APPENDIX B - The Collision Risk Model for the Vertical Dimension

Part 1: Collision risk model on the same ground track at adjacent flight levels
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The individual parameters that make up the model statement and their definition
are as follows:

CRM Parameter Description

N,. Number of fatal accidents per flight hour due to loss of vertical separation.

S. Vertical Separation minimum.

P.(S,) Probability that two aircraft nominally separated by the vertical separation
minimum S, are in vertical overlap.

P,(0) Probability that two aircraft on the same track are in lateral overlap.

A Average aircraft length.

A, Average aircraft wingspan.

A Average aircraft height with undercarriage retracted.

g Length of longitudinal window used to calculate occupancy.

E.(same) Same direction vertical occupancy.

E.(opp) Opposite direction vertical occupancy.

| AV| Average relative along track speed between aircraft on same direction routes.

ﬂ Average aircraft ground speed.

M Average relative cross track speed for an aircraft pair nominally on the same
track.

‘2‘ Averagp relative vertical speed of an aircraft pair that have lost all vertical
separation

Same and opposite direction passing frequencies, N,(same) and N,(opp), are related to the same and
opposite direction vertical occupancies through the following relations:

A AV
N, (same) = STX Ez(same)z—ﬂx
and
N.(opp) = iE (0pp)m
S, Ax

where the parameters are identical to those described in the previous table.

An equivalent opposite direction passing frequency, as used in the Global System Performance
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Specification, can be derived from the same and opposite direction passing frequencies using the
following relation:

N, (equivalent) =N, (opp) + N, (same)ﬂ

2
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Part 2: Collision risk model for the vertical dimension on the same ground track at adjacent
flight levels applied to aircraft descending through flight levels without clearance

Two models are used for the determination of collision risk due to levels crossed without clearance.
The choice of models depends on the assumed climb/descent rate. Slowly descending aircraft are
assumed to maintain the same attitude as in level flight. Rapidly descending aircraft are assumed to
have attitude changes that affect the angle at which the transitioning aircraft cross each flight level
and hence the possible size of the collision envelope. Model 1 is employed for climb/descent rates
less than or equal to 4000ft/min (approximately 40 knots) while Model 2 is used for emergencies
such as pressurization failures which can result in descent rates in the region of 4000ft/min to
6000ft/min (approximately 40 to 60 knots).

Model 1: Climb/Descent Rates S 4000ft/\min( = 40 knots)
To estimate the risk associated with aircraft descending through a track it is assumed that the lateral

path-keeping performance is no worse than that for an aircraft in level flight. For aircraft descending
through flight levels at rates that are consistent with model 1, the collision risk model is:

az y(o) fl()/lx/lz EZ(Same |AV|+|y| +|21| +E(pp | | |y| @
T sz 22 22, 22 A 2/1y 2.

The caret over the symbol N, indicates additional risk, 7" is total system flight time, Ny(s)
is the number of flight levels crossed without clearance during slow descents and z, is
relative vertical speed for aircraft pairs in model 1 during the crossing.

Model 2: Descent Rates between 4000fi/min and 6000ft/min (=40 to 60 knots)

Model 1 takes no account of the angle at which the transitioning aircraft crosses a particular flight
level and assumes the collision risk between two aircraft of length A, , wingspan A, and height 4. is
equivalent to the collision risk between a particle and a rectangular box of dimensions
24 %24 ) X 2A_. This assumption is valid for slowly descending or climbing aircraft, but not for

aircraft in rapid descent, e.g., during pressurization failure. Model 2, therefore, considers the paths of
a rapidly descending aircraft and an aircraft in level flight and represents a collision between them as
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the entry of the descending aircraft’s center into a “lozenge” surrounding the aircraft in level flight.

The resulting expression for N . is:

T
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Nz 2T§ |2 O 2, Ax(same) N2, Alopp)

The above expression contains two new parameters A, (same) and A, (opp). A.. (same) is the average
length of the path followed by the descending aircraft’s center as it traverses the “lozenge”, when the
aircraft are headed in the same direction. A.. (opp) is the average path length when the aircraft are
headed in opposite directions. The values of these parameters need to be based on Asia Pacific
aircraft size. For example, using a maximum assumed absolute relative longitudinal speed of 50 knots
for aircraft in the NAT, values of A, (same) and A.. (opp) have been calculated as 0.36143 and 0.0612
respectively. Ny(r) is the number of flight levels crossed without clearance during rapid descents and

the symbol z, is the relative vertical speed for aircraft pairs in model 2 during the crossing.

