  ( -0 .003566°~ per  foot), and zero thereabove. ' I  

A detailed specification of this ICAO Standard Atmosphere complete with tables 
and diagrams will soon be published in Metric and English units. 

3. In addition to these basic assumptions, i t  i s  also necessary 
to establish the values of certain physical constants and the relationship bet- 
ween the various dimensional units in which these constants can be expressed. 
A complete l is t  of the constants used i s  given in a detailed repor t  on the 
ICAO Standard Atmosphere, Doc 7041. 
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Standard Atmosphere Tables 

4. The Standard Atmosphere is represented primarily by a 
table listing the pressures  and temperatures corresponding to various heights. 
Additional tables l is t  derived values, such a s  pressure  and temperature ratio 
between sea level and various levels above, the mean temperature of the a i r  
column between sea level and various levels and the density ratio. The 
specific weight the co-efficient of viscosity and the kinematic viscosity, 
the speed of sound, etc . , a r e  also used for various aeronautical engineering 
purposes. A portion of the temperature, pressure,  and height table which is 
based on the NACA Standard Atmosphere has been included for purposes of 
illustration. 
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STANDAfZD ATMOSPHERE 

(Based on NACA Standard) 

Symbols 

zp (m) Height in metres  above datum level (1013.2 mbs. ) 

zip (f) Height in feet above datum level (1 0 13.2 mbs . ) 
T~ Standard temperature (degrees centigrade) 

500zp (m) 5572 5557 5543 5528 5513 5499 5484 5469 5455 5440 
18281 18233 18185 18136 18088 18041 17993 17944 17897 17849 ap ( f )  4 1 . 2  -21.1 -21.0 -20.9 -20.8 -20.7 -20.6 -20.5 -20.5 -20.4 P 

510 zp (m) 5425 5411 5397 5382 5368 5354 5339 5325 5311 5296 
z ( f )  17800 17754 17706 17659 17612 17564 17517 17470 17423 17376 
T P -20.3 -20.2 -20.1 -20.0 -19.9 -19.8 -19.7 -19.6 -19.5 -19.4 
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570 zp (m) 4594 
zp ( f  ) 15073 

-14.9 

580 zp (m) 4463 
zp ( f  ) 14641 
T P -14.0 

620 zp (m) 3954 
zp ( f  ) 12972 
P -10.7 

630 zp (m) 3831 

zP ( f ) 12568 
-9.9 

640 zp (m) 3709 
% ( f )  12169 
P -9. 1 

650 zp (m) 3589 
zp ( f )  11775 

-8.3 

660 zp (m) 3471 
q, ( f )  11387 
P -7.6 

670 zp (m) 3354 
zp ( f  ) 11003 
P -6.8 

680 zp (m) 3238 
zp ( f )  10624 
P -6. O 
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860 zp (m) 
zp ( f  1 

P 

880 zp (m) 
"p ( f  

P 



ICAO Ci rcu l a r  2 6 - ~ ~ / 2 3  

990 (m) 195 
9 f 641 

13.7 

1000 9 (m) 111 
zp ( f )  364 

14.3 
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1090 zp (m) -620 
( f  ) -2034 

19.0 
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APPENDIX C 

NON-STANDARD PRESSURE - HEIGHT RELATIONSHIPS AND 
THEIR EFFECT ON THE INDICATIONS OF PRESSURE ALTIMETERS 

E r r o r s  in Heieht and Altitude Indications 

1. The pressure  a t  a point in the f ree  atmosphere i s  due mainly 
to the weight of a i r  above. In pressure altimetry, however, i ts  relation to 
the pressure  near the earth's surface is used. 

2. On this basis e r r o r s  in altimeter indications result  f rom 

a) deviations of the pressure  a t  the datum level* f rom the datum 
pressure in the standard atmosphere (1013.2 mbs); 

b) deviations from standard- of th'e pressure  difference between 
the datum level and the altimeter, 

Deviations of the second kind result from differences of density from standard 
which in turn result almost entirely from differences of temperature f rom stand- 
a rd  (assuming a given altimeter reading, i. e. a given pressure  interval in the 
atmosphere). Humidity also affects density, but to a negligible extent as far  
a s  ICAO altimeter setting procedures a r e  concerned. The pressure  difference 
between .the datum level and the altimeter may also be affected significantly by 
vertical motion in the atmosphere when this i s  intense, a s  in thunderstorms o r  
in  the vicinity of mountains. This matter is under study but, a s  no practical 
method of applylngany necessary corrections has yet been devised, i t  is not 
considered further here. 

3 .  The general relationship of deviations of pressure at the 
datum level and temperature to the indications of height o r  altitude provided 
by an altimeter may be expressed a s  follows: 

a) When the pressure at the datum level o r  the mean temperature 
of the a i r  column between the aircraft and the datum level (the other 
element assumed to be standard) is  lower than standard, the a i rcraf t  is 
lower than indicated by the a l t i m e t e ~ ~ d a n g e r o u s  case); 

b) When the pressure at the datum level o r  the mean temperature of 
the a i r  column between the aircraft and the datum level (the other element 
assumed to be standard) is  higher than standard, the aircraft  is higher 
than indicated by the altimeter. 

*The datum level i s  the level above which i t  i s  desired to measure height 
by means of the altimeter (e. g. MSL when altitude i s  to be measured; aero- 
drome level when height above aerodrome is to be measured). 
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4. A deviation in the pressure at the datum level will introduce 
an e r r o r  which is reflected equally a t  all levels of the atmosphere. The 
magnitude of the e r r o r  is approximately 8 metres  per 1 millibar deviation from 
standard. Thus if the actual pressure a t  the datum level i s  30 mbs f rom 
standard the e r ro r  in the altimeter's indication of height above the datum levei = 
due to this cause will be approxiinately 240 m. regardless of the actual height 
of the altimeter. 

