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A BIT OF HISTORY

A36-23: ICAO 36t Assembly endorses PBN implementation (2007)

“The Assembly:
1. Urges all States to implement RNAV and RNP air traffic services (ATS

routes and approach procedures in accordance with the ICAO PBN

concept laid down in the Performance-based Navigation (PBN) Manual
(Doc 9613);

2. Resolves that:

a. States and planning and implementation regional groups (PIRGs)
complete a PBN implementation plan by 2009 to achieve:

2) implementation of approach procedures with vertical guidance (APV)
(Baro-VNAV and/or augmented GNSS) for all instrument runway ends, either as
the primary approach or as back-up for precision approaches by 2016 ...”
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A BIT OF HISTORY

A37-11: Modification of A36-23 (2010)

“The Assembly:
1. Urges all States to implement RNAV and RNP air traffic services (ATS routes

and approach procedures in accordance with the ICAO PBN concept laid
down in the Performance-based Navigation (PBN) Manual (Doc 9613);

2. Resolves that:

a. States complete a PBN implementation plan as a matter of urgency to
achieve:

2) implementation of approach procedures with vertical guidance
(APV) (Baro-VNAV and/or augmented GNSS), including LNAV-only minima, for
all instrument runway ends, either as the primary approach or as back-up for
precision approaches by 2016 ...”
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IMPLEMENTING PBN IN AIRPORTS

Strategy of improving airport accessibility through development of
instrument flight procedures to:

-improve safety/airport accessibility

-meet the ICAO Assembly Resolution A37-11 and APAC Seamless ATM
Plan

e PBN in International Airports: 2010-2016

Available in 9 International Airports

-Back-up to existing ground-based procedure (ILS and VOR ) during
outages, maintenance

 PBN in Domestic Airports: 2012-2019
-Available in 9 Domestic airports
-Reduce CFITs/increase airport accessibility

e PBN in Non-Instrument Runways: 2019-

-improve safety
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IMPLEMENTING APV/LNAV-VNAV

Approach with vertical guidance (APV)

An instrument approach procedure which utilizes lateral and
vertical guidance but does not meet the requirements
established for precision approach and landing operations

Barometrical vertical navigation (baro-VNAV) is a navigation
system that presents to the pilot computed vertical guidance
referenced to a specified vertical path angle (VPA).
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IMPLEMENTING APV/LNAV-VNAV

111-3-4.7 PROMULGATION (Doc 8168 Vol 1)
a) OCA/H

b) RDH

c) VPA

d) Minimum temperature for which APV/Baro-VNAV

operations are authorized

e) Temperature above which EFFECTIVE VPA will exceed 3.5°;

and,
f) LNAV FAF and MAPt (for database coding purposes only)
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TEMPERATURE LIMITATIONS &

“Minimum temperature for which APV/Baro-VNAV operations are authorized.”

EFFECTIVE VPA AND TEMPERATURE

TAN ynmaxvea  =(Height FAP-Tcors-RDH)/D

FAP THR

ﬂCOLD temperature reduces &HIGH temperature increaseSf
'ﬂ vertical path angle ‘ vertical path angle
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IMPLEMENTING APV/LNAVVNAV

|. Promulgating MIN TEMPERATURE
Mean Low temperature

:mm; e mm";:"::m Coldest month of the year

= Last 5 years

. Round down to the next 5-10 increments

AlP RPLL AD 2-398
PHILIPPINES 23 AUG 12

}:’ T Tﬂhl T
[/ ALT, ELEV AND HGT IN FEET

E

. JANUARY 2019
; Temperature

; High 32 °C (20 Jan, 14:00)
’LE Low 20 °C (17 Jan, 05:00)

0

Average 26°C

(

I‘«.‘.
SCALE 1600000 |

10123458 mm .:"--..;- Table ITI-3-4-1. Effective vs prmnulgz,tmi VPA as a function of aerodrome 5{91:alinn and temperature
4 (Green = optimum; Yellow = non-standard; Orange = prohibited)
Promuigared VPA Promulgared VPA Promulgated VPA
e = 3.2°
LMD Aerodrome elevation Aerodrome elevation Aerodrome elevation
F) Fempr - :
LLME LisdE 3000 (=) MSL 3000f | 6000f | MSL 3000% | 6000 MSL ‘ 20004 | 6000 fr
m} 50 314 321 328 337 344 351 359 | 367 | 375
! 40 311 318 3.26 333 3.40 348 3,55 | 363
30 3.07 316 322 329 337 344 351
20 2.85 291 3.13 3.18 3.26 332 3.40
10 275 281 287 3.07 314 321 328
0 2 271 2 2.84 290 310 316
-10 2.55 2.61 266 T 2.79 2.85 292
=20 251 256 263 269 274 281 287 2093
-30 253 258 263 270 275 281
-40 2.53 2.58 2.64 2.70
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EFFECTIVE and PROMULGATED VPA

