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Abbreviations
 
ABAS - Aircraft-based augmentation system
ADF - Automatic direction finder
AFIS - Aerodrome flight information service
AIP - Aeronautical information publication
ANC - Air navigation conference
ANS - PAir navigation service provider
APV - Approach procedure with vertical guidance
ASM - Airspace management
ATC - Air traffic control
ATIS - Automatic terminal information service
ATZ - Aerodrome traffic zone
ATM - Air traffic management
ATS - Air traffic service(s)
B-RNAV - Basic RNAV
CBA - Cost benefit analysis
CCD - Continuous climb departure
CDA - Continuous descent approach
CDR - Conditional route
CDFA - Continuous descent final approach
CFIT - Controlled flight into terrain
CNS - Communications, Navigation, Surveillance
CTA - Control area
CTR - Control zone
DME - Distance measuring equipment
EASA - European Aviation Safety Agency
ECAC - European Civil Aviation Conference
EUROCAE - European Organisation for Civil Aviation Equipment
EGNOS - European geostationary navigation overlay service
eTOD - Electronic terrain and obstacle data
FIR - Flight information region
FIS - Flight information service
FMS - Flight management system
FOSA - Flight operational safety assessment
GBAS - Ground-based augmentation system
GLONASS - Global Navigation Satellite System
GLSGNSS - landing system
GNSS - Global navigation satellite system
GPS - Global positioning system
IAP - Instrument approach procedure(s)
ICAO - International Civil Aviation Organization
IFR - Instrument flight rules
ILS - Instrument landing system
INS - Inertial navigation system
IRU - Inertial reference unit
LNAV - Lateral navigation
LPV - Localizer performance with vertical guidance
LVP - Low Visibility Procedures
NPA - Non precision approach
NPBNIP - Norwegian PBN Implementation Plan
OFIR - Oceanic flight information region
 PANS - Procedures for air navigation services
PBN - Performance-based navigation
PNT - Position Navigation Time
P-RNAV - Precision RNAV

Abbreviations used in the
Norwegian PBN
implementation Plan
 



RAIM - Receiver autonomous integrity monitoring
RF - Radius to fix
RNAV - Area navigation
RNP - Required navigation performance
RNP AR - Required navigation performance - authorization required
SARPS - Standards and recommended practices
SBAS - Satellite-based augmentation system
SCAT-I - Special category 1
SESAR - Single European Sky ATM Research
SID - Standard instrument departure
SNAP - South Norway airspace project
STAR - Standard instrument arrival
TAA - Terminal area altitude
TMA - Terminal altitude
VHF - Very high frequency
VNAV - Vertical navigation
VORVHF - omnidirectional radio range
WGS84 - World Geodetic System 1984
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SAS docked at Frankfurt
International Airport



The ICAO Performance Based Navigation (PBN) Manual was developed in direct response to
the 11th Air Navigation Conference recommendation.

In September 2007, the ICAO 36th General Assembly issued Resolution 36-23 urging States
to:
a) Complete PBN implementation plans by 2009,
b) Implement RNAV and RNP operations (where required) for en route and terminal areas and
c) Implement approach procedures with vertical guidance (APV) (Baro-VNAV and/or
augmented GNSS) for all instrument runway ends, either as the primary approach or as a
back-up for precision approaches, by 2016 (with 30 per cent by 2010 and 70 per cent by
2014).

The “European Performance-Based Navigation Implementation Plan”, draft version issued in
April 2009, addresses and supports this Resolution and will be amended into ICAO Doc
7754/EUR (draft version October 2009).

An industry declaration in support of PBN was issued in 2009 and signed by ten major
organisations representing the stakeholders of the air transportation community. The leaders
of the civil aviation community resolve to fully support implementation of PBN into the air
navigation system according to the ICAO provisions and established timetable. The
declaration emphasizes that PBN will help reduce airport and airspace congestion, conserve
fuel and protect the environment, reduce the impact of aircraft noise near airports, and
ensure reliable, all-weather operations. It will also provide operators with greater flexibility,
while increasing safety and efficiency.

A PBN implementation Plan is needed to identify the transition from conventional navigation
towards RNAV/RNP enabled by GNSS.

Current planning by the Regional Planning and Implementation Groups do not contain the
necessary details for the implementation of each of the CNS and ATM elements. For this
reason a “European Performance-Based Navigation Implementation Plan” has been
developed being the basis for national PBN Implementation plans. National plans will ensure
more detailed navigation planning and provide proper guidance and direction to the domestic
air navigation service providers, airspace operators and users, regulating agency, as well as
foreign operators who operate or plan to operate in the state.

The Norwegian PBN implementation plan is targeted to meet the following strategic
objectives:

a) Provide a high-level strategy for the evolution of the PBN applications to be implemented in
Norway in the short term (2010-2012) and medium term (2013-2016).
b) Provide a general description of the planned evolution of the PBN applications within the
SES in the long term (beyond 2017).
c) Ensure that the implementation of PBN in Norway is based on clearly established
operational requirements.
d) Avoid unnecessarily imposing the mandate for multiple equipment on board or multiple
systems on the ground.
e) Avoid the need for multiple airworthiness and operational approvals for international
operations to/from Norway or for operations across Norwegian regions.
f) Prepare for the development towards Advanced RNP.
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The Norwegian PBN implementation plan unveils the strategy to use performance based
navigation in Norway. The strategy represents a collaborative Authority and industry initiative
to move forward with performance based navigation.

The plan is developed by a Working Group with members from Avinor representing both air
navigation service and airports, and from CAA Norway. All Norwegian operators were invited
to participate in the development of the plan whereas SAS, Widerøe, Norwegian Air Shuttle
and Lufttransport have been involved. The plan is intended to assist stakeholders of the
aviation community to plan a gradual transition to PBN.

