Y
%SB\S\ Institute
i@& and Faculty

SWET | of Actuaries

3D Diagnostics Towards Better Reserving
Chris Smerald

24 October 2018




|

?159‘; Institute

%@& and Faculty
S of Actuaries

SN T 20
CERITTARES

Better Sensing and Responding to Change:

The Trio in Your Triangle -Understanding Age,
Period and Cohort Effects.




Agenda
» Digression du GAR

Trio in Your Triangle:

— Age

— Period
— Cohort

- AP, AC, or PC
- Data Polishing and Modelling Anecdotes
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Digression: Good Actuarial Report Complexity Heuristic
[Role | Users, Knowledge, Experience | Uses +Scope | Expectations

Risk Capital actuaries ditto
Management
Assurance actuaries ditto

Sl = Something real
on Delivery

Simplifying It's only a triangle
Factors

Simplify Avoid too much Israel context

m Get their feedback

Make better model and parameter
selections. This reserving cycle

Decision Reserving actuaries, lots of logic,
Making statistics, and "know pain”

Risk Modelling insights

Tools for challenge and review

Concepts new. Hard to get your head
around DY; AY to some degree. Process

olelnlalleziiylc Israel data context new to audience.
Factors Not used to using economic series or
critical thinking in three dimensions

Audience familiar with the data
transformations used

Exhibits not formulas
Reduce # covariates; (# AY’s?)

Do logic and formula checks

Practical insights you can apply
Satisfy your curiosity

Improved knowledge of risk drivers for
later application

Practical things you can use to help
sense check

(Work  |lnputs | Modelling Communication and Documentation

Easy to understand so you could possibly

Want it to be clear and simple. Please,
no big formulas and proofs

Many user needs and expectations.
Time limitation.
Lots of background

It's a 45 min slot. There is only so much
that they will expect

Storytelling; same thing from multiple
perspectives.

Do a test run with someone in advance
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Enter the Trio in Your Triangle: Age, Period and Cohort

Table 1: Suicide rates among men in the USA, 1910-2004

Time period

1310- 1915- 1920 - 15925- 1830- 1935- 1940- 1945- 1950- 1855- 1960- 1265~ 1970- 1975- 1%80- 1985- 1990- 1385- 2000-

f._ge 1914 1919 1924 1929 1934 1939 1944 1948 1954 1959 1954 1968 1574 1979 1984 1989 1994 1939 2004 €
10-14 0.6l 0.83 053 055) 0.67 0.64 073 035% 069 086 fi 1. 153 222 234 225 1.89/1930-15%4
15-19 6.33 4.54 357 : 377 419 577 722 16.89 1794 1498 12.45/1985-1989
20-24 2179 1530 1098 1179 9.55 9.97 1206 14.94 23.57 20.70(1980-1984
25-29 71,10 12,16 1439 1686 21.56 26.88 22.79 20.29(1975-1379
3034 20.52|1970-1974
35-39 1965-1269
A0-44 1960-1964
45-49 24.44]|1955-1959
50-54 23.29|1950-1953
55-59 22.40]1945-1949
f0-64 20.37|1940-1944
B5—69 21.15/1935-1939
074 : 26.40|1930-1934
75-74 5142 4 : 19251929
8084 58.64) A7.69 48,12 4577 4991 £3.00 59.15 49, 1920-1924
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Birth \ Age
year \

1900-1904
1905-1909
1910-1914
1915-1919
1920-1924
1925-1929
1930-1934
1935-1939
1940-1944
1945-1949
1950-1954
1955-1959
1960-1964
1965-1969
1970-1974
1975-1979
1980-1984
1985-1989
1990-1994
1995-1999

10-14

0.61
0.63
0.53
0.55
0.54
0.67
0.64
0.79
0.59
0.69
0.86
0.92
1.03
1.28
1.53
2.22
2.34
2.25
1.89
0.79

24 October 2018

Suicide Rates as a Triangle

15-19

4.94
3.57
4.07
4.92
4.83
3.90
3.81
3.77
4.19
5.77
7.22
10.29
12.87
13.94
16.89
17.94
14.98
12.46
5.77

20-24

10.98
11.79
13.33
13.02
10.72
10.09

9.55

9.97
12.06
14.94
21.62
27.49
25.54
26.21
26.39
23.57
20.70
14.94

25-29

16.02
18.49
17.77
14.35
12.26
12.22
12.16
14.39
16.86
21.56
26.88
26.25
25.36
25.09
22.79
20.29
18.49

30-34

22.78
22.04
17.69
15.19
13.61
14.28
17.03
18.09
20.55
23.39
23.93
24.24
24.65
22.61
20.52
20.55

35-39

26.91
21.44
19.80
17.27
16.79
19.71
20.69
21.39
22.69
22.71
23.41
24.14
23.56
22.14
22.71

40-44

24.22
24.08
21.98
22.49
23.26
23.53
23.06
22.81
22.31
21.97
23.28
23.88
24.16
23.88

45-49

2752
27.49
27.05
28.00
25.77
26.64
24.63
22.69
22.55
22.61
23.01
24.44
27.49

50-54

32.32
33.30
33.90
30.18
27.84
25.72
24.13
23.80
22.88
21.52
23.29
33.27

55-59

37.57
37.91
34.31
31.61
27.40
25.97
25.65
23.68
21.87
22.40
37.57

60-64

36.67
35.58
31.31
29.50
25.48
26.26
24.77
20.84
20.37
40.38

65-69

34.23
33.56
31.26
27.87
29.97
26.74
23.86
21.50
41.17

70-74

36.92
36.44
35.06
39.18
34.03
29.77
26.40
44.92

75-79

44.53
42.92
50.78
46.05
37.83
33.36
46.05

Warning: Social Sciences

may use more data than us!