EFFECTIVE VPA- temperature and aerodrome elevation dependent

PROMULGATED VPA -effective VPA throughout the year is as

close as possible to 3.0°
Table ITI-3-4-1. Effective vs promulgated VPA as a function of aerodrome elevation and temperature P RO M U LG AT E D VPA is t h e L N AV d esce nt

(Green = optimum; Yellow = non-standard; Orange = prohibited)

Promulgated VPA Promulgated VPA Promulgated VPA di
mmufc;roe amu?;f romufc;roe g ra I e n t .
Aeradrome elevation Aerodrome elevation Aeradrome elevation
Temp
(ce) MSL 30007t | 60007 | MSL | 30007 | 6000f | MSL ‘ 30007 ‘ 6 000 ft C . d t . f b t I I
50 314 321 328 337 344 381 R:50 | 3.67 | 75 OnSI era Ion O o S ac e C earance On
311 318 326 333 340 348 155 | 363 f| Nna |

322 329 337 344 351

312 318 326 332 340

321 328

10 275 281

OCH

Figure I-4-5-9. Visual segment OCS normal straight-in approach _
60m file view
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Effect of TEMPERATURE on the IAP with STEEP SLOPE: 3.3°

INSF:‘I-RROUR‘CE#T AD ELEV 502.91 ft FrE GEN. SANTOS/Tambler Intl (RPMR)
AP| HEIGHTS RELATED TO TWR- 1184
CHART THR RWY 35 RNAV (GNss) RWY 35 I SA + 3 O

slove

| e aorerivreer Minimum Temperature: +10°

TR ARE MAG (TRUE)
VAR 0° W (2014)

' 1214 .

Maximum Temperature: +31°
Promulgated VPA = LNAV descent gradient

MSA 25 NM
TAMBLER ARP

May 2019 Weather in General Santos — Graph
8°C
Sun, 26 May Mon, 27 May Tue, 28 May Wed, 29 May Thu, 30 May Fri, 31 May
Time o 00:00.  9E:00 12:00 | 1200 0000 08:00 12:00 1200 00:00  DE:00 1200 1200 00:00. | 9E:00 12:00 1200 000 06:00 @ 12:00 | 1200 00:00 | 0E00 1200

Temp ) o ‘
NOTE; cc) Y e L
BARO-VNAV NOT AUTHORIZED _ . L sy & L5 2%
BELOW +10°C i Rl Hi35 N
VPA EXCEEDS 3.5° ABOVE 431°C Hi.34 Hi3d o Lo35 Hi34 Hi 34
g Hi:33 Lo:34 *& Lo:34 Lo:34 Hi:33 ,&
Lo33 ' L33 ' Hi 32
CAUTION: MW N . . Le32 £
i VISUAL SEGMENT SURFACE y « Hi:30 &‘ & & Pt
' (VSS) PENETRATED { Lo30 % Lo:30 c@_\. = Lo30
- \ .8 2 iz | LB, L, Hi28 L, Hi28
' WY o Hi27 lo2s| L, Lz
J5|E | | P i Lo:27 i i
T L] * Lo26 | Hi:25 Lo26 [Hi25 Hi25 Lo26 Lo26 Hi-25
MISSED APPROACH. - ‘ TN TIONALL: icof L |Hi24 Lo25 Lo:25 Lo25 Lo25 | Hi24
Climb on course 353°M, At 1200 fi, turn RWas R25 e Lo:24 Lo:24
RIGHT direct to YELOW 10 DIKXY to GASS| (yapr) . 200 {F) 2
and r;oldaﬁ-qm_gtora:?- Instructed by ATC. 1 3000
Do not exceed 230 kt-unt|| YELOW, - T
Do not turn before MAPT,
‘ x
~
v asaest Temperature
r— THR RWY 35 - . .
= High 35 °C {28 May, 11:00}
OCAH ol A B C D
2.50% 840 (377 860 (397 890 (427 930 (467 = 3
A (377) (397) (427) (487) Low 23 °C (10 May, 05:00})
3.00% 780 (317) 790 (327) 810 (347) 840 (377)
2.50% 920 (457) 940 (477) Average 28°C
LNAV 890 (427)
3.00% 890 (427)
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Effect of TEMPERATURE on IAP with STEEP SLOPE: 3.5°

