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SUMMARY 

 
This paper presents the results of a pre-implementation assessment of the upper levels of 
the Kabul Flight Information Region (FIR) based on International Civil Aviation 
Organization (ICAO) requirements for implementation of Reduced Vertical Separation 
Minima (RVSM).  
 

 

1 INTRODUCTION 
 
1.1 The United States (U.S.) Air Forces Central (AFCENT), Combined Forces Air Component 
Commander (CFACC) currently manages the Afghan airspace on behalf of the Government of the 
Islamic Republic of Afghanistan (GIRoA).  A number of initiatives are underway to improve the civil 
aviation sector in Afghanistan, which includes the implementation of RVSM within the Kabul FIR.  
This report fulfills ICAO’s safety assessment requirement for the introduction of RVSM in the 
Afghanistan airspace. 
 
2 DISCUSSION 
 
2.1 A preliminary safety assessment was conducted to determine whether the collision risk posed 
by the introduction of RVSM meets Target Levels of Safety (TLS) prescribed by ICAO.  The study 
consisted of a quantitative assessment of the collision probability resulting from vertical separation 
loss during RVSM operations in the Kabul FIR based on guidance contained in the ICAO Doc 9574 
[ICAO, 2002] and a qualitative assessment of the unique hazards associated with the introduction of 
RVSM operations in Afghanistan and their respective mitigations.  This paper presents the results of 
the quantitative safety assessment.  The assessment for Afghanistan estimated the technical risk for 
fatal accidents per flying hour due to loss of vertical separation using two approaches.  The first 
approach was based on fundamental principles and resulted in a technical vertical risk of 5.72 x 10-12.  
The second approach used conservative values for the probability of vertical overlap and lateral 
overlap and resulted in a technical vertical risk of 2.49 x 10-9.  Both estimates are within the stipulated 
TLS of 2.5 x 10-9 fatal accidents per aircraft flying hour.  
 
3 ACTION BY THE MEETING 
 
3.1 The meeting is invited to note the results of the pre-implementation safety assessment 
presented in this working paper. 

…………………………. 
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SUMMARY 

The United States (U.S.) Air Forces Central (AFCENT), Combined Forces Air Component 
Commander (CFACC) currently manages the Afghan airspace on behalf of the Government of 
the Islamic Republic of Afghanistan (GIRoA).  A number of initiatives are underway to improve 
the civil aviation sector in Afghanistan, which includes the implementation of Reduced Vertical 
Separation Minima (RVSM) within the Kabul Flight Information Region (FIR).  To support the 
implementation of RVSM in Afghanistan, a study of civil aircraft in the upper levels of the 
Kabul FIR has been conducted consistent with guidance contained in ICAO Doc 9574. 

1 INTRODUCTION 

1.1 A preliminary safety assessment was conducted to determine whether the collision risk 
posed by the introduction of RVSM meets Target Levels of Safety (TLS) prescribed by ICAO.  
Additionally, an assessment of the hazards to aircraft operations that are unique to the use of 
RVSM in Afghanistan airspace and potential mitigations to these hazards was performed to fully 
consider the safety implications associated with the introduction of RVSM.  The assessment for 
Afghanistan estimated the technical risk for fatal accidents per flying hour due to loss of vertical 
separation using two approaches.  The first approach was based on fundamental principles and 
resulted in a technical vertical risk of 5.72 x 10-12.  The second approach used conservative 
values for the probability of vertical overlap and lateral overlap and resulted in a technical 
vertical risk of 2.49 x 10-9.  Both estimates are within the stipulated TLS of 2.5 x 10-9 fatal 
accidents per aircraft flying hour.  

1.2 The safety assessment consisted of a quantitative portion and a qualitative portion.  The 
quantitative portion determines the acceptability of collision risk posed by RVSM 
implementation using the methodology prescribed by ICAO Doc 9574 [ICAO, 2002] given the 
prevalent operational environment expected at the time of RVSM implementation.  The 
qualitative assessment was based on a thorough review of previously identified hazards with 
attention to the unique characteristics of the introduction of RVSM in Afghanistan.   

1.3  The airspace considered as part of this study (referred to as “study airspace”) included 
Class A airspace in the Kabul FIR which, as shown in figure 1-1, is the airspace between FL290 
and FL450 inclusive encompassing a 10 Nautical Mile (NM) width on either side of the 
centerline of published upper level Air Traffic Service (ATS) routes [CFACC, 2011].  The 
operating environment in the study airspace included all changes to the existing airspace 



expected to be operational by the RVSM implementation date, thereby characterizing the 
expected prevalent operational environment at the time of RVSM implementation in 
Afghanistan.  These changes are described in detail in Section 1.5. 