Part 3: Collision risk model for the vertical dimension on the same ground track at adjacent
flight levels applied to aircraft adhering to incorrect flight levels

The proportion of the total flying time spent at incorrect levels, O, is determined by summing the
individual times for each large height deviation occurring at an integer multiple, », of a full separation
minimum and dividing by, 7, the total system flight time. O may be interpreted as the probability that
an aircraft is flying at an incorrect level. To estimate the probability of vertical overlap during these
events, O is multiplied by the probability, P, (0), that two aircraft nominally flying at the same level
are in vertical overlap. Therefore, the vertical overlap probability arising from deviations that are
integer multiples of the vertical separation minimum is given by:

> P-(nS.)=P.(0)Q

Having determined ), P.(nS.), the collision risk is determined by using the Reich Collision Risk
Model presented in part 1 of this appendix.

Part 4: Collision risk model for the vertical dimension for intersecting routes at
adjacent flight levels

The mathematical form of the collision risk model for intersecting routes at adjacent flight levels
would be extremely complex if aircraft were assumed to have a rectangular shape as in part 1 of this
appendix. To reduce this complexity aircraft shapes are assumed to be right circular cylinders. If a
given route is crossed by another, the given route’s rate of accidents with aircraft on the crossing
route, expressed in accidents per flight hour is:

.=t (S)Z  Ps, {H%’zdo(s,)}

kF

The new parameters in the above model for intersection routes are as follows:

Appendix B — Collision Risk Modeling for the Vertical Dimension
Page B-3



k = the number of hours during which the intersection's traffic is monitored;
F = the given route's traffic flow expressed in flight-hours per hour;

P,(t) = the probability that two aircraft experience a horizontal overlap, given that: (1) one of
the aircraft is assigned to the given route and the other to the intersecting route; (2)
their assigned flight levels differ by S.; (3) they have ¢ hours difference between their
estimated times of arrival at the intersection;

d, (t) = the average duration of a horizontal overlap, given that: (1) one of the aircraft is
assigned to the given route and the other to the intersecting route; (2) their assigned
flight levels differ by S.; (3) they have t hours difference between their estimated times
of arrival at the intersection; and (4) they experience a horizontal overlap; with each
other;

N - dll HILCECI CIIOSCIL WV DC 1dIrge CIIVUEIL SO UldL I7,(L) CldIges DY 110 HIOIC Uldll d (SIIldll)
chosen percentage over each of the intervals
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~— = the midpoint of the interval | ———,"—
N e midpoint of the interva N N
n; = (for j = 1,2,...; N) the number of pairs of aircraft that arrive in the vicinity of the

intersection, during k hours of monitoring, with one aircraft assigned to each of the
intersecting routes, with the aircraft assigned to flight levels separated by S,, and with
t, the difference between their estimated times of arrival at the intersection, in the
interval

2

{(j—l)t,w L}
N N

Part 5: Collision risk model for the vertical dimension applied to formation flights

The collision risk model for aircraft in a formation that are paired with typical aircraft at adjacent
altitudes is again a modified form of the collision risk model for the vertical dimension as presented in
part 1 of this appendix. When aircraft within a formation are paired with typical aircraft at adjacent
altitudes the parameter values24,,21,,2 1., P,(0) and P.(S. ) used in part 1 for typical Caribbean

and South American aircraft pairs require modification due to the increased volume of airspace
restricted to aircraft within the formation.

Let the shape of formation be represented by a box of length, width and height 73, 7, and 72,
respectively. The modified parameters are given in the second column of the following table:

CRM Parameters for Typical Aircraft Pairs Modified CRM Parameters for Aircraft in
Formation Flight paired with Typical Aircraft

22 24 1%

24, 201 1,
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CRM Parameters for Typical Aircraft Pairs Modified CRM Parameters for Aircraft in
Formation Flight paired with Typical Aircraft
22’2 212 + 1—;
A w (4,41
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Comparison of CRM Parameters for Typical Aircraft Pairs and
Aircraft in Formation Flight Paired with Typical Aircraft

In the above table A(y) is the density function for lateral error, f{z) is the TVE density function for
approved aircraft and g(z) is the TVE density function for aircraft within the formation.

