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Airlines Loss Modeling Framework
" The Insurance & Reinsurance Markets
=  [nsurance & Reinsurance Pricing

= Typical Features of Airlines Models
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The Insurance Markets

= Airlines
e  Hull: up to $355 million
 Passenger and third party liability: up to $2.25 billion
e Coverage on per aircraft basis
e Typically written a percentage of total limit

= Products
 Airframe, engine, and parts manufacturers, airports, etc.
Protects product manufacturers or airports when found
wholly or partially liable in claims
e Limits up to S2 billion
e  Major products typically written a percentage of total
limit

= General Aviation (GA) - Mike to discuss in his slides
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The Reinsurance Markets

= Types of Products

e Reinsurance
O Proportional (QS, Surplus)
O Risk Excess
O Excess of Loss

e  Retrocession
O UNLXOL
O Industry Loss Warranty (ILW)

= Notable features: double triggers
* Floating retention in a primary XOL cover: e.g., $10m xs S5m
or $100m whichever the lesser
* Industry loss warranty in a retro UNL XOL cover: e.g., S20m xs
S10m with $750m industry loss warranty
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Reinsurance Pricing - Questionnaire

e Schedules A (Non-US airlines), B (US airlines), C (Manufacturers), D-J
e Roughly 70 non-US airlines, 20 US airlines, 30 product manufacturers

Hull dient % Liability dient %
Insured Inception Expiry Hull Limit Excess Line Liability Limit Excess Line

A Airlines 1 1-Apr-10| 31-Mar-11 150,000,000 [0} 1,750,000,000 [0}
A Airlines 1 1-Apr-11 31-Mar-12 uUsD 150,000,000 [0} uUsD 1,750,000,000 [0}
A Airlines 1 1-Apr-12 31-Mar-13 uUsb 150,000,000 [0} uUsb 1,750,000,000 [0}
A Airlines 2 1-Dec-10| 30-Now11 uUsbD 180,000,000 [0} uUsbD 1,500,000,000 [0}
A Airlines 2 1-Dec-11| 30-Now12 uUsD 180,000,000 [0} uUsD 1,500,000,000 [0}
A Airlines 2 1-Dec-12| 30-Now13 uUsb 180,000,000 [0} uUsb 1,500,000,000 [0}
A Airlines 3 1-Dec-10| 30-Now11 uUsD 275,000,000 [0} uUsD 2,250,000,000 [0}
A Airlines 3 1-Dec-11| 30-Now12 uUsD 275,000,000 [0} uUsD 2,250,000,000 [0}
A Airlines 3 1-Dec-12| 30-Now13 uUsbD 275,000,000 [0} uUsD 2,250,000,000 [0}
B Airlines 4 1-Jul-10 4-Aug-11 UsD 75,000,000 [0} uUsD 1,500,000,000 [0}
B Airlines 4 5-Aug-11 4-Aug-12 uUsb 75,000,000 [0} uUsb 1,500,000,000 [0}
B Airlines 4 5-Aug-12 4-Aug-13 uUsD 75,000,000 [0} uUsD 1,500,000,000 [0}
B Airlines 5 1-Jul-10f 30-Jun-11 uUsD 165,000,000 [0} uUsD 1,750,000,000 [0}
B Airlines 5 1-Jul-11 30-Jun-12 uUsb 165,000,000 [0} uUsb 1,750,000,000 [0}
B Airlines 5 1-Jul-12 30-Jun-13 uUsD 165,000,000 [0} uUsD 1,750,000,000 [0}
B Airlines 6 21-Dec-10| 20-Dec-11 uUsD 200,000,000 [0} uUsD 1,750,000,000 [0}
B Airlines 6 21-Dec-11| 20-Dec-12 uUsD 200,000,000 [0} uUsD 1,750,000,000 [0}
B Airlines 6 21-Dec-12| 20-Dec-13 uUsD 200,000,000 [0} uUsD 1,750,000,000 [0}
C Manufacturer 1 1-Jan-10| 31-Dec-10 uUsb 10,000,000 [0} EUR 1,000,000,000 (0}
C Manufacturer 1 1-Jan-11| 31-Dec-11 uUsbD 10,000,000 [0} EUR 1,000,000,000 [0}
C Manufacturer 1 1-Jan-12| 31-Dec-11 usD 10,000,000 (0] EUR 1,000,000,000 (0]
C Manufacturer 2 1-Apr-10| 31-Mar-11 GBP 80,000,000 [0} uUsb 1,500,000,000 [0}
C Manufacturer 2 1-Apr-11 31-Mar-12 GBP 80,000,000 [0} uUsD 1,500,000,000 (0]
C Manufacturer 2 1-Apr-12 31-var-13 GBP 80,000,000 [0} uUsD 1,500,000,000 [0}
C Manufacturer 3 1-Jul-10( 30-Jun-11 uUsbD 355,000,000 [0} uUsD 2,000,000,000 (0]
C Manufacturer 3 1-Jul-11 30-Jun-12 uUsD 355,000,000 [0} uUsD 2,250,000,000 [0}
C Manufacturer 3 1-Jul-12 30-Jun-13 uUsb 355,000,000 [0} uUsb 2,250,000,000 [0}
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Retro Pricing — Retro Questionnaire (Aggregates)

