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SUMMARY 

 

This paper presents the periodic safety assessment for the implementation of 50 NM 

Reduced Horizontal Separation in the Bay of Bengal Arabian Sea Indian Ocean airspace for 

the period January to December 2022. 

 

 

1. INTRODUCTION 

1.1 The annual Safety review for the continued safe use of 50 NM Reduced Horizontal 

Separation (RHS) on Sixteen routes in the Bay of Bengal Arabian Sea Indian Ocean airspace, for the 

year 2022 was conducted using the TSD of December 2022 of Chennai, Kolkata, and Mumbai  FIRs. 

The Large Lateral Deviation (LLD) and Large Longitudinal Error (LLE) reports received by 

BOBASMA for the period 1st January 2022 to 31stDecember 2022 was used for conducting the safety 

assessment. 

2. DISCUSSION 

2.1 The Report of the Safety Assessment conducted for monitoring the Horizontal Safety Risk 

is attached as Appendix – A.  

Executive Summary 

2.2 Table 1 summarizes the Bay of Bengal Arabian Sea Indian Ocean Airspace Horizontal 

Risk estimates. Figure 1 presents the Lateral and Longitudinal collision risk estimate trends for 

BOBASIO airspace during the period January 2022 to December 2022. 

Bay of Bengal Arabian Sea Indian Ocean Airspace  

Estimated annual flying hours = 456825 Hours 

(Note: Estimated Hours based on Dec 2022 Traffic Sample Data) 
 

Source of Risk   Risk Estimation TLS Remarks 

RASMAG 27 Lateral Risk  1.09397 x 10-9 5.0 x 10-9 Below TLS 

RASMAG27 50NM Longitudinal Risk 1.07689 x 10-9 5.0 x 10-9 Below TLS 

Lateral Risk 1.38017 x 10-9 5.0 x 10-9 Below TLS 

50NM Longitudinal Risk 0.484744 x 10-9 5.0 x 10-9 Below TLS 

Table 1: Bay of Bengal Arabian Sea Indian Ocean Airspace Horizontal Risk Estimates 
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Figure 1: Bay of Bengal Arabian Sea Indian Ocean Airspace RVSM Risk Estimates 

2.3 Table 2 presents a summary of the LLLD causes within the Bay of Bengal Arabian Indian 

Ocean (BOBASIO) airspace from January 2022 until December 2022. 

Code Deviation Description No. 

E ATC transfer of control coordination errors due to human factors 2 

Total  2 

Table 2: Summary of BOBASIO Airspace LLD and LLE Reports. 

2.4 Figure 2 provides the geographic location of risk bearing LLD reports within BOBASIO 

Airspace during the assessment period.  

Figure 2: BOBASIO Airspace – Risk Bearing LLD 
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3. ACTION BY THE MEETING 

3.1 The meeting is invited to: 

a) note the information contained in this paper; and 

b) discuss any relevant matters as appropriate. 

…………………………. 
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Appendix - A 

 

ASSESSMENT OF LATERAL AND LONGITUDINAL COLLISION RISK OF BOBASIO 

AIRSPACE IN 2022 

 

1. INTRODUCTION  

 

 In this article, we reinvestigate the collision risk between two aircraft flying over the 

Bay of Bengal, Arabian Sea and Indian Ocean (BOBASIO) region. This safety assessment is under 

taken jointly by Airports Authority of India (AAI) and the Indian Statistical Institute, Delhi Centre 

under the MoA signed between the two organizations. The aim of this study is to confirm that Target 

Level of Safety (TLS) which is 5 X 10-9fatal accidents per flight hour, is currently met. 

We first observe that in the BOBASIO region, the Longitudinal separation standard currently 

is 50 NM on routes M300, N571, P574, P570, L301, L507, L510, L759, M770, N563, N877, N895, 

P628, P646,P761 and P762. 

The lateral separation between two parallel routes is at least 50NM for all routes. 

In this article, we carry out the quantitative risk analysis based on two types of datasets supplied 

by three FIRs in the region. 

• Traffic Sample Data (TSD): 

 

Traffic sample data from Chennai, Kolkata, Mumbai FIRs for the month of December 2022 

was used. The original data contained several anomalies, which we tried to detect and remove. Briefly, 

the following initial filtering criteria were used: 

- Duplicate records were removed. 

- Records with Exit time less than Entry time were removed. 

- Records with flight level less than F280 were removed. 

- Records with unusually high or low traversal times were removed. 

Figure 1: Number of fights by route and fight level based on December 2022 TSD. 
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34509 records that were retained after filtering were considered for the subsequent statistical 

analysis. Figure 1 provides a graphical summary of the number of flights by route and flight level for 

RHS routes. 

• Gross Navigational Error (GNE) Data: 

 

Reports of Gross Navigational Errors for the preceding twelve-month period were received 

from Chennai, Kolkata, and Mumbai, as summarized in Table 1. 