5. The e r r o r  due to deviations f rom the standard vertical dis- 
tribution of temperature i s  a function of both the amount of temperature devia- 
tion and the vertical distance over which it is effective. When the altimeter 
i s  a t  the datum level this factor does not cause an e r ror .  The magnitude of 
the error is approximately 4 m per degree centigrade temperature deviation 
per 1000 m of height. Thus, i f  the mean temperature of the vertical column 
of a i r  between the altimeter and the datum level differed by 10 degrees 
centigrade f rom standard, the height indication e r r o r  for various heights 
would be approximately 4 m at 100 m; 12 m at 300 m; 120 m a t  3000 m and 
320 m a t  8000 m. 

6. The f i rs t  of the deviations mentioned in paragraph 2 may be 
compensated for by adjusting the pressure sub-scale of the altimeter. When 
adjustment i s  made to cause the altimeter to read altitude, i t  i s  necessary to 
determine the hypothetical pressure  at sea  level (. QNH) on the basis of the 
observed pressure at the surface of the earth. Strictly this procedure will, 
in general, eliminate the e r ro r  in  height indication only when the altimeter i s  
a t  the point for which the hypothetical sea level pressure  has been computed, 
and, of course, only if the pressure  at that point has not changed. It i s  
particularly important to note that, if the altimeter is  higher o r  lower than 
that point, there will generally be some e r ro r  in i ts  indication. 

7. The second of the deviations mentioned in paragraph 2 can be 
satisfactorily allowed for if the necessary information on the temperature 
between the datum level and the altimeter i s  available. The computation of 
this correction i s  usually accomplished by means of the appropriate scale on a 
navigator 1s computer. 

8. The ICAO altimeter setting procedures for vertical separation 
of aircraft  disregard temperature e r ro r s  in altimeter indications since even 
large temperature deviations from standard introduce e r r  or s in the difference 
of altitude between two consecutive flight levels which a r e  acceptably small. 
(Compare paragraph 18. ) 

Determination of the vertical position of flight levels 

9.  The effects of temperature deviations a r e  most significant 
when i t  becomes necessary to determine f rom pressure measurement made 
a t  the earth's surface, heights of flight levels above the ground. In these 
circumstances i t  is necessary either: 

a)  to have actual o r  estimated temperature values at various 
levels aloft, o r  
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b) to know the surface temperature and to assume a lapse rate 
of temperature with height. 

From this information the mean temperature of the air column can be determined 
and the heights of particular flight levels computed. 

10. A simple procedure for determining the height above station, 
and the altitude, of a flight level i s  as  follows: 

a) The standard atmosphere height of the station 

= the height in standard atmosphere tables corresponding 
to the QFE value. 

b) The standard atmosphere thickness of the layer between 
station and flight level 

= the standard atmosphere height of the flight level minus 
the standard atmosphere height of the station. 

c) The height above station of the flight level 

= standard atmosphere thickness of the layer multiplied 
by the actual mean absolute temperature of the layer 
divided by the standard atmosphere mean absolute 
temperature of the layer. 

d) The altitude of the flight level 

= the height above station of the flight level plus the 
elevation of the station. 

Example 

Problem: Find the height above station and the altitude of 
flight level ZO. 

Given: Station elevation = 1800 ft. ; 

QFE = 963.0 mbs 

Mean temperature of the layer = 22% (295aK). 

Procedure 

a) The standard atmosphere height of the station = 1400 ft.  
(height corresponding to a pressure of 963.0 mbs. in the 
standard atmosphere) 

b) The standard atmosphere thickness of the layer between 
station and flight level 40 =: 4000 - 1400 = 2600 f t .  
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c) The height above station of flight level 40 

295 - = 2600 x - - 2710 ft. 
283 

(Standard atmosphere mean temperature of the layer 
= (12.2 + 7 . 1 ) O ~  

2 

d) The altitude of flight level 40 

Variations in  the heights of transition levels and flight levels 

11. In establishing the transition levels a t  aerodromes and 
lowest usable flight levels en route, the variability of the height o r  altitude 
of such.levels is an important factor. In some a reas  the range of variation 
i s  so small  that, with the aid of statistical data, fixed transition levels 
and lowest usable flight levels en route can be chosen, to give the necessary 
klearances when these levels fall to their lowest altitude, without causing a 
serious waste of flight levels on the occasions when these a r e  near the upper 
limit of their range of variation. In other a reas  the ra te  and magnitude of 
variation a r e  such that in order to avoid serious waste of flight levels i t  
is necessary to determine transition levels and lowest usable flight levels 
from hourly meteorological data o r  even from forecast data. Given adequate 
statistical data i t  should be possible for individual States to decide on 
procedures suited to their needs. The choice of method will be influenced by 
traffic density, number of flight levels required and other operational con- 
siderations. Some States may, for example, find it  convenient to choose 
transition levels and lowest usable flight levels which can be used without 
change for, say, 90% of the time and to transfer to other levels for the 
remaining 10 % of the time. 

12. The procedure for the use of climatological data a s  a basis 
for fixing flight levels depends to some degree on the character of the data 
available at a given location. If only surface temperature and pressure data 
a r e  at hand, maps with QNE correction values* or  any equivalent correction 
values, to cover the corresponding area ,  may be used. 

Where detailed climatological data for the upper a i r  a r e  available the 
standard deviations of the altitude of selected constant pressure  surfaces 
from the heights of those surfaces in the standard atmosphere should be the 
most satisfactory basis for deciding on the flight levels to be used. 

* QNE correction i s  defined as  the difference between the standard height 
of a given flight level, over a given station, and the lowest altitude 
of that flight level, according to climatological records. 
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13. The table below, which contains data on flight levels and 
temperatures fo r  two points on a i r  route, namely Misawa (Japan) and Massacre  
Bay ( ~ l e u t i a n s ) ,  has been prepared to il lustrate the variations which can 
occur in: 

a) the position of flight levels relative to mean s ea  level 
(altitude of flight levels), and 

b) the vertical distance between flight levels. 

The examples shown a r e  typical of the extremes which may occur in the s t o rm  
belt of middle latitudes. In the tropics variations of this magnitude would be 
associated only with intense tropical s torms and would be r a r e .  

