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FOREWORD

This manual was developed to combine guidelines on operational requirements regarding aeroplane performance. It
supplements the provisions of Annex 6 — Operation of Aircraft, Part | — International Commercial Air Transport —
Aeroplanes, Chapter 5, Aeroplane performance operating limitations and Annex 8 — Airworthiness of Aircraft, Part 111B,
as applicable to turbine-powered subsonic transport-type aeroplanes over 5 700 kg maximum certificated take-off mass
having two or more engines.

This manual contains guidance material previously presented in Annex 6, Part I, Attachment B, Aeroplane performance
operating limitations, which has been removed with Amendment 40 C (applicability 2020). This manual also provides new
guidance for aeroplane operations on contaminated runways, following the implementation of a new global reporting format
for assessing and reporting runway surface conditions. Its content was developed in coordination with the Friction Task
Force on the basis of existing and proposed national regulations, the removal of Annex 6, Part I, Attachment B, and
guidance on the application of Standards and Recommended Practices (SARPs) concerned with the Runway Condition
Report (RCR). In addition, the manual addresses current regulatory shortcomings regarding obstacle clearance.

A single manual for aeroplane performance represents a holistic approach to support the SARPs of multiple Annexes,
namely Annex 6, Annex 8, Annex 14 — Aerodromes, and Annex 15 — Aeronautical Information Services as well as
existing associated guidance material. The guidance contained herein describes a possible means for achieving the
intended level of safety, however, it is recognized that this may not be the only way of meeting the intent for individual
aeroplane manufacturers and operators.
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GLOSSARY

ACRONYMS AND ABBREVIATIONS

Aeroplane flight manual

Above ground level

Air-report

Aeronautical information service
Acceptable means of compliance
Accelerate-stop distance available
Air traffic control

Automatic terminal information service
Air traffic management

Civil aviation authority

Calibrated airspeed

Configuration deviation list
Collision risk model

European Union Aviation Safety Agency
Electronic flight bag

Foreign object debris

Instrument meteorological conditions
International standard atmosphere
European Joint Aviation Authorities
Landing distance available

Landing distance factor

Landing distance required

Minimum crossing altitude

Minimum descent altitude

Minimum en-route altitude

Minimum equipment list

Aerodrome routine meteorological report
Minimum obstacle clearance

Outside air temperature

Obstacle clearance altitude

Obstacle clearance height

One engine inoperative

Procedures for air navigation services
Porous friction course

Runway condition assessment matrix
Runway condition report

Runway end safety area

Runway condition code

Standards and Recommended Practices
Standard instrument departure

True air speed

Type certificate

Take-off distance available

Take-off run available

Visual meteorological conditions
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(x) Aeroplane Performance Manual

DEFINITIONS
When the following terms are used in this manual, they have the following meanings:

Accelerate-stop distance available (ASDA). The length of the take-off run available plus the length of the stopway, if
provided.

Note.— Where the minimum recommended length of runway end safety areas is achieved by application of
Annex 14 — Aerodromes, Volume | — Aerodrome Design and Operations, Atfachment A, Section 9.2, the ASDA may be
shorter than the take-off run available.

Aerodrome. A defined area on land or water (including any buildings, installations and equipment) intended to be used
either wholly or in part for the arrival, departure and surface movement of aircraft.

Aeroplane. A power-driven heavier-than-air aircraft, deriving its lift in flight chiefly from aerodynamic reactions on surfaces
which remain fixed under given conditions of flight.

Aircraft. Any machine that can derive support in the atmosphere from the reactions of the air other than the reactions of
the air against the earth’s surface.

Aircraft operating manual. A manual, acceptable to the State of the Operator, containing normal, abnormal and
emergency procedures, checklists, limitations, performance information, details of the aircraft systems and other
material relevant to the operation of the aircraft.

Note.— The aircraft operating manual is part of the operations manual.

Airworthy. The status of an aircraft, engine, propeller or part when it conforms to its approved design and is in a condition
for safe operation.

Alternate aerodrome. An aerodrome to which an aircraft may proceed when it becomes either impossible or inadvisable
to proceed to or to land at the aerodrome of intended landing where the necessary services and facilities are available,
where aircraft performance requirements can be met and which is operational at the expected time of use. Alternate
aerodromes include the following:

Take-off alternate. An alternate aerodrome at which an aircraft would be able to land should this become necessary
shortly after take-off and it is not possible to use the aerodrome of departure.

En-route alternate. An alternate aerodrome at which an aircraft would be able to land in the event that a diversion
becomes necessary while en-route.

Destination alternate. An alternate aerodrome at which an aircraft would be able to land should it become either
impossible or inadvisable to land at the aerodrome of intended landing.

Note.— The aerodrome from which a flight departs may also be an en-route or a destination alternate aerodrome for
that flight.

Anticipated operating conditions. Those conditions which are known from experience or which can be reasonably
envisaged to occur during the operational life of the aircraft, taking into account the operations for which the aircraft
is made eligible, the conditions so considered being relative to the meteorological state of the atmosphere, to the
configuration of terrain, to the functioning of the aircraft, to the efficiency of personnel and to all the factors affecting
safety in flight. Anticipated operating conditions do not include:

a) those extremes which can be effectively avoided by means of operating procedures; and
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Glossary (xi)

b) those extremes which occur so infrequently that to require the Standards to be met in such extremes would give
a higher level of airworthiness than experience has shown to be necessary and practical.

Calibrated airspeed (CAS). The calibrated airspeed is equal to the airspeed indicator reading corrected for position and
instrument error. (As a result of the sea level adiabatic compressible flow correction to the airspeed instrument dial,
CAS is equal to the true airspeed (TAS) in International Standard Atmosphere at sea level.)

Configuration (as applied to the aeroplane). A particular combination of the positions of the movable elements such as
wing flaps, landing gear, etc., that affect the aerodynamic characteristics of the aeroplane.

Configuration deviation list (CDL). A list established by the organization responsible for the type design with the approval
of the State of Design which identifies any external parts of an aircraft type which may be missing at the
commencement of a flight, and which contains, where necessary, any information on associated operating limitations
and performance correction.

Commercial air transport operation. An aircraft operation involving the transport of passengers, cargo or mail for
remuneration or hire.