Part 6: Collision risk model for the vertical dimension applied to aircraft in vertical
alignment for the entire crossing at adjacent flight levels

Assume there are n route categories in a route system and that the average flight time for each

category is T;,T5,...,T,. Let the number of flights during which two aircraft are in continual
longitudinal overlap be k;,k,,....k,. Then the additional risk on the entire route system can be

expressed by the following equation:
N 2p@pa{m }Zkr
az = T y z r

Part 7: Summary

The risk estimate in the vertical dimension is estimated as the sum of the risks in each of the six parts
of this appendix. It is compared to the regional Caribbean and South American Target Level of
Safety (TLS) of 5 fatal accidents in 10° flying hours which embodies the risk due to the loss of
vertical separation from all causes.
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	PART 1 – INTRODUCTION
	1.1Background
	1.1.1In the mid-1970s, world fuel shortages and increased fuel costs heightened awareness of the need for more efficient use of airspace.  These forces highlighted the need for a detailed examination of the feasibility of reducing the vertical separation
	1.1.2In 1982, coordinated by the RGCSP, States in
	1.1.3These studies employed quantitative methods of risk assessment to support operational decisions concerning the feasibility of reducing the VSM.  The risk assessment consisted of two elements.  First, risk estimation which concerns the development an
	1.1.4Integral to the process of risk estimation f
	1.1.5The recognition of the fact that there were several sources of vertical risk error in addition to vertical navigation errors played a role in the choice of TLS values by States during their studies.  Several approaches were followed in order to esta
	1.1.6The derived values for the TLS ranged betwee
	1.1.7Using the assessment TLS of 2.5 x 10�9 fa�
	1.1.8At the seventh meeting of the RGCSP \(Novem
	1.1.9In parallel with the work of RGCSP, the Nort
	1.1.10The MASPS were developed by specialist groups who translated the TVE distribution requirements into detailed specifications and procedures controlling the height-keeping standards of aircraft operating in RVSM airspace.  The detailed specifications
	1.1.11The Tenth GREPECAS meeting, held in 2001, concluded (Conclusion 10/11) that the RVSM Task Force of the ATM/CNS/SG should undertake the implementation of RVSM in the Caribbean and South American Regions.  This initial conclusion specified that RVS
	1.1.12The third meeting of the Air Traffic Management Authorities and Planners (AP/ATM/3) concluded (Conclusion 3/18) that the RVSM Task Force study the possibility of harmonizing the CAR/SAM and United States RVSM implementation programmes.  Additio

	1.2Scope and purpose of the document
	1.2.1This document seeks to address all aspects o
	1.2.2Aircraft intending to operate using RVSM will be required to carry and use such equipment as detailed in the RVSM MASPS.  These MASPS have been derived in order to achieve a minimum vertical navigation accuracy or height-keeping performance that wil
	1.2.3The purpose of this guidance material is to:


	PART 2 – OPERATION OF THE RVSM AIRSPACE
	2.1Basic requirements
	2.1.1The overriding consideration in the introduc
	2.1.2It is most important that ATS providers reco

	2.2The Global System Performance Specification and the RVSM MASPS
	2.2.1Although the NAT Region was the first to implement RVSM, it was anticipated that other regions would follow.  When developing requirements for RVSM operations, RGCSP considered worldwide conditions.  It is important, particularly in respect of aircr
	2.2.2In order to determine requirements for the height keeping performance of aircraft for use in an RVSM environment, three pieces of information are required.  These are the TLS, the vertical passing frequency and the lateral navigation accuracy of the
	2.2.3As described in the introduction, the TLS for the global implementation of RVSM derived by RGCSP is 2.5 x 10-9 fatal accidents per flight hour.  This TLS value applies to the risk of collision associated with vertical navigation performance, termed
	2.2.4The vertical passing frequency is a measure of the number of times that aircraft are on adjacent flight levels at the planned vertical separation.  This parameter reflects both traffic densities and patterns, and its value varies considerably from r
	2.2.5Lateral navigation accuracy has an effect on the vertical collision risk, as this parameter determines the size of the probability of lateral overlap between two aircraft nominally on the same track.  Therefore, the better the lateral navigation acc
	2.2.6Using these values for the TLS, passing frequency and lateral navigation accuracy, the maximum allowable value for the vertical overlap probability can be calculated (i.e., the probability that two aircraft nominally separated by one separation sta
	2.2.7Together, the passing frequency, lateral overlap probability and vertical overlap probability make up the global system performance specification.  They are considered to be critical parameters that characterize a worst case airspace environment in
	2.2.8The assessment of compliance with the global vertical overlap probability requirement is a complex mathematical process.  In order to relate these requirements to aircraft height keeping performance, a global height keeping performance specification
	2.2.9To ensure that aircraft operating in the Caribbean and South American Regions meet the requirements of the global height keeping performance specification, a MASPS has been developed.  The MASPS consists of detailed specifications and procedures for
	2.2.10It should be emphasized that compliance wit