Operators can use this roadmap to plan future equipage, capability and investments.
Similarly, air navigation service providers can determine requirements for future automation
systems, and smoothly modernize ground infrastructure.

The plan describes the application of PBN specifications. The concurrent decommissioning of
navigation infrastructure is not covered by the plan.
However a brief background on the development of GNSS infrastructure and backup systems
in Norwegian airspace is given in Chapter 1.

The plan only covers development of PBN applications that are covered by the ICAO
Resolution and the European Regional plan (Doc 7754/EUR), i.e. applications in accordance
with the PBN Implementation Manual. Planned development of navigation applications other
than these, is not covered in this plan.
Navigation applications that are planned in Norwegian airspace, but that are not included in
the plan, include:
- Conventional operations (e.g. ILS, SID/STAR, NPA approaches etc.)
- GLS (SCAT-I) operations
These operations are implemented in addition to the PBN applications and do not exempt any
airport or TMA from the PBN development.

Helicopter operations and low level routes are currently not included in the ICAO PBN Manual
or in the European regional PBN implementation plan, and are therefore not included in the
Norwegian PBN Implementation Plan.

Benefit analyses and safety cases are not performed as a part of the plan. This must be done
in connection with the strategic planning and action planning as described in chapter 6.

Gap analyses (of resources, tools, eTOD etc.) are not performed as a part of the plan. This
must be done as a part of the strategic planning as described in Chapter 6. However a brief
summary of the status of some strategic issues is provided in Chapter 1.

Continuous descend approach / continuous climb departure is enabled as a consequence of
PBN implementation and will be covered during action planning and implementation at each
location.
 

0.4
The intent of the PBN
Implementation Plan
Norway

 
0.5
The scope of the PBN
Implementation Plan
Norway

 



Chapter 1
Chapter 2

 
Widerøe at Bodø airport



National regulation states that SIDs and STARs shall be established at all airports where ATC
or AFIS is provided before 1st of January 2012. The planned introduction of  SIDs and STARs
based on P-RNAV/RNAV 1 will be stated in this plan under the roadmap for terminal areas.
The number of conventional SIDs and STARs will gradually decrease, being replaced with
RNAV procedures and it is expected that only a small number of conventional procedures will
exist at the end of the medium term planning period.

DME/DME coverage in Norway is currently limited, primarily because of the challenging
terrain. Complete DME/DME coverage is not cost-beneficial and implementation of DME/DME
coverage at new locations will be based on a cost-benefit and safety analyses.

GNSS (GPS and GLONASS) are not considered as components subject to conformity
assessment and therefore no certification of GNSS according to the SES regulations are
necessary. Standards and recommended practices in ICAO Annex 10 do ensure
interoperability between components of GNSS. The challenging Norwegian terrain may at
some airports limit the GNSS performance, but a combination of GNSS, DME/DME and INS
will most probably give acceptable performance for all navigation applications.

EGNOS is expected to be certified according to the SES regulations by June 2010.
Certification is necessary to use the EGNOS Safety-Of-Life Service for different categories of
airspace users.

Irregular EGNOS service performance and potential masking of EGNOS GEO-signals are
current issues at high latitudes. Challenges for SBAS APV implementation for instance in
banking situations or at airports surrounded by high terrain may be a scenario. It is not
verified whether the EGNOS service in northern parts of Norway will allow APV performance.

Avinor is participating in a project within the SESAR programme that shall define the GNSS
technical baseline and roadmap for aviation applications in Europe. In the project Avinor will
particularly assess critical high latitude concerns and ensure that these concerns are fully
addressed.

Not all runway ends in Norway are fully compatible with ANNEX 14 standards and therefore
especially implementation roadmap for Baro-VNAV APV is influenced.
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In line with the worldwide strategy defined by ICAO, the national policy on GNSS is based on
a gradual reliance on satellite navigation that has as final goal its use as sole service, to the
extent that this can be shown to be the most cost beneficial solution and if is supported by a
successful safety and security analyses. The vision for implementing this policy is based on
the combined use of signals coming from at least two constellations in diverse frequency
bands. User receivers will process signals from different GNSS constellations in combination
with augmentations depending on individual business cases and the phase of flight.

System Country
Orbital height & 

period

Number of 

satellites
Status

GPS United States 22,200km, 12.0h ≥ 24 operational

GLONASS Russia 19,100km, 11.3h
19 (16 

operational)

operational with 

restrictions

Galileo Europe 23,222km, 14.1h ≥ 27 in preparation

Compass China 21,150km, 12.6h >30 in preparation

The implementation of PBN and the introduction of GNSS run in parallel in Europe. GNSS is
foreseen to become the main source of positioning data for en-route and terminal area
operations since GNSS can support the most challenging PBN applications. It is, however,
recognised that, at least for the foreseeable future, a rationalised terrestrial infrastructure
must be retained until sufficient experience and confidence has been gained to validate GNSS
operations.
GPS and GLONASS vulnerability needs to be addressed carefully, since a GPS or a GLONASS
outage may reduce navigation capabilities in bigger area than what would be the case with an
outage on conventional navigation infrastructure. The most notable GNSS vulnerability lies in
the potential for interference which can be divided in unintentional interference, intentional
interference (jamming, spoofing) and ionosphere. In Norway special considerations needs to
be given to ionosphere, since scintillation caused by increased solar activity can cause loss of
GNSS satellite signals in auroral regions.

All surveying of aeronautical coordinate data have been done according to the requirements
described in the document Surveying of Aeronautical data for Avinor. This document is based
upon Doc 9674 – WGS84 Manual.
Documentation from surveys including aerodrome reference point, runway centreline points,
navigation aids, parking stands and a network of survey control stations for all Norwegian
airports are made or will be made available.