 

 

 
Figure 1-1.  Airspace Classes within the Kabul FIR (Source: Afghanistan AIP) 

1.4 Description of the Afghanistan Airspace 
1.4.1 Current Operations.  Seven altitudes are available in the Kabul FIR for eastbound and 
westbound traffic, based on the current application of Conventional Vertical Separation Minima 
(CVSM) with the minimum vertical separation between different altitudes being 2000 feet when 
operating from FL290 to FL450.  Between the hours of 2000 Coordinated Universal Time (UTC) 
and 2400 UTC, the floor of the Kabul High sector is lowered to FL280 to accommodate 
increased traffic from Asia to Europe over the Afghan airspace. 

1.4.2 The current ATS route structure in the study airspace includes six routes depicted in 
figure 1-2, namely UL333, B466/G792, L750, N644, A466/G796 and M881.  The most used 
routes are N644, L750 and B466 with westbound traffic restricted to FL280, FL310 and FL350 
and eastbound traffic restricted to FL290, FL330 and FL370.  Although FL390 and FL410 are 
also available, these altitudes are infrequently used by the civil aircraft transiting the study 
airspace. 



 
Figure 1-2.  Upper ATS Routes within Kabul FIR  

1.5 Expected Changes 
1.5.1 The Bay of Bengal Reduced Horizontal Separation (RHS) Task Force (BOB-RHS/TF) 
held a meeting in February 2011, where an agreement was reached to undertake specific 
initiatives to reduce longitudinal separations over the Bay of Bengal.  As part of these initiatives, 
plans are in place to relax the dependency between ATS routes A466 and N644 in the Kabul 
FIR.  This change is expected to take place sometime in 2011. 

1.5.2 As part of this exercise, the traffic data was modified to reflect the expected aircraft 
spacing due to the RHS changes in the first phase (RHS Phase 1), affecting routes B466/G792 
and UL333 and in the second phase (RHS Phase 2), affecting all routes.  To account for these 
changes, the traffic data was adjusted to accommodate a 50 NM longitudinal separation by 
reducing procedural separations from 10 minutes to 7 minutes.  Figure 1-3 depicts the 
distribution of aircraft spacing upon entry into the Kabul FIR for the current, RHS Phase 1 and 
RHS Phase 2 traffic sample data.  The RHS Phase 1 distribution only changes slightly because 
the reduction in longitudinal separations from 10 minutes to 7 minutes is only applied to the 2 
southernmost ATS routes.  The RHS Phase 2 distribution is shifted to the left by 3 minutes due 
to the reduction of longitudinal separations across all ATS routes. 



 
Figure 1-3.  Reduced Aircraft Spacing on Entry into the Kabul FIR 

2 DATA SUBMISSION 

2.1 Traffic Sample Data (TSD) 
2.1.1 The safety assessment was based on historical traffic sample data for the month of 
October 2010 provided by Kabul Area Control Center (KACC).  The data consisted of 
approximately 6,500 physical flight strips which were manually transcribed into a digital log 
containing individual records for each flight with the following fields: flight number, registration 
number, origin airport, destination airport, planned departure time, aircraft type, ATS route in the 
Kabul FIR, entry time into the Kabul FIR, entry flight level, exit time from the Kabul FIR and 
exit flight level.  Since the flight strips contain manual entries which were then manually 
transcribed into the digital data log, a data “cleansing” exercise was undertaken to delete 
irrelevant information and correct obvious errors.  

2.5 Large Height Deviation (LHD) Data 

2.5.1 KACC has been submitting formal reports of LHDs since June 2010.  In the Afghanistan 
case, only two LHDs were reported within the past 12 months.  One of these was filed in 
November 2010 and was caused by a Traffic Collision Avoidance System (TCAS) Resolution 
Advisory (RA).  In response, flight-crew descended 300 feet in compliance with the RA and 
returned to the cleared flight level (FL310) after 2 minutes.  Based on ICAO classification of 
LHD events, this is a Category J LHD event and it is not considered to be a risk-bearing 
deviation.  The second of these occurred in January 2011 at FL280 and was due to coordination 
errors in the ATC-to-ATC transfer of control responsibility as a result of human factors issues 
(Category E).  While Category E LHDs are considered risk-bearing based on ICAO guidance, 
this single event is insufficient for calculation of an operational risk estimate.  As a result, the 
allowable portion of total vertical risk that can be allocated to operational risk has been estimated 
and is included in this assessment. 
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3 ESTIMATE OF VERTICAL COLLISION RISK FOR THE 
AFGHANISTAN AIRSPACE 