Flight 
Level(s) 

170 

100 

5 0 

0 

WINTER 
Route change Time change 

Vertical Separation of Flight Levels ( ~ t )  

SUMMER 

(1730 miles) 
Route change 
(1730 miles) (28 days) 

Altitude of, and Temperature at,  Flight Level (Ft .  and OC. ) 

170-160 

100- 90 

50- 40 
" 

Time change 
(6 days) 

920 

930 

940 

(1) 
Misawa 

30 Decl49 

16,920 

10, 130 

6,090 

420 

930 

940 

930 

-36 

-21 

-15 

- 

940 

970 

970 

(2) 
Mass.Bay 
30 Dec149 

(6) 
Misawa 

7 Julyt49 

(4) 
Mass. Bay 
13 July149 

16,920 

9,210 

4, 160 

-1,030 

- 
1050 

1030 

1010 

1030 

1050 

1010 

(3)  
Mass. Bay 

2 Dec149 

(5) 
Misawa 

13 Julyt49 

16,850 

9,400 

4,780 

50 

-34 

-14 

- 4 

- 

1050 

1070 

1050 

-39 

-23 

-12 

- 4 

18,230 

9,870 

4,670 

-550 

-6 

4 

9 

- 

'17,960 

9,770 

4,650 

-240 

-12 

10 

9 

7 

19,090 

10,550 

5,230 

70 

- 6 

13 

18 

18 
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14. The figures in columns 1 and 2 indicate that on December 30 
flight level 170 was located at an altitude of 16, 920 feet both at Misawa and 
Massacre Bay, which a r e  1730 miles apart,  However, on the same day the 
altitude of flight level 50 a t  these two points differed by 10, 130 - 9, 210 = 920 
feet. Figures applicable to the same route in Summer a r e  found in columns 4 
and 5. 

15. The figures i n  columns 3 and 4 and again in 5 and 6 indicate 
the variation in the altitude of flight levels over a period of time. For  
example on July 13 at Misawa flight level 170 was a t  19, 090 feet and s ix  days 
later  i t  was a t  18,230 feet, 860 feet lower. 

16. The table also indicates the variation in the vertical 
positions of flight level 0 due to changes in  sea  level pressure.  For  example 
columns 2 and 3 indicate that a t  Massacre Bay on December 2 flight level 0 was 
50 feet above sea  level, while on December 30 it was 1080 feet lower, at an 
altitude of -1030 feet (i. e. below sea  level). 

17. The temperature figures illustrate the effect of temperature 
on the vertical distance between flight levels. For example, a t  Misawa the 
vertical distance between levels 170 and 100 on December 30 was 16,920 - 
10, 130 = 6,790 feet when the mean temperature of the layer was about -29OC; 
on 13 July it was 19,090 - 10,550 = 8,540 feet when the mean temperature of 
the layer was about + 4 ' ~ .  

18. The lower section of the table gives examples of the variation 
in the vertical distance between flight levels normally 1000 feet apart. It will 
be noticed that variations in separation a r e  relatively small. (Compare 
paragraph 8. ) 
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APPENDIX D 

THE Q-SIGNALS ASSOCIATED WITH ALTIMETER SETTINGS 

1. In developing the Q code, i t  was only natural that signals 
should be introduced to facilitate the transmission of data used in the setting 
of altimeters. Since the first signals were introduced, a number of amend- 
ments have been made to specify more exactly the various types of settings. 
The signals have now reached a point of development where the concept of 
each particular setting i s  succinctly defined by these Q code significations 
and the associated signal i s  often used as  a convenient term for referring to 
each type of setting. 

2 .  The atmospheric pressures which were used initially for 
adjusting the pressure sub-scale were: 

a) the observed pressure at  the aerodrome, which caused the 
altimeter to read zero on the aerodrome, and 

b) the meteorological sea level pressure, which caused the 
altimeter to read approximate heights above sea level. 

As a result of practices adopted largely in North America, where an altimeter 
located on the aerodrome was commonly used to determine the pressure setting 
for aircraft in flight, there developed a special setting first described as  
the llKollsman Reading1' later a s  the "altimeter setting1', and which has now 
been given the Q-signal QNH. It was also found that the use of observed 
atmospheric pressures (QFE) at high altitude aerodromes resulted in a 
setting beyond the limits of the pressure sub-scale. This difficulty was over- 
come by the development of a new signal to indicate the height reading of an 
altimeter on the aerodrome when the pressure sub-scale was set to the datum 
pressure in the standard atmosphere, i. e., 1013.2 mbs. This setting i s  now 
identified by the signal QNE. 
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3. The present texts of the four Q-signals related to altimeter 
setting data a r e  quoted below. 

' Signal SIGNIFICATION 

Question or  Interrogatory Form Answer, Information o r  Advice Form 

At . . . (p1;c;) the atmospheric 
pressure  a o ficial aerodrome 
elevation is (or was observed 
at . . . hours to be) . . . tenths 
of millibars . 

KLGA 9737) /i. - e. 973.7 

At . . . (place) the atmospheric 
pressure  converted to mean sea  
level in accordance with meteoro- 
logical practice is (or  was 
determined at . . . hours to be) . . . tenths of millibars. 

On landing a t  . , . 
hours, with your 
set to 1013.2 millibars (29.92 
inches) your altimeter will indicate . . . (figures and units) 

If you set  the sub-scale of your 
altimeter to read . . . tenths of 
millibars (or hundredths of an 
inch*), the instrument would indicate 
your elevation if you were on the 
ground at my station a t  . . . hours, 

* Note. - When the setting i s  given in - 
hundredths of an inch the abbrevia- 
tion "INS'1 i s  used to identify the 
units, 

Q F F  

QNE 

QNH 

at official aerodrome eleva- 
tion? 

&t . . . (place) [what is the 
present atmosp eric pressure  
converted to mean sea level 
in accordance with meteoro- 
logical practice? 

What indication will my 
altimeter give on landing 

1013.2 millibars (29.92 
inches)? 