Contaminated runway." A runway is contaminated when a significant portion of the runway surface area (whether in
isolated areas or not) within the length and width being used is covered by one or more of the substances listed in

the runway surface condition descriptors.

Note.— Further information on runway surface condition descriptors can be found in the Annex 14, Volume |
Definitions.

Crew member. A person assigned by an operator to duty on an aircraft during a flight duty period.

Critical engine(s). Any engines(s) whose failure gives the most adverse effect on the aircraft characteristics relative to
the case under consideration.

Declared temperature. A temperature selected in such a way that when used for performance purposes, over a series of
operations, the average level of safety is not less than would be obtained by using official forecast temperatures.

Design landing mass. The maximum mass of the aircraft at which, for structural design purposes, it is assumed that it
will be planned to land.

Design take-off mass. The maximum mass at which the aircraft, for structural design purposes, is assumed to be planned
to be at the start of the take-off run.

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

Engine. A unit used or intended to be used for aircraft propulsion. It consists of at least those components and equipment
necessary for functioning and control, but excludes the propeller/rotors (if applicable).

Expected. Used in relation to various aspects of performance (e.g. rate or gradient of climb), this term means the standard
performance for the type, in the relevant conditions (e.g. mass, altitude and temperature).

Flight crew member. A licensed crew member charged with duties essential to the operation of an aircraft during a flight
duty period.

1.  Applicable as of 5 November 2020
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(xii) Aeroplane Performance Manual

Flight manual. A manual, associated with the certificate of airworthiness, containing limitations within which the aircraft
is to be considered airworthy, and instructions and information necessary to the flight crew members for the safe
operation of the aircraft.

Flight operations officer/flight dispatcher. A person designated by the operator to engage in the control and supervision
of flight operations, whether licensed or not, suitably qualified in accordance with Annex 1, who supports, briefs and/or
assists the pilot-in-command in the safe conduct of the flight.

Grooved or porous friction course runway. A paved runway that has been prepared with lateral grooving or a porous
friction course (PFC) surface to improve braking characteristics when.

Height. The vertical distance of a level, a point, or an object considered as a point, measured from a specified datum.

Note.— For the purposes of this manual, the point referred to above is the lowest part of the aeroplane and the
specified datum is the take-off or landing surface, whichever is applicable.

Human Factors principles. Principles which apply to aeronautical design, certification, training, operations and
maintenance and which seek safe interface between the human and other system components by proper
consideration to human performance.

Human performance. Human capabilities and limitations which have an impact on the safety and efficiency of
aeronautical operations.

Landing distance available (LDA). The length of runway which is declared available and suitable for an aeroplane
landing.

Note.— This definition differs slightly from the definition in Annex 6, specifically for the purposes of this manual.

Landing surface. That part of the surface of an aerodrome which the aerodrome authority has declared available for the
normal ground or water run of aircraft landing in a particular direction.

Maximum mass. Maximum certificated mass.
Note.— This definition differs slightly from the definition in Annex 6, specifically for the purposes of this manual.

Net gradient. The net gradient of climb throughout these requirements is the expected gradient of climb diminished by
the manoeuvre performance (i.e. that gradient of climb necessary to provide power to manoeuvre) and by the margin
(i.e. that gradient of climb necessary to provide for those variations in performance which are not expected to be taken
explicit account of operationally).

NOTAM. A notice distributed by means of telecommunication containing information concerning the establishment,
condition or change in any aeronautical facility, service, procedure or hazard, the timely knowledge of which is
essential to personnel concerned with flight operations.

Obstacle clearance altitude (OCA) or obstacle clearance height (OCH). The lowest altitude or the lowest height above
the elevation of the relevant runway threshold or the aerodrome elevation as applicable, used in establishing
compliance with appropriate obstacle clearance criteria.

Note 1.— Obstacle clearance altitude is referenced to mean sea level and obstacle clearance height is referenced to
the threshold elevation or in the case of non-precision approach procedures to the aerodrome elevation or the threshold
elevation if that is more than 2 m (7 ft) below the aerodrome elevation. An obstacle clearance height for a circling approach
is referenced to the aerodrome elevation.
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Note 2.— For convenience when both expressions are used they may be written in the form “obstacle clearance
altitude/height” and abbreviated “OCA/H”.

Operations manual. A manual containing procedures, instructions and guidance for use by operational personnel in the
execution of their duties.

Operations specifications. The authorizations, including specific approvals, conditions and limitations associated with
the air operator certificate and subject to the conditions in the operations manual.

Operator. The person, organization or enterprise engaged in or offering to engage in an aircraft operation.

Pressure-altitude. An atmospheric pressure expressed in terms of altitude which corresponds to that pressure in the
Standard Atmosphere.

Reference humidity. The relationship between temperature and reference humidity is defined as follows:
— at temperatures at and below ISA, 80 per cent relative humidity;
— at temperatures at and above ISA + 28°C, 34 per cent relative humidity; and

— at temperatures between ISA and ISA + 28°C, the relative humidity varies linearly between the humidity specified
for those temperatures.

Runway condition assessment matrix (RCAM).? A matrix allowing the assessment of the runway condition code, using
associated procedures, from a set of observed runway surface condition(s) and pilot report of braking action.

Runway condition code (RWYCC). A number describing the runway surface condition to be used in the runway condition
report.

Note.— The purpose of the runway condition code is to permit an operational aeroplane performance calculation by
the flight crew. Procedures for the determination of the runway condition code are described in the PANS-Aerodromes
(Doc 9981).

Runway condition report (RCR).* A comprehensive standardized report relating to runway surface condition(s) and its
effect on the aeroplane landing and take-off performance.

Runway surface condition(s).* A description of the condition(s) of the runway surface used in the runway condition report
which establishes the basis for the determination of the runway condition code for aeroplane performance purposes.

Note 1.— The runway surface conditions used in the runway condition report establish the performance requirements
between the aerodrome operator, aeroplane manufacturer and aeroplane operator.

Note 2.— Aircraft de-icing chemicals and other contaminants are also reported but are not included in the list of
runway surface condition descriptors because their effect on runway surface friction characteristics and the runway
condition code cannot be evaluated in a standardized manner.

Note 3.— Procedures on determining runway surface conditions are available in the PANS-Aerodromes (Doc 9981).

a) Dry runway. A runway is considered dry if its surface is free of visible moisture and not contaminated within the
area intended to be used.