80-84

49.91
63.00
59.18
49.22
42.18
55.67

CS1
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A Social Sciences Modelling View

E[SuiCideSBirth=i,Age=j]
=#Births y_;

* Base Year Suicide Rate
* H{) Age Effect;
[+] . .
*[1.” Period (semi — decade)Effect,
* 14 Cohort (Formative) Effect,
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=Exposure ,y_;
* Pure Loss Rate 2> Year 0

* H{, Development factor,
* H:H CY ef fect;
*T14 AY ef fect,
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Age period cohort: The Development Distribution

Suicide Rates as a Triangle

?;r:r\tge 10-14 1519  20-24 2529  30-34 3539 4044 4549 5054 5558  60-64 6569 7074 7579  80-84
1900-1904  0.61 494  10.98  16.02 2278 2691 2422 2752 3232 3757 3667 3423 3692 4453  49.91
1905-1909  0.63 357 1179 1849 2204  21.44 2408 2749 3330 3791 3558 3356 3644 4292  63.00
1910-1914 053 407 1333 1777  17.69  19.80  21.98  27.05 33.90 3431 3131 3126 3506 5078  59.18
1915-1919 055 492  13.02 1435 1519 1727 2249 2800 3018 3161 2950 27.87 3918 4605  49.22
1920-1924 054 483 1072 1226 1361 1679 2326 2577  27.84 2740 2548 2997 3403  37.83  42.18
1925-1929 067  3.90  10.09 1222 1428 1971 2353 2664 2572 2597 2626 2674 2977 3336  55.67
1930-1934 064 381 955 1216  17.03  20.69  23.06 2463 2413 2565 2477  23.86 2640  46.05
1035-1939/ 079  3.77 _ 997 1439 1809 2139 2281 2269  23.80 2368  20.84  21.50  44.92

1940-1944] 059 419 1206 16.86 2055  22.69 2231 2255  22.88  21.87 2037  41.17

1945-1949| 069 577 1494 2156 2339 2271  21.97 2261 2152 2240 4038

1050-1954] 086  7.22 2162 2688 2393 2341 2328 2301 2329  37.57

1955-1959| 092 1029  27.49 2625 2424 2414 2388 2444 3327

1960-1964 103 1287 2554 2536 2465  23.56 2416  27.49

1965-1969 . : : 25 ; . 23,

1970-1974

1975-1979

1980-1984

1985-1989

1990-1994

1995-1999
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% Rep AY 12:24 24:36 36:48 48:60 60:72 72:84 84:96 96:108 108:120 120:132 132:144 144:156 156:168 168:180 180:192 192:204 204:216 216:228 228:240 240:252 252:264 264:276 276:288
99.98% 1992 3.061 1.544 1.285 1.208 1.121 1.091 1.061 1.030 1.022 1.015 1.007 1.009 1.004 1.008 1.002 1.004 1.002 1. . g . 1.000 1/000

99.96% 1993 3.234 1.581 1.323 1.191 1.142 1.083 1.067 1.034 1.028 1.014 1.014 1.006 1.006 1.005 1.002 1.005
99.92% 1994 3.241 1.497 1.323 1.204 1.125 1.091 1.074 1.040 1.017 1.014 1.014 1.009 1.013 1.003 1.003

99.86% 1995 2.945 1.474 1.329 1.210 1.141 1.083 1.088 1.027 1.023 1.020 1.010 1.007 1.007 1.004

99.77% 1996 2.902 1.532 1.349 1.205 1.115 1.105 1.080 1.034 1.022 1.017 1.018 1.008 1.008

99.59% 1997 3.084 1.556 1.304 1.182 1.123 1.116 1.075 1.034 1.029 1.020 1.022 1.017 1.005

99.47% 1998 3.215 1.530 1.258 1.191 1.154 1.099 1.065 1.043 1.034 1.023 8

99.40% 1999 2.975 1.477 1.285 1.209 1.132 1.092 1.060 1.035 1.023 1.022
99.25% 2000 3.154 1.465 1.289 1.176 1.123 1.107 1.074 1.038

99.07% 2001 3.214 1.502 1.300 1.188 1.145 1.118 1.063 1.058

98.66% 2002 3.301 1.536 1.296 1.226 1.145 1.103

97.98% 2003 4.768 1.569 1.375 1.206 1.140 1.103

97.28% 2004 3.347 1.707 1.317 1.180 1.153
95.81% 2005 3.918 1.609 1.324 1.216
94.05% 2006 3.907 1.585 1.282

91.24% 2007 3.506 1.538
87.66% 2008
81.54%
72.67%
62.44%
49.81%
35.37%
17.92%
2.93%

5|YrWtd‘ 6.121 1.973 1.408 1.253 1.164 1.122 1.075 1.041 1.031 1.019 1.015 1.007 1.007 1.004 1.002 1.002 1.001 1.001 1.002 1.000 1.000 1.001 1.000
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AY 12:24  24:36 36:48 48:60 60:72 72:84
1992 3.061 1.544 1.285 1.208 1.121 1.091
1993 3.234 1.581 1.323 1.191 1.142 1.083
1994  3.241 1.497 1.323 1.204 1.125 1.091
1995 2.945 1.474 1.329 1.210 1.141 1.083
1996  2.902 1.532 1.349 1.205 1.115 1.105
1997 3.084 1.556 1.304 1.182 1.123 1.116
1998 3.215 1.530 1.258 1.191 1.154 1.099
1999 2.975 1.477 1.285 1.209 1.132 1.092
2000 3.154  1.465 1.289 1.176 1.123 1.107
2001 3.214 1.502 1.300 1.188 1.145 1.118
2002 3.301 1.536 1.296 1.226 1.145 1.103
2003 4.768 1.569 1.375 1.206 1.140 1.103
2004  3.347 1.707 1.317 1.180 1.153 1.078
2005 3.918 1.609 1.324 1.216 1.145 1.101
2006  3.907 1.585 1.282 1.237 1.149 1.105
2007  3.506 1.538 1.330 1.224 1.142 1.141
2008 3.516 1.583 1.340 1.235 1.173 1.119
2009 3.431 1.670 1.370 1.247 1.158 1.148
2010 5.659  2.005 1.471 1.282 1.207 1.167
2011 5.793 2.083 1.444 1.294 1.232
2012 6.249 2.076 1.449 1.247
2013 6.044 2.214 1.511
2014 7.100 2.276
2015 6.870
ZULD 40,871 _’)J.L,Jﬁ
2016 49,843

24 October 2018

Gross / Pvt Owned

Paid: LDF's
Expos AY
1,508,931
1,740,390

ehicles < 3.5 Tons / Israel

-24  24-36 36-48

3.061
3.234
3.241

1.544
1.581
1.497

1.532
1.556
1.530

1.285
1.323
1.323
1.329
1.349
1.304

1.285

48 - 60
1.208
1.191
1.204
1.210

60-72
1.121
1.142
1.125
1.141

1.205 (S

1.182
1.191
1.209

128911476

1.300
1.296

1.188
1.226

1.123
1.154
1.132
1.123
1.145
1.145

84 - 96

96 - 108
1.030
1.034




Paid: Incremental LDF (Current Increment / Cumulative Prior)*

1993| 3,850.4
1994]  3,266.9
1995| 3,081.8
1996| 24818
199/] 21776
1998| 1,989.6
1999 19347
2000 11,7300
2001 14996
2002| 11,2885
2003| 854.8

2004| 1,270.8
2005| 1,122.3
2006| 1,115.7
2007| 1,231.9
2008] 1,083.1
2009| 1,000.3
2010| 542.0
2011| 528.5
2012| 503.9
2013| 513.8
2014 4749
2015| 547.9
2016| 634.2