In Norway we have:
20 controlled airports (14 owned by Avinor, 5 military and 1 private),
31 uncontrolled regional airports (28 owned by Avinor and 3 private) and 1 uncontrolled
Heliport (Værøy).
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Today, the majority (67%) of the Norwegian commercial airplane fleet are RNP capable with a
certified performance of RNP 0.3 nm or better. The exception is older aircraft that are not
GPS equipped. However most of these aircraft are to be replaced or modified to GNSS
capability within the coming three year period.

In 1998 B-RNAV became mandatory on ATS-routes in the ECAC states. Coordinated with the
opening of the new main airport Oslo/Gardermoen 8 October 1998 and related new traffic
regulation system, all the ATS-routes in Norway were defined as B-RNAV ATS-routes based
upon the regulation that describes that aircraft flying IFR within controlled airspace above FL
95 within Norway FIR and above 5000 FT AMSL in Oslo TMA shall be equipped with and use
RNAV equipment meeting a lateral track keeping accuracy equal to or better than +/- 5 NM
for 95% of the flight time (Basic RNAV).

Flights operating in Bodø OFIR have to be certified according to Minimum Navigation
Performance System (MNPS) specifications. Procedures stated in ICAO Doc 7030/4 - North
Atlantic (NAT) Regional Supplementary Procedures apply.

Based upon request from domestic operators for more direct routing to approach and the
need for ATC to increase capacity through reduced vectoring the first P-RNAV STARs were
established in Flesland and Sola TMAs in 2001 in Norway. Later P-RNAV STARs were
established in Kvernberget TMA, Ålesund TMA and Værnes TMA. P-RNAV SIDs are established
at Rygge airport.

The existing P-RNAV procedures are to a great extent based on VOR/DME and GPS. Thus
some RNAV STAR, due lack of adequate navigational coverage, are initially based upon B-
RNAV until a specified waypoint where the P-RNAV procedure starts. The B-RNAV part of the
procedure is always above minimum sector altitude (MSA).
 

No procedures based on specifications listed on the PBN-manual i.e. RNP APCH, Baro-VNAV
or RNP AR APCH are published in AIP Norway

All instrument approach procedures published in AIP Norway are conventional, except at two
airports (ENBN, ENHF) where Basic GNSS T-bar initial segment arrangement serve GLS
(SCAT-I) final approach .

In addition Basic GNSS company procedures (not published in AIP Norway) are approved by
CAA Norway for use at six airports (ENVD, ENLK, ENSH, ENMS, ENRM and ENSG).

In Tromsø (ENTC) an ongoing project is aiming for RNP AR APCH implementation to RWY19.
The project is a part of EUROCONTROL’s generic FOSA development (Flight Operational
Safety Assessment).
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Airport Gardermoen



Benefits of RNAV and Global Harmonization

 • Ensure global standardisation of RNAV and RNP specifications and to limit the proliferation
of navigation specifications in use world-wide
• Growth of aviation, and increasing demands on airspace capacity, emphasize the need for
the an optimum utilization of the available airspace

Within the ECAC Area the following benefits are expected:

- Safety improvement (gradual elimination of non-precision approaches will reduce the
potential for CFIT)
- Capacity increase
- Flight efficiency (long term - by use of optimized aircraft trajectories, will permit airspace
users to choose the most efficient trajectory as a mean of satisfying their particular
requirements)
- Environment impact (not only emissions, but also through improved placement of routes
using RNAV and RNP.)
- Airport access ability (improved airport regularity).
- Interoperability with other ICAO regions and within the ECAC Area.

P-RNAV/RNP will support enhancement of route structure, in both enroute and terminal
airspace and enable the use of optimised trajectories in certain areas.
 
In terminal Airspace, P-RNAV/RNP allows the arrival and departure routes to be placed in a
manner that best meet the needs of the airport, ATC and the pilot. This often means shorter,
more direct routes with simple connections to the route structure. However, where
environmental issues play a major role, arrival or departure routes can be designed to take
best advantage of the Airspace available and, where possible, bypass densely populated
areas. Careful design can also result in appropriately segregated arrival and departure
streams, thereby reducing the need for radar vectors and workload for both the pilot and the
controller.

States should develop operational concepts and requirements for continuous climb
departures (CCD) and continuous descent arrivals (CDA) based on FMS Vertical Guidance and
for applying time of arrival control based on RNAV and RNP procedures. This would reduce
workload for pilots and controllers as well as increase fuel efficiency.
 

 

Introduction of the PBN increases utilization of currently equipped aircraft and it enables
reduction of track miles, enhancement of the en-route flexibility and improvements in
terminal navigation.
  
Increased 3D use of airspace and terminal tracks in a PBN render possible continuous climb
departures (CCD), continuous descent approach (CDA) and continuous descent final approach
(CDFA). Continuous descent is environmental friendly, economically beneficial and an
important part of the controlled flight into terrain (CFIT) prevention safety objective.
Reorganisation of terminal tracks imply broadened use of continuous climb departure (CCD)
as the number and size of TMA conflict areas are minimised.

The operators point out the following achievable benefits through the use of P-RNAV
SIDs/STARs:

•Optimized traffic-flow in the terminal phase of flight (e.g. closed STAR, Y/T-type approach).
•Reduction in flown track miles. (SID’s included).
•Continuous climb and descent.
•Existing non-precision approaches replaced by RNP-procedures.
•Airport availability (regularity).
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General

3.2
Benefits - Airspace users



Norwegian operators regard enhanced safety as the main benefit  of PBN. They want to
achieve this  through simplification of procedures; with straight Final Approach Track and
Missed Approach segments and, where there is no precision approach available, through
RNAV based NPA with vertical guidance.

