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In a model-driven business,
- \O the models are the business

o {
. - 7 .J\, 4
Models Will Run the Worl
odels W1
o because they often have
] By Steven A. Cohen models that define the troves of data and start-
7| And Matthew W. Granade business. In a data-driven ups usually don’t. Incum-
1,004 business, the data helps bents will have 1
“_“‘; arc Andreessen’s essay  the business; in a model- ties to create models with
:]‘r 4 “Why Software is Eat-  driven business, the mod- their own data as well as
id] ing the World” ap- els are the business. to sell their data to others.
e peared in this newspa- Tencent, the Chinese Startups will have to be
the d per Aug. 20, 2011. Mr.  social-media giant and more clever in how they
"L“(,‘; Andreessen’s analysis was prescier_n. maker of WeChat, is one of gain access to data and
:ille The companies he identified—Netflix, our favorite examples of may, in fact, have to ac-
opio] Amazon, Spotify—did eat their in-  this new business model. quir;: incumbents. H
emnn] dustries. Newer software compa- A Tencent executive told Fourth, just as compa-
nies—Didi, Airbnb, Stripe—are also us last fall: “We are the nies have'bui]t deep orga-
P at the table, digging in. only company that has nizational capabilities to
- Today most industry-leading com-  customer data across so- manage technology, people,
res| panies are software companies, and cial media, payments, and capital, the same will
as not all started out as such. Aptivand gaming, messaging, media, now happen for models. As
| mo|] Domino’s Pizza, for instance, are and music, and we have the software era took hold,
longstanding leaders in their sectors  this information on [sev- companies  everywhere
™= that have adopted software to main- _eral hundred] million peo- hired chief technology offi-
p{ tain or extend their competitive ple. Our strategy is to put cers, assembled teams of
calld dominance. this data in the hands of engi'neers and designed
file Investors in innovative companies  several thousand data sci- processes‘like Agile to de-
‘;““c are now asking what comes next. We entists, who can use it to liver software in a system-
h‘;p believe a new, more powerful, busi- make our products better atic, industrialized fashion
3 ness model has evolved from its soft- and to better target adver- t u’mr businesses. Compa-
canj ware predecessor. These companies tising on our platform.” .Enies wanting to become
foll}  structure their business processes to  That unique data set pow- . .2 more model-driven will
put continuously learning models, ers a model factory that 2 \ p * £ need to create a new disci-
?:g built on “closed loop” data, at the constantly im;:iroves user i : pline of model manage-
d = center of what they do. When built experience and increases :
@ it right, they create a};einforcing cycle: p):gﬁtability—artracting more users, focus—given Monsanto’s deep inte- making all the other translators more ment-—ithg m ':;ogee::fs 3‘,::
a oo products gt betes, lowing -t el the mudele and i no farms and [ 2 OB AME PSS o e ver s meit il
T 3 .m ility. 3 -driven  sets—into model-driven 4 4 0% A
. l.a 1 » 3 tm & colle e rofltbmty g Looking to produce more-resilient model-driven businesses are vast. that create that critical competitive
’ ¢ T (D
18 )1,{ :

5 o $ "
B . Sy
Wall Street used to have a strict hierarchy: Traders made money and wo‘t%riy
‘while programmers wrote code and stayed out of sight.
Now, the line between ‘the jocks’ and ‘the nerds’ is disappearing.
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Chain-Ladder

First Link:
The Method

* We observe some objects
that have changed over
time (the circles)

traditional
average
link ratio

* We observe two new
objects (the squares)

e What is an estimate of
their changed values?
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Let’s play a game

\ o

* biased coin idea thanks to https://izbicki.me/blog/how-to-create-an-unfair-coin-and-prove-it-with-math.html
Trinostics LLC c2018




Original model:

Predictions are not Three stats from equivalent

: o = bx + +/xe
certain: prediction y ’ .
L Equivalent model: model’s data are applied to
. . ’
y' =bx'+e original model’s data
A B c o] E F G [H 1 J K L M N 0 P Q
1 Original Data
2 x (12 mo) 4 mo) i _|Model parameters: ; ¢ | 12-24 Month Development
3 1 1 1 00 00N 3 3 FA RUE) N
4 2 1 2 00 W] [b ' 3.769 0 const | 12
5 3 1 3 00 00 li N 0.40795 [/ NSNS 10 -
_____ . . K
6 4 1 4 00 4.00 0.914 14710 6 L e d
7 5 1 5 00 00 35,4 3 * .- 1
S & R - : ... . y 4 =
..... 2 : - 2 e
9 7 2 8 66 0 R e . |
10 8 2 9l 3 6.36 2 T 0.5 1 1.5 2
11 9 2 10/ : ; 0 4
12 10 2 7.538 0 g X
13
14 IBNR
15 IBNR guantiles: | lognormal fittom, v
6] 10 me 553 117737692 : e |
17 0% 5.34 5.34 1.00 0.3
18 p R 60% 572 5.73 1.00 | 0.25
19| 10 0.816/ i=2 * 0.40795 30% 6.68 6.77 101 | 0.2
20 90% 7.51 7.74 1.03 0.15
21 p R 8.27 8.75 1.06 0.1
22| 10 2.080! i=SQRT(2)* 1.471 99% 9.91 11.53 1.16 0.05
00 57 P B e U
23 . 10.59 13.02 1.23 . ) . . o B y
24| Total Risk = Mack S.E. BNR
25| 10 v=l  2.234 = SQRT(0.81612 + 2.080/2)
26

* m, v notation c/o Wikipedia (lognormal)
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Chain-Ladder

First Link: y = bx + \/}6 error term makes it a model
The Model
equivalent model Value of H that minimizes
. e
y' ' =bx' +e (' — bx')? \@@
where z @@
—— is
Y= Vx ZLL
and - Lx'y  “xyx _ Xy
r X ZX'Z 2 Yx
2
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Chain-Ladder

First Link:
An Example

* Apply the model

y = bx + +/xe
to this skinny triangle

O 0o NO UV B WN P

B R R R R R R R
0O NOO UL D WN L O
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X
129.28
135.47

94.53

77.33
130.29

9.10
131.50

86.19

85.79

54.03

94.19
190.87
118.53
126.01

62.47
140.85

77.33
131.50

218.24
255.51
232.66
165.16
296.19

35.77
233.45
114.70
112.39
161.14
169.68
416.01
263.72
244.73
150.62
385.98



12-24 Month

Development
Experience

h=2Y_ 5074

=5
e 2.074 = slope of the
line through origin

 prediction of new
initial observations:
77.33 ->160.4
131.5 ->272.7

500

400

300

200

100

0

24- vs. 12-Month Data
With Expected Value Line

I
I
th

I |
7733 100 131.50 150 200
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Predictions are not

certain: prediction
bands

e ——- Parameter risk A
Variability of
estimated mean

. Process risk I

Variability around
theoretical mean

« - Total risk=vVA2 + I'2
Variability of a
predicted outcome

* notation by Ali Majidi

200 300 400 500

100

24-vs. 12-Month Data
With 1 se Prediction Bands

I I I I I I
20 7733 100 131.50 130 200

X
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Predictions are not

certain: prediction 24-vs. 12-Month Data

bands With R With 1 se Prediction Bands

-
> ChainLadder: :MackChainLadder(tri, est.sigma = "Mack") E% ] A
CchainLadder: :MackchainLadder(Triangle = tri, est.sigma = ' 2| ssa7] 25551
Latest Dev.To.Date Ultimate IBNR Mack.S.E CV(IBNR) o o e wn PR

1. 248.2 1.000 218.2 0 0.0 NaN o — 8 819 11470 e T
2 2855 1.000 255.5 0 0.0 NaN =l o sae s S
3 232.7 1.000 232..7 0 0.0 NaN 1w seor P
4  165.2 1.000 165.2 0 0.0 NaN . )