* Necessary info for a reinsurer’s risk management
e Critical info for retro pricing

| Industry Loss by Insured |

Schedule Insured $250VIVI S500VIVI S750VIVI $1000VIM  $1250VIM  $1500VIM S1750VIM $2000VIVI

A Aegean Airlines 1,960,200 8257,343 14,901,898 21,564,441 28862,087 37,011,588 45,737,779 54,381,109
A Aeroflot 1,960,200 8257,343 14,901,898 21,564,441 28862087 37,011,588 45,737,779 54,381,109
A Aerolineas Argentinas 1,960,200 8257,343 14,901,898 21,564,441 28,862,087 37,011,588 45,737,779 54,381,109
A Aeromexico 1,960,200 8257,343 14,901,898 21,564,441 28862,087 37,011,588 45,737,779 54,381,109
A Air Algerie 1,960,200 8257,343 14,901,898 21,564,441 28862087 37,011,588 45,737,779 54,381,109
A Air Asia 1,960,200 8257,343 14,901,898 21,564,441 28862,087 37,011,588 45,737,779 54,381,109
A Air Berlin 1,960,200 8257,343 14,901,898 21,564,441 28862087 37,011,588 45,737,779 54,381,109
A Air Canada 1,773,647 5152059 10236908 15417,528 17,559,868 18622,759 18622,759 19,159,068
B Alaska Air Group 556,875 4,577,513 879,768 13218050 15163904 16136831 16,136831 17,109,758
B American Airlines 791,690 5547588 11,446,565 17426475 23,720,090 30,474,138 34,614,261 35,535,525
B Delta Air Lines 581,378 4,521,825 9,589,388 14,842,575 20,225,700 25513340 28890,6/5 28890675
B DHL International 198,062 4,716,731 10,309,613 15937,763 21,913960 27,356,170 31,135519 31,135,519
C ABC Scheme 356,400 2,208 938 5,552,990 9,721,069 14,316,840 18194009 21,400,170 21,400,170
C ATR 273,686 1,641,315 4,550,376 8300897 12915365 17,061,536 21,816,706 22,559,661
C Avio 142,560 3,005,876 7445331 12,742,960 18337499 22,754,918 28650651 34,150,640
C BAA 14,256 826,514 3,323,910 6,287,219 10441,807 12,531,544 12,531,544 12,531,544
C BAE Systems - 718222 2,623,766 532,637 9,333,767/ 12,120,318 15,623,699 18,360,614
C Boeing/\VDC - 1,350,479 4,264,484 7,735,837 9,296,603 9,296,603 5,296,603 9,296,603
C Bombardier/Canadair/Learjet - 2,031,183 5,299,146 8990493 13,034,155 17004029 22244300 27,092,390
C Dassault Aviation 81,527 1,654,362 4,831,331 854,399 10,185,357 10,189,357/ 10,185,357 10,189,357
C EADS 106,920 2,058,025 4,545,400 7464006 10821,763 13598138 17,214,473 20,410,603
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Airlines Loss Modeling — Typical Features

= All airlines models are similar to some extent
e A major goal of modeling is to build an industry major loss event set

= Data is transparent and of high quality

e Fleet and loss data can be subscribed and downloaded from a third party data
provider

* Many publicly available websites

= Data is detailed
* Every major loss event

e Every single western built jet and most western built turbo prop aircraft in
service worldwide
O About 20,000 jets (18,000 for passengers), and
O About 5,000 turbo props (3,300 for passengers)

= Loss modeling is typically exposure based
e The historical & current fleet and utilization information play key roles
e Loss modeling is at aircraft level

» Key parameters are either derived from experience or selected by actuarial
judgement and are constantly monitored to reflect the current operating
conditions
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Airlines Loss Modeling — at Aircraft Level

= Frequency Factors
e Operator Domicile Country, Region, Size
e Aircraft Type, Aircraft Age, Usage, Utilization (cycles, hours)