Further the Norwegian operators expect the following benefits from the PBN concept:
•Increased safety during approach and positioning towards final approach.
•Reduction in operational costs and environmental benefits.
•Simplified, strategic procedures will lead to increased safety and predictability.

RNP AR approach with RF legs shall only be developed when an obvious operational benefit
due to the existence of significant obstacles or environmental considerations so necessitate.

PBN instrument procedures in all phases of flight facilitate the provision of correct data in the
aircraft navigation databases thus eliminating the use of overlay procedures, often used
today.

PBN instrument procedures will be implemented at all airports in Norway where ATC or AFIS
is provided, thereby facilitating more efficient traffic handling and standardized flight
procedures.

Airports with non-precision runway ends planning establishment of new ILS-installations will
have the option to consider PBN APV APCH thus considerably reducing investment costs
PBN instrument procedures facilitate the rationalisation of conventional navigation aids,
resulting in reducing investment/operating costs for ANSP/Airports. 

3.2
Benefits - Airspace users
(cont.)

3.3
Benefits – Airports and
ANSP 



Challenges

Challenges in current operations that could potentially be solved by PBN
 
In order to cope with forecasted increase in air traffic, the airspace capacity must be
increased whilst at the same time keep the controller workload at an justifiable level. Because
RNAV allows a more flexible route system, a more efficient airspace organisation can be
established and thus contribute to fulfil the above requirements.
The current RNAV procedures that have been introduced for en route, terminal and approach
procedures in Norway use only part of the full navigation and functional capabilities of many
RNAV-equipped aircraft, and provide only part of the potential benefits. RNAV operating
procedures need to be drawn up, and routes making use of the advanced navigation
performance of modern aircraft should be established so that more benefits can be provided
from the RNAV procedures. Aircraft that do not meet the requirements for the new RNAV
procedures are expected to continue flying, so there will be a period during which aircraft
that meet the new requirements must coexist with aircraft that do not (mixed operations).
In establishing the new RNAV procedures in Norway in accordance with the European PBN
Implementation Roadmap, aircraft with lower navigation capabilities must also be
accommodated for as long as operationally feasible or a mandate is implemented.
Confronted with a mix of equipped and non-equipped aircraft, there will be a need to figure
out how to move to a "best equipped, best served" policy.

Airspace design enroute must be based on a strategic ATS-route system along main traffic
flows enabling optimum connections to the SID/STAR systems, coordinated connections to
neighbouring states, flexible use of airspace and fulfilling the capacity demand. This might
necessitate segregated ATS-routes with a lateral distance down to 7-8 NM. This could possibly
be done with RNAV 1 routes and no need for surveillance service or with RNAV 5 routes and a
requirement for radar monitoring. This challenge will also be an issue in the North European
Functional Airspace Project (NEFAB).

A cost/benefit analysis must be the basis for chosen solution.

Bodø OCA is a part of the NAT-region. Expected increase in traffic and aircraft equipment
necessitate the development of a PBN Roadmap for this area (to be developed).

Airspace design of TMAs  must be based upon a strategic SID/STAR system enabling
continuous climb departures and continuous descend approaches and which serve the
declared airport capacity.

The requirement of SID/STARs at all airports necessitate cost/benefit analyses to decide upon
supporting navigation infrastructure (DME/DME and/or GNSS).

Norway has a total of 106 runway ends including 94 instrument runway ends. Due to terrain
constraints some runway ends may not be applicable for PBN instrument approach
procedures in accordance with current criteria. Identification of applicable runway ends for
PBN implementation will be subject to analysis and individual assessment. Several runway
ends in Norway are not fully compatible with ANNEX 14 standards and therefore especially
the implementation roadmap for Baro-VNAV APV is influenced.
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The following table gives an overview of the alignment of the existing instrument procedures:

Offset from 

RWY centreline

Controlled 

airports 

(RWY ends)

Uncontrolled 

airports 

(RWY ends)

Total 

(RWY ends)

Straight-in 30 17 47

Max 5 degrees 6 16 22

5-30 degrees 5 10 15

More than 30 

degrees
2 8 10

No procedure 1 11 12

Application of the RNP APCH in mountainous terrain can lead to high minima and long visual
segments causing traffic irregularities. This can be solved by implementing RNP AR APCH.

Expected challenges during PBN implementation:

• Availability of competence resources/ key personnel within all stakeholders organisations
• PBN QA Processes and Tools
• Airspace Concept Development
• Operational Benefit Analyses
• Performance Measurement Plan
• Safety Assessment Methodology
• Establish CDM Process
• Prepare for implementation (ATC Systems, Operator Approvals, Standards, Training)
• New requirements (ICAO Doc 9906) for Quality assurance for flight procedure design
• eTOD
• The need for mixed operations during the transition period
• Insufficient Procedure Design Criteria
 

GAP-analyses
• Adequacy of ground-based CNS infrastructure
• Existing PBN Implementation
• Air Operator PBN equipage/approvals
• PBN Legislation/Regulations
• ATM Automated Systems
• Training level status (pilots, ATC, regulator inspectors)
• PBN Flight Procedure Design capabilities (designer competencies, capacities, tools and
   data)
 

Strategic Framework Planning

• Legislation and Regulation Amendment Plan (including scope of amendments required,
   publication alternatives, approval processes and timelines (if required)
• Standards and Procedures Plan including ATS, Air Operator, airworthiness and certification
   processes
• PBN Training Needs Plan addressing ATS, Air Operator, airworthiness and certification
   requirements
 

4.1.5
Challenges – Instrument
approach procedures 
(cont.)

4.2
PBN Implementation
Challenges



Implementation Roadmap of Performance Based Navigation

Airspace
Short term

(2010 - 2012)