Year Month FIR Flights LLD LLE 

2022 JANUARY KOLKATA 10945 0 0 

2022 FEBRUARY KOLKATA 9068 0 0 

2022 MARCH KOLKATA 11013 0 0 

2022 APRIL KOLKATA 11476 1 1 

2022 MAY KOLKATA 11552 0 0 

2022 JUNE KOLKATA 12016 0 0 

2022 JULY KOLKATA 12633 0 0 

2022 AUGUST KOLKATA 12732 0 0 

2022 SEPTEMBER KOLKATA 12887 0 0 

2022 OCTOBER KOLKATA 12036 0 0 

2022 NOVEMBER KOLKATA 11058 0 0 

2022 DECEMBER KOLKATA 10298 0 0 

2022 JANUARY CHENNAI 3422 0 0 

2022 FEBRUARY CHENNAI 3150 0 0 

2022 MARCH CHENNAI 4357 0 0 

2022 APRIL CHENNAI 4661 0 0 

2022 MAY CHENNAI 4845 0 0 

2022 JUNE CHENNAI 5260 0 0 

2022 JULY CHENNAI 5551 0 0 

2022 AUGUST CHENNAI 5833 0 0 

2022 SEPTEMBER CHENNAI 5907 0 0 

2022 OCTOBER CHENNAI 6174 0 0 

2022 NOVEMBER CHENNAI 6701 0 0 

2022 DECEMBER CHENNAI 6599 0 0 

2022 JANUARY MUMBAI 13177 0 0 

2022 FEBRUARY MUMBAI 12397 0 0 

2022 MARCH MUMBAI 14909 0 0 

2022 APRIL MUMBAI 14300 0 0 

2022 MAY MUMBAI 15165 0 0 

2022 JUNE MUMBAI 15421 0 0 

2022 JULY MUMBAI 16693 0 0 

2022 AUGUST MUMBAI 17413 0 0 

2022 SEPTEMBER MUMBAI 16900 0 0 

2022 OCTOBER MUMBAI 17725 0 0 

2022 NOVEMBER MUMBAI 17810 0 0 
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Year Month FIR Flights LLD LLE 

2022 DECEMBER MUMBAI 18806 0 0 

  Total 390890 2 0 

Table 1: Summary of reports of Gross Navigational Errors. 

 It is to be noted that due to the COVID-19 pandemic and associated restrictions, the 

number of flights drastically reduced all over the world in 2020, and this trend largely continued in 

2021. Figure 2 plots the monthly number of flights in the three Indian FIRs in 2019 through 2022, 

showing that although air traffic has recovered to a large extent, it has still not reached pre-pandemic 

levels. Naturally, as in the previous year, we again observe a reduced collision risk compared to 2019. 

 
 

In Section 2, we discuss the risk assessment for the lateral direction and Section 3 gives the 

same for the longitudinal direction. 

 

2. Lateral Collision Risk Assessment 

 

2.1 Lateral Collision Risk Model 

 

In order to compute the level of safety for lateral deviations of operations on the BOBASIO 

region we use the Reich Lateral Collision Risk Model. It models the lateral collision risk due to the loss 

of lateral separation between aircraft on adjacent parallel tracks flying at the same flight level. The 

model is as follows: 

 

𝑵𝒂𝒚 = 𝑷𝒚(𝑺𝒚)𝑷𝒛(𝟎)
𝝀𝒙

𝑺𝒙
{𝑬𝒚(𝒔𝒂𝒎𝒆) [

|𝚫𝑽|̅̅ ̅̅ ̅̅

𝟐𝝀𝒙
+ 

|𝒚̇(𝑺𝒚)|
̅̅ ̅̅ ̅̅ ̅̅ ̅̅

𝟐𝝀𝒚
+ 

|𝒛̇|̅̅̅̅

𝟐𝝀𝒛
] +  𝑬𝒚(𝒐𝒑𝒑) [

𝟐|𝚫𝑽̅̅ ̅̅ |

𝟐𝝀𝒙
+ 

|𝒚̇(𝑺𝒚)|
̅̅ ̅̅ ̅̅ ̅̅ ̅̅

𝟐𝝀𝒚
+ 

|𝒛̇|̅̅̅̅

𝟐𝝀𝒛
]}    (1) 
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We would like to note that same model has been used for the safety assessment study of the 

South China Sea which was carried out by SEASMA and also in European safety assessment which 

was carried out for EUR/SAM corridor. 

The parameters in the equation (1) are defined as follows:  

• Nay: = Expected number of fatal accidents (two for every collision) per flight hour due to 

the loss of lateral separation between co-altitude aircrafts flying on tracks with planned Sy 

NM lateral separation.  

• Sy: =Minimum planned lateral separation.  

• λx:= Average length of an aircraft flying in BOBASIO region.  

• λy := Average wing span of an aircraft flying in BOBASIO region.  

• λz := Average height of an aircraft flying in BOBASIO region.  

• Py (Sy):= The probability of lateral overlap of aircraft nominally flying on adjacent flight 

paths, separated by Sy.  

• Pz (0):=Probability of vertical overlap of two aircrafts assigned the same flight path at the 

same flight level.  

• Sx: =Length of half the interval in NM used to count proximate aircraft at adjacent routes.  

• Ey (same):= Same direction lateral occupancy at same assigned flight level.  

• Ey (opp):= Opposite direction lateral occupancy at same assigned flight level.  

