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Minimum flight altitudes (JAR-OPS 1.250 / 1.365)
8.1.1.1. Minimum VFR altitude requirements

The company normally does not allowed VFR operations for revenue flight. If VFR is required for a specific flight or part(s) of a flight, an authorisation of the Flight Operations Manager. For VFR altitudes requirements refer to ICAO Rules of the Air - Annex 2 chapter 4 and to any national regulations applicable to the area overflown.

8.1.1.2. Minimum IFR altitude requirements

When an aircraft is operated for the purpose of commercial air transport, the minimum altitude/flight level at which it is permitted to fly may be governed by national regulations, air traffic control requirements, or by the need to maintain a safe height margin above any significant terrain or obstacle en route. Whichever of these requirements produces the highest altitude/flight level for a particular route will determine the minimum flight altitude for that route.

The procedures outlined in the following paragraphs are to be followed when calculating the minimum altitude for the safe avoidance of en-route terrain and obstacles.

8.1.1.2.1. Minimum altitudes definitions

· MEA (Minimum En-route IFR Altitude)

The lowest published altitude (or Flight Level) between radio fixes that meets obstacle clearance requirements between those fixes and in many countries assures acceptable navigational and radio signal coverage.

· MORA (Minimum Off-Route Altitude)

A route MORA provides reference point clearance within 10 NM (18.5 km) of the route centreline (regardless of the route width) and end fixes. 

A grid MORA altitude provides a reference point clearance within the section outlined by latitude and longitude lines.

MORA values clear all reference points by 1000 ft (300 m) in areas where the highest reference points are 5000 ft (1500 m) MSL, or lower. 

MORA values clear all reference points by 2000 ft (600 m) in areas where the reference points are above 5000 ft (1500 m) MSL. 

When a MORA is shown along a route as "unknown" or within a grid as "unsurveyed" a MORA is not shown due to incomplete or insufficient information.

· MOCA (Minimum Obstruction Clearance altitude)
The lowest published altitude in effect between radio fixes on VOR airways, off-airways routes, or route segments, which meets obstacle clearance requirements for the entire route segment.

· MSA (Minimum Sector Altitude)

Altitude depicted on instrument approach, SID or STAR charts and identified as the minimum safe altitude which provides a 1000 ft (300 m) obstacle clearance within a 25 NM (46 km) (or other value as stated) radius from the navigational facility upon which the MSA is predicated. 


8.1.1.2.2. Terminal area

Except during IFR approach or departure when on track with a published minimum altitude on airport charts the minimum altitude must not be lower than the Minimum Sector Altitude (MSA).

· Take-off obstacle clearance (JAR-OPS 1.495)
(a) 
An operator shall ensure that the net take-off flight path clears all obstacles by a vertical distance of at least 35 ft or by a horizontal distance of at least 90 m plus 0.125 x D, where D is the horizontal distance the aircraft has travelled from the end of the take-off distance available or the end of the take-off distance if a turn is scheduled before the end of the take-off distance available.

(b) 
When showing compliance with sub-paragraph (a) above, an operator must take account of the following:

(1)
The weight of the aircraft at the commencement of the take-off run;

(2)
The pressure altitude at the aerodrome;

(3)
The ambient temperature at the aerodrome; and

(4)
Not more than 50% of the reported head-wind component or not less than 150% of the reported tailwind component.

(c) 
When showing compliance with sub-paragraph (a) above:

(1) 
Track changes shall not be allowed up to the point at which the net take-off flight path has achieved a height equal to one half the wingspan but not less than 50 ft above the elevation of the end of the take-off run available. Thereafter, up to a height of 400 ft it is assumed that the aircraft is banked by no more than 15°. Above 400 ft height bank angles greater than 15°, but not more than 25° may be scheduled;

(2) 
Any part of the net take-off flight path in which the aircraft is banked by more than 15° must clear all obstacles within the horizontal distances specified in sub-paragraphs (a), (d) and (e) of this paragraph by a vertical distance of at least 50 ft; and

(3) 
An operator must use special procedures, subject to the approval of the Authority, to apply increased bank angles of not more than 20º between 200 ft and 400 ft, or not more than 30º above 400 ft;

(4) 
Adequate allowance must be made for the effect of bank angle on operating speeds and flight path including the distance increments resulting from increased operating speeds.

(d) 
When showing compliance with sub-paragraph (a) above for those cases where the intended flight path does not require track changes of more than 15°, an operator need not consider those obstacles which have a lateral distance greater than:

(1) 
300 m, if the pilot is able to maintain the required navigational accuracy through the obstacle accountability area; or

(2) 
600 m, for flights under all other conditions.

(e) 
When showing compliance with sub-paragraph (a) above for those cases where the intended flight path does require track changes of more than 15°, an operator need not consider those obstacles which have a lateral distance greater than:

(1) 
600 m, if the pilot is able to maintain the required navigational accuracy through the obstacle accountability area; or

(2) 
900 m for flights under all other conditions.