Medium term

(2013 - 2016)
2017+

En route – oceanic RNAV 10 TBD TBD

En route – continental

B-RNAV (VOR/DME)

B-RNAV (GNSS, DME/DME)

B-RNAV (GNSS)

RNAV 5 (GNSS, DME/DME)

RNAV 5 (GNSS) 

RNAV 1 (GNSS)

TMA

P-RNAV(VOR/DME) 

P-RNAV(GNSS, DME/DME)

P-RNAV(GNSS)

RNAV 1 (GNSS, DME/DME) 

RNAV 1 (GNSS)

RNAV 1 (GNSS, DME/DME) 

RNAV 1 (GNSS)

A-RNP-1

Approach

RNP APCH Baro VNAV

RNP APCH SBAS

RNP AR APCH

at airports with operational benefit

RNP APCH Baro VNAV

RNP APCH SBAS

RNP AR APCH

GBAS CatI

GBAS CatII+III 

RNP APCH Baro VNAV

RNP APCH SBAS

RNP AR APCH

LPV 200

GBAS CatII+III 

stand alone GNSS Cat I procedures

Short Term Implementation Roadmap (2010-12)

European PBN Implementation Plan (Draft): 
“In this phase, the application of RNAV 5 (B-RNAV) in ECAC is expected to continue. RNAV 1
(P-RNAV) application will extend as airspace demands necessitate.”

ATS-routes in Norway will be based upon continued use of RNAV 5 supported as necessary by
radar monitoring service. A Free Route Airspace initiative with the aim to provide selectable
user preferred routes in Norwegian airspace has been imitated and is foreseen implemented
in this period.
 

Bodø OCA is a part of the NAT-region. Expected increase in traffic and aircraft equipment
necessitate the development of a PBN Roadmap for this area (to be developed).

 

European PBN Implementation Plan (Draft): 
“For the ECAC area in selected TMAs, the application of RNAV 1 (P-RNAV) will be supported
though the use of GNSS or ground navigation infrastructure, such as DME/DME and
DME/DME/IRU. In this phase, mixed operations (equipped and non-equipped) will continue.

For the rest of EUR
In an environment without adequate ground navigation infrastructure, the SID/STAR
application of RNAV 1 might necessitate exclusive application of GNSS. In this phase, mixed
operations (equipped and non-equipped) will be continued.”

Norway will implement RNAV 1 (P-RNAV) procedures to be supported though the use of GNSS
or ground navigation infrastructure, such as DME/DME and DME/DME/IRU. In an
environment without adequate ground navigation infrastructure, the SID/STAR application of
RNAV 1 might necessitate exclusive application of GNSS. A major airspace change is planned
for implementation in Oslo AoR 07 April 2011, resulting in P-RNAV SIDs and STARs for the
airports Oslo/Gardermoen, Sandefjord/Torp and Rygge.
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Roadmap (2010-12) -
Oceanic operations in
Bodø OFIR/OCA

5.1.3
Roadmap (2010-12) -
Terminal Areas 



The following Roadmap for the implementation of P-RNAV SIDs and STARs in TMAs is based
on the principles and criteria explained in Chapter 0.6.

P-RNAV SIDs and STARs

2010 2011 2012

Tromsø TMA (ENTC)

Oslo TMA  (ENGM)

Farris TMA

(ENTO and ENRY)

Kjevik TMA (ENCN)

 Bodø TMA (ENBO)

TBD

The number of conventional SIDs and STARs will gradually decrease as they are replaced with
RNAV procedures, and it is expected that only a small number of conventional procedures will
exist at the end of the medium term planning period.

European PBN Implementation Plan (Draft): 
“States should promote the use of APV operations (Baro-VNAV or augmented GNSS) to
enhance safety and accessibility of approaches. The application of RNP APCH with Baro-
VNAV procedures is expected to be implemented in the maximum possible number of
airports, primarily international airports. Where SBAS is available, LPV is expected to be
implemented.
To facilitate transitional period, conventional approach procedures and conventional
navigation aids should be maintained for non- equipped aircraft. The application of RNP AR
APCH procedures should be considered in selected airports, where obvious operational
benefits can be obtained due to the existence of significant obstacles.
The introduction of application of landing capability using GBAS augmented GNSS with L1
only is expected to provide an early application of GLS to supplement ILS for Cat I
operations.”

The ICAO Assembly Resolution 36-23 APV short term implementation milestone is 30% of all
instrument runway ends by 2010. At the moment the realistic degree of the PBN
implementations in Norway is 4 RNP APCH runway ends by 2010. In light of the ICAO
resolution, this leads to a gap of approximately 25-30 new procedures by the end of 2010.

The proposed implementation path for Norway in the short term is to emphasize PBN
procedures that do not require special authorization. Terrain constraints remain unchanged
for PBN, and APV Baro-VNAV criteria is waiting for enhancements like offset criteria and
Vertical Error Budget (VEB) methodology that is already used for RNP AR APCH.

The major airspace change in Oslo AoR, with planned implementation  07 APR 2011, entails a
redesign of all instrument approaches and missed approach procedures for the airports
Oslo/Gardermoen, Sandefjord/Torp and Rygge. ILS remains as final approach and landing
application for the foreseeable future, however RNP APCH Baro-VNAV procedures are
planned implemented at 01R and 19R in 2012.

At high and medium traffic density TMAs/airports, implementation of P-RNAV STARs and PBN
APV Baro-VNAV procedures will be coordinated. Best PBN-practices will initially be mapped
out from lower traffic density TMAs/airports and used to set new standard solutions before
implementation at high density TMAs/airports can start.

