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�R���  �%�&�,	� -������RNP AR+� ��� ���+� *-	����+� �*������)*= ! �0a��

��	*���)�7������*-	�����a��
TAS = IAS * 171233 * [(288 + VAR) – 0.00198 * H]0.5/(288 – 0.00198 * H)2.628 

��	*���)�7������*-	�a��
TAS = IAS * 171233 * [(288 + VAR) – 0.006496 * H]0.5/(288 – 0.006496 * H)2.628 
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��'�������������*���[��*� !��1	�������RNP�9�����	� 2���%�@��!#����*���[��*� !�	
�����M �����!#�����-(���BARO-VNAV�9��3�P����1�� .
��'�����83�	����)��� �R�!�*� !�	FAS OAS�X��!#����T�=���l ���VEB�Y

/�������*	*-���%�&�����M �����!#�����-(��������	� 2���)7�����!#����"�*>��"��=#��� .�%�@9��


�(�'����
�����
�����

HEIE4� ��\ 	� ���� ��������� �.*��� ���.�+	2 � 0�3�P����1�� .
��'��.���5qI��%������ �������+	2 	� 0: �-��,��5qG��0: �-��,��
����*���������	5qD�: �-��,���9�� ��'������)��� ������	5qG�: �-��,���9��@�
@�%�������������+��,.#����.�)*= ! �
#�1��	a��

#Y� �����.��*#5qG�'�� ���%�@�: �-��,��L�+����2#����� �	�&65���� �X46I���*.�Yo�	�P����� &������8	���

1Y���P��* �]�������� �/
���8��- �+2�#9��
HEIEG� �	��<��*= !��+2�����%�*>��*-���+	2��0�
�-��������5qD�: �-��,���9��-(����"�*n ��)����1�� .
�������&�����*�&	

�+&�,� �1	�����5qG�'�� ��������M �#�������0: �-��,��L�83�	����+��B 	�=���	�&OCA/H���1	�������-(����"�*n �RNP 0.39��

15/4/11 
   Corr. 
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��A#��1E55�����!���������5��)����B'������J�;3��&���	��: ��-����

��

��

��A#��1E5.�����!���������.��)����B'������J�;3��&���	��: ��-����

� ��

15/4/11 
   Corr. 
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HEIEH� �%�*#�	#�%� .#�*-�: #�**-]��
�9�,�.���
�	 ���&��.���	��+#�1��	�01	������,	
����1&	 !��+#�1���,	����+#���Z
'�� ��L�83�	����+��B 	�=���	�&OCA/H9��

D�4'������

���
��/��� '���"
#'(�����

HEIEI� ��� �������������% -�$�  ���������'��.�����3�P����1�� .(��%������/���-����,��  TF���3�P����1�� .
�������+��* ��FAP�
��	�P����� &������%�@LTP��* �����A�*�����	-��%�&X�,2�����7��HEDG�9Y��������% -�$�  �����!��F �	� �0��>��)
�������@�0+2��	

���������*�N�=�%�@�,� ������� �9�+&�,� �
����!����	�P����� &������,�.�* �����A�*�����	-��$����+#	�*�
�0��!����F �	� �*�&	
HI5���� �XHQJ�D���*.�9Y��

��3'+������
��/��
����$���������FAP 

HEIEJ� ��	�&�+��* ������!#������!������	�
��P���$���  �����-����3�P����1�� .
����!��N2&����������3�P����1�� .
������
������������������RDH���	�P����� &������8	�X�����	����� ���������	#FTPF �	� ���\ ��������@�0�Y�!	>��'������'�� ���$��9��

��

��A#��1E50�������	��
J')����3'+������
��/��
��FAP	��(+���
(�"�
����!���LTP��

��

� ��

FAPIntermediate segment altitude

VPA
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HEIEQ� �?��!�� ,�- � � ���� ����2� �3�P���� 1�� .
�� ����� **-� � 0�
�-��� ,2� ��	� 9�,	���� ��=�� �!�*	����� 1�!-��� 1!-]�	
)�*= !����	�P����� &������+���3�P����1�� .
��������F ����	a��

#Y� ��� �������������% -�$�  ���'���������-�����!����N2&TF���3�P����1�� .(�X�����-�����!���k�Dw5����*Yo��
1Y� ���	�P����� &������+����	���������!���XF �	� ���\ �����@�0����	����� ���������Y�3�P����1�� .
�������%�@9��

HEIEw� ��� �������������% -�$�  ���*�-	�'��.�+���3�P����1�� .
��+	2 ����*�&	TF�����^��� ������� ��	*����� ��������-� � ���	  �0
Microsoft Excel�X����������	� P�����V��  ����	�� 2�_ ���2�� ����$� .	����%� �&�,��*� ����� ��	� 2�
���=!����$���-� �www.icao.int���� ��0

�)!.ee���	�����ff�Y�1�!-�DFAP�X����!����3�P����1�� .
�������%�@��	�P����� &������+��Y����3�� P����1���  .
�������F �&	�,	�	
����������!�*	�����)�7����WGS-48�X�+��2�����7��HEDH�#�Y	HEDH�19YY��

���(+���
(�"�
����!����3'+������
��/��
����	��
J')�����')�FAP-LTP��

HEIE6� ��1�� .
�������+�����!����1�!-�+2����� ���	-����%�&��	�P����� &������%�@��3�P���a��

( )

� �
� �
� �

e
e

e

r + a
r * ln

r + b + R D H
d =

tan VP A
��

	#��
d = re * ln[(re + a)/(re + b + RDH)]/tan(VPA) 

S �-a��
D� ���y��	�P����� &������%�@��3�P����1�� .
�������+�����!���X"�M  .
��1!-�0)*�����	#�� ����Y��
re� �X�yF �>����.�O � ����� �YJGJQHGI9JQ6JH�X� ��Y�	#IGQ�w65�45�X)*.Y"�M  .
��1!-�0��

RDH� ��y�������������������	�&X"�M  .
��1!-�0)*�����	#�� ����Y��
A �y��3�P����1�� .
�������'�� ��X"�M  .
��1!-�0)*�����	#�� ����Y��
B �y��	�P����� &������1	!��X"�M  .
��1!-�0)*�����	#�� ����Y��

�����!-���+	2 	��!�*	�����)�7����X�������[��)�7�����N��	Y�0���M ���*�*�����**-����M ���A�* �����!#������!������	�
�+#�S �-�0
�M �>��)!��������� ������ ��	�9����+������	-����%�&�?�!	���?���!��$� �	�F �>��$��1!�� ��A�* ���!#������!������	�
�7� - 	

�,2���H�EDG9��

��3'+������
��/��
�����)'�FAP��

HEIED5� ���	P����� V� ���� 	�2�_ �� �2����� $.	���� %�&� ,��*��� +�� ���	� 2�
�� �=!���� $�� �3�P���� 1�� .
�� ������ 1!�-� ��	 �
www.icao.int�)!.����0ee���	�����ff9��

�3'+������
��/��B'����J�� '��
������

HEIEDD� ��.�)�*= !����3�P��'��.�)���  �+2���� �������������% -�������O � ��'�RF���,��� �������� ��	#�83�	����,	- ���*�&
�	�P����� &������%�@��3�P����1�� .
�������+��������1�� .��'�� @�+	*�9���������+������������	*��R�!��
	fly-by�9�*�*- �1��	

��	�P����� &������+��* � �� �������-������!�*	��������!���XF �	� ���\ �����@�0����	����� ���������Y���!���P���$��� ��� ����������%�@
��!	>��'������%�*>��'�� �
��$����*-�
�XDFAPY�1�!-�1�����2�0DFAP9��
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��A#��1E51�6%������3'+������
��/��
������)6
���7�-���8 �'9��')�������<��������'������ ����(%��

� ��

M in Interm e dia te  S egm ent A lt itud e: 4 500.00 f t
M in In te rm e diate S egm e nt A lt  (a) : 5,00 0.00 ft LT P  E lev atio n: 1 200.00 f t

LTP  M S L E lev at ion (b) : 32 1.00 ft V er t ical  P ath A ng le: 3.00°
RDH : 5 2.50 ft -30 .00 R DH : 55.00 f t

Ve rtic al Pa th  A ng le (V P A) : 3.00 ° RN P V alu e: 0.14 N M
 �ISA : -2 0.00°

D istan ce fro m  L TP  to  F A P (D ): 88,26 7.53 f t
14 .5 3 NM S traigh t In  S eg m en t  

( W in gs pa n = < 26 2 )  L T P  to  O rig in :  2 537.39 f t
L T P/F T P La titud e: 08 8° 00' 00.00" N

LT P /FT P  L ongitud e: 16 7° 55' 48.50" W O AS  G radien t  :  0.048 172
True  R W Y  B ea ring /T rue C ours e: 15 0.00

RF T u rn  Se g m e n t | B an k an g le : 18 .0 0°
F AP  Lat itu d e: 88 ° 12' 16.42 0'' N ( W in gs pa n = < 26 2 )  L T P  to  O rig in :  2 865.18 f t

FAP  L on g itu d e: 171 ° 46' 37.17 6'' W
O AS  G radien t  :  0.048 172

Ve rt ica l Pa th  A ng le: 3.00 ° V ertic al P ath A ngle 3.00°
M ax  Ve rt ica l Pa th  A ng le: 3.50 ° LT P  M S L Ele v at ion 1,200.00 ft

F AP  E lev a tio n: 450 0.00 ft R DH  55.00 ft   
LT P  E lev a tio n: 120 0.00 ft T a ngent of  V P A 0.05 2408

AC T: -10.00°C O A S G radie nt 0.04 8172

M in  V ertica l P ath  An g le 2 .8 4° O A S  O rig in D istan ce 
�� �� ����� 	� 
� �
 ��� �� �	� ��� 	��� �

3,811.84 ft

N A Belo w -1 0.00°C 14.00 °F O bstac le D i stanc e �� �� � �� ��	
� 
� �
 ��� �� �	� ��� 	��� �	 	

2 9,763.55 ft

NA Ab ove 47 .2 5°C 1 17.05°F V EB  M O C   ��� 	����� �
� � 3 65 f t

NA Be low  ( 2 .5°) -3 9.32°C -38 .78 °F O AS H GT       ��� 	����� �
� � 1 25 0 f t

V EB
O AS  O rig in  & G rad ien t

VEB  M O C
V P A

T em p erature  L imits

L atitu de /L on g itud e vali d fo r
s traigh t s eg me nt on ly NO N  S I UNITS

V e r s I o  n    2.2
3/17/09

FA P
C alcula t io ns
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��A#��1E51��%������������3'+������
��/��
������)6
���7�-���8 �'9��')�<��������'������ �����
�>(%��

� � 

Min Intermediate Segment Altitude: 4500.00 f t
Min Intermediate Segment Alt (a): 5,000.00 ft LTP Elevation: 1200.00 f t

LTP MSL Elevation (b): 321.00 ft Vertical  Path Angle: 3.00°
RDH: 52.50 ft -30.00 RDH: 55.00 f t

Vertical Path Angle (VPA): 3.00° RNP Value: 0.14 NM
 �ISA: -20.00°

Distance from LTP to FAP (D): 88,267.53 ft
14.53 NM Straight In Segment  

(Wingspan =<262 ) LTP to Origin: 2537.39 f t
LTP/FTP Latitude: 088° 00' 00.00" N

LTP/FTP Longitude: 167° 55' 48.50" W OAS Gradient : 0.048172
True RWY Bearing/True Course: 150.00

RF Turn Segment | Bank angle: 18.00°
FAP Latitude: 88° 12' 16.420'' N (Wingspan =<262 ) LTP to Origin: 2865.18 f t

FAP Longitude: 171° 46' 37.176'' W
OAS Gradient : 0.048172

Vertical Path Angle: 3.00° Vertical Path Angle 3.00°
Max Vertical Path Angle: 3.50° LTP MSL Elevation 1,200.00 ft

FAP Elevation: 4500.00 ft RDH 55.00 ft   
LTP Elevation: 1200.00 ft Tangent of VPA 0.052408

ACT: -10.00°C OAS Gradient 0.048172

Min Vertical Path Angle 2.84° OAS Origin Distance 
���������	�
��
������	����	����

3,811.84 ft

NA Below -10.00°C 14.00°F Obstacle Distance ���������	
�
��
������	����	����		

29,763.55 ft

NA Above 47.25°C 117.05°F VEB MOC  ���	������
�� 365 ft

NA Below ( 2.5°) -39.32°C -38.78°F OASHGT      ���	������
�� 1250 ft

VEB
OAS Origin & Gradient

VEB MOC
VPA

Temperature Limits

Latitude/Longitude valid for
s traight segment only NON SI UNITS

V e r s I o n   2.2
3/17/09

FAP
Calculations
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HEIED4� ���3�P����1�� .
�������<��&�$� �: ����'������**- �X�� �������������% -�$�  ���TF��� �������������% -�������O � ���	#RF�Y
�3�P����1�� .
��'��.�,	��'	��������!���������������9��


#�;3��&���	��: ��-�����"��(��
#'(����B'������OCH���

HEIEDG� ��� �������������% -�������O � ��'��.�^�* �� �����"���[�RF��"*�������%�&�/�3�����$M  �� �������3�P����'��������
��3�P����1�� .
�FROP�%�&#���P�#�0��������: #�,�.�A�*�����	-��/���-��a��

#Y� �DI5���� �XH64��*.��Y0�	�P����� &������1	!���8	���

��	*���)�7������*-	�a� ��
( )
−

150
150 RDH

D =
tan VPA

��

��	*���)�7������*-	�����a� ��
( )
−

492
492 RDH

D =
tan VPA

��

1Y� �'�� ���,�.����*����!�L�83�	����+��B 	�=���	�&OCA/H��/�����������2�1!-� HEI�EDH�X�+��2�����7��HEDI�
	HEDJ9Y��

HEIEDH� �������-�����3�	P����&�!��TAS��/**-������	�����&�!���%�@�*�� !
��IAS�]��� ������3�������3��'�!>�"���[���P��)��
���	*���: ��������: 	����O (�������pDI���P &�!�����  ��R���*3�
�0�������1	!��������	3�����*DI�/*���/*�&a��

��

#Y� �DI��,������1�� .
��*� !����*�&�������%�@RNP 1.0�%�&#�	#a��

��	*���)�7������*-	�a� �
( ) ( )−

15sec TAS
HATh RDH

D = + V + 27.78 * 4.167
tan VPA

��

��	*���)�7������*-	�����a� �
( ) ( )−

15sec TAS
HATh RDH

D = + V +15 * 25.317
tan VPA

��

1Y� �I5��1	�������-(����"�*>��+	2����*�&������RNP��+��,.#RNP 1.0�"�*>��%�@�,������1�� .
��*� !����*�&�	#�0
�R���  �%�&�,	� -�������$��1	�������-(���RNP ARa��

��	*���)�7������*-	�a� �
( ) ( )−

50sec TAS
HATh RDH

D = + V + 27.78 *13.89
tan VPA

��

��	*���)�7������*-	�����a� �
( ) ( )−

50sec TAS
HATh RDH

D = + V +15 * 84.39
tan VPA��


������U+��B 	�=���'�� ����� ����8	��	�����	���� ����8	��	�����"�M  .
��1!-����� ���'�� ���	#�83�	���9��

�
�('����
������!���
�����? � ��B'����-����3'+������
��/��
���������RF���

HEIEDI� �� � ������ ������� % -� ������ O � �� '��.� ,=�*� �3�P���� 1�� .
�� ����� $� � +#� +�� �� S �-RF�% �@� '������ )�!� � 1��� 0
�,2��0+�&��.�������'��������3�* �
��� �������������$���3�P����1�� .
�������8���  �S �-��0+��	*����	-�	�������O � ��N�����P���9

�+���������!�����!�� *�*- � ) �	XDFAP� Y� /��������� /*��	��� ��*������ ���	��3�P����1�� .
�� �����%�@��	�P��� �� &������+�H�EIE6�9
�����,	����1�!-�+2��	�� �������������% -�������O � ��'��.�+��* RF�XLENGTHRF�Y��3�P����1�� .
��"*�������+�FROP�������%�@

��3�P����1�� .
��"*�������+�����!����V�����3�P����1�� .
�XDFROP�Y�+���������!�����!��+�DFAP9��

15/4/11 
   Corr. 
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��A#��1E5G������3'+������
��/����(�
���FROP��

��

��A#��1E5H�����;3��&���	��: ��-�����"�����OCH���3'+������
��/����(�
����FROP��

(OCH – RDH)/tan VPA

FROP based on the highest of OCH 1, OCH 2, OCH 3

150 m
(492 ft)

RDH

LTP to OCH 1 distance 15 or 50 seconds

OCH 1 due 
obstaclesto 

OCH 2 due to minimum
height constraint

OCH 3 due to stabilization
time requirement

FROP

Roll-out point
on final

centreline track

LTP
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HEIEDJ� �+��**-����N	����,	���)�����$��N	��������*�**&�1�!-�+2��a��
�N	��������*��(180*LENGTHRF)/(�*r) 

�S �-r����� �������������% -�'��������.�O � �RF��

�*�**���)�����$��N	����,	��1�!-�+2���0,���������	+��/**-����N	�������a��
�N	����,	���(degrees of arc * � * r)/180��

��3'+������
��/��
����� '������������FAP�����'&����)���������'���'(WGS-48�
�
�('����
������!���
�����? � ��B'����JRF�����

HEIEDQ� �����������!�*	����� )�7�����F ����	�,	������=�1�!-��������������)�*= !��+2��WGS-48�X�,2�����7��HEDQ�9Y
�	�P����� &������+���� ��2�*�����!������+���� ��������������������*-[��1�!-�����	!�-���������������&	����+��*�*����U ���	�9

��� ����������	��
*������)*= ! 	�� ��2�*���)�����%�&�,	� -����9��

�/	�=��Da� �� +������� ��!�� ���!�� **-� DFAP��*= !��� �3�P���� 1�� .
�� ����� %�@� �	�P��� �� &� ����� +�)����� /*��	��� ��*�����
/������HEIE69��

�/	�=��4a� �����!����**-� DFAP���3�P����1�� .
��"*�������%�@��	�P����� &������+�FROP��X,2�����7���HEDQ9Y��

�/	�=��Ga� ��V��� DFROP��+�DFAP���3�P����1�� .
��"*�������+���3�P����1�� .
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DFROP + r * sin A = X 

Y���r – r * cos A��
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LTP
FROP

FAP

DFROP

	

r

r
r • cos( )	

r – r • cos( )	

r • sin( )	

X = D + FROP 

Y = r – r • cos( )

r • sin( )	
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 ISAairportC° (SI units) � �− � �
� �

elev0.00198 * Airport
= 15

0.3048
 

 ISAairportC° (non-SI units) ( )− elev=15 0.00198 * Airport 
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e

a

FAP altitude

LTP elevation

FAP altitude
at delta ISA low

Effective VPA

at delta ISA low

r

Design VPA

15/4/11 
   Corr. 
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VPA = 

a + e
Min arctan( )

r 
 

S �-��
 

 a = FAP altitude – LTP elevation (m or ft, as appropriate) 
 

 e (Si units) = ∆ISALOW * [(0.19 * 0.3048) + (0.0038 * a)] + (0.032 * a) + (4.9 * 0.3048), or 
 

 e (non-Si units) = ∆ISALOW * [0.19 + (0.0038 * a)] + (0.032 * a) + 4.9 

 r = ( )
a

tan VPA 

  

HEIE4QEDE4���+��,.#���������!#������*-�
����!����	�
����2���@	4qI��1�!-����������*∆ISALOW����	�
�%�@�,	� 	��4qI�
���� ���r�� ���)�*= !������* 

 

 ∆ISALOW (SI units) = 

 el (0.032 * a) (4.9 * 0.3048)
(0.19 * 0.3048) + (0.0038 * a)

− − −

 
 

 ∆ISALOW (non-SI units) = 

− − −
+

el (0.032 * a) 4.9
0.19 (0.0038*a) 

 

S �-��
 

 el = FAP altitude – b 
 

 b = r * tan(2.5°) + LTP elevation 
 

 

a
r =

tan(VPA) 
 

 a = FAP altitude – LTP elevation (m or ft, as appropriate) 
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 NA below = ISA + ∆ISALOW  
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eh

ac

FAP altitude at
delta ISA high

LTP elevation

FAP altitude

r

Maximum VPA

Design VPA
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HEIE4wED� �� *�*- � ������ 0U ���� )�����	∆ISAHigh�X������� : 	���� A�	����� +�� %�&#� Y���*-�
�� ��!�� ��	�
� )�*= !�� +�� +2��� ���
���� �������!-���r�� ���\ *-@�)�*= !���U ��	�0�P��V	�!����\ 	� ���a��

 ∆ISAHigh (SI units)  =
− −eh (0.032 * a) (4.9 * 0.3048)

(0.19 * 0.3048)+ (0.0038 * a)
   

 

 ∆ISAHigh (non-SI units)  =
− −eh (0.032 * a) 4.9

0.19 +(0.0038 * a)
 

S �-��
 eh = c – FAP altitude 

 
 c = r * tan (�) + LTP elevation 

 
 � = maximum allowed VPA 

 
 a = FAP altitude – LTP elevation 

 

 
a

r =
tan(VPA)
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��A#��1E.S�6%�����7�-���8 �'9�� '�'�(�������)6
��<� ���������������'����%��

� ���

Min Intermediate Segment Altitude: 762.00 m
Min Intermediate Segment Alt (a): 500.00 m LTP Elevation: 16.00 m

LTP MSL Elevation (b): 20.00 m Vertical Path Angle: 3.00 °
RDH: 15.00 m -165.00 RDH: 17.00 m

Vertical Path Angle (VPA): 3.00° RNP Value: 0.30 NM
Ξ�ISA: -12.44 °

Distance from LTP to FAP (D): 8,872.36 m
4.79 NM Straight In Segment  

(Wingspan =<80 m ) LTP to Origin: 1042.86 m
LTP/FTP Latitude: 036° 30' 00.00" N

LTP/FTP Longitude: 095° 54' 00.00" W OAS Gradient : 0.049845
True RWY Bearing/True Course: 15.00

RF Turn Segment | Bank angle: 18.00°
FAP Latitude: 36° 25' 21.962'' N (Wingspan =<80 m ) LTP to Origin: 1138.37 m

FAP Longitude: 95° 55' 32.181'' W
OAS Gradient : 0.049845

Vertical Path Angle: 3.00° Vertical Path Angle 3.00°
Max Vertical Path Angle: 3.50° LTP MSL Elevation 16.00 m

FAP Elevation: 762.00 m RDH 17.00 m
LTP Elevation: 400.00 m Tangent of VPA 0.052408

ACT: 2.44°C OAS Gradient 0.049845

Min Vertical Path Angle 2.99° OAS Origin Distance    ���������	
�
��
������	����	����

762.00 m

NA Below 2.44°C 36.39°F Obstacle Distance        ���������	
�
��
������	����	����		

3,048.00 m

NA Above 45.46°C 113.84°F VEB MOC  ���	������
�� 63 m

NA Below ( 2.5°) -38.87°C -37.96°F OASHGT   ���	������
�� 113 m

Latitude/Longitude valid for
straight segment only

FAP
Calculations

VPA
Temperature Limits

VEB
OAS Origin & Gradient

VEB MOC

SI UNITS
V e r s I o n   2.2

3/17/09
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Min Intermediate Segment Altitude: 4500.00 ft
Min Intermediate Segment Alt (a): 5,000.00 ft LTP Elevation: 1200.00 ft

LTP MSL Elevation (b): 321.00 ft Vertical Path Angle: 3.00°
RDH: 52.50 ft -30.00 RDH: 55.00 ft

Vertical Path Angle (VPA): 3.00° RNP Value: 0.14 NM

€�ISA: -20.00°
Distance from LTP to FAP (D): 88,267.53 ft

14.53 NM Straight In Segment  

(Wingspan =<262 ) LTP to Origin: 2537.39 f t
LTP/FTP Latitude: 088° 00' 00.00" N

LTP/FTP Longitude: 167° 55' 48.50" W OAS Gradient : 0.048172
True RWY Bearing/True Course: 150.00