1: Expos 2: Expos
1992( 5,002.0 10,309.3 15,311.3

8,601.7
7,320.6
5,992.7
4,719.2
4,538.4
4,407.3
3,820.6
3,726.9
3,319.8
2,964.8

3,220.7
2,982.8
3,274.6
3,243.6
3,086.7
2,725.0
2,431.8
2,524.8
2,533.1
2,645.0
2,591.7
2,897.0
3,216.3

Sum

12,452.1
10,587.5
9,074.4
7,201.0
6,716.0
6,396.9
5,755.3
5,456.9
4,819.4
4,253.3

4,075.5
4,253.7
4,396.9
4,359.3
4,318.6
3,808.1
3,432.1
3,066.8
3,061.6
3,148.9
3,105.4
3,371.9
3,764.2

2:1

2.06
2.23
2.24
1.94
1.90
2.08
2.22
1.97
2.15
221
2.30

3.77
2.35
2.92
2.91
2.51
2.52
2.43
4.66
4.79
5.25
5.04
6.10
5.87

3:1
1.67
1.88
1.61
1.40
1.54
1.71
1.70
1.42
1.47
1.61
1.77

2.71
2.37
2.39
2.29
1.89
2.05
2.30
5.69
6.27
6.72
7.34
9.06

Sum

3.73
4.11
3.85
3.34
3.45
3.80
3.92
3.39
3.62
3.83
4.07

6.48
4.71
5.31
5.19
4.39
4.56
4.73
10.34
11.06
11.97
12.38
15.16

3:2
0.54
0.58
0.50
0.47
0.53
0.56
0.53
0.48
0.46
0.50
0.54

0.57
0.71
0.61
0.59
0.54
0.58
0.67
1.00
1.08
1.08
1.21
1.28

4:2
0.44
0.51
0.48
0.49
0.54
0.47
0.39
0.42
0.42
0.45
0.46

0.59
0.54
0.52
0.45
0.51
0.54
0.62
0.94
0.92
0.93
1.13

Sum

0.98
1.09
0.98
0.96
1.07
1.03
0.93
0.90
0.89
0.95
0.99

1.16
1.25
1.13
1.03
1.05
1.12
1.29
1.95
2.01
2.01
2.35

4:3
0.28
0.32
0.32
0.33
0.35
0.30
0.26
0.28
0.29
0.30
0.30

0.38
0.32
0.32
0.28
0.33
0.34
0.37
0.47
0.44
0.45
0.51

5:3
0.27
0.25
0.27
0.28
0.28
0.24
0.24
0.27
0.23
0.24
0.29

0.28
0.24
0.29
0.30
0.30
0.31
0.34
0.42
0.42
0.36

Sum

0.55
0.58
0.59
0.61
0.63
0.54
0.50
0.55
0.52
0.54
0.59

0.66
0.55
0.61
0.59
0.63
0.65
0.71
0.89
0.87
0.81

* e.g., 3: 2 means Year 3 Incremental Paid / Cumulative Through Year 2"

24 October 2018

5:4 6:4 Sum
0.21 0.15 0.36
0.19 0.17 0.36
0.20 0.15 0.35
0.21 0.17 0.38
0.20 0.14 0.34
0.18 0.15 0.33
0.19 0.18 0.37
0.21 0.16 0.37
0.18 0.14 0.32
0.19 0.17 0.36
0.23 0.18 0.40
0.21 0.17 0.37
0.18 0.18 0.36
0.22 0.18 0.39
0.24 0.18 0.42
0.22 0.17 0.40
0.23 0.21 0.45
0.25 0.20 0.44
0.28 0.27 0.55
0.29 0.30 0.59
0.25
| Institute
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Down the Line
(LDF —1):
-Early Swap,
-Tail Lift

Year on year Offset:

18,000.0
16,000.0
14,000.0
12,000.0
10,000.0
8,000.0
6,000.0
4,000.0
2,000.0

0.0

2.50

2.00

1.50

1.00

0.50

0.00

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

e=@==1: EXpOs e=@==2:EXxpos «=@==Sum

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

=@u=3:) em@uml:) e=@==Sum

Gross / Pvt Owned Vehicles < 3.5 Tons / Israel

16.00

14.00

12.00

10.00

8.00

6.00

4.00

2.00

0.00

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

o F

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

=@e=): ] e=@u=3:] e=@==Sum

SN

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

Q= /:3 em@um5:3 w=@u=Sum

24 October 2018
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0.80

1,000.0

0.70

900.0
800.0

UK Motor
Subset

0.60

M

0.50

700.0
600.0
500.0
400.0
300.0

AN

0.40

M

0.30

Some Lift

0.20

200.0
100.0

0.10

0.00

0.0

10T
€10¢C
¢10¢
T10C
0ToT
600C
800¢
£00T
900¢
S00¢
v00¢
€00¢C
¢00¢
T00C
000t
6661
8661
L66T
9661

v10¢
€10C
1oe
TT0¢
otoc
600C
800¢
L00T
900¢
S00¢
00¢
€00C
00¢
T00C
000¢
666T
866T
L66T
966T

—@e=):] e=@m=3:] ==@=Sum

=@==1: EXpos e=@==2:Expos «==@==Sum

0.18

0.30

0.16

0.25

0.14

0.12

0.20

0.10

0.15

0.08

0.06

0.10

0.04

0.05

0.02

0.00

0.00

10¢
€T0C
[aera
T10¢
0To¢
600C
800¢
£00C
900¢
S00¢
00¢
€00¢
00¢
T00C
000t
666T
866T
L66T
966T

10T
€T0C
1oz
T10¢
0t0C
600C
800¢
£00T
900¢
S00C
¥00C
€00C
200¢
T00Z
000¢
666T
866T
L66T
966T

=@e=/:3 e=@u=5:3 e=@==Sum

Q=3 ) =@l ) w=@u=Sum
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Biased Measure: Percent of Ultimate —Israel Data

Gross / Pvt Owned Vehicles < 3.5 Tons / Israel
Paid Loss: Incremental Hybrid Ult
0-24

AY
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

27.0

26.7
26.9
27.9

27.6
26.4
23.8
25.0
25.0
26.0
25.3
23.7
21.3

0-24 F 24-48
28.5
29.5
27.7
27.1
28.5
27.7

27.5
31.2
28.3
26.8

27.4
30.0
30.5

24-48 F 48-72 48-72 F 72+

20.4
20.3
19.8
21.1

20.0
20.8

19.5
21.2

20.2
20.9
22.2
20.6
22.5
21.6

22.6

22.8
22.7
22.9
22.9

25.7
27.4
26.3

25.2
26.6
26.2

25.8
25.0
27.7
27.2

72+ F

27.2
27.5
27.3
27.2
27.4
27.4

37.5

35.0

32,5

30.0

27.5

25.0

22.5

20.0

15.0

12.5

N

All

=@=0-24 @=@uo0-24F e@u=24-48 w=Quo2)-U3F w@u=i8-72 «=Dm=i8-72F P72+ w=Qme72+F

A P > H o A DO DS
OV & & & P O O & & &
ISR N N QX G SC LRSS
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Biased Measure: % of Ult. —UK Personal Motor Subset