At regional airports, PBN and APV implementation starts with RNP APCH and Baro-VNAV.
For practical reasons, when future GLS (SCAT-I) procedures are implemented at regional
airports, APV (Baro VNAV and/or SBAS) procedures will be implemented simultaneously. GLS
(SCAT-I) procedures are planned utilizing the same initial segments as RNP APCH and Baro-
VNAV APV.
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ENTC RNP AR APCH RWY 19 is planned implemented during the period, and other RNP AR
APCH could be implemented where a lead operator find it beneficial.
 

As a part of a SESAR APV project currently under consideration by SESAR Joint Undertaking,
Avinor intend to participate in the definition of common European requirements/criteria for
airport selection in terms of operational benefits to address both APV Baro and APV SBAS
operations. Norwegian airports will be analysed in order to classify and select the best
airports to implement APV procedures with regard to the defined common criteria to address
both APV Baro and APV SBAS operations.
 

Following the analysis, one APV SBAS and two APV Baro VNAV demo flights will be performed
at two Norwegian airports in early 2011, and the aim is to publish these procedures.
Norwegian stakeholders are not likely to be prepared for the implementation of SBAS APV in
the 2012 timeframe. The publication time of APV SBAS procedures also depends on EGNOS
certification status. Also, APV SBAS implementation will come first at airports in southern
Norway, due to the current uncertainty about EGNOS system stability in the northernmost
areas.

PBN instrument approaches

2010 2011 2012

Vadsø*
RWY 08 and 26

Båtsfjord*
RWY 03 and 21

Svolvær/Helle*
RWY 01

Namsos*
RWY 07 and 25

Tromsø/Langnes
RNP AR RWY 19

Tromsø/Langnes
RWY 01 and 19

Haugesund/Karmøy
RWY 32

Vadsø

Båtsfjord

Svolvær/Helle

Hammerfest

Namsos

Førde/Bringeland
RWY 07 and 25

Brønnøysund
RWY 04

Gardermoen
RWY 01R and 19R

Kvernberget
RWY 25

Svalbard
RWY 28

Evenes
RWY 17

Ålesund/Vigra
RWY 07

Kirkenes
RWY 06

Regional airports**

* Only RNP APCH (VNAV-element planned implemented in 2011)

** TBD

The above roadmap is based on initial considerations related to existing plans/projects and
may be changed/expanded during the period.
 

 

Medium Term Implementation Roadmap (2013-16)

European PBN Implementation Plan (Draft): 
“- States are encouraged to introduce the more accurate navigation specification on the basis
of coordination with stakeholders and affected neighbouring  States/Territories.
- It is expected that A-RNP will be introduced from 2015 in the ECAC Area based upon an
agreed implementation methodology following CBA and Safety studies.
In this phase, the application of RNAV 5 (B-RNAV) in ECAC is expected to continue. RNAV 1
(P-RNAV) application will extend as airspace demands necessitate

Comment on rest of EUR
Communication and surveillance coverage will continue to be provided. With the availability
of ADS and CPDLC, the application of RNP routes in the Remote continental airspace in the
EUR Region is expected to permit the use of smaller lateral and longitudinal separation.
In this phase, the establishment of a backup system in case of GNSS failure or the
development of contingency procedures will be necessary.”
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ATS-routes in Norway will be based upon continued use of RNAV 5 supported as necessary by
radar monitoring service. In addition a Free Route Airspace with the aim to provide selectable
user preferred routes in Norwegian airspace is established.
 

Bodø OCA is part of the NAT-region. Expected increase in traffic and evolution of aircraft
equipment necessitate the development of a PBN roadmap for this area.

European PBN Implementation Plan (Draft): 
“Noting the current development of Advanced-RNP 1 navigation specification, in this phase, it
is expected that the application of RNAV 1 will be expanded in selected TMAs and
supplemented by A-RNP. The application of RNAV 1/Basic-RNP 1 will also depend on
DME/DME infrastructure, GNSS availability and aircraft navigation capability. In TMAs of high
air traffic complexity and movement, the use of RNAV 1 or A RNP 1 equipments could
become mandatory towards the end of this phase. In TMAs of less air traffic complexity,
mixed operations are expected to be permitted (equipped or non-equipped).”

The roadmap for the implementation of P-RNAV SIDs and STARs in terminal areas will be
based on the principles and criteria explained in chapter 0.6

P-RNAV SIDs and STARs 

2013 2014 2015 2016

TBD* TBD TBD TBD

* will be coordinated with the ongoing project “South Norway Airspace Project (SNAP)”.

The number of conventional SIDs and STARs  will gradually decrease, being replaced with
RNAV procedures and it is expected that only a small number of conventional procedures will
exist at the end of the medium term planning period

European PBN Implementation Plan (Draft): 
“In this phase, the extended availability of RNP APCH with Baro-VNAV or LPV in most airports
is expected. Whilst in many cases provide the only means of executing a vertically guided
approaches for the runways without precision approach capability, these will also serve as a
back-up to precision approaches. The extended application of RNP AR Approaches is
expected for airports where there are operational benefits. The extended application of
landing capability using L1 GPS with GBAS augmentation will start to provide Cat II/III
capability.”

The ICAO assembly resolution 36-23 APV medium term implementation milestone is 70% of
all instrument runway ends by 2014 and for all instrument runway ends by 2016.
ILS will still retain at several airports, and maybe 2-3 new ILSs will be established. GBAS CAT
I may be evaluated for implementation if beneficial. GBAS Cat II/III may be evaluated when
available.

In the medium term more APV instrument approach procedures will be published, including
RNP AR procedures where this is considered operational/environmental beneficial.