5 296.2 1.000 296.2 0 0.0 NaN o s e 106 ::H- o
6  35.8 1.000 35.8 0 0.0 NaN e e Lo } 5@,}0@9
7 233.4 1.000  233.4 0 0.0 NaN T g
8 114.7 1.000 114.7 0 0.0 NaN = & e Y T
9 112 .4 1.000 112 .4 0 0.0 NaN o ° e o
10 1e61.1 1.000 161.1 0 0.0 NaN 0 — '
11 169.7 1.000 169.7 0 0.0 NaN ™
12 416.0 1.000 416.0 0 0.0 NaN
13 263.7 1.000 263.7 0 0.0 NaN
14 244.7 1.000 244.7 0 0.0 NaN Eg -
15 150.6 1.000 150.6 0 0.0 NaN —
16 386.0 1.000 386.0 0 0.0 NaN
17 7il=3 0.482 160.4 83 41.1 0.495
18 131.5 0.482 272.7 141 54.4 0.385 o

Totals I [ [ [ I I [

Latest: 3,664.78
Dev: " 0.94 0 a0 7733 100 131.50 130 200
Ultimate: 3,889.04
IBNR: 224 .26
Mack.s.E 70.00 X
CV(IBNR): 0.31

* ChainLadder package by Markus Gesmann et.al.
Trinostics LLC c2018 10



Why does the
prediction envelope

fan out only at the
high end?

200 300 400 500

100

24-vs, 12-Month Data
With 1 se Prediction Bands

I I I I I I
20 f7.33 100 131.50 150 200

X

Trinostics LLC c2018
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Chain-Ladd :

e Assumption is, The higher the initial value, the greater the
variability of the subsequent value

* When might you have less variability the larger the beginning
value?

Trinostics LLC c2018
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How do prediction bands look
under different models?

Trinostics LLC c2018



Prediction bands
without

square-root-o-
skedasticity

y=bx+ e

e -—- parameter risk
e - total risk

200 300 400 500

100

12-24 Development
Linear Regression
Zero Intercept

0 20

I I I I I
7733 100 131.50 150 200

X
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Prediction bands

when there’s an
intercept

y=a+bx+ e

e -—- parameter risk

e - total risk

200 300 400 500

100

12-24 Mo Development
With Intercept

.-
-
-

0 20 7733 100 131.50 150

X

200

Trinostics LLC c2018
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e wh

Homework

1.

What would the graph of the model look like if the simple average is

the optimal link ratio?

* Does the answer change if “optima
judgment?

What could be drivers of a non-zero intercept?

How to model the BF method within the Chain-Ladder paradigm?

How to model the first column within the Chain-Ladder paradigm?

Prove that our game satisfies the assumptions of the model

y = bx + +/xe

I”

is @ matter of actuarial

Trinostics LLC c2018 16



Bornhuetter-

Ferguson

* What is the
slope of the
line?

 What is the
intercept?

1400

1200

1000

800

600

400

200

200

BF est: y = x + ELR*E*(1-p) + error

400

Trinostics LLC c2018

600

800

1000

1200
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Chain-Ladder
Second Link:

Add Another
Column

M N Y N N N N NN

O 00 N O U1 & WIN -

N o o b WOWN R O

(00]

129.28
135.47
94.53
77.33
130.29
9.10
131.50
86.19
85.79
54.03
94.19
190.87
118.53
126.01
62.47
140.84
77.33
131.50

218.24
255.51
232.66
165.16
296.19

35.77
233.45
114.70
112.39
161.14
169.68
416.01
263.72
244.73
150.62
385.98

X (12 mo) y (24 mo) z (36 mo)

330.88
359.34
267.56
200.61
309.08
9.53
337.82
127.00
159.52
86.60
145.21
514.95
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Chain-Ladder
Second Link:

Add Another
Column

* b,=1.181
* sigma_b, = 0.083

* sigma, =4.1

200 300 400 500 600

100

36- vs. 24-Month Data
With 1 se Prediction Bands

0 100 150

I [ I [ I
62 200 24473 300 365460 200

X

Trinostics LLC c2018
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Chain-Ladder predicts the

future recursively

* Orange projections are products of a scalar and

an estimated parameter \Which is wihich?