•  |ΔV|:= Average relative speed of two aircraft flying on parallel routes in same direction.  

•  |V|:= Average ground speed on an aircraft.  

•  |y˙(Sy)|:= Average relative lateral speed of aircraft pair at loss of planned lateral 

separation of Sy.  

• |z˙|:= Average relative vertical speed of a co-altitude aircraft pair assigned to the same 

route.  

A collision, and consequently two fatal accidents, can only occur if there is overlap between 

two aircraft in all three dimensions simultaneously. Equation (1) gathers the product of the probabilities 

of losing separation in each one of the three dimensions. 

As it has already been said, Pz (0) is the probability of vertical overlap; Py (Sy) is the probability 

of lateral overlap and the combinations of   
𝜆𝑥

𝑆𝑥
   Ey (same) and   

𝜆𝑥

𝑆𝑥
  Ey (opp) relate to the probability of 

Longitudinal overlap of aircraft on adjacent parallel tracks and at the same flight level. All the 

probabilities can be interpreted as proportions of flight time in the airspace during which overlap in the 

pertinent dimension occurs. As the collision risk is expressed as the expected number of fatal accidents 

per flight hour, the joint overlap probability must be converted into number of events involving joint 

overlap in the three dimensions, relating overlap probability with passing frequency. Here we note that 

passing frequency between two adjacent routes is the average number of events, per flight hour, in 

which two aircraft are in longitudinal overlap when travelling in the opposite or same direction at the 

same flight level. This is achieved by means of the expressions within square brackets in Equation (1). 

Each of the terms within square brackets represents the reciprocal of the average duration of an overlap 

in one of the dimensions. For example, 
|𝑉̅̅̅|

2𝜆𝑥
is the reciprocal of the average duration of an overlap in the 



RASMAG/28−WP/14 

Appendix A 

A – 5 

longitudinal direction for same direction traffic. In the case of longitudinal direction too, but for opposite 

direction, the average relative speed is 2𝑉̅and the average overlap time is 
2|𝑉̅̅̅|

2𝜆𝑥
 

The model is based on the following hypothesis: 

• All routes are parallel.  

• All collisions normally occur between aircraft on adjacent routes, although, if the 

probability of overlap is significantly large, they may also occur on non-adjacent routes. 

• The entry times into the track system are statistically independent. 

• The lateral deviations of aircraft on adjacent tracks are statistically independent. 

• The vertical, longitudinal and lateral deviations of an aircraft are statistically independent. 

• The aircraft are replaced by rectangular boxes. 

• There is no corrective action by pilots or ATC when two aircraft are about to collide. 

 

The model also assumes that the nature of the events making up the lateral collision risk is 

completely random. This implies that any location within the system can be used to collect a 

representative data sample on the performance of the system. 

2.2 Estimated Values of the Parameters and Estimated Lateral Collision Risk 

 

The following table gives the values of the parameters of the right-hand side of the equation (1) 

which are obtained from our analysis. 

Parameter Estimated Values Source of the Estimate 

Sy 50 NM Current minimum lateral separation. 

λx 0.04117171 NM Estimated from TSD  

(see Section 2.3). 

λy 0.04308855 NM Estimated from TSD  

(see Section 2.3). 

λz 0.01301296 NM Estimated from TSD  

(see Section 2.3). 

Py(50) 4.09412 X 10-8 Estimated using a mixture model 

(see Section 2.4). 

PZ(0) 0.538 Conservative value used in previous safety 

assessments  

(see Section 2.5). 

     Sy 50 NM Conservative value, taken to be the current 

longitudinal separation in all but four routes. 

Ey (same) 0.06240454 Estimated from the TSD 

(see Section 2.6). 

Ey (opp) 0 No opposite directional lateral occupancy 

at same assigned ight level. 

|∇V| 24 knots Value obtained from TSD  

(see Section 2.7). 

|𝑦̇(50)| 75 knots Conservative value taken from EMA 

Handbook  

(see Section 2.8). 

|𝑍̇|̅̅ ̅̅  1.5 knots Conservative value as per EMA Handbook 

(see Section 2.9). 

 

Finally, this leads to the following estimate for the lateral collision risk Nay. 

 

Nay = 1.38017X 10-9 



RASMAG/28−WP/14 

Appendix A 

A – 6 

2.3 Estimating Average Aircraft Dimensions 

Table 2 summarizes the distribution of aircraft population in the TSD. To be conservative, we 

used the maximum aircraft dimensions. 

2.4 Estimating Probability of Lateral Overlap: Py (Sy) 

The probability of lateral overlap of aircraft nominally flying on adjacent fight paths, separated 

by Sy, is denoted by Py (Sy) and is defined as 

 

Py (Sy) = P(|Sy + Y1 - Y2 | ≤λy),                        (2) 

 

where Y1 and Y2 are assumed to be the lateral deviations of two aircraft which are nominally 

separated by Sy. We assume that Y1 and Y2 are identically distributed but statistically independent 

with a distribution Fy. 

 

We model Fy as mixture distribution having a core distribution Gy and a non-core distribution 

Hy. 