3.1 Objective 
3.1.1 The objective of the quantitative portion of the safety assessment is to determine the 
acceptability of collision risk posed by RVSM implementation using the methodology in ICAO 
Doc 9574 [ICAO, 2002] given the prevalent operational environment expected at the time of 
RVSM implementation (discussed in Section 1.5).  The results of the quantitative assessment 
present best estimates based on the available data and are considered to be adequate for use in 
the preliminary safety assessment.  The quantitative assessment used two approaches to estimate 
the technical vertical risk. The first approach was based on fundamental principles and resulted 
in a technical vertical risk of 5.72 x 10-12.  The second approach used the prescriptive value for 
vertical overlap probability, viz. 1.7 x 10-8 which is the TLS specified in the ICAO Doc 9574 and 
a conservative estimate of lateral overlap based on guidance provided in section 8.5 of the 
RASMAG\4 meeting report. The second approach resulted in a technical vertical risk estimate of 
2.49 x 10-9.  Both estimates are within the stipulated TLS of 2.5 x 10-9 fatal accidents per aircraft 
flying hour.  

3.2 Methodology 
3.2.1 Figure 3-1 describes the specific components of total vertical risk that were calculated.  
In generic terms, the total vertical risk comprised the technical vertical risk calculated as the risk 
due to loss of the planned vertical separation of 1000 feet in an RVSM environment.  This was 
calculated using the ICAO CRM model, the details of which are provided in Appendix A.  The 
calculated technical vertical risk was compared against the total vertical risk to yield an estimate 
of the allowable portion of the total vertical risk that may be allocated to operational risk. 

 

 
Figure 3-1.  Safety Assessment Methodology 
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The following sections provide more details on the assessment of vertical collision risk. 

3.3 Technical Vertical Risk 
3.3.1 Technical vertical risk was calculated as aircrafts’ ability to maintain assigned altitudes 
and accounts for deviations of less than 300 feet due to any cause.  The following are the 
contributors to technical vertical risk: 

1. Probability of vertical overlap, calculated as the probability that two aircraft will lose 
procedural vertical separation of 1000 feet 

2. Passing frequency, calculated as the frequency of events in which two aircraft are in 
longitudinal overlap when travelling in the opposite or same direction on the same track 
at adjacent flight levels 

3. Probability of lateral overlap, calculated as the likelihood that two aircraft on the same 
track have lateral positions that differ by less than one aircraft width. 

4. Aircraft dimensions and velocities, which are represented by mean values from the traffic 
population.    

3.3.2 Table 3-1 presents a summary of the parameters used in estimating the technical vertical 
risk.  Based on the values in table 3-1, the risk for fatal accidents per flying hour due to loss of 
vertical separation is found to be 5.72 x 10-12 based on an assessment conducted using 
fundamental principles.  The risk was found to be 2.49 x 10-9 based on a second, more 
conservative approach as explained in section 3.1.1 and section 3.5.2.



Table 3-1.  CRM Parameters used in the Vertical Collision Risk Estimate for the Kabul FIR 

Parameter Symbol Estimated Value Source 

Technical Vertical Risk  Naz 5.72 x 10-12/2.49 x 10-9 Output of the CRM 

Probability of Vertical 
Overlap with a planned 
vertical separation of 1000 
feet (Reference: Appendix 
B) 

Pz  4.7 x 10-11 Calculated based on AAD and 
ASE data received from 

EUROCONTROL 

Probability of Lateral 
Overlap 

Py  0.058 feet Global Height Keeping 
Performance Specification 

Passing Frequency nz(opp) 1.00582164 (current traffic) 
1.003117897 (RHS Phase 1) 
0.985689252 (RHS Phase 2) 

Calculated based received 
traffic sample data 

Average aircraft length λx 232.40 feet Calculated based on TSD 

Average aircraft width λy 207.44 feet Calculated based on TSD 

Average aircraft height λz 60.63 feet Calculated based on TSD 

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

| | 4 knots Global Height Keeping 
Performance Specification 

Average absolute relative 
vertical speed of an 
aircraft pair that has lost 
the vertical separation 
minimum of 1000 ft 

| | 10 knots Global Height Keeping 
Performance Specification 

Average aircraft ground 
speed 

 489.5 knots Calculated based on duration 
in Kabul FIR and track length 

(assuming constant speed)  