2. Applicable as of 5 November 2020
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b) Wet runway. The runway surface is covered by any visible dampness or water up to and including 3 mm deep
within the intended area of use.

c) Slippery wet runway. A wet runway where the surface friction characteristics of a significant portion of the runway
has been determined to be degraded.

d) Contaminated runway. A runway is contaminated when a significant portion of the runway surface area (whether
in isolated areas or not) within the length and width being used is covered by one or more of the substances

listed in the runway surface condition descriptors.

Note.— Procedures on determination of contaminant coverage on runway are available in the PANS-Aerodromes
(Doc 9981).

e) Runway surface condition descriptors. One of the following elements on the surface of the runway:

Note.— The descriptions for e)i) to e)viii) are used solely in the context of the runway condition report and are not
intended to supersede or replace any existing WMO definitions.

i) Compacted snow. Snow that has been compacted into a solid mass such that aeroplane tires, at operating
pressures and loadings, will run on the surface without significant further compaction or rutting of the surface.

i) Dry snow. Snow from which a snowball cannot readily be made.

iii) Frost. Frost consists of ice crystals formed from airborne moisture on a surface whose temperature is below
freezing. Frost differs from ice in that the frost crystals grow independently and therefore have a more
granular texture.

Note 1.— Below freezing refers to air temperature equal to or less than the freezing point of water (0 degree Celsius).

Note 2.— Under certain conditions frost can cause the surface to become very slippery and it is then reported
appropriately as reduced braking action.

iv) Ice. Water that has frozen or compacted snow that has transitioned into ice, in cold and dry conditions.

v) Slush. Snow that is so water-saturated that water will drain from it when a handful is picked up or will splatter
if stepped on forcefully.

vi) Standing water. Water of depth greater than 3 mm.
Note.— Running water of depth greater than 3 mm is reported as standing water by convention.
vii) Wet ice. Ice with water on top of it or ice that is melting.
Note.— Freezing precipitation can lead to runway conditions associated with wet ice from an aeroplane performance
point of view. Wet ice can cause the surface to become very slippery. It is then reported appropriately as reduced braking

action in line with procedures in the PANS-Aerodromes (Doc 9981).

viii) Wet snow. Snow that contains enough water content to be able to make a well-compacted, solid snowball,
but water will not squeeze out.
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SNOWTAM.T A special series NOTAM notifying the presence or removal of hazardous conditions due to snow, ice, slush
or standing water associated with snow, slush and ice on the movement area, by means of a specific format.

SNOWTAM+* A special series NOTAM given in a standard format providing a surface condition report notifying the
presence or cessation of hazardous conditions due to snow, ice, slush, frost, standing water or water associated with
snow, slush, ice, or frost on the movement area.

State of Design. The State having jurisdiction over the organization responsible for the type design.

State of Registry. The State on whose register the aircraft is entered.

Note.— In the case of the registration of aircraft of an international operating agency on other than a national basis,
the States constituting the agency are jointly and severally bound to assume the obligations which, under the Chicago
Convention, attach to a State of Registry. See, in this regard, the Council Resolution of 14 December 1967 on Nationality
and Registration of Aircraft Operated by International Operating Agencies which can be found in Policy and Guidance

Material on the Economic Regulation of International Air Transport (Doc 9587).

State of the Operator. The State in which the operator’s principal place of business is located or, if there is no such place
of business, the operator’'s permanent residence.

Take-off distance available (TODA). The length of the take-off run available plus the length of the clearway, if provided.

Take-off run available (TORA). The length of runway declared available and suitable for the ground run of an aeroplane
taking off.

Take-off surface. That part of the surface of an aerodrome which the aerodrome authority has declared available for the
normal ground or water run of aircraft taking off in a particular direction.

TAS (True airspeed).The speed of the aeroplane relative to undisturbed air.
Vapp . Final approach speed.

Vrro. Final take-off speed.

Vumce. Minimum control speed on ground.

Vrer. Referenced speed.

Vs,- A stalling speed or minimum steady flight speed in the landing configuration.
Vs,. A stalling speed or minimum steady flight speed.

Vrp. Touchdown speed.

VEero. Final take-off speed.

V;. Decision speed.

Note 1.— See Chapter 1 and Annexes 8 and 14, Volume I, for other definitions.

1. Applicable until 4 November 2020.
I. Applicable as of 5 November 2020.
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Note 2.— The terms “accelerate-stop distance”, “take-off distance”, “V;”, “take-off run”, “net take-off flight path”, “one
engine inoperative en-route net flight path”, and “two engines inoperative en-route net flight path”, as relating to the
aeroplane, have their meanings defined in the airworthiness requirements under which the aeroplane was cetrtificated. If
any of these definitions are found inadequate, then a definition specified by the State of the Operator should be used.

REFERENCES
Annex 6 — Operation of Aircraft, Part | — International commercial air transport — Aeroplanes mandates the check of
performance at time of landing and the reporting of worse than expected runway surfaces conditions by flight crew

(AIREPS).
Annex 8 — Airworthiness of Aircraft requires the publication of landing distances to be used for the performance
assessment at time of landing for all aeroplanes for which the application for the type certificate is made on or after

2 March 2019.

Annex 14 — Aerodromes, VVolume | — Aerodrome Design and Operations defines the reporting needs in terms of runway
surface conditions.

Annex 15 — Aeronautical Information Services and the Procedures for Air Navigation Services — Aeronautical Information
Management (PANS-AIM, Doc 10066) describe the new SNOWTAM format.

Procedures for Air Navigation Services — Air Traffic Management (PANS-ATM, Doc 4444) defines the phraseology to be
used in runway surface reports and AIREPs.

Procedures for Air Navigation Services — Aerodromes (PANS-Aerodromes, Doc 9981) describes the content and format
of the runway condition report (RCR).

Assessment, Measurement and Reporting of Runway Surface Conditions (Cir 355) provides additional guidance for
aerodrome operators.