 

• The core distribution Gy, represents errors that derive from standard navigation system 

deviations. These errors are always present, as navigation systems are not perfect and they 

have a certain precision. 

 

• The non-core distribution Hy, represents Gross Navigation Errors (GNE), that 

corresponds to what may be viewed as non-nominal performance. 

 

We assume that a standard navigation system error represented by the core distribution may 

take large values but the non-core distribution representing gross navigation errors can only take large 

values. But in most cases it is impossible to determine with certainty if a given observed lateral error 

arose from the core or from the tail term of the distribution. Therefore, the overall lateral deviation 

distribution is modelled as: 

 

Fy(y) = (1 - α)Gy(y) +αHy(y).                                        (3) 

 

Type Length Wingspan Height Flights 

     

B77W 73.9 64.8 18.5 5331 

B738 39.2 34.4 12.57 2989 

A320 37.57 34.1 11.76 2607 

A359 66.8 64.75 17.05 2162 

B789 62.8 60.1 16.9 2064 

A333 63.6 60.3 16.85 2003 

B788 56.7 60.1 16.9 1856 

A388 73 79.8 24.1 1637 

B38M 39.5 35.9 12.3 1290 

B77L 63.7 64.8 18.3 1188 

A332 58.8 60.3 17.4 819 

A321 44.51 34.1 11.76 619 

B744 70.6 64.8 19.4 571 

B772 63.7 60.9 18.4 532 
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Type Length Wingspan Height Flights 

B748 76.25 68.45 19.35 437 

B763 54.9 47.6 15.9 311 

A319 33.84 34.1 11.76 235 

B739 41.94 34.3 12.6 129 

GLEX 30.3 26.9 7.6 99 

GLF5 29.4 28.5 7.5 53 

B737 33.6 34.3 12.6 50 

CL60 20.85 19.6 6.3 40 

MD11 61.2 51.7 17.6 36 

B752 47.3 38.1 13.6 28 

GL5T 28.69 28.65 7.7 24 

F2TH 20.2 19.3 7.1 19 

A343 63.6 60.3 16.85 18 

A346 75.3 63.45 17.3 16 

B762 48.5 47.6 15.9 15 

C17 53 51.8 16.8 11 

GLF4 26.9 23.7 7.4 10 

H25B 15.6 15.7 5.4 9 

CRJ2 26.8 21.21 6.3 8 

F900 20.2 19.3 7.6 7 

LJ45 17.68 14.58 4.3 6 

E135 26.3 20.2 6.7 6 

Table2: Dimensions of aircraft types in meters, along with number of records in the 

TSD 

The mixing parameter α is the probability of a gross navigational error. 

 

The core lateral deviation distribution Gy is modelled by a Double Exponential distribution 

with a parameter βy > 0 as the rate, that is, if Y1 ~Gy then 

 

P (|Y1|>y) =e-βyy; 

 

where y ≥ 0. In other words we assume that the core distribution has a density of the form 

 

gy(y) =
𝛽𝑦

2
e-βyy 

 

Finally the non-core distribution Hy is modelled by a “Separated Double Exponential" 

distribution with parameters μy>0, representing the “separation and γy> 0 the rate parameter, that is, if 

Y2~ Hy then 

 

P(Y2>μy  + y)=
1

2
e-γyyand 

 

P(Y2>- μy -y)=
1

2
eγyy 

 

where y ≥ 0. This really means that the non-core distribution Hy gives no mass in [- μy ;μy] 

and outside it decays as a Double Exponential distribution with rate parameter γy. The density of this 

distribution is given by 
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𝐻𝑦𝑌 =

{
 
 

 
 
𝛾𝑦

2
𝑒𝛾𝑦(𝑦+𝜇𝑦)

0
𝛾𝑦

2
𝑒−𝛾𝑦(𝑦−𝜇𝑦)

𝑖𝑓 𝑦 < − 𝜇𝑦
            𝑖𝑓 − 𝜇𝑦  ≤ 𝑦 ≤ 𝜇𝑦

𝑖𝑓 𝑦 > 𝜇𝑦

 

 

This modelling is similar to what has been used by FAA and also in EUR/SAM except here we 

take a double exponential distribution, namely the core distribution to explain all the typical and atypical 

errors which are not a gross navigational error, and use the separated double exponential distribution 

for the gross navigational errors. This in turn gives a better understanding of the mixing parameter α 

which we estimate by taking the 95% upper confidence limit from the available GNE data. This 

confidence limit does not have a nice formula when one or more GNEs are observed, but can be 

computed using numerical methods. The value comes out to be 

 

𝛼̂= 1.6 X 10-5. 

 

Here we would like to note that even though the non-core distribution Hy has a discontinuous 

density hy, it does not create difficulty in this risk assessment. 

Figure 3: Modelling of lateral deviation. 

 

Figure 4: Wingspan overlap probability as a function of y with Sy = 50 NM initial separation. 

 

The parameter βy is estimated under the RNP10 assumption of ±10 NM deviation with 95% 

confidence, this leads to the estimate 

 

 

𝛽𝑦̂ = −
log 0.05

10
= 0.2995732 
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The parameter μy is taken to be 10 based on RNP10 consideration and γy is then estimated by 

maximizing the wingspan overlap probability with Sy = 50 NM initial separation (see Figure 4). This 

is a conservative method similar to what has been used by FAA and also in EUR/SAM. The estimated 

value of γy is 0.0548971 leading to the estimated value of Py (50) as 4.09412 X 10-8. 