3.4 Operational Risk 
As noted in section 2.5.1, one LHD event was reported in the Kabul FIR within the past 12 
months.  This single event is insufficient for calculation of an operational risk estimate.  
Although there is no TLS associated with LHDs alone, the difference between the overall TLS 
and that of the technical vertical risk could be considered an allowable level of risk.  If the 
calculated vertical risk due to technical errors is below the 2.5 x 10-9 TLS, then the resulting 
buffer will allow for an equivalent increase in the proportion of total risk attributable to 
operational errors.  Using the calculated risk of technical error, the actual rate of large height 
deviations could be as much as 4.9 x 10-9 and still meet the overall TLS for all reasons.  The 
uncertainty associated with this estimate is larger than the uncertainty associated with other 
parameters, and would benefit from increased data collection. 



3.5 Total Vertical Risk Results 
3.5.1 ICAO policy requires that a minimum of 90% of aircraft operating in the airspace under 
consideration be RVSM approved prior to the implementation of RVSM.  Based on the aircraft 
registration numbers derived from the traffic sample data provided by KACC, and aircraft 
approval information provided by EUROCONTROL, Pacific Approvals Registry and 
Monitoring Organization (PARMO) and Monitoring Agency for Asia Region (MAAR), it was 
determined that 90.7% of aircraft operating in the study airspace are RVSM approved. 

3.5.2 The estimate of technical risk based on fundamental principles was peer reviewed by an 
independent mathematician, and the methodology further vetted by means of replicating the 
EUROCONTROL safety study.  Section 5.10 of the 9574 notes that large height deviations not 
involving whole numbers of flight levels are to be combined with the distribution of the assigned 
altitude deviation (AAD) and thus “this type of large height deviation is included in the 
distribution of technical height-keeping errors and in the estimate of the technical risk.”  As 
noted in section 2.5, sufficient large height deviation data “not involving whole numbers of flight 
levels” were unavailable at the time the study was undertaken.  The absence of these data results 
in a low estimate of technical risk.  For a more conservative estimate, the technical vertical risk 
was calculated also using the conservative value of vertical overlap probability of 1.7 x 10-8 

prescribed in the ICAO Doc 9574. The resulting risk estimate is 2.07 x 10-9 which is below the 
technical TLS of 2.5 x 10-9.  Additionally, an even more conservative estimate of technical 
vertical risk was derived by using a conservative estimate of the lateral overlap probability.  The 
technical vertical risk using the conservative estimates of vertical as well as of lateral overlap is 
2.49 x 10-9, which is also below the technical TLS. 
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APPENDIX A COLLISION RISK MODEL 
 

The Collision Risk Model (CRM) was developed by ICAO Review of the General Concept of 
Separation Panel (RGCSP) as the means for assessing the potential number of accidents per 
flight hour due to collisions caused by the loss of procedural vertical separation in RVSM 
airspace.  The general form of the CRM for same and opposite direction traffic is as follows: 
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Where: 

 = Expected number of fatal accidents per flight hour due to loss of vertical separation 

 = The vertical separation minimum 

( ) = Probability of vertical overlap for aircraft on adjacent flight levels 

Py (0) = Probability of lateral overlap for aircraft nominally on the same ATS route 

  
(same) 

= The frequency with which same direction aircraft on adjacent flight levels of the same ATS route 
pass each other (i.e. frequency of same direction longitudinal overlap) 

 (opp) = The frequency with which opposite direction aircraft on adjacent flight levels of the same ATS 
route pass each other (i.e. frequency of opposite direction longitudinal overlap) 

λx = average aircraft length 

λy = average aircraft width 

λz = average aircraft height 

 
= average absolute relative cross track speed for an aircraft pair nominally on the same track 

 = average absolute relative vertical speed of an aircraft pair that has lost the vertical separation 
minimum of 1000 feet 

 = average aircraft ground speed 

| | = average of the absolute value of the relative along-route speed between two same direction aircraft 
flying at adjacent flight levels of the same ATS route 

 

The CRM takes slightly different forms for same direction, opposite direction and crossing 
traffic analysis.  The ATS route structure in the Kabul FIR does not include crossing routes, and 
the longitudinal spacing is designed to preclude co-altitude same-direction passing events.  Thus, 
the CRM equation below has been adapted to reflect the prevalent operational environment at the 
time of RVSM implementation and it incorporates only an opposite direction passing frequency 
parameter:  
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Of the parameters tabulated above, a first group of parameters – the probability of vertical 
overlap, the probability of lateral overlap and the passing frequency – have the greatest impact 
on the collision risk.  The aircraft dimensions and velocities are less critical to the safety 
assessment since the CRM is less sensitive to these parameters, which are expected to remain 
relatively stable over time.  Nevertheless, these parameters should be reassessed intermittently to 
ensure they reflect the prevailing RVSM airspace. 