RF Turn Segment | Bank angle: 18.00°
FAP Latitude: 88° 12' 16.420'' N (Wingspan =<262 ) LTP to Origin: 2865.18 f t

FAP Longitude: 171° 46' 37.176'' W
OAS Gradient : 0.048172

Vertical Path Angle: 3.00° Vertical Path Angle 3.00°
Max Vertical Path Angle: 3.50° LTP MSL Elevation 1,200.00 ft

FAP Elevation: 4500.00 ft RDH 55.00 ft   
LTP Elevation: 1200.00 ft Tangent of VPA 0.052408

ACT: -10.00°C OAS Gradient 0.048172

Min Vertical Path Angle 2.84° OAS Origin Distance 
���������	�
��
������	����	����

3,811.84 ft

NA Below -10.00°C 14.00°F Obstacle Distance ���������	
�
��
������	����	����		

29,763.55 ft

NA Above 47.25°C 117.05°F VEB MOC  ���	������
�� 365 ft

NA Below ( 2.5°) -39.32°C -38.78°F OASHGT      ���	������
�� 1250 ft

VEB
OAS Origin & Gradient

VEB MOC
VPA

Temperature Limits

Latitude/Longitude valid for
straight segment only NON SI UNITS

V e r s I o n   2.2
3/17/09

FAP
Calculations
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 ( ) − −f
HGT e eOAS = r +LTP e r LTP 

S �-��

 
( )−

= gradientVEB

e

* OASx D
f

r
 

 OASHGT = height of the VEB OAS (m or ft, as appropriate) 
 
 x = distance from LTP to obstacle (m or ft, as appropriate)  
 
 DVEB = distance from LTP to the LTP level intercept of the VEB OAS (m or ft, as appropriate) 
 
 re = (mean earth radius) 6367435.67964 (m) or 20 890 537 (ft), as appropriate 
 
 OASgradient = value as derived from Appendix 1 or 2, as appropriate 
 
 Note.— DVEB and tan final approach OAS are both obtained from Appendix 1 (SI units) or Appendix 2 
(non-SI units). 

D
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 bg = 40 * sin(bank angle) m; or 
 

 bg = 132 * sin(bank angle) ft 
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 ( ) ( ) − −p

e elev e elevHgt ObsOAS = r +LTP • e r LTP 

 

 ( ) − −q
MOC e elev e Hgt(Obs)VEB = e • r +LTP +RDH r OAS 
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S �-��
re = (mean earth radius) 6367435.67964 (m) or 20 890 537 (ft), as appropriate 
 
LTPelev = LTP elevation (m or ft, as appropriate) 
 
OBSx = distance from LTP to obstacle (m or ft, as appropriate)  
 
Dorigin = distance from LTP to OAS origin (m or ft, as appropriate) 
 
OASgrad = OAS gradient, as derived from Appendix 1 or 2 (m or ft, as appropriate) 

 

 
−

� �
� �
� �

x origin

e
grad

OBS D
p =

1
r •

OAS

��

 

 
x

e

OBS • tan(VPA)
q =

r 
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VPA

TF OAS

TF OAS

RF OAS

TF OAS
origin

RF OAS
origin

RF
FROP

RF
segment
initial fix

1 RNP

15/4/11 
   Corr. 
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 XSOCCat = [(OCHCat − RDH)/tan VPA] – TrD		

 

S �-��
 
 XSOCCat = range of the SOC for the aircraft category, positive before threshold, negative after threshold.  
 
 OCHCat = OC H for the aircraft category (the minimum value is the pressure altimeter height loss for the 

category) 
 
 RDH = vertical path reference height 
 
 Tan VPA = gradient of the VPA 

D��
 TrD = transition distance 
 

 TrD =
t × MaxGndSpeed

3600
+ 4

3 anpe2 + wpr2 + fte2  

 
Y�)��

 t = 15 seconds 
 
 MaxGndSpeed = maximum final approach TAS for the aircraft category, calculated at aerodrome elevation 

and ISA + 15 plus a 19 km/h (10 kt) tailwind 
 
 anpe = 1.225 × RNP (99.7 per cent along-track error) 
 
 wpr = 18.3 m (60 ft) (99.7 per cent waypoint resolution error) 
 
 fte = 22.9/tan VPA m, (75/tan VPA ft) (99.7 per cent flight technical error) 
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 OCHCat − HLCat� ���
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 HLCat = Pressure altimeter height loss for the aircraft category 
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LTP

TrD

HL  = Pressure altimeter height loss for the aircraft categoryCat

SOC for the
OCH  selectedCat

VPA

RDH

OCH  Cat

HL  Cat
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HEJEDw� ��\ 	� �������!���(DMASRNP)��+&�,� �� �������������.*������.�*�*- ��P��+2���� ��Dq5�NM��0,������1�� .
��+�M
	�&��P���$��� ��� ����������+���!��]�L���0�!#������!������	�
�$�����������= ��'�� ��a��

DMASRNP = (RNP missed approach – RNP final approach)*cot inertial reference unit (IRU) splay 

S �-��
for NM measure, cot IRU Splay = (TAS)/8 kt 
 
for km measure, cot IRU Splay = (TAS)/14.816 km/h 
 
TAS = initial missed approach speed for the aircraft category for the aerodrome elevation at ISA + 15 
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���� �������!-�����*�����a��

 ha = [(hma + MOC) * cot Z – XZ - x]/(cot VPA + cot Z) 

S �- 

 ha = height of the equivalent approach obstacle 
 
 hma = height of the missed approach obstacle 
 
 X = distance of the obstacle from threshold (positive prior to the LTP threshold, negative after) 
 
 cot Z = cotangent of the Z surface angle 
 
 cot VPA = cotangent of the VPA 

 

 X = obstacle distance from threshold calculated according to 4.7.7, 4.7.8 and 4.7.9. 
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 OCH = ha + HL margin��
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HEQEw� �'�� ���+	2�L+��,.#�83�����	�&a��
 (OCA/H – HL) + (dz + do)tan Z – MOC 

S �-��
 do = shortest distance from the obstacle to the earliest turning point (TP) (see Figures 4-26 and 4-27) 
 
 dz = horizontal distance from SOC to the earliest TP, 
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 (OCA/H – HL) + (dz + do) tan Z – MOC 
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�/�3������3� (Vat) �� �# )�*.# �� �# )�*.# 

A – 169 km/h (90 kt) 13 42 40 130 

B – 223 km/h (120 kt) l8 59 43 142 

C – 260 km/h (140 kt) 22 71 46 150 

D – 306 km/h (165 kt) 26 85 49 161 
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 Margin = (0.068Vat + 28.3) metres where Vat is in km/h 

 
 Margin = (0.125Vat + 28.3) metres where Vat is in kt 
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(Used to calculate
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The minimum obstacle clearance (MOC) for the VEB is derived by combining three known standard deviation variations 
by the root sum square method (RSS) and multiplying by four-thirds to determine a combined four-standard deviation 
(4[) value. Bias errors are then added to determine the total MOC. 
 