(f) 
An operator shall establish contingency procedures to satisfy the requirements of JAR-OPS and to provide a safe route, avoiding obstacles, to enable the aircraft to either comply with the en-route requirements or land at either the aerodrome of departure or at a take-off alternate aerodrome.

8.1.1.2.3. En-route minimum altitude 
8.1.1.2.3.1. Normal operation

En-route IFR flight levels or altitudes should be higher than the published Minimum En-route IFR Altitude (MEA) indicated on en-route charts.

The minimum safe en-route altitude should be the higher of the Minimum Off-Route Altitude (MORA) and the published Minimum Obstruction Clearance Altitude (MOCA). Both minimum altitudes are indicated on en-route charts when they exist. 

In case of incomplete or lack of safety altitude information, obstacles and reference points have to be located on Operational Navigation Charts (ONC) or topographic maps. The minimum safe en-route altitude must clear all obstacles within 5 NM (9.3 km) of the route centreline by 1000 ft (300 m) if the reference point is not higher than 5000 ft (1500 m) MSL or 2000 ft (600 m) if reference point is higher than 5000 ft MSL.

If available and not limiting, the grid MORA may be used as minimum flight altitude.

These minimum altitudes must be respected along the track with all engines operative unless a procedure has been approved to cope with depressurisation. During flight preparation, the en-route minimum altitudes must be established for all the route segments.

8.1.1.2.3.2. Abnormal operation

It may be necessary to establish diversion procedures for critical cases taking into account the topography along the route and the requirements mentioned below (engine(s) failure, depressurisation).

It may be necessary to determine Point(s) of Non Return (PNR) and establish appropriate procedures (drift down on course, turn back or diversion outside the track depending on the aircraft position).

 When obstacle limited, the pilot should be reminded for correct drift down procedure as specified in the appropriate chapter of the FCOM (one/two engine(s) inoperative).

Any diversion procedure established for a particular route should be described in the Operations Manual Part C (Route Manual).

8.1.1.2.3.2.1. Engine failure 

For engine failure, the net flight path as defined in the aircraft Flight Manual must be considered. 

The net flight path is established considering a drift down procedure taking into account a given drift down speed associated with the expected aircraft weight, the remaining engine(s) being set at MCT (Maximum Continuous Thrust), and considering the effect of:

· air conditioning,

· icing protection system if its use is expected,

· wind and temperature (weather forecast) 

· En-route - One engine inoperative (JAR-OPS 1.500)
(a) 
An operator shall ensure that the one engine inoperative en-route net flight path data shown in the Aircraft Flight Manual, appropriate to the meteorological conditions expected for the flight, complies with either sub-paragraph (b) or (c) at all points along the route. The net flight path must have a positive gradient at 1500 ft above the aerodrome where the landing is assumed to be made after engine failure. In meteorological conditions requiring the operation of ice protection systems, the effect of their use on the net flight path must be taken into account.

(b) 
The gradient of the net flight path must be positive at at least 1000 ft above all terrain and obstructions along the route within 9.3 km (5 NM) on either side of the intended track.

(c) The net flight path must permit the aircraft to continue flight from the cruising altitude to an aerodrome where a landing can be made in accordance with JAR-OPS 1, the net flight path clearing vertically, by at least 2000 ft, all terrain and obstructions along the route within 9.3 km (5 NM) on either side of the intended track in accordance with sub-paragraphs (1) to (4) below:

(1) 
The engine is assumed to fail at the most critical point along the route; 

(2) 
Account is taken of the effects of winds on the flight path;

(3) 
Fuel jettisoning (as applicable) is permitted to an extent consistent with reaching the aerodrome with the required fuel reserves, if a safe procedure is used; and

(4) 
The aerodrome where the aircraft is assumed to land after engine failure must meet the following criteria:

(i) 
The performance requirements at the expected landing weight are met; and

(ii) 
Weather reports or forecasts, or any combination thereof, and field condition reports indicate that a safe landing can be accomplished at the estimated time of landing.

(d) When showing compliance with JAR-OPS, an operator must increase the width margins of subparagraphs (b) and (c) above to 10 NM (18.5 km) if the navigational accuracy does not meet the 95% containment level. 


For Airbus aircraft this may be the case when at more than 2 hours after a radio update for non-GPS primary equipped aircraft.

· En-route - Aircraft with three or more engines, two engines inoperative 
   (JAR-OPS 1.505)
(a)
An operator shall ensure that at no point along the intended track will an aircraft having three or more engines be more than 90 minutes, at the all-engines long range cruising speed at standard temperature in still air, away from an aerodrome at which the performance requirements applicable at the expected landing weight are met unless it complies with sub-paragraphs (b) to (f) below.