= Severity Factors (best summarized in the following formula):

Loss Size = [Hull Insured Value] + [Seats] X [Load Factor] X [Fatality Rate] x
[Award Per Passenger]

= Other Considerations
 Product manufacturers involvements
O Region differential
O Type of product (Airframe, Engine, etc)

e Awards fare class/country differential, passenger mix, non-injured
passengers

e Third party liability on the ground
e Multi-aircraft crashes

* Frequency: rare but many mid-air near-miss events near airports
e Severity: may be skewed in such headline events

= Selection of Probability Distributions for Stochastic Simulation
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Airlines Loss Modeling — A Sample Fleet

Hul | Lih Award | Award | Award Wrket| Insured Freq Per

Operator Limit | Limit |Aroraft | Arcraft |Serial| Arcraft | Engine (Seat| Seat | Seat | First |Business| Economy| Aircraft| Year of| Value | Value | Cydles | Load | Million
Operator | Country | Inswed | (Sm) | (Sm) | Type | Variant | No. | Menw | Manu |First|Business| Econ | (Sm) | (Sm) | (Sm) | Usage| Build | () | (m) |Budgeted| Factor | Cydle | Freq
OperatorA CountryA AinesA 25 2250 A0 GD(EA)  Arbus G720 9 &) 49 3 15 0sP 09 161 1B 507 070 0281 000084
OperatorA CountryA AdinesA 25 250 A0 &D(EA)  Arbus G700 9 &0 49 3 15 osP 009 161 24 s 070 0281 0000w
OperatorA CountryA AinesA 75 2250 A0 GD(EA)  Abus G720 9 &) 49 3 15 o0sP 009 161 18 57 070 0281 000084
OperatorA CountryA AinesA 25 2250 A0 GO(EA)  Arbus G720 9 &) 49 3 15 0sP N0 19 25 57 070 0281 000084
OperatorB CountryA AdinesA 25 250 A0 &D(EA)  Arbus G700 9 &0 49 3 15 osP 00 10 28 s 070 0281 0000w
OperatorB CountryA AinesA 25 2250 A0 GD(EA)  Arbus G720 9 &) 49 3 15 0sP 200 19 189 57 070 0281 000084
OperatorB CountryA AdinesA 25 250 A0 &D(EA)  Arbus G700 9 &0 49 3 15 05PN 1M 28 s 070 0281 0000w
OperatorB CountryA AinesA 75 2250 A0 GD(EA)  Abus G720 9 &) 49 3 15 05PN 1M 28 507 0750 0281 000014
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Airlines Loss Modeling — A Simulation Schematic

Fleet
(operator, domicile, aircraft type, —
usage, utilization, etc)

Frequency distribution ———— Generate # of loss events

:

For each event

.

Multi-aircraft crash? > Dertermlne one ormore -«
aircraft from the fleet
Exposure Based
l (hull'insured value, seats,
Generate aloss amount«—  load factor, fatality rate,

l pass. award, etc)

Manu. Risk Characteristics

(frame, engine, etc) ——_, Determine manufacturer’s
Contribution (if any)
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Airlines Loss Modeling — A Sample Event Set

Seq, Prodlct Aircraft | Serial | Load | Fatality Award | Award |Seats| Seats | Seats
lteriD| ID | Hullloss | Labloss | (%) | Operator | Manu. | Type | No. | Factor | Rate |AwardFirst| Business | Economy | First | Bus. | Econ.
2% 24 105000000 464301277 12.8% OperatorA Manu10 Typel 1 028 1000 3724 21960 617087 8 B 40
M 16 BATITO 78160787 B0%OperatorA Manulo Typeld 3 576% 1000% 862413 4310707 21538 14 6 4%
5827 2 19000000 3%912769 27.48%OperatorA Manu3  Type2 1 90 100 18675 13372 7070 122 60 39
758 10 20634000 3971376  00%OperatorA Mnull Typel7 8 9% 100006 183280 1311206 7932 1 & 30
9155 5 18550000 2697299668 89.0%OperatorA Manu2 Typed 20 1000% 1000% 1262788 889465 5KBL18 1 60 39
10289 14 216000000 43234655 917 OperatorA Manuls Typel = 15 R5% 10000 358272 208969 5706 9 & 49
W71 119130000 597057 006 OperatorA Manub Typed 20 B%%6 1000% 298331 20268 116152 12 & 3N
1657 18 16850000 3518664 006 OperatorA Manu3 Type3d 0 &% 1000 32848 19537 5712 9 & 49
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