Enhancements of the Baro-VNAV design criteria are expected introduced by 2013 and
remaining issues of the SBAS operational use should be resolved. SBAS service is expected to
be available in major parts of Norwegian airspace, with some uncertainties regarding the
eastern part of Finnmark, and implementation of the SBAS APV may begin.
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This implies that it may become possible to establish APV procedures to close to all runway
ends in Norway, even those that are not fully compatible with ANNEX 14 standards. The goal
is to establish APV procedures to all runway ends where this can be done in accordance with
standard procedure criteria. Detailed analysis is required to identify which procedures that
will be feasible and beneficial to establish to which runway ends. Priorities between airports
will be in accordance with the principles described in Chapter 0.6.

RNP APCH to LNAV/VNAV minima is planned implemented at Oslo, Gardermoen. Different
solutions for APV transitions will be investigated.

APV SBAS is expected evolving towards turboprop, private jet and helicopter standard
procedure in demanding environments.

PBN instrument approaches 

2013 2014 2015 2016

TBD TBD TBD TBD

Long Term Implementation Strategies (2017+)

European PBN Implementation Plan (Draft):
“In this phase, the decommissioning of ground Navigation Aids, the mandate for GNSS
carriage will together require the withdrawal of the RNAV 5 mandate in ECAC area. The
application of A-RNP is expected to replace RNAV 5 in the ECC and it application is expected
to extend throughout the EUR Region as airspace demands necessitate Communication and
surveillance coverage will continue to be provided. With the availability of ADS and CPDLC,
the application of RNP routes in the Remote continental airspace in the EUR Region is
expected to permit the use of smaller lateral and longitudinal separation. In this phase, once
multiple constellations with dual frequencies become available, the reaming risks associated
with GNSS application are associated with solar storms and deliberate jamming of both
frequencies (the risk of accidental jamming of both frequencies being considered remote).
Contingency procedures will need to be prepared to cater for such events. Some of the more
dense area of EUR are expected to continue to provide DME/DME as the support for these
contingencies. However, alternative capabilities might be considered appropriate (e.g.
requirements for the carriage of inertial systems).”

ATS-routes in Norway is expected to be based upon RNAV 1 (GNSS). In addition a possible
extended Free Route Airspace with the aim to provide selectable user preferred routes in
Norwegian airspace is established.

Bodø OCA is part of the NAT-region. Expected increase in traffic and evolution of aircraft
equipment necessitate the development of a PBN roadmap for this area.

 

“European PBN Implementation Plan (Draft): 
In this phase it is expected that the application Advanced RNP-1 navigation specification will
be expand in selected TMAs. The application of A- RNP-1 will be based upon GNSS but
DME/DME infrastructure may be provided for contingency purposes. The use of A RNP-1
equipments are expected to become mandatory as the ability to operate conventional
procedures becomes more limited as conventional Navaids (VOR/NDB) are decommissioned.”
Advanced RNP-1 applications are expected to be implemented in selected terminal areas.
This will entail increased decommissioning of VOR/DME and the remaining NDBs will be
completely withdrawn.
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European PBN Implementation Plan (Draft):
“In this phase, the full availability of RNP APCH with Baro-VNAV or LPV in most airports is
expected. Whilst in many cases provide the only means of executing a vertically guided
approaches for the runways without precision approach capability, these will also serve as a
back-up to precision approaches. The extended application of RNP AR Approaches is
expected for airports where there are operational benefits. The extended of application of
landing capability using multiconstellation dual frequency GNSS could lead to Cat I GLS
without augmentation. With GBAS augmentation a generalised capability for Cat II/III will be
available.”

Instrument approach procedures in this period will be fully implemented as PBN APV
procedures.

Multiconstellation support stand alone GNSS procedures and SBAS LPV minima.

Decommissioning of conventional procedures need commissioning of PBN back-up
procedures for missed approaches and diversions.

Advanced applications as 4-D and curved paths will evolve and applications come mature for
implementations.

GBAS Cat II/III may be evaluated for implementation at some airports if beneficial.
In Oslo, Gardermoen will be investigated how GBAS CAT II/III approaches could increase
runway capacity for LVP-operations.

ILS remains as final approach and landing application over foreseeable future at Oslo,
Gardermoen.
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Chapter 6



Strategy for PBN Implementation and Progress Monitoring in Norway
 
Stakeholders Cooperation and Responsibility

Various stakeholders are involved in the development of the airspace concept and the
resulting navigation application(s). These stakeholders are the airspace planners, procedure
designers, aircraft manufacturers, air operators, pilots and air traffic controllers; each
stakeholder has a different role and set of responsibilities.

Stakeholders of performance-based navigation use the concept at different stages:

- At a strategic level, airspace planners and procedure designers translate “the PBN concept”
  into the reality of route spacing, aircraft separation minima and procedure design.

- Also at a strategic level, but after the airspace planners and procedure designers have
  completed their work, airworthiness and regulatory authorities ensure that aircraft and
  aircrew satisfy the operating requirements of the intended implementation.

- At a tactical level, controllers and pilots use the PBN concept in real-time operations. They
  rely on the “preparatory” work completed at the strategic level by other stakeholders.
 

All stakeholders use all the elements of the PBN concept, however, each stakeholder tends to
focus on a particular part of the PBN concept.

Airspace planners, for example, focus more on the navigation system performance required
by the navigation specification. While they are interested to know how the required
performance of accuracy, integrity, continuity and availability are to be achieved, they use the
required performance of the navigation specification to determine route spacing and
separation minima.

Procedure designers design instrument flight procedures in accordance with obstacle
clearance criteria associated with a particular navigation specification. Unlike airspace
planners, procedure designers focus on the entire navigation specification (performance,
functionality and the navigation sensors of the navigation specification), as well as flight crew
procedures. These specialists are also particularly interested in the navaid infrastructure
because of the need to ensure that the IFP design takes into account the available or planned
navaid infrastructure.