What should I se t  on the sub- 
scale of my altimeter so that 
the instrument would indicate 
my elevation if I were on the 
ground a t  your station? 
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ATTACHMENT 1 

(Extract f rom Pa r t  1 of Doc 7030) 

1 .  - ALTIMETER SETTING 

The following procedures for ensuring adequate terra in  clearance and 
vertical separation of aircraft  were designed to take account of the many 
different operating conditions encountered in various parts  of the world, 
and the meteorological and communications services available. In brief the 
method used is based on the following basic principles: 

a )  for  ter ra in  clearance purposes a QNH altimeter setting is 
used whenever possible; 

b) for vertical separation en route a system of flight levels 
is used. These flight levels a r e  related to a pressure datum of 
1013.2 mbs. (29.92 ins.) and a r e  separated by a nominal distance of 
500 feet (152.4 metres);  

c) the transition from flight levels to altitudes in the vicinity 
of an aerodrome i s  effected by means of a horizontal transition layer 
above which aircraft  a r e  flown at flight levels and below which aircraft  
a r e  flown at altitudes; 

d) an altimeter se t  to 1013.2 mbs. (29.92 ins.), o r  any other 
suitable instrument i s  used to indicate flight levels and an altimeter 
set  to a QNH setting is used to indicate altitudes. 

The method i s  flexible in that it permits considerable variation in the 
detailed procedures which may be required to account for local conditions, 
without deviating from the basic principles 

The chart on page 1-1-1 1 of Doc 7030 indicates those a reas  of the world 
in which these procedures apply. 

1.1. - DEFINITIONS AND BASIC PROCEDURES 

DEFINITIONS 

Altitude - The vertical distance of a level, a point o r  an dbject considered 
as a point, measured from mean sea  level. 

Height - The vertical distance of a level, a point o r  an object considered 
a s  a point, measured from a specified datum. 
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Elevation - The vertical distance of a point o r  a level, on o r  affixed 
to the surface of the earth, measured f rom mean sea  level. 

Fli ht Levels - Surfaces of constant atmospheric pressure  which a r e  
relate a8-- to a specific pressure  datum, 1013.2 mbs. (29.92 ins.),  and a r e  
separated by specific pressure  intervals (equivalent to 500 feet in the 
Standard ~ t m o s p h e r e ) .  

Note,- A pressure  type altimeter calibrated in  accordance with the 
~ t a n d a r d ~ t r n o s p h e r e :  

a )  when set  to QNH altimeter setting, will indicate altitude; - 
b) when set  to QFE altimeter setting, will indicate height 

above the QFE reference datum; - 
c) when set  to a pressure  of 1013.2 mbs. (29.92 ins.)  may be 

used to indicate flight levels. 

Transition Altitude - The altitude in the vicinity of an aerodrome at  
o r  below which the vertical position of an a i rcraf t  i s  controlled by reference 
to altitudes. 

Transition Level - The lowest flight level available for use above the 
transition altitude. 

Transition Layer - The airspace between the transition altitude and the 
transition level. 

BASIC PROCEDURES 

1.1.1 General 

1. 1.1.1 A transition altitude shall be specified for each aerodrome 
by the State in  which the aerodrome i s  located and shall be published in  
NOTAMS and be depicted on ICAO Instrument Approach Charts. 

1. 1. 1.2 The transition altitude shall coincide with the higher of: 

a)  the lowest initial approach altitude associated with the 
aerodrome, i f  established, o r  

b) a height of 450 metres  (1500 feet) above aerodrome elevation, 

unless operational considerations require that the transition altitude be 
located at some altitude other than specified in a)  o r  b). 
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1.1.1.3 Where two or more closely spaced aerodromes a re  so 
located as  to require co-ordinated procedures, a common transition altitude 
shall be established. This common transition altitude shall be the highest of 
the transition altitudes for the aerodromes considered. 

1. 1.1.4 Vertical displacement of aircraft when at  or below the 
transition altitude shall be expressed in terms of altitude whereas such dis- 
placement at or above the transition level shall be expressed in terms of 
flight levels. While passing through the transition layer, vertical displace- 
ment shall be expressed in terms of altitude when descending, and in terms 
of flight levels when ascending. 

1.1.1.5 Flight level zero shall be located at  the atmospheric pressure 
level of 1013.2 mbs. (29.92 ins. ). Consecutive flight levels shall be separated 
by a pressure interval corresponding to 500 feet (152.4 metres.)  in the 
Standards Atmosphere. 

Note. - Examples of the relationship between flight levels and altimeter - 
indications a re  given in the following table: 

Flight Level 
Number 

Altimeter Indication 
Feet Metres 

1.1.2 Take-off and Climb 

1. 1.2. 1 A QNH altimeter setting shall be made available to aircraft 
in the routine take-off and climb instructions. 

1. 1.2.2 Vertical displacement of aircraft during climb shall be 
controlled by reference to altitudes until reaching the transition altitude above 
which vertical displacement shall be controlled by reference to flight levels. 

1. 1.3 En Route 

1. 1.3. 1 Vertical Se~ara t ion  - En Route 

1. 1.3.1.1 Aircraft shall be flown en route at  flight levels at all times 
during an IFR flight. 
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1. 1.3.1.2 When complying with the quadrantal rule of Annex 2 an a i r -  
craft  shall be flown at  flight levels corresponding to  the magnetic tracks 
shown in  the following table: 

MAGNETIC TRACK 

Flight 10 15 20 25 
Level 30 35 40 45 
Number 50 55 60 65 

etc. etc. etc. etc. 

1.1.3.2 Terrain Clearance - En Route 

1.1.3.2.1 QNH altimeter setting reports  should be provided f rom 
sufficient locations to permit determination of ter ra in  clearance with an 
acceptable degree of accuracy. 

1.1.3.2.2 For  those a reas  in which adequate QNH altimeter setting 
reports cannot be provided, the appropriate authorities shall make available 
in  the most usable form the information required to determine the lowest 
flight level which will ensure adequate terrain clearance. 

Note. - This information may consist of current meteorological informa- - 
tion or information based on climatological data and consequently the lowest 
flight level s o  derived may pertain to an a rea  or  a particular route or 
segments of routes and may be applicable to an indefinite period of t ime or  
to one particular flight. 

1. 1.3.2.3 Flight information centres, a r ea  control centres, approach 
control offices and aerodrome control towers shall a t  all t imes have available 
for flight planning purposes and for transmission to aircraft  in flight, on 
request, the information required to determine the lowest flight level which 
will ensure adequate terra in  clearance for routes o r  segments of routes on 
which this information i s  required. 