Paid Loss: Incremental Hybrid Ult

AY 0-12  0-12F12-36 12-36F 36-72 36-72F 72+ 72+ F UK Personal Motor Subset

1996 - 13.7 2.9 6008012 =0=0-12 F =8=12-36 =Q=12-36 F —@=36-72 =0=36-72 F —@=72+ =Q=72+F
1997 29.2 14.4 -

1998 287 15.1 V‘\

1999 51.4 30.0 15.2 3.4 50.0 M
2000 496 317 160 2.8

2001 51.3 31.0 14.9 2.8

2002 52.9 14.8 3.6 400

2003 3.5 °
2004 - 00 gt VﬁM
2005 29.3

2006 30.2 3.4

2007 52.2 30.7 3.6 200

2008 51.6 316 3.2

2009 | 485 32.1 3.7 W 0—0—9
2010 50.6 31.7 13.9 . 10.0

2011 49.9 315 14.9

2012 - - 15.1 39 w‘—o—‘—ko—o—o o—o—o—o—o—q»
2013 49.1 318 15.3 - 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
2014 (4581 354 149 38

y el 1} = 1
AU | @ana Faculity
@ of Actuaries
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Getting at the Distribution

Development Year Factors

0.18
0.16
0.14

0.12

0.10

Likelihood

0.02

Nz
Development Age , % X.\

Gamma Lt

Institute
and Faculty
of Actuaries

Total Gamma Gamma

24 October 2018 17



24 October 2018

36-48 48-60 60-72

0.808
0.878
0.972

Ve

0.940
0.783
0.838

0.704
0.886
0.735
0.812

72-84 84-96| 96-108 108-120 120-132 132-144 144-156 156-168

0.842 0.729 0.528
0.667 0.874 0.544
0.817 0.889 0.582

0675/ 1.143| 0333
1.012 0.843|  0.453

VeTo o
v.vuo

Veivoo
vieouo

0.683
0.804 0.798 0.439
1.090 0.669
0.974

0.754
0.849
0.447

uuuuu
vvvvv
vvvvv
vvvvv

Ve
Vs

RSV PN

veTou

0.706
0.517
0.822

vivou
viouv
veTo v

vivus v
Viveo

viouva
FR PR}

0469 1305  0.491
0986 0433 0983
0.994  0.662  1.482
0523 0646  1.032
1103 0.460  1.004
e ———

veuaT

Ve Tao

R RO
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Paid / Paid Prior

LOSS 7.000 = 12% wm@um12 - 24 w24 - 36

ecay ‘ 000
4.000
3.000
2.000
1.000
0.000
105 = —@m=MIA3:36-48 =@=MA3:48-60 ==@=MA3:60-72 11 =@=0\IA3:72-84 ==@=NA3:84-96
1.05
1
1
0.95 0.95
0.9 0.9
0.85
0.85 0.8
0.8 0.75
0.7
0.75
0.65
0.7 0.6
TR VR S S N VAR M S S S VR M L S S S S PR M S SN R TR S
LU SRR U G SRS A TN N SN L RS S SRR R G R AN RN N
O S S S S M S N SN R M S S S S SO N M
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Prior Active = Prior OS + Prior Paid

AY
1992
1993
1994
1995
1996
1997
1998

2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

24 October 2018

Exposure
1,508,931
1,740,390
2,016,977
2,114,667
2,356,514
2,761,648
2,971,558

3,116,301
3,244,092
3,377,090
3,648,870
3,842,099
4,089,308
4,443,322
4,711,514
4,913,443
5,109,890
5,319,006
5,645,939

Average:  0.056 0.470 0.244 0.215 0.207 0.209  0.223  0.220
PACV  69.5% = 12.1% = 20.2% 9.6% 7.5% 13.0%  17.2%  13.3%
0-12  12-24 24-36 36-48  48-60
876,365 1,546,937 1,420,602 1,304,747 1,086,607 |cremental Paid / Prior Active
iy sy o 1 e T e M ek ws ww wn mw s
1077560 1613715 1480550 1290078 10aiata 1992 0.513 0.235 0.207 0.212 0.179 0198  0.189
1121348 1586440 1471037 1332244 1076485 1993 0.116 0.442 0.237 0.206 0.189 0.206. 0477 0.217
1105176 1628007 1560527 1406603 1102523 1994 0.108 0.512 0.212 0.222 0.212 0.195 0201  0.235
1,011,616 1,688,360 1,588,247 1,353,160 1,100,296 1995 0.107 0.410 0.219 0.213 0.214 0.189 0.283
Gross / Pvt Owned Vehicles < 3.5 Tons / Israel 9%%9 9291 S 923§ 9%&%
0-12% 12-24 24-36 36-48 48-60 60-72 72-84 84-96 96-108 108-120  vievs vieos vievs  uloio OnTy
PmtDecay CV 69.5% 44.3% 27.6% 9.0% 10.0% 11.5% 17.3% 17.2% 24.6%  22.9% viiis vieis R
PrAct Decay CV  69.5%  12.1% 20.2% 9.6% 7.5% 13.0% 17.2% 13.3% 15.9%  18.4% siell Sois T
LDFCV  69.5%  44.3% 37.5% 19.7% 14.6% 19.2% 215% 11.8% 19.3%  250% | 0205 0202 0191 0282 0201
973,049 1,638,753 1,549,062 1,307,191 1,073,158  >gpg 0.040 0.420 0.225 0.208 0.209 0.233  0.244  0.255
970,312 1,597,376 1,435,702 1,225,844 1,045,414 5qnq 0.036 0.413 0.239 0.216 0.218 0.207 0285  0.254
1,029,493 1,552,008 1,439,730 1,318,503 1,084,013 0.0 0.429 0.283 0.238 0.227 0243 0316
868,284 1320064 1315651 1212495 992479 o . 0.473 0.995 0991 0.932 0984
810,807 1,325,143 1,352,643 1,222,035 1,023,613
590,275 1,090,085 1,222,371 1,126,899 971,154 2012 052 0322 0243  0.219
529195 1111.000 1267973 1153469 961722 2013 0514 0.349 0.276
i Gross / Pvt Motor / UL
. 0-12* 12-24 24-36 36-48 48-60 60-72 72-84 84-96 96-108 108-120
4 Average Decay: 0.435 0.437 0.337 0.821 0.838 0.583 0.520 0.561 0.648 0.741
1 Pmt Decay CV  10.9% 88%  13.2%  9.9% 12.5%  14.0%  23.2%  28.4%  47.2% 114.6% Faculty
PrAct Decay CV  10.9% 7.3% 8.8%  10.4%  9.2%  11.3% 21.0% 33.9%  48.8%  72.3% ftuaries
LDFCV  10.9% 88%  158%  13.6%  10.7% 11.7%  23.2%  18.5%  35.0%  68.2%
20