MOC: 75 m when the approach surfaces are not penetrated (see Annex 14, Vol. I, Chapter 4) 
 90 m when the approach surfaces are penetrated (see Annex 14, Vol. I, Chapter 4) 
 
The sources of variation included in the MOC for the VEB are: 
 
 • Actual navigation performance error (anpe) 
 • Waypoint precision error (wpr) 
 • Flight technical error (fte) fixed at 23 m 
 • Altimetry system error (ase) 
 • Vertical angle error (vae) 
 • Automatic terminal information system (atis) fixed at 6 m 
 
The bias errors for the MOC are: 
 
 • Body geometry (bg) error 
 • Semi-span fixed at 40 m  
 • International standard atmosphere temperature deviation (isad) 
 
The MOC equation which combines these is: 
 

 = − + + + + + +
� � � � � ���������
	�� 
���� �����
��������� � ����
���� �����
�!� 
"  

 
Three standard deviation formulas for RSS computations are: 
 
 The anpe: anpe = 1.225 ⋅ rnp ⋅ 1852 ⋅ tan(VPA) 
 
 The wpr: wpr = 18 ⋅ tan(VPA) 
 
 The fte: fte = 23 
 
 The ase: ( ) ( )− −= − ⋅ ⋅ + ⋅ ⋅ +

#$ %&�' ( )+* ,�,.-0/21 3+* 45/21 /24(�6 (
7 (�6 (
7  
 

 The vae: 
( ) ( ) ( )

� �−
� 	= − − °� � 
 �� �

� �

elevelev LTP
vae  tan VPA tan VPA 0.01

tan VPA
 

 The atis: atis = 6 
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Bias error computations: 
 

 The isad: 
( ) ⋅ ∆−=
+ ∆ − ⋅ ⋅

8!9 8 : ; <>=?�@ ?
ACB�DFEG H I�JLK.M�M
; <N=PO+Q RSO+Q O�O�T�R ?�@ ?�A  

 
 The bg bias: Straight segments fixed values: bg = 7.6 
 
  RF segments: bg = semispan ⋅ sin � 
 

 
SAMPLE CALCULATIONS 

 

Design variables 
 
 Applicable facility temperature minimum is 20°C below standard: (\ISA = –20) 
 
 Required navigational performance (RNP) is 0.14 NM: (rnp = 0.14) 
 

 
AUTHORIZATION REQUIRED (AR) FIXED VALUES 

 
 Vertical fte of three standard deviations is assumed to be 23 m: (fte = 23) 
 
 Automatic terminal information service (atis) three-standard deviation altimeter setting vertical error is 

assumed to 6 m: (atis = 6) 
 
 The maximum assumed bank angle is 18 degrees: (� = 18°) 
 

Vertical path variables 
 
 Vertical path angle (VPA): VPA = 3° 
 
 Final approach point (FAP) is 1 400 m: (fap = 1 400) 
 
 Landing threshold point elevation (LTPelev): (LTPelev = 360) 
 
 Reference datum height (RDH): (RDH = 17) 
 
 Minimum aerodrome temperature (Tmin) at 20°C below ISA: (\ISA = –20): 
 
 Tmin = \ISA + (15 –.0065 ⋅ LTPelev)  
 Tmin = –20 + (15 – 0.0065 ⋅ 360) 
 Tmin = –7.34°C 
 

Calculations 
 

 = − + + + + + +
� � � � � ���������
	�� 
���� �����
��������� � ����
���� �����
�!� 
"  

 
 The anpe:  anpe = 1.225 ⋅ rnp ⋅ 1852 ⋅ tan(VPA) 
   = 1.225 ⋅ 0.14 ⋅ 1852 ⋅ tan3° 
   = 16.6457 
 
 The wpr:  wpr = 18 ⋅ tan(VPA) 
   = 18 ⋅ tan3° 
   = 0.9433 
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 The fte: fte = 23 
 
 The ase: ( ) ( )− −= − ⋅ ⋅ + ⋅ ⋅ +

#$ %&�' ( )+* ,�,.-0/21 3+* 45/21 /24(�6 (
7 (�6 (
7  
 

  

( ) ( )

( ) ( )

− −

− −

= − ⋅ ⋅ + ⋅ ⋅ ++ +
= − ⋅ ⋅ + ⋅ ⋅ ++ +
=

UV WX!Y X Z X!Y X ZV![ UV W
\�]�^ _a` b.b�cedgf h+` i0dgf d2ij2kml c�i j2kml c�i

_a` b.b�cedgf h+` iedgf dgin h�fCc�i n h�fCc�i
dgc+` c�c�_.o  

 

  

( ) ( )

( ) ( )

− −

− −

= − ⋅ ⋅ + ⋅ ⋅ +

= − ⋅ ⋅ + ⋅ ⋅ +
=

pq rs tvu pq r
w�x y za{ |�|�}e~g� �+{ �e~g� ~g�� ��� � ���

za{ |�|�}e~g� �a{ �e~g� ~g�~����.� ~������
z.�+{ ���
�F~  

 

 The vae: 
( ) [ ]

� �−= − − °� �� �
� �

elevelev LTP
vae tan(VPA) tan(VPA 0.01 )

tan VPA
 

 

  

( ) [ ]

[ ]

75
75

vae tan(VPA) tan(VPA 0.01 )
tan VPA

75
tan3 tan(3 0.01 )

tan3

.2505

� �
= − − °� �� �
� �

� �= ° − ° − °� �°� �

=

 