  



 

 

APPENDIX B COMPUTATION OF THE PROBABILITY OF 
VERTICAL OVERLAP  
Overlap probability for two aircraft, Pz, is defined as the probability that one aircraft will come 
within λ feet of another in a specified dimension.  It is a function of the intended separation, S, 
position-deviation distribution(s), f and “collision” distance, λ.  Here, we address only the 
vertical dimension.  Instead of trying to consider two altitude deviations simultaneously, it is 
conceptually simpler to compute the sum (convolution) of the deviations and assign all of that 
error to one aircraft and no error to the other.  The latter aircraft is then at S exactly and Pz is the 
integral of this convolution from S - λ to S + λ.1 

For this study, all computations were carried out using MathematicaTM (v8.0.1). 

Altitude Deviation for One Aircraft 
For any aircraft, Altitude Deviation is assumed to be due to two distinct error sources: Altimetry 
System Error (ASE) and Assigned Altitude Deviation (AAD). 

Altimetry System Error 
Altimetry errors are aircraft-type specific so there is a separate distribution, fASE;i, for each type 
of aircraft in the dataset.  These errors are modeled as Laplace distributions with a nonzero mean. 

, √ ,

√

,          (C.1) 

There were 23 aircraft types observed so there are 23 of these ASE components. 

Assigned Altitude Deviation 
Assigned Altitude Deviation is the same for all aircraft.  It is modeled as a zero-mean Laplace 
distribution where σAAD = 39.48 ft. 

√

√ | |

      (C.2) 

Combining ASE and AAD 
The total Altitude Deviation for a given aircraft is the sum, s, of its ASE and AAD errors 
described by the convolution of its ASE and AAD component distributions.  Omitting the ASE 
subscript, we have 

  
√ | | √ | |

√
  (C.3) 

This formula requires that the two sigmas differ (and here they do). 

Generic Altitude Deviation for One Aircraft 
There are 23 AAconvo distributions, one for each aircraft type.  In order to describe aircraft in 
general, we must consider all types together.  Therefore, we define a single distribution, fTVE, as a 
weighted average of the individual types with weights, βi, equal to their fraction in the dataset. 

                                                           
1  Validation Ref.: McLaughlin, M. P. and A. D. Zeitlin, Safety Study of TCAS II for Logic Version 6.04, 

The MITRE Corporation, MTR92W0000102, Appendix D. 



 

 

∑      (C.4) 

We shall use fTVE to compute the overlap probability, Pz.  A plot of this PDF is shown in Figure 
C-1. 

 
Figure C-1.  TVE Distribution 

Statistics for the TVE distribution include the following: 

Mean 2.7 ft 

Standard Deviation 64.1 ft 

Mode 19.7 ft 

Combined Deviations for Two Aircraft 
As noted above, it is computationally convenient to consider the combined deviations of the two 
aircraft, s2, to be assigned to one aircraft so that the position of the other is fixed at the nominal 
separation, S.  To describe this combined error, we require a further convolution of two TVE 
distributions, TTconvo.  A plot of this convolution is shown below along with its relevant 
statistics. 

2 2     (C.5) 



 

 

 
Figure C-2.  TVE-TVE Convolution 

Mean 5.5 ft 

Standard Deviation 90.6 ft 

Mode 22.7 ft 

Probability of Vertical Overlap 
We are finally ready to compute Pz, the probability that two aircraft will be within λ feet of each 
other when they are supposed to be S feet apart.  Pz is the integral of the TVE-TVE convolution 
in the target range: 

, 2 2     (C.6) 

Unfortunately, given all of the preceding complexity, there is no simple closed form for this 
integral.  In fact, there is no closed form for TTconvo(s2) either. Therefore, Pz must be evaluated 
numerically as a double integral starting with the TVE distribution.  However, this is fairly easy 
to do. 

Example: 

LET S = 1000 FT AND Λ = 50 FT.  THEN, PZ = 4.7 X 10-11. 