 

To be conservative, we also considered the possibility of unreported GNEs, and computed the 

estimates of Py (50) and Nay had we observed more GNEs. The results, given below, are still below 

the TLS. Note that the actual number of GNEs observed was 2. 

 

No. of GNEs Py(50) Nay 

2 4.09412X10-8 1.38017X10-9 

7 5.07433X10-8 1.71061X10-9 

12 

 

5.94562X10-8 

 

2.00433X10-9 

 

17 6.81691 X10-8 

 

2.29806X 10-9 

22 7.57928 X10-7 

 

2.55506X10-9 

 

2.5 Estimating Probability of Vertical Overlap: Pz (0) 

 

The probability of vertical overlap of aircraft nominally flying at the same flight level on 

laterally adjacent flight paths is denoted by Pz(0). It is defined by 

 

    Pz (0) = P(|Z1 -  Z2| ≤λz), 

 

where Z1 and Z2 are the height deviations of two aircraft nominally flying at the same flight 

levels on laterally adjacent flight paths. 

 

We assume that Z1 and Z2 are statistically independent with distribution Fz. Unlike in the 

computation of Py (Sy) where we assume the lateral deviations follow a mixture distribution here we 

may assume that Fz is a Double Exponential distribution with parameter βz > 0, that is, with density 

function 

 

fz(z) =
𝛽𝑧

2
e-βz|z| 

 

One can then estimateβz>0 by 

 

𝛽𝑧̂ = −
log 0.05

0.032915
= 91.0142 

 

 This is under assumption that a typical aircraft stays within ± 200 ft = ± 0.032915 NM 

of its assigned light level 95% of the time. This leads to an estimated value 0.4230008 for Pz (0). 

 

Unfortunately, this analysis ignores both the effect of large height deviations (LHDs) and 

aircraft  altimetry system errors (ASE) which are not estimable directly. So we use a conservative value 

of 0.538, as used by MAAR for vertical safety assessment in BOB region. 
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2.6 Estimating the Lateral Occupancy Parameters: Ey (same) and Ey (opp) 

 

In equation (1) there are two occupancy terms, one for same direction occupancy Ey (same) 

and another one for opposite direction occupancy Ey (opp). 

 

Same direction occupancy is defined as the average number of aircraft that are, in relation to a 

typical 

aircraft 

• flying in the same direction as it; 

• nominally flying on tracks one lateral separation standard away; 

• nominally at the same flight level as it; and 

• within a longitudinal segment centered on it. 

 

The length of the longitudinal segment, 2Sx, is usually considered to be the length equivalent 

to 20 minutes of flight resulting to a value of 160 NM. It has been verified that the relationship between 

Sx and the occupancy is quite linear. 

 

A similar set of criteria can be used to define opposite direction occupancy, just replacing 

“flying in the same direction" by “flying in the opposite direction". Occupancy, in general, relates to 

the longitudinal overlap probability and can be obtained by the equation 

 

𝐸𝑦 =
2𝑇𝑦

𝐻
 , 

 

where Ty represents the total proximity time generated in the system and H is the total flight hours 

generated in the system during the considered period of time. 

 

We estimate this quantity by direct estimation from time at waypoint passing using the TSD. 

For this we compute the number of proximate pairs by comparing the time at which an aircraft on one 

route passes a waypoint with the time at which another aircraft on a parallel route passes the homologous 

waypoint. When the difference between passing times is less than certain value, 10 minutes in this case, 

it is considered that there is a proximate pair in that pair of routes. Occupancy is then calculated using 

the following expression: 

 

𝐸𝑦 =
2𝑛𝑦

𝑛
 , 

where the numerator ny is the number of proximate pairs and the denominator, n, is the total 

number of aircraft. The observed number of proximate pairs and the total number of flights per route 

pair are summarised in Table 3. 

WP1 WP2 Proximate Total 

BIDEX ORARA 0 1070 

IGOGU IGREX 150 3768 

NOPEK IGOGU 292 4488 

GIRNA IDASO 238 3558 

VATLA ORARA 0 266 

IGOGU EMRAN 0 3176 

LIBDI MEPEL 18 1192 

RINDA SAGOD 232 4938 

MEPEL IBITA 34 1270 

IBITA TEBOV 48 2014 

SAGOD IBITA 40 1928 

POMAN IGAMA 0 1864 
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WP1 WP2 Proximate Total 

KITAL LOTAV 204 4330 

LOTAV REXOD 480 5288 

TOTOX REXOD 400 4674 

TOTOX PARAR 1170 6982 

ADPOP SUGID 0 3780 

RASKI PARAR 1256 7822 

NOBAT SUGID 0 3780 

POMAN ODOLI 0 1864 

KITAL ASPUX 0 450 

SULTO DUGOS 0 234 

UDULO KAKIB 0 2650 

BUBKO DOPID 8 486 

VATLA MABUR 0 266 

SAGOD MEPEL 6 1190 

Table 3: Number of laterally proximate flights per route pair, based on TSD. 