 

  

( ) [ ]

[ ]

� �−= − − °� �� �
� �

−� �= ° − ° − °� �°� �

=

elev
FAP

FAP LTP
vae tan(VPA) tan(VPA 0.01 )

tan VPA

1400 360
tan3 tan(3 0.01 )

tan3

3.4730

 

 
 The atis: atis = 6 
 

 The isad: 
( )− ⋅ ∆

=
+ ∆ − ⋅ ⋅

elevelev LTP ISA
isad

288 ISA 0.5 0.0065 elev
 

 

  
( )

( )

( )
( )

⋅ ∆
=

+ ∆ − ⋅ ⋅ +

⋅ −
=

− − ⋅ ⋅ +

= −

75
elev

75 ISA
isad

288 ISA 0.5 0.0065 LTP 75

75 20
288 20 0.5 0.0065 360 75

5.6267

 

 

  
( ) ( )

( )

( ) ( )
( )

− ⋅ ∆
=

+ ∆ − ⋅ ⋅

− ⋅ −
=

− − ⋅ ⋅

= −

elev

FAP

elev LTP ISA
isad

288 ISA 0.5 0.0065 FAP

1400 360 20
288 20 0.5 0.0065 1400

78.9524
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 The bg: = ⋅ α
= ⋅ °
=

bg semispan sin
40 sin18
12.3607

 

 

 = − + + + + + +

= + + + + + + +

=

2 2 2 2 2 2
75 75 76 76

2 2 2 2 2 2

4
MOC bg isad anpe wpr fte ase vae atis

3
4

12.6307 5.6267 16.6457 0.9433 23 17.7729 0.2505 6
3

63.3777

 

 

 = − + + + + + +

= + + + + + + +

=

2 2 2 2 2 2
fap fap fap fap

2 2 2 2 2 2

4
MOC bg isad anpe wpr fte ase vae atis

3
4

12.6307 78.9524 16.6457 0.9433 23 23.5341 3.4730 6
3

141.3599

 

 
 
 

CALCULATING THE OBSTACLE  
ASSESSMENT SURFACE (OAS) GRADIENT 

 
The OAS gradient is calculated by taking the difference in heights of the OAS surface at MOCfap and MOC75: 
 

 
( ) ( )

( )

− − − −
=

− −
FAP 75

elev

fap ltpelev MOC 75 MOC
OASgradient

FAP LTP 75
tan VPA

 

 
 
 

CALCULATING THE OAS LTP TO ORIGIN DISTANCE 
 
The OAS origin is calculated by taking the distance from LTP of the 75-m point of the VPA and subtracting the distance 
from the MOC75 point. 
 

 
( )

� � � �−−= −� � � �� � � �� �

7575 MOC75 RDH
OASorigin

tan VPA OASgradient
 

 
Using the example numbers from above: 
 

 

( ) ( )− − − −
=

− −
°

=

1400 360 14.3599 75 63.3777
OASgradient

1400 360 75
tan3

0.0481726 (4.817%)

 

 

 − −� � � �= −� � � �°� � � �

=

75 17 75 63.3777
OASorigin

tan3 0.0481726
865.4422
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The required minimum obstacle clearance (MOC) for the VEB is derived by combining known three standard deviation 
variations by the RSS method and multiplying by four-thirds to determine a combined four standard deviation (4[) value. 
Bias errors are then added to determine the total MOC. 
 
MOC: 250 ft when the approach surfaces are not penetrated (see Annex 14, Vol. I, Chapter 4) 
 300 ft when the approach surfaces are penetrated (see Annex 14, Vol. I, Chapter 4) 
 
The sources of variation included in the MOC for the VEB are: 
 
 • Actual navigation performance error (anpe) 
 • Waypoint precision error (wpr) 
 • Flight technical error (fte) fixed at 75 ft 
 • Altimetry system error (ase) 
 • Vertical angle error (vae) 
 • Automatic terminal information system (atis) fixed at 20 ft 
 
The bias errors for the MOC are: 
 
 • Body geometry (bg) error 
 • Semi-span fixed at 132 
 • International standard atmosphere temperature deviation (isad) 
 
The MOC equation which combines these is:  
 

 = − + + + + + +
� � � � � ���������
��� ����� �����
��������� � ��������� �����
�!� ��  

 
Three standard deviation formulas for RSS computations: 
 
 The anpe:  
 
 The wpr:  
 
 The fte: fte = 75 
 
 The ase: ( ) ( )

��  ¡�¢ £ ¤�¤S¥2¦ §+¨ ©S¥2¦ ©�¦£�ª £
« £�ª £
«− −= − ⋅ ⋅ + ⋅ ⋅ +  
 

 The vae: [ ]−� �= − − °� �
� �

elevelev LTP
vae tan tan( 0.01 )

tan
θ θθ θθ θθ θ

θθθθ
 

 
 The atis: atis = 20 
 

15/4/11 
   Corr. 
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Bias error computations: 
 

 The isad: 
( ) ⋅ ∆−=

+ ∆ − ⋅ ⋅

¬!­ ¬¯® ° ±>²³�´ ³
µC¶�·F¸¹ º »�¼L½.¾�¾
° ±>²À¿+Á ÂÃ¿aÁ ¿�¿aÄ2Å

¾ ³�´ ³
µ  

 
 The bg bias: straight segments fixed values: bg = 25 
 
 RF segments: bg = semispan ⋅ sin α 
 
 
 

SAMPLE CALCULATIONS 
 
 
Design variables 
 
 Applicable facility temperature minimum is 20°C below standard:  (\ISA = –20) 
 Required navigational performance (RNP) is .14 NM: (rnp = 0.14) 
 
 
 

AUTHORIZATION REQUIRED (AR) FIXED VALUES 
 
 Vertical fte of two standard deviations is assumed to be 75 ft: (fte = 75) 
 
 Automatic terminal information service (atis) two standard deviation altimeter setting vertical error is 

assumed to be 20 ft: (atis = 20) 
 
 The maximum assumed bank angle is 18°: (φ = 18°) 
 
 
Vertical path variables 
 
 Final approach point (FAP) is 4 500 ft: (FAP = 4 500) 
 