1. 1.4 Approach and Landing 

1. 1.4. 1 A QNH altimeter setting shall be made available in the 
routine approach and landing instructions. 

1.1.4.2 A QFE altimeter setting shall be made available in the 
landing instructions on request from the aircraft.  
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1. 1.4.3 Vertical displacement of aircraft  during approach shall be 
controlled by reference to flight levels until reaching the transition level 
below which vertical displacement shall be controlled by reference to altitudes. 

1. 1.5 Missed Approach 

The relevant portions of 1. 1. 1.4, 1. 1.2 and 1. 1.4 shall be applied to 
the case of a missed approach. 

1.2. - PROCEDURES APPLICABLE TO 0,PERATORS 
(INCLUDING PILOTS) 

1.2.1 Flight Planning 

1.2. 1. 1 The levels a t  which a flight i s  to be conducted shall be speci- 
fied in a flight plan: 

a)  in t e rms  of flight levels if the flight is to be conducted at or  
above the transition level, and 

b) in t e rms  of altitudes i f  the flight is to be conducted in the 
vicinity of an aerodrome and a t  or  below the transition altitude. 

Note 1. - Short flights in  the vicinity of an aerodrome may often be 
conducted only a t  altitudes below the transition altitude. 

Note 2. - Flight levels a r e  specified in a plan by number, e. g. ,  50, 60, 
70 and not in terms of feet o r  metres  as  i s  the case  with altitudes. 

1.2. 1.2 The flight level or levels selected for a flight: 

a) should ensure adequate terrain clearance a t  al l  points along 
the route to be flown; 

b) should satisfy a i r  traffic services requirements, and 

c)  should be compatible with the application af the cpadrantal 
rule of Annex 2, if relevant. 

Note 1. - The information required to determine the lowest flight level 
which will ensure adequate terra in  clearance may be ob.tained from the 
appropriate a i r  traffic services unit and/or meteorological office. 

Note 2. - The flight level o r  levels chosen will depend upon the accuracy 
with which the vertical position of such levels relative to the terra in  can be 
estimated, which in turn i s  dependent upon the type of meteorological informa- 
tion available. A lower flight level may be used with confidence when i ts  



52 ICAO Circular 2 6 - ~ ~ / 2 3  

position is based on current information closely associated with the particular 
route to be flown and when i t  i s  known that amendments to this information 
will be available in flight. A higher flight level will be used when based on 
information less  relevant to the particular route to be flown and the t ime a t  
which the flight i s  to be conducted. The latter type of information may be 
provided in chart o r  table form and may be made applicable to  a large a r ea  
and any period of time. 

Note 3. - Flights over level ter ra in  may often be conducted a t  one flight 
level whereas flights over mountainous terra in  may require several changes 
in  flight levels to-account for changes in the elevation 03 the terrain.   he 
use of several  flight levels may also be required in order to comply with a i r  
traffic services requirements. 

1.2.2 Take-off and Climb 

1.2.2. 1 Pr ior  to taking off one altimeter shall be se t  on the latest 
QNH altimeter setting for the aerodrome. 

1. 2.2. 2 During climb to and while a t  the transition altitude, refer-  
ences to the vertical position of the aircraft  a s  contained in air/ground 
communications shall be expressed in terms of altitudes. 

Note 1. - Instructions received from air  traffic services units will also 
be expressed in t e rms  of altitudes. 

Note 2. - The transition altitude for an aerodrome is listed on instrument 
a p p r o a c k a r t s  for that aerodrome. 

1. 2.2.3 On penetrating the transition altitude the altimeter setting 
shall be changed to 1013.2 mbs. (29.92 ins. ) and thereafter the  vertical 
position of the aircraft  should be determined with reference to flight levels. 

1.2.3 En Route 

1.2.3.1 Vertical Separation 

At or above the transition level of an aerodrome and during en-route 
flight conducted in accordance with IFR an aircraft  shall be flown at  flight 
levels. 

1.2.3.2 Terrain Clearance 

1.2.3.2.1 Where adequate QNH altimeter setting reports  a r e  available 
the latest and most appropriate reports shall be used for assessing terra in  
clearance. 

1.2.3.2.2 Where terra in  clearance cannot be assessed with an acceptable 
degree of accuracy solely by means of the QNH reports  available, then adequate 
terra in  clearance should be based on the flight levels listed in the flight plan. 
The position of these flight levels relative to the terra in  should be checked in 
flight by means of such QNH reports o r  other information a s  a r e  available. 
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1.2.4 Approach and Landing 

1.2.4. 1 Pr ior  to commencing the initial approach to an aerodrome 
the number of the transition level shall be obtained from the appropriate a i r  
traffic unit. 

Note. - In areas  where the variation in sea-level atmospheric pressure  
i s  relatively small,  a fixed transition level, based on the lowest pressure  
likely to be encountered, may be established and published in NOTAMS and on 
instrument approach charts.  

1. 2.4.2 Pr ior  to descending below the transition level the latest QNH 
altimeter setting for the aerodrome shall be obtained f rom air  traffic control. 

1.2.4.3 On descending below the transition level the altimeter setting 
shall be changed to the QNH of the aerodrome and thereafter the vertical 
position of the aircraft  shall be controlled with reference to altitude. 

1.2.5 Mis sed.Approach 

The altimeter settings used while completing a missed approach procedure 
will be dependent upon whether or  not procedure can be carr ied out below the 
transition altitude and in any event they should be consistent with the relevant 
procedures contained in 1.2.'2, 1.2.3 and 1.2.4. 

1.3. - PROCEDURES APPLICABLE' TO AIR TRAFFIC SERVICES 

1.3.1 Flight information centres, a r ea  control centres, approach 
offices and aerodrome control towers shall a t  all  t imes have available the 
information required to determine the lowest flight level which will ensure 
adequate terra in  clearance for routes or segments of routes on which this 
information i s  required. 

1.3.2 Flight Plans 

1.3.2. 1 For flights in the vicinity of aerodromes the vertical position 
of aircraft  shall be expressed in terms of altitudes if clearance i s  requested 
for a t  or  below the transition altitude and in te rms  of flight levels if clearance - 
i s  requested a t  or  above the transition level. 