 Formulas for Parameter Risk and Process Risk can be
found in slides above

* Red projections are products of an estimate and
an estimated parameter

 Formulas for Parameter Risk and Process Risk are
derived from the

Lz of Total Variance

b

X (12 mo) y (24 mo) z (36 mo)

129.28
135.47
94.53
77.33
130.29
9.10
131.50
86.19
85.79
54.03
94.19
190.87
118.53
126.01
62.47
140.84
77.33
131.50

2.074

218.24
255.51
232.66
165.16
296.19

35.77
233.45
114.70
112.39
161.14
169.68
416.01
263.72
244.73
150.62
385.98
160.38
272.73

1.181

330.88
359.34
267.56
200.61
309.08
9.53
337.82
127.00
159.52
86.60
145.21
514.95
311.45
289.03
177.88
455.84
189.41
322.10

Trinostics LLC c2018
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Law of Total Variance JeqapIS

* Wikipedia:
Var(Y) = E|Var(Y|X)] + Var(E[Y|X])

* “In actuarial science, specifically credibility theory, the first component is called
the expected value of the process variance (EV?V) and the second is called the
variance of the hypothetical means (\V/rivl).”

* Retrieved June 25, 2015

* See Majidi and Bardis formula derivations, “A Family of Chain-Ladder Models,”
Variance, Vol 6, Issue 2, pp. 157-158

Trinostics LLC c2018



Data

Recursive projections B
with statistics — complete s
many Squares Param;)t(erestimates by
* Expected Value o, %
Expected Values
 Parameter Risk — A S ’ :
N2 = g2 52 2 e, oL
y_x -O'b 3 yN =xxx*b, zM =y"*b,
A% — 5;2 . 6_;2 _I_ b2 . A%} _I_ 6_;2 . A%} ParameterRik - ,
. 2 A,
* Process Risk — I ; A, A,
2 — /\2 Process Ris
[y =0y Co——
2 _ & 72 2 :
Iy, =9- a,” + b - Fy ) r ;

Trinostics LLC c2018



Tricks for

Risk Estimates for
the Total/sum Row

Trinostics LLC c2018

Expected Values

X y z
1
2 yyy 2 = yyy*b,
3 YA = xxx*b, ZA = yA ¥,
future sum YA Z™ = (yyy + V") *b,

Parameter Risk

X " z
1
2 A,
3 A, A,
future sum Ay same formula

Process Risk

X y z
1
2 1—12
3 I, |
future sum I L2=r2+r}
% Z — 1tz z

23



Why not directly estimate the 12-36 month link ratio?

* What if you learned b,, = sum(z) / sum(x) = 2.337

* Why not say the expected 36-month value of x =77.33 is
77.33 * 2.337 =180.7 (se 44.7)

rather than

77.33 ¥2.074 * 1.181 = 189.4 (se 72.1 see above)

Trinostics LLC c2018
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Can you ignore y or not?

* There is important
information in the 24-
month value

* The path to ultimate is
important

* [t’s the journey

b

Trinostics LLC c2018

129.28
135.47
94.53
77.33
130.29
9.10
131.50
86.19
85.79
54.03
94.19
190.87
118.53
126.01
62.47
140.84
77.33
131.50

2.337

218.24
255.51
232.66
165.16
296.19

35.77
233.45
114.70
112.39
161.14
169.68
416.01
263.72
24473
150.62
385.98

X (12 mo) y (24 mo) z (36 mo)

330.88
359.34
267.56
200.61
309.08
9.53
337.82
127.00
159.52
86.60
145.21
514.95
277.03
294.52
146.01
329.18
180.74
307.35

IBNR
13.31
49.79
-4.61
-56.80
103.41
175.85

25



Continue the Journey —

Chain to Ultimate

* Recursive estimates are carried forward to the last pair of
development columns

* Technical considerations

 What to do when there are not enough observations to get a good estimate
of sigma (zero degrees of freedom)

 What to do with a tail
* Mack has recommendations for handling these technicalities

* The ChainLadder package’s MackChainLadder function includes
Mack’s recommendations, as well as others

Trinostics LLC c2018 26



California WCIRB Agenda June 2018

Combined Indemnity and Medical Incurred

(Sm)
1986
1987
1988
1989
1990
1991
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
2017