Israel Motor: Paid/ Prior Active (BOS + Prior Incremental Paid)

12 Mo Paid/ Expos

0.160
0.140
0.120
0.100
0.080
0.060
0.040
0.020
0.000

O N VR S SR
R AN, LN, S S A A P

Incremental Paid / Prior Active
0275

w===36-48 =@=A48-60

0.250

0.225

0.200

0.175

0.700
0.600
0.500
0.400
0.300
0.200
0.100

Incremental Paid / Prior Active

=] - 24 == 4 - 36

0.330
0.310
0.290
0.270
0.250
0.230
0.210
0.190
0.170
0.150

Incremental Paid / Prior Active

=m0 -72 =@=72-84




UK Motor: Paid/ Prior Active (BOS + Prior Incremental Paid)

12 Mo Paid/ Expos

Incremental Paid / Prior Active

100.000
: 1) - 24 w24 - 36
95.000 0300
90.000 0250
85.000
80.000 0200
75.000
70.000 —
65.000 -
e © ) N Q% > o ) Q 0, ™ 0-100
» o & & & & & > S > © @ o a > © D Q n &
) Q W) \) (o) ) 3 £\ Y
~ S R S | N A S IR, R A N R A
Incremental Paid / Prior Active Incremental Paid / Prior Active
0525 3643 =818 60 0.280
: =072 =72 -84
0.300 0.260
0.240
0.275 0.220
0.200
0.250 0.480
0.160
02 0.140
0.120 B
0.200 & N - N N & i " o . 0.100 B @&ﬁ | Institute:
) ) & 5 & e and Eacult
P & & & & & & & I /NS AN y

© N ) Qv > o b :
q 2,
G U S I S WL of Abtuaries
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Age Period conhort: The Calendar Effect

Suicide Rates as a Triangle

?;r:?\‘:ge 10-14 1519 2024 2529  30-34 3539  40-44 4549 5054 5559  60-64  65-69  70-74 7579  80-84
1900-1904 061 494 1098  16.02 2278 2691 2422 2752 3232 3757 3667 3423 3692  44.53
1905-1909 063 357 1179 1849 2204 2144 2408 2749 3330 3791 3558 36.42
19101914 053 407 13.33 1777  17.69  19.80  21.98  27.05  33.90 3431

1915-1919 055 492  13.02 1435 1519 1727 2249 2800  30.18

1920-1924 054 483 1072 1226 1361 1679 2326  25.77

19251929 067 390 1009 1222 1428 1971  23.53

1930-1934 064 381 955 1216  17.03  20.69

1935-1939 079 377 997 1439  18.09

1940-1944 059 419 1206  16.86

1945-1949 0.69 577 14.94

1950-1954 086  7.22

1955-1959  0.92

1960-1964 1.03

1965-1969 :

1970-1974

1975-1979

1980-1984

1985-1989

1990-1994

1995-1999
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Actual / Expected: Paid Loss for Period Ending:

Age v et e o wn =» D€C-00 Dec-01 Dec-02 Dec-03 Dec-04 Dec-05 Dec-06 Dec-07 Dec-08 Dec-09 Dec-10 Dec-11 Dec-12 Dec-13 Dec-14 Dec-15 Dec-16
24 -25Yrs 0.649
23-24Yrs 0.349 (0.499)
22-23Yrs 0.761 4.208 1.365
21-22Yrs 0.290 1.317 0.574 1.179
20-21Yrs 0.098 0.446 0.508 0.597 0.257
19 - ZU YIS v.494 1.UvU0 l.0Ul (U.UD1l) 1.5069 1.550
15 - 19 YIS U.£5D U.51U U.D506 1.U0Y 1.94Z 1.11/7 1.U54
1/ - 15 YIS L.LI4 1./71VU U.047/ v.454 L.4/79 U.D5/ V.04 U. D44
10- 17 YIS 4.0359 3.UonsL 1.890 1.ZUD 1.11/ 1.Ul1d v.4rs7/7 1.214 \V.2/0)
15-10 Yrs U.994 1.11/ 1.001 v.b/1 1.044 U./79V 1.45V U.355 U.JuUd U.745
14 - 1D YIS 1.900 1.29/ U.549 U.9/> u.454 1.545 1.400 U.5350 1.454 U.DD5 1.1/Z
13 - 14 YIS U.0506 U.510 1.509 V.ol 1.104 U.0bb 1.1/5 1.UdZ v.o4/ V.D77/ 1.5Ud8 U.559
14 - 15 YIS 1.£409 U.bUS 1.214 V.04 1.14Z £.£DD £.DLO U.510 U.044 l.Z11 l.U/v 1.509 1.£07
11l-121T1S U.400 V.594 U.554 U.094s 1.1/0 1.4U1 U.054 u.049 U.554 U.o40 1.Uo04 1.059/ U./7/5 U.0906
1U- 11 YIS U.044 U./7D04 U./758 1.Uy7 U.56D 1.U>5/ 1.1/0 1.109 V.7 /U U.oVU/ 1.Ud5D 1.004 v.u44 U.oUd 1.Uovu
I-1U YIS U./51 v.J14 U.O04 U./705 U./UD U.945 1.Uol U./74> Uu.gs77/ U.940 1.UUd 1.505 1.1Z1 1.Ul> v.ou/s U./40