 

2.7 Estimate of Average Relative Longitudinal Speed:|𝑽|̅̅ ̅̅  

 

|𝑉|̅̅ ̅̅  is the average relative longitudinal speed between aircraft flying in the same direction. We 

estimate it from the TSD by taking the differences between the speeds of all the pairs of aircraft that 

constitute a lateral proximate pair in the same direction. |𝑉|̅̅ ̅̅  is estimated as the mean absolute value of 

all the calculated differences, which turns out to be 23.50464. We use the conservative value 24. Here 

we note that the lateral proximate pairs are already determined while estimating the parameter Ey 

(same). 

 

2.8 Estimate of Average Relative Lateral Speed:|𝒚 ̇ 𝑺(𝒚)|̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ 
 

|𝑦 ̇ 𝑆(𝑦)|̅̅ ̅̅ ̅̅ ̅̅ ̅̅ is the average relative lateral cross-track speed between aircraft, flying on adjacent 

routes separated by Sy NM at the same flight level, that have lost their lateral separation. The estimation 

of this parameter generally involves the extrapolation of radar data, speeds and lateral deviations, but 

such radar data were not available for this study. So we take a conservative value 75 knots as per the 

EMA Handbook. 

 

 

2.9 Estimate of Average Relative Vertical Speed: |𝒛̇| 
 

|𝑧̇| denotes the average modulus of the relative vertical speed between a pair of aircraft on the 

same flight level of adjacent tracks that has lost lateral separation. It is generally assumed that |𝑧̇|is 

independent of thesize of the lateral separation between the aircraft and, for aircraft in level flight, it 

can also be considered that there is no dependency of |𝑧̇| with the vertical separation between the 

aircraft. As noted by various agenciesdata on |𝑧̇|are relatively scarce but typically taken as 1.5 knots 

which is considered to be conservative (see EMA Handbook). 

 

3. Longitudinal Collision Risk Assessment 

 

In order to compute the level of safety for longitudinal deviations of operations on the 

BOBASIO region we use the Longitudinal Collision Risk Model. It models the longitudinal collision 

risk due to the loss of longitudinal separation between aircrafts flying on the same route at the same 

flight level. The model is as follows: 

 



RASMAG/28−WP/14 

Appendix A 

A – 12 

 

𝑁𝑎𝑥 = 𝑃𝑦(0)𝑃𝑧(0)
2𝜆𝑥
|𝑥̇|

(
|𝑥̇|̅̅ ̅̅

2𝜆𝑥
 +  

|𝑦̇(0)|̅̅ ̅̅ ̅̅ ̅̅

2𝜆𝑦
+ 

|𝑧̇|̅̅̅̅

2𝜆𝑧
)  𝑋 [∑ 2𝑄(𝑘)𝑃(𝐾 > 𝑘

𝑀

𝑘=𝑚

]                     (4) 

 

 

We would like to note that the same model has been used for the safety assessment study of the 

South China Sea which was carried out by SEASMA. 

 

The parameters in the equation (4) are defined as follows: 

 

• Nax := Expected number of fatal accidents (two for every collision) per fight hour due to the  

loss of longitudinal separation between co-altitude aircrafts flying on the same track  

with planned minimum mNM longitudinal separation. 

 

• m := Minimum longitudinal separation in NM. 

 

• M := Maximum initial longitudinal separation between aircraft pair which will be monitored  

by ATC in order to prevent loss of longitudinal separation standard. 

 

• λx := Average length of an aircraft flying on BOBASIO region. 

 

• λy := Average wingspan of an aircraft flying on BOBASIO region. 

 

• λz := Average height of an aircraft flying on BOBASIO region. 

 

• Py (0) := Probability of lateral overlap of two aircrafts assigned same flight route and flight  

level. 

 

• Pz (0) := Probability of vertical overlap of two aircrafts assigned the same flight path at the  

same flight level. 

 

• |𝑥̇ |̅̅ ̅̅ := Minimum relative along-track speed necessary for following aircraft in a pair separated  

by mNM at a reporting point to overtake lead aircraft at the next reporting point. 

 

• |𝑦 ̇(0)|̅̅ ̅̅ ̅̅ ̅̅ ̅:= Relative across-track speed of same route aircraft pair. 

• |𝑧̇ |̅̅ ̅̅ := Average relative vertical speed of a co-altitude aircraft pair assigned to the same route. 

 

• Q(k) := Proportion of aircrafts for which the following aircraft has initial longitudinal 

separation k. 

 

• P(K > k) := Probability that a pair of same route co-altitude aircraft with initial longitudinal 

separation k will lose at least as much as k longitudinal separation before correction by ATC. 

 

Once again, a collision, and consequently two fatal accidents, can only occur if there is overlap 

between two aircraft in all three dimensions simultaneously. Equation (4) gathers the product of the 

probabilities of losing separation in each one of the three dimensions. 