FAA Advisory Circular AC 25-7D, Flight Test Guide for Certification of Transport Category Airplanes
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Chapter 1

INTRODUCTION AND OVERVIEW

1.1 PURPOSE AND SCOPE

1.11 This manual was developed to provide guidance material to support the Standards and Recommended
Practices of Annex 6 — Operation of Aircraft, Part |, Chapter 5, Aeroplane Performance Operating Limitations, and the
complimentary Standards of Annex 8 — Airworthiness of Aircraft, Part 1B, as applicable to large transport type aeroplanes.
It also presents the guidance material previously contained in Annex 6, Attachment B, which was removed from Annex 6
as of Amendment 40C, applicable 2020. This manual therefore serves as the new location for that guidance.

11.2 This manual contains guidance material following the introduction of a global reporting format for assessing
and reporting runway surface conditions (applicability 5 November 2020). The global reporting format defines the
information regarding runway surface condition that is communicated to flight crew, as it is directly relevant to aeroplane
performance. Manufacturers should provide performance information that can be used by the flight crew in their
assessment of take-off and landing performance, in particular on winter-contaminated runways. This manual presents the
parameters to be used by manufacturers in developing their performance models in order to make available information
that fulfils the intent. However, performance data and a limited number of contaminant types or braking action categories
covered in the global reporting format will never reflect the complexity of the situations that can develop in active winter
events. This manual includes information that flight crew should be made aware of when assessing performance and
explains how to use the available data to build their awareness of the situation and its potential development.

11.3 This manual introduces the global reporting format for runway conditions, as it may impact take-off and
landing performance. The content is then organized by flight phases; each phase has a separate chapter. Appendices A
and B contain examples for the continued operation of piston-engine aeroplanes with two, three or four engines which
cannot comply with the level of performance intended by the provisions of Annex 6, Chapter 5. These examples have
been reproduced in their original composition in two separate appendices, having previously formed a large part of the
content of Attachment B in Annex 6.

1.2 AEROPLANE PERFORMANCE STANDARDS

1.21 Aeroplane performance can be divided into three general categories. The first is airworthiness standards,
for which compliance demonstration is under the responsibility of the aeroplane manufacturer or type certificate (TC)
holder. The second is operating standards which must be complied with by the aeroplane operator. Third, and in order to
assist operators with this compliance, manufacturers may provide supplemental performance standards, which may be of
an advisory nature.

1.2.2 Current airworthiness Standards, as applied to turbojet aeroplane performance, have evolved such that they
are harmonized to a very large extent, and fulfil the broad Standards promulgated in Annex 8 — Airworthiness of Aircraft.
Aeroplane manufacturers agree with their States of Design on the method of compliance demonstration with the applicable
airworthiness Standards for certification of their aeroplane. The information provided in this manual with regards to
certification standards is applicable to large aeroplanes that have been certificated under Annex 8, Part lIl.
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1.2.3 Each State is responsible for the operating standards of the aircraft on its registry and those for which the
transfer of functions and duties has been agreed with the State of Registry under Article 83 bis of the Chicago Convention.
As with airworthiness, these standards address the majority of the operating issues and in general, aeroplane
manufacturers offer operational performance data for their aeroplane that allow operators to meet the applicable standards.
It may be necessary (or desired) for a State to have specific operating standards addressing specific issues affecting their
jurisdiction. Operators must comply with the regulations of their State of Registry, which must fulfil the broad Standards in
Annex 6, Chapter 5 regarding performance limitations. Only in very rare and specific cases is compliance required with
differing local regulations of the States an operator may fly to.

1.24 Airworthiness and operating Standards may not cover all the information necessary to operate the aeroplane
with regard to take-off and landing performance. Therefore, this document discusses specific aeroplane performance
issues that operators should consider to ensure a safe operation. The operation of aeroplanes on runways that are not
dry, i.e. wet or contaminated, crosses multiple boundaries in the regulatory framework such as airworthiness standards,
aircraft operating standards, aerodrome runway construction and maintenance standards and the determination and
dissemination of the description of the runway surface condition. The runway condition report (RCR) creates a common
language on runway surface conditions for all stakeholders. It allows aerodrome personnel to report the relevant elements
that characterize a contaminated runway surface in terms of their effect on performance.

1.3 PERFORMANCE OPERATING LIMITATIONS

1.31 This manual contains provisions for aeroplane operating performance limitations that have been relocated
from Annex 6 — Operation of Aircraft. Although what previously constituted a Standard is now represented as guidance
material, these former provisions should still be complied with, unless deviations are specifically authorized by the State
of Design or by the State of the Operator on the grounds that the special circumstances of a particular case make a literal
observance unnecessary for safety.

1.3.2 Compliance should be established using performance data in the flight manual and in accordance with other
applicable operating requirements. In no case should the limitations in the flight manual be exceeded. However, additional
limitations may be applied when operational conditions not included in the flight manual are encountered. The performance
data contained in the flight manual may be supplemented with other data acceptable to the State of the Operator, if
necessary, to show compliance. When applying the factors prescribed, any operational factors already incorporated in the
flight manual data should be considered to avoid double application of factors.

1.3.3 The procedures scheduled in the flight manual should be followed, except where operational circumstances
require the use of modified procedures in order to maintain the intended level of safety.
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Chapter 2

RUNWAY SURFACE CONDITION
ASSESSMENT AND REPORTING

21 GENERAL

211 Runway accidents and incidents are aviation’s number one safety-related risk category. A primary factor
contributing to this risk includes runway excursions during take-off or landing in adverse weather conditions; the runway
surface may be contaminated by snow, ice, slush or water, with a potentially negative impact on an aircraft’s braking,
acceleration or controllability. ICAO therefore introduced a methodology to harmonize the assessment and reporting of
runway surface conditions. This methodology will improve the flight crew’s assessment of the take-off and landing
performance of aeroplanes. The report is intended to cover conditions found in all climates and provides a means for
aerodrome operators to rapidly and correctly assess the conditions, whether they be a wet runway, snow, slush, ice or
frost, including rapidly changing conditions such as those experienced during winter or in tropical climates. The information
can be provided to the flight crew via various channels, such as the revised SNOWTAM or air traffic control. This is a
conceptual change for the airport as it no longer just reports a series of observations and measurements, but it also turns
this information into an overall assessment of the effect that the surface condition has on the aeroplane performance.

21.2 The reporting process begins with the evaluation of a runway by human observation, normally performed by
airport operations staff. A description of the surface contaminant based on its type, depth and coverage for each third of
the runway, is then used to obtain a runway condition code (RWYCC) specific to the conditions observed. The evaluation
and associated RWYCC are used to complete a standard report called the runway condition report (RCR) which is then
forwarded to air traffic control (ATC) and the aeronautical information service (AlS) for onward dissemination to pilots.