	2.3Planning for Monitoring
	2.3.1The plan for assessing height-keeping performance in the Caribbean and South American Regions during the verification and operational trial period, as well as after full implementation, takes into account the following factors:

	2.4Verification and Trials
	2.4.1During the verification phase, each aircraft group of each operator not previously approved for RVSM operations must undergo verification of height keeping performance.  This should be accomplished by carriage of a Global Positioning System (GPS) 
	2.4.2During operational trials and after RVSM implementation, each operator must cooperate with the regional monitoring agency in the collection of altitude keeping performance data for each aircraft type in order to be approved to operate that aircraft
	2.4.3Before implementing RVSM and while in a 2000 ft environment, it will be necessary to verify that the level of safety of the proposed RVSM system would remain at or below the TLS.  This verification phase is planned to continue for one year and to de
	2.4.4The data collected during the verification phase is used to assess whether the risk in the system will remain at or below the TLS into the future with consideration given to traffic increases and lateral navigation improvements due to new technology
	2.4.5The number of approved aircraft is used to assess if the trial phase of RVSM can support the implementation of RVSM at all flight levels between 290 and 410, inclusive.  This assessment should include consideration for aircraft not capable of attain
	2.4.6After the 2000 ft verification phase, a further one year trial period of operation with 1000 ft separation will occur.  During this trial phase, all the verifications performed in the 2000 ft environment will continue.  The purpose of this phase is
	2.4.6.1In addition, this trial phase is planned to demonstrate that:

	2.4.8Once the Trial Phase is successfully completed, the Operational Phase will begin.  This entails the normal operation and monitoring of the performance of RVSM in the Caribbean and South American Regions.  The assessment of the safety of the system w


	PART 3 - AIRWORTHINESS
	3.1Introduction
	3.1.1The MASPS have been published by the Federal Aviation Administration (FAA) as interim guidance (Appendix A) and by the Joint Aviation Authorities (JAA) as a temporary guidance leaflet (Appendix E).  These documents detail the airworthiness, 
	3.1.2The following characteristics have been used
	3.1.3Characteristics were developed in accordance
	3.1.4The above characteristics should be used to derive type approval standards for design capability, but they address primarily the central part of the TVE distribution requirements.  In order to restrict the aircraft and equipment aspects of the tail

	3.2Airworthiness approval
	3.2.1Airworthiness approval must in all cases be against the requirements of the MASPS, which comprise specifications and procedures for the separate aspects of type approval, release from production, and continued airworthiness.  These separate aspects
	3.2.2All approvals are applicable to an individual aircraft or to a group of aircraft which are nominally identical in aerodynamic design and items of equipment contributing to height-keeping accuracy, as defined in paragraph 3.3.3 below.
	3.2.3When grouping similar aircraft together, from the viewpoint of approval or evaluation of height-keeping standards or requirements, it must be recognized that aircraft with closely similar or apparently identical type or series designations are in so
	3.2.4It is therefore necessary to ensure that all individual aircraft deemed to comprise a group are of identical design and build with respect to all details which could influence the accuracy of height-keeping performance.  All aircraft of the same gro
	3.2.5This should not be taken to exclude approval by similarity, but where there are differences, the possible influence of all these details should be assessed before granting approval or extending approval to cover such variations.
	3.2.6Care should be taken when assessing an approval package that flight calibration data used as a basis for evaluating residual position error are representative of the aircraft and its typical operational envelope in RVSM airspace.  All error sources
	3.2.7Good design, manufacturing, certification and maintenance practices produce a level of equipment reliability that supports RVSM.  In order to ensure that overall system integrity remains at a high level, it should be demonstrated analytically during
	3.2.8Specifications and procedures are incorporated into the MASPS to ensure that all individual aircraft covered by a group approval, which are manufactured or modified to meet approval standards subsequent to the granting of that approval, satisfy the
	3.2.9Specifications and procedures should be deve
	3.2.10The following guidance is given regarding how the elements of the MASPS should be applied:


	PART 4 - STATE APPROVAL OF AIRCRAFT FOR RVSM OP�
	4.1Approval process
	4.1.1From an agreed date of applicability, aircraft which operate in designated airspace within the Caribbean and South American Regions and wish to receive the benefits from RVSM must be approved for such operations.  The responsibility for gaining the

	4.2Airworthiness and continued airworthiness approval
	4.2.1State airworthiness authorities approve aircraft as meeting the height-keeping capability requirements for operations in RVSM airspace.
	4.2.2Additionally, aircraft operators must maintain altimetry and height-keeping equipment in accordance with approved procedures and servicing schedules.