15

2,999
2,996
2,823
2,919
2,921
3,124
3,358
3,448
3,695
3,824
3,350

27

4,158
4,296
4,391
4,283
4,421
4,464
4,654
4,859
4,963
5,306
5,392

39

4,606
4,759
5,109
5,319
5,150
5,425
5,362
5,490
5,602
5,823
6,113

51

5,996
4,976
5,221
5,670
5,936
5,816
6,048
5,928
5,952
6,072
6,282

63

8,439
6,364
5,338
5,609
6,085
6,394
6,250
6,445
6,263
6,276
6,309

75

9,442
8,782
6,665
5,678
5,928
6,445
6,726
6,542
6,680
6,437
6,454

87

9,536
9,715
9,054
6,971
5,959
6,174
6,681
6,934
6,695
6,833
6,543

99

6,768
9,791
9,935
9,329
7,196
6,154
6,360
6,852
7,067
6,794
6,925

111

5,923
6,867
10,001
10,134
9,576
7,372
6,293
6,459
6,947
7,136
6,858

123

5,359
6,025
6,950

10,196

10,323
9,758
7,529
6,386
6,538
7,009
7,189

4,333
5,419
6,091
7,041

10,338

10,463
9,893
7,586
6,418
6,570
7,039

147

3,645
4,387
5,478
6,149
7,113

10,461

10,561
9,977
7,623
6,445
6,591

159

3,240
3,683
4,428
5,516
6,205
7,185

10,586

10,611
9,992
7,628
6,470

3,093
3,288
3,709
4,454
5,554
6,242
7,237

10,635

10,604

10,000
7,623

183

2,993
3,103
3,316
3,729
4,480
5,590
6,286
7,267

10,628

10,613

10,014

195

3,739
3,015
3,133
3,328
3,754
4,493
5,618
6,302
7,266

10,632

10,617

207

4,671
3,749
3,026
3,151
3,346
3,771
4,504
5,655
6,302
7,247

10,614

219

1,943
4,688
3,765
3,034
3,169
3,370
3,787
4,504
5,658
6,296
7,246

231

3,568
1,945
4,704
3,769
3,055
3,180
3,361
3,795
4,493
5,663
6,286

243

3,055
3,577
1,945
4,715
3,776
3,077
3,191
3,372
3,795
4,487
5,655

255

2,834
3,066
3,593
1,945
4,720
3,787
3,080
3,199
3,373
3,798
4,483

267
2,510
2,841
3,073
3,604
1,947
4,729
3,794
3,083
3,202
3,368
3,797

291
2,521
2,853
3,089
3,629
4,041
4,740
3,798
3,075
3,193

303
2,528
2,864
3,098
3,629
4,034
4,742
3,796
3,078

2,537
2,870
3,101
3,633
4,035
4,740
3,800

327
2,545
2,877
3,106
3,633
4,037
4,738

339
2,551
2,881
3,109
3,633
4,037

2,554
2,884
3,111
3,633

363
2,555
2,882
3,108

375 389
2,552 2,557
2,885

* triangle creation approach thanks to Dave Bellusci; data entry thanks to Connan Houser
Trinostics LLC c2018
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MackChainLadder(WCIRB Indemnity +

Medical Combined Incurred, tail = 1.025)

Trinostics LLC c2018

Latest Dev.To.Date Ultimate IBNR Mack.S.E CV(IBNR)
1986 2,557 0.976 2,621 64 35 55%
1987 2,885 0.974 2,963 78 38 49%
1988 3,108 0.974 3,192 84 40 47%
1989 3,633 0.974 3,729 96 43 45%
1990 4,037 0.974 4,147 110 46 42%
1991 4,738 0.973 4,871 133 50 38%
1992 3,800 0.972 3,910 110 45 41%
1993 3,078 0.971 3,170 92 40 44%
1994 3,193 0.970 3,292 99 42 42%
1995 3,366 0.904 3,724 358 1,024 286%
1996 3,797 0.903 4,207 410 1,096 268%
1997 4,483 0.901 4,973 490 1,204 246%
1998 5,655 0.900 6,283 628 1,378 219%
1999 6,286 0.899 6,994 708 1,467 207%
2000 7,246 0.898 8,070 824 1,598 194%
2001 10,614 0.896 11,846 1,232 2,025 164%
2002 10,617 0.895 11,869 1,252 2,028 162%
2003 10,014 0.892 11,224 1,210 1,958 162%
2004 7,623 0.889 8,572 949 1,657 175%
2005 6,470 0.886 7,304 834 1,506 181%
2006 6,591 0.880 7,489 898 1,529 170%
2007 7,039 0.873 8,066 1,027 1,599 156%
2008 7,189 0.864 8,323 1,134 1,630 144%
2009 6,858 0.850 8,064 1,206 1,599 133%
2010 6,925 0.835 8,291 1,366 1,627 119%
2011 6,543 0.815 8,029 1,486 1,597 108%
2012 6,454 0.790 8,175 1,721 1,617 94%
2013 6,309 0.755 8,353 2,044 1,641 80%
2014 6,282 0.710 8,854 2,572 1,703 66%
2015 6,113 0.645 9,476 3,363 1,782 53%
2016 5,392 0.546 9,883 4,491 1,842 41%
2017 3,350 0.372 8,994 5,644 1,759 31%
sum 182,245 218,958 36,713 18,023 49%