21.3 Pilots use the RCR provided to determine the expected performance of their aircraft by correlating the
RWYCC or the reported runway condition description with performance data provided by the aircraft manufacturer. This
helps pilots to correctly carry out their landing and take-off performance calculations for wet or contaminated runways.
Pilots should also report their own observations of runway conditions once a landing has been completed, thereby
confirming the RWYCC or providing an alert to changing conditions. This relatively simple and globally applicable reporting
methodology is an important means by which the risk of runway excursion can be mitigated and the safety of runway
operations improved. This chapter describes the reporting method in more detail and provides guidance for flight crew on
how to interpret and use the information.

214 Further guidance on runway surface condition assessment and reporting that is specific to airport operations
staff is presented in the PANS-Aerodromes (Doc 9981) and the Assessment, Measurement and Reporting of Runway
Surface Conditions (Cir 355).

2.2 THE RUNWAY CONDITION REPORT (RCR)

221 The RCR is the basis for all runway surface condition reporting. It is a comprehensive, standardized report
relating to the runway surface condition and its effect on the landing and take-off performance of an aeroplane. In
accordance with Annex 14 — Aerodromes, Volume 1 — Aerodrome Design and Operations, the runway condition should
be reported with an RCR whenever a runway is contaminated by water, snow, slush, ice or frost, to the extent where its
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state has an impact on the performance of an aircraft operating on it. Whatever the means of communicating the report
(SNOWTAM, automatic terminal information service (ATIS'), ATC), it should contain the elements that are
comprehensively described in the PANS-Aerodromes (Doc 9981), Part I, Chapter 1, 1.1.3. These elements, including
details on how they are relevant to the operation of an aeroplane and its performance, are presented below.

222 The information provided by an RCR is divided in two sections: the aeroplane performance calculation
section, which contains information that is directly relevant in a performance computation; and the situational awareness
section, which contains information that the flight crew should be aware of for a safe operation but does not have a direct
impact on the performance assessment.

223 The aeroplane performance calculation section is a string of grouped information with clear identifiers to
distinguish it from the situational awareness section, or from the aeroplane performance calculation section of another
runway. The information included in the aeroplane performance calculation section consists of:

a) Aerodrome location indicator. The four-letter ICAO location indicator, in accordance with Location
Indicators (Doc 7910).

b) Date and time of the assessment. Especially important whenever there is active precipitation, as the
flight crew can assess the magnitude of its evolution since the report was generated. It should be
understood that reports are snapshots at a given date and time and do not indicate a prediction of
conditions at a later date and time.

c) Lower runway designation number. The information is conveyed per third of the runway. The direction
of reporting information relating to these thirds is always from the end with the lower designator number
(except in a report by ATC, which will always be in the operational direction). The reference length for
the runway is described in 2.3.2 and in line with this, not all of the runway length to which the report
applies may be relevant to the particular operation (take-off or landing). In case of differences between
the different thirds, the pilot should assess which parts of the reported conditions are relevant.

d) Runway condition code for each runway third. This code classifies the available braking action in one of
seven categories. This code is a direct input into a landing performance assessment at time of arrival
but should also never be disregarded for take-off. As conditions are always reported in the direction of
the lower runway designator in the RCR, pilots are expected to attribute the information from each
runway third correctly for their intended operation.

e) Percent coverage contaminant for each runway third. Contamination is reported only when the coverage
exceeds 10 per cent. Runway contamination affects aeroplane performance only when the coverage
exceeds 25 per cent in at least one third. However, the flight crew should exercise judgement as to the
location of the contamination in the perspective of the portion of the runway that the aircraft will be using
for the intended operation. Runway inspectors are advised to focus on the area around the wheel tracks
when assessing coverage.

f)  Depth of loose contaminant; dry snow, wet snow, slush or standing water for each runway third. This
information is conditional. For contaminants other than standing water, slush, wet snow or dry snow, the
depth is not reported. The position of this type of information in the information string is then identified
by /INR/.

1. The minimum elements to be transmitted on ATIS are presented in Circular 355 section 4.68
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g) Condition description for each runway third. Only one type of contamination is reported for each runway
third (this includes layered contaminants) and the runway inspector should include the contaminant type
most prevalent or most relevant to performance. In contentious cases, contamination judged to be
secondary may additionally be reported in the free text section.

h)  Width of runway to which the RWYCCs apply, if less than published width. Whenever clearing cannot
occur on the entire width of the runway, the aerodrome personnel may report only the contaminant
remaining on the cleared centre portion of the runway. This item indicates the width of this section.
RWYCCs apply only to this centre section.

224 Examples of the RCR aeroplane performance calculation section are given below:

EADD 02170055 09L 5/5/5 100/100/100 NR/NR/NR WET/WET/WET

EADD 02170135 09R 5/2/2 100/50/75 NR/06/06 WET/SLUSH/SLUSH

EADD 02170225 09C 2/3/3 75/100/100 06/12/12 SLUSH/WET SNOW/WET SNOW

225 The situational awareness section consists of the following items, with guidance on how the flight crew should
consider situational awareness in briefings and actual flight operations in cold weather conditions:

a) Reduced runway length. The flight crew should check that the correct landing distance available
(LDA)/take-off distance available (TODA)/take-off run available (TORA)/accelerate-stop distance
available (ASDA) is used in performance calculations, and verify the position of the runway threshold in
use.

b) Drifting snow on the runway. Be aware of the optical illusion of a “moving runway” in crosswind
conditions.

c) Loose sand on the runway. Be aware of sand ingestion to engines if using reverse thrust. Adjust
performance calculations according to the intended use of reversers.

d) Chemical treatment on the runway. Some operators may collect this information because of brake wear.

e) Snowbanks on the runway. Be aware of snowbanks if cleared width is less than full runway width. There
is a danger of losing directional control or snow ingestion into the engines.

f)  Snowbanks on taxiway. Avoid taxiing to keep clear of snow ingestion.

g) Snowbanks adjacent to the runway. Avoid taxiing to keep clear of snow ingestion.

h) Taxiway conditions. Adjust taxiing speed & techniques accordingly.

i) Apron conditions. Adjust taxiing speed & techniques accordingly.

j)  State approved and published use of measured friction coefficient. Use only if approved by the operator.
k) Plain language remarks. Note any other relevant information.