&-9 YIS U./7086 v.s44 V.95/ U.b/> V.544 Uu.s19 1.UZ0 U.509 U.954 1.395 U.504 1.1406 vu.s/4 1.UU>S U.904 1.Us5D U.805
/-8 YIS H U.JU/ U.oo4 1.1069 1.U0/ U.J6/ v.o4/ U.54D 1.Uu/ U.53D 1.Ul> U.054 U.954 1.1Vl U.Jou U.I955 l.141 1.1D07
O-7/1rS # H U.//U U.71/ V.74 v.944 U.8Ud U.oUZ U.ous vu.g/4 U.50D U.51vU V.74 u.o44 U.591 1.105 U.J50 1.191 1.3008
2-0 115 H H H UIJZL v./74/ U./774 v.o4/ U.o/79 U.ouU L U.Jvuo U.ovuo U.553D U.094 U.o1/ U.9JD 1 U.554 1.U0Z U.945 1.ZUJ 1.5406
4-5Yrs ### 0892 0.787 0.800 0.933 0.789 0.800 0.940 0.825 0.802 0.912 0.994 0.972
3-4Yrs ### 0880 0.752 0.867 0.879 0.857 0.831 0.956 0.939 0.903 0.806 0.892 1.170
2-3Yrs ### 0837 0813 0.799 0.791 0.810 0.765 1.017 0.874 0.873 0.784 0.802 1.153
1-2Yrs ### 1317 1366 1.262 1.225 1.236 1.174 1.242 1292 1211 1146 1.020 0.867 0.844 0.832 0.903 0.998
0-1Yrs ### 3248 2919 2726 1.681 2.561 2.180 2.275 2.475 2332 2149 0953 0902 0.903 O 0.758 0.871 0.941
Over 2 Yrs 0.860 0.790 0.859 0.868 0.840 0.811 0.946 0.937 0.883 0.927 0.878 (0.902 0.940 1.027 0.990 1.074 [1.128
Total 1.005 0.948 0.986 0.942 0.930 0.910 1.031 1.035 0.972 0.993 0.901 |0.897 0.926 1.008 0.961 1.045 (1.105
Upto2Yrs 1.634 1.636 1.510 1.269 1.554 1.339 1.403 1.487 1.383 1.314 1.010 |0.873 0.853 0.911 0.820 0.898 [0.989

‘ and Faculty
of Actuaries
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For Calendar Periods, We Want Confidence

Avoid this “Square” Fatty School Offer.

T = lower case sigma
= = capital sigma

w = X bar

Instead, Opt For This Lean Trendy Range

a &~ 0D

Calculate o in a skinny, trendy, series way
20 and 30 bands around baseline

Cap at 60

Plot series .
Institute

. . UL NS d |
Plot Series Variance Too ggi\ of Actuaries

24 October 2018
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Paid

Gross / Pvt Owned Vehicles < 3.5 Tons / Israel

All Accident Years Combined

5 . . Ratio of Agtual K Expcscted(,by C(glenc!\ar Ye%ar 5 ) .
S S S S S S £ S S Q Q Q p QO S Q B\ S / J N / A Y SaS
Oecq o o Oe"g 0@"9 9@99 Qe"g Oé'q o o o o o o e o o o Qé"\’ Qe"x o OQ“"\, Qe"x o o
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® o o o Expected
120 & 2 \
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1.10 N
\K 35D
>§ 7 "3sP
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& P - 4 £ 3 [ S & & L F 0O & S [N IS S R 4
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Israel Paid “Early”

Paid Gross / Pvt Owned Vehicles < 3.5 Tons / Israel
Early Development (up to 24 months)

Ratio of Actual : Expected by Calendar Year
LR - - R\ ® P S & Fd & F P P PP N N A A P
o o v o o o o v o o Exvected
® o o o Expec

1.70
@ Stydy Span

—8— CQAvg.

I_Ivl =
1.50 .\‘.__._—';. —— 35D
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w—_ ) SD

\\ —— 4 WMA

5N
w
o

[

Ratio: Actual vs. Expected
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+6SIGMA
0.90 |0 800800 s T T TP TTTTTTTTTOTTT P OTTOTTTTTD e
——65IGMA
0.50
RS

9\2 S, Institute
xi and Faculty
'Skf of Actuaries

M
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Israel Paid “Late”

of Actuaries

Paid Gross / Pvt Owned Vehicles < 3.5 Tons / Israel
Late Development (beyond 2 years)
Ratio of Actual : Expected by Calendar Year
12 g3 $ ©° o\ o ) > I\ > o & 3 &® O > O > g » ©
Qevq oegca & Qecsa oe(;b Qec&a 0609 0609 R G e R S e OQU» oec’\’ chx o°“\’ Qec” oec” Qec”
130 ® e oo Expected
@ Study Span
120 —8— CQAvg.
’ — 35D
— - 3 SD
1.10
L e +2 SD
.g = — 25D
g —
g —— 4Q WMA
g' 00 0000000000000 HPp000COCONOONOIONOIOIONONOIOONOONORONONORNOINONONNONONOGOIOINOIODS 0000000 OOS POOOOOOOOOIOOIOITOIODOS [ ] L) = MA+3SD
'_é O.QOﬁq e e . R e ——— O —— e = R == MA-3SD
Q
j‘d w% a ——— + 6 SIGMA
k= N —
s 0.80 o’ 6 SIGMA
0.70
L&,
N2 Institute
SN | and Faculty
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Nelson’s Rules (https://len.wikipedia.org/wiki/Nelson_rules)

Description

Chart Example

Problem Indicated

One point is more than 3
standard deviations from
the mean.

Rule

Rube 1: Ona point Is more than 3
standard deviatons from tha mean

One sample (two
shown in this case)
is grossly out of
control.

Nine (or more) points in
arow are on the same
side of the mean.

Rule

Rule 2: Nina (0r mone) points in a row
are on the sama side of the mean

Some prolonged bias
exists.

Six (or more) points in a
Rule|row are continually

3 |increasing (or
decreasing).

Rule 3: Six (or more) points in a row are
continually increasing (or decreasing)

A trend exists.

24 October 2018

Rule Description Chart Example Problem Indicated
This much oscillation is
Rute 4: Fourtsen (or moro) points 1 & row lbeyond noise.
Fourteen (Of ﬂlOfe) ahornate in drection, increating than decreasing
Rule points in a row * [Note that the rule is
alternate in direction, " |lconcemned with
% increasing then directionality only. The
decreasing. position of the mean and
the size of the standard
deviation have no
bearing.
There is a medium
Two (or three) out of o e e o aomeaan |tendency for samples to
: three POiIgls marow || .o L .. |lbe mecliiumly out of
Rule{jare more than 2 2+ |lcontrol.
5 |standard deviations " . /\ /ﬁ\\ ” /\
from the mean in the || ¥ V v V ) The side of the mean for
same direction. [ v the third point is
(Bl e amamenanmm e —————— unspecified.
There is a strong
Four (or five) out of B e v me ™\ tendency for samples to
. five poiuttsh n alrow R .. |[be sliggltly out of
ule|jare more than -2+ |control.
6 |sstandard deviation L/\/\ A /\ i
from the mean in the | ¥~y v 0 the ihreshifert
same direction. tjsand Faffulty
{ethnonnnconmmanonnsoonnomnrnnnane: of Act | pries
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Paid

Gross / UK Pvt Motor /
Early Development (up to 24 months)

Ratio of Actual : Expected by Calendar Year
g g I\g & & !