	4.3Operational approval
	4.3.1Each aircraft type or group and each airframe to be used in RVSM operations must receive airworthiness approval.  The authorities granting operational approval should evaluate the airworthiness documents for each aircraft type or group and each airf
	4.3.2The approving authority must be satisfied that operational programs are adequate.  Flight crew training as well as operations manuals should be evaluated.
	4.3.3Operational approval should be granted to conduct RVSM operations for each individual aircraft type or group.  Each aircraft should receive airworthiness approval prior to being approved for use by the operator.
	4.3.4The approving authorities must develop procedures to give them confidence to grant operational approval based on paragraph 3.1.2. b) above.
	4.3.5If in-service experience shows that the heig

	4.4Provision for monitoring of aircraft
	4.4.1The operator should provide a plan for participation in the verification/monitoring program of aircraft height-keeping performance.  This program should normally entail a check of at least a portion of the operator's aircraft by an independent heigh

	4.5State Data Base (SDB)
	4.5.1In order to adequately monitor the RVSM airspace in the vertical plane, State aviation authorities will be expected to maintain an SDB of all approvals that they have granted for operations within the RVSM airspace.  The details of the compilation a

	4.6Monitoring and Database Information on CARSAMMA Website

	PART 5 - FLIGHT CREW OPERATING PROCEDURES
	5.1Introduction
	5.1.1Generally, flight crew operating procedures in RVSM airspace are no different than those in any other airspace; however, the implementation of RVSM may necessitate changes to some procedures, e.g., contingency procedures (Part 7).  Given the safet
	Appendix 4 of the FAA Interim Guidance \(91-RVSM
	Operators must also incorporate into training programs the procedures and information related to RVSM operation published in NOTAMS and State Aeronautical Information Publications.

	5.2In-flight procedures within RVSM airspace
	5.2.1Before entering RVSM airspace, the pilot should review the status of required equipment.  The following equipment should be operating normally:
	5.2.2In the event that any of the required equipment fails prior to the aircraft entering RVSM airspace, the pilot should request a new clearance so as to avoid flight in this airspace.
	5.2.3The following actions should be accomplished while in flight:

	5.3Special emphasis items:  flight crew training
	5.3.1The following items should also be emphasized in flight crew training programs:

	5.6Operations manuals and checklists

	PART 6 – ATC PROCEDURES
	6.1General
	6.1.1Implementation of RVSM requires that:

	6.2Military operations
	6.2.1States are reminded of the recognized respon

	6.3Verification of approval status
	6.3.1A secondary responsibility is placed upon ATS authorities to institute routine checks of the approval status of aircraft intending to operate in an RVSM airspace.  This responsibility is met by:
	6.3.1.1Individual ATS providers in a position to do so, may also expand the verification to include


	6.4Tactical monitoring of RVSM airspace
	6.4.1The controller shall verify the aircraft’s R
	6.4.2ATS providers should provide information to the CARSAMMA on flights that are not accommodated in RVSM airspace.


	PART  7 - PILOT AND CONTROLLER CONTINGENCY PROC�
	7.1Objective
	7.1.1The following material is provided to give the pilot and the air traffic controller guidance on actions to take under certain conditions of equipment failure and encounters with turbulence.  It is recognized that the pilot and controller will use ju
	7.1.2In addition to emergency conditions that require immediate descent, such as loss of thrust or pressurization, ATC shall be made aware of the less explicit conditions that may make it impossible for an aircraft to maintain its CFL while in RVSM airsp

	7.2Pilot in command responsibility
	7.2.1The following guidance for contingency procedures should not be interpreted in any way that prejudices the final authority and responsibility of the pilot in command for the safe operation of the airplane.