226 An example of the RCR situational awareness section is given below. All individual messages in the
situational awareness section end with a full stop sign to distinguish the message from subsequent messages:

RWY 09L SNOWBANK R20 FM CL. RWY 09R ADJ SNOWBANKS. TWY B POOR. APRON NORTH POOR.
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2.3 RUNWAY CONDITION CODE (RWYCC)

2.31 The RWYCC is a single-digit number describing the deceleration and lateral control capability for the runway
surface condition. They are assigned to each runway third whenever the coverage of any water-based contaminant on
that runway third exceeds 25 per cent. It is the total assessment of the slipperiness of the surface, as judged by the trained
and competent aerodrome personnel and based on given procedures and all information available, and enables flight crew
to determine the effect of the runway surface condition on aeroplane deceleration performance and control. There are
seven surface condition levels associated with RWYCC numbers zero to six and they represent conditions that range from
too slippery to operate on (zero), to completely dry conditions (six). Each RWYCC (except zero) is matched with a
corresponding aeroplane deceleration performance level. Airport operations staff assign the RWYCC based on the
conditions observed in their physical evaluations of runway conditions, which are then included in the RCR as discussed
in the previous section. Measured coefficients of friction should no longer be communicated to pilots but restricted to use
by the airport staff in consolidating the runway surface condition assessment made from observed surface contamination
characteristics like type, depth and temperature. As a general rule, the runway contaminant type and depth permit
determination of a RWYCC, but a RWYCC can never give contaminant type and depth.

232 The reference runway length will typically be the full length of asphalt or concrete available for take-off or
landing. However, it should be noted that when a stopway exists at the airport, it is excluded from the scope of the runway
surface for which RWYCC are assigned. This is shown in Figure 2-1, which illustrates the runway thirds and RWYCCs for
runways with and without, a displaced threshold. It is important for the flight crew to be aware that the stopways will see
less traffic than the rest of the runway surface and may therefore be subject to more accumulation of contamination. If the
condition of the stopway is significantly different from the rest of the runway, this should be reported in the free text
comments of the RCR.

2.3.3 As new information becomes available, there may be a need to revise the RWYCC assigned. The RWYCC
may be downgraded or upgraded in accordance with the procedures contained in the PANS-Aerodromes (Doc 9981).
New information may be acquired by aerodrome personnel from additional observations of the runway surface. Reports
from pilots following aeroplane operations on the runway, known as an air-report (AIREP) and that reflect the impact of
the surface condition on the braking action of the aeroplane, also allow the aerodrome personnel to revise the RWYCC
assigned. More information on AIREPs is provided in section 2.4 of this chapter.

234 The airport staff use any updated information to downgrade or upgrade a RWYCC in accordance with the
procedures associated with the runway condition assessment matrix (RCAM). The RCAM provides a combination of
available information (runway surface conditions, including runway state and contaminant; pilot report of runway braking
action) in order to assess the RWYCC. The RCAM is a tool to be used when assessing runway surface conditions. It is
not a standalone document and is used in compliance with the associated assessment procedures. The RWYCC and
runway braking action are mapped against each other, enabling aerodrome personnel to factor in all available information
and update the assigned RWYCC if necessary. Such a decision cannot be taken by a flight crew on the approach, as it
must be supported by all other observations.

235 Upgrading a primary RWYCC 5, 4, 3 or 2 determined from the observed contaminant type is not allowed.
The flight crew may thus trust the reported RWYCC fif it is equal or lower than the corresponding contaminant stated as
plain language. A RWYCC 1 or 0 can, in exceptional cases, be upgraded to a maximum of 3 even when the contaminant
that has caused this primary classification has not been removed. It may have been treated with sand or gravel, or simply
provide exceptional friction due to its inherent characteristics, as assessed by trained aerodrome personnel.

2.3.6 Some circumstances are prone to rapid changes in the runway surface conditions and, therefore, how
conditions affect aeroplane braking action and lateral control. In such cases, the flight crew may ask for a recent report, if
the last available report may not correctly reflect the prevailing conditions at the time of landing. Examples of such
conditions are active precipitation and when the runway is contaminated with compacted snow or ice with an outside air
temperature (OAT) above -3°C or a difference between OAT and dewpoint of 3°C or less. If a recent report is not available,
the flight crew should consider an appropriate lower RWYCC in their assessment of the worst likely degradation of the
conditions.
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Figure 2-1 Reporting of runway condition code from ATS to flight crew
for runway thirds (PANS-Aerodromes (Doc 9981) Part Il)

237 Information about sanding and chemical treatment information is shown in the situational awareness section
of the RCR. The aerodrome operator decides how to use these treatments as they best understand their effectiveness.
Inadequately applied sand or sand displaced by aeroplane traffic may not be efficient and the initial effect of chemicals
may be a degradation of the achievable friction. As the reported RWYCC already considers their effect on performance,
no automatic extra credit can be attributed to sanding or chemical treatment when calculating the landing distance. Loose
sand in RCR is for flight crew situational awareness and is intended to mitigate the risk of foreign object debris (FOD) to
the engines.

2.4 PILOT REPORT AFTER LANDING

241 The role of the pilot in the runway surface condition reporting process does not end once the aeroplane
safely exits the runway. While the aerodrome operator is responsible for generating the RWYCC for a runway, pilots are
responsible for providing accurate braking action reports. Annex 6, Part |, 4.4.2.1 mandates that the flight crew make
AIREPs whenever they observe worse runway braking action than previously reported. It is up to the pilot to assess the
manner in which an aircraft responds to the application of wheel brakes. These reports provide feedback to the aerodrome
operator regarding the accuracy of the assigned RWYCCs relative to the runway surface conditions actually experienced.
Table 2-1 shows the correlation of pilot reports of runway braking action with RWYCCs (this table forms part of the overall
RCAM).
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Table 2-1. Correlation of runway condition code and pilot reports of runway braking action

Pilot report of
runway braking action Description RWYCC
N/A 6

GOOD Braking deceleration is normal for the wheel braking 5
effort applied AND directional control is normal.

GOOD TO MEDIUM Braking deceleration OR directional control is 4
between good and medium.