-1 Procedure publishediin 2012 TEMPERATURE CORRECTION
;N ;.ALT, ELEV AND HGT IN FEET R
ostm - (MINIMUM & MAXIMUM)
|-FOR UNCOPENSATED -2 { p P MIN +10°C
MINIMUM TEMPERATURE +10° e | ATgp=(273.15+10) — (-0.0065x18.027) — 288.15 = -4.8828m
[ A "I iz (oA g %@“\\" f
o ey /}ég_@ﬁ £y Ah = - (-4.8828/-0.0065) x In [ 1+ (-0.0065x804.93/ 288.15- (0.0065x18.027))] = 13.80m
a5 2700 d | . ol |
UPOT i o\ Sy | " ] o
L M{}; - \ @s@éﬁ@% ] tan Min VPA = (804.93-13.80-15) / 12912 = 0.0601 =~ 3.44
250 kt BN 873
X 2) %
876 . MAX +150c
e " g s |  ATqp=(273.15+15) — (-0.0065x18.027) — 288.15 = 0.1172
A PROCEDURE UNAVAILABLE | . .
S . 4 Ah=-(0.1172/-0.0065) x In [ 1+ (-0.0065x804.93 / 288.15-0.0065x18.027)] = -0.3312m
sc»\Lé 1,450,000
L GNSSHOLQI!’G S0k 8 10 12345 8 |
”’}*EX'&’}?ES?@‘:‘:?“ LS YU tan Max VPA = (804.93-(-0.3312)-15) / 12912 = 0.0612 = 3.502°

[T 1 I 1 N e 1 ) wu PITAY [LINOD] AT W

ALT. ELEV AND HGT IN FEET
CAST B MM

BRG ARE MAG
WAR 1,52 \0E0

10 MM ARP
Temperature

High 31 °C (11 Jan, 14:00)
Low 22 °C (29 Jan, 05:00)

NOTES:
BARC-VNAY NOT AUTHORIZED BELOW,
WPAEXCEEDS 35" AT +15°C

Average 26°C

BARO-VNAYV Approach:
Effective VPA always more than 3.5° (MAX)

w510

42.1.3 A procedure shall not have a promulgated VPA that is less than 2.5°. A procedure with a promulgated
VPA that exceeds 3.5° is a non-standard procedure. It shall be subject to an acronautical study and will require special
approval by the national competent authority (see Part I. Section 4. Chapter 5. 5.3.1.2 and Appendix B to Chapter 5).

i : |
= -~
GNEE Hokding I4F 1
Whas LAE: 250 &t
Mz Frofeciion Alitade!
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OTHER CONSIDERATIONS

1. HL Correction for Steep Glide Path>3.2
TABLE I11-3-6-3.Height Loss/Altimeter margin

HLr x (5/100) x [VPA-3.2)/0.1]

2. ORIGIN OF MISSED APPROACH Xz (-900,-1100,-1400)m

Due to VPA above 3.2°:

Xz Cat A = min [-900, (41-15)/tan3.3 - (444+2x56xsin3.3/0.78x(56+5.15))]
900, (44-15)/tan3.3 - (444+2x72xsin3.3/0.78x(72+5.15))]
1100, (48-15)/tan3.3 - (444+2x89xsin3.3/0.78x(89+5.15))]
1400, (51-15)/tan3.3 - (444+2x104xsin3.3/0.78x(104+5.15))]

Cat B = min [-
Cat C = min [-
Cat D = min [-
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SOME POINTS TO CONSIDER

1) OCA/H of Baro-VNAV lower than LNAV.

2) Publication of MINIMUM TEMPERATURE should be a case to
case basis.

Promulgated VPA= 3° 3.3° 3.5°
Min TEMP <£2.5° =-30°C -50° -60°
Max TEMP >3.5° =+62°C +31°C +15°C

3) IF the effective VPA is expected to be >3.5°, require special
approval? Let the pilot decide? Promulgate the procedure in a

different chart?
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PAN-OPS Vol Il 1-4.8

MINIMUM SECTOR ALTITUDES (MSA)

DEFINITION: The lowest altitude which may be used which will
provide a minimum clearance of 300 m (1000 ft) above all
objects located in an area contained within a sector of a
circle of 46 km (25NM) radius centered on a significant
point, the aerodrome reference point (ARP) or the heliport

reference point.