 Landing threshold point elevation (LTPelev  (ft)): (LTPelev  = 1 200) 
 
 Reference datum height (RDH (ft)): (RDH = 55) 
 
 Vertical path angle (VPA): (VPA = 3°) 
 
 
Calculations 
 

 = − + + + + + +
� � � � � ���������
��� ����� �����
��������� � ��������� �����
�!� ��  

 

 The anpe: = ⋅ ⋅ ⋅

= ⋅ ⋅ ⋅ °

=

ÆgÇ�È�ÉÊ�Ë.Ì
Í Æ
Î É�É.È Ï Ë�Ì Ð Ê�ËNÑÓÒ+ÔÕ Î Ö Õ
× Ç
ÆgÇ�È�ÉÆ
Î É�É.È Õ Î Æ × Ð Ê�Ë ÖÕ Î Ö Õ
× Ç

È × Î Ø>Æ�ÆgÙ

 

 
 The wpr: = ⋅

= ⋅ °
=

ÚÜÛ�Ý Þ�ß à á�â>ã�ä�å
Þ�ßSà á�â>æ
æ+ç èêé.é�ë

 

 

15/4/11 
   Corr. 
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 The fte: fte = 75 
 
 The ase: ( ) ( )28 38.8 10 6.5 10 50ase elev elev− −= − ⋅ ⋅ + ⋅ ⋅ +  
 

  

( ) ( )

( ) ( )

− −

− −

= − ⋅ ⋅ + ⋅ ⋅ ++ +
= − ⋅ ⋅ + ⋅ ⋅ ++ +
=

ìí îï!ð ï ñ ï!ð ï ñì!ò¯ó ìí î
ô�õ ö ÷+ø ÷Sùgú û+ø üeùgú ü�úý2þmÿ � ü�ú ý2þFÿ � ü�ú

÷+ø ÷Sùgú û+ø üSùgú ü�úù � ú�ú � ü�ú ù � ú�ú � ü�ú
ü��+ø ��� ú�ú  

 

  

( ) ( )

( ) ( )

− −

− −

= − ⋅ ⋅ + ⋅ ⋅ +

= − ⋅ ⋅ + ⋅ ⋅ +
=

�� �� 	�
 �� �
��
�� ��� ����� ��� ����� �������� �����

��� ����� ��� ��� � ���! ����� ! �����
"�" � ! �����  

 

 The vae: ( )[ ]−� �= − − °� �
� �

#%$ # &')( '�*,+.-0/*�1�' 2 1)354�/)6 2 1)3 4�/)6 7�8 7:92 1)354�/)6  

 

  ( )[ ]

( )[ ]

−� �= − − °� �
� �

−� �= ° − ° − °� �°� �

=

;%< ; => ?A@
B�CEDGF.HIDJ�K�L M K)N5O D)C M K)N O D�C P�Q P5RM K)N5O D)C
S�T�P�P,R�UVPVP M K�N:W M K�N W P�Q P5RM K)N5W

R�R�Q P�UVP�P

 

 

  ( )[ ]

( )[ ]

� �= − − °� �
� �

� �= ° − ° − °� �°� �

=

XZY\[
]V^�_`�a�b c a)d5e�f)g c a)d e�f�g _�h _:ic a)d5e�f)g

]V^�_ c a)d5j c a)d j _:h _:ic a)d:j
h k j�l�m

 

 

 The isad: 
( ) ⋅ ∆−=

+ ∆ − ⋅ ⋅

nZo n\p q r5st)u t�vxw.yIz{ |�}�~��V���
q r5s���� ���:� ���:���

� t)u t�v  

 

  
( )

( )

( ) ( )
( )

− ⋅
=

+ − ⋅ ⋅

− ⋅ −
=

− − ⋅ ⋅

= −

elev
FAP

FAP LTP ISA
isad

288 ISA 0.5 0.00198 FAP

4500 1200 20
288 20 0.5 0.00198 4500

250.432

∆∆∆∆
∆∆∆∆

 

 

  
( )

( )
( )

⋅=
+ − ⋅ ⋅ +

⋅ −
=

− − ⋅ ⋅ +

= −

250
elev

250 ISA
isad

288 ISA 0.5 0.00198 LTP 250

250 20
288 20 0.5 0.00198 1200 250

18.7572

∆∆∆∆
∆∆∆∆

 

 
 The bg: = ⋅

= ⋅ °
=

bg semispan sin
132 sin18
40.7902

φφφφ  
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 = − + + + + + +

= + + + + + + +

=

250 250 250
2 2 2 2 2 2

250

2 2 2 2 2 2

4
MOC bg isad anpe wpr fte ase vae atis

3
4

40.7902 18.7572 54.6117 3.1445 75 59.2400 0.8349 20
3

208.782

 

 

 

. . . . . .

.

= − + + + + + +

= + + + + + + +

=

FAP FAP FAP
2 2 2 2 2 2

FAP

2 2 2 2 2 2

4
MOC bg isad anpe wpr fte ase vae atis

3
4

407902 250 432 54 6117 31445 75 77 4680 11020 20
3

455 282

 

 
 
 

CALCULATING THE OBSTACLE 
ASSESSMENT SURFACE (OAS) GRADIENT 

 
The OAS gradient is calculated by taking the difference in heights of the OAS surface at MOCfap and MOC250: 
 

 
( ) ( )

( ) ( )

( )

− − − −
=

− −

− − − −
=

− −

=

FAP 250

elev

fap ltpelev MOC 250 MOC
OAS gradient

FAP LTP 250
tan VPA

4500 1200 455.282 250 208.782
                     

4500 1200 250
tan 3

                
                      0.04817 (4.817%)

 

 
 
 

CALCULATING THE OAS LTP TO ORIGIN DISTANCE 
 
The OAS origin is calculated by taking the distance from the LTP of the 250-ft point of the VPA and subtracting the 
distance from the MOC250 point. 
 

 

( )

( )

250250 MOC250 RDHOASorigin =
OASgradienttanVPA

250 55 250 208.782
tan(3) 0.04817

2865.179

−−� � −� �
� �

−� � −= −� �
� �

=
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��

��UU�!U+����

��
 



 