	7.3Automatic AKDs fail \(e.g., autopilot altitu�
	7.4Loss of redundancy in primary altimetry systems, if the remaining altimetry system is functioning normally
	7.5All primary altimetry systems fail or are considered unreliable
	7.6The primary altimeters diverge by more than 20
	7.7Turbulence (greater than moderate) which the pilot believes will impact the aircraft's capability to maintain CFL
	7.8Failure of the transponder
	Meteorological conditions
	7.9.1Meteorological conditions can cause turbulen
	7.9.2It should be understood that any ATC facility may request an increase in separation minima due to adverse weather conditions which could lead to the temporary suspension of RVSM in selected areas of RVSM airspace.


	PART  8 -  SYSTEM PERFORMANCE MONITORING
	8.1General
	8.1.1The following material is intended to provide guidance on the monitoring of the operation of RVSM in the Caribbean and South American Regions.  Monitoring will 1) ensure that the level of collision risk does not exceed the regional TLS, and 2) ass
	8.1.2The criterion for safety in the Caribbean an
	8.1.3The height-keeping errors that lead to collision risk can be divided into two categories; technical errors and large height deviations.  Technical errors are caused by inaccuracies in the height-keeping equipment of aircraft: ASE and FTE.  Large hei
	8.1.4Aircraft in the Caribbean and South American airspace are often controlled through the application of procedural separation, with ATC monitoring being restricted to pilot position reports at waypoints.  Therefore, large height deviations make a more
	8.1.5In order to ensure that the TLS is not exceeded, it is necessary initially to monitor both the occurrence of vertical errors and some CRM parameter values; other CRM parameters should be monitored on a continuing basis.  Many of the parameter values
	8.1.6CRM parameters fall into two groups from the standpoint of monitoring requirements.  The first group consists of three parameters that are critical for safety assessment, in the sense that the actual risk in the airspace changes in proportion to cha
	8.1.7The second group of CRM parameters is less demanding either because the CRM is relatively insensitive to their values, or because they are not expected to change substantially over the planning horizon of this document.  After their initial assessme
	8.1.8It must be emphasized that the monitoring requirements, in particular the measurement of TVE, were established at a stringent level appropriate to an initial application in the first region to implement an RVSM.  As a result of that initial work, th
	8.1.9It is important to remember that all of the measures which combine to constitute, or to verify, the height-keeping performance of an aircraft play a part in the concept of monitoring which will be applied throughout that aircraft's life and contribu
	8.1.10All of the foregoing measures have been addressed in the relevant parts of this guidance material.  However, these measures do not give a direct indication that the overall criterion for safety is met.  This can be achieved only through independent

	8.2Collision Risk Modeling (CRM)
	8.2.1The method used to evaluate the collision risk of the system within the Caribbean and South American Regions is to be the same as that which was used in the original determination of RVSM feasibility, the Reich CRM.  This model brings together facto

	8.3Monitoring and Assessing the Parameters of the CRM Specification
	8.3.1In order to ensure that the collision risk in Caribbean and South American RVSM operations does not exceed the regional TLS, the parameters of the CRM must be monitored and assessed on a continuing basis.

	8.4Monitoring Technical Errors and Large Height Deviations to Assess Pz(1000)
	8.4.1The agreed TLS for the Caribbean and South A
	8.4.2An assessment of TVE is critical to an assessment of Pz(1000).  As a result, the accuracy with which TVE can be measured is an important concern.  TVE can be measured by comparing the geometric height of an aircraft, as measured by an HMU or GMS o
	8.4.3These measured TVE data are fundamental to the monitoring process.  Large amounts of such TVE data are needed to draw inference from the monitoring process with a high level of confidence.  Part 2 above describes a process to support the introductio
	8.4.4Large height deviations can be divided into four main types:
	8.4.5Operational errors are likely to result in aircraft flying at integral multiples of the separation standard from their correct level.  The long intervals between position reports, and the communication methods used, mean that operational errors make
	8.4.6System risk is directly proportional to the amount of total flight time spent by aircraft at an incorrect FL.  The estimates of such times will be one of the key elements to be used in determining whether or not the system is in compliance with the
	8.4.7Data sources for estimating time spent by aircraft at incorrect FLs will include reports to the regional monitoring agency by ATC authorities and airlines, as well as the results of special data gathering exercises using suitable monitoring systems.
	8.4.8Contingency events could impose a particularly large risk in oceanic airspace due to the lack of surveillance and use of indirect communications.  Contingency procedures are designed to minimize these risks, but it is important that they be included
	8.4.9Meteorological deviations include the effects of air turbulence and could also include rarer events such as the effects of volcanic dust clouds.  Only inadvertent deviations due to external conditions are included in this category; the effects of de
	8.4.10When an aircraft enters turbulent air, such as that inside storm systems, its height keeping capability can deteriorate considerably.  This may result in excursions from the correct pressure level which, in some cases, may be more than 1000 ft.  Th
	8.4.11TCAS is an airborne collision avoidance system that is mandated by some States for all large commercial aircraft.  Consequently, a large percentage of aircraft operating in the Caribbean and South American Regions are TCAS equipped.  TCAS may give
	8.4.12It is important, if the extent of the height deviation is significant, that the event leading to a TCAS RA is included in the collision risk process.  In Caribbean and South American RVSM airspace, genuine TCAS RAs will only be issued as a result o