-mandatory for IAPs

-to be provided in ARRIVAL ROUTES
where TAAs are not provided

-MOC increased in mountainous areas

-at least 300 ft difference between
two adjacent sectors

9/17-19/2019

pming facility ____I_'J{_y s
(VOR, NDB, VDF)

Sector based on the quadrants of the compass
(Magnetic)

Sector selected with respect to topography and obstacles

Figure I-4-8-1. Sector orientation




MINIMUM SECTOR ALTITUDES (MSA)

Conventional procedure PBN procedures centered on
centered on VOR/DME the ARP
7] MISAMIS ORJ LAGUINDINGAN (RPMY)

sy WISAMIS OR/Laguindingan (RPMY)
RNAV (cNss) RWY 09

ILS OR LOC RWY 27 261188
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MSA in terrain challenged airports

O i o i i i S i i Vg
17 taz e 1221 e 5
% [TALT, ELEV AND HGT IN FEET & B
DIST IN NM
TR ARE MAG {TRUE| © [wxzza k]
[ VAR 1.2°W (2014) &'k
[RNP 1 REQUIRED | — kaLieo- : gﬁ{:&
VPA>3,5 ]FT‘?W‘ CEh T :
.= KLG e = VK00 2000
3 Hudﬁﬁ i mnﬁg.ﬁu
=122 2256 81 8000 [P Ry
f RINO5 1| @ MAX PRESSURE .|
|I VKE18 [MAPT:, 15 @ . ﬁLTlTUDE.ﬂ : ft \TKsﬁAﬁgszP”#
L | (FAF) 5 MAX PRESS
A [ | 2400 s ﬁ.LTI‘run
VK16 ‘\ & &
IF) 3 \ ..
L z2a00 I B Q
wwc |ﬁs ki | -
. L. MSA 25 NM
via L 3400 KALIBO DVOR
" B15- y 5 e 2800 = ]
[ c.l.u'FlDN M FINAL, VISUAL| 1 W
2804 \:\*\T ”?i"":b . SEGMENT SURFACE| T
AL IAE: X (VES) PENETRATED (L -
2727 ) e -/
- Vi WMAX 230 kt| 1B S -
340 3 0 3 5 8 m
Ll | 1 1 1
8 TTIT T T T
1" 10 5 o 13 km | gy
ey ol 110 {150 12 FI0F b L1 —

MSA 25 NM
VKE00 WPT

centered on a significant point

MSA 25 NM
KALIBO DVOR

requires nav aid
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MINIMUM SECTOR ALTITUDES (MSA)

B s rcan2es | _Found in most RNP APCH charts

INSTRUMENT  apELEV 74951t  [Arr-mariries]  MANILANInoy Aquino Intl (RPLL) elsewhere

APPROACH MEIGHTS RELATED TO TWR - 118,17 1184

CHART = [CAO THE RIWY 34 GND - 121,81 1220 RMNAV (6Ns5) RWY 24
';_’f""":';;-k:r'—"""" ——
£ ALT, ELEV AND HGT IN FEET

L oIsT INNM

F; VIS IN NM

| TR ARE MAG (TRUE)

WAR 1.0° W (2005)

- Preferred by some pilots as it would be
difficult to determine a radial or track to a
point (ARP) if it is going to a different
point (IAF) or to determine the distance
from a point.

|
=

-For ATCs, little benefit to facilitate
descent in some complex environment

e ; ] -TAA Stepdown Arcs and subsectors
= = 'Pf [ ie, h-w\f e
R g @* W F‘;‘,‘:ﬁ;‘ % , : AR5 ] B —
| o r.?ar b L A - ) ]

SOALE 1 GO0

« H:'?)gk 101 7 B8P0l oy O
N [ N

o
/ > A926
s 2 \’% 03" UJJEK
. LR 5 ¢ im R, R g BN AT 4NM
i S Fe

| g .1?|IP,‘F ‘»a?"nbﬂ ol ki | T,

& [ F -, .|
d = e = v - e
X ] , ¥ 3
i L o sl £ i
P P [ R e i u\/ A e AB% Dsg *@4153
TRANSITION AT 110a00] IF RW04 i
(1AF) (FAF) T he A
AQXAT, UHIZO 117
:{ A *
>
@453@?7 5

A T
\’e’@, IFL\ St
h' e 5
R o <
f BF e e \"% (A7) */\%
[ [PeME N\ WPEME , L6 GEVUQ‘F r{ 2000 \%
L \3
) &, 2800 GEvua @
PN L N
o 0
Q/p% 3800 7 @, \/

9/17-19/2019 Figure IL244. TAA T bar icon arrangement




MINIMUM SECTOR ALTITUDES (MSA)

PAN-OPS Vol Il 1-4.8

DEFINITION: The lowest altitude which may be used which will
provide a minimum clearance of 300 m (1000 ft) above all
objects located in an area contained within a sector of a circle
of 46 km (25NM) radius centered on a significant point, the
aerodrome reference point (ARP) or the heliport reference
point.

FOR PBN:
WHAT COULD BE THE MOST APPROPRIATE?

MSA 25 NM MSA 25 NM
MSA 25 NM
KALIBO DVOR MANILA ARP [ VK600 WPT
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