MEDIUM Braking deceleration is noticeably reduced for the 3
wheel braking effort applied OR directional control is
noticeably reduced.

MEDIUM TO POOR Braking deceleration OR directional control is 2
between medium and poor.

POOR Braking deceleration is significantly reduced for the 1
wheel braking effort applied OR directional control is
significantly reduced.

LESS THAN POOR Braking deceleration is minimal to non-existent for 0
the wheel braking effort applied OR directional
control is uncertain.

Note.— Operations in conditions where LESS THAN POOR braking action prevails are prohibited.

242 Air traffic control (ATC) relays the pilot reports of runway braking action to the aerodrome operator who in
turn uses them in conjunction with the RCAM to determine if the RWYCC should be downgraded until the runway surface
condition is improved. These reports thus play an important part in the cycle of runway surface condition assessment and
reporting. Since both the ATC and the aerodrome operator rely on accurate runway braking action reports, pilots should
become familiar with this terminology and use it when providing controllers with runway braking action reports. If the
differences between two consecutive levels of the categories between “GOOD” (RWYCC 5) and “LESS THAN POOR”
(RWYCC 0) are too subtle for the pilot to detect, the pilot may report on a coarser scale of “GOOD”, “MEDIUM” and
“POOR".

243 During periods of increased traffic flow, runway inspection and maintenance may be less frequent and should
be sequenced with aeroplane arrivals. Aerodrome operators may depend on runway braking action reports to confirm that
the runway surface condition is not deteriorating below the assigned RWYCC. Whenever requested by ATC, or if the
assessed runway braking action is less than previously reported, pilots should provide a braking action report. This is
especially important where the experienced braking action differs from the braking action associated with any RWYCC
currently in effect. When the braking occurrence and the report match up, the pilot and the aerodrome operator gain
additional confidence in the reported runway codes. AIREPs play an important role in preventing runway excursions as
reports of runway braking action below the assigned RWYCC may influence a subsequent pilot’s decision to continue with
a landing. A report from a preceding aeroplane is all the more reliable when it emanates from another aircraft with landing
performance capabilities similar to his/her own. The pilot should, however, be conscious that even similar aeroplanes may
be operated at a very different mass and approach speeds. Aircraft control or safety should not be jeopardized during
taxiing when communicating the report; pilots should provide the report only when it is safe to do so.
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244 There can be difficulties in making reports of braking action for the pilot since these reports are intended to
characterize only one of the aeroplane deceleration elements: the availability of wheel braking. When operating on long
dry or wet runways, pilots apply low autobrakes or partial pedal braking. For most landings, only idle reverse thrust is used.
Landing on slippery or contaminated runways requires a different technique and results in the energy dissipation by the
aerodynamic means, use of reverse thrust, and applied wheel braking in different proportions than during a “normal”
landing. Aerodynamic drag and reverse thrust are most effective at high speed and initially can, by themselves, generate
a deceleration rate that can be close to that experienced in non-performance limited landings. The lack of wheel-to-ground
friction during the high speed portion of the landing may thus not be immediately apparent to the pilot, although reduced
lateral control due to reduced cornering forces may be an indicator of reduced wheel-to-ground friction. As the aeroplane
decelerates, drag and reverse thrust become less effective and thrust reversers may be stowed between 70 and 60 kts,
in line with manufacturer recommendations for normal landings (they can typically remain deployed to full stop if necessary,
but when it is not required to ensure a safe stop, manufacturers recommend stowage to avoid re-ingestion). During the
lower speed portion of the landing, the deceleration is, to a large extent, created by the wheel brakes. It is consequently
in this phase that the reduced braking action is most noticeable to the pilot. The pilot should, however, attempt to
characterize the entire length of runway used during the stop in an AIREP.

245 Furthermore, flight crew must understand that a report will only be relevant when the braking demand has
exceeded the braking action available, i.e. the anti-skid system, if installed, has regulated brake pressure below that
commanded by the pilot or the autobrake system, to avoid skidding and maintain a close-to-optimum slip ratio. The braking
is then called “friction limited”. Braking occurs when the tire is slowed relative to the runway by applying pressure on the
brakes. The maximum braking force occurs when the tire speed is between 7 and 15 per cent slower than the ground
speed of the aeroplane, referred to as the slip ratio. On slippery runways, the tire may have a tendency to stop due to lack
of friction. Most modern airplanes are equipped with anti-skid systems that prevent such skidding from occuring and
optimize the slip ratio for maximum braking. Friction-limited braking thus occurs when the pilot, or the anti-skid system
when available, must adjust brake pressure to avoid skidding. There is usually no indication in the cockpit to inform the
pilot that the anti-skid system is cycling. Skidding may not occur on all wheels simultaneously.

246 When using manual braking, the pilot can, to some extent, judge the available braking action by the amount
of pedal deflection, above which, no increase in deceleration occurs. Brake pressure control may not be linear with pedal
deflection. When using autobrakes, the system targets an overall airplane deceleration rate. At low target values, the
system may release the brake pressure to a large extent when the target can be achieved with aerodynamic and reverse
thrust only. In autobrake mode, the pilot can only detect lack of braking action when the target deceleration is not achieved;
i.e. the braking demand is above the existing capability and the braking is friction limited. Cockpit deceleration indications
may not be accurate enough to indicate whether the requested deceleration is achieved or not. In such cases, the
commander needs to use their best judgement on whether to report braking action.

247 A condition where a valid braking action report can be observed rarely occurs over the full length or width of
a runway. Therefore, when possible, the flight crew should communicate the sections of runway in which wheel braking
was applied and/or directional control difficulties were encountered, e.g. “Braking Action Medium on last third of runway 08”
or “Braking Action Poor on high-speed exit Bravo Runway 20.”

2.5 TRAINING REQUIREMENTS

251 Both airline operators and flight crew should be appropriately trained on runway surface condition
assessment and reporting, and on the impact on the aeroplane performance data. While the methodology establishes a
clear link between the observation, reporting and accounting for runway surface conditions in performance, it also creates
new paths for errors that should be highlighted during the proactive training of crew. As the assessment of the runway
condition, friction measurement, and estimation of braking action are not an exact science, it is important that training
emphasizes that the methodology provides a toolset permitting an approximate assessment of the aeroplane performance
rather than establishing exact aeroplane behaviour in terms of numbers.
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252 The overall time for initial training on the global reporting format should be no less than 1.5 hours and include
face-to-face elements with an instructor in addition to self-study. Having the appropriate attitude and mind-set should also
be part of the objectives met in addition to the knowledge and skills required.