 

The equation is derived under similar assumption as done in the case of lateral collision risk 

assessment. We should note here the first part of the right-hand side of the equation (4) gives the 

probability of a collision given an event of overtake of a front aircraft by a behind aircraft when both 
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are nominally flying at the same route at the same flight level, and the second part which is inside the 

square bracket is the expected number of aircrafts involved in such overtake events. 

 

3.1 Estimated Values of the Parameters and Estimated Longitudinal Collision 

 

Risk for Routes with 50 NM Longitudinal Separation 

 

The following table gives the values of the parameters of the right-hand side of the equation (4) 

which are obtained from our analysis. 

Parameter Estimated Values  Source of the Estimate 

m  50 NM Current minimum longitudinal separation 

(due to RHS). 

M 160 NM Conservative value corresponding to  

20 minutes separation. 

λx 0.04117171 NM  Estimated using flights on 50NM routes only. 

λy 0.04308855 NM Estimated using flights on 50NM routes only. 

λz 0.01301296 NM Estimated using flights on 50NM routes only. 

Py (0) 0.2 Conservative estimate 

(see Section 3.1.1). 

Pz (0) 0.538 Conservative value used in previous safety 

assessments 

(see Section 2.5). 

|𝑥̇ |̅̅ ̅̅  22 knots Conservative estimate using speed 

and distance between way points 

(see Section 3.1.2). 

|𝑦 ̇(0)|̅̅ ̅̅ ̅̅ ̅̅ ̅ 1 knot RASMAG/9 safety assessment 

(see Section 3.1.3). 

|𝑧̇ |̅̅ ̅̅  1:5 Conservative value as per EMA Handbook 

(see Section 2.9). 

Q(k) See Table 4 Obtained from TSD 

(see Section 3.1.4). 

P(K > k) See Table 4 Computed using normal model on speed 

(see Section 3.1.5). 

 

Finally, this leads to the following estimate for the longitudinal collision risk Nax. 

 

Nax = 0.484744 X10-9 

 

3.1.1 Estimating Probability of Lateral Overlap: Py (0) 

 

Py (0) is defined as the probability of lateral overlap of aircraft nominally flying at adjacent 

flight levels on same route. We can now use the same mixture model of Section 2.4 to compute this 

parameter by substituting Sy = 0 in the equation (2). This leads to an estimate of Py (0) as 0.2. 

 

However as noted earlier in the EUR/SAM report, this factor Py(0) has a significant effect on 

the risk estimate. Therefore, it should not be underestimated. Py(0) will increase as the lateral 

navigational performance of typical aircraft improves, causing a corresponding increase in the collision 

risk estimate. As reported in the EUR/SAM report, the RGCSP was aware of this problem and attempted 

to account for improvements in navigation systems when defining the RVSM global system 

performance specification. Based on the performance of highly accurate area navigation systems 

observed in European airspace, which demonstrated lateral path-keeping errors with a standard 

deviation of 0.3 NM, the RGCSP adopted a value of 0.059 as the value of Py (0) for the global system 

performance. 
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k (mins) k (NM)  Q(k)  P(K > k) 

1 8 0.0000000 1.93325 x 10-1 

2 16 0.0000000 7.67166 x 10-2 

3 24 0.0000000 2.6395 x 10-2 

4 32 0.0000000 7.28541 x 10-3 

5 40 0.0000000 1.56351 x 10-3 

6 48 0.0000000 2.58089 x 10-4 

7 56 0.0000000 3.29275 x 10-5 

8 64 0.0000000 3.36356 x 10-6 

9 72 0.0000000 3.09631 x 10-7 

10 80 0.09448819 3.3236 x 10-8 

11 88 0.07005159 4.99189 x 10-8 

12 96 0.07901168 9.22264 x 10-9 

13 104 0.06462123 1.80423 x 10-10 

14 112 0.07249525 3.56346 x 10-11 

15 120 0.07330980 7.0456 x 10-12 

16 128 0.06869400 1.39327 x 10-12 

17 136 0.07330980 2.75511 x 10-13 

18 144 0.06950855 5.44808 x 10-14 

19 152 0.06815096 1.07733 x 10-14 

20 160 0.07059462 2.13036 x 10-15 

Table 4: Estimated values of Q(k) and P(K > k) 

 

As observed by many monitoring agencies and pointed out to us by AAMA, the RGCSP value 

of Py(0) does not acknowledge the close track-keeping observed with RNP 4 or GNSS-equipped RNAV 

10/RNP 10 aircraft. Furthermore, the EMA Handbook recommends to take a conservative value as 0.2. 

So we take this conservative value for our analysis as well. 

 

3.1.2 Estimation of the Parameter  |𝒙̇ |̅̅ ̅̅  

 

|𝑥̇ |̅̅ ̅̅  is defined as the minimum relative along-track speed necessary for following aircraft in a 

pair separated by m NM at a reporting point to overtake lead aircraft at the next reporting point. Thus 

if d is the distance between the two way points and v0 is the speed of the front aircraft then|𝑥̇ |̅̅ ̅̅ can be 

computed by the equation 

 

    
𝑑−𝑚

𝑣𝑜
= 

𝑑

𝑣𝑜−|𝑥̇|̅̅ ̅̅
 

leading to 

 

|𝑥̇|̅̅ ̅̅  =
𝑚𝑣𝑜
𝑑 − 𝑚

 

We conservatively estimate it by taking v0as the minimum speed observed in TSD which is 

360 NM per hours and the maximum distance between two waypoints on the routes which we study 

which is d = 842NM. With m = 50 NM the final estimate turns out to be |𝑥̇ |̅̅ ̅̅  = 22.73 knots. We use a 

conservative value of22 knots. 