Ratio: Actual vs. Expected

1.30
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A Full Panel View

Early Development (up to 48 months)

# Reported # Closed # Open Change
0K, recent ¢trs above expected Ok Ok
k > & o> & & o> o> o> o> o
o> o o> o> o oy 5% &S A 3% o o5 o 5 o%
B W LN B 0% B ot & Ve 2 XMl o2 oM O oS O oR Ml o o
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12,00 /
1.40 |
130 | Pat 0.20
1.20 1.50 0.10
110
1.00 1.00 0.00
0.50 0.10
0.80 0.50 a5
o0 ‘ '
|0.60 10.00 -0.30
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[s]3 Ok volatile OK
>
o o> o> o> o> Rl o> O 4 i Neig et oS 43 o
A P Pk & oVl o Pk o oS o ot S @ P P o P bt @ P o b BV o ot o o) o o g o ob i o o
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250 a 1
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- F = == e e [
gy 1.50 — —_— .00 5
— N
1.00 o g e i —
0.50 -
E.-._._ 0.50 't
0.00 1.00
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o o o o> o> o N o o> o> WO o> & 4 o0
2 @ D P P P gD @ D B b S P B @ A P et @ PR @ S & g & oS o V) o oo o ot
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Cohort: The Origin (Accident Period) Effect

Suicide Rates as a Triangle

year \ 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80-84
1900-1904 0.61 4,94 10.98 16.02 22.78 26.91 24.22 27.52 32.32 37.57 36.67 34.23 36.92 44.53 49.91
1905-1909 0.63 3.57 11.79 18.49 22.04 21.44 24.08 27.49 33.30 37.91 35.58 33.56 36.44 42.92 63.00
1910-1914 0.53 4.07 13.33 17.77 17.69 19.80 21.98 27.05 33.90 34.31 31.31 31.26 35.06 50.78 59.18
1915-1919 0.55 492 13.02 14.35 15.19 17.27 22.49 28.00 30.18 31.61 29.50 27.87 39.18 46.05 49.22
1920-1924 0.54 4.83 10.72 12.26 13.61 16.79 23.26 25.77 27.84 27.40 25.48 29.97 34.03 37.83 42.18
1925-1929 0.67 3.90 10.09 12.22 14.28 19.71 23.53 26.64 25.72 25.97 26.26 26.74 29.77 33.36 55.67
1930-1934 0.64 3.81 9.55 12.16 17.03 20.69 23.06 24.63 24.13 25.65 24.77 23.86 26.40 46.05
1935-1939 0.79 3.77 9.97 14.39 18.09 21.39 22.81 22.69 23.80 23.68 20.84 21.50 44.92

1940-1944 0.59 4.19 12.06 16.86 20.55 22.69 22.31 22.55 22.88 21.87 20.37 41.17

1945-1949 0.69 5.77 14.94 21.56 23.39 22.71 21.97 22.61 21.52 22.40 40.38

1950-1954 0.86 7.22 21.62 26.88 23.93 23.41 23.28 23.01 23.29 37.57

1955-1959 0.92 10.29 27.49 26.25 24.24 24.14 23.88 24.44 33.27

1960-1964 1.03 12.87 25.54 25.36 24.65 23.56 24.16 27.49

1965-1969 1.28 13.94 26.21 25.09 22.61 22.14 23.88

1970-1974 1.53 16.89 26.39 22.79 20.52 22.71

1975-1979 2.22 17.94 23.57 20.29 20.55

1980-1984 2.34 14.98 20.70 18.49

1985-1989 2.25 12.46 14.94

1990-1994 1.89 5.77

1995-1999 0.79
\—
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Exposure

Candidates
Structural Questions:
-GDP vs. Prem. Link

-Invert Vehicles vs. #
Rep from 2009-16

-Can signal flagging
be automated?

-Is Prem. On-Level
Effective?

-Autoregressive?
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UK Motor
Subset:

Exposure
Candidates

Structural Questions:
-GDP vs Tr. Vehicles

-Invert Vehicles vs. #
Rep from 2009-16

-Is Inflation = CPI?

-Is Prem. On-Level
Effective?

-Autoregressive?
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Age Period conort
Age Period Cohort
Age reriod Cohort

- Stable Age Effects Required for Most Approaches
— 0-1 Lag Development Detection
— Decay Approaches Needed
— Split Triangles Needed

* Period Effects

— Spikes, Shifts, Trends Lead Change Elsewhere
— Small Aging Changes Are Likely Period Effects

« Cohort Effects Take Time to Establish -
— Predictive Models Needed ’é;’g} oF Actuarios
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Age Period Effects

Table 2: Suicide rates among men in the USA, 1910-2004

1910- 1315- 1920- 1925- 1930- 1935- 1940- 1545- 1950- 1855- 15960- 1965- 1970- 1975- 1980- 19B5- 1980- 1985- XMWi0- | Row
EE 1914 1919 1924 1929 1934 1939 1944 1949 1954 1959 1964 1969 1974 1979 1984 1989 1984 1999 2004 | median
1014 0610 0630 0530 0550 0340 0670 0640 0.790 0590 0.699 0.260 0920 1.030 1.280 1.530 2,220 2340 2250 1.890 G0.790
15-19 6,330 4.940 3570 4.070 4.920 4.830 3900 3.810 3.770 4190 S.FF0 7220 100290 12.870 13.940 16.890 17.940 14.9830 12480 5.770
A=24 21,790 15.200 10,980 11.730 13.330 13.020 10.720 10.090 9.550 9.370 12.060 14.940 21.620 27.4%0 25.540 26.210 26.390 23.570 20.700  14.940
25-29 27.910 21.100 14.500 16.020 18.490 17.770 14.350 12.260 12.220 12.160 14.390 16,860 21.560 26.B80 26.250 25.360 25.090 22.790 20.290 18.490
30-34 32,380 26.930 19.030 1£8.930 22,780 22.040 17.690 15.190 13.610 14.280 17.030 18.080 20,550 23.390 23,930 24.240 24.650 22610 20.520  20.550
-39 36,720 28.730 24.750 25.860 29.440 26,510 21.440 19.300 17.270 16.790 13.710 20,080 21.290 22.690 22710 23.410 24.140 23,560 22140 22710
Gia4 42,960 33.500 27.440 30.970 36,660 32.620 24,220 24.080 21.980 22490 23.260 23.530 23,060 22810 2231021970 23.280 23.880 24.160 23.880
45=49 50,280 37,320 33,380 38290 48.220 40270 28.7680 27520 27490 27.050 28.000 25,770 26.640 24.630 22.650 22.550 22610 23.010 24440 27490
50-54 59.490 41,750 39.220 46,120 58.440 48.270 35.060 33.270 32.320 33.300 33.900 30.180 27.840 25.720 24.130 23.800 22.880 21.520 23.290 33.270
35-59 67680 52.980 42470 49.090 66.720 53240 42.730 32,150 35750 37.570 37.910 34.310 31610 27.400 25970 215650 23.680 21870 22400 37570
6064 67930 52.210 49.890 57.340 74.630 37420 45460 43.800 42.130 40.380 36.670 35580 31.310 29.500 25.480 26.260 24.770 0840 200370 J40.380
G563 644580 59.300 51.520 e4.440 76.920 59.210:47.830 43.320 44.210 41.170 26,410 34.230 33.560 31.260 27.870 29.970 26.740 23.860 21150 41.170
0-74 64.300 57.640 55.650 65.630 S2.6570 58.220 52.770 48.200 48.410 44.920 40.720 35.840 36.920 35.440 35.060 39.120 34.030 79.770 26.400 44920
JTa=7a 57.540 56.130 50.150 51.120 45.090 42.560 41.160 44.530 42,920 50.780 46.050 37.830 33.360 46.050
20-84 61.170 58.680 59.300 58.640 55.670 47.6590 48.120 45.770 49.910 63.000 59.120 49.220 42.180 55.670
=
%SE}? Institute
RN |ana ey
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Data Polishing: Iterative Removal of Row / Column Medians