28



Reported industry
IBNR @ 3/31/2018
= 536,196
~58%-ile

Very close to

MackChainLadder

central estimate
= 536,713

MackChainLadder(CalifWClIndMedincd) IBMNR Distribution

density

550,000

$100,000
IBMR

Carried

=n
B 0w
B o

Wow!

Trinostics LLC c2018
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origin 1 2 3 4 5 6 7 8 9 10
1 358 1,125 1,735 2,218 2,746 3,320 3,466 3,606 3,834 3,901
352 1,236 2,170 3,353 3,799 4,120 4,648 4,914 5,339
291 1,292 2,219 3,235 3,986 4,133 4,629 4,909

311 1,419 2,195 3,757 4,030 4,382 4,588

443 1,136 2,128 2,898 3,403 3,873

396 1,333 2,181 2,986 3,692

441 1,288 2,420 3,483

359 1,421 2,864

377 1,363

344

ChainLadder sample
GL triangle ‘GenlIns’

(in thousands)

O 00 N O U1 b W N

=
o

Genlns is a triangle first
published in
Taylor & Ashe paper (1983)
and repeatedly studied in
the literature

origin  1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10
1 3.143 1.543 1.278 1.238 1.209 1.044 1.04 1.063 1.018
3.511 1.755 1,545 1.133 1.084 1.128 1.057 1.086
4448 1.717 1.458 1.232 1.037 1.12 1.061

4568 1.547 1.712 1.073 1.087 1.047

2.564 1.873 1362 1.174 1.138

3.366 1.636 1.369 1.236

2923 1.878 1.439

3.953 2.016

3.619

O 00 N O U1l b W N

Trinostics LLC c2018 30



ChainLadder::

plot(Genlns)

Ze+0B6 Je+06 de+0B fe+06

1e+06

Genlns Development By Origin

dev. period

10

Trinostics LLC c2018
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origin Latest Dev.To.Date Ultimate IBNR Mack.S.E CV(IBNR)
1 3,901 100.0% 3,901 0 0
5,339 98.3% 5,434 95 72 75.9%
3 4,909 91.3% 5,379 470 119 25.4%
4 4,588 86.6% 5,298 710 132 18.5%
5 3,873 79.7% 4,858 985 261 26.5%
6 3,692 72.2% 5,111 1,419 410 28.9%
7 3,483 61.5% 5,661 2,178 558 25.6%
8 2,864 42.2% 6,785 3,920 875 22.3%
9 1,363 24.2% 5,642 4,279 971 22.7%
10 344 6.9% 4,970 4,626 1,363 29.5%
sum 34,358 53,039 18,681 2,441 13.1%
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Mack({Genlns) IBMR Distribution

Safety Levels of

Genlns Carried
IBNR

density

$15,000,000 $20,000,000 $25,000,000
IBNR
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o Wrap-up: What are possible
uses of an IBNR distribution?

o Rather than a distribution, can
Mack/Murphy be used in
predictive analytics?
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What happens when X v
1 129.28 218.24
1 2 13547  255.51
Mack/Murphy is run 2 147 2s5s1
I 4 7733 165.16
on detail data? P TE e
6 9.10 35.77
7 131.50 233.45
* Suppose xand yare actually 5 8619 11470
. 9 85.79 112.39
observations from 4 10 5403 16114
. . . 11 94.19 169.68
companies in 4 accident years 12 190.87  416.01
13 118.53 263.72
. . . 14 126.01 244.73
o WI” Ilnk ratios from 15 6247  150.62
16 140.85 385.98

aggregated data and detail -
data always be the same?