 

3.1.3 Estimation of the Parameter  |𝒚̇ (𝟎)|̅̅ ̅̅ ̅̅ ̅̅ ̅ 
 

|𝑦̇ (0)|̅̅ ̅̅ ̅̅ ̅̅ ̅is defined as the relative cross-track speed of same route aircraft pair. No data is 

available for estimation of this parameter so we take a conservative value of 1 knot as given in the EMA 

Handbook. 
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3.1.4 Estimation of the Parameter Q(k) 

 

Q(k) is defined as the proportion of aircraft pairs with initial longitudinal separation k. We 

estimate its value from the TSD. Flights entering the FIR on different routes and assigned different fight 

levels we reconsidered separately (see Figure 4), and the waiting times between successive arrivals were 

tabulated in minutes. We assume an average speed of 8 NM per minute, and compute the proportion 

Q(k) as: 

 

 

𝑄(𝑘) =  
number of ight pairs with inter−arrival distance 8k

total number of ight pairs with at least 80 NM separation
 

 

Figure 5: Values of Q(k) estimated from TSD. For co-altitude flights on the same route (after 

entry / before exit), the proportion of flights that entered k minutes after the preceding flight is 

plotted fork = 7,8,9,………20 minutes. 

 

The final estimated values of Q(k) for k ranging between 1 and 20 minutes is given in the Table 

4. 

Figure 6: Distribution of relative velocities of longitudinally proximate pairs. The Normal 

distribution does not necessarily seem to be a reasonable fit. 

 

3.1.5 Estimation of the Parameter P(K > k) 

 

To estimate P(K > k) we consider two aircrafts flying on same route at same flight levels at the 

same direction. Let V and VI be their ground speeds of the front and behind aircraft respectively. We 

assume these speeds to be statistically independent but identically distributed. Let T0 be the maximum 

duration of time before ATC intervenes. Then 

 

𝑃(𝐾 > 𝑘) = 𝑃 ( 0 <
𝑘

𝑉𝐼 − 𝑉
< 𝑇𝑂) = 𝑃( 𝑉𝐼 − 𝑉 >

𝑘

𝑇𝑂
 

We note here that the value of T0 is conservatively taken to be 0.5 hours. 



RASMAG/28−WP/14 

Appendix A 

A – 16 

Now we finally estimate these probabilities using the TSD. For that we consider the difference 

in velocity of two aircraft nominally flying on the same route at the same flight level, after removing 

records with unusually high or low traversal times. 

 

We observe that these differences in velocity are symmetrically distributed around zero but 

from the histogram and the quantile- quantile plot (see Figure 5) it is not clear that these differences 

necessarily 

Normally distributed. To be conservative, we postulate the following mixture model for the 

density of these velocity differences. 

 

𝑓𝑣(𝑣) = 𝑝 
𝛽𝑣
2
𝑒−𝛽𝑣|𝑣| + (1 − 𝑝)

1

√2𝜋𝜎𝑣
𝑒
−

𝑣2

2𝜎𝑣
2 

 

which is a mixture of Double Exponential and Normal densities with mixing proportion p. 

 

 

 

 

 

 

Figure 7: Distribution of relative velocities of laterally proximate pairs along with estimated mixture 

density (estimated using the EM algorithm). 

 

We then estimate the parameters of this mixture model by their maximum likelihood estimates 

(MLEs).Since this is a mixture model so we use the Expectation-Maximization (EM) algorithm to find 

the MLEs. The algorithm converged rapidly to give the following estimates: 

 

 𝑝̂ =  0.5097937  , 𝛽̂𝑣 =  0.1012987 , and 𝜎̂𝑣 =  29.15164 

 

It is well known in Statistics literature that even though the EM algorithm increases the value 

of the likelihood it may get trapped in a local maximum. To avoid this problem we tried several starting 

values and observed that the algorithm always converges to the same estimated values given above. 

 

So it is statistically reasonable to accept the mixing density with these value of the parameters 

as a good estimate of the true density of the velocity differences. A graphical representation of the fit is 

given in Figure 7. 

 

With these we estimate the values of P(K > k) for k ranging between 7 and 20. These are 

presented in Table 4. 
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4  Summary of the Safety Assessment 

 

The following table gives a summary of the safety assessment of the BOBASIO region for the 

month of December 2022. 

 

Type of Risk Estimated Risk TLS Remarks 

Lateral Risk 1.38017  X 10-9 5  X 10-9 Below TLS 

Longitudinal Risk 0.484744 X 10-9 5  X 10-9 Below TLS 

 

Figure 8: Assessment of Compliance with Lateral and Longitudinal TLS Values. 

 

Figure 8 presents the results of the collision risk estimates for each month using the cumulative  

12 month LLD reports since January 2022. 
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