253 A training syllabus should include the following, as a minimum (a more complete list of training items is
presented in the Assessment, Measurement and Reporting of Runway Surface Conditions (Cir 355), Appendix H):

a) The history of runway surface condition reporting:
1) accident history; and
2) reasoning and description of the reporting method.
b) The purpose of new runway surface condition reporting.
c) Matrix fundamentals:
1) RCAM layout:
i) differences between those published for aerodromes and flight crew;
i) formatin use;
ii) the use of runway friction measurements;
iv) the use of temperature;
v) the concept of “performance buckets” and ICAO runway surface condition codes;
2) runway contaminant definitions;
3) depth measurements;

4) runway coverage: errors in the reporting percentage coverage and how reporting in thirds can
produce highly deceptive information to the flight crews;

5) use of the term “slippery wet”: conditions must be effectively observed and reported; and
6) downgrading or upgrading criteria.
d) Flight crew related actions:
1) the difference between a calculation and an assessment;
2) effects of aircrew task loading on receiving condition reporting; and

3) pilot braking AIREPs: pilots must understand the physics the reports represent as well as the
techniques necessary to produce an accurate observation.

e) Types of runway contamination and its effects:

1) general types of contaminant;
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i) solid;
i) loose; and
iiiy deformable.
f)  Aircraft performance:
1) effects of contamination during take-off;
2) effects of contamination during landing;
3) airport items used for landing;
i)  visual cues; and
i) Category lll cues;
4) the components of a pilot braking report;
i) how to give an accurate report; and
i) when reports are not valid;

g) Operational observations with friction devices: the friction measuring devices must be properly
calibrated and operated and should meet the standard and correlation criteria set by the State.

h) Critical areas of the runway;

i) Safety considerations;
1) types of errors possible;
2) mindfulness principals necessary for high reliability; and
3) safety reporting.

j)  Documentation and records.

254 The introduction of the runway surface condition assessment and reporting format has highlighted some
specific areas that should be addressed as part of a training plan, including:

— Techniques used as a best practice for one organization may not be applicable for others. Example:
Airports that operate frequently in winter conditions may develop observational techniques that rely on
extensive experience and apprenticeship. Other airports may find it hard to match that same level of
expertise. Using vehicle braking observations, for example, may not be a best practice if the airport is
not exposed to winter conditions long enough to maintain this type of corporate knowledge.

— Misunderstanding terminology. Technical discussions on runway observations and aircraft vehicle

performance can have similar sounding terms and even numbers: “MU” being a primary example.
Anyone using an RCAM should understand what the terms are, and how they are related.
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— Timeliness of communication. Beyond 180 NM, flight crews may obtain information from airports in order
to make runway surface condition assessments. Between 180 and 40 NM, any change in condition
reporting must be communicated to the flight crew. Within 40 NM, any change in runway surface
condition must be pro-actively communicated to the aircraft. Any change in condition that occurs too
quickly for the flight crew to take notice of can invalidate their assessment and lead to unexpected risk.

— Conflicting reports between pilots and aerodromes. There may be a range of aeroplane performance
indicators for a given runway. In some cases, the AIREP of braking action may be more accurate than
the condition report. These reports can be more or less conservative than the original report by the
aerodrome. If an operator wishes to base their risk management process on an AIREP that is less
conservative than a runway condition report, the process must be carefully designed to demonstrate
and maintain an equivalent level of quality assurance regarding risk exposure.

— Operational bias. Much of the observational criteria for an RCAM depends on judgment that can be
subject to social, political and economic pressures. The differences between 3 mm and 5 mm of
contaminant or between wet snow and slush can have a large effect on operations. It is a human factors
norm that people tend to bias perceptions in favour of what they expect to hear and see, and disregard
information that does not fit into a pre-planned expectation. This lack of mindfulness can contribute
greatly to errors in the perception, assessment and reporting of runway surface conditions from flight
crews and airports.

2.6 GENERAL CONSIDERATIONS FOR
AEROPLANE PERFORMANCE ON CONTAMINATED RUNWAYS

2.6.1 As previously discussed, the RCR reflects the runway braking capability as a function of the surface
conditions. With this information, the flight crew can derive the necessary stopping distance of an aircraft under the
prevailing conditions from the performance information provided by the aeroplane manufacturer. Aeroplane deceleration
results from a combination of factors. First, there are the aerodynamic drag forces generated by the airframe and, in
particular, the ground spoilers. Second, reverse thrust may be used if available. Finally, deceleration occurs from wheel-
to-ground friction, which is of course influenced by the runway surface, as well as by manual or automated braking of the
aeroplane. Performance computations assume a homogenous distribution of the contaminant along the entire length and
width of the runway. Coverage reported as 25 per cent may be significantly less and is provided only for situational
awareness. Performance calculations may then assume a dry or wet runway as appropriate, but any coverage in excess
of 25 per cent should be considered as though the entire runway is covered. In other words a runway will be considered
contaminated if one of the thirds has contaminant coverage in excess of 25 per cent.

2.6.2 The difficulties for a pilot to make an accurate report as illustrated here have led to research and development
activities that use aircraft data recorded during the ground run to identify the available braking action objectively. Such
technologies are now becoming available to assist the pilot in this task.

2.6.3 The RCR restricts the list of layered contaminants that can be reported. The most frequent cases are
included, but some scenarios cannot be reported with specific terminology. In those cases, the aerodrome operator will
strive to report the performance-relevant condition. When necessary, free text may be used to describe the actual condition
of the runway. In most cases, layered contaminants lead to less than poor braking action and do not permit operation
unless appropriately mitigated by the airport in order to upgrade the reported RWYCC. An exception to this is dry snow on
top of compacted snow or wet snow on top of compacted snow, which is classified as medium braking action. The reported
depth of this contaminant refers only to the top layer of loose snow and may be used in selecting the appropriate
contaminant for performance computations, when the manufacturer has chosen to provide landing performance as a
function of contamination rather than RWYCC. Even when this is not the case, the flight crew should ensure that the
reported depth does not exceed the maximum depth of loose snow.
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