	8.5Monitoring of Pz(1000)
	8.5.1There are two methods that are used to estimate Pz(1000).  In the first method an analytical probability density function is derived directly from the proportion of TVEs of a given magnitude through statistical distribution models and then used to

	8.6Forecast of RVSM aircraft occupancy (passing frequencies) before RVSM implementation
	8.6.1Once RVSM has been implemented, estimated values for occupancies or passing frequencies will be obtained from a sampling program of actual operations.  However, during the Verification Phase, a method is needed to forecast occupancies (or passing f
	8.6.2For the NAT, RVSM analyses were conducted using a computerized NAT Traffic Allocation Model (NATTAM).  A computer simulation of this type, developed by Canada, is needed in the Caribbean and South American for predicting the future occupancy for u
	8.6.3Another source of input for the simulation model that could be used to refine the reallocation of flights, concentration towards core tracks and conflict resolution could be obtained by analysing the changes that occurred in the NAT before and after
	8.6.7In addition to the capabilities in the NAT simulation, the Caribbean and South American simulation will need to forecast cross-track frequencies under RVSM.

	8.7Monitoring aircraft passing frequencies after RVSM implementation
	8.7.1Aircraft same, opposite and cross-track passing frequencies in the Caribbean and South American Regions will be assessed on a monthly basis by the regional monitoring agency using traffic data supplied by the ATC authorities.  The additional high le

	8.8Monitoring lateral overlap probability
	8.8.1The lateral overlap probability (�) is the probability that two aircraft nominally on the same track are within a distance � (the average aircraft wingspan) from each other laterally.  The value of this parameter depends upon the accuracy of the
	8.8.2Because, all other factors remaining constan

	8.9Monitoring other CRM parameters
	8.91The remaining CRM parameters within the Caribbean and South American RVSM airspace are average aircraft speed, relative speed between aircraft, and average aircraft length, width and height.  As stated previously, either the risk of a mid-air collisi
	8.9.2The parameters relating to the physical characteristics of aircraft can all be estimated from direct observations of the system.  The aircraft dimensions (�) are obtained using the wingspan, length and height of different types of aircraft.  The m
	8.9.3The average absolute aircraft air speed (� ) is derived using the cleared speeds of aircraft operating in the region.  The accuracy of this estimate is determined by the size of the sample used.  To estimate the average absolute relative along tra
	8.9.4The average absolute relative cross-track speed (�) is assessed using radar data on aircraft leaving the Caribbean and South American system.  This parameter is expected to be fairly stable with time, changing only gradually as new navigation syst
	8.9.5The average absolute relative vertical speed (�) should in theory be determined for pairs of aircraft that have lost all vertical separation.  In practice, a total loss of vertical separation is unlikely to be observed.  The value is therefore est
	8.9.7The additional parameters xz (same) and xz (opp) for the length of the path in the descending aircraft collision risk model need to be determined, at present, by simulation for Caribbean and South American aircraft.

	8.10Monitoring and Assessing Compliance with System Performance
	8.10.1After the parameters of the CRM have been monitored, the system can be assessed for compliance with the restrictions imposed by either the global or regional performance requirements.  It is important to remember the distinction between global and
	8.10.2Regional system performance requirements apply to vertical deviations due to all causes.  However, oceanic regional height-keeping requirements are expected to be more lenient than global requirements, since, 1) occupancies may be much lower than 

	8.11Regional System Performance
	8.11.1The determination of compliance with the regional TLS is made from two viewpoints.  One perspective is gained by directly estimating the system risk by substituting each of the parameter estimates into the collision risk equations shown in section
	8.11.2Another perspective is gained by assessing whether the TLS is being complied with to a high degree of statistical confidence.  It can be applied as a forecast that the TLS will be met under RVSM or that the TLS is being met once RVSM is in place.
	8.11.3Evidence from the sequential sampling risk assessment method for both the near term trial implementation and the year 2005 will be used to show whether there is a high degree of confidence that the TLS of 5 x 10-9 fatal accidents per flight hour wi