1666.44 3455.95

* What about the risk statistics? e = 2074

X
436.61

357.09

424.88

447.86

1666.44

baggregated =

871.57

680.11

859.22

1045.05

3455.95

2.074
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Genlns at the Claim Level

* Hai You generated simulations of over 6000 synthetic claims whose
accident year aggregation is “close in shape” to Genlns

* We pegged the 13% cv as the primary measurement of similarity

* Hai’s claim-characteristic choices included:
* Frequency distribution
* Severity distribution
 Distribution for the number of payments per claim
e Report lag and payment lag

* The purpose of this exercise was to compare the Mack results on the
claim detail with the statistics from the aggregate triangle
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IBNR distributions from aggregated

triangles are very similar

Original Genlns

Mack(Genlns) IBMR Distribution

Aggregated triangle from Hai data

MackChainLadder(HY.Genlns) IBMR Distribution

ity

315,000,000

520,000,000

525.000.000
IBNR

310,000,000
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Genlns at the Claim Level:

Claim detail sample in triangle format

Genlns
HY.Genlns
HY detail

Latest Ultimate IBNR Mack.S.E CV(IBNR)

34,358 53,039 18,681 2,441
32,556 47,866 15,310 2,127
32 556 40,909 8,353 695

13.1%
13.9%
8.3%

o uJ

3304

— i, ToOT —T)yUTo =Ty UTo

2 WW[%W the IBNR drop?

5538 3,144
5911 1,007
6289 273
6300 1,425

* simulated claims by Hai You

Why the CV drop?
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Is the weighted average

development factor appropriate?

Dev Factor 12-24
Genlins 3.491
HY.Genlns 3.413
HY.detail 1.288

What happened to the 12-24
factor from the claim detail?!?
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The 12-24 month

relationship from
the claim detail

* Are Chain-Ladder
assumptions
violated by the
detailed data?

linear regression in R:
lm (y~x)
Coefficients:
(Intercept) X
1330.6 0.96

dat[ndx, 2]

24- vs. 12-Month Data
With 1 se Prediction Bands

0 3970.801 10000 20000 30000

dat[ndx, 1]

40000

50000
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The 12-24 month

relationship from the
Genlns triangle

* Are Chain-Ladder
assumptions
violated by the
aggregate data?

Is that the line you
would draw through
that data?

Genins[1:9, 2]

1000000 1500000 2000000

500000

24- vs. 12-Month Data
With 1 se Prediction Bands

2e+05 Je+05 4e+05

Genlns[1:9, 1]

S5e+05
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The 12-24 month

relationship from the
Genlns triangle

* Rhetorical
guestion:

Why should this
model not be
considered for
projecting the
12-month value?

1000000 1500000 2000000

500000

24- vs. 12-Month Data
With 1 se Prediction Bands
Linear Regression

xxxxxx

De+00 1e+05 2e+05 Je+05 4e+05

S5e+05
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What’s next?

* How to model serial correlation?
 ARMA
* Michael Wacek, “The Path of the Ultimate Loss Ratio Estimate”, eForum

* Growth curves
 Sherman; Clark; Guszcza

* Bayes ;
.o . 2017
* Withrich REPORT
* Individual Claim Development with Machine Learning (2017) B v B

* Neural Networks Applied to Chain-Ladder Reserving (2018)
o
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Can InsureTech

jump the curve?

* graphics by Kirsten Singer

Reported-to-Ultimate Ratio
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 Despite all its problems, the Chain-Ladder Mack/Murphy model is
useful

* The regression tale of development is easy to understand
* Distributions help our principals make decisions

* Exciting actuarial analysis in the future
e Combining methods mid-stream
* Al modeling of the path to ultimate

* Stories/models with clarity sell best
* Everybody likes pictures

\_
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Thank you for coming!
Dan Murphy
dmurphy@trinostics.com
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