(b) The two engines inoperative en-route net flight path data must permit the aircraft to continue the flight, in the expected meteorological conditions, from the point where two engines are assumed to fail simultaneously, to an aerodrome at which it is possible to land and come to a complete stop when using the prescribed procedure for a landing with two engines inoperative.  The net flight path must clear vertically, by at least 2000 ft all terrain and obstructions along the route within 5 NM (9.3 km) on either side of the intended track. At altitudes and in meteorological conditions requiring ice protection systems to be operable, the effect of their use on the net flight path data must be taken into account.  If the navigational accuracy does not meet the 95% containment level, an operator must increase the width margin given above to 10 NM (18.5 km). 

For Airbus A340 this may be the case when at more than 2 hours after a radio update for non-GPS primary equipped aircraft.

(c) 
The two engines are assumed to fail at the most critical point of that portion of the route where the aircraft is more than 90 minutes, at the all engines long range cruising speed at standard temperature in still air, away from an aerodrome at which the performance requirements applicable at the expected landing weight are met.

(d) 
The net flight path must have a positive gradient at 1500 ft above the aerodrome where the landing is assumed to be made after the failure of two engines.

(e) 
Fuel jettisoning (as applicable) is permitted to an extent consistent with reaching the aerodrome with the required fuel reserves, if a safe procedure is used.

(f) 
The expected weight of the aircraft at the point where the two engines are assumed to fail must not be less than that which would include sufficient fuel to proceed to an aerodrome where the landing is assumed to be made, and to arrive there at least 1500 ft directly over the landing area and thereafter to fly level for 15 minutes.

8.1.1.2.3.2.2. Pressurisation failure

For depressurisation, it may be necessary to descend below the en-route minimum altitude determined for normal operation in order to cope with passenger oxygen requirements (refer to 8.8). At any time, the aircraft gross (actual) flight path must clear vertically all the obstacles by 2000 ft.

8.1.1.3. Minimum flight altitude corrections

In order to determine the geometrical altitude of the aircraft and thus ensure adequate obstacle clearance, corrections have to be applied when Outside Air Temperature and/or pressure differ from standard atmosphere.

8.1.1.3.1. Temperature correction

The calculated minimum safe altitudes/heights must be corrected when the OAT is much lower than that predicted by the standard atmosphere.

The correction has to be applied on the height above the elevation of the altimeter setting source. The altimeter setting source is generally the atmosphere pressure at an airport, and the correction on the height above the airport has to be applied on the indicated altitude. The same correction value is applied when flying at either QFE or at QNH.

· Low altitude temperature corrections

- 
Approximate correction 


Increase obstacle elevation by 4% per 10°C below ISA of the height above the elevation of the altimeter setting source or decrease aircraft indicated altitude by 4% per 10°C below ISA of the height above the elevation of the altimeter setting source.

This method is generally used to adjust minimum safe altitudes and may be applied for all altimeters setting source altitudes for temperatures above -15°C.

-
Tabulated corrections
For colder temperatures, a more accurate correction should be obtained from the following table calculated for a sea level aerodrome. It is conservative when applied at higher aerodrome.

Values to be added by the pilot to minimum promulgated heights/altitudes (ft)

Aerodrome Temperature
Height above the elevation of the altimeter setting source (ft)


200
300
400
500
1000
2000
3000
4000
5000

 0°C
20
20
30
30
60
120
170
230
290

-10°C
20
30
40
50
100
200
290
390
490

-20°C
30
50
60
70
140
280
430
570
710

-30°C
40
60
80
100
190
380
570
760
950

-40°C
50
80
100
120
240
480
720
970
1210

-50°C
60
90
120
150
300
600
890
1190
1500

· High altitude temperature corrections 
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In theory, this correction applies to the air column between the ground and the aircraft. When flying above high terrain, the use of this correction gives a conservative margin.

Altitude temperature correction for high altitude use

Example: 
Given: MEA = FL200 / ISA-30°C


Find: min FL = 230

Pressure correction

When flying at levels with the altimeter set to 1013hPa, the minimum safe altitude must be corrected for deviations in pressure when the pressure is lower than the standard atmosphere (1013hPa).

An appropriate  correction is 28 ft per hPa below 1013hPa

The following table gives more accurate data. The following correction is to be applied to the indicated altitude (reference 1013 hPa) to determine the geometrical aircraft altitude.

QNH correction

QNH of nearest station
Correction
QNH of nearest station
Correction



1013
-
0 ft

1050

1045

1040

1035

1030

1025

1020

1015
+
1000 ft 

+
860 ft

+
720 ft

+
590 ft

+
460 ft

+
320 ft

+
180 ft

+
50 ft

1010


1005


1000

 
995


990


985


980


975
· 80 ft

-
220 ft

-
380 ft

-
510 ft

-
630 ft

-
780 ft

-
920 ft

-
1080 ft

1013
+
0 ft




Example: 
Given: Indicated altitude = 20000 ft, ISA, local QNH = 995 hPa


Find: Geometrical (true) altitude = 20000 - 510 = 19490 ft.

When using the QNH or QFE altimeter setting (giving altitude or height above QFE datum respectively), a pressure correction is not required.
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