1.3.2.2 For  flights in  control areas  the vertical position of aircraft  
shall be expressed in t e rms  of flight levels if clearance i s  requested. 

Note. - In all  a i r  traffic control instructions, clearances, etc. , flight - 
levels a r e  referred to by number only e. g.,  "flight level 50, 60, 75, etc.. . I f .  
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1.3.3 Flight Information Service 

1.3.3.1 Flight information centres shall have available for trans- 
mission to aircraft  on request an appropriate number of QNH reports  or  forecast 
pressures  for the flight information regions for which they a r e  responsible. 

1.3.3.2 Where the information required by 1.3.3.1 cannot be provided, 
flight information centres shall have available for transmission to aircraft  
in flight the information required to determine the lowest flight level o r  
levels which will ensure adequate terra in  clearance for the routes o r  segments 
of routes on which this information i s  required. 

1.3.4 Area Control Service 

1.3.4.1 Area control centres shall have available for transmission 
to aircraft  on request an appropriate number of QNH reports  o r  forecast  
pressures  for the control a r eas  for which they a r e  responsible. 

1.3; 4.2 Area control centres shall determine the lowest usable 
flight level o r  levels for the whole or parts of the control a rea  for which 
they a r e  responsible, and use i t  when assigning flight levels and pass i t  
to the pilots on request. 

Note 1. - The lowest usable flight level will provide a terra in  clearance 
of at-000 feet (300 metres) .  

Note 2. - Additionally, a i r  traffic services requirements will determine 
the distance along a route for which a particular lowest usable flight level 
extends. 

Note 3. - See Note 2,para. 1, Pa r t  I1 of the PANS-RAC (Doc 4 4 4 4 - ~ ~ ~ /  
50 1 / 3 ) .  

- 

1.3.4.3 For  vertical separation all IFR flights shall be controlled 
by reference to flight levels, except when otherwise necessary in the vicinity 
of aerodromes ( see  - paragraph 1.3.5). 

1.3.5 Approach and Aerodrome Control Services 

1.3.5.1 In the vicinity of aerodromes, approach control offices o r  
aerodrome control towers shall establish the transition level for the 
appropriate period of time on the basis of QNH reports.  The transition level 
shall be the lowest flight level available for use above the transition altitude 
for the aerodromes concerned. Where two or  more aerodromes a r e  in  close 
proximity a single transition level shall be used for both aerodromes. 
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1.3.5.2 In setting the transition level the a i r  traffic control plan and 
procedures in use  shall preserve  the separation Standards contained in the 
PANS-RAC (DOC 4444-RAC/~O 1/5).  

1.3.5.3 The transition level shall be passed to  a i rcraf t  in routine 
take-off and approach and landing instructions. 

1.3.5.4 A QNH altimeter setting shall  be passed to a i rcraf t  in  
routine take-off instructions. 

1.3.5.5 A QNH (and QFE on request) altimeter setting shall  be passed 
to a i rcraf t  in  routine landing instructions. 

1.3.5.6 For  vertical separation of a i r  craft  in the vicinity of aerodromes 
the vertical position of a i rcraf t  shall  be expressed i n  t e rms  of altitudes when 
a t  o r  below the transition altitude and in t e rms  of flight levels when a t  or  above 
the transition level. While passing through the transitional layer ,  vert ical  
displacement should be expressed in  t e rms  of altitudes while descending and 
in t e rms  of flight levels when ascending. 

1.4. - PROCEDURES APPLICABLE TO METEOROLOGICAL SERVICES 

1.4. 1 Respcjnsibility of Meteorological Offices 

1.4. 1. 1 Meteorological offices shall  have available for  use  by a i r  
traffic services ,  operator 's  local representatives and a i r f c r ews ,  a s  necessary,  
p ressure  and temperature information required: 

a )  to determine the lowest flight level which will ensure adequate 
t e r ra in  clearance for routes o r  portions of routes on which this informa- 
tion i s  required; 

b) to establish the transition level for  the aerodrome; and 

c) to meet  other local requirements. 

1.4. P . 2  Meteorological Offices shall  have available a t  al l  t imes the 
current  QNH and QF'E values for the local aerodromes.  

1.4. 2 Data required 

1.4.2. 1 The information refer red  to in paragraph 1.4. 1.1 shall  
invariably include the current  QNH and QFE values for the relevant local 
aerodrome(s)  and QNH reports  f rom stations associated with the routes o r  
areas(1)  concerned. Where an adequate network of QNH reporting stations 
i s  not available, forecast  values of minimum mean s ea  level p ressure  and 
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of temperature for  selected ( 3 )  points along the routes or  over the a r ea  (1) 
shall  be made available in addition (2). When the operational requirements 
can be met  by providing this data for the duration of only one particular flight, 
the data to be provided may be limited to that particular flight. 

Note 1. - F o r  guidance a s  to the extent of the a r e a s  to be embraced, see 
Paras .  1.2 and 1.3 of these al t imeter  setting procedures. 

Note 2. - In certain a reas ,  for  example, where the p ressure  and/or 
temperature variations a r e  small,  o r  where the resulting loss  of a i rspace  is 
acceptable, i t  may be practicable to use seasonal o r  fixed values. When this 
i s  done, i t  is necessary  that some local procedure be established which will 
draw attention to the occasions when actual values of the elements entering 
into the computations a r e  l e s s  than the fixed o r  seasonal values assumed. 

Note 3 .  - These points a r e  selected on the basis  of the topography of the 
routes o r  a r ea  and prevailing meteorological situation. 

1.4.2. 2 The particular type of information made available in accordance 
with paragraph 1.4.2. 1 shall  be a s  determined by the Meteorological Offices 
concerned in consultation with Air Traffic Service Units and operators.  

1.4.3 Dissemination of ONH values 

1.4.3. 1 QNH values shall be added to the meteorological repor ts  of 
a network of stations within the FIRS or  control a r ea s  under the jurisdiction 
of the State concerned. Such network shall be specially designated by the 
Meteorological Service of that State in consultation with i ts  appropriate aero-  
nautical authorities, with due consideration of the requirements stated in 
paragraph 1.4. 2. 1. 