 

The air operators should develop a plan for fleet modification to ensure that their aircraft are
properly equipped to meet the requirements as specified in the applicable PBN navigation
specification, establish operational procedures, complete the training of personnel as
specified, and apply for and obtain operational approval.
The air operators must, in accordance with PBN implementation planning and operational
need, gradually establish operational capabilities and obtain their PBN operational approvals.
 

The State of the Operator/Registry must ensure that the aircraft is properly certified and
approved to operate in accordance with the navigation specification prescribed for operations
in an airspace, along an ATS route or instrument procedure. Consequently, the State of the
Operator/Registry must be cognisant of the navigation application because this provides a
context to the navigation specification.
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The navigation specification can therefore be considered an anchor point for PBN
stakeholders. This does not mean that stakeholders consider the navigation specification in
isolation, but rather that it is their primary focus.

The position is slightly different for pilots and controllers. As end-users of the PBN concept,
controllers and pilots are more involved in the navigation application which includes the
navigation specification and the navaid infrastructure. For example, particularly in a mixed
aircraft equipage environment, controllers may need to know what navigation sensor an
aircraft is using (i.e. RNAV 1 specification can have GNSS, DME/DME/IRU and/or DME/DME)
on an ATS route, procedure or airspace, to understand the effect that a navaid outage can
have on operations. Pilots operate along
a route designed and placed by the procedure designer and airspace planner while the
controller ensures that separation is maintained between aircraft operating on these routes.
 

 

Safety in PBN implementation

All users of the PBN concept are concerned with safety. Airspace planners and procedure
designers, as well as aircraft manufacturers and air navigation service providers (ANSP), need
to ensure that their part of the airspace concept meets the pertinent safety requirements.
States of the Operator specify requirements for on-board equipment and then need to be
satisfied that these requirements are actually being met by the manufacturers. Other
authorities specify requirements for safety at the airspace concept level. These requirements
are used as a basis for airspace and
procedure design and, again, the authorities need to be satisfied that their requirements are
being met.

Demonstrating that safety requirements are being met is achieved in different ways by
different stakeholders. The means used to demonstrate the safety of an airspace concept is
not the same used to demonstrate that safety requirements at the aircraft level are being
met. When all safety requirements have been satisfied, air traffic controllers and pilots must
adhere to their respective procedures in order to ensure the safety of operations.
 

 

Implementing RNAV and RNP
The ICAO DOC 9613 PBN Manual provides guidance to States for implementing RNAV and
RNP applications and developing operational approval processes. The manual includes
guidance on airworthiness and operational issues. The information enables an operator to be
approved as capable of meeting the navigation element requirements for RNAV and RNP
operations

Progress and future work

Responsibility of Implementation
• ICAO shall develop a coordinated action plan to assist States in the implementation of PBN
   and to ensure development and/or maintenance of globally harmonized SARPs, Procedures
   for Air Navigation Services (PANS) and guidance material including a global harmonized
   safety assessment methodology to keep pace with operational demands.
• The ICAO PBN Implementation Action Plan Templates should be considered as a starting
   point for a specific PBN implementation.
• Avinor, the national aeronautical service provider will be responsible for airspace planning,
   instrument flight procedure design and publication of the implementation of PBN
   procedures within Norwegian Airspace according to the PBN Implementation Plan Norway.
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- - PBN procedures shall be implemented in accordance with the ICAO PBN Manual Doc 9613
    and applicable EUR/NAT and EASA documentation.

- - Priority in the short term starting January 2010 is to commence the implementation of
    approach procedures with vertical guidance (Baro VNAV) to instrument runway ends
    according to the national implementation plan, established timelines and intermediate
    milestones.
 

PBN Project Group 

A national PBN Group consisting of members from the Norwegian CAA shall:

- Monitor and ensure that commitments described in the PBN Implementation Plan Norway
  are carried out according to established timeframes and intermediate milestones.

- Provide guidance and collaborate with the aviation communities – government and industry
  – as an expert team on PBN concepts, technical standards, operator requirements, and
  implementation processes to enhance safety.
 

 

PBN Implementation Plan Review

The Norwegian PBN Implementation Plan Working Group will in 2010 be responsible for
revising the PBN implementation Plan Norway in accordance with any applicable revisions to
ICAO DOC 9613 or “European Performance-Based Navigation Implementation Plan”,  or
national strategic priorities.

From 2011 the above mentioned tasks will be continued by 2 selected members from Avinor
and 2 selected members from LT.

Progress reports to ICAO

Draft EANPG Conclusion 51/f 2.16
As a means of tracking the implementation progress in the Region, the following actions have
been initiated:
- a State letter was circulated on 28 April 2009 (ref MTG/PIRG/EANPG/50/FLW/09-0222.SLG).
  A Questionnaire was attached to the letter intended to elicit information on the status and
  future plans related to implementation of the PBN in en-route and terminal airspace and
  APV. The Questionnaire was translated to Russian for easier reference for the States in the
  Eastern part of the ICAO EUR Region. The responses are made available on the ICAO
  EUR/NAT website.
- A new Supplement Table (CNS4b) was designed to track the progress of approach and
  landing procedures and associated navigation aids and services, including information on
  existing and planned APV implementations. This Table was circulated on 26 March 2009 by
  a State letter DOC/ANP/EUR/SUP/CNS - 09-0166.SLG. Information contained in this Table
  will be updated on a semi-annual basis through the State letter process.
 

Draft EANPG Conclusion 51/h - PBN implementation monitoring 
That the EANPG RDGE, EANPG COG AIS and EUROCONTROL RNDS be tasked to monitor and
implement the provisions of the EUR PBN Implementation and Harmonisation strategy (in
parts related to charting and publications in particular)

That EANPG AWOG in coordination with the Secretariat, be tasked to monitor the progress of
APV implementation by regular updates to the ANP FASID Supplement Table CNS 4b.
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