Table 3: ITERATION 1 Suicide rates among men in the USA, 1910-2004
1510 - 1915~ 1920- 1525- 1930 - 1935- 1840- 1%45- 1%50- 13955- 1960- 1365- 1970- 19/5- 1380- 1935- 1330- 1935- 2000 -
bge 1314 1919 1924 1%2% 1934 1539 1344 1949 1554 1359 1964 18965 1904 1579 1584 1989 1334 19359 2004

1014 038 0.6 0326 -0.24 -0.25 012 -0.15 -0.20 -0.10 012 024 045 074 143 155 146 110

15-18 0.56 0.83 -220 -170 -0.85 054 -1.87 200 -158 452 740 817 1112 1217 921 6.69
20-24 685 ©0.36 -396 -2.15 -161 -1.92 432 -485 -539 -4.97 6.68 1255 10.60 11.27 1145 863 576
25-29 9.42 261 -3.99 -2.47 072 414 623 6327 -633 829 776 687 660 430 1.80

30—34 11.83 643 -1.52 -1.62 149 -2.86 -5.36 -6.94 -6.27 362 410 206 -0.03
33-39 0y 204 15 673 420 127 -2581 -544 -5.92

4044 9.62 356 TFO9 1178 M4 0.3 020 -L9 -1.39

4543 273 58 5.89 1080 20,73 1278 1329 003 000 -0.44
30-54 26.22 5.55 1291 2517 1500 1799 000 -055 003
1

284

va -D.02 .70 143 @@ -0.357
-0.35 -0.8% -1.07 : -1.51 -0.60 0.28
-1.72 -0.85 -ZB6 -4.80 -454 488 -Feg -3.05
-3.09 -543 -7.55 -9.14 -9.47 -10.39 -11.75 -9.98

5559 3011 16.4 450 11.52 2915 1567 521 158 -1.82 0O.00 -3.26 -5.96 -10.17 -11.50 -11.52 -13.89 -157) -15.17
G064 2755 1183 951 1696 3425 17.084 508 342 175 Q.00 -4.80 -2.07 -10.88 -14.90 -14.12 -15.61 -19.54 -20.01
65-69 23.31 1813 1035 23.27 35.75 18.04 666 215 304 0.00 -6.54 -7.61 -93.91 -13.30 -11.20 -14.43 -17.31 -20.02
J0-74 15.38 1272 10.73 2076 37.75 13.30 7.85 328 343 0.00 -8.08 -B.00 -848 -5.86 -574 -10.89 -15.15 -18.52

=79 11.49 10.08 410 507
80—84 5.50 301 3.63 297

Colum
edian: (5B 3.55 700 1278 874 129 003 -095 010 -0.62 -246 -132 -152 -313 070 0.00 -443 -3.05
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Cohort Effects

Cohort Effects
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=Exposure ,y_;
* Pure Loss Rate 2> Year 0

* H{, Development factor,
* H:H CY ef fect;
*T14 AY ef fect,
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Expos * Base Rate *

Exposure AY Direction
AY Trends Factor.
2011 75.00% 1.000 1.000
2012 1.070 1.070
2016 na 1.020 1.091
2014 na 0.970 1.059
2015 na 0.970 1.027
2016 na 0.970 0.996
2017 na 0.970 0.966
2018 na na na
2019 na na na na
2020 na na na na
2021 na na na na
Dev. Year 0 1
Decay 17.3%
Factor
Cum 17.3% 47.5%

24 October 2018

2

CY Direction
Trends Factor

1.000
1.020
1.040
1.030
1.010
1.000
1.005
1.005
1.005
1.005
1.005

1.000
1.020
1.061
1.093
1.104
1.104
1.109
1.115
1.120
1.126
1.131

3

4

175.0% 75.0% 75.0% 75.0%
17.3% 30.2% 22.7% 17.0% 12.8%

70.2%

87.2% 100.0%

Incremental Loss / Forecast Triangle

AY 0 1 2 3 4 Ul UL/R|
2011 130 231 162 147 111 782 78.2%
2012 223 365 330 250 178 1,346 89.8% 14.8%
2016 257 542 410 292 220 1,721 86.1% -4.1%
2014 263 464 330 249 188 1,495 85.4% -0.8%
2015 244 405 305 230 173 1,358 90.5% 6.0%
2016 214 376 283 214 169 1,256 83.7% -7.5%
2017 208 366 276 219 157 1,227 81.8% -2.3%

Loss Development Factors

01 12 23 34

2011 2.785 1.450 1.281 1.166
2012 2.638 1.562 1.272 1.152
2016 3.111 1.514 1.242 1.147
2014 2.768 1.454 1.236
2015 2.660 1.470 Inetitute
2016 2.759 and Faculty

of Actuaries
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Questions

The views expressed in this [publication/presentation] are those of invited contributors and not necessarily those of the IFoA. The IFoA do not endorse any of the
views stated, nor any claims or representations made in this [publication/presentation] and accept no responsibility or liability to any person for loss or damage
suffered as a consequence of their placing reliance upon any view, claim or representation made in this [publication/presentation].

The information and expressions of opinion contained in this publication are not intended to be a comprehensive study, nor to provide actuarial advice or advice
of any nature and should not be treated as a substitute for specific advice concerning individual situations. On no account may any part of this
[publication/presentation] be reproduced without the written permission of the IFoA [or authors, in the case of non-IFoA researchl].
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