1.4.3.2 QNH values shall be added to meteorological reports  included 
in ground/air hourly and half-hourly broadcasts.  

1 .4 .3 .3  QNH values and QFE values if required shall  be made avail- 
able by Meteorological Offices a t  all  international aerodromes to the local 
Air Traffic Service unit on an hourly basis for  t ransmission on request to 
a i rcraf t  in flight. When QNH values a r e  made available for meteorological 
broadcast purposes a t  hourly and half-hourly intervals,  they shal l  also be 
made available to the local Air Traffic Service Unit. 

1.4.3.4 Meteorological Offices serving Flight Information Centres o r  
Area  Control Centres shall provide these centres with QNH values f rom the 
reporting stations of the network refer red  to in paragraph 1.4.3. 1. 

1.4.4 Pre-flight briefing 

1.4.4.1 Pre-flight briefing by meteorological offices shall include 
information required to determine the lowest safe flight level. 
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ATTACHMENT 2 

DETERMINATION OF LOWEST FLIGHT LEVEL PROVIDING 
ADEQUATF TERRAINCLEARANCEENROUTE 

The following extract from the Operations Manual of an airline has been 
reproduced to illustrate the type of detailed procedures which may be required 
for the use and guidance of flight crews and operations personnel, to amplify 
the procedures found i n  Attachment 1. 

"OVERSEAS OPERATIONS BULLETIN 

To: ~nternational  Pilots, Navigators and Flight Radio Officers 

Use of 'Flight Levelsf (29. 9211/ 10 13.2 mbs. ) 
in Cairo, Karachi and Bombay FIRS 

1. This represents the first instance where flight levels are 
being used for vertical separation over land areas ,  thus creating a 
necessity for procedures which will assure  adequate terra in  clearance. 
The following discussion outlines the general principles involved in 
maintaining adequate terra in  clearance and the procedures to be used for  
this purpose. 

2. Use of Term FLIGHT LEVEL 

In order to eliminate confusion arising f rom the use of 'altitudes' 
based on different settings, IATA has recommended the t e r m  FLIGHT 
LEVEL be used, corresponding to the reading on an altimeter se t  to 29.92" 
(1 0 13.2 mbs. ). The FLIGHT LEVELS will be indicated as  10 for 1000 it., 
15 for 1500 ft., and 20 for 2000 f t . ,  25 for 2500 ft., 30 for 3000 f t . ,  etc. 

When the pressure  setting on the altimeter remains unchanged while 
the aircraft  flies over stations with different pressure  values or  altimeter 
settings, the aircraft  i s  in fact flying along a constant pressure  level. 
When the QNH increases ( indicating a r i s e  in pressure  at the station), 
the altitude of this pressure  level also r ises .  Similarly, when the QNH 
decreases, the altitude of the pressure  level also decreases. It is  this 
constant pressure  level which will be referred to as  a FLIGHT LEVEL. 
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3. Ter ra in  Clearance 

Adequate t e r ra in  clearance en route will be provided by assuring 
that FLIGHT LEVELS selected do not violate existing minimum en-route 
altitudes. This will be accomplished by checking the QNH value f rom 
the appropriate en-route station. The altitude of FLIGHT LEVELS over 
a QNH reporting station can be determined f rom the difference between 
29.9211 and the actual QNH value a t  the time, using the relationship of 
10 ft. for  . O1ll. For  example, a QNH of 29.97" represents  an increase  
over 29.92" of .0511 o r  50 f t .  Since an increase of QNH means an 
increase of the altitude of the FLIGHT LEVEL, we find that for a QNH of 
29.97", FLIGHT LEVEL 30 is 3050 ft. above mean sealevel .  Conversely, 
with a QNH of 29.42" the altitude of FLIGHT LEVEL 30 would be 2500 ft. 
(. 50" decrease = 500 ft. decrease) .  

The above discussion is summarized graphically in Figure 1. The 
QNH reporting stations a r e  shown along the surface of the ground (which, 
for simplification, has  been placed a t  mean s e a  level) with the QNH value 
beside the point indicating the station. Levels of constant p ressure  
corresponding to the QNH values a r e  shown a s  dotted lines. A single 
FLIGHT LEVEL (FLIGHT LEVEL 30) is  shown by a dashed line. The 
minimum en-route altitude i s  shown a s  a solid line and a sca le  of altitudes 
above sea  level i s  shown in  the right-hand margin. It will be readily seen 
that an a i rcraf t  cruising a FLIGHT LEVEL 30 is in effect flying a pred- 
su r e  contour line which is 3000 ft. above the p ressure  contour line 
corresponding to a QNH value of 29.92". Fo r  discussion purposes, certain 
of the QNH reporting stations have been numbered. The numbers below 
correspond to the station numbers in Figure 1: 

1) QNH = 29.92"; therefore, since the isobar corresponding 
to 29.92" is a t  mean s e a  level a t  this station, FLIGHT LEVEL 30 
is 3000 ft. MSL. The lowest usable FLIGHT LEVEL is 20, cor res -  
ponding to the minimum en-route altitude of 2000 ft. 

2) QNH = 31.92", which is 2.00" higher than 29.92" 
corresponding to an increase of 2000 ft. Thus, the altitude of 
FLIGHT LEVEL 30 i s  3000 ft. plus 2000 ft. = 5000 ft. MSL. 
The lowest usable FLIGHT LEVEL in the vicinity of this station 
is st i l l  FLIGHT LEVEL 20. 

3) QNH = 28.2911, a decrease of 1. O O f l  below 29.92". This 
i s  equivalent to a decrease  of 1000 ft. Therefore, the altitude 
of FLIGHT LEVEL 30 i s  3000 ft. minus 1000 ft. = 2000 f t .  MSL. 
The MSL altitude of FLIGHT LEVEL 20 is below the minimum en- 
route altitude, and consequently, a new lowest usable FLIGHT 
LEVEL must be chosen. The MSL altitude of FLIGHT LEVEL 30 
equals the minimum en-route altitude, thus making FLIGHT LEVEL 
30 the lowest usable FLIGHT LEVEL in  the vicinity of this station. 
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4) QNH = 27.92"' a decrease of 2. O O f l  o r  2000 ft. The MSL 
altitude of FLIGHT LEVEL 30 of this station i s  3000 ft. minus 
2000 ft. = 1000 ft. Since the QNH has continued to lower the 
lowest usable FLIGHT LEVEL must be raised. In the vicinity of 
this station, the lowest usable FLIGHT LEVEL would be 40. 