	8.12Global System Performance
	8.12.1In addition to the requirement that total system performance meet the overall TLS, the monitoring process will be used to ensure that the fleet of aircraft flying in RVSM airspace meets the global system performance specification from which the RVS
	8.12.2Because the global system position performance specification, and in particular the Pz(1000) of 1.7 x 10-8, was used to derive aircraft height-keeping performance specifications which are expressed as requirements on TVE, only errors resulting fr
	8.12.3There are two methods that are used to assess the compliance of TVE with the global height-keeping requirements.  One method directly estimates the proportion of TVEs of a given magnitude through statistical distribution models and compares the res

	8.13Monitoring and Assessing Compliance with the MASPS
	8.13.1Given a measured TVE and a simultaneous dif
	8.13.2The MASPS were designed so that the resulting TVE, as measured from the component values of ASE and AAD, would result in a negligible Pz(1000).  Assessing compliance with the global height-keeping performance specification will be made by verifyi

	8.14Assessment of the safety of Caribbean and South American RVSM operations
	8.14.1The airspace parameters derived from the monitoring procedures outlined above allow the collision risk in the system to be assessed against the regional TLS.  The height-keeping performance of aircraft can also be assessed and compared to the requi
	8.14.2Prior to implementation of RVSM in the Caribbean and South American Regions, mathematical and statistical techniques will be used to provide detailed information on the forecast performance of the system in terms of collision risk and aircraft heig
	8.14.3During the verification period and after implementation, tabulation of details will be used to provide detailed information on the forecast of air-miss data, near mid-air collision reports or any other similar source of information of the system in

	8.15Responsibilities of the regional monitoring agency
	8.15.1Monitoring will be carried out by the regional monitoring agency and will include the monitoring of height-keeping accuracy and vertical errors.  The additional duties are as follows:
	8.15.2The Caribbean and South American Monitoring Agency (CARSAMMA) is the regional monitoring agency in the Caribbean and South American Regions.  The CARSAMMA is responsible for the collection, collation and dissemination of data relevant to navigati

	8.16Objectives of the Height Monitoring System
	8.16.1In order to recommend a monitoring system, it was necessary first to define overall monitoring targets.  Following a review of information and data collected in the vertical studies programs, it was assumed that, for planning purposes, ASE for indi
	8.16.2On the basis of the above assumption, it was possible to establish the objectives of the monitoring program and to consider how these objectives could be met.  First, the ultimate objective would be to carry out a complete census of airframes.  The
	8.16.3An examination of the operators and aircraft types in the Caribbean and South American airspace may reveal that many aircraft were monitored while operating in NAT RVSM and that it is now feasible to attain the objective of a census of aircraft pla
	8.16.4The NAT Region designed monitoring targets as minimum objectives to ensure that a good representative sample of RVSM MASPS-approved aircraft was obtained.  The data obtained from a monitoring program that met these targets would be sufficient to pr
	8.16.5The targets had been agreed to on the assumption that aircraft height-keeping performance would meet the global requirements.  The collision risk due to this aspect of the system should then contribute only a very small part to the regional TLS.  I

	8.17Background Description of the NAT Height Monitoring System
	8.17.1The height monitoring system for the implementation of RVSM in the NAT Region consisted of a hybrid height monitoring system comprising HMUs and a GMS.  The GMS consisted of portable GMUs, GPS reference stations, access to Mode C and MET informatio
	8.17.3In addition, the constraint of the HMU's fixed location was offset by the GMS aircraft-specific capability.  A complete census, by operator, type or airframe, was therefore more easily achieved by a combined system.  The relatively expensive unit c
	8.17.4The relatively low volume of data gathered 
	8.17.5Therefore, the disadvantages of the HMU system were mitigated by the characteristics of the GMS and the disadvantages of the GMS were offset by the characteristics of the HMU system.  In addition, there were further independent advantages associate

	8.18Description of the Caribbean and South American Height Monitoring System
	8.18.1In the Caribbean and South American Regions, it is not certain that an HMU type fixed location system will be available.  Thus, the advantages of the hybrid monitoring system are compromised.  Although the fleet size of operators and aircraft types
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