4. Procedures for Insuring Adequate Ter ra in  Clearance 

A. Preflight 

1) De temine  minimum en-route altitude for each stage of 
the route. 

2) Determine latest  actual QNH f rom en-route QNH reporting 
stations. If the intended flight will be of long duration, it is 
desirable to  consider the forecast change in  QNH a s  well a s  the 
actual QNH. 

3) Wherever the QNH is equal to o r  higher than 29.92" o r  
10 13.2 mbs. , FLIGHT LEVELS down to and including that FLIGHT 
LEVEL which corresponds to the minimum en-route altitude may 
be used. Fo r  example, i f  the minimum en-route altitude i s  3000ft., 
FLIGHT LEVELS down to and including 3 0 may be used with QNH of 
29 .9211 o r  higher. 

4) Whenever the QNH i s  below 29.92" o r  1013.2 mbs. , deter- 
mine the lowest usable FLIGHT LEVEL in  accordance with the method 
outlined under Terra in  Clearance, above. The lowest usable FLIGHT 
LEVEL is the lowest FLIGHT LEVEL having an altitude which equals 
the minimum en-route altitude. 

5) The selection of FLIGHT LEVEL to be used en route must  
not be lower than the lowest usable FLIGHT LEVEL and, in addition, 
must  conform to quadrantal separation rules o r  other a i r  traffic 
control instructions. 

B. En route 

1) Obtain QNH values regularly f r om en-route QNH reporting 
stations. 

2) Whenever the QNH of your neares t  station is above 29.92" 
o r  1013.2 mbs,  no change in FLIGHT LEVEL is required. 



ICAO Circular 2 6 - ~ ~ / 2 3  6 1 

3) Whenever the QNH of the nearest  station is below 29.92" 
or 1013.2 mbs. , the general rule i s  to climb to the next FLIGHT 
LEVEL consistent with the quadrantal rule. 

a )  If you a r e  flying a t  a FLIGHT LEVEL corresponding 
to the minimum en-route altitude and QNH goes below 29. 9211, 
you will be below the minimum en-route altitude if you 
continue at that FLIGHT LEVEL. Therefore, when flying at 
a FLIGHT LEVEL corresponding t o  the minimum en-route 
altitude and the QNH goes below 29.92", the rule i s  always 
climb to the next appropriate FLIGHT LEVEL. 

b) If you a r e  flying at a FLIGHT LEVEL above the 
FLIGHT LEVEL corresponding to  the minimum en-route 
altitude and the QNH goes below 29. 9211, check to determine 
if the decrease in pressure has lowered the MSL altitude of 
your FLIGHT LEVEL sufficiently to place it a t  o r  below the 
minimum en-route altitude. If so, then a )  above applies; if not, 
no change in FLIGHT LEVEL i s  required. 

4) The change of FLIGHT LEVEL should be made, a s  nearly 
a s  possible, at the mid-point between two QNH reporting stations. 

C. Example 

An example of the application of these principles to a i rcraf t  
in flight is portrayed in  Figure 2. In the example shown, the minimum 
en-route altitude i s  3000 ft. MSL. The terra in  profile is shown and 
QNH reporting stations a r e  shown by dots on the terra in  profile with 
the QNH values shown under the station. Aircraft I1A1l flying in a 
northeasterly direction s tar ts  out over station 1 at FLIGHT LEVEL 
30. Aircraft  "B1' flying in a southeasterly direction s ta r t s  out over 
station 1 at FLIGHT LEVEL 35. Since QNH at  station 1 is 29.92", 
all aircraft  have adequate terra in  clearance over station 1. 

While flying from station 1 to station 2, both aircraft  receive 
routine reports  of the QNH at 1 and the QNH a t  2. The mid-point 
between stations 1 and 2 is the point where the aircraft should 
begin any change of altitude dictated by changes in  QNH of station 2. 
Since the QNH at station 2 i s  reported a s  29. 9111, a decrease of 
.0 1" o r  10 ft., FLIGHT LEVEL 30 is 10 ft. below the minimum 
en-route altitude and, conseque~tly,  no longer constitutes the lowest 
usable FLIGHT LEVEL. Aircraft  "At1 must therefore leave FLIGHT 
LEVEL 30 and climb to the next FLIGHT LEVEL appropriate to 
i t s  heading -- FLIGHT LEVEL 50 in  this example. Aircraft l1BI1 
at FLIGHT LEVEL 35 over station 2 i s  still  above the minimum 
en-rout e altitude. 
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While the aircraft  a r e  en route between stations 2 and 3, the 
QNH of station 3 reveals that FLIGHT LEVEL 35 constitutes the 
lowest usable FLIGHT LEVEL over station 3. A QNH of 29.4211 
equals a decrease o f .  50" or  500 ft., thus, placing FLIGHT LEVEL 
35 at 3500 ft. minus 500 ft. = 3000 ft. MSL. Aircraft llA1l at FLIGHT 
LEVEL 50 is still well above the lowest usable FLIGHT LEVEL 35. 

When the QNH of station 4 i s  checked, it  becomes evident 
that FLIGHT LEVEL 35 is at 2990 ft. MSL over that station. Thus, 
it is below the minimum en-route altitude. (29.92" - 29.4111 s 
.51" o r  510 ft.; 3500-510 ft. = 2990 ft.) FLIGHT LEVEL 35 i s  no 
longer the lowest usable FLIGHT LEVEL over station 4. Accordingly, 
aircraft  "BH must climb to the next FLIGHT LEVEL appropriate to 
its heading (FLIGHT LEVEL 55) in order to avoid flying below 
the minimum en-route altitude